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Abstract: Corporate sustainability is considered a fundamental paradigm and solution in creating a
prosperous future for organizations. However, social sustainability issues and pandemic problems
from COVID-19 have affected corporations and interrupted plans for sustainable development.
To date, corporate sustainability frameworks have taken a relatively narrow view of this paradigm.
This study highlights serious challenges to corporate sustainability while providing a framework in
an attempt to enable more sustainable business practices. To fill the gap in the literature, we have
developed a framework to organize and prioritize important sustainability indicators. The first phase
of the study involves the classification of 45 sub-criteria of corporate sustainability under nine main
categories by using a literature review and novel Fuzzy Delphi method. The resulting categories
are Corporate Governance, Product Responsibility, Transparency and Communication, Economic,
Environmental, Social, Natural Environment and Climate Vulnerability, Energy Consumption along
with Energy Saving, and includes Pandemic COVID-19 as a new aspect of social sustainability. Next,
we applied the Fuzzy Analytical Hierarchical Process (FAHP) to help determine the weights and
prioritizing the criteria and sub-criteria. The results revealed that the Pandemic, along with the Natural
Environment and Climate Vulnerability, ranked higher among the main criteria category. Whereas,
emergency response planning, social distances, modification of working hours, and just-in-time
delivery are the most influencing sub-attributes among the 45 sub-barriers of different categories.
Contributions of this study include new insights regarding corporate sustainability criteria and
subcriteria, application of novel methods, and integrated framework for dimensions of corporate
sustainability. This study is among the first of its kind to consider the COVID-19 pandemic as
an essential category and social sustainability attribute of corporate sustainable business practices.
Outcomes of this study can help assist scholars, corporations, and decision-makers in understanding
sustainable development initiatives while simultaneously improving social sustainability practices.

Keywords: corporate sustainability; social dimensions; Fuzzy AHP; COVID-19; ranking

1. Introduction

Sustainable development is the potential to fulfill today’s needs without undermining a future
generation’s ability to satisfy their needs [1]. Sustainability has become a significant alternative to
business as usual, which appears to focus primarily on short-term productivity with little or no social
and environmental impacts considered over the long term [2]. Despite this, the business environment
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is changing rapidly, guided by social, economic, and ecological developments [3,4]. For these and
other aligned reasons, companies have become increasingly interested in corporate sustainability;
see, for example, Christ et al. [5] and Manrique and Martí-Ballester [6]. While managers have noticed
that the integration of sustainability is an opportunity, they rarely consider it in tactical management
decisions [7]. The consideration of sustainability in corporate strategy and processes has become
one promising way of dealing with a changing business landscape and increasing pressure for social
sustainability performance. Since decisions relating to sustainability are made at a strategic level,
there has also been an increasing scientific interest in the field of strategic management in connection
with the inclusion of sustainability in the strategy, vision, change management, and culture of a
company [8].

Due to the variety of different sustainability initiatives, there is an ongoing opportunity for
researchers to quantify what ongoing and emerging practices look like [9]. Yet, there has been so
much published by researchers that it can be an overwhelming amount of information to sort through.
Add to this, the idea that stakeholders are continually seeking more information beyond financial
performance by wanting to see the ecological and social policies of a company [10], and the importance
of understanding corporate sustainability, continue to grow. Corporate sustainability reporting can be a
primary motivation for organizations to communicate with stakeholders about sustainability initiatives.
This gets difficult due to the terminology and growing categories of these diverse efforts. For example,
firms have been reporting the use of different terminologies, e.g., corporate social responsibility (CSR),
sustainable development (SD), economic and non-economic reporting, and referring to the main pillars
of sustainability which are social, environmental, and economic (SEE), and triple bottom line (TBL).
The evolution of such reporting is fascinating. Tschopp and Huefner [11] found that the companies
were focusing on environmental management compliance reporting during the 1970s and 1980s,
and they also observed a weak relation between sustainability reporting and organization performance.
Later, in the 1990s, sustainability reporting on occupational health and safety (OHS) was observed,
and a paradigm shift to reporting on societal-based activities, accompanied by institutionalization.

Considering that each participant in society has its unique responsibility to engage sustainable
development at a global scale, corporate sustainability reflects the organizations’ part to global
challenges of sustainable development [12], including depletion of natural resources and social
sustainability. There are several challenges regarding corporate sustainability, such as the need for
considering both external and internal stakeholders in corporate decisions [13]; to resolve discrepancies,
contradictions, and synergies among the three pillars of TBL sustainability [14]; to promote an approach
to corporate sustainability based in moral-values [15]; to foster corporate social responsibility across
the business life-cycle thinking [16]. Add to this, the several contributions available in the literature
from different epistemological fields connected with environmental, economic, and social performance,
and it seems evident that there is an absence of coordination among them. Diouf et al. [17] emphasized
the growing significance of sustainability reporting and the use of international regulations, targets for
reducing carbon emissions, and international standards and guidelines. Arribas et al. [18] investigated
that the inclusion of irresponsible companies in the Dow Jones Sustainability Index (DJSI) from S&P
Dow Jones Indices, and Social Accountability (SA8000) from Social Accountability International—SAI
(2008) is a fact.

Those who manage business decisions face multiple criteria for achieving the best practices while
trying to achieve multiple goals. Decisions regarding sustainable business practices have multi-level
characteristics as TBL dimensions can be broken down into hierarchical variables [19]. One primary
objective of this study is to help researchers and practitioners identify essential corporate sustainability
criteria. Therefore, Multi-Criteria Decision Analysis (MCDA) is recommended for simultaneously
addressing decisions with multiple objectives and multiple criteria. Multi-criteria decision theory helps
to orchestrate the various awareness of practices involving sustainability [20] and to help when making
decisions regarding dynamic topics. Multi-stakeholder, multi-objective, and multi-level frameworks
have been developed and utilized in the literature to assess corporate sustainability results but, so far,
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the initiatives have not provided a consistent, single measure capturing the TBL’s complexities and
integrating the MCDA. Therefore, the second objective of this study is to provide a methodology to
help organize and understand this dynamic context for sustainable business practices.

Add to this dynamic context, a global pandemic and things can get interesting. Due to the
pandemic COVID-19 outbreak, the modern world is suffering a global economic crisis with well over
9 million cases, and over 501,000 fatalities as of September 2020 affecting more than 200 countries [21].
Many businesses have shut down, and the rate of unemployment has increased. According to the
World Health Organization, COVID-19 has become an unparalleled global crisis and is challenging
organizations, which ultimately can have a negative effect on corporate sustainability and business
practices [22]. Until now, corporations have not had to plan for a pandemic. Moreover, corporate
sustainability has been marginalized due to organizations, governments, and society struggling to
survive in times of a pandemic. Researchers have stated that the COVID-19 pandemic is opening
new challenges for corporate sustainability, mainly because supply chains and their manufacturers
are facing the pandemic’s negative effects, such as market downturn, SMEs bankruptcy, employees’
resignations, revenue loss, to name a few. Therefore, we see the post-COVID-19 era as an opportunity
by which organizations can rethink their sustainable business practices concerning a shift in their
manufacturing, supply chain, and sustainability strategies. Here we find the third objective for this
study to extend our understanding of corporate sustainability by also exploring the more recent
impacts of the pandemic.

Researchers, policymakers, and decision-makers are now more concerned about how to make
corporations more sustainable. This study is an attempt to help decision-makers and researchers
by developing a framework for corporations regarding social sustainability dimensions that include
COVID-19 as a new attribute of sustainable business practices. Many aspects of corporate
sustainability can be measured to calculate the company’s sustainability efficiency. In this study of
corporate sustainability, we assess this paradigm using (i) Governance; (ii) Product Responsibility;
(iii) Transparency and Communication; (iv) Economic; (v) Environmental; (vi) Social; (vii) Natural
Environment and Climate Vulnerability (viii) Energy Consumption and Saving, and a new criterion,
(ix) Pandemic COVID-19. These nine aspects are further divided into forty-five sub-criteria. In doing
so, one contribution of this study is the addition of values for these major criteria and sub-criteria
as we attempt to fill a gap in the corporate sustainability literature. As a partial response to the
recent and growing call for understanding the pandemic COVID-19 effects on businesses, the authors
conducted this research aiming to contribute to the growing literature on the topic by developing a
multidimensional framework for corporate sustainability. Further, this study prioritizes the main and
sub-attributes of an emerging sustainability model by being among the first to use MCDA techniques.

To help start us down a path to understanding this dynamic context for corporate sustainability,
fundamental factors can be identified from the literature and further classified as a foundation for
understanding corporate sustainability. In this study, we draw from the literature to develop lists of
main and sub-attributes essential for developing corporate sustainability business practices. Building on
our objectives for this study, our primary research questions include, but are not limited, to what are the
most influenceable metrics for corporate sustainability? And how can they be evaluated and ranked
in a way that provide value to practitioners and scholars? After reviewing the literature, conceptual
models, our research framework, and applying a Fuzzy Delphi method, we assess nine sustainability
criteria and forty-five sub-criteria. We review our methods for employing the Fuzzy Analytical
Hierarchical Process (FAHP) for calculations of weights for both the sub-criteria using a matrix of
pairwise comparisons. Results are then discussed, and the last section provides main conclusions,
contributions to the field, and avenues for aspects of corporate sustainability, social sustainability,
and sustainable development for future researches.
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2. Literature Review

The definitions of sustainability have many interpretations, such as environmental protection,
ecosystem resources, economic concerns, social acceptance, licensing and externalities, and many other
perspectives. The recent literature shows that sustainable development is going beyond “green” to
a more comprehensive, systematic, methodological, and integrated understanding of sustainability.
Researchers and decision-makers are aware of the need for systematic sustainability assessments to
evaluate complex systems to replace traditional and unsustainable business practices. Such assessments
ultimately concentrate on historical strategies for sustainability, demonstrating the need to improve
corporate sustainability programs over time, along with allocating resources that reduce sustainability
risks. Further, organizations need to combine efficiency and market performance initiatives to develop
strategic corporate sustainability opportunities [23].

Asif at el. [24], conceptualized the integration of economic, social, and environmental bottom
lines dimension by using a triple bottom line. This view of a corporation means that the
efficiency and sustainability aspects of the integrated structure are matched together. Several models
have been proposed to develop corporate sustainability in efforts to make it accessible, practical,
and quantifiable. The wide range of sustainability frameworks is because of the variety of definitions of
sustainable development, i.e. ecological sustainability, environmental efficiency, corporate citizenship,
and TBL. In prior studies, one dimension of corporate sustainability is evaluated to define, measure,
and sometimes test constructs and relationships. For instance, environmental sustainability frameworks
concentrate on environmental issues by providing metrics for mitigating pollution, climate vulnerability,
environmental degradation, land use, and loss of biodiversity [25]. Social sustainability models focus on
societal and ethical facets of corporate sustainability, such as infrastructure, community welfare, human
rights, health, equity, and education [26]. Further, economic sustainability involves the economic
structure of organizations and concentrates on businesses seeking to optimize the company’s resources
through social and environmental strategies [27]. Some studies proposed the two-dimensional
sustainability frameworks in which two or more dimensions of corporate sustainability (such as
environmental and social dimensions evaluated by providing sustainability indices and MCDA
approaches). The fundamental model of corporate sustainability is shown in Figure 1.
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Concerns regarding the social and environmental effects of sustainability must be weighted,
but economic viability should not be threatened. The company’s financial performance can be affected
and impacts its risk of survival if it fails to give due attention to its economic performance [28].
Longoni and Cagliano [29] argued that managing and balancing TBL performance is paramount.
The authors acknowledge the difficulties of doing this while also trying to understand any negative
tradeoffs between the three sustainability dimensions.

The International Organization of Standardization (ISO) and the Global Reporting Initiative (GRI)
systems assist companies in integrating sustainable development and TBL performance. GRI measures
and reports the “material” performance of companies and its business activities and its effectiveness
in multiple dimensions, i.e., three folds result to the public, most of the time through sustainability
reports [30]. Several sustainability indices have been developed to highlight sustainability activities so
that investors can consider the sustainable performance of enterprises. By analyzing the sustainability
practices by each corporation, the sustainability indices act as a knowledge intermediary of companies
with their different players (including business specialists, shareholders, and financial intermediaries).
Specialized data accessed by neutral parties are seen by these intermediaries as objective. Conventional
definitions of sustainability suggest that the businesses are supposed to be listed only if they are
more socially and environmentally responsible than their competitors within these stock indexes.
Sustainability stock indexes can, therefore, be treated as suitable sustainability performance indicators.
Weber [31] suggests sustainability guidance that describes the most relevant performance metrics and
issues in six banking industries. They showed specific important issues are shared by many industries,
particularly social sustainability aspects, whereas others are unique in a sector.

Several researchers have used MCDA methods to measure the company’s sustainability
performance. A list of different MCDA approaches used to develop a sustainability framework
is shown in Table 1.

Table 1. Multi-Criteria Decision Analysis (MCDA) Methods in Corporate Sustainability.

N. Sustainability Research Conducted MCDA
Method Year Reference

01 The assessment and weigh of the CSR program criteria in
industry; and supplier assessment AHP 2018 [32,33]

02 A geographic information system sustainability model based on
GeoUmbriaSUIT TOPSIS 2018 [34]

03 Identifying the CSR criteria as well as propose and priorities the
alternatives to improve the supply chain performance. AHP-TOPSIS 2018 [35]

04 Selection of sustainable green Supplier under Uncertain
Environment: Evidence from Thailand Palm oil products Industry Fuzzy DEMATEL 2019 [36]

05 Prioritizing and selection of a socially sustainable supplier for
social sustainability TODIM 2019 [37]

06 Framework of sustainability balanced scorecard and selection of
socially responsible investment DEMATEL 2009 [38]

07 Investigating sustainable supply chains and sustainable
innovation criteria framework in manufacturing companies BWM 2019 [39]

08 A weightings scheme of CSR evaluation framework to select the
suitable approach for sustainability ANP 2015 [40]

09 Analyzing the community investments by using MCDA method:
A case of mining sector SIDAT 2008 [41]

10 Development of an effective and integrated model for the
evaluation of the sustainability practices in the banking services FAHP, FTOPSIS 2017 [42]

11 Prioritizing the challenges by developing a framework for the
assessment of corporate environmental performance FIS 2017 [43]

12 Organizational performance assessment of e-waste recycling
programs under uncertainty DSS 2017 [44]

13 Analysis of barriers in sustainable business practices: Evidence
from Indian oil and gas sector ISM 2018 [45]

14 Evaluation of CSR investment and development of a portfolio
models by using AHP approach AHP 2016 [46]
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Table 1. Cont.

N. Sustainability Research Conducted MCDA
Method Year Reference

15 Analyzing the selection of alternate product recovery processes in
reverse supply chain management TOPSIS 2016 [47]

16 Selection of sustainable supplier in healthcare MORCOS 2020 [48]

17 Developing and assessing the sustainable Sports Tourism model:
A case of Taichung City

Bayesian BWM,
rough DEMATEL 2020 [49]

18 An assessment model of social sustainability indicators for the
freight transport industry FBWM 2020 [50]

19 Developing the IMS AHP, FTOPSIS 2020 [51]

20 Assessment of environmental performance by mitigating the CO2
emission in SAARC GRA, Grey TOPSIS 2020 [25]

Previously, before the COVID-19 pandemic, organizations, governments, and society were dealing
with and focusing on environmental issues. It is believed that, after the COVID-19 pandemic, business
transitions will increase in order to achieve a more sustainable corporate sustainability. This transition
will allow organizations to develop flexible manufacturing systems, prioritizing environmental,
economic, and social sustainability. Regarding decision support systems for resilient production, there
are various options available, such as those proposed by Tan et al. [52] and the prediction model for
supply chains of Ivanov et al. [53]. Thus, companies and supply chains need to be resilient to tackle
tough times, such as what occurs during the current pandemic.

As expected, the economic crisis that followed the COVID-19 epidemic affected several businesses,
from manufacturers to service providers due to the social distancing and lockdowns [54]. Thus, the
businesses in which customers interact with each other were immediately stopped [55,56]. To avoid
bankruptcy, these businesses moved to palliative solutions aiming for their survival, mainly migrating
the businesses to digital platforms [57].

The epidemic effects on delivery delays are affecting supply chains, causing bullwhip effects,
and unbalancing organizations’ performances in almost all industries. Thus, companies are focusing
on essential items for manufacturing and maintaining supply activities regarding the unexpected
disruptions. At the same time, these organizations are planning how to restart the businesses close to
the ‘new normal’, as society is returning to (a semi) normality.

The main justification for considering the COVID-19 pandemic effects in corporate sustainability,
within this study, is that its consequences will be felt for decades [58]. Thus, as a long-lasting event, it
is assumed that the COVID-19 pandemic will affect organizations regarding their sustainability actions
in the future.

We considered various decision attributes and indicators for the development of a multidimensional
sustainability framework. These attributes can assist in the construction of an effective corporate
sustainability model while also providing insights into sustainable business practices. This study
develops a decision criterion for sustainable development based on the literature and then checked
the criteria validity provided by key expert’s contributions. The main sustainability criteria in our
development of a sustainability framework include Corporate Governance, Product Responsibility,
Transparency and Communication, Economics, Social, Environmental, Natural Environmental and
Climate Change, Energy Saving and Consumption, and what we believe to be used for the first time,
the COVID-19 pandemic criteria. As per the best of the authors’ knowledge, pandemic impacts have
not been used before in sustainability models to date, the consideration of COVID-19 pandemic effects
will help to fulfill a gap in the literature.

Each of these sustainability criteria has a total of forty-five sub-criteria. These criteria were
identified after reviewing and summarizing the literature. The results of which criteria and sub-criteria
are shown in Table 2. Next, we attempt to extend the corporate sustainability model based on the ‘Plan,
Do, Check, and Act’ (PDCA) approach, as presented in Figure 2.
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Table 2. Decision Sub-Criteria for Corporate Sustainability.

Criteria Sub-Criteria References

Corporate Governance (GOV)

Corporate governance report (GOV1)
Dynamic structure of corporate governance (GOV2)

Award and recognition (GOV3)
Conducting the corporate governance audits (GOV4)

Accountability of corporate governance (GOV5)
Conflict of interest in corporate governance (GOV6)
Public Private Partnership on sustainability (GOV7)

[59–64]

Product Responsibility
(PR)

The effect of personal use of product (PR1)
Indirect effects of product (PR2)

Compliance mechanism of products and policies (PR3)
Product research and development (PR4)

Product complaint mechanism (PR5)

[65–67]

Transparency and Communication
(TC)

Societal commitments and welfare (TC1)
Understanding commitments and alignment (TC2)

Effective and strategic communication to stakeholders (TC3)
Transparent disclosure of sustainability reports (TC4)

Business ethics and corporate citizenship (TC5)

[68–70]

Economics (ECO)

Development and impact of infrastructure investments (ECO1)
CSR and sustainability activities expenditure (ECO2)

Deliver to effective economic and financial strategy (ECO3)
Risks for assessing economic/financial performances (ECO4)

Declare economic/financial statements for stakeholders (ECO5)
Financial regulatory and compliance (ECO5)

[71–74]

Environmental (ENV)

Greenhouse gas emission reduction targets and goals (ENV1)
Environmental commitment, and policy in hand (ENV2)

Corporate environmental responsibility (ENV3)
Assuring the environmental compliance based on national and

international regulation (ENV4)
Reducing environmental cost and saving operations program (ENV5)

[12,75,76]
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Table 2. Cont.

Criteria Sub-Criteria References

Social (SOC)

Commitment to societal development (SOC1)
Collective Bargaining Agent and labor relationships in society (SOC2)

Diversity and equality management at workplace, supplier
commitment and society’s demands resolution (SOC3)

Training employees through in-house programs (SOC4)
Commitment to HR development (SOC5)

[77–79]

Natural Environment & Climate
(NEC)

Combating the climate changes (NEC1)
Taking the climate vulnerable responsibility (NEC2)

Tree plantation Program (NEC3)
Issues concerning climate change (NEC4)

[80,81]

Energy consumption and saving
(ECS)

Reduction of energy consumption program (ECS1)
Investment plan for clean energy (ECS2)

Energy saving policies (ECS3)
Energy use efficiency (ECS4)

[82–84]

Pandemic (PAN)

Emergency response plan (PAN1)
Commitment to employee safety (PAN2)

Just-in-time (JIT) and lean delivery (PAN3)
Social distances and employee working hours modification (PAN4)

[85–87]

3. Research Framework

We have used the Fuzzy Delphi, and FAHP approaches to finalize and prioritize the most important
criteria and select sustainability options for the development of corporate sustainability. The framework
operationalized in this study is shown in Figure 3. Fuzzy Delphi proposed by Hsu et al. [88] has been
adopted in this study to finalize corporate sustainability criteria. The advantage of Fuzzy Delphi over
the conventional Delphi method is that the latter is a lengthy process of obtaining a consensus on
experts’ opinions. The expert’s opinion in the conventional Delphi method often suffers from low
convergence, which ultimately complicates consensus-building. The experts are therefore consulted
repeatedly to reform their feedback so that a possible consensus can be reached. On the other hand,
Fuzzy Delphi can obtain experts’ consensus through only one round of investigation [89]. The Fuzzy
Delphi uses membership functions to characterize the experts’ feedback. In this way, experts are not
consulted twice to alter their opinions, which also saves useful information from being lost as all the
experts’ opinions are taken while computing the membership degrees.

Regarding the development of the fuzzy membership degrees, most of the previous studies
used a Triangular Fuzzy Number (TFN), Gaussian fuzzy number, and trapezoidal fuzzy number [88].
This study employs TFNs, to construct the membership degree function. To find the converging point
of the decision group, TFNs were solved using the geometric mean following previous studies such
as [90,91]. In taking this approach, a FAHP methodology was used for computing the weights of the
main and sub-attributes of corporate sustainability, supported by decision-makers, using a pairwise
comparison matrix. To carry out the analysis, eight academic and industrial experts were involved
whose detail is provided in Appendix A (see Table A1).
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Fuzzy Analytical Hierarchy Process

The Analytical Hierarchy Process (AHP) is a well-known and adaptable Multi-Criteria Decision
Analysis (MCDA) approach to solve complex problems used across a variety of fields of research.
The logic of AHP is based on a ratio scale to quantify the different sets of alternatives priorities
provided by decision-makers [92]. This approach evaluates the consistency and importance of the
decision-makers’ instinctive opinions to provide an optimal solution for complex problems. Researchers
have integrated the AHP approach with other methods, such as grey system theory, data analysis
envelopment, fuzzy system theory, and even linear programming [93].

Although AHP methods have shown satisfactory results and can be used to evaluate
decision-makers’ opinions, this technique has some deficiencies in terms of human behavior and
thinking approach. Hence, the traditional method has some limitations, such as (i) handling with the
inconsistent and unbalanced expert opinion scale, (ii) unable to handle the uncertain and ambiguous
relationship with expert’s judgment numbers, (iii) imprecise results, and (iv) decision-makers’ subjective
opinion preferences.

Due to these limitations, AHP has evolved into FAHP, as a widely used and more accurate approach
over conventional methods to solve uncertain and complex problems involving a decision-maker’s
judgment. FAHP is the combination of traditional AHP and Fuzzy set theory, where the membership
of each element is represented by a function. Further, each element of the membership function
is divided into the membership’s degree with a value between 0 and 1, which implies that any
membership’s element has a value of “1”. Conversely, any element has no membership with a
“0” value. Those elements which lie between “0 and 1” have a partial or incomplete degree of
membership [94]. To effectively handle the uncertainties during the logistic estimation process, there is
a need to convert the linguistic term of membership function into ‘fuzzy numbers’, meanwhile, in FAHP,
linguistic values are shown as a TFN.

To develop corporate sustainability for the purposes of this study, FAHP was applied to estimate
weights of criteria and sub-criteria in the six following steps:

Step I. Designing the problem structure using a hierarchical approach
Step II. Constructing of pairwise comparison matrix and developing the scale of the

relative importance

After designing the problem structure in a hierarchical way, the next step is to define the scale
of relative importance in order to construct a pairwise comparison matrix. Table 3 presents the TFN,
which are from 1 to 9, and are used to improve the accuracy of the traditional model. We employed
five TFNs

(̃
1, 3̃, 5̃, 7̃, 9̃

)
relative to correspondence number for expert qualitative assessment in

order to capture the vagueness and remove uncertainties. The fuzzy membership for attributes and
sub-attributes is shown in Figure 4.

Table 3. Triangular Fuzzy Numbers (TFNs) for criteria with Linguistic values.

Linguistics Values Triangular Fuzzy
Numbers Fuzzy Number AHP Equivalent

Extreme importance/preference (7,9,11) 9̃ 9
Very strong importance/preference (5,7,9) 7̃ 7

Strong importance/preference (3,5,7) 5̃ 5
Moderate importance/preference (1,3,5) 3̃ 3

Equal importance/preference (1,1,3) 1̃ 1
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Step III. Constructing a fuzzy-based matrix for comparison purposes

Experts used the TFNs to elaborate pairwise comparisons of corporate sustainability main and
sub-attributes. The fuzzy comparison matrix X was drawn from the expert’s opinions by using the
arithmetic mean function for pairwise comparison, as presented in Equation (1).

X =



1 b̃12 . . . . . . b̃1n

b̃21 1 . . . . . . b̃2n

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

b̃n1 b̃n2 . . . . . . 1


(1)

where b̃i j = 1, if i = j, and b̃i j =
(̃
1, 3̃, 5̃, 7̃, 9̃

)
or

(̃
1−1, 3̃−1, 5̃−1, 7̃−1, 9̃−1,

)
if i , j. To calculates the

scores for a pair, a reverse comparison was applied in the matrix for giving a reciprocal score.
Supposing that if X̃ i j indicates the value of a matrix which is allocated to the combination of

components i and j, then X̃ i j =
1

X i j
.

Step IV. Developing the crisp comparison matrix

To make the expert and decision-makers judgments more confident, the α-cut method can be
used through the ranking of fuzzy numbers, in which it provides an interval of values based on
fuzzy numbers. Figure 5 presented the α-cut method on TFN for this instance, if a = 0.5 will yield
a0.5 = (2, 3, 4).
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Based on the fuzzy comparison matrix, while the optimism index µ is considered on a fixed value
of a and consider to the degree of satisfaction in order to obtain α-cut comparison matrix, then:

X̃α =


1 ãα12 . . . . . . ãα1n

ãα21 1 . . . . . . ãα2n
. . . . . . . . . . . . . . .
. . . . . . . . . . . . . . .
ãαn1 ãαn2 . . . . . . 1


(2)

The value of µ index optimism is provided by experts based on the satisfaction degree in the
preference matrix. Then, the higher the degree of optimism influenced, the larger the value of µ.
Lee et al. [96] introduced the optimism index denoted by ‘µ’ which is linear convex as given in the
below equation.

ãαi j = µaαi ju + (1− µ)aαi ju where 0 < µ 6 1 (3)

Inserting the value of µ in Equation (3) at this step, the comparison of the α-cut fuzzy matrix is
converted into crisp comparison matrix X as follows.

X =


1 a12 . . . . . . a1n

a21 1 . . . . . . a2n

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .
an1 an2 . . . . . . 1


(4)

Step V. Consistency check

The last step explains the consistency of each matrix by using a consistency ratio (CR), and an
overall consistency of hierarchy is calculated as well. Meanwhile, the conversion of crisp comparison
matrix present by letter X into a consistent fuzzy comparison matrix X̃.

The calculation formula of the largest Eigenvalue is presented in Equation (5).

Xp = λmaxp (5)

In this equation, p represents the principle Eigenvector of the matrix in the above equation.
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Equation (5) involves the CR calculation formula through expert pairwise.

CR =
CI
RI

(6)

CI =
λmax − n

n− 1
(7)

where CI presents the index of consistency, whereas the random index is indicated by RI, and n is the
size of the matrix, as presented in Table 4.

Table 4. Random Index (RI).

n 1 2 3 4 5 6 7 8

RI 0 0 0.52 0.89 1.11 1.25 1.35 1.40

The acceptability of CR of any matrix when its value records less than 0.10. Otherwise, the expert’s
judgment procedure needs to be revised in the matrix for pairwise comparisons.

Step VI. Computing attributes weights

The final step describes the calculations of the weights by normalizing the criteria of all the rows
and columns of the crisp comparison matrix.

4. Results and Discussion

This research used multiple methods to develop a corporate sustainability framework that assists
policymakers, government, decision-makers, and managers, to effectively develop sustainability and
make better decisions in implementing sustainable business practices. This study is the first of its
kind to develop a multidimensional corporate sustainability model based on important sustainability
indicators that include pandemic information due to the COVID-19 outbreak. Further, this study
identifies and assesses valuable sustainability options retrieved from literature and experts’ knowledge
to provide the most suitable sustainability practices for making corporate sustainability resilient.
Our investigation is a roadmap for organizations and policymakers in the contemporary world aiming
to determine further applications based on our findings, which provides a more rational solution for
the development of corporate sustainability.

4.1. Fuzzy Analytical Hierarchy Process Results

Our analysis started by using the FAHP method based on a pairwise comparison matrix.
This matrix was built for determining individual expert scores through a geometric mean approach.
The group-based decision-making approach was adopted for calculations of sustainability attributes and
sub-attributes weights. Supported by experts and analyzing the related literature review, we can classify
nine main sustainability attributes, i.e., Corporate Governance, Environment, Social, Economic, Product
Responsibility, Natural Environment and Climate, Energy Consumption and Saving, Transparency
and Communication, and COVID-19 pandemic. The first phase of the FAHP method comprises the
calculation of the nine most important criteria’s weights and, at the second stage, we determined the
45 sub-attributes weights in total. Figure 6 presents the hierarchal structure of corporate sustainability
with the main attributes and sub-attributes.

4.2. Prioritizing Main Attributes

The FAHP computed the weight of each sustainability attribute in a hierarchical structure.
The main attributes are presented in Table 5 and reveal that the COVID-19 pandemic is the most
important criteria by obtaining the highest weight of 0.4129. The importance of criteria were as
follows: Economic (0.3754), Corporate Governance (0.2532), Natural Environment and Climate (0.2195),
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Environmental (ENV), Energy Consumption and Saving (0.1775), Transparency and Communication
(0.1210), Social (0.0542), and Product Responsibility (0.0492) criteria, respectively. The details of each
main sustainability indicator’s weights are presented in Table 5. The rapid spreading of the pandemic
involving COVID-19 is the most influential barrier disrupting corporate sustainability. The pandemic
has affected overall business performances. Economic sustainability and governance was the second
most important indicator in our analysis. Due to the COVID-19 pandemic’s effects, it brings new
challenges for corporations to affect their ability to operationalize sustainability. In addition to new
compliance and regulatory parameters, it appears to be a mandatory part of corporate sustainability in
the organization. Therefore, corporations need to develop a corporate sustainability system in order to
cope with these new issues and enable more sustainable business practices.

Table 5. Main corporate sustainability attributes.

Main Criteria Code Weight Rank

Pandemic PEN 0.4129 1st
Corporate Governance CGOV 0.2532 3rd
Product Responsibility PR 0.0492 9th

Transparency and Communication TC 0.1210 7th
Economic EC 0.3754 2nd

Environmental ENV 0.1871 5th
Social SOC 0.0542 8th

Natural Environment & Climate NEC 0.2195 4th
Energy Consumption and Saving ECS 0.1775 6th

According to the calculation of the main sustainability attributes’ weights, the Pandemic attribute
came first in the main corporate sustainability criteria. To this end, organizations should develop
an emergency response plan to tackle any emergency, which may become a hurdle in the effective
implementation of corporate sustainability. Hence, organizations should develop a sustainable
structure that can prevent the organization from crises. Moreover, organizations should also implement
suitable and long-lasting sustainability practices that assure optimal progress toward sustainability
and provide benefits while utilizing scarce resources. Further, it was observed that the delivery
time of goods supplies has been drastically disrupted due to the COVID-19 outbreak. Therefore,
organizations need to develop a sustainable delivery system like just-in-time (JIT), which provides
a more resilient solution during any emergency faced by the organization. Economic sustainability,
governance, and natural environment and climate took their position after the pandemic attribute.
Whereas product responsibility came last and observed the least essential attributes by obtaining the
lowest weight (0.0492). The 45 sub-attributes of the study were evaluated through with the help of
expert’s opinion, according to the pairwise comparisons matrix.
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4.3. The Prioritizing of Sub-Attributes

The ranking of sub-attributes of corporate sustainability is presented in Figures 7–15.
Governance sub-attributes: We identified the sub-attributes ranking (GOV) as following:

GOV4>GOV1>GOV3>GOV7>GOV5>GOV2>GOV6. Management and audit of corporate governance
(GOV4) obtained the highest score (0.4132) and is considered the main influencing sub-attribute of its
category. The outcome proved that face validity is an accurate justification as audit expertise, then
skilled personnel are credited for corporate sustainability actions. In the same way, the businesses
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must address governance and strengthening it since governance is responsible for guiding companies
towards sustainability. Another high score observed with sub-criteria in this category is the corporate
governance report (GOV1), with a weight of 0.3884. Corporate award and recognition (GOV3) showed
a score of 0.3732, standing at the top-three most important sub-criteria of this category (as seen
in Figure 7). Investors are evaluating both economic and financial returns on investments (ROI),
but the valuation of investees’ reputation is increasing. Then, reputation is positively influenced by
corporate sustainability governance at high standards (Gottschalk, 2011). Public Private Partnership
on sustainability (GOV7) received a score of 0.2351, putting this sub-attribute at the fourth position of
most important sub-attributes. Moreover, corporate governance accountability (GOV5) showed a score
of 0.1717, being the fifth most important sub-attribute in this category. The structure and dynamics of
corporate governance (GOV2) and conduct and conflict of interest in corporate governance (GOV6) are
the least influencing sub-criteria, obtaining the weights of 0.1653 and 0.1089, respectively. The decision
for a given company for engaging corporate sustainability governance depends on the achievements
of the corporate goals. In this way, [97] underlined that a company’s sustainability is influenced by
the stakeholder’s sustainability. Additionally, relations with stakeholders must be considered key for
decision-making processes which, in turn, support the establishment of corporate strategies.

Sustainability 2019, 11, x FOR PEER REVIEW 16 of 30 

skilled personnel are credited for corporate sustainability actions. In the same way, the businesses 
must address governance and strengthening it since governance is responsible for guiding companies 
towards sustainability. Another high score observed with sub-criteria in this category is the corporate 
governance report (GOV1), with a weight of 0.3884. Corporate award and recognition (GOV3) 
showed a score of 0.3732, standing at the top-three most important sub-criteria of this category (as 
seen in Figure 7). Investors are evaluating both economic and financial returns on investments (ROI), 
but the valuation of investees' reputation is increasing. Then, reputation is positively influenced by 
corporate sustainability governance at high standards (Gottschalk, 2011). Public Private Partnership 
on sustainability (GOV7) received a score of 0.2351, putting this sub-attribute at the fourth position 
of most important sub-attributes. Moreover, corporate governance accountability (GOV5) showed a 
score of 0.1717, being the fifth most important sub-attribute in this category. The structure and 
dynamics of corporate governance (GOV2) and conduct and conflict of interest in corporate 
governance (GOV6) are the least influencing sub-criteria, obtaining the weights of 0.1653 and 0.1089, 
respectively. The decision for a given company for engaging corporate sustainability governance 
depends on the achievements of the corporate goals. In this way, [97] underlined that a company’s 
sustainability is influenced by the stakeholder’s sustainability. Additionally, relations with 
stakeholders must be considered key for decision-making processes which, in turn, support the 
establishment of corporate strategies. 

 
Figure 7. Governance Sub-criteria. 

Product Responsibility: Under the Product responsibility (PR) category, we obtained the 
following sub-criteria ranking: PR4>PR3>PR5>PR2>PR1, as presented in Figure 8. Product research 
and development (PR4) is seen as a challenge in supporting the development of corporate 
sustainability infrastructure, with a score of 0.4102. The next sub-criteria that received the highest 
score is the compliance with products and policies (PR3) category, with a weight of 0.3297. Product 
complaint mechanism (PR5) received a score of 0.1737, being the third most important sub-criteria. 
Following this, indirect impacts of the product (PR2) reached the fourth position (within Product 
Responsibility category) with a weight of 0.1321. The fifth most important sub-attribute came from 
the personal impacts of product use (PR1) with a weight of 0.0952. Then, the first phases of product-
innovation processes, as well as decision-making processes, must address a sustainability perspective 
in order to introduce a sustainability paradigm into the business’s practices. Additionally, 
organizations must incorporate a long-term perspective when considering sustainability as a strategic 
asset for businesses [98]. 

Figure 7. Governance Sub-criteria.

Product Responsibility: Under the Product responsibility (PR) category, we obtained the following
sub-criteria ranking: PR4>PR3>PR5>PR2>PR1, as presented in Figure 8. Product research and
development (PR4) is seen as a challenge in supporting the development of corporate sustainability
infrastructure, with a score of 0.4102. The next sub-criteria that received the highest score is the
compliance with products and policies (PR3) category, with a weight of 0.3297. Product complaint
mechanism (PR5) received a score of 0.1737, being the third most important sub-criteria. Following this,
indirect impacts of the product (PR2) reached the fourth position (within Product Responsibility
category) with a weight of 0.1321. The fifth most important sub-attribute came from the personal
impacts of product use (PR1) with a weight of 0.0952. Then, the first phases of product-innovation
processes, as well as decision-making processes, must address a sustainability perspective in order
to introduce a sustainability paradigm into the business’s practices. Additionally, organizations
must incorporate a long-term perspective when considering sustainability as a strategic asset for
businesses [98].

Transparency and Communication: As shown in Figure 9, the ranking of sub-attribute within
Transparency and Communication is TC4>TC3>TC1>TC2>TC5, with a consistency ratio of 0.0107.
Transparency of general reports (TC4) reached the first position in the Transparency and Communication
category, showing a score of 0.4321. Moreover, strategic perspectives after transparency of general
reports (TC3) is in the second position, reaching a score of 0.3487. Following, commitments to
the community (TC1) and alignment of commitments (TC2) are ranked at the third and fourth
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positions, obtaining a score of 0.2175 and 0.1564, respectively. Finally, ethics and citizenship (TC5)
are considered the least influencing sub-criteria with a score of 0.1324. Thus, sustainability supports
knowledge creation and sharing, which, in turn, eases communication within organizations. To make
a proactive sustainability strategy realistic, Kim and Ji [99] suggested that corporations aiming for
a proactive sustainability strategy must consider the communication of a shared vision within an
organization and among the company’s stakeholders. When companies communicate their visions
related to sustainability, they improve their reputation which increases stakeholders’ interests in such
organizations. Moreover, Dyllick and Muff [100] stated that corporate sustainability mission and
vision statements should be adopted to convey corporate commitment throughout the corporation.
Then, top managers have to consider sustainability goals in the company’s core values in order to
align the company’s motivations, strategic goals, and responsibilities related to customers, employees,
and society, as well as stakeholders. Companies need to address sustainability due it inspires
commitments through proactive sustainability strategies.Sustainability 2019, 11, x FOR PEER REVIEW 17 of 30 
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Economics: The outcomes showed the sub-attribute ranking: ECO4>ECO2>ECO6>ECO5>

ECO1>ECO3, as seen in Figure 10. Firstly, risks and the management of economic and financial
performance (ECO4) has a weight of 0.4932, whereas CSR and sustainability activities expenditure
(ECO2) are ranked in the second position with a score of 0.4321. Economic difficulties are explained due
to the financial resources required for sustainability development. Results showed that sustainability
is directly related to costs (such as costs with audit, training, certification) and indirectly related to
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operational and social resources, skilled personnel, preventive actions, and regulations adherence.
The legal compliance with economic and financial aspects (ECO6) and economic and financial statements
(ECO5) is considered at the third and fourth positions within the sub-criteria category of economics
with a score of 0.2383 and 0.1894, respectively. Lastly, the development and impact of infrastructure
investments (ECO1) and economic and financial policy and strategy (ECO3) with a weight of 0.1765 and
0.1634, respectively. Sustainability actions are the basic elements for putting the economic dimension
into practice, and these actions consider profitability, financial stability and liquidity, and financial
benefits [101]. Therefore, the CSR spending, the management of innovation and technology, knowledge
management, collaborations, organizational processes management, and elaboration of sustainability
reports are some of the relevant actions towards corporate sustainability [102].
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Environment: Results showed the ranking within the Environmental dimension of corporate
sustainability are as follows: ENV1>ENV4>ENV3>ENV2>ENV5, as shown in Figure 11. The highest
weight, 0.5321, obtained of sub-criteria within the environment category is initiatives to reduce
greenhouse gas emissions (ENV1). Compliance with environmental regulations (ENV4) reported the
second sub-criteria in the row with a weight of 0.4654. Whereas, environmental management and
responsibility (ENV3) sub-barrier and commitment, scope, and dissemination of environmental policy
(ENV2) are ranked at third and fourth positions, within the environmental sustainability category,
presenting a score of 0.3936 and 0.3381, respectively. Finally, environmental cost-saving operations
(ENV5) come fifth in the row with a weight of 0.2101. Government regulations have been the primary
drivers of a part of corporate sustainability. Literature showed that environmental sustainability
provides cost reductions for the businesses, and these reductions are related to the use of energy,
raw materials, and water, as well as reducing waste generation. Environmental sustainability improves
the company’s reputation for stakeholders and into the market which, in turn, eases acquiring new
customers prone to environmental issues. The incorporation of EMS by companies leads to CO2

emission reductions as well as a reduction in pollution [103,104].
Social: Figure 12 shows the outcomes, ranking the sub-criteria as follows: SOC1>SOC4>SOC5>

SOC2>SOC3. The highest sub-attribute of social criteria is the commitment to societal development
(SOC1) with a weight of 0.5464. Training employees through in-house programs (SOC4) is ranked
at the second position, presenting a score of 0.4821. Companies must train their personnel to work
in an integrated way. Additionally, companies must use integration between auditing services and
administration support for building stronger relationships with stakeholders. These relations promote
efficiency, may save resources, and provide assertiveness amongst personnel.
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Whereas commitment to HR development (SOC5) is ranked as the third most important
sub-criterium, showing a score of 0.3410. Human resources (HR) have a crucial role in the
implementation of sustainability by companies [105]. The companies aiming the implementation of
sustainability must address the commitment from top managers, supportive actions towards training,
personnel empowerment, and teamwork in areas such as Quality Management. Labor relations and
with society (SOC2) as well as diversity and equity, supplier management, and resolution of society’s
demands (SOC3) are ranked into the fourth and fifth positions, presenting scores of 0.3241 and
0.2146, respectively. Here, we see a strong relationship with suppliers, which emphasizes the need
for developing an integrative decision support program for managing the supply chain, taking into
account the stakeholders that strategically improve the company’s production processes and balance
the supplier sustainability system.

Natural Environment and Climate: under the natural environment and climate change category,
results showed in Figure 13 allowed the identification of the following ranking: NEC1>NEC3>

NEC2>NEC4. Commitment to climate change (NEC1) is presented as the highest score within
0.5565. Commitment to handle climate vulnerability is a relevant topic to be addressed by corporate
sustainability, stimulating employees in creating new opportunities for improving and monitoring
effective systems. Moreover, climate change is usually considered an important threat in society and
nature, more critical than biodiversity loss. Regarding the company’s sustainability performance,
the tree planting program (NEC3) is located in the second position with a 0.5241 score. The responsibility
and climate change systems (NEC2) and Issues concerning climate change (NEC4) come in at the third
and fourth positions within the category with scores of 0.48521 and 0.3581, respectively. A responsibility
attributed to businesses regarding environmental crisis mitigation is crucial, due to these organizations
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possessing greater experience than any other group in society when dealing with such kind of problems.
The organization should develop an environment towards a climate-friendly perspective, since climate
changes are affecting societies and will affect, as a consequence, companies’ revenues. In this scenario,
tougher legislation and binding treaties are needed [106].
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Pandemic: Under the Pandemic (PAN) category, results in Figure 14 show the sub-attributes
in the following order of importance: PAN1>PAN4>PAN2>PAN3. An emergency response plan
(PAN1) obtained the highest weight 0.7646. Due to the COVID-19 pandemic outbreak, whose major
consequences are expected to be revealed in the long-term, results provided a deeper analysis of
business risks, which can help organizations to plan accordingly. The organizations should incorporate
an emergency plan in order to respond to the pandemic (PAN1), which is considered a community-led
initiative based on different scenarios for testing the resilience and the plans addressing the several
impacts of the crisis.

Following this, the highest sub-criteria identified is the modification in the number of working
hours and social distancing (PAN4) with a weight of 0.6752. Environmental dimensions are the
focus of companies and, for this research, organizations are taking several actions to fight the
coronavirus outbreak, especially with social distancing and the modification in employee working
hours. Organizations should also dedicate focus on their supply chains and on social innovations
issues that may result from this pandemic. Results also showed that the JIT as well as lean delivery
(PAN2) obtained 0.6241 weight and are in the third position within this category. The pandemic caused
by the coronavirus emphasized vulnerabilities related to the overreliance of JIT and lean delivery
systems. Additionally, there is a concern about whether JIT systems can contribute to the overall
efficiency of resources and waste, in order to transform them into environmentally sound [85].

The growing smarter logistics systems are witnessed by organizations, specifically the
consideration of Internet-of-Things (IoT) technologies applications, and reverse logistics for secondary
materials and waste products. Some possible applications of IoT and reverse logistics are addressed.
In the first example, monitoring where electronics and appliances and their components are may ease
their retrieval and allocation at local levels. As a second example, companies may benefit by using
intermediary storage/depots instead of using extensive transportation of processed goods, also favoring
reverse logistics. The fourth sub-criteria under the COVID-19 pandemic category, commitment to
employee safety (PAN3), has a weight of 0.5354.
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Energy Consumption and Caving: Figure 15 presents the ranking of sub-criteria related to Energy
Consumption and Caving to develop corporate sustainability as follows: ECS2>ECS1>ECS4>ECS3,
with consistency ratio 0.0140. Investing in renewable energy (ECS2) holds the first position within the
Energy Consumption and Saving category with the highest score (0.5354). Moreover, initiatives to
reduce energy consumption (ECS1) is located at the second position with a score of 0.4646. The third
and fourth sub-criteria within the energy consumption and saving category are energy use efficiency
(ECS4) and energy saving policies (ECS3), which received weights of 0.4520 and 0.3752, respectively.
Investments in renewable energy projects lead to greater engagement by the local community related
to renewable energy development. Thus, renewable energy projects can empower the community and
enrich their social capital. In addition, an expected outcome is an increase in energy efficiency within a
community and reducing energy costs. Organizations can improve sustainability by reducing material
waste, energy consumption, and carbon emissions.Sustainability 2019, 11, x FOR PEER REVIEW 22 of 30 
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4.4. Final Ranking of Sub-Criteria Analyses

After determining the weights of sustainability sub-attributes, it involved multiplying the
sub-barrier of global weights by the weight of each respective category, as shown in Table 6. It is noticed
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that the overall ranking of sub-criteria for the development of corporate sustainability is based on final
weights. The criteria of sub-attributes for the development of corporate sustainability is as follows:

Table 6. Final Ranking of Sub-criteria.

Main Attributes Main Attribute
Weights

Sub-Attributes
Codes

Consistency Ratio
(CR) Global Weight Local Weight

Corporate
Governance

0.2532

GOV1

0.0104

0.04023013 0.38845218
GOV2 0.03611801 0.16535290
GOV3 0.09287734 0.37321357
GOV4 0.04039314 0.41322563
GOV5 0.02562821 0.17178031
GOV6 0.02514216 0.10890314
GOV7 0.02851462 0.23511864

Transparency and
Communication

0.1210

TC1

0.0107

0.02318766 0.21755824
TC2 0.01873130 0.15648637
TC3 0.03718180 0.34876210
TC4 0.01436450 0.43210597
TC5 0.01852737 0.13243601

Economic 0.3754

ECO1

0.0161

0.05649601 0.17655214
ECO2 0.17589725 0.43212587
ECO3 0.06548401 0.16343657
ECO4 0.04780432 0.49322547
ECO5 0.07548541 0.18943012
ECO6 0.06241520 0.23838721

Product
Responsibility 0.0492

PR1

0.0004

0.01828124 0.09524407
PR2 0.02337710 0.13218160
PR3 0.01584392 0.32975794
PR4 0.04527865 0.41023374
PR5 0.01932547 0.25757056

Environmental 0.1871

ENV1

0.0223

0.06072135 0.53212104
ENV2 0.06991579 0.33819832
ENV3 0.04699165 0.39365217
ENV4 0.04210131 0.46546325
ENV5 0.02412680 0.21017431

Social 0.0542

SOC1

0.0009

0.02959865 0.54641231
SOC2 0.02282985 0.32416524
SOC3 0.02754210 0.21463874
SOC4 0.03854204 0.48216017
SOC5 0.06521478 0.34100012

Natural
Environment and

Climate
0.2195

NEC1

0.0008

0.01261998 0.55657452
NEC2 0.00689945 0.48521363
NEC3 0.03125478 0.52415970
NEC4 0.04521687 0.35811256

Energy
Consumption and

Saving
0.1775

ECS1

0.0140

0.02546810 0.46465487
ESC2 0.065785214 0.53546420
ECS3 0.056873510 0.37528215
ECS4 0.035687161 0.45203017

Pandemic 0.4129

PAN1

0.0001

0.075324731 0.764624871
PAN2 0.045287103 0.53544535
PAN3 0.076521491 0.62411753
PAN4 0.0875210413 0.67527556

PAN1>PAN4>PAN3>NEC1>SOC1>PAN2>ECS2>ENV1>NEC3>ECO4>NEC2>SOC4>ENV4
>ECS1>ECS4>TC4>ECO2>GOV4>PR4>ENV3>GOV1>ECS3>GOV3>NEC4>TC3>SOC5>ENV2>

PR3>SOC2>PR5>GOV7>TC1>SOC3>ENV5>ECO5>ECO1>GOV5>GOV2>ECO3>TC2>TC5>PR2>

GOV6>PR1
For the sustainable development of corporate sustainability, an emergency response plan is the

attribute that showed the highest score, 0.7646, followed by modification in the number of working
hours and social distances 0.6752. JIT and lean delivery, and commitment to climate changes are
ranked at third and fourth positions of the most important sub-attributes, obtaining scores of 0.6241
and 0.5565, respectively. Finally, in the following three positions, influencing sub-attributes in the
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development of corporate sustainability are indirect impacts of product (0.1321), conflict of interest in
corporate governance (0.1089), and personal impacts of product use (0.0952), respectively.

5. Conclusions

This study’s goal is to propose a corporate sustainability framework that is more resilient than prior
models and, to rank relevant criteria to the degree that could help develop a corporate sustainability
model. This study is grounded in previous studies and showed the interconnected relations of
sustainability and the relevance of considering stakeholders [107]. In meeting the objectives of
this study we have multiple contributions to the field of sustainable business practices; (1) to help
researchers and practitioners identify essential corporate sustainability criteria as part of a new
integrated framework; (2) provide a methodology to help organize and understand a dynamic context
for sustainable business practices; (3) extend our understanding of social sustainability be also exploring
and finding new insights regarding the COVID-19 pandemic.

We were able to identify several sustainability attributes from literature, which allowed for an
analysis of prior studies and the identification of sustainability attributes, which is also supported
by experts’ assessments. As a result, 45 sustainability sub-criteria were developed and ranked
according to the main nine categories of Corporate Governance, Transparency and Communication,
Product Responsibility, Environment, Social, Economics, Natural Environment and Climate Change,
Energy Consumption and Saving and, for the very first time, we have included Pandemic as an
important criterion in the development of corporate sustainability model. These criteria help to
develop a new integrative framework of social sustainability. Additional contributions of this study
include the application of a Fuzzy Delphi and FAHP methodology, and the computation of nine main
criteria and 45 sub-criteria. These criteria provide a more dynamic assessment of the interrelated
social dimensions that have in the past been looked at individually and as environmental impacts of
firms. Due to the COVID-19 pandemic, new insights include the Pandemic, along with Economic and
Corporate Governance are top-ranked criteria to focus on improving corporate sustainability practices.
Whereas, emergency response plan, social distance and modification in the number of working hours,
commitment to climate changes, and JIT and lean delivery emerged in the top-ranked sub-criteria.

The outcomes of our work lead us to call for more action from decision-makers and policymakers
as sustainability provides an integration opportunity with dynamic social benefits. Moreover, scholars
also can consider relevant criteria from literature, and building on this research when combining
insights from experts and develop a new, more integrated, corporate sustainability model. The research
in this study also contributes to developing theory with contemporary approaches for decision-making
analysis to show corporate sustainability theory can and should include more social sustainability
practices. When doing so, we hope the efforts of both researchers and practitioners will be able to
find more dynamic relationships between practices, firm performance, and resiliency to overcome
future pandemics. Our results also provide insights to scholars wanting to further develop theories
considering Multiple Management Standards (MMSs), the Stakeholder Theory [108], Integrated
Management [109], Integrated Management Systems (IMS), and possibilities for a new theory such as
a social sustainability-based view (SBV) of the firm.

The methods used in this study support decision-making in a powerful and relatively simple way.
This useful perspective addresses decision-makers and researchers dealing with resource allocation or
project prioritization. These methods may be applied toward further replications by future studies.
The methods described in this study help in measuring strategic goals as a set of scored criteria for
determining project selection. Multi-criterion decision-making methodologies have proven to be useful
in the application for manufacturing sectors. We can foresee the need for more work with these types of
firms using the application of MCDA in complex interdisciplinary and social sustainability problems.
We recommend future studies include developing FAHP techniques in combination with other analysis
opportunities in an integrated system, supply chains, cities, and even entire countries aiming to tackle
grand challenges, for example, the United Nations’ Sustainable Development Goals (SDGs).
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Finally, this research is the first of its kind considering the development of an integrated social
sustainability model with social sustainability criteria that include the pandemic and COVID-19.
Outcomes of this study can help organizations to consider the most suitable programs and systems
for advancing corporate sustainability while also considering stakeholders and social sustainability.
As managerial implications, we see sustainable development enabling companies to integrate audits,
engage personnel, and optimizing companies’ processes and resource allocation. Social sustainability
is dynamic, not easily understood, and can be disruptive if not taken into account as part of corporate
social sustainability at every level of the firm.

This study presents some limitations. We address the limitation related to the developed models
based on experts’ assessments. By choosing this approach, it is assumed that bias will always occur in
the process. Future applications of this approach may include a diversified set of experts and managers
from companies that may be more impacted by systems implementations. Another limitation is
concerning data availability. Managers involved in an MCDA process may have limited access to data
concerning all criteria or even the entire multinational company as a consequence of a lack of integrated
information. Moreover, these issues can be solved by careful consideration of practitioners involved in
the decision-making process when realizing that inputs are qualitative, in nature, and the time needed
for options assessments. Then, the criteria and outcomes should be revisited when assessing corporate
sustainability performance over time.

Author Contributions: conceptualization, M.I.; methodology, M.I.; software, M.I.; validation, M.I., Q.Z., R.S and
M.F.; formal analysis, M.I.; investigation, M.I, Q.Z., R.S. and M.F; resources, M.I. and Q.Z.; data curation, M.I.;
writing—original draft preparation, M.I.; writing—review and editing, M.I.,Q.Z.,R.S. and M.F; visualization, M.I.;
supervision, Q.Z. and R.S.; project administration, Q.Z. and R.S; funding acquisition, Q.Z. All authors have read
and agreed to the published version of the manuscript.

Funding: “This research was funded by, National Natural Science Foundation of China, Grant/Award Number:
71572115; Major Program of Social Science Foundation of Guangdong, Grant/Award Number: 2016WZDXM005;
2020 Guangdong 13th-Five-Year-Plan Philosophical and Social Science Fund (#GD20CGL28); and Natural Science
Foundation of SZU, Grant/Award Number: 836”.

Acknowledgments: The authors thank the anonymous reviewers and Editor for their valuable contributions that
improved this manuscript.

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

Appendix A

Table A1. List of experts.

No. Designation Qualification Age Organization

1 Director PhD 43 Ministry of climate change
2 Professor PhD 50 Nanjing University
3 Deputy Director PhD 56 SGS Group, Shenzhen
4 Manager Quality control Graduation 37 Walmart, Beijing
5 Health & Safety Manager Graduation 38 Honda, Guangzhou
6 Director Shipping Graduation 47 YTS auto spare parts Guangzhou
7 Associate Professor PhD 42 Zhejiang University
8 Executive director Graduation 53 Ministry of Energy & Power
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