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ABSTRACT

Corporate sustainability, measured by Environmental, Social, and Governance (ESG) indicators, faces challenges in aligning
with the global Sustainable Development Goals (SDGs). This study identifies ESG indicators in the literature and evaluates
their cause-and-effect relationships with the SDGs using a hybrid approach combining fuzzy DEMATEL and fuzzy cognitive
maps (FCM). Our findings reveal that environmental indicators exert significant influence on the system and demonstrate
strong causal relationships with multiple SDGs. By integrating these methodologies, the study provides a novel perspective

on mapping corporate contributions to sustainable development. This hybrid approach provides a clearer understanding

of how ESG indicators and SDGs are interconnected, offering actionable insights to help companies prioritize initiatives

that support global sustainability goals. Furthermore, this study emphasizes the practical advantages of combining fuzzy

DEMATEL and FCM over standalone methods, particularly in visualizing complex relationships and hierarchical influ-
ences. Future research could explore additional applications of this methodology and investigate private sector motivations

for aligning with specific SDGs.

1 | Introduction

Management and business literature has increasingly explored
the relationship between sustainability and corporate envi-
ronment. In this sense, the relationship between sustainabil-
ity practices and financial performance is widely discussed in
the literature. Many investigations focus on the impact of sus-
tainable disclosures, including the Sustainable Development
Goals (SDGs), on corporate performance. Some studies report

a positive relationship (Al Lawati and Hussainey 2022; Husnah
and Fahlevi 2023). However, other studies find no significant
correlation (Ramos et al. 2022).

In fact, since their launch in 2015 by the UN, the 17
Sustainable Development Goals have been increasingly ad-
dressed in the literature to emphasize the importance of the
private sector in achieving sustainable development (Ikuta
and Fujii 2022; MacNeil et al. 2021; Shayan et al. 2022), but
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addressing the SDGs in the business scenario is not always
intuitive, given their macroeconomic characteristics. Thus,
Dong et al. (2023) indicates the concept of Environmental,
Social, and Governance (ESG) as a useful tool for implement-
ing the SDGs at the business level, linking corporate sustain-
ability to global challenges.

Over the years, ESG has also been used as an important
source in assessing company corporate risk when seeking
resources in the capital market. This comes from a need to
finance investment projects to improve financial performance
and has been shown in several studies (Alda 2019; Bassen
and Kovacs 2008; Bhattacharya and Sharma 2019; Cerciello
et al. 2023). As such, social, environmental, and responsible
management actions reframe a company's value vision, pro-
moting business longevity while avoiding resource scarcity
and enabling the company's economic and operational conti-
nuity (Minutolo et al. 2019).

ESG metrics stand out as an organization's non-financial ca-
pacity indicators because they cover many factors that capture
nearly all aspects of a company's operation (Srivisal et al. 2021).
This includes carbon footprint, pollution, energy consumption,
diversity, labor practices, community relations, transparency,
compensation, business ethics, corporate board structure, etc.
(Kocmanova et al. 2020; Srivisal et al. 2021). Thus, ESG indica-
tors portray the impact of a company's performance regarding
the sustainability of the corporation.

However, despite the relationship between ESG and SDGs,
some research points out challenges to full integration, such
as the lack of standardization and transparency of ESG met-
rics, the difficulty in defining specific key performance indi-
cators for each SDG, and the difficulty in aligning shareholder
interests with global sustainability challenges (Al Lawati
and Hussainey 2022; Dong et al. 2023). The ESG and SDG
literature contemplate several methods for exploring these
themes to overcome these gaps, including some multicrite-
ria decision-making (MCDM) methods, such as the Delphi
technique (Jiang et al. 2023), Fuzzy DEMATEL (Hacioglu
et al. 2023; Jiang et al. 2023), Fuzzy Cognitive Maps (FCM)
(Wibisono et al. 2023; Zioto et al. 2023) and TOPSIS (Hacioglu
et al. 2023).

Therefore, the benefits of using MCDM techniques for identi-
fying, ranking, and classifying variables, as well as for analyz-
ing cause-and-effect relationships, are noted. In addition, the
association of MCDM techniques has demonstrated potential
benefits for scenario analysis, as is the case of the combination
of the Fuzzy DEMATEL technique and FCM. There are some
studies that combine Fuzzy DEMATEL and Fuzzy Cognitive
Maps in areas such asIndustry 4.0 (Ardakani et al. 2024; Erkan
et al. 2023); Construction (Bapat et al. 2021); Container terminal
management (Khajeh and Shahbandarzadeh 2023); Healthcare
sector (Dolatabad et al. 2022).

Previous studies discuss ESG and SDGs in the current litera-
ture, including their relationships (Betti et al. 2018; Moktadir
et al. 2024; Ramos et al. 2022; Singh and Kumar 2024; Zioto
et al. 2023). Some apply MCDM techniques (Hacioglu et al. 2023;
Jiang et al. 2023; Moktadir et al. 2024), but none use hybrid

methods like Fuzzy DEMATEL and FCM to analyze causal rela-
tionships between ESG indicators and SDGs. This gap limits the
assessment of private sector contributions to global challenges.

In this context, this study questions: How can fuzzy multi-
criteria decision-making techniques be utilized to explore and
evaluate the cause-and-effect relationships between ESG indi-
cators and the Sustainable Development Goals?

To answer this question, this study aims to identify in the lit-
erature, financial and non-financial, indicators related to the
Environmental, Social, and Governance (ESG) pillars, and to
evaluate the cause-and-effect relationships between these in-
dicators and the Sustainable Development Goals. As a proce-
dure, this study will explore the systematic literature review to
identify the relevant indicators, will use the Fuzzy DEMATEL
technique to evaluate the cause-and-effect relationships, in ad-
dition to exploring the use of FCM to model causal relationships
between the most influential indicators and the most influenced
SDGs. This hybrid approach identifies the most influential ESG
indicators on SDGs and quantifies their causal relationships, en-
abling companies to prioritize actions that maximize their con-
tributions to global sustainability goals. By doing so, it equips
decision-makers with evidence-based tools to address critical
sustainability challenges.

The remainder of the paper is organized as follows. In section 2
we review the literature corporate sustainable and MCDM,
Section 3 presents the research methodology procedure.
Section 4 presents the proposed approach results. Section 5 dis-
cusses the results. Finally, Section 6 describes the conclusion
and limitations of this work.

2 | Corporate Sustainable and MCDM

The concept of ESG performance refers to how a company
manages environmental, social, and governance issues (Eccles
et al. 2014), including aspects such as environmental respon-
sibility, diversity and inclusion practices, business ethics, and
its impact on the community, among others. Classified as an
indicator of an organization's non-financial capacity (Srivisal
et al. 2021), the ESG performance of an organization relates
to its ability to integrate environmental, social, and gover-
nance considerations into its operations and business strat-
egies, aiming for long-term sustainability and meeting the
demands of all stakeholders (Bhattacharya and Sharma 2019;
Hao et al. 2022).

Transparency in the disclosure of non-financial information
generates benefits for the corporation’'s economic-financial
performance (Brockett and Rezaee 2012). Governmental insti-
tutions have promoted efforts on a global scale to demonstrate
to the business sector that the adoption of ESG practices gen-
erates benefits that go beyond the social and environmental
sphere. This optimizes a company's overall performance and
adds value to institutions and their businesses (Aouadi and
Marsat 2018).

In this context, MCDM methods emerge, which, according to
Behzadian et al. (2012), were developed with the aim of classifying
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and/or ranking alternatives, assigning preferences, and selecting
alternatives based on a subjective order. Sousa et al. (2021) state
that MCDM methods are widely used in various fields, including
in relation to issues involving Sustainable Development.

Previous studies have indicated that the ESG and SDG litera-
ture already highlights MCDM methods in various contexts.
Jiang et al. (2023) integrated Delphi and Fuzzy DEMATEL
techniques to identify and rank important strategies in the in-
tegration of ESG practices and natural resource management
in Chinese small and medium-sized enterprises, under the dual
carbon goal. Zioto et al. (2023) analyzed ESG risk in different
business sectors and identified a correlation between risk and
the financial system model in Anglo-Saxon/German-Japanese
companies. For this, Fuzzy Cognitive Maps (FCM) and multiple
correspondence analysis were combined to assess the strength
and direction of relationships between factors included in sus-
tainable business models and identify relationships between se-
lected variables.

However, it is important to highlight that the literature points
out a difficulty for some methods to deal with the inherent sub-
jectivity of judgments and linguistic assessments, as pointed out
by Nguyen and Fayek (2022), who highlighted in the context of
construction, engineering, and management (CEM) the use of
fuzzy representations as a potentially valuable tool for dealing
with the highlighted weaknesses.

Some researchers point out the combination between Fuzzy
DEMATEL and Fuzzy Cognitive Maps as beneficial in the iden-
tification, selection, and prioritization of factors, as well as in the
deepening of causal analyses, as shown in Table 1.

TABLE1 | Fuzzy DEMATEL and FCM combination.

Erkan et al. (2023) implemented both methods in the evalu-
ation of relevant concepts in the context of Industry 4.0, as-
sociating Fuzzy DEMATEL with Fuzzy AHP to analyze the
importance of nine concepts in this area and using FCM to
form a relationship map. Thus, the authors employed the re-
sults of the fuzzy DEMATEL as input for the FCM, as the for-
mer method addresses the challenge of achieving consensus
among experts regarding the interaction weights required by
the latter.

Ardakani et al. (2024) also explore the industry 4.0 context, but
emphasize the Supply Chain Management application. The au-
thors employed Fuzzy DEMATEL and FCM techniques, after
identifying in the literature 15 enablers which explain the im-
plementation of circular economy and Industry 4.0 principles
within the Supply Chain of a glass factory from Iran. The hybrid
approach enables the structuring of complex factors into cause-
and-effect groups and additionally facilitates the illustration of
the dynamics among these factors.

Patel et al. (2021) sought to identify the interrelationship of criti-
cal success factors in the selection of BIM (Building Information
Modeling) software. In this analysis, Fuzzy Cognitive Mapping
(FCM) was first employed to identify and prioritize the most
influential factors. These selected factors were then analyzed
using fuzzy DEMATEL to establish their causal relationships
and determine the direction of influence between them.

Bapat et al. (2021), explored a similar context, trying to evaluate
and prioritize indicators for the adoption of Integrated Project
Delivery and Building Information Modeling in a metro-rail
construction in India. Then, they also identified 24 indicators

References

Title Context

Erkan et al. Erkan et al. (2023)

An integrated Fuzzy DEMATEL and

Industry 4.0

Fuzzy Cognitive Maps approach for the
assessing of the industry 4.0 Model

Patel et al. Patel et al. (2021)

Identification of Critical Success Factors

Technology selection

(CSFs) of BIM Software Selection: A Combined
Approach of FCM and Fuzzy DEMATEL

Khajeh & Shahbandarzadeh Khajeh and
Shahbandarzadeh (2023)

Modeling factors affecting the interests Logistic
of the container terminal using fuzzy
cognitive map and fuzzy DEMATEL
Analyzing the key performance indicators Healthcare

Dolatabad et al. Dolatabad et al. (2022)

of circular supply chains by hybrid fuzzy
cognitive mapping and Fuzzy DEMATEL:
evidence from the healthcare sector

Bapat et al. Bapat et al. (2021)

Evaluation of Key Performance Indicators

Technology selection

of Integrated Project Delivery and BIM
Model for Infrastructure Transportation
Project in Ahmedabad, India through
Decision-Making Approach

Ardakani et al. Ardakani et al. (2024)

A Fuzzy DEMATEL—FCM approach for
analyzing the enablers of the circular economy

Industry 4.0 in the Supply
Chain Management

and Industry 4.0 in the supply chain
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from literature, and applied FCM and FDEMATEL, to evaluate
the interrelationships between the most critical indicators. In
addition to employing the hybrid approach to validate the data
and enhance the robustness of the analysis, the authors con-
cluded that this combination is effective and applicable across
various industry sectors that involve group decision-making or
complex decision environments.

Khajeh and Shahbandarzadeh (2023) modeled factors that affect
the interest of container terminals, using fuzzy DEMATEL to
understand the relationships between the indicators raised in
the literature and subsequently applied FCM to visualize the
influence and dependence of each indicator. The combination
of the techniques enabled the identification of self-loops, reveal-
ing that certain indicators influence both themselves and oth-
ers, thereby demonstrating their internal and external potential.
However, it was through the FCM that these dynamics became
visually explicit.

Dolatabad et al. (2022) explored the performance of circular
supply chains in the hospital context, using Fuzzy Delphi to ex-
tract KPIs from the literature and combining FCM and Fuzzy
DEMATEL to illustrate the conceptual model. The implemen-
tation of the three techniques aimed to address the challenges
commonly encountered in the application of hybrid MCDM
methods, particularly the large number of KPIs that compli-
cated expert decision-making due to the imprecision of intuitive
judgments. Furthermore, the approach accounted for causal re-
lationships by comparing the results of FDEMATEL and FCM
to support a more logical and coherent analysis.

Although expert evaluations are inherently susceptible to bias,
the hybrid approach combining FDEMATEL and FCM aims
to mitigate these limitations. The application of fuzzy logic,
through triangular fuzzy numbers (Ardakani et al. 2024), al-
lows experts to express their judgments more realistically by
addressing the uncertainty and vagueness typical of complex
decision-making contexts. This methodological synergy con-
tributes to a more robust analysis and a deeper understanding of

complex systems, reducing—though not entirely eliminating—
the bias inherent in qualitative assessments.

3 | Methods

The methodological procedures relate ESG indicators to the
SDGs, demonstrating the cause-and-effect relationship between
the terms and revealing their causality. In this way, the fuzzy
theory facilitates the process of analyzing the terms through
the use of the Fuzzy DEMATEL and Fuzzy Cognitive Maps
techniques.

The steps of the proposed approach to answer the research ques-
tion are illustrated in Figure 1. In the first phase, ESG indicators
were identified through a literature review and content analysis.
This qualitative approach helped highlight the most relevant in-
dicators. Subsequently, the degree of their influence on SDGs
was determined using a combination of Fuzzy DEMATEL and
Fuzzy Cognitive Maps. We chose to begin our approach with a
literature review to identify indicators relevant to this field of
research, as well as previous studies, (e.g., Dolatabad et al. 2022;
Khajeh and Shahbandarzadeh 2023; Patel et al. 2021).
Furthermore, the combination of Fuzzy DEMATEI and Fuzzy
Cognitive Maps enriches the analysis because, although both
approaches help to identify central concepts, mapping causal re-
lationships between elements of a system (Kosko 1986), the for-
mer facilitates the visualization of hierarchy in complex systems
and enables analysis by quadrants, facilitating the reduction of
nodes of the most relevant concepts (e.g., Alizadeh et al. 2008),
while the latter (i.e., FCM), is based on neuro and evolutional
computing, organizing information flexibly, trying to reproduce
human reasoning (Kosko 1986; Mazzuto et al. 2018).

After the literature review, 48 ESG indicators were identified,
classified according to the Refinitiv Eikon ESG scoring catego-
ries, and the percentage distribution of each indicator identified
based on its occurrence in the selected articles is presented. In
addition, corporate performance indicators were identified in

Research question: How can MCDM techniques be utilized to elucidate the relationship between
financial and non-financial performance indicators related to ESG and the SDGs?

Review the
identified ESG
indicators

Literature
review

.Ma‘ln ESG 17 5DGs .Fuzzy DEMA‘I:EL Ex.petrts
indicators implementation opinions

Initial

o~ FCM Experts’
implementation opinions

vector

FIGURE1 | The proposed approach. Source: Own authorship.
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the ESG literature. Reading the articles allowed the identifica-
tion of classification categories to group these indicators. Thus,
25 indicators were identified and grouped and organized based
on the distribution of articles containing corporate performance
indicators. In both cases, ESG indicators and corporate perfor-
mance indicators were filtered, considering an occurrence in
at least five documents, resulting in a set of 33 main indicators
(Table 2). The selected indicators were subsequently used in the
Fuzzy DEMATEL and FCM evaluation stage. The complete set
of 73 indicators is provided in the Supporting Information. This
compilation is the result of a systematic review conducted by da
Cunha et al. (2025), in which the methodological procedures
and classification criteria are detailed.

3.1 | Fuzzy Set Theory and Fuzzy Decision Making

Tseng et al. (2018) state that uncertainties affect decision-
making in supply chains and, therefore, appropriate techniques
should be applied to deal with their influence. Among these
approaches, the fuzzy set theory stands out for the number of
successful applications in several different fields (Lima-Junior
and Carpinetti 2017). A fuzzy set is an extension of a classical
set. In the classical set theory, the membership of an element to a
set is established by a binary relation: the element either belongs
or does not belong to the set. In the fuzzy set theory, an element
belongs to a fuzzy set with different membership degrees, usu-
ally from zero to one (Zadeh 1965), which are determined by a
membership function.

TABLE 2 | Selected indicators.

Initially proposed by Zadeh (1996), the theories based on fuzzy
sets stand out due to their ability to be combined with several
multi-criteria techniques in the proposition of decision-making
models that address data imprecision (Kahraman et al. 2015).
Linguistic variables and fuzzy numbers are used to represent
decision makers' subjective assessments of the alternatives'
performance and criteria weights considered in a problem
(Abdullah 2013). The linguistic variables are represented qual-
itatively using linguistic terms and quantitatively translated by
fuzzy sets in a discourse universe using pertinence functions
(Klir and Yuan 1995).

Thus, when the objective is to evaluate, judge or decide, firstly,
a set of decision makers is considered. They can be managers,
academic experts or any individual with knowledge regarding
the modeled problem, so the results are not affected by inexpe-
rience or by lack of information. Fuzzy multicriteria decision-
making (MCDM) is based on the computing with words
approach (Zadeh 1996), hence, linguistic terms are defined,
which will be used by the decision makers to conduct evalua-
tions. These linguistic terms, in turn, are associated with fuzzy
numbers.

Linguistic variables can be determined and associated with
fuzzy numbers to capture a decision maker's subjective judg-
ment in a quantitative way (Zadeh 1975). Thus, imprecision is
considered by the possibility of the same element simultane-
ously belonging to more than one set, which is based on the
parameterization of pertinence functions (Zadeh 1965). Fuzzy

Dimension ID Indicator Dimension ID Indicator
Environmental E1 Greenhouse gas emissions Governance Gl Diversity on the board of directors
E2 Waste Management G2 Structure of the board of directors
E3 Pollution control G3 Remuneration policy
E4 Hazardous waste control G4 Independence from the
board of directors
E5 Climate change G5 Transparency
E6 Biodiversity G6 Anti-Corruption and Bribery Policies
E7 ‘Water consumption Performance P1 Return on Assets-ROA
E8 Energy consumption P2 Return on Equity-ROE
Social S1 Diversity and Inclusion P3 Return over investment-ROI
S2 Employee Satisfaction P4 Market value
S3 Accident Frequency P5 Profitability
S4 Education and training P6 Crisis
S5 Employee health and safety P7 Sustainability
S6 Product safety P8 Relationship with stakeholders
S7 Data protection P9 Competitive advantage
S8 Relations to the local community P10 Reputation
S9 Charitable actions

Source: da Cunha et al. (2025).
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numbers are described by their respective pertinence functions,
with the triangular and trapezoidal as the most commonly used
function types (Lima-Junior et al. 2013).

TABLE 3 | Linguistic terms and corresponding fuzzy sets.

Linguistic terms Corresponding fuzzy sets

Very Low 0,0,2.5)
Low 0, 2.5,5)
Medium (2.5,5,7.5)
High (5, 7.5, 10)
Very High (7.5, 10, 10)

Source: Own authorship.

Decision makers

Linguistic terms

S —
Decision criteria

N

Judgements

Aggregation

Fuzzy MCDM
technique

Alternatives

Decisional output

«—  Parameterization —

For example, five linguistic terms can be employed for eval-
uating the alternatives' performance on the decision criteria:
“very low”, “low”, “medium”, “high” and “very high”. The cor-
responding fuzzy sets for these linguistic terms are presented
in Table 3 and their fuzzy membership functions illustrated

on Figure 2.

These linguistic terms will be applied to the decision criteria,
which are the factors that the decision makers use as reference for
evaluating the alternatives. Usually, in supplier management, cri-
teria are factors such as quality, price, speed of delivery, or finan-
cial health of the company. Hence, as illustrated in the diagram,
the experts make their judgements using the linguistic terms asso-
ciated with fuzzy numbers. These judgements are mathematically
aggregated and then inputted into the fuzzy MCDM technique.
The technique processes the information and returns a decisional

N -

Fuzzy numbers

N o =

FIGURE2 | A general representative flowchart of fuzzy MCDM. Source: Own authorship.
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output that can be, for instance, the ranking of alternatives or
their classification. Figure 2 illustrates this process.

This methodological choice enhances the robustness of the re-
sults by minimizing potential biases and variability inherent
in subjective evaluations (Cazeri et al. 2024). While individ-
ual biases in expert assessments may exist, they are mitigated
through the application of fuzzy set theory, which mathemati-
cally processes subjectivity by converting qualitative judgments
into fuzzy numbers and aggregating them. This approach en-
sures a more balanced and reliable assessment of adherence
levels, reducing the influence of individual subjectivity and
enhancing the consistency of the evaluation (Zadeh 1996).

3.2 | Fuzzy DEMATEL

Decision Making Trial and Evaluation Laboratory, or simply
DEMATEL, is a method considered to be widely effective for
complex systems in identifying cause-and-effect relationships,
which uses crisp values in its structural model (Si et al. 2018). In
this context, due to the difficulty of estimating exact values for
complex real-world problems, many researchers apply the con-
cepts of fuzzy theory proposed by Zadeh (1965).

In Phase 2, fuzzy DEMATEL was used to identify the influ-
ence relationships between the most prominent ESG indi-
cators in the literature and the 17 Sustainable Development
Goals. The necessary evaluations were collected in a pilot
application with only one expert. The implementation steps
of Fuzzy DEMATEL are described by (Khan et al. 2019) and
illustrated in Figure 3.

Z=C C,iC, [0Z,21 0% %y Zon ™} ZmZm ---0 ],

where Z;= (lij, my, u, )

@

In step 3, according to Chen-Yi et al. (2007), the linear scale is
used to place all criteria on comparable scales, using the formula:

~ no < n l n n
a; = = i m.. Uu;:
) Zj:lzlj (Zj:l [/ Zj:l y? Zj:l )
n

(@)
and u=max ., ( ijl ”U)

Therefore, the normalized direct-relation fuzzy matrix, de-
noted ~X:

X=[0X,%0: i X, ... % 1 X%, .0,
- % L my uy 3
wherexijz—jz S .|
u u u’u

In step 4, after obtaining the normalized matrix, it is possible to
obtain the total-relation matrix ~ T using the following equation:

~ o~ o~ ~k
T=X+X + ... +X

~ o~ ~ ~2 ~k—1
T=X<I+X+X F.+X )

TABLE 4 | Linguistic Scale for the FDEMATEL.

Triangular
Steps 1 and 2 of Fuzzy DEMATEL comprise the process in Linguistic scale fuzzy numbers
which experts compare existing alternatives pair by pair, using il NI
linguistic terms within a scale (Table 4) with five levels (Erkan No influence (0,0,0.25)
et al. 2023). For each expert, p an evaluation matrix is created Low influence LI (0, 0.25, 0.50)
~Z,. to measure and their corresponding triangular fuzzy num- L.
.. . . Medium influence MI (0.25, 0.50, 0.75)
bers (lij, m, uij), where factor i influences factor j (Chen-Yi
et al. 2007; Khan et al. 2019). High influence HI (0.50, 0.75, 1)
Very high influence VHI 0.75,1, 1
The matrix ~ Z is called the initial direct-relation fuzzy matrix, yhig ( )
denoted as: Source: Own authorship.
Step 1: Construct Step 2: Obtaining Step 3: Obtaining
the linguistic the fuzzy initial normalized initial
assessment direct-relation direct-relation
influence matrix matrix matrix
) . Step 5: Calculate Step 6: Construct
Stepi4: To?alur(ilatlon parameters “R” and the causal and effect
matrix “T wpn H
C diagram
FIGURE3 | Steps of FDEMATEL. Source: Khan et al. (2019).
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T‘:)?(I—)N(>_l,when)~(k=[0]nxn

T=[07,1,0: i Tty i Lyhy .0,
@

where t; = (ley, me;;, ue;;, )

1] =X, (1-%)"
[m";] =X, d—m)~"
[w'y] =X -w™

In step 5, the causal parameters “R” and “C” are calculated
Khan et al. (2019), according to the equations:

R= (ri)nxl = [Zzn=1 tif],,xlvj ®)

€= (6)1n = [ X, o] ©

Where, r; indicates the sum of each row of the matrix T, which
represents the sum of the effects of factors i on other factors.
Similarly, c;, represents the sum of all columns j of the matrix
T, which represents the effect of factors j received from each
other criterion (Khan et al. 2019). Finally, in the Step 6, the con-
struction of the cause-and-effect diagram is performed using the
prominence and effect data.

3.3 | Fuzzy Cognitive Maps

In Phase 3, we employ the Fuzzy cognitive maps, which were pro-
posed by Kosko (1986) and use fuzzy graphs to represent causality.
Fuzzy cognitive maps are graphical structures that demonstrate
the relationships between factors using weights quantified by
fuzzy numbers, and are generally illustrated by causal loops that
illustrate the cause-and-effect relationship between the factors
analyzed, represented by nodes (Kosko 1986; Zanon et al. 2024).
Ziolo et al. (2023) indicate that FCM is very useful for recognizing
the direction and strength of relationships between some factors,
including in analyses involving corporate sustainability.

According to Papageorgiou (2011), the process of constructing
an FCM is relatively simple and can be done manually by ex-
perts or generated by other computational sources. In this sense,
the author indicates that the execution steps include: Identifying
dominant factors or concepts, identifying the causal relation-
ship between these concepts, and estimating the strength of the
link between them.

Linguistic variables are used to represent the interrelationship
between concepts (Table 5). Usually, all variables are mapped
to the interval [-1, 1], and all linguistic values obtained in the
experts' evaluation are transformed into fuzzy numbers, using
the Area Center defuzzification method (Papageorgiou 2011).

In the FCM implementation, an initial value is provided to a sub-
set of nodes to activate the system, which calculates the impact
of the initial value on all nodes, based on the following iterative
expression (Koasidis et al. 2023):

TABLE 5 | FCM linguistic scale.

Triangular
Linguistic scale fuzzy number
Null N 0,0,0)
No influence NI (0,0, 0.25)
Low influence LI (0, 0.25, 0.50)
Medium influence MI (0.25, 0.50, 0.75)
High influence HI (0.50,0.75, 1)
Very high influence VHI (0.75,1,1)

AR = £ () = §, (2:21#1' (wijA}c +Af>) ()

Where, A;‘“ is the value of i at the end of iteration k, Ai.‘ is the
value of i at the beginning of iteration k, similarly, AJ’F is the value
of concept j, at the beginning of iteration k, n is the Number of
concepts included in the model, w; is the weight of the causal
relationship between the previous concept j and the subsequent
concept i, and f;, is a transfer function to compress values within
the FCM value domain (Koasidis et al. 2023).

The mathematical model of the threshold function, f, is pre-
sented to follow:

1

fO) = e

®

where, 4 > 0determines the continuous slope f, and x is the value
Ai.‘ at the equilibrium point. In this work, the lambda chosen
was 0.7. Furthermore, the definition of the initial vector was de-
fined based on the result obtained by the causal relationships of
Fuzzy DEMATEL, and only the indicators evaluated with lin-
guistic terms HI and VHI were considered.

The second stage of the FCM would be the multiplication of the
initial vector E defined by the experts, and the result updated
using Equation (8). The result would be considered the initial
vector of the next iteration; the loop would be repeated until the
condition A¥ — A*~! < e =0.001, where e is the residual value,
considered as the smallest possible difference between the con-
cepts (Papageorgiou 2011). Figure 4 illustrates the steps of the
FCM process.

4 | The Proposed Approach

A hypothetical corporate system is used to test the impact of en-
vironmental, social, and governance indicators on achieving the
Sustainable Development Goals. An interview was conducted
with an expert in fundamentalist analysis of the financial mar-
ket, sustainability, and sustainable investments.

4.1 | Fuzzy DEMATEL

Based on the indicators collected in the literature (Table 2)
and bearing in mind the 17 SDGs (UN, 2015), an illustrative
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Input 2: relationship

matrix
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terms and - - i Convergence
fuzzy relative between multiple function system
importance nodes decision
numbers
makers
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o

Input 1: initial state
vector

FIGURE4 | Stepsof FCM. Source: Koasidis et al. (2023), Papageorgiou (2011).

application of the proposed approach was conducted, based on
the assessment of an expert in ESG and corporate sustainability.

The assessments were based on the defined criteria and lin-
guistic terms presented in Table 4. With this information, the
causal relationships between ESG and SDG indicators were
qualitatively assessed. It was decided to omit the information
regarding the relationship quadrants, ESGXESG, SDGXESG and
SDGxSDG, due to the size of the matrix and the non-influence
nature of these quadrants, favoring the assessments of the
ESGxSDG quadrant.

From the evaluation matrix, the linguistic terms are translated
into their corresponding fuzzy number, in each of the vertices of
the fuzzy triangular (I, m, u), to obtain the aggregated judgment
matrix, which allowed the execution of the defuzzification step
using the area center method, which is illustrated in Table 6.
With the defuzzified matrix, it is possible to continue with the
DEMATEL steps. The matrix is normalized, and the new matrix
allows the calculation of the T matrix.

With the defuzzified matrix, it is possible to continue with the
DEMATEL steps. The matrix is normalized, and the new matrix
allows the calculation of the T matrix, where it is possible to ob-
tain R (sum of the values of the same row), which corresponds
to influence rank, and C (sum of the values per column), which
corresponds to being affected rank (Chien et al. 2014), and in
this way, we obtain R+ C, which represents the prominence of
the factors and R — C which reveals the causative and impacted
factors.

Quadrant I, shows the central factors of the system and how
they affect the structure, but they also depend on each other
a lot. In quadrant II, we have the so-called driving factors,
which have an impact, but are less influenced, indicating
an aptitude to direct behaviors. In quadrant 3, we have fac-
tors that are more impacted and highly dependent, while

in quadrant IV we have the independent factors. Factors in
quadrant IV are more impacted and highly dependent (Chien
et al. 2014; Zanon et al. 2024).

In quadrant I, we have the cause factors of perceived benefits
(Wu et al. 2013), identified as central; they are also those that
exert the most influence and are the most prominent. In this
quadrant, we have ES5, S1, E7, E2, E3, E8, E6, E4, E1, S8 (Tables 7
and 8). Therefore, the actions measured by these indicators hold
paramount importance for the system being analyzed and have
the potential to impact the other variables situated primarily in
quadrants IT and IV.

In quadrant II, there are the so-called cause factors of per-
ceived risks (Wu et al. 2013), those factors with a high rela-
tionship but low prominence, recognized as drivers. In this
group, we have P8, G1, G6, G2, S5, P10, S9, G3, P7, S4, S6, P6,
S3, G5, P1, P2, P3, P5, S2, P9, P4, S7, G4 (Tables 8-10). These
indicators may be affected by changes in highly prominent
indicators.

In quadrant I1I, we have effect factors of perceived risks (Wu
et al. 2013), also called independent factors, characterized by
low prominence and low relationship, can be considered rela-
tively disconnected from the system. Here, we have, SDG 01,
SDG 07, SDG 16, SDG 04, SDG 06, SDG 15 (Table 11). Given
that these variables have limited influence and are little in-
fluenced by other factors, intervention strategies should be
carefully considered. It may prove to be more efficacious to
concentrate intervention efforts and resources in Quadrant
I, which possess a greater impact on the system and exhibit
greater interactivity.

On the other hand, in quadrant I'V, we have effect factors of per-
ceived benefits (Wu et al. 2013), the impact factors which have
high prominence and low relationship, of which the following
stand out: SDG 14, SDG 05, SDG 02, SDG 13, SDG 10, SDG17,
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| (Continued)

TABLE 6

SDG2 SDG3 SDG4 SDG5 SDG6 SDG7 SDG8 SDGY9 SDG10 SDG11 SDG12 SDG13 SDG14 SDG15 SDGl16 SDG17

SDG1

0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.75 0.5 0.083 0.083 0.5 0.083 0.083 0.083 0.083 0.083

P4

0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.5 0.92 0.083 0.083 0.5 0.083 0.083 0.083 0.083 0.083

P5

0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.75 0.75 0.083 0.083 0.75 0.083 0.083 0.083 0.083 0.083

P6

0.25 0.083 0.083 0.083 0.083 0.5

25

0.08 0.08 0.08 0.08 0.25 0.08 0.08 0.75 0.75 0.083 0.

p7

0.08 0.08 0.08 0.08 0.25 0.08 0.08 0.75 0.75 0.083 0.75 0.75 0.25 0.083 0.083 0.25 0.5

P8

0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.25 0.92 0.083 0.083 0.5 0.083 0.083 0.083 0.083 0.25

P9

0.08 0.08 0.08 0.08 0.25 0.08 0.08 0.92 0.5 0.083 0.083 0.75 0.083 0.083 0.083 0.083 0.5

P10

Source: Own authorship.

SDG 11, SDG 03, SDG 12, SDG 08, and SDG 09 (Table 11). These
indicators are highly dependent and are not suitable for policy
formulation, as they are sensitive to several other factors and
can be changed. Therefore, managers in this set should pay at-
tention to the factors that affect these indicators (Khajeh and
Shahbandarzadeh 2023).

Finally, the cause-and-effect diagram was developed, as shown
in Figure 5, based on the coordinates obtained by interrelating
the R+ C and R—C points. All criteria below the R+C line is
impacted by those above the line. The intersection between
R+ C and R - C allows the creation of imaginary lines to visual-
ize four quadrants, where it is possible to observe the degree of
importance of the criteria in relation to their prominence (Wu
et al. 2013).

The results are consistent with the proposal, given that no SDG
was considered an influencer. A greater importance for envi-
ronmental indicators is also observed, which is also consistent,
given the global characteristics of the SDGs and especially the
challenges related to climate change.

The analysis revealed a clear relationship between specific
ESG indicators and their differentiated impact on the SDGs,
highlighting how environmental, social, and governance di-
mensions contribute in distinct ways to the sustainable de-
velopment agenda. Environmental indicators such as E05
(Climate Change), EO1 (GHG Emissions), and E02 (Waste
Management) demonstrated a strong influence on SDG 13
(Climate Action) and SDG 12 (Responsible Consumption
and Production), reflecting the critical role of corporations
in reducing ecological impacts. Social indicators such as S01
(Diversity) and S08 (Community Relations) showed a stronger
connection with SDG 8 (Decent Work and Economic Growth)
and SDG 10 (Reduced Inequalities), underscoring the impor-
tance of inclusive practices and local engagement for social
development.

Furthermore, governance indicators such as GO06 (Anti-
Corruption) and G01 (Board Diversity) were linked to SDG
16 (Peace, Justice and Strong Institutions) and SDG 5 (Gender
Equality), reinforcing the relevance of transparent and equitable
governance structures. These findings suggest that companies
can optimize their contribution to the SDGs by prioritizing stra-
tegic ESG indicators, thereby aligning operational performance
with global sustainability goals.

4.2 | Fuzzy Cognitive Maps

To implement the FCM, ESG indicators with R+ C > 0.70 were
considered (Table 6). This is because it was decided to high-
light only those evaluated with linguistic terms HI and VHI.
Thus, it can be said that the FDEMATEL results supported
the definition of the initial state vector used in the FCM
procedures.

Therefore, 14 ESG indicators versus the 17 SDGs were con-
sidered, making the necessary adjustments to the evaluation
matrix based on the linguistic terms in Table 5. Thus, it was pos-
sible to regroup the data with the expert's evaluation, convert the
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TABLE 7 | Environmental factors influence analysis.
Environmental factors Influence rank (R) Affectednessrank(C) R+C R-C Causaldiagram quadrant
EO1 0.55 0.28 0.83 0.27 1
E02 0.64 0.28 0.91 0.36 I
E03 0.62 0.28 0.90 0.35 I
E04 0.56 0.28 0.84 0.28 1
EO5 0.73 0.28 1.00 0.45 I
E06 0.59 0.28 0.87 0.32 I
E07 0.68 0.28 0.96 0.41 I
E08 0.60 0.28 0.87 0.32 I

Source: Own authorship.

TABLE 8 | Social factors influence analysis.
Social factors Influence rank (R) Affectedness rank (C) R+C R-C Causal diagram quadrant
S01 0.70 0.28 0.97 0.42 I
S02 0.38 0.28 0.65 0.10 IT
S03 0.39 0.28 0.66 0.11 II
S04 0.41 0.28 0.68 0.13 11
S05 0.43 0.28 0.70 0.15 I1
S06 0.41 0.28 0.68 0.13 II
S07 0.35 0.28 0.63 0.08 II
S08 0.53 0.28 0.81 0.26 I
S09 0.43 0.28 0.70 0.15 II

Source: Own authorship.

TABLE 9 | Governance factors influence analysis.
Governance factors Influence rank (R) Affectedness rank (C) R+C R-C Causal diagram quadrant
GO01 0.49 0.28 0.77 0.22 I
G02 0.45 0.28 0.72 0.17 11
GO03 0.42 0.28 0.69 0.14 11
Go4 0.33 0.28 0.60 0.05 I
GO5 0.39 0.28 0.66 0.11 I
G06 0.46 0.28 0.73 0.18 11

Source: Own authorship.

linguistic terms to fuzzy numbers, and defuzzify and aggregate
the results using the area center method (Table 12). It is worth
noting that, as in FDEMATEL, this article only presents the re-
lationship between ESGxSDG.

To activate the system, Equations (7) and (8) were applied. In
Equation (8), the sigmoid lambda value used was 0.7, which ac-
cording to Mago et al. (2014) is a value that guarantees good ac-
curacy of the results. Applying the Python software, the system

converged for 23 iterations, arriving at the final state vector
shown in Table 13.

Zanon et al. (2024), demonstrate that the FCM is very useful for
improving our comprehension of the dynamics between differ-
ent factors. The final FCM visualized in Figure 6, where it is
possible to observe the prominence of some components by the
size of the circle, and how the main ESG indicators chosen from
the literature and SDG are connected.
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TABLE 10 | Performance factors influence analysis.
Performance factors Influence rank (R) Affectedness rank (C) R+C R-C Causal diagram quadrant
PO1 0.38 0.28 0.65 0.10 11
P02 0.38 0.28 0.65 0.10 II
P03 0.38 0.28 0.65 0.10 II
P04 0.37 0.28 0.64 0.09 11
P05 0.38 0.28 0.65 0.10 11
P06 0.40 0.28 0.67 0.12 11
P07 0.41 0.28 0.69 0.14 II
P08 0.49 0.28 0.77 0.22 II
P09 0.37 0.28 0.65 0.10 11
P10 0.43 0.28 0.70 0.15 11

Source: Own authorship.

TABLE 11 | SDG factors influence analysis.
SDG factors Influence rank (R) Affectedness rank (C) R+C R-C Causal diagram quadrant
SDGO01 0.28 0.41 0.68 —-0.13 11
SDGO02 0.28 0.56 0.84 —-0.28 v
SDGO03 0.28 0.69 0.97 -0.42 v
SDG04 0.28 0.49 0.76 —-0.21 111
SDGO05 0.28 0.54 0.82 -0.27 v
SDGO06 0.28 0.51 0.79 —-0.23 111
SDGO07 0.28 0.46 0.73 —0.18 111
SDG08 0.28 1.15 1.43 —0.88 v
SDG09 0.28 1.30 1.57 -1.02 v
SDG10 0.28 0.58 0.86 —-0.30 v
SDG11 0.28 0.63 0.91 —0.36 v
SDG12 0.28 1.07 1.34 —-0.79 v
SDG13 0.28 0.58 0.86 —0.30 v
SDG14 0.28 0.53 0.81 -0.26 v
SDG15 0.28 0.52 0.80 -0.24 111
SDG16 0.28 0.45 0.73 -0.18 111
SDG17 0.28 0.61 0.88 —-0.33 v

Source: Own authorship.

It is possible to observe that the largest circles refer to the SDGs
most influenced by the selected indicators, and this difference,
which on the visual map may seem subtle, is better observed in
the relationship matrix in Table 13.

The FCM results indicate that the selected ESG indicators exert
significant influence over multiple SDGs, particularly SDG 9
(0.986), SDG 12 (0.981), and SDG 13 (0.963), highlighting the cen-
tral role of environmental metrics such as E5 (Climate Change),
El1 (Emissions), and E2 (Waste Management) in promoting

sustainable production systems. Social and governance indica-
tors also showed relevance for goals like SDG 8 (Decent Work)
and SDG 5 (Gender Equality), underscoring the broad contri-
bution of corporate practices to the 2030 Agenda. However, the
consistently high scores assigned to most SDGs in the FCM—in-
cluding less intuitive cases such as SDG 1 (No Poverty; 0.838)—
suggest a potential overestimation of some relationships, possibly
due to the model's aggregative structure. This indicates a need
for refinements, such as assigning differentiated weights to spe-
cific links and conducting sectoral validation to mitigate bias.
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FIGURES5 | Causal diagram of ESG indicators and SDG. Source: Own authorship.
TABLE 12 | FCM defuzzified aggregated relation matrix.
El E2 E3 E4 E5 Eé6 E7 E8 S1 S8 Gl G2 G6 P8
SDG1 0.06 0.25 0.06 0.06 0.25 0.06 0.25 0.06 0.94 0.25 0.06 0.06 0.06 0.06
SDG2 0.25 0.25 0.06 0.25 0.94 0.94 0.94 0.25 0.5 0.5 0.06 0.06 0.06 0.06
SDG3 0.5 0.25 0.94 0.94 0.75 0.75 0.94 0.25 0.06 0.25 0.06 0.06 0.06 0.06
SDG4 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.25 0.75 0.5 0.75 0.75 0.06 0.06
SDG5 0.06 0.25 0.06 0.06 0.06 0.06 0.06 0.06 0.94 0.06 0.94 0.75 0.06 0.25
SDG6 0.06 0.75 0.5 0.5 0.94 0.25 0.94 0.25 0.25 0.25 0.06 0.06 0.06 0.06
SDG7 0.25 0.06 0.25 0.06 0.75 0.25 0.94 0.94 0.25 0.06 0.06 0.06 0.06 0.06
SDGS8 0.25 0.75 0.25 0.25 0.25 0.06 0.25 0.75 0.75 0.06 0.75 0.75 0.5 0.75
SDG9 0.75 0.94 0.75 0.75 0.75 0.5 0.75 0.75 0.5 0.25 0.25 0.25 0.5 0.75
SDG10 0.06 0.25 0.06 0.06 0.06 0.06 0.06 0.25 0.94 0.5 0.94 0.75 0.06 0.06
SDG11 0.5 0.75 0.5 0.25 0.25 0.25 0.25 0.5 0.5 0.94 0.06 0.06 0.94 0.75
SDG12 0.94 0.94 0.94 0.94 0.75 0.5 0.75 0.75 0.25 0.06 0.06 0.06 0.06 0.75
SDG13 0.94 0.75 0.75 0.25 0.94 0.75 0.25 0.94 0.06 0.06 0.06 0.06 0.06 0.25
SDG14 0.5 0.25 0.75 0.75 0.75 0.94 0.75 0.25 0.06 0.06 0.06 0.06 0.06 0.06
SDG15 0.5 0.25 0.75 0.5 0.75 0.94 0.75 0.25 0.06 0.06 0.06 0.06 0.06 0.06
SDG16 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.75 0.94 0.5 0.06 0.75 0.25
SDG17 0.06 0.5 0.25 0.25 0.5 0.06 0.06 0.06 0.75 0.75 0.06 0.06 0.75 0.5

Source: Own authorship.

The combined use of Fuzzy Cognitive Maps (FCM) and F-
DEMATEL offers a strategically complementary perspective:
while FDEMATEL identifies direct and hierarchical causal re-
lationships (e.g., E5—SDG 13, G6 —SDG 16), FCM captures
complex systemic effects and feedback loops that reveal less
obvious pathways (e.g., S8 = SDG 11— SDG 1). This distinc-
tion explains why SDG 1, which is less central in FDEMATEL,

receives a high influence score in FCM—not due to direct ESG
action, but through indirect mediation chains. Integrating
both approaches enriches ESG-based decision-making by si-
multaneously identifying high-leverage interventions and
potential cascading benefits, provided the methodological lim-
itations are acknowledged and adjusted using context-specific
evidence.
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TABLE 13 | Defuzzified vector after 23 iterations.
1D Vo Initial state vector Final state vector ID Vo Initial state vector  Final state vector
El 1A 0.125 0.604 SDG 01 N 0.000 0.838
E2 IMA 0.188 0.604 SDG 02 N 0.000 0.944
E3 1A 0.125 0.604 SDG 03 N 0.000 0.959
E4 1A 0.125 0.604 SDG 04 N 0.000 0.894
E5 IMA 0.188 0.604 SDG 05 N 0.000 0.899
E6 IMA 0.188 0.604 SDG 06 N 0.000 0.94
E7 IMA 0.188 0.604 SDG 07 N 0.000 0.914
E8 IMA 0.188 0.604 SDG 08 N 0.000 0.967
Gl 1A 0.125 0.604 SDG 09 N 0.000 0.986
G2 1A 0.125 0.604 SDG 10 N 0.000 0.916
G6 1A 0.125 0.604 SDG 11 N 0.000 0.969
P8 1A 0.125 0.604 SDG 12 N 0.000 0.981
S1 IMA 0.188 0.604 SDG 13 N 0.000 0.963
S8 1A 0.125 0.604 SDG 14 N 0.000 0.948
SDG 15 N 0.000 0.943
SDG 16 N 0.000 0.902
SDG 17 N 0.000 0.931
Source: Own authorship.
FIGURE6 | Final FCM. Source: Own authorship.
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5 | Discussion

Our findings reveal that all ESG indicators in the environmen-
tal category, as well as indicators (S1) diversity and inclusion
and (S8) relations to the local community, are causal factors of
perceived benefits and warrant attention, as they are drivers of
change and capable of contributing to the improvement of ini-
tiatives represented in the other quadrants. This implies, for in-
stance, that strategies directed towards indicators in quadrant I
may have an impact on SDG 14, SDGO05, SDG 02, SDG 13, SDG
10, SDG 17, SDG 11, SDG 03, SDG 12, SDG 08, and SDG 09, in-
dicating their significant dependence on other indicators within
the system.

Changes in specific indicators may not be easily attributable
to changes in the SDGs, since they are long-term global goals.
Hence, despite the significant prominence and impact of the
ESG indicators, in quadrant I, on the SDG, in quadrant IV,
achieving a direct and immediate impact may turn out to be
more challenging owing to the low relation between variables
in quadrant IV.

By incorporating the insights presented in Figure 6 and Table 13,
it becomes clear that all the selected ESG indicators have consid-
erable influence on the system. This is evident when observing
that the most impacted SDGs are those with a stronger corporate
appeal than from a social and sustainability perspective. And
the findings obtained through the pilot application are in accor-
dance with other literature that explores the connection between
corporate sustainability and sustainable development goals (e.g.,
Diaz-Sarachaga 2021; MacNeil et al. 2021; Ramos et al. 2022).

Diaz-Sarachaga (2021) studied four Spanish companies from
2018 to 2019 to find the gaps between the disclosure of corporate
contributions to the SDGs through the analysis of GRI standards
and annual reports. The author discovered that his findings
were consistent with a report from Scott and McGill (2018),
which identified SDG 08, 12, 13, 03, and 09 as the most signif-
icant targets for numerous corporations worldwide. The results
of this pilot application are in line with those cited above.

MacNeil et al. (2021) analyzed the influence of Sustainable
Development Goals on firm performance using 21 firms from
six industries present in the Corporate Knights index. The study
centered on comparing financial parameters (such as Return on
Assets and Return on Equity) with SDG disclosure. The results
indicated that SDGs 13, 08, and 05 were the most commonly ad-
opted by different types of industries, while SDGs 02, 06, and 14
received the least attention. Our results partially align with our
results by highlighting SDGs 13 and 08 as among the most prom-
inent and SDG 02 as one of the least prominent. Nevertheless,
the pilot approach employed in this study highlighted SDGs
06 and 14 with a certain degree of significance, whereas SDG
05 was less prominent. This outcome may be attributed to the
fact that the research compared environmental, social, and eco-
nomic indicators to Sustainable Development Goals rather than
financial performance.

The findings of this study are also supported by MacNeil
et al. (2021), who propose a sustainability framework. They in-
dicate that among the economic dimensions of the GRI that are

linked to the SDGs, three-dimensional disclosure (economic,
environmental, and social), which encompasses the effects on
key stakeholders, primarily impacts SDGs 11 and 12. According
to the authors, disclosures of indirect economic impacts, such as
significant investments and services in infrastructure, can have
positive or negative impacts on SDGs 09, 11, 12, 13, and 15.

Some authors explore the disclosure of Sustainable Development
Goals by companies in some countries on a regional scale.
Fonseca and Carvalho (2019) indicate, through the analysis
of reports from 235 Portuguese companies, that the top five
Sustainable Development Goals most reported by companies
were SDGs 12, 13, 09, 08, and 17. Lodhia et al. (2023) analyzed
the disclosure of the SDGs by the top 50 Australian companies
and found that SDGs 13, 05, 08, 12 and 09 were the most empha-
sized, while SDGs 02, 14 and 01 were less contemplated.

In the case of Indonesia, Gutiérrez-Ponce and Wibowo (2023)
analyzed sustainability reports from 25 companies listed on the
Indonesia Selective Index from 2017 to 2021, and found that the
companies were indeed committed to environmental and so-
cial areas covered in SDGs 06, 07, 08, 09, 13, and 15. However,
the greatest disclosures were concentrated in SDGs 03 and 04,
while SDG 14 was the least disclosed. Yu et al. (2020) found that,
among 100 companies listed on the Shanghai Stock Exchange
from 2016 to 2018, the priority SDGs were SDGs 09, 08, 07, and
16. Furthermore, it was found that the SDGs were 09, 08, 07,
and 16. It can be observed that the literature on regional anal-
yses of the SDGs most prominently disclosed by companies in
each country is generally in accordance with the findings of the
pilot approach when viewed globally for the five most promi-
nent SDGs.

In Brazil, no studies have been identified that provide a com-
prehensive indication of the implementation of the Sustainable
Development Goals in more than one industrial sector.
Moreover, no studies were discovered in Brazilian enterprises
that compared environmental, social, and corporate governance
indicators with the attainment of the Sustainable Development
Goals. This reinforces the suggestive contribution of this study
and paves the way for future investigations that explore this
context.

Our findings demonstrate that ESG indicators disproportion-
ately influence specific SDGs due to their inherent focus. For
example, SDG 13 (Climate Action) is closely linked to envi-
ronmental indicators (E05, E01), since corporate emissions
directly impact climate mitigation—a core target of this goal.
Conversely, SDG 5 (Gender Equality) connects with governance
metrics (GO1) through board diversity policies, showing how
structural changes can foster systemic progress. The integration
of multi-criteria decision-making techniques—specifically FCM
and Fuzzy DEMATEL—proved to be strategic. FDEMATEL
identifies causal hierarchies and immediate priorities (e.g., anti-
corruption for SDG 16), while FCM reveals long-term feedback
loops (e.g., community engagement reinforcing SDG 11 and in-
directly SDG 1).

This combination allows decision-makers to choose between di-
rect interventions (e.g., reducing emissions for SDG 13) and more
systemic actions with amplified ripple effects (e.g., enhancing
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diversity to impact SDG 5 and SDG 10). For corporations, the re-
sults can be translated into prioritization matrices (e.g., “ESG in-
dicators with the greatest impact on the firm's target SDGs”). For
policymakers, the causal structures identified by F-DEMATEL
offer a foundation to design focused regulations to accelerate
progress across multiple SDGs simultaneously.

6 | Conclusions

Our approach made it possible to identify the most frequently
cited ESG indicators in the literature and, through expert val-
idation, establish their relationships with the SDGs. This suc-
cessfully addressed the study's primary objective and research
question. The complementary use of Fuzzy DEMATEL and
Fuzzy Cognitive Maps proved effective for identifying and visu-
alizing cause-and-effect relationships.

Furthermore, integrating these techniques with other method-
ologies could enhance analytical robustness, as demonstrated in
supply chain, Industry 4.0, and healthcare applications. On the
other hand, the study's reliance on a systematic literature review
and expert opinions introduces limitations, including selection
bias from inclusion/exclusion criteria and inherent subjectivity
in expert judgments.

This research primarily contributes to the ESG-SDG literature
by highlighting corporate commitments to global challenges
like climate change. Specifically, our hybrid approach advances
understanding by quantifying both indicator frequency and
expert-validated causal relationships. For instance, while envi-
ronmental indicators show strong SDG alignment, the private
sector underestimates social indicators (e.g., diversity)—a gap
underexplored in prior studies.

We observed strong convergence between environmental in-
dicators and SDGs, with all analyzed metrics deemed highly
influential. However, the findings also underscore the private
sector's critical role in addressing social issues (e.g., diversity,
community engagement). Notably, while global reports priori-
tize SDG 13 (Climate Action), our study reveals that governance
indicators (e.g., transparency) are systematically undervalued
in practice. This discrepancy may stem from sampling bias (ex-
pert demographics) or a corporate “say-do gap”. Future cross-
sectional empirical studies could validate these insights.

We hope this study inspires further research into how external
factors affect SDG achievement and whether companies prior-
itize the most impactful indicators. The practical implications
are multifaceted: Corporate leaders might use these findings
to rebalance ESG strategies, emphasizing neglected but high-
impact social indicators. Investment analysts could incorporate
the demonstrated cause-effect relationships into sustainability
risk assessments. Policymakers may consider standardizing cur-
rently voluntary social metrics to accelerate SDG progress. In
parallel, both policymakers and firms can leverage these tools
to design targeted, evidence-based action plans. To maximize
their effectiveness, however, it is essential to improve usability
for non-technical stakeholders. Future applications should pri-
oritize interactive dashboards and intuitive visualizations to en-
hance communication and foster broader engagement.

The conclusions of this study should be interpreted in light of
certain limitations. First, the assignment of FCM weights based
on expert judgment may introduce bias, and the additive struc-
ture of FCM can potentially overestimate some influences.
Moreover, three broader concerns warrant consideration: (1)
expert-derived results may reflect regional perspectives rather
than global patterns; (2) the static nature of the analysis does not
account for how economic shifts or crises might reshape ESG-
SDG dynamics; and (3) the absence of broader empirical valida-
tion limits the generalizability of the findings across industries.

Future research should pursue several critical directions to
refine the ESG-SDG relationships uncovered. First, expand-
ing the number of experts and incorporating sector-specific
models would improve the robustness and relevance of find-
ings. Comparative analyses across industries and regions could
help mitigate sampling biases and reveal contextual nuances.
Additionally, integrating quantitative data would complement
the current expert-driven approach, enhancing methodolog-
ical balance. Investigating the root causes behind the under-
prioritization of certain indicators may uncover structural
barriers to SDG implementation. Finally, emerging technologies,
such as Al-powered big data analytics and blockchain-enabled
supply chain tracking, offer promising avenues to strengthen
fuzzy method applications and validate insights at scale.
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