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Abstract: The United Nations established 17 sustainable development goals (SDGs) in 2015, but
research on these goals in the visual design industry remains limited. This study introduces a hybrid
approach, combining fuzzy analytical hierarchy process (FAHP) and grey rational analysis (GRA)
to assess sustainable factors from the perspectives of both service providers and consumers. In
the FAHP model, consumers and visual design professionals had similar views on the ranking of
dimensions and indicators. Both reported that the most important dimension for visual design
sustainability is the environment. However, the perspective of consumers differed from that of visual
design practitioners in the GRA model, as consumers argued that the social aspect has the greatest
impact on visual design sustainability, while practitioners believed that the environmental aspect is
the most important. The main contribution of the study is to emphasise that the hybrid multi-criteria
decision-making (MCDM) mode can help the visual design industry align its services to consumer
expectations. A systematic and objective model that presents practical insights relevant to industry is
offered by this model. It also serves as a valuable reference for future research in similar areas.

Keywords: multi-criteria decision making (MCDM); visual design sustainability; fuzzy analytic
hierarchy process (FAHP); grey rational analysis (GRA)

1. Introduction

Visual design seeks to captivate, inspire, and encourage people to engage with mes-
sages in order to achieve positive outcomes. These outcomes are aligned with the objectives
of the organisation commissioning the design, whether it is to reinforce brand identity or
drive sales. Objectives may include changing behaviour, advocating messages, or dissemi-
nating information. The process of visual design involves strategic planning, incorporating
market research, creativity, problem solving, and technical expertise in areas such as colour
theory, layout, typography, and visual hierarchy. Visual designers communicate ideas and
information through a variety of media, using both traditional tangible skills and strategic
design thinking to establish credibility and effectively influence target audiences in design
and marketing contexts [1-3]. In the meantime, Albadi et al. [4] and Martins et al. [5]
reported that the concept of visual design encompasses a broader spectrum, including
posters, typography, illustration, web design, packaging design, and visual identity de-
sign, all of which find application in various sectors within the creative industries. Also,
Huang [6] presented new perspectives on the positioning and capability needs of the visual
design industry in the post-epidemic era. She mentioned that visual design industry prac-
titioners should continue to improve their cross-disciplinary skills, especially techniques
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related to achieving sustainable development goals, in order to meet new challenges and
opportunities in the post-epidemic era.

In 2022, Li [7] addressed the overlooked perspective of employee perception in de-
sign’s impact on brand equity in 2022. This is one of the latest studies to explore the
concept of green design from the perspective of employees in the post-epidemic era. It
examined how green design concepts influence employee perceptions and behaviours. The
results indicated that green design elements influence employee perceptions, which in turn
promote positive behaviour and brand equity, mediated by green design concepts.

As global attention on caring for the health of the planet and ensuring shared prosper-
ity for humanity continues to grow, the United Nations (UN) established a set of global
goals [8]. These goals are known as the 17 Sustainable Development Goals (SDGs), which
are further broken down into 169 specific targets that detail the content of each SDG [9].
Since then, much related research has been developed and published. For example, Zamora-
Polo et al. [10,11] proposed some case studies on the application of the SDGs in higher
education. They have found that higher education institutions can raise students’ aware-
ness of the SDGs with the right pedagogical framework. Meanwhile, university students
majoring in education and health-related disciplines are more attentive to the SDGs and
perform better than students in other disciplines. Also, Nakamura et al. [12] proposed a
case study in 2023 for the investigation of people’s willingness to participate in energy and
environment-related policy issues in Japan and Taiwan through use of the Morality-as-
Cooperation Questionnaire (MAC-Q). They mentioned that Taiwanese respondents had a
better understanding of environmental issues and a greater willingness to engage in civil
dialogue, a more positive attitude towards dialogue, and a broader scope of cooperation
than Japanese respondents. The research work of Nakamura et al. [12] is one of the latest
research results on the willingness of Japanese and Taiwanese people to participate in
the SDGs. Moreover, Chang et al. [13] investigated the coverage of the SDGs in univer-
sity course syllabi in Kaohsiung. They reported that the relationship between university
curriculum syllabuses and SDGs depended on the subject characteristics and diversity of
the university.

Furthermore, some scholars [14-17] explored the relationship between the service
industry and SDGs from the perspective of service quality. Among them, Stamenkov
et al. [14] used a sustainable service quality measurement model for the online service
industry and contributed to the realisation of SDGs in the online service industry. Ozdemir
et al. [15] proposed the concept of sustainable service quality in higher education by
developing a set of measurement tools from the perspective of campus services. The
views of Ozdemir et al. [15] were quite novel at the time and had a guiding role in the
implementation of SDGs on higher education campuses. Johnson et al. [16] presented their
opinions on improving the sustainable service competitiveness of Thai telecom operators.
Enquist et al. [17] proposed a value-based sustainable service quality evaluation method for
commercial services. They reported that the core values of a company play an important
inspiring role in improving the sustainability of the company.

In addition, some scholars proposed relevant research results from the perspective of
creative and design industries. For example, Tu [18] proposed sustainable approaches and
suggestions of the product design industry. Clark et al. [19] discussed the sustainable trend
of product design and development. They reported that ecological design factors will be
an important indicator for the future industrial design industry to achieve SDGs. Goubran
et al. [20] proposed a novel analytical drawing tool to help architectural designers achieve
the SDGs, which can inform architectural practice in the private and public sectors and
contribute to the theory and practice of sustainable building design. Fan et al. [21] utilised
the Porter’s Diamond Model as a research tool to put forward strategies and suggestions
for the sustainable development of China’s animation industry from multiple aspects such
as production, demand, supply chain, corporate strategy, cultural factors, and government.
Chen et al. [22] collaborated with designers to create a board game on the SDGs. Their
findings are not only one of the most recent studies to introduce a design approach to the
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field of education in the post-coronavirus era, but also prove that games can be effective
in promoting the SDGs, whether they are used in the classroom or played outside the
classroom, by stimulating players’ interest in the SDGs.

Although the above research has provided relevant suggestions for achieving SDGs
for many industries from many perspectives, unfortunately, the related research on sus-
tainable development goals for the visual design industry is still insufficient. Most visual
design practitioners do not know which SDGs are important to consumers. Accordingly,
it is necessary to assess the priority of sustainable development goals to provide the
decision-making suggestions for the sustainable development of the visual design industry
in the future.

In view of this, this research attempts to analyse and rank SDGs from the dual per-
spective of service providers and consumers for the visual design industry. Subsequently,
we compared the differing perspectives of visual design practitioners and consumers,
thereby providing the related decision-making suggestions to the visual design industry
for achieving SDGs.

Accordingly, this study establishes the framework for the prioritisation of sustainable
development goals from expert questionnaires. Afterwards, the fuzzy analytic hierarchy
process (FAHP) and grey rational analysis (GRA) were simultaneously implemented to
assess and rank the SDGs from the perspective of visual design practitioners and consumers
to achieve the above research objectives.

2. Literature Review

The issue is referred to as multi-criteria decision making (MCDM) when a decision-
maker must assess numerous factors to select from various methodologies [23,24].
Li et al. [25] noted that a notable benefit of MCDM methods is that decision-makers
can allocate significant emphasis to risk and profit while assigning minimal emphasis
to other factors. Kou et al. [26] used methods for the examination and computation of
limited samples. They illustrated the efficiency of MCDM technology in addressing various
MCDM-related concerns.

Additionally, customer contentment stands out as one of the most prevalent terms in
the corporate sphere. To ensure customer contentment, a methodical approach is essential
to quantify consumer desires into data to fulfil customer needs.

Two MCDM methods, fuzzy analytic hierarchy process (FAHP) and grey rational
analysis (GRA), were implemented by this study. Thus, the relevant content of these two
approaches are explored and discussed in this chapter as follows:

2.1. Fuzzy Analytic Hierarchy Process

Analytic hierarchy process (AHP) was proposed by Saaty in 1980 [27]. It is one of
the most complete techniques for solving MCDM issues in many areas and has been
confirmed by many studies [28-30]. This method can better systematise complex issues,
decomposing them at different levels to make a comprehensive evaluation after quantitative
judgment [31-33].

Meanwhile, some scholars have applied AHP to the sustainable design field. For
example, Arukala et al. [34] presented a case study of sustainability performance assessment
of the built environment in India using AHP. They found that applying the AHP method
to assess the sustainability performance of the built environment in developing countries
is effective and feasible. Also, Dai et al. [35] proposed an integrated method of AHP and
QFD from the perspective of sustainable development to provide relevant suggestions
for suppliers to achieve sustainable development goals. Moreover, Tu et al. [36] utilised
Theoria Resheneyva Isobretatelskehuh Zadach (TRIZ) and AHP to establish sustainable
development rules for product design and to contribute to the realisation of sustainable
development goals in the product design industry.

Although AHP can be used to address the above problems, unfortunately, it falls short
when it comes to explaining problems that involve uncertain phenomena or imprecise
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solutions. Therefore, Chang [37] first proposed integrated techniques consisting of fuzzy
theory and AHP in 1996, called Fuzzy AHP (FAHP), which is used to handle and calculate
decision-making problems caused by imprecise phenomena. Since then, FAHP has been
widely applied and proven as a highly reliable and valid research method on MCDM
problems [38-42].

In the view of this, some scholars have applied FAHP to find answers to questions
related to sustainable development within these decades. For example, Larimian et al. [43]
developed a FAHP model for the evaluation of sustainable environment design factors in
Tehran city. They discovered that factors related to environment design are the most vital
scheme for promoting environmental sustainability by establishing a sense of ownership
and responsibility in citizens. Rehman et al. [44] used FAHP as a research tool to put
forward relevant strategies and suggestions for the manufacturing industry to achieve
SDGs. Wang et al. [45] proposed a case study on the sitting of renewable energy power
plants in Vietnam using a hybrid approach of FAHP, data envelopment analysis (DEA), and
The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS). Mostafa
et al. [46] evaluated the forest management plans by implementing FAHP. Alyamani
et al. [47] utilised FAHP to assess and select a sustainable project. They found that the most
important criterion to consider in sustainable project selection was project cost, followed
by novelty and uncertainty. Pan [48] applied FAHP to the evaluation and selection of
sustainable bridge engineering methods, demonstrating the feasibility of FAHP in solving
problems in the field of sustainable engineering. Ashour et al. [49] applied FAHP to explore
the obstacles that the interior design industry may encounter in achieving SDGs. They
reported that sufficient sustainable design modules, effective design specifications, and
client interest in SDGs are important factors for the interior design industry to remove
obstacles and achieve SDGs.

The above research results demonstrated the feasibility of applying FAHP to the
fields of sustainable design, engineering, energy, and business. In addition, it was a
major inspiration for this study’s application of the FAHP method for the prioritisation of
sustainable development goals in the visual design industry.

2.2. Grey Rational Analysis

Grey rational analysis (GRA) was proposed by Deng in 1982 [50]. Its primary focus
lies in addressing system models characterised by uncertainty or incomplete information.
This approach is adept at managing “uncertainty”, “multivariate input data”, or “discrete
information through techniques such as system correlation analysis, model development,
predictive analysis, and decision making [51].

In the meantime, GRA finds necessary information from some known and unclear
conditions through parameter correlation and then clarifies the interactive relationship
between parameters. Afterwards, the degree of correlation between the two series is
indicated by the degree of grey correlation [52]. Therefore, these features make GRA an
effective method for solving MCDM problems with multiple attributes or with multiple
scenarios [53-56].

Also, Hu et al. [57] and Javanmardi et al. [58] reported that GRA is very suitable in
its application to solve sustainable development issues. Muhammad Muneeb et al. [59]
proposed a case study of the Pakistan telecommunication industry for achieving SDGs using
GRA. Liu et al. [60] implemented GRA to analyse and develop the general sustainability
indicators for the Australian renewable energy industry. They found that their general
indicators are suitable for the sustainability assessment of four systems with different
combinations of grid, solar photovoltaic, and wind renewable energy.

Moreover, Bai et al. [61] evaluated the sustainability of the supplier chain using GRA.
The main contribution of their research was to introduce an analysis and application of
the method, as well as a clear assessment and insights into the sustainability attributes of
the supply chain industry for providing relevant recommendations for the supply chain
industry to achieve the SDGs. Manjunatheshwara et al. [62] proposed a decision-making

17
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model for the sustainable materials selection of tablet device enclosure based on GRA.
Zheng et al. [63] applied GRA to evaluate the energy-saving performance of the building
industry, demonstrating the feasibility of using GRA for the sustainable development of
the building industry.

Furthermore, Gumus et al. [64] proposed a fuzzy-based hybrid approach of AHP and
GRA for solving the problems of the energy-saving industry. Zhang et al. [65] proposed an
algorithm to evaluate load balancing in a hybrid wireless environment using FAHP and
GRA. Paul et al. [66] and Ilangkumaran et al. [67] applied the hybrid model of FAHP and
GRA to mutual fund performance evaluation and wastewater treatment technology.

2.3. Summary

According to the chapter of the literature review, it is known that FAHP and GRA
are effective techniques for solving MCDM problems in sustainability fields. Meanwhile,
Chang et al. [68] reported that FAHP is a well-known MCDM method that incorporates
fuzzy theory, addressing the uncertainty, complexity, and ambiguity inherent in the problem
itself and in expert opinions, leading to a more realistic and reasonable identification of key
influencing factors. FAHP avoids overly subjective and imprecise results from pairwise
comparisons and is particularly useful when dealing with numerous decision factors,
representing a fuzzy interval of collective expert judgement.

Also, Tang et al. [69] and Huang et al. [70] have highlighted five advantages of GRA:
(1) it can serve as a non-functional sequence model, (2) its computational method is straight-
forward, (3) it does not require a large data set, (4) the data need not conform to a normal
distribution, and (5) it does not produce conflicting results with quantitative analysis.

Moreover, the integrated approaches of FAHP and GRA contribute to interdisciplinary
research. However, the main difference between the FAHP and GRA models is that the
evaluation criteria in the FAHP model are obtained by integrating and analysing expert
opinions. In view of this, the disadvantage of such models is that they rely on expert
experience and are prone to subjective opinions.

Hence, many researchers [71-73] suggested the utilisation of GRA as another way to
assess the importance of evaluation indicators, thus avoiding interference with the result
by the subjective opinion of experts.

Accordingly, this research establishes an evaluation framework to prioritise the SDGs
for the visual design industry based on the expert questionnaire. Afterwards, the per-
spectives of visual design practitioners and consumers were collected by questionnaires
of pairwise comparison and direct rating. Finally, FAHP and GRA were implemented
simultaneously to calculate and rank all SDGs for achieving the main research purposes.

3. Methods

In this study, a hybrid approach of FAHP and GRA was proposed for the prioritisation
of sustainable development goals for the visual design industry. The research process is
shown in Figure 1.

3.1. The Construction of the Hierarchy Structure

In this study, the problem is decomposed into evaluation dimensions and indicators
in accordance with AHP. In addition, Tsai et al. [74] suggested that the description of
dimensions and indicators should be revised through expert discussion. Therefore, this
study used expert questionnaires to obtain expert opinions to revise dimensions and
indicators according to experts’ suggestions to make the expression of evaluation criteria
conform to the specificity of sustainable development goals for the visual design industry.
Finally, we constructed a hierarchical structure of evaluation dimensions and indicators in
accordance with the results of the expert questionnaire.
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Figure 1. The process of this research.

3.2. Questionnaire Development and Measurement

This research utilised the expert questionnaire method to obtain and gather research
data for calculating the overall weight (OW) and grey rational grade (GRG) of each di-
mension and indicator in the hierarchy structure, according to FAHP and GRA methods.
Therefore, there was a need for the consideration of validity before development in terms
of questionnaire development. In the view of this, this study rewrote the questionnaire
statement on the basis of expert advice and kept the original representation of dimensions
and indicators in order to maintain high content validity [75]. In addition, this study
conducted a pre-test and revised the statements according to the results of the pre-test to
check whether the meaning of the questionnaire was clear.

As for the number of experts, F. J. Parenté and J. K. Anderson-Parenté [76] suggested
that there should be at least ten experts or more. Interestingly, Darko et al. [77] mentioned
that a large sample size may not be helpful, due to “cold-called” experts being able to
profoundly affect the results of the consistency examination. Meanwhile, this study found
that much of the research [78-83] utilised a small sample size of four to nine experts to
obtain a valuable and reliable decision-making basis.

Accordingly, a total of 40 experts were selected by this research to avoid the influence
of opinions from “cold-called” experts on the consistency evaluation results, thus achieving
our main research objectives.

3.3. Fuzzy Analytic Hierarchy Process
3.3.1. Fuzzy Theory and Linguistic Variables

V7

Herreva et al. [84] claimed that linguistic variables such as “very important”, “some-
what important”, and “not important” are commonly used to describe how people perceive
the importance of a particular matter. However, Zimmermann [85] noted that these lin-
guistic variables used to express the priority of human psychological perception are often
imprecise. It is therefore necessary to incorporate fuzzy theory to provide a more accurate
account of human perception of these issues.

Fuzzy theory was proposed by Dr. Lotfi Zadeh in 1965 [86]. It is an algorithm that
works with fuzzy numbers, introducing a concept such as reasoning to discover the result
that is closest to the variable of the human psychological perception.
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Therefore, this research studied fuzzy numbers and found that fuzzy numbers are
often expressed in mathematical way [87-94]. For example, triangular fuzzy number A can
be defined as (I, m, u). The parameters [, m and u represent the smallest, the most promising,
and the largest values, respectively. The triangular fuzzy number A (I, m, u) given by the
following equation is shown in Figure 2.

o 1<x<m
pi(x) =42, m<x<u, (1)
0, otherwise
ra(x)
1
0 X
l m u

Figure 2. Fuzzy triangular numbers.

Meanwhile, much research [87-95] mentioned that the most likely evaluation value of
triangular fuzzy numbers is the crisp value. The crisp value of triangular fuzzy numbers is
given by the following equation:

A=, m") = [(m—1a— (u—m)a+ul, ()

where a is index values.

Additionally, Buckley [96] pointed out that the attributes of triangular fuzzy num-
bers are advantageous in accurately representing human fuzzy psychological perception
variables by converting fuzzy numbers into precise and pragmatic figures. Moreover,
Pedrycz [97] has demonstrated that triangular fuzzy numbers are highly suitable for ex-
pressing the level of relative psychological perception and assessment of each criterion and
alternative within the hierarchy and network structure. Consequently, triangular fuzzy
numbers are employed to depict the linguistic variable scales in this study.

Furthermore, AHP employed a nine-point rating scale to signify the significance of
each assessment criterion. As a result, we integrated the triangular fuzzy number and AHP
assessment scale to evaluate and gauge human psychological true preferences for specific
choices. The corresponding fuzzy numbers are detailed in Table 1.

Table 1. Fuzzy numbers and scales.

Linguistic Variables Fuzzy Numbers Triangular Fuzzy Scale Reversed Triangular Fuzzy Scale

Equally preferred 1 1 1 1 1 1 1

Intermediate 2 1 2 3 1/3 1/2 1
Moderately preferred 3 2 3 4 1/4 1/3 1/2
Intermediate 4 3 4 5 1/5 1/4 1/3
Strongly preferred 5 4 5 6 1/6 1/5 1/4
Intermediate 6 5 6 7 1/7 1/6 1/5
Very strongly preferred 7 6 7 8 1/8 1/7 1/6
Intermediate 8 7 8 9 1/9 1/8 1/7
Extremely preferred 9 9 9 9 1/9 1/9 1/9
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3.3.2. Synthesising Opinions of All Experts

In this paper, the method of geometric mean was utilised to generalise the results of
expert questionnaires, largely because Saaty [98] considered the fact that the geometric
mean method is not easily affected by extreme values. Therefore, the consolidation result
of all expert opinions is calculated by the following equation:

(ﬁ%’) = {Yx1x2 - Xp, (©)
i=1

where 7 is the number of experts.

3.3.3. Setting Up the Fuzzy Pairwise Comparison Matrix
In this step, a fuzzy pairwise comparison matrix is performed and presented as follows:

k k k
. Ty
k k k
o~ a a o e e a
21 22 2n
Ak = |5 7 ey (4)
&k K
A1 G 0 Aan

where A represents the fuzzy pairwise comparison matrix and ak;, is the triangular fuzzy
mean value for comparing priority pairs among elements.
3.3.4. The Calculation of Fuzzy Geometric Mean (7;) and Fuzzy Weight (w;)

The calculation of fuzzy geometric mean and fuzzy weight is as follows:

1
i

F = [(l1®lz®,~-,®li)}, (m1®m2®,~-,®m,~) ) (u1®u2®,...,®ui)q, (5)

i‘ﬁi :’1‘;1®<’7‘71 ®'772® R ®’17n)71 = (lwl‘, mw;, T/lwl‘), (6)

where [w; is the smallest value of triangular fuzzy weight, mw; is the median value of
triangular fuzzy weight, and uw; is the largest value of triangular fuzzy weight.

3.3.5. Defuzzification

In terms of fuzzy decomposition, the “centre of area” (COA) method [99] is applied
for defuzzification. The process of fuzzy decomposition is as follows:

lw; + mw; + uw;
wl' == 3 7

)

3.3.6. Normalisation

Afterwards, the de-fuzzified weights (w;) are normalised using the following equation
to obtain the weighted total as 1.
Wi

T L ®)

Wi

3.3.7. Consistency Check

Saaty [100] proposed adopting the consistency index (C.I.) and consistency ratio (C.R.)
to verify the consistency of the comparison matrix. The C.I. and C.R. are defined as follows:

_ Amax —n

C.I. ,
n—1

©)
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where Amax is the maximum value of the matrix and # is the number of criteria.
C.I.
CR.= —, 10
R.I. (10)

Random index (R.I.) is a consistency index that is produced by positive reciprocal
matrices of different orders. Table 2 shows the values of random index.

Table 2. Random indexes (R.L.s).

The Order 2 3 4 5 6 7 8 9 10 1 12 13 14 15
of Matrix
RI - - 058 090 112 124 132 141 145 149 151 153 156 157 159

When C.I. < 0.1, it refers to the best acceptable error. When C.R. < 0.1, it means that
the consistency of the matrix is satisfactory.

3.4. Grey Rational Analysis
3.4.1. The Definition of Evaluation Indicators and Data Treatment

In this research, the direct rating (with a rating from 1 to 9, with a higher value
indicating better the ability) is implemented to measure all dimensions and indicators.
Therefore, experts are asked to assign scores according to the importance degree of each
dimension and indicator. In this way, the importance degree of each dimension and
indicator in the hierarchy can be assessed.

3.4.2. The Calculation of Referential Series and Compared Series

The referential series (xy) with the number of indicators (1) is defined as follows:
x0 = (x0(1),x0(2),...,x0(n)) (11)
The compared series (x;) is defined as follows:
x; = (x;(1),%;(2),...,xi(n)), i=12,...,m (12)

3.4.3. Normalisation

Afterwards, the data of referential series and compared series should be normalised
in order to make them comparable. In this research, the larger the scores of all criteria,
the better. Thus, the process of normalisation for referential series and compared series is
expressed as follows [101]:

x;(k) — minx; (k)
x; (k) = (13)

N ml?xxi(k) - rr}cinxl-(k) ’

where mkaxxi(k) is the maximum value of k indicator and mkinxl- (k) represents the minimum

value of k indicator.

3.4.4. Calculate the Difference between Referential Series and Compared Series

The series difference is calculated as follows:
Aoi(k) = |xo(k) — x;(k)|, k=1,2,...,18, (14)

where xq (k) is the referential series of 18 evaluation indicators and x; (k) represents the
compared series of 18 evaluation indicators.
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3.4.5. Calculating the Grey Rational Coefficient

The grey relational coefficient between the compared series (x;) and the referential
series (xy) at the jth indicator is defined as follows:

_ Amin + {Amax
Yoi (k) = Aoi(k) + {Amax (15)
3.4.6. The Calculation of the Grey Rational Grade
The grey rational grade (GRG) of a series (x;) is calculated as follows:
n
Toi = ) wivoi(k) (16)

k=1

Finally, the alternatives are prioritised based on the magnitude of GRG values (I'y;).
The alternative with the largest GRG value represents the best alternative, and so on.

4. Results
4.1. The Construction of Hierarchy Structure

Firstly, a total of seven experts were invited to form a focus group for this research.
Of these, two were senior managers in visual-design-related industries, three were senior
creative directors, and the other two were senior visual designers. Next, the focus group
members discussed the 17 UN SDGs based on their professional experiences. They then
conducted an inductive analysis of the 17 UN SDGs and classified them into three main
dimensions. Subsequently, focus group members summarised the 17 UN SDGs into evalu-
ation sub-criteria of the above three aspects based on characteristics of SDGs to form the
initial hierarchy structure of this research.

Despite the initial hierarchy structure, a pre-test was carried out to check and evaluate
whether the semantic description and classification of the main aspects and sub-criteria
were clear and appropriate. A total of 65 expert consultation questionnaires were issued,
and a total of 38 valid questionnaires were returned. We found that most of those experts
argued that the number of main dimensions in the preliminary hierarchy should be in-
creased and that the classification of the sub-criteria should be adjusted. In addition, most
respondents reported that economic and humanistic factors should be properly considered
as they are more suitable as the main dimensions for assessing the sustainable development
goals of the visual design industry.

Accordingly, this research invited another ten experts to revise the representation
of the main dimensions in the hierarchy and the classification of the sub-criteria based
on the results of the pre-test survey. For example, in the pre-test, some respondents had
different views on the classification of SDGs, such as “gender equality” (SDG 5) and
“good health and well-being” (SDG 3). As a result, ten experts examined each SDG one
by one and discussed the differences between the SDGs based on the UN definition and
their own professional experience. Subsequently, based on the UN definition of SDG 3
and SDG 5 and the description of the detailed indicators, more than half of the experts
believed that SDG 3 requires the government, health units, and social institutions to invest
resources to complete the task of this indicator. As for SDG 5, most experts argued that
it actually requires everyone to work together. Therefore, experts believe that SDG 3 is
more appropriate as a sub-criterion for assessing the society aspect, while SDG 5 is more
appropriate as a sub-criterion for assessing the humanity dimension. Subsequently, the
four main dimensions in the hierarchy were identified as humanity, environment, economy,
and society based on the experts’ suggestions, while the classification of the sub-criteria
was modified by the experts based on the characteristics of the 17 UN SDGs.

Subsequently, the evaluation structure of sustainable development goals for the visual
design industry was constructed, including 4 main dimensions and 17 sub-criteria, as
shown in Figure 3.
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Figure 3. The evaluation hierarchy structure based on pre-test survey and expert advice.

4.2. Questionnaire Development and Measurement

After the hierarchy structure was obtained, we inputted the evaluation dimensions
and sub-criteria in the hierarchy structure into the Super Decision 3.2 to create a pair-
wise comparison questionnaire on a nine-point evaluation scale. The results of pairwise
comparison questionnaires were analysed by fuzzy AHP. Meanwhile, a direct rating scale
questionnaire was established in this study. The results of direct rating scale questionnaires
were analysed by GRA.

In this study, a total of 100 expert consultation questionnaires, including 50 pairwise
comparison questionnaires and 50 direct rating scale questionnaires, were issued from
9 February 2022 to 10 October 2022. The questionnaire respondents were divided into two
groups, namely, the service provider group and the consumer group. Among them, the
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consumer group consisted of 50 consumers, and the service provider group consisted of
50 experts with rich visual design experience.

A total of 40 valid questionnaires were then recovered, including 20 valid paired
comparison questionnaires and 20 valid direct rating scale questionnaires.

4.3. Numerical Analysis
4.3.1. Fuzzy Analytic Hierarchy Process

After collecting valid pairwise comparison questionnaires, the opinions of all re-
spondents, including service providers and consumers, were integrated through use of
Equation (3). Afterwards, the fuzzy pairwise comparison matrix for all criteria from the
FAHP model was established using Equation (4).

The triangular fuzzy number matrix of the four main dimensions derived from the
dual perspective of service providers and consumers is shown in Table 3.

Table 3. The fuzzy number matrix for each dimension from the dual perspective.

Perspective Service Providers
Dimensions Humanity (A)  Environment (B) Economy (C) Society (D)
Humanity (A) (1,1,1) 4,5,6) (1/4,1/3,1/2) (2,3,4)
Environment (B)  (1/6,1/5,1/4) (1,1,1) (1/6,1/5,1/4) (1/3,1/2,1)
Economy (C) 2,3,4) (4,5,6) 1,11 (3,4,5)
Society (D) (1/4,1/3,1/2) 1,2,3) (1/5,1/4,1/3) (1,11
Perspective Consumers
Dimensions Humanity (A)  Environment (B) Economy (C) Society (D)
Humanity (A) (1,1,1) (2,3,4) (1/4,1/3,1/2) (1/5,1/4,1/3)
Environment (B)  (1/4,1/3,1/2) (1,1,1) (1/7,1/6,1/5) (1/4,1/3,1/2)
Economy (C) 2,3,4) (5,6,7) 1,11 1,2,3)
Society (D) (3,4,5) (2,3,4) (1/3,1/2,1) (1,11

The calculation of fuzzy geometric mean values for all dimensions from the perspec-
tives of service providers and consumers using Equation (5) is shown in Table 4.

Table 4. The calculation of geometric mean values.

Perspective Service Providers
Dimensions Computation Process Results
Humanity (A) [(1x4x1/4%2),(1x5x1/3x3)%, (1x6x1/2x4)i] 1189 1495 1861
Environment (B) [(1/6 x1x1/6x1/3)%,(1/5x1x1/5%x1/2)%, (1/4x1 % 1/4 x 1)%] 0.310 0.376 0.500
Economy (C) [(2x4x1x 3)i,(3x5x1x5)%, (4x6x1x 5)%} 2.213 2.783 3.310
Society (D) [(1/4>< 1x1/5x1)%,(1/3x2x1/4x 1), (1/2x3 x 1/3 x 1)%} 0.473 0.639 0.841
Total — 4.186 5.294 6.512
Perspective Consumers
Dimensions Computation Process Results
Humanity (A) [(1 X2x1/4%1/5)%,(1x3x1/3x1/4)%, (1x4x1/2x 1/3)’1} 0.562 0.707 0.904
Environment (B) [(1/4 x1x1/7x1/4)%,(1/3x1x1/6x1/3)%, (1/2x1 x 1/5 x 1/2)%1] 0.307 0.369 0.473
Economy (C) [(2 x5x1x1)7,(3x6x1x2)i, (4x7x1x 3)%} 1.778 2.449 3.027
Society (D) [(3 x2x1/3x 1)% ,(4x3x1/2x 1)%, (5x4x1x 1)%] 1.189 1.565 2.115
Total  3.837 5.091 6.519
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Equation (6) was then used to calculate the fuzzy weight (w;) of each dimension from
the dual view of service providers and consumers, as shown in Table 5.

Table 5. The calculation of the fuzzy weight for each dimension.

Perspective Service Providers
Dimensions Computation Process Results
Humanity (A) (1.189, 1.495, 1.861) ® ﬁ, ﬁ, ﬁ 0.183 0.282 0.445
Environment (B) (0.310, 0.376, 0.500) ® ﬁ, ﬁ, ﬁ 0.048 0.071 0.119
Economy (C) (2.213, 2.783, 3.310) @ ( ¢2m3, =997 1isg 0.340 0.526 0.791
Society (D) (0.473, 0.639, 0.841) ® 6‘5%, ﬁ, ﬁ 0.073 0.121 0.201
Perspective Consumers
Dimensions Computation Process Results
Humanity (A) (0.562, 0.707, 0.904) ® ﬁ, ﬁ, 3§T 0.086 0.139 0.235
Environment (B) (0.307, 0.369, 0.473) @ 6.5%, 5391, 3§T 0.047 0.072 0.123
Economy (C) (1.778, 2.449, 3.027) ® 6‘5%, ﬁ, 3§T 0.273 0.481 0.789
Society (D) (1.189, 1.565, 2.115) ® 6'5119, 5&91, 3§T 0.182 0.307 0.551

In terms of fuzzy decomposition, Equation (7) was used to calculate the de-fuzzified
weight of each dimension from dual perspective of service providers and consumers during
defuzzification, as shown in Table 6.

Table 6. De-fuzzified weight of each dimension.

Perspective Service Providers
Dimensions Computation Process Results
Humanity (A) W’w 0.303
Environment (B) Ww 0.079
Economy (C) Ww 0.552
Society (D) (00750321 +0201) 0.131
Total 1.066
Perspective Consumers
Dimensions Computation Process Results
Humanity (A) (0.086+0.1339+0.235) 0.154
Environment (B) —<0'047+0g72+0'123) 0.085
Economy (C) (0.273+0/§81+0.789) 0.514
Society (D) (0.182+O.3;)07+0.551) 0.367
Total 1.096

Afterwards, Equation (8) was used to calculate the normalised weights for all di-
mensions from the dual perspective of service providers and consumers, as shown in
Table 7.

Since the number of main dimensions was four, we obtained n = 4 and R.I. = 0.90. Thus,
consistency index (C.I.) and consistency ratio (C.R.) were calculated using Equations (9) and (10).
The calculation processes of C.I. and C.R. were as follows:
(4.131 4 3.936 + 4.270 + 3.963)

=4.075
4

)\max =
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Amax —n 4075 — 4

Cl.= = = 2 = 0025
C.I. _ 0025
R.= == 2 = 0027
CR=R1 =000 ~27®

Subsequently, Table 8 revealed the calculation results of the triangular fuzzy number
matrix for each dimension from the perspectives of service providers and consumers,
including normalised weights (w;), consistency index (C.I.), and consistency ratio (C.R.).

Table 7. Normalised weight of each dimension.

Perspective Service Providers
Dimensions Computation Process Results
Humanity (A) 9303 0.284
Environment (B) % 0.074
Economy (C) % 0.518
Society (D) o131 0.123
Total 1.000
Perspective Consumers
Dimensions Computation Process Results
Humanity (A) % 0.140
Environment (B) % 0.074
Economy (C) 9212 0.469
Society (D) 9337 0.317
Total 1.000

Table 8. Triangular fuzzy number matrix for each dimension from the dual perspective.

Perspective Service Providers
Dimensions Humanity Environment Economy Society w;
Humanity (A) (1,1,1) 4,5,6) (1/4,1/3,1/2) (2,3,4) 0.284
Environment (B) (1/6,1/5,1/4) (1,1,1) (1/6,1/5,1/4) (1/3,1/2,1) 0.074
Economy (C) (2,3,4) 4,5,6) (1,1,1) (3,4,5) 0.518
Society (D) (1/4,1/3,1/2) 1,2,3) (1/5,1/4,1/3) (1,1,1) 0.123
Total 1
Amax = 4.075, C.I. = 0.025, C.R. = 0.0278
Perspective Consumers
Dimensions Humanity Environment Economy Society wj
Humanity (A) 1,1,1) (2,3,4) (1/4,1/3,1/2) (1/5,1/4,1/3)  0.140
Environment (B) (1/4,1/3,1/2) (1,1,1) (1/7,1/6,1/5) (1/4,1/3,1/2)  0.074
Economy (C) (2,3,4) (5,6,7) (1,1,1) (1,2,3) 0.469
Society (D) (3,4,5) (2,3,4) (1/3,1/2,1) (1,1, 1) 0.317
Total 1

Amax = 4196, C.I. = 0.0653, C.R. = 0.0725

The calculation process of the triangular fuzzy number matrix for the remaining
criteria is analogous to the above calculation method. Finally, the calculation results of
the triangular fuzzy number matrix for the remaining criteria from the dual perspective
of service providers and consumers are shown in Tables A1-A4 (Appendix A). As shown
in Tables A1-A4 (Appendix A), consistency index (C.1.) and consistency ratio (C.R.) for all
criteria were less than 0.1. This means that the data in the pairwise comparison matrix
were consistent.
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4.3.2. Grey Rational Analysis

In this research, the larger the scores of all dimensions and indicators given by experts,
the better. Thus, the largest value of each criterion was considered as a referential series
(x0), and the values of all dimensions and indicators were considered as compared series
(x;). The referential series (xg) and compared series (x;) of all dimensions and indicators
from the dual perspective of service providers and consumers are shown in Tables 9 and 10.

Table 9. Referential series and compared series of each dimension from the dual perspective.

Perspective Service Providers
Referential Compared Series (x;)
Expert No. . 3 . .
Series (xo) Humanity Environment Economy Society
1 8 8 7 4 5
2 8 6 8 4 7
3 9 7 6 5 9
4 9 9 7 5 8
5 9 7 9 7 8
6 9 9 8 7 6
7 9 9 7 5 6
8 7 5 6 7 5
9 7 7 5 1 3
10 7 7 6 4 5
Perspective Consumers
Referential Compared Series (x;)
Expert No. . : : ;
Series (xp) Humanity Environment Economy Society
1 7 3 5 2 7
2 9 8 9 8 6
3 8 7 7 5 8
4 9 6 7 2 9
5 9 6 8 3 9
6 9 8 9 7 9
7 9 7 8 4 9
8 8 6 7 5 8
9 7 7 5 1 3
10 9 7 8 1 9

The normalised data of dimensions and indicators were then calculated using Equation (13).
Afterwards, Equations (14) and (15) were utilised to calculate the deviation sequences and
grey rational coefficient of all dimensions and indicators. Finally, the calculation results of
the normalised data, deviation sequences, and the grey rational coefficient of all dimensions
and indicators are shown in Tables A5-A10 (Appendix A).

Table 10. Referential series and compared series of each indicator from the dual perspective.

Perspective Service Providers
Expest Re fere.ntial Compared Series (x;)
No. Series SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG
(x0) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 9 5 4 9 9 8 6 5 4 3 9 8 7 8 9 8 4 1
2 9 6 8 9 9 8 7 6 5 4 9 8 7 9 9 8 9 2
3 9 2 1 6 8 9 2 3 5 1 7 8 2 7 2 3 1 1
4 8 3 4 7 7 6 6 5 4 2 8 7 4 6 3 3 2 2
5 9 2 1 7 8 8 2 2 3 4 9 7 8 5 7 6 7 4
6 9 1 2 4 5 2 7 6 4 9 8 1 2 1 5 8 4 1
7 8 1 2 1 6 3 8 5 4 8 8 1 2 6 8 8 4 1
8 8 1 2 3 5 3 7 6 4 1 8 1 2 1 5 8 4 1
9 9 3 4 2 5 4 9 6 4 9 8 3 1 4 5 8 4 1
10 9 1 2 3 5 3 7 6 4 4 9 3 6 5 3 8 4 1




Sustainability 2024, 16, 1885

16 of 28

Table 10. Cont.

Perspective Consumers
Expert Referential Compared Series (x;)
No. Series SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG
(xo) 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17
1 9 2 1 9 4 3 2 1 1 8 5 6 2 7 3 2 3 1
2 8 6 2 8 3 8 76 5 8 6 8 7 6 2 1 1 2
3 9 4 5 9 6 72 2 1 9 8 9 3 9 2 2 1 1
4 7 2 1 72 1 1 3 2 6 3 5 5 4 1 1 2 3
5 9 1 2 8 4 4 3 2 1 9 6 9 7 9 1 1 1 1
6 9 1 2 9 5 0 2 7 6 4 1 6 1 8 9 5 8 4 1
7 9 1 2 9 6 3 8 5 4 2 7 6 2 8 8 8 4 1
8 9 1 2 9 2 3 1 6 4 3 5 7 2 9 1 1 4 1
9 7 3 4 6 5 2 3 6 4 7 5 6 1 7 5 2 4 1
10 7 1 2 5 5 5 4 6 4 4 5 7 6 7 3 2 4 1
4.4. Research Results
4.4.1. Fuzzy Analytic Hierarchy Process
In terms of the hierarchy of dimensions and indicators in the FAHP model, their
ranking was determined by their overall weight (OW), not defuzzied weight. In this study,
all data from the FAHP model were entered into Super Decisions software. This software
was developed by Prof. Saaty [102], the inventor of the analytic hierarchy process (AHP),
and is suitable for obtaining the OW of all criteria. The OW for all criteria was then derived
from the dual perspective of service provider and consumer. Figures 4 and 5 illustrated
the OW and ranking of all dimensions and indicators from the dual perspective of service
providers and consumers.
The Ranking of Dimensions from FAHP Model
W Service Providers  m Consumers
0.130
Humanity

Environment

Economy

Society

0.280

0.506
0.521

0.070
0.076

0.294
0.124

Figure 4. The ranking of dimensions from the FAHP model.

As shown in Figure 4, the comprehensive viewpoints of service providers prioritised
the top three aspects as environment (0.506), society (0.294), and humanity (0.130). Mean-
while, from the all-encompassing standpoint of consumers, the utmost crucial dimension
was the environment (0.521), trailed by humanity (0.280) and society (0.124). Intriguingly,
both service providers and consumers shared the perspective that the dimension of the
economy is relatively less significant.
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Figure 5. The ranking of indicators from the FAHP model.

As shown in Figure 5, the top three overall weights of indicators from the compre-
hensive opinions of service providers were “climate action” (SDG 13, 0.184), “good health
and well-being” (SDG 3, 0.158), and “clean water and sanitation” (SDG 6, 0.13). In the
comprehensive opinions of consumers, the overall weight of the indicator was highest for
“climate action” (SDG 13, 0.227), followed by “reducing inequality” (SDG 10, 0.158) and
“clean water and sanitation” (SDG 6, 0.095).

Subsequently, the overall weight of indicators ranked fourth to sixth from the com-
prehensive opinions of service providers were “sustainable cities and communities” (SDG
11, 0.075); “peace, justice and strong institution” (SDG 16, 0.071); and “reduce inequality”
(SDG 10, 0.070). As for the overall weight of indicators ranked fourth to sixth from the
perspective of consumers, they were “gender equality” (SDG 5, 0.064), “good health and
well-being” (SDG 3, 0.063), and “sustainable cities and communities” (SDG 11, 0.059).

4.4.2. Grey Rational Analysis

The importance of all dimensions and indicators was based on grey rational grade
(GRG, I'y;). The calculation of the GRG for all dimensions and indicators from the dual per-
spective of service providers and consumers using Equation (16) is shown in
Figures 6 and 7.
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The Ranking of Dimensions from GRA Model
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Figure 6. The ranking of dimensions from the GRA model.
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Figure 7. The ranking of indicators from the GRA model.
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As shown in Figure 6, based on the GRG, the ranking of all dimensions from the
comprehensive opinions of service providers were humanity (0.767), environment (0.637),
society (0.516), and economy (0.410). In the meantime, the most important dimension based
on GRG from the comprehensive perspective of consumers was society (0.876), followed
by environment (0.726), humanity (0.577), and economy (0.360).

As shown in Figure 7, the comprehensive perspective of service providers revealed
that the three most important indicators were “reduce inequality” (SDG 10, 0.927), “life on
land” (SDG 15, 0.732), and “quality education” (SDG 4, 0.702). Also, the comprehensive
perspective of consumers illustrated that the top indicator was “good health and well-
being” (SDG 3, 0.915), followed by “climate action” (SDG 13, 0.860) and “sustainable cities
and communities” (SDG 11, 0.749).

Subsequently, the indicators ranked fourth to sixth from the comprehensive opinions
of service providers were “clean water and sanitation” (SDG 6, 0.665), “life below water”
(SDG 14, 0.634), and “gender equality” (SDG 5, 0.070). As for the indicators ranked fourth
to sixth from the comprehensive perspective of consumers, they were “industry, innovation
and infrastructure” (SDG 9, 0.715); “reduce inequality” (SDG 10, 0.587); and “responsible
consumption and production” (SDG 12, 0.542).

5. Discussion, Suggestions, and Research Limitations
5.1. Discussion and Suggestions

In this research, an integrated method of FAHP and GRA was applied to evaluate and
analyse the importance and prioritisation of the UN SDGs for the visual design industry.
According to the FAHP model, both visual design practitioners and consumers agreed that
environmental concerns are paramount to achieving sustainability for the visual design
industry. However, the GRA model revealed slight discrepancies between the perspectives
of visual design practitioners and consumers. While visual design practitioners emphasised
the importance of the environmental dimension, consumers argued that the visual design
practitioners should prioritise the societal dimension to for achieving the SDGs.

In terms of indicator ranking, the FAHP model showed a relatively consistent per-
spective among visual design practitioners and consumers. They collectively prioritised
“climate action” (SDG 13) and “clean water and sanitation” (SDG 6) as the crucial indicators.
Conversely, the GRA model revealed subtle differences in views. The visual design practi-
tioners recognised the importance of “reduce inequality” (SDG 10), “life on land” (SDG 15),
and “quality education” (SDG 4) for visual design sustainability, while consumers placed
greater emphasis on “good health and well-being” (SDG 3), “climate action” (SDG 13), and
“sustainable cities and communities” (SDG 11).

Matzler et al. [103] proposed factor structures of customer satisfaction in 2002, namely,
basic factor, performance factor, and excitement factor. They considered that the basic
needs of customers must be identified and fulfilled. In this study, environment and society
were found to be the most two significant dimensions by analysing the comprehensive
opinions in FAHP and GRA models. Meanwhile, the indicators in the order of OW and

.o

GRG in the environment and society dimensions were “climate action”; “clean water and
sanitation”; “sustainable cities and communities”; “good health and well-being”; “industry,
innovation and infrastructure”; and “peace, justice and strong institution”. In this context,
basic consumer needs include measures to combat extreme climate, quality drinking water,
the conditions for building sustainable cities, and action for good health and well-being.
Accordingly, this study suggests that visual design professionals should use their own
strengths and technologies and use visual means to create engaging visual works, such as
posters or illustrations, to raise people’s concern about the impact of extreme climate on the
environment and the need for clean drinking water. Meanwhile, in the process of packaging
design, visual design practitioners can choose environmentally friendly materials to reduce
the environmental burden and create conditions for building a sustainable city. This study
also suggests that visual design practitioners might attempt to form cross-industry alliances
with educational and social institutions to make the public more aware of the detailed
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indicators of SDG 3 through cross-disciplinary lectures or design workshops to mobilise the
public to actively participate for promoting measures and policies related to good health
and well-being.

5.2. Research Limitation

This research method combined FAHP and GRA. In the pairwise comparison of the
importance of the indicators, the value of C.I. and C.R. was used to verify their progression
and consistency. In GRA models, experts evaluated the dimensions and indicators. The
research results are based on the opinions of the experts. This is the limitation of this
research and the research methods of FAHP and GRA, so this research was especially
commissioned by richly experienced experts filling the questionnaire.

Meanwhile, over half of the experts who participated in filling out the questionnaire
were Taiwanese professionals related to the visual design industry. Also, the age of the
experts participating in the survey ranged from 35 to 55 years. Among them, 81.44% were
male, and the rest were female. Hence, the results of this study are applicable to Taiwan'’s
visual design industry and can be used as an important reference and guide for Taiwan’s
visual design industry to achieve the SDGs in the future.

6. Conclusions

In this study, the dual perspective of visual design service providers and consumers
was analysed and evaluated using a hybrid MCDM approach.

In the FAHP model, consumers and visual design practitioners had basically the same
views on the ranking of aspects and indicators. Both believed that the environment is the
most important aspect for the visual design industry to achieve the SDGs. Meanwhile, SDG
13 and SDG 6 were unanimously recognised by consumers and visual design practitioners
as having an important impact on the sustainability of visual design in the FAHP model.

In the GRA model, consumers and visual design professionals had different opinions
on the ranking of dimensions and indicators. Consumers believed that society was the
most important aspect, while visual design professionals argued that the environmental
dimension was the most important for visual design sustainability. In addition, visual
design service providers believed that the top three indicators were SDG 10, SDG 15, and
SDG 4, while the consumers pointed out that SDG 3 was the most important indicator for
them, followed by SDG 13 and SDG 11.

The scientific contribution of this work presents the usefulness of the proposed hybrid
MCDM model and points out how such integrated methods (FAHP and GRA) can help to
understand the dual perspective of service providers and consumers for achieving visual
design sustainability. Practically, this study reveals that visual design practitioners can use
the decision-making model of this study to meet sustainable needs to reduce risks and
making informed decisions.

Overall, the integrated operations performed in this study were logically coherent,
practical, and functional. In addition to establishing a systematic and objective general
model of selection in the context of this study and reflecting the characteristics of the
conditions to meet practical needs, it can also serve as a reference for future studies in
similar fields.
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Appendix A
Table Al. Triangular fuzzy number matrix for the humanity criteria.
Perspective Service Providers
Indicators SDG 4 SDG 5 SDG 10 SDG 17 w;
SDG 4 (1,1,1) 1/3,1/2,1) (2,3,4) (1/4,1/3,1/2) 0.178
SDG 5 (1,2,3) 1,1,1) (3,4,5) (1/3,1/2,1) 0.293
SDG 10 (1/4,1/3,1/2) (1/5,1/4,1/3) 1,11 (1/6,1/5,1/4) 0.073
SDG 17 (2,3,4) 1,2,3) (4,5, 6) 1,1,1) 0.457
Total 1
Amax = 4.0511, C.I. = 0.0181, C.R. = 0.0202
Perspective Consumers
Indicators SDG 4 SDG 5 SDG 10 SDG 17 w;
SDG 4 1,1,1) 1,2,3) 2,3,4) (1/3,1/2,1) 0.285
SDG 5 1/3,1/2,1) 1,1,1) 1,2,3) (1/5,1/4,1/3) 0.154
SDG 10 (1/4,1/3,1/2) 1/3,1/2,1) 1,11 (1/4,1/3,1/2) 0.109
SDG 17 1,2,3) 3,4,5) 2,3,4) 1,11 0.451
Total 1
Amax = 4.0101, C.I. = 0.0337, C.R. = 0.0374
Table A2. Triangular fuzzy number matrix for the environment criteria.
Perspective Service Providers
Indicators SDG 6 SDG7 SDG 11 SDG 13 SDG 14 SDG 15 w;
SDG 6 (1,11 (1/5,1/4,1/3) (1/4,1/3,1/2) 1,2,3) (1/4,1/3,1/2) (1/4,1/3,1/2) 0.073
SDG 7 (3,4,5) 1,1, 1 (2,3,4) (3,4,5) (1,2,3) 2,3,4) 0.346
SDG 11 (2,3,4) (1/4,1/3,1/2) 1,1,1) (3,4,5) (1/3,1/2,1) (1/4,1/3,1/2) 0.133
SDG 13 1/3,1/2,1) (1/5,1/4,1/3) (1/5,1/4,1/3) 1,11 (1/5,1/4,1/3) (1/4,1/3,1/2) 0.053
SDG 14 (2,3,4) (1/3,1/2,1) 1,2,3) (3,4,5) 1,1,1) 1,1,1) 0.203
SDG 15 (2,3,4) 1/4,1/3,1/2) (2,3,4) (2,3,4) 1,1, 1) 1,1,1) 0.192
Total 1
Amax = 6.3099, C.I. = 0.062, C.R. = 0.05
Perspective Consumers
Indicators SDG 6 SDG7 SDG 11 SDG 13 SDG 14 SDG 15 w;j
SDG 6 (1,1,1) 1/4,1/3,1/2) 1,1,1) (2,3,4) (1/3,1/2,1) 1/4,1/3,1/2) 0.109
SDG7 (2,3,4) 1,1,1) 1,2,3) (3,4,5) (2,3,4) (2,3,4) 0.342
SDG 11 (1,11 (1/3,1/2,1) (1,11 (4,5, 6) (1,11 1,1,1) 0.165
SDG 13 (1/4,1/3,1/2) (1/5,1/4,1/3) (1/6,1/5,1/4) 1,1,1) (1/6,1/5,1/4) (1/5,1/4,1/3) 0.044
SDG 14 1,2,3) (1/4,1/3,1/2) 1,1,1) (4,5, 6) 1,1,1) (1,1,1) 0.167
SDG 15 (2,3,4) (1/4,1/3,1/2) (1,11 (3,4,5) 1,11 1,11 0.173
Total 1
Apax = 6.2712, C.I. = 0.0542, C.R. = 0.0437
Table A3. Triangular fuzzy number matrix for the economy criteria.
Perspective Service Providers
Indicators SDG1 SDG 8 SDG 12 w;
SDG 1 1,1,1) (1/4,1/3,1/2) (1/5,1/4,1/3) 0.123
SDG 8 (2,3,4) (1,1,1 (1/3,1/2,1) 0.334
SDG 12 (3,4,5) 1,2,3) 1,1,1) 0.543
Total 1

Amax = 3.0183, C.I. = 0.0091, C.R. = 0.0158
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Table A3. Cont.
Perspective Consumers
Indicators SDG 1 SDG 8 SDG 12 wj
SDG 1 1,1,1) 1,2,3) 4,5,6) 0.555
SDG 8 (1/3,1/2,1) (1,1,1) (3,4,5) 0.348
SDG 12 (1/6,1/5,1/4) (1/5,1/4,1/3) (1,1,1) 0.097
Total 1
Amax = 3.0246, C.I. = 0.0123, C.R. = 0.0212
Table A4. Triangular fuzzy number matrix for the society criteria.
Perspective Service Providers
Indicators SDG 2 SDG 3 SDG9 SDG 16 w;
SDG 2 (1,1,1) 4,5,6) 2,3,4) (3,4,5) 0.525
SDG 3 (1/6,1/5,1/4) (1,1,1) (1/5,1/4,1/3) (1/4,1/3,1/2) 0.070
SDG 9 (1/4,1/3,1/2) (3,4,5) (1,1,1) 1,2,3) 0.247
SDG 16 (1/5,1/4,1/3) 2,3,4) (1/3,1/2,1) (1,1,1) 0.158
Total 1
Amax = 41176, C.I. = 0.0399, C.R. = 0.0443
Perspective Consumers
Indicators SDG 2 SDG 3 SDG 9 SDG 16 wj
SDG 2 (1,1,1) (5,6,7) 4,5,6) (3,4,5) 0.600
SDG 3 (1/7,1/6,1/5) (1,1,1) (1/3,1/2,1) (1/5,1/4,1/3) 0.074
SDG 9 (1/6,1/5,1/4) 1,2,3) (1,1,1) 1,1,1) 0.144
SDG 16 (1/5,1/4,1/3) (3,4,5) 1,1,1) (1,1,1) 0.182
Total 1
Amax = 41107, C.I. = 0.0380, C.R. = 0.0422
Table A5. Normalised data of each dimension.
Perspective Service Providers
Expert No. Humanity Environment Economy Society
1 1.000 0.750 0.000 0.250
2 0.500 1.000 0.000 0.750
3 0.500 0.250 0.000 1.000
4 1.000 0.500 0.000 0.750
5 0.000 1.000 0.000 0.500
6 1.000 0.667 0.333 0.000
7 1.000 0.500 0.000 0.250
8 0.000 0.500 1.000 0.000
9 1.000 0.667 0.000 0.333
10 1.000 0.667 0.000 0.333
Perspective Consumers
Expert No. Humanity Environment Economy Society
1 0.200 0.600 0.000 1.000
2 0.667 1.000 0.667 0.000
3 0.667 0.667 0.000 1.000
4 0.571 0.714 0.000 1.000
5 0.500 0.833 0.000 1.000
6 0.500 1.000 0.000 1.000
7 0.600 0.800 0.000 1.000
8 0.333 0.667 0.000 1.000
9 1.000 0.667 0.000 0.333
10 0.750 0.875 0.000 1.000
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Table A6. Normalised data of each indicator.

Perspective Service Providers
Expert SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 0.500 0.375 1.000 1.000 0.875 0.625 0500 0.375 0.250 1.000 0875 0.750 0.875 1.000 0.875 0.375 0.000
2 0571 0.857 1.000 1.000 0.857 0.714 0571 0429 028 1.000 0.857 0.714 1.000 1.000 0.857 1.000 0.000
3 0.125 0.000 0.625 0.875 1.000 0.125 0250 0.500 0.000 0.750 0.875 0.125 0.750 0.125 0.250 0.000 0.000
4 0.167 0.333 0.833 0.833 0.667 0.667 0500 0.333 0.000 1.000 0.833 0.333 0.667 0.167 0.167 0.000 0.000
5 0.125 0.000 0.750 0.875 0.875 0.125 0.125 0.250 0.375 1.000 0.750 0.875 0.500 0.750 0.625 0.750 0.375
6 0.000 0.125 0.375 0500 0.125 0.750 0.625 0375 1.000 0.875 0.000 0.125 0.000 0.500 0.875 0.375 0.000
7 0.000 0.143 0.000 0.714 0.286 1.000 0571 0429 1.000 1.000 0.000 0.143 0.714 1.000 1.000 0.429 0.000
8 0.000 0.143 0.286 0571 0.286 0.857 0.714 0429 0.000 1.000 0.000 0.143 0.000 0.571 1.000 0.429 0.000
9 0250 0375 0125 0500 0.375 1.000 0.625 0375 1.000 0875 0250 0.000 0.375 0500 0.875 0.375 0.000
10 0.000 0.125 0.250 0500 0.250 0.750 0.625 0.375 0.375 1.000 0250 0.625 0.500 0.250 0.875 0.375 0.000
Perspective Consumers
Expert SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 0.125 0.000 1.000 0375 0.250 0.125 0.000 0.000 0.875 0500 0.625 0.125 0.750 0.250 0.125 0.250 0.000
2 0.714 0.143 1.000 0.286 1.000 0.857 0.714 0571 1.000 0.714 1.000 0.857 0.714 0.143 0.000 0.000 0.143
3 0.375 0500 1.000 0.625 0.750 0.125 0.125 0.000 1.000 0.875 1.000 0.250 1.000 0.125 0.125 0.000 0.000
4 0.167 0.000 1.000 0.167 0.000 0.000 0.333 0.167 0.833 0.333 0.667 0.667 0.500 0.000 0.000 0.167 0.333
5 0.000 0.125 0875 0375 0375 0250 0.125 0.000 1.000 0.625 1.000 0.750 1.000 0.000 0.000 0.000 0.000
6 0.000 0.125 1.000 0500 0.125 0.750 0.625 0.375 0.000 0.625 0.000 0.875 1.000 0500 0.875 0.375 0.000
7 0.000 0.125 1.000 0.625 0.250 0.875 0500 0.375 0125 0750 0.625 0.125 0875 0.875 0.875 0.375 0.000
8 0.000 0.125 1.000 0.125 0.250 0.000 0.625 0.375 0.250 0.500 0.750 0.125 1.000 0.000 0.000 0.375 0.000
9 0.333 0500 0.833 0.667 0.167 0.333 0.833 0500 1.000 0.667 0.833 0.000 1.000 0.667 0.167 0.500 0.000
10 0.000 0.167 0.667 0.667 0.667 0.500 0.833 0.500 0.500 0.667 1.000 0.833 1.000 0.333 0.167 0.500 0.000

Table A7. Deviation sequences of each dimension.

Perspective Service Providers

Expert No. Humanity Environment Economy Society
1 0.000 0.250 1.000 0.750
2 0.500 0.000 1.000 0.250
3 0.500 0.750 1.000 0.000
4 0.000 0.500 1.000 0.250
5 1.000 0.000 1.000 0.500
6 0.000 0.333 0.667 1.000
7 0.000 0.500 1.000 0.750
8 1.000 0.500 0.000 1.000
9 0.000 0.333 1.000 0.667
10 0.000 0.333 1.000 0.667

Perspective Consumers

Expert No. Humanity Environment Economy Society
1 0.800 0.400 1.000 0.000
2 0.333 0.000 0.333 1.000
3 0.333 0.333 1.000 0.000
4 0.429 0.286 1.000 0.000
5 0.500 0.167 1.000 0.000
6 0.500 0.000 1.000 0.000
7 0.400 0.200 1.000 0.000
8 0.667 0.333 1.000 0.000
9 0.000 0.333 1.000 0.667

—
o

0.250 0.125 1.000 0.000
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Table A8. Deviation sequences of each indicator.
Perspective Service Providers
Expert SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 0.500 0.625 0.000 0.000 0.125 0375 0500 0.625 0.750 0.000 0.125 0250 0.125 0.000 0.125 0.625 1.000
2 0.429 0.143 0.000 0.000 0.143 0286 0429 0571 0714 0.000 0.143 0.286 0.000 0.000 0.143 0.000 1.000
3 0.875 1.000 0375 0.125 0.000 0875 0.750 0.500 1.000 0250 0.125 0.875 0250 0.875 0.750 1.000 1.000
4 0.833 0.667 0.167 0.167 0333 0333 0.500 0.667 1.000 0.000 0.167 0.667 0333 0.833 0.833 1.000 1.000
5 0.875 1.000 0250 0.125 0.125 0875 0.875 0.750 0.625 0.000 0250 0.125 0.500 0250 0.375 0.250 0.625
6 1.000 0875 0.625 0.500 0.875 0.250 0375 0.625 0.000 0.125 1.000 0.875 1.000 0.500 0.125 0.625 1.000
7 1.000 0.857 1.000 0.286 0.714 0.000 0.429 0.571 0.000 0.000 1.000 0.857 0.286 0.000 0.000 0.571 1.000
8 1.000 0857 0.714 0429 0714 0.143 0286 0571 1.000 0.000 1.000 0.857 1.000 0.429 0.000 0571 1.000
9 0.750 0.625 0.875 0500 0.625 0.000 0.375 0.625 0.000 0125 0750 1.000 0.625 0500 0.125 0.625 1.000
10 1.000 0875 0.750 0.500 0.750 0.250 0.375 0.625 0.625 0.000 0.750 0.375 0.500 0.750 0.125 0.625 1.000
Perspective Consumers
Expert SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 0.875 1.000 0.000 0.625 0.750 0875 1.000 1.000 0.125 0.500 0375 0.875 0250 0.750 0.875 0.750 1.000
2 0.286 0.857 0.000 0.714 0.000 0.143 0286 0429 0.000 028 0.000 0143 0286 0.857 1.000 1.000 0.857
3 0.625 0500 0.000 0375 0250 0875 0.875 1.000 0.000 0.125 0.000 0.750 0.000 0.875 0.875 1.000 1.000
4 0.833 1.000 0.000 0.833 1.000 1.000 0.667 0.833 0.167 0.667 0333 0333 0500 1.000 1.000 0.833 0.667
5 1.000 0875 0.125 0.625 0.625 0.750 0.875 1.000 0.000 0.375 0.000 0250 0.000 1.000 1.000 1.000 1.000
6 1.000 0.875 0.000 0.500 0.875 0.250 0375 0.625 1.000 0.375 1.000 0.125 0.000 0.500 0.125 0.625 1.000
7 1.000 0.875 0.000 0375 0750 0.125 0.500 0.625 0.875 0250 0375 0.875 0125 0.125 0.125 0.625 1.000
8 1.000 0.875 0.000 0.875 0.750 1.000 0375 0.625 0.750 0.500 0.250 0.875 0.000 1.000 1.000 0.625 1.000
9 0.667 0500 0.167 0333 0.833 0.667 0.167 0.500 0.000 0333 0.167 1.000 0.000 0333 0.833 0.500 1.000
10 1.000 0.833 0.333 0.333 0.333 0.500 0.167 0.500 0500 0.333 0.000 0.167 0.000 0.667 0.833 0.500 1.000
Table A9. Grey rational coefficient of each dimension.
Perspective Service Providers
Expert No. Humanity Environment Economy Society
1 1.000 0.667 0.333 0.400
2 0.500 1.000 0.333 0.667
3 0.500 0.400 0.333 1.000
4 1.000 0.500 0.333 0.667
5 0.333 1.000 0.333 0.500
6 1.000 0.600 0.429 0.333
7 1.000 0.500 0.333 0.400
8 0.333 0.500 1.000 0.333
9 1.000 0.600 0.333 0.429
10 1.000 0.600 0.333 0.429
Perspective Consumers
Expert No. Humanity Environment Economy Society
1 0.385 0.556 0.333 1.000
2 0.600 1.000 0.600 0.333
3 0.600 0.600 0.333 1.000
4 0.538 0.636 0.333 1.000
5 0.500 0.750 0.333 1.000
6 0.500 1.000 0.333 1.000
7 0.556 0.714 0.333 1.000
8 0.429 0.600 0.333 1.000
9 1.000 0.600 0.333 0.429
10 0.667 0.800 0.333 1.000
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Table A10. Grey rational coefficient of each indicator.

Perspective Service Providers

Expert SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

50 0N oUW

0.500 0.444 1.000 1.000 0.800 0.571 0.500 0.444 0.400 1.000 0.800 0.667 0.800 1.000 0.800 0.444 0.333
0.538 0.778 1.000 1.000 0.778 0.636 0.538 0.467 0412 1.000 0.778 0.636 1.000 1.000 0.778 1.000 0.333
0364 0333 0571 0.800 1.000 0.364 0.400 0.500 0.333 0.667 0.800 0.364 0.667 0.364 0.400 0.333 0.333
0.375 0.429 0.750 0.750 0.600 0.600 0.500 0.429 0.333 1.000 0.750 0.429 0.600 0.375 0.375 0.333 0.333
0.364 0.333 0.667 0.800 0.800 0.364 0.364 0.400 0444 1.000 0.667 0.800 0.500 0.667 0.571 0.667 0.444
0333 0364 0444 0.500 0.364 0.667 0571 0444 1.000 0.800 0.333 0.364 0.333 0.500 0.800 0.444 0.333
0.333 0.368 0.333 0.636 0.412 1.000 0.538 0.467 1.000 1.000 0.333 0.368 0.636 1.000 1.000 0.467 0.333
0.333 0.368 0.412 0.538 0.412 0.778 0.636 0.467 0.333 1.000 0.333 0.368 0.333 0.538 1.000 0.467 0.333
0.400 0.444 0364 0500 0.444 1.000 0571 0.444 1.000 0.800 0.400 0.333 0.444 0.500 0.800 0.444 0.333
0.333 0.364 0.400 0.500 0.400 0.667 0.571 0.444 0.444 1.000 0.400 0.571 0500 0.400 0.800 0.444 0.333

Perspective Consumers

Expert SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

50 ®NOUl e WN e

0.364 0.333 1.000 0.444 0.400 0.364 0.333 0.333 0.800 0.500 0.571 0.364 0.667 0.400 0.364 0.400 0.333
0.636 0368 1.000 0.412 1.000 0.778 0.636 0.538 1.000 0.636 1.000 0.778 0.636 0.368 0.333 0.333 0.368
0.444 0500 1.000 0571 0.667 0.364 0.364 0.333 1.000 0.800 1.000 0.400 1.000 0.364 0.364 0.333 0.333
0.375 0.333 1.000 0.375 0.333 0.333 0429 0.375 0.750 0429 0.600 0.600 0.500 0.333 0.333 0.375 0.429
0333 0364 0.800 0.444 0.444 0400 0364 0.333 1.000 0.571 1.000 0.667 1.000 0.333 0.333 0.333 0.333
0.333 0.364 1.000 0.500 0.364 0.667 0.571 0.444 0.333 0571 0.333 0.800 1.000 0.500 0.800 0.444 0.333
0.333 0.364 1.000 0.571 0.400 0.800 0.500 0.444 0.364 0.667 0.571 0.364 0.800 0.800 0.800 0.444 0.333
0333 0364 1.000 0.364 0.400 0.333 0571 0444 0400 0.500 0.667 0.364 1.000 0.333 0.333 0.444 0.333
0.429 0.500 0.750 0.600 0.375 0.429 0.750 0.500 1.000 0.600 0.750 0.333 1.000 0.600 0.375 0.500 0.333
0.333 0.375 0.600 0.600 0.600 0.500 0.750 0.500 0.500 0.600 1.000 0.750 1.000 0.429 0.375 0.500 0.333
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