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The aim of this research is to find and prioritize a multicriteria performance measurement based on the balanced scorecard (BSC)
for oil and gas (O & G) companies in an uncertain environment using the hesitant fuzzy best-worst method (HFBWM). The O & G
industry has a key role in the economies of many countries. Hence, the evaluation of the performance of the O & G industry plays
an important role. We utilize BSC for this purpose, which usually considers the financial, customer-oriented, internal, learning-
oriented, and growth perspectives. In our research, the social responsibility perspective will be added. After finding multiple
performance measurements, many companies cannot implement all of them because of limited resources. Therefore, multicriteria
decision-making (MCDM) methods can be applied for prioritizing and selecting the most important measurement criteria. One of
the MCDM methods is the best-worst method (BWM). This approach has several advantages compared to other MCDM methods.
Due to uncertainties in decision-making, a suitable method for decision-making in an uncertain environment is necessary.
Hesitant fuzzy approaches are applied as one such uncertainty-based method in this research. Our results indicate that among the
five perspectives of BSC that we considered, the customer and internal process perspectives are the most important ones, and the
cost of the R & D indicator is the most important subcriterion among these.

1. Introduction

One of the main concerns of organizations is achieving a
comprehensive, reliable, and flexible performance appraisal
method to help them obtain accurate and sufficient infor-
mation about their position and learn from past mistakes by
looking to the future [1]. New approaches to organization
and management (customer orientation, quality orientation,
virtualization, etc.) also emphasize the double necessity of
the concept and subject of evaluation. Accurate, compre-
hensive, and purposeful monitoring and evaluation are

considered one of the most important facilitators of growth,
dynamism, and excellence in the field of management [2].
Evaluating the performance of organizations has always
been one of the main concerns of managers and their of-
ficials. Performance calculation helps organizations become
more transparent [3]. In fact, a performance measurement
system includes a diverse set of performance appraisal in-
dicators that relate to organizational strategies and provide
information about all components of the supply chain ([4],
398; [5], 5). One of the most popular and effective perfor-
mance appraisal systems is the balanced scorecard (BSC).
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BSC is a comprehensive, complete, and accurate perfor-
mance appraisal system for planning and monitoring an
organization’s progress toward achieving its goals ([6], 138;
(7], 360; [8], 73).

Over the years of research on performance appraisal,
researchers have presented numerous papers on BSC
methods and hybrid models. Hegazy et al. [9] provide a
detailed framework for supporting audit firms with BSC. The
results show that the development and application of the
proposed BSC measures improve the performance of audit
firms. Auditing firms have a better understanding of the
various performance factors and strategies and thus create a
competitive advantage. Aujrrapongpan et al. [10] evaluated
the performance of social hospitals in Thailand with the BSC
approach. The results of this study are presented as a five-year
comparison of performance evaluation indicators. Laury et al.
[11] analyze the strategic planning and strategic performance
of companies with BSC in a review article. Nazari-Shirkouhi
et al. [12] evaluated the performance of an educational in-
stitution with an integrated IPA-BSC approach. Tuan [13]
addressed the impact of BSC on performance in Vietnamese
bank branches. Akbarei et al. [14] used a combined approach
AHP-TOPSIS-BSC to evaluate the performance of bank
branches and provide ways to improve it. Karbassi Yazdi et al.
[15] have developed performance criteria for export agencies
with the DEA approach. Karbassi Yazdi et al. [16] also de-
veloped an analytical vision of performance for the company
using a combination of fuzzy clustering and DEA.

In the past, the most crucial performance measurement
was based on financial indicators [17, 18]. However, Kaplan
and Norton [19] pointed out that these indicators were not
solely responsible for the performance and that various
turther factors had an influence on it. Consequently, the BSC
was suggested. This model consists of four perspectives:
finance, customers, internal processes, and learning and
growth. In order to get to know the situation of their
company better and to find out its strengths and weaknesses,
managers may use BSC, which introduces a comprehensive
model for evaluating the company according to the men-
tioned four perspectives and relevant indicators [20, 21]. As
mentioned above, traditional BSC has four perspectives, but
Kaplan and Norton [22, 23] and Kaplan et al. [24] suggested
that companies could add other perspectives to BSC or
remove some of the suggested ones. To create new per-
spectives, the most crucial performance measurement
should be considered. One of the most important obligations
of oil and gas companies is to pay more attention to social
responsibility performance measurement, such as the pro-
tection of the environment.

After having extracted performance measurement in-
dicators, companies should implement measures for im-
proving these indicators. However, frequently, companies
do not have a sufficient budget, time, or staft to implement
these measures. Therefore, these performance measurement
indicators should be prioritized in order to focus on the most
important ones. There are many methods for prioritizing
items that are characterized by multiple criteria, especially
multiple criteria decision-making (MCDM) methods. These
methods can be classified into different categories. Methods
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based on a finite set of alternatives (or a decision matrix) are
usually denoted as multiple attribute decision-making
(MADM) [25]. Suitable methods usually involve either a
direct evaluation of alternatives (for instance, based on
assessing a utility function or some other scalarizing func-
tion) or making use of a pairwise comparison of alternatives
(such as the analytical hierarchy process (AHP) and the
family of outranking methods [26]).

In this paper, the best-worst method (BWM) is applied,
which belongs to the pairwise comparison methods. This
method has some benefits compared to other methods. In
particular, it needs less data for comparison, and the result is
more reliable than others [27, 28]. In our permanently
changing world, decision-makers (DMs) cannot accurately
judge. Based on this fact, DMs need a tool that helps them
identify their preferences. Fuzzy sets are an approach for
considering uncertainty. Methods using fuzzy sets can better
support decisions in an uncertain environment. Hesitant
tuzzy sets (HFS) (and hesitant fuzzy numbers, HEN) are one
of the respective approaches. In this paper, we suggest using
a modification of BWM based on HFS that can be used for
MADM problems under uncertainty and to help make a
decision. The respective approach is denoted as the hesitant
fuzzy best-worst method (HFBWM). The oil and gas in-
dustry are the most important industry in Iran, and most of
the budget of Iran depends on the revenues from the sale of
oil. By increasing the number of oil sales, a country can
create more job opportunities, decrease the Gini coefficient
(for obtaining an equal income or wealth distribution in
society), increase financial investments in the infrastructure,
and so on, and therefore this industry plays an important
role. For these reasons, evaluating the performance of the oil
and gas industry helps managers make better decisions for
improving the performance indicators.

The research questions of this research are about the
indicators of BSC in the oil and gas industry and which
perspectives and indicators have the highest priority. The
contribution of this paper is to prioritize the performance
measurement of oil and gas companies by HFBWM. As this
method is rather new, only a few papers have been published
about it so far, in terms of BSC and extended versions of
BSC. Another contribution of this study is applying a
combination of BWM and BSC to the oil and gas industry.
Also, a social responsibility perspective is added to the other
aspects considered in this model. The final contribution is
using real data for this research and data gathering based on
questionnaires filled in by experts in this industry.

Performance management is one of the crucial issues
among companies, especially in the O & G industry, due to
its strong impact on various fields such as economics,
healthcare, education, or infrastructure. Therefore, perfor-
mance management is essential for O & G companies to
design road maps to realize their vision.

This paper consists of the following sections: After the
introductory section, a literature review of BSC is presented
in Section 2. In Section 3, the best-worst method is pointed
out. Section 4 deals with the research methodology. Data
analysis and results are illustrated in Section 5. The final
section reveals the conclusions.
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2. Literature Review

2.1. Balanced Scorecard (BSC) and Multiattribute Decision-
Making (MADM). BSC is a tool for translating the strategy
of organizations into a common language, which can be
understood by the staff of a company. This model helps
managers and staff to find out where their company stands,
how far it deviates from the predetermined indicators
(benchmark values), why they do not achieve them, and how
to improve them. This method can be used to evaluate all
aspects of companies and uses cause-and-effect relationships
for the considered performance measurement. After the
introduction of this model, various directions of research
were investigated. In the following, we discuss research
based on a combination of BSC and MADM methods.

Yazdi et al. [25] evaluated the performance of Colom-
bian bank branches using a combined approach of BSC,
SWARA, and WASPAS. Heydariyeh et al. [29] combined the
BSC model and the fuzzy DEMATEL (DEcision MAking
Trial and Evaluation Laboratory) to present a new approach
to integrated strategy map analysis. Ajripour et al. [30]
developed a model for managing the performance of or-
ganizations using BSC, PROMETHEE, ELECTRE, and
TOPSIS methods. Ozdogan et al. [31] provide a model for
evaluating the performance of municipal services with a
combined approach of multiple decision methods. Var-
mazyar et al. [32] developed a novel hybrid MCDM model
for the performance evaluation of research and technology
organizations based on the BSC approach.

Dinger et al. [33] illustrated a model of BSC in the Eu-
ropean energy industry using a combination of fuzzy MCDM
methods. They combined the quality function deployment
(QFD) technique with fuzzy DEMATEL, fuzzy AHP, and the
fuzzy Technique for Order of Preference by Similarity to Ideal
Solution (TOPSIS). The result indicates which policy should
be selected and which policies should be changed accordingly.
Deng et al. [34] studied the combination of DEMATEL, the
analytic network process (ANP), a modified VIKOR
(VIseKriterijumska Optimizacija I Kompromisno Resenje)
approach, and BSC for evaluating Taiwanese companies. The
result pointed out that the customer perspective is the most
important one and that these companies should focus on
customer-oriented performance measurement. Lu et al. [35]
combined DEMATEL, ANP, and modified VIKOR in the
context of a sustainability-oriented BSC for evaluating in-
ternational airports. First, the relationship between key per-
formance indicators is determined by DEMATEL. Then,
DEMATEL-ANP is used for finding weights. Finally, the gap
between the current situation and the ideal situation is found
by the modified VIKOR method. The result demonstrated
that the airport’s image is the most important factor among
others. Also, the best airport is found. Dinger et al. [36]
revealed a combination of the BSC model with fuzzy
DEMATEL, fuzzy ANP, and the MOORA (Multiobjective
Optimization Method by Ratio Analysis) method. Fuzzy
DEMATEL and fuzzy ANP are used to find weights, and then
nine airline companies are prioritized by the MOORA
method. The result showed which airline company has a
proper performance. Zhao and Li [37] implemented BSC,

fuzzy Delphi, ANP, and fuzzy TOPSIS for thermal power
enterprises. First, performance measurements of BSC are
determined by fuzzy Delphi. Then, weights for the model are
obtained by ANP, and companies are ranked by fuzzy TOPSIS
and performance measurements. The result depicted a model
for the evaluation of companies using hybrid methods. Meena
and Thakkar [38] illustrated a model based on the combi-
nation of ISM and ANP for improving the BSC method for
finding performance measurements. Then, by using the ISM
method, relationships among them are shown. ANP was
applied for the purpose of finding priorities for these per-
formance measurements. Quezada and Lopez-Ospina [39]
depicted a method for drawing a strategy map of BSC by using
an MCDM method (AHP) and linear programming (LP). The
aim of using AHP and LP methods is to minimize the number
of selected relationships while maximizing their total im-
portance in selecting relationships. The result shows the trade-
off between these aspects and designing a strategy map of
BSC. Rabbani et al. [40] investigated sustainability using BSC
and MCDM methods, considering linguistic variables in the
oil and gas industry. They considered five perspectives such as
economics, environment, social, internal process and growth,
and the learning perspective. In this research, the criteria and
subcriteria of BSC are defined first. Then, weights for them
were obtained by the ANP method. Fuzzy COPRAS
(COmplex PRoportional ASsessment of alternatives) is used
for finding the best strategy. Shafiee et al. [41] designed a
model for evaluating SCM performance by data envelopment
analysis (DEA), DEMATEL, and BSC. First, based on four
BSC perspectives, performance indicators were created. Then,
the relationship among the performance measurements was
determined by DEMATEL. Finally, Iranian food companies
were evaluated in a case study using the network DEA and
BSC methods.

Rezaei et al. [42] measured the port performance using
the best-worst method. They stated that costs and times of
transportation in the supply chain are the most important
factors. Galankashi et al. [43] discussed a hybrid model of
BSC and fuzzy AHP for supplier selection in the automobile
industry. First, for each supplier, a BSC model was designed,
and after that, the performance measurements of each
supplier were ranked by fuzzy AHP to find the best supplier.
Lin [44] studied the implementation of BSC and a closed-
loop ANP together with a fuzzy Delphi method in the higher
education sector. They used fuzzy Delphi and ANP to find
relationships in the closed-loop structure. Abo-Hamad and
Arisha [45] illustrated a model of BSC with the analytical
hierarchy process (AHP) and a simulation for measuring the
performance of emergency departments. The result indi-
cated how one could improve the efficiency of the processes
by using these methods. Bhattacharya et al. [46] measured
the performance of a green supply chain by using fuzzy-ANP
and a balanced scorecard. Fuzzy-ANP was used to rank the
BSC perspectives and performance measurements. The re-
sult showed how a supplier’s performance could be aligned
with industry standards. Khairalla et al. [47] depicted a
model for an outsourcing strategy based on ANP and BSC.
In this research, after finding performance measurements,
these were ranked by ANP for identifying the best strategies.
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After that, sensitivity analysis is used for increasing the
robustness of the model. Hsu et al. [48] implemented fuzzy
Delphi, ANP, and sustainable BSC for the semiconductor
industry. They used a revised BSC with sustainability,
stakeholders, internal business processes, and learning and
growth perspectives. Then, performance measurements were
extracted by fuzzy Delphi. Finally, perspectives and per-
formance measurements were ranked by ANP. The result
indicated that the sustainability perspective and some per-
formance measurements had high priority.

Bazrkar et al. [49] depicted a model for customer sat-
isfaction with a combination of BSC and Lean Six Sigma
(LSS). First, BSC perspectives and indicators are extracted.
Then, data envelopment analysis (DEA) is implemented for
selecting indicators. Finally, the Define, Measure, Analyze,
Improve, and Control (DMAIC) cycle is applied for im-
proving the quality of the process. The results pointed out
that sigma levels increased and the time of processes de-
creased. Wang and Chien [50] illustrated a hybrid model of
BSC and DEA for Taiwanese companies. First, the perfor-
mance measurement of the BSC model is set as the inputs
and outputs of the model. Then, companies’ performances
are determined by DEA. Wu and Liao [51] used BSC and
DEA for evaluating airline companies. They extracted inputs
and outputs from the model based on BSC, and then 38
airline companies were evaluated by the DEA method.

Tizroo et al. [52] designed a model of BSC and Inter-
pretive Structural Modeling (ISM) in the steel industry. They
found a relationship between the criteria and subcriteria of
BSC. The results indicated how strategies for this industry
can be formulated based on the results of the ISM and BSC.
The result showed how this approach helps the stakeholders
to make better decisions. Linet al. [53] used hierarchical BSC
with fuzzy linguistics in hospitals. After determining per-
formance measurements of BSC, fuzzy linguistics is applied
for developing the model. The result indicated how man-
agement might use a new approach for the design and
implementation of a new strategy in their organizations.

Kaviani et al. [54] used gray numbers while considering
hybrid MADM methods for ranking suppliers in the O & G
industry. Yazdi et al. [55] used hybrid MADM methods using
Z-numbers for evaluating suppliers in the O & G industry.

2.2. Hesitant Fuzzy Sets (HFSs) and MADM. Various studies
show the importance and reliability of HFS for decision-
making under uncertainty and considering the complexity
of organizations. Alcantud et al. [56] have introduced
hesitant fuzzy sets as a new method. Tiiystiz and Simsek [57]
used an AHP method based on hesitant fuzzy sets to evaluate
the performance of a shipping company in Turkey. Divsalar
et al. [58] developed the DANP technique using interval-
valued hesitant fuzzy elements (IVHFEs). Zhai [59] has
proposed the hesitant fuzzy linguistic preference relations
(HLPRs) method for the performance evaluation of wireless
sensor networks. The research findings shed new light on the
selection, performance selection, and promotion of wireless
sensor networks. Pérez-Dominguez et al. [60] focused on
performance appraisal in a manufacturing company using a
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combination of TOPSIS and hesitant fuzzy linguistic term
set (HFLTS) models. Using this method, they presented a
model for lean manufacturing (LM). Liao et al. [61] used the
hesitant fuzzy linguistic BWM method to evaluate the
performance of hospitals. They state that the proposed
method is more effective than the hesitant fuzzy AHP
method. Liu et al. [62] used a combination of probabilistic
hesitant fuzzy elements (PHFE) and MADM methods for
the selection of venture capital investment projects. Candan
[63] focuses on the efliciency and performance of economic
research in 15 OECD countries using bibliographic elements
for the period 2010-2017. There are seven criteria that are
thought to affect the efficiency and performance of economic
research. In this study, he used the hesitant fuzzy AHP and
the OCRA method. Gong et al. [64] presented a new in-
tegrated approach using LHF-TODIM and BWM for E-
learning website evaluation and selection. The results show
that the proposed method is more effective. Meng et al. [65]
introduced a new model using a combination of dual hes-
itant fuzzy preference relations (DHFPRs) and provided a
new group decision-making method. Lin et al. [66] used a
combination of probabilistic hesitant fuzzy best-worst
(PHFBW) and MULTIMOORA for prioritizing distributed
stream processing frameworks for IoT applications.

2.3. Our Proposed Method. Based on categorizing the pre-
vious research, methods for this subject can be divided into
hybrid MADM methods, pairwise comparison methods,
DEA methods, and soft computing methods. Some of these
methods are based on fuzzy numbers. In one of the previous
studies [42], they used BWM for BSC. In some other re-
search, authors used fuzzy numbers in their research.

However, in this paper, the first traditional BSC method
is transferred in to revised BSC method. Then, BWM is
combined with hesitant fuzzy sets. These changes are not
apparent in the previous research. Table 1 summarizes the
methods used in previous studies.

According to Table 1 and the abovementioned review,
many papers have been published about BSC, and it is the
most popular topic among researchers. In this research, we
suggest using a new MADM method based on HFS in
combination with BSC, which helps to design a road map for
supporting decision-makers and improves some weaknesses
of previous studies.

3. Multicriteria Decision-Making in an
Uncertain Environment

3.1. The Best-Worst Method. Many MCDM methods help
decision-makers in making better decisions. One of the new
approaches in the area of MCDM methods is the Best-Worst
Method (BWM). This model belongs to the methods based
on a finite set of alternatives (also denoted as multiple at-
tribute decision-making, or MADM) and uses pairwise
comparisons for finding weights of alternatives. Rezaei [27]
introduced this model. The method compares vectors rep-
resenting the criteria values of alternatives on a pairwise
basis for the purpose of finding out which of these vectors is
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most beneficial (or the best vector). This model is based on
the nonlinear minimax model for computing the maximum
absolute difference in weight ratios and minimizing the
corresponding comparison. For finding weights of alter-
natives by BWM, the following steps are needed:

Step 1. Criteria and alternatives of the model are as-
sumed to be specified. Criteria are denoted as
C={c1,¢p - 0Cy}

Step 2. The type of criteria is determined. The criteria
can be best or worst criteria (criteria to be maximized or
minimized).

Step 3. Determine the relative preferences of the best
criterion (denoted as B) in comparison to all other
criteria based on a 1-9 scale. The preferences for the
best criterion B are indicated as Ag= (ag,
agy, .. .>0ap,). It is obvious that azp = 1.

Step 4. Determine the relative preferences of the worst
criterion (denoted as W) in comparison to all other
criteria based on a 1-9 scale. The preferences of worst
criterion W are indicated as A, = (dy;> Aups - - - > Ayp)-
It is obvious that a,,, = 1.

Step 5. Final weights are obtained based on the fol-
lowing approach. These weights are shown as
(w},w3,...,wp).

The maximum absolute differences |wp/w; — ag;| and
lw;/w,, — a,;| will be minimized for all j, such that the ratio
of weights best corresponds to the relative preferences. The
following equation shows this computation:

}

— awj

(1)

w; >0, forall j.

This model can be rewritten as follows:

min &

s.t.

wB .
— —ag;| <& forall
w, agj| <&, forall j
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<¢, forall j

w
7_awj

ijzl

j

w; 20, forall j. (2)

3.2. Hesitant Fuzzy Sets. Let X represent a reference set. A
hesitant fuzzy set of X is defined by a function h on X that
returns a subset of [0, 1].

We usually consider cases where / (x) is a finite set [67].
Special cases of h (x) are as follows:

empty set: h(x) ={0}forallx € X,
full set: h(x) ={1}forallx € X,

(3)
complete ignorance: x € X, h(x) =[0,1],

nonsence set: h(x) = .

p(x) =1and p(x) = 0 point out the empty and full sets,
which should not be confused with nonsense situations or
complete ignorance.

For a fuzzy set with membership function g on the
reference set [0, 1], we can use hesitant fuzzy sets to rep-
resent the inverse function of y, i.e., the hesitant fuzzy set
h(x) is defined by h(x): = ! (x) or, respectively,

h(x): ={a|la e X,u(a)=x}. (4)

Hesitant fuzzy sets can also be constructed from several
fuzzy sets: considering a set of N membership functions,
M = {y,,...,uy}. The hesitant fuzzy set of M, hy,, is then
defined as

hy (%) = U e {u (0} (5)

This concept can be used in group decision-making
when experts or DMs are evaluating a set of alternatives. In
this case, M represents the preferences or opinions of the
DMs for each of the alternatives, and then h,; represents the
opinions of all of them.

Assume h,, h,, and h, are HFS. Typical operations on
HES are as follows:
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lowerbound : i~ (x) = min h(x),

upper bound : " (x) = max h(x),
a — upper bound : h; (x) ={h € h(x)}lh=a},
a —lowerbound : h, (x) ={h € h(x)|h < a},
complement : h° (x) = U ¢0{l = v}, (6)
union : (h; Uh,) (x) ={h € (h; (x)Uh,(x))|h>max(h;,h;)},
or, equivalently (h; Uh,) (x) = h, (x) Uh, (x)):for a = max (h,, k),
intersection : (h; Nh,) (x) ={h € (h; (x)Nhy(x))|h<min(h],h)},
or, equivalently (h; N h,) (x) = hy (x) Uh, (x)):fora = min (h}, k).

The idea behind this definition is as follows: whenever we
have two hesitant fuzzy sets, if a hesitant fuzzy set is a
possible set of alternatives, for all x, the lower bound of
hy Uh, is the largest of the two h7, h;. The definition of an
intersection follows a similar consideration.

Assume that h;, h,, and h, are HFS. According to Torra
and Narukawa [67] some properties are as follows:

complement: (k)" = h. (7)

HFS is a kind of fuzzy type 2 approach [67]. For a HFS h,
a corresponding fuzzy type 2 set can be defined as follows
(note the typo in Torra and Narukawa [67]):

1, ify € h(x),

2 _
u(x)(y) = { 0, ify ¢ h(x) (8)

There are various methods for transferring an HFS
number to a crisp number.

In this paper, equations (9) and (10) are used for
obtaining crisp number.

a: lower bound
b: middle value

¢: upper bound
When we have three numbers, the formula is

+b+
crisp number = arore 9)

and when there are a and c only,

a+c
crisp number = — (10)

4. Research Methodology

4.1. Social Responsibility Perspective. After the introduction
of BSC, many papers were published about it based on the
four traditional perspectives. However, rapid changes in the
environment caused changes to this model. One of the new
perspectives of BSC is social responsibility [68-70]. The oil
and gas industry in Iran should focus on general aspects of
society, e.g., preventing environmental pollution, etc.
Therefore, social responsibility plays a crucial role in society.

4.2. Research Procedure. The research procedure is shown in
Figure 1.

Figure 1 shows that this research starts with the design of
the strategic plan. After that, based on strategic planning,
performance measurements are extracted. In the next step,
the questionnaires based on these performance measure-
ments and BWM are created. Then, the questionnaires are
distributed among experts in the oil and gas industry in Iran.
After gathering those, the responses are prioritized by
HFBWM with related software, which ranks these perfor-
mance measurements. The results indicate which of these
performance measurements and perspectives have high and
which have low priority. The important point is that the
present study is not a cause-and-effect relationship that goes
through a statistical process and requires hypothesizing for
analysis. Rather, the research approach is to use a combi-
nation of multicriteria decision-making methods and a new
concept for prioritizing performance criteria in the oil and
gas industry, which can be well adopted in the strategic
planning approach.

4.3. The Reasons for Choosing HFBWM. As mentioned, there
are many methods for MCDM, and numerous related papers
are being published [71]. Each of these methods has its
strengths and weaknesses. BWM has some strengths in
comparison to other methods, especially other pairwise
comparison methods. First, it requires fewer comparisons
compared to other methods. Second, it provides a more
consistent comparison compared to other methods [27, 28].

Hesitant fuzzy sets with the ability to model inaccurate
information can be used widely and efficiently in decision-
making. In general, in decision-making situations, there are
several alternatives, and the goal is to evaluate these options
by considering different criteria and then finally select and
use the best alternative for the desired purpose. Therefore,
the evaluation aspect of these alternatives and the infor-
mation that is collected about them are important. Basically,
several criteria are determined, and a number of experts are
asked to comment on each of the alternatives regarding the
chosen criteria. Any expert may hesitate to determine the
extent to which an alternative satisfies each of the criteria.
Instead of a membership value as for a traditional fuzzy set,
experts possibly prefer to determine nonmembership
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FIGURE 1: Research methodology.

(intuitionistic fuzzy set) or a set of membership values. This
may be due to the expert’s skepticism about collecting in-
formation and selecting the most appropriate alternative
based on that information.

Thus, today there are many methods based on uncer-
tainty that help managers to make accurate decisions. One of
them that is suitable for MADM methods is HFS. The
difference between HFS and other fuzzy methods is that
DMs can tell the degree of uncertainty by the hesitant fuzzy
situation. It helps DMs describe the degree of their uncer-
tainty and ultimately leads to a better-founded decision. The
combination of HFS and BWM, demonstrates that by using
BWM the computation is reasonable despite the increase in
accuracy. In addition, FHBWM better supports dealing with
uncertain data, which is a common situation when dealing
with real decision-makers.

4.4. Software of BWM. For finding weights using BWM, the
related software LINGO is used. This software solves the
linear programming model related to BWM.

4.5. Data Gathering. After defining performance measure-
ments for these companies (e.g., based on suggestions in the
literature and company-specific suggestions), questionnaires
based on these performance measurements and BWM were
designed. Then, these questionnaires were distributed
among twelve top and middle managers of the respective
companies. After gathering the data, the number that has the
highest frequency among DMs preferences (the mode value)
is selected as the final response. Table 2 shows the infor-
mation about the DMs.

4.6. Hesitant Fuzzy Numbers. In this section, the DMs’
opinions on their preferences based on hesitant fuzzy
numbers are shown in Table 3. The table shows how the crisp
preferences of DMs are transferred into hesitant fuzzy sets.

4.7. Information about the Sample Population. The compa-
nies considered in this research are large companies, i.e.,
companies with more than 1500 employees. There are quite a
few companies that can be categorized as large, but un-
fortunately, only seven companies provided the information
to us. Most locations of O & G sites are in the south of Iran;
however, their headquarters are in Tehran. In addition, they
were required to keep their names confidential.

5. Data Analysis and Results

First, performance measurement indicators from all five
perspectives are extracted. Table 4 shows these performance

measurements. Note that actual measurements of these
indicators are not required at this point in our analysis.

The weights, the preferences of the DMs for all per-
spectives of the model, and the results are shown in
Tables 5-7. First, according to Table 3, the DMs specified
their preferences related to the variables. Based on equation
(2), the linear model of BWM is then created. The HFS
numbers are transferred to crisp numbers according to
equations (9)-(10). The respective optimization model is
shown in Appendix (A.1).

Table 5 presents the best perspective of the BSC model
compared with the other perspectives based on the DM’s
preferences.

In Table 6, the worst perspective of the BSC model is
compared with the other perspectives based on the DM’s
preferences. In Table 7, the final weights and the ranks of the
perspectives are shown.

This means that among the five perspectives, the internal
processes and learning and the customer perspectives have
the highest priority. Thus, by improving processes and fo-
cusing on supply chain aspects, the performance of the
organization will be enhanced. Besides, customers have a
high impact on the performance of oil and gas companies.
The second most important perspective is the financial
perspective. It shows that financial issues have strong effects
on oil and gas companies. The learning and growth per-
spective is the third most important perspective. This result
indicates that oil and gas companies may focus somewhat
less on this issue. The least important perspective is social
responsibility, but companies still adhere to environmental
and social principles. The weights and preferences of DMs
for financial performance measurement of the model, as well
as the results, are shown in Tables 8-10. The respective
optimization model is shown in Appendix (A.2).

In Table 8, the best performance measurement from the
financial perspective is compared with the other perfor-
mance measurements based on the DM’s preferences. In
Table 9, the worst performance measurement from the fi-
nancial perspective is compared with the other performance
measurements based on the DM’s preferences. Table 10
shows the final weights and the ranks of the perspectives
C11-C14.

In the financial perspective, total assets are the first and
most important performance measurement. The second
most important performance measurement is income; thus,
oil and gas companies look forward to increasing it. The next
performance measurement is debt that means companies are
attempting to decrease it. The least important performance
measurement is the total cost. It indicates oil and gas
companies are not very concerned with total costs. The
weights and the preferences of the DMs for customer per-
formance measurements of the model, as well as the result,
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TaBLE 2: Information about DMs.

DM 1 2 3 4 5 6 7 8 9 10 11 12
Experience 26 28 29 31 28 29 30 34 33 26 27 29
Education PhD MSc BSc BSc MSc PhD MSc BSc PhD MSc PhD PhD

TaBLE 3: Linguistic variables [72].

Crisp number 1 2 3 4 5 6 7 8 9
(0.1, (0.1, (0.2, (0.3, (0.4, (0.5, (0.6, (0.7,

HE number 01,02) 02,03) 03,04) 04,05 0506 0607 07,08 0809 50D

Linguistic Very very Fair- . Very very

variables low Very low Low Moderate moderate Fair good Good Very good good

TABLE 4: Perspectives and performance measurements of the model.

Perspective

Performance measurements

Finance (C1)
Customer (C2)

Internal process (C3)
Learning and growth
(C4)

Social responsibility

Total assets (C11), total costs (C12), income (C13), debt (C14)
Responsibility rate (C21), customer satisfaction rate (C22), sales volume (C23), number of participations in trade

fairs (C24)

Cost of R & D (C31), number of improvement processes (C32), improvement of the supply chain (C33)
Motivation (C41), rate of absence (C42), training hours (C43), number of staff suggestions (C44)

Number of accepted international standards (C51), budget allocated for the protection of environment (C52),

(C5) budget for improving social aspects in society (C53)

TaBLE 5: The preferences of the DMs for the best perspectives.

Criteria Cl1 C2 C3 C4
C5 4 6 7 5
HFN (0.3, 0.4, 0.5) (0.5, 0.6, 0.7) (0.6, 0.7, 0.8) (0.4, 0.5, 0.6)

TaBLE 6: The preferences of the DMs for worst perspectives.

o) HEN
Cl 7 (0.6, 0.7, 0.8)
C3 3 (0.2, 0.3, 0.3)
C4 5 (0.4, 0.5, 0.6)
C5 8 (0.7, 0.8, 0.9)

TaBLE 9: The preferences of the DMs for the worst financial
performance measurement.

C11 HEN
C12 8 (0.7, 0.8, 0.9)
C13 7 (0.6, 0.7, 0.8)
Cl14 7 (0.6, 0.7, 0.8)

TaBLE 7: Final weights and ranks of the perspectives.

C1 C2 C3 C4 C5
Weights 0.224 0.276 0.276 0.196 0.148
Rank 2 1 1 3 4

TaBLE 8: The preferences of the DMs for the best financial per-
formance measurement.

Criteria Cl1 C13 Cl4
C12 8 4 5
HEN (0.7, 0.8, 0.9) (0.3, 0.4, 0.5) (0.4, 0.5, 0.6)

are shown in Tables 11-13. The respective optimization
model is presented in Appendix (A.3).

In Table 11, the best performance measurement from the
customer’s perspective is compared with the other perfor-
mance measurements based on the DM’s preferences. In

TaBLE 10: Final weights and ranks of financial performance
measurement.

Cl11 C12 C13 Cl4
Weights 0.3 0.177 0.284 0.244
Rank 1 ! 2 3

TaBLE 11: The preferences of the DMs for the best customer
performance measurement.

Criteria c22 23 C24
21 5 7 9
HFN (0.4, 0.5, 0.6) (0.6, 0.7, 0.8) (0.9, 0.9, 1)

Table 12, the worst performance measurement from the
customer perspective is compared with the others based on
the DM’s preferences. Table 13 shows the final weights and
the ranks of the perspectives C21-C24.

85UR0 17 SUOWILLIOD BAIER1D) 3|edl|dde 3y} Aq pausenob 82 s3jole O '8N J0 s3I 10y AReiq1T 3UIIUO AS]IM UO (SUO I IPUOD-PL-SWLISYW0D" A | 1M AReq)1 U1 UO//STNY) SUORIPUOD Pue SWie | 33 89S *[S202/T0/yZ] Uo Afelqiauliuo AB|IM ‘feq 8 iwepexy ayas 1 ezemuyds Aq 6..6T0T/220Z/SSTT OT/I0p/L00 A8 | M Alelq 1 puI|UO//SARY WO PBPeOIUMOq ‘T ‘2202 ‘6292



10 Mathematical Problems in Engineering
TaBLE 12: The preferences of the DMs for the worst customer performance measurement.
C24 HEN
c21 9 (0.9, 09, 1)
c22 8 (0.7, 0.8, 0.9)
C23 7 (0.6, 0.7, 0.8)
TaBLE 13: Final weights and ranks of customer performance measurement.

C21 C22 C23 C24
Weights 0.21 0.261 0.209 0.32
Rank 3 2 1

Participation in trade fairs is the most important factor. It
means that attending these fairs is particularly important for
oil and gas companies. The second most important perfor-
mance measurement is sales volume. If oil and gas companies
want to increase the export rates of their products, smaller
amounts of their products should be sold in their home
country. Therefore, decreasing home sales not only helps to
increase the export of products but also supports the pro-
tection of the environment. The third performance mea-
surement is the responsibility indicator, which shows that oil
and gas companies should address customer needs better and
faster. The least important performance measurement is
customer satisfaction. It means that customer satisfaction
with oil and gas companies does not need to be significantly
improved. The weights and the preferences of DMs for in-
ternal process performance measurements of the model, as
well as the result, are shown in Tables 14-16. The respective
optimization model is shown in Appendix (A.4).

In Table 14, the best performance measurement from the
internal process perspective is compared with the other
performance measurements based on the DM’s preferences.
In Table 15, the worst performance measurement from the
internal process perspective is compared with the others
based on the DM’s preferences. Table 16 shows the final
weights and the ranks of perspectives C31-C33.

The most important performance measurement of the
internal process perspective is the cost of R & D. This priority
points out that these companies need to spend more money
on R & D in order to create new products, services, etc. The
improvement of the supply chain is the second most im-
portant performance measurement. It means that this
performance measurement is very important because any
interruption in the supply chain may cause various prob-
lems, such as interruptions in public or private trans-
portation, problems in production, and subsequently
problems in social conditions. It is also of predominant
importance for the economic success of a company. The least
important performance measurement is the improvement of
the supply chain. The weights and the preferences of the
DMs for learning and growth performance measurements of
the model and results are shown in Tables 17-19. Appendix
(A.5) presents the respective optimization model.

In Table 17, the best performance measurement from the
learning and growth process perspective is compared with
the remaining criteria based on the DMs’ preferences. Ta-
ble 18 shows the respective comparison results of the worst

performance measurement of learning and growth com-
pared with the other performance indicators based on the
DM’s preferences. The final weights and ranks of perspec-
tives C41-C44 are presented in Table 19.

The number of employee suggestions is the first per-
formance measurement of the learning and growth per-
spective. It shows that these companies should pay sufficient
attention to the suggestions of their employees. Motivation
is the second most important performance measurement.
This indicates that the focus of the oil and gas companies
should also be on motivation. The rate of absence is the third
performance measurement. It means that oil and gas
companies should analyze the reasons and factors for their
employees’ absences and then develop appropriate im-
provement programs for them. Training hours are the least
important performance measurement. This means that for
these companies, it is not important to pay more attention to
the training and further education of their employees. The
weights, the preferences of DMs for social responsibility
performance measurements of the model, and the results are
shown in Tables 20-22. The respective optimization model is
shown in Appendix (A.6).

In Table 20, the best performance measurement from the
social responsibility process perspective is compared with
the other performance measurements based on the DM’s
preferences. In Table 21, the worst performance measure-
ment of the social responsibility process perspective is
compared with the others based on the DMs’ preferences.

In Table 22, the worst performance measurement from
the social responsibility process perspective is compared
with the other performance measurements based on the
DMs’ preferences.

The number of accepted international standards is the
most important performance measurement. It shows that
standards relating to management, quality, and environ-
mental aspects are very important for these companies and
that they must focus on that. The second performance
measurement is the budget for the protection of the envi-
ronment. It shows that it is of great importance for oil and
gas companies to allocate budgets for environmental pro-
tection and that these should possibly be increased. The
budget for improving social aspects of society is the final and
least important performance measurement. It illustrates that
oil and gas companies do not need to care much about their
respective budgets (e.g., the support of football teams). The
final weights of the model are shown in Table 23.
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TABLE 14: The preferences of DMs for the best internal process performance measurement.
Criteria C31 C33
C32 2 7
HEN (0.1, 0.2, 0.3) (0.6, 0.7, 0.8)
TaBLE 15: The preferences of the DMs for the worst internal process performance measurement.
C33 HEN
C31 8 (0.7, 0.8, 0.9)
C32 7 (0.6, 0.7, 0.8)
TaBLE 16: Final weights and ranks of the internal process performance measurement.
C31 C32 C33
Weights 0.414 0.184 0.402
Rank 1 3 2
TaBLE 17: The preferences of the DMs for the best learning and growth performance measurement.
Criteria C41 C42 C44
C43 5 8 3
HEN (0.4, 0.5, 0.6) (0.7, 0.8, 0.9) (0.2, 0.3, 0.4)
TaBLE 18: The preferences of DMs for the worst learning and growth performance measurement.
C44 HFN
c41 9 (0.9, 0.9, 1)
c42 8 (0.7, 0.8, 0.9)
C43 8 (0.7, 0.8, 0.9)
TaBLE 19: Final weights and ranks of learning and growth performance measurement.
C41 C42 C43 C44
Weights 0.287 0.229 0.172 0.312
Rank 2 3 4 1
TaBLE 20: The preferences of the DMs for the best social responsibility performance measurement.
Criteria C51 C53
C52 8 7
HEN (0.1, 0.2,0.3) (0.6, 0.7, 0.8)
TaBLE 21: The preferences of the DMs for worst social responsibility performance measurement.
C51 HFN
C52 8 (0.7, 0.8, 0.9)
C53 5 (0.4, 0.5, 0.6)
TaBLE 22: Final weights and ranks of the social responsibility performance measurement.
C51 C52 C53
Weights 0.4 0.271 0.329
Rank 1 3 2
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TaBLE 23: Final weights of performance measurement.
Perspectives Perspective weights Performance measurements Relative weights Final weights Ranking
Cl11 0.3 0.067 5
C12 0.177 0.040 16
¢l 0.224 C13 0.284 0.064 6
C14 0.244 0.055 12
C21 0.210 0.058 9
C22 0.261 0.072 4
€2 0.276 C23 0.209 0.058 10
C24 0.320 0.088 3
C31 0.414 0.114 1
C3 0.276 C32 0.184 0.051 13
C33 0.402 0.111 2
C41 0.287 0.056 11
C42 0.229 0.045 15
i 0.196 C43 0.172 0.034 18
C44 0.312 0.061 7
C51 0.400 0.059 8
C5 0.148 C52 0.271 0.040 17
C53 0.329 0.049 14

6. Conclusions

Today, many companies need to measure their performance
because of the increasing importance of efficiency due to
strong competition. For managers, it would be ideal to
supervise performance measurement through a dashboard,
like in an airplane, which shows all relevant aspects of the
plane such as speed, altitude, fuel, and so on. Performance
measurement should transparently show where a company
stands and what its strengths and weaknesses are. There are
many methods for measuring the performance of compa-
nies. One of the well-known methods is balanced scorecards.
This method points out all relevant aspects for the evaluation
of an organization according to performance criteria related
to, e.g., finance, customers, internal processes, and learning
and growth perspectives. By further developing companies,
new concepts are added to the BSC’s perspectives. One of
them is social responsibility. After the introduction of BSC,
many companies are attempting its implementation in their
organizations. However, in many cases, they fail in imple-
mentation. One reason is that they need to prioritize the
perspectives and performance measurements of BSC. Many
methods are available for prioritization. One of these
methods is the Best-Worst Method (BWM), which belongs
to the family of pairwise comparison methods. This model
has some advantages compared to other pairwise compar-
ison methods, such as fewer comparisons and better con-
sistency. In our paper, we suggested using this method in a
fuzzy form, the hesitant fuzzy best-worst method
(HFBWM), to consider uncertainties.

The oil and gas industry are the first and most important
industry of Iran. Most of the budget in Iran depends on oil
and gas, and many people use the products of these com-
panies. Also, the oil and gas industry play a key role in the
production of electricity for both houses and factories. For
these reasons, it is particularly important for these com-
panies to focus on their performance. The result of this

research is based on DMs’ judgment. As pointed out in
Section 4.5, we need to elicit the preferences of DMs as
required by BWM. The research and results are completely
based on the viewpoints of DMs, which were obtained from
questionnaires. For filling in these questionnaires, 12 DMs
were selected. The definition of DM in this research is that
they should have much knowledge about the oil and gas
industry and should be top persons in this field. Also, they
need to have more than 25 years of experience in this field.
This selection helps ensure that DMs can reliably specify
their preferences based on their experiences. As a conse-
quence, the results of BWM can also be considered reliable.
In this paper, a combination of BWM and BSC is applied to
design a new and accurate model for BSC. First, perfor-
mance measurements are extracted from the strategic
planning of oil and gas companies. These are then prioritized
based on BWM. Finally, the ranking shows which perfor-
mance indicators are important and which are less im-
portant. The result indicates that, among the five
perspectives, customers and internal processes are the most
important ones. Customers of the oil and gas industry are
divided into internal and external customers. When suffi-
cient focus and facilities are provided for them, the number
of external customers may increase significantly, along with
the respective revenues, which will help the progress of the
country. Although this industry is governmental and does
not have many competitors, insufficient attention to internal
customers leads to problems such as transfers, the provision
of food, and other basic human needs. Another highly
important perspective is internal processes. In this per-
spective, whenever companies focus on improving their
performance, the result indicates that the cost will decrease,
while the speed of providing and serving the customers, and
the revenues increase dramatically. In prioritizing BSC
performance measurement, R & D performance measure-
ment cost is the most important among the 18 performance
measures. It shows that oil and gas companies must focus on
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increasing their cost of R & D for the development and
implementation of new customer services. The least im-
portant performance measurement is the number of training
hours. It means that oil and gas companies already pay
sufficient attention to this aspect and understand its im-
portance. However, investing in training may decrease their
costs and lead to increased effectiveness. Therefore, they may
already consider this aspect to a sufficient extent. Let us note
that the results of Varmazyar et al. [32], contradict our
research. In Varmazyar et al. [32] the financial perspective is
the most important, but in our research, it has the second
highest priority. In addition, internal processes are the least
important in Varmazyar et al. [32]. However, this per-
spective is the most important in our findings. Singh et al.
[73] demonstrate that the customer perspective is the most
important in their research. This is directly related to the
outcome of our research. Besides, in these studies, the
learning and growth perspective has the lowest priority. Lu
et al. [35] illustrate that social responsibility has the highest
priority but is the least important in our research. Internal
processes are the least important in Lu et al. [35], but they are
the most important perspective in our study.

6.1. Limitations and Future Research. A limitation of this
study is the number of indicators that can be analyzed. An

13

increased number would require a higher effort for ranking
them by BWM. In particular, the effort of the DMs to re-
spond to the questionnaires would lead to difficulties. As
DMs are working in different cities across the country,
accessing them has proven difficult. In addition, repeated
discussions were needed to familiarize them with the used
concepts and to fill in the questionnaires. For future re-
search, other methods based on uncertainty should be used
for prioritizing perspectives and indicators of BSC and
designing a road map for allocating limited resources to
high-priority perspectives and indicators. Moreover, for the
implementation of this method in an uncertain environ-
ment, some other fuzzy numbers, such as Z-numbers or D-
numbers, could be used.

Appendix

Linear Programming Models for the
Different Perspectives
(1) The linear programming model of the main per-
spective is as follows:
Min k*

—kxu; <is—03%u <k=*u,

—ks«m; <mg —0.4xm; <ks*m,

—kxi <u;-05%i <k=xi,

—k*u, <ig—0.5%u, <k=*u,,

—k % my <mg — 0.6 % m, <k *m,,

—k*u, <ig— 0.7 xuy <k *u,,

—k % u;<ig— 0.6 % uy <k *us,

—k * my<mg — 0.7 %« my <k *m;,

—kxiy<u;—0.8%iy<k=*iy,

—k*u,<is—04*xu,<k=xu,,

—k +my<mz — 0.5« my <k *my,

—kxiy<u;—0.6%iy<k=xiy,

—k % u, <i; — 0.6 xu, <k *u,,

—kxm,<m; —0.7 xm, <k *m,,

—k*i,<u; —0.8 i, <k*i,,

—k*u, <i, —0.2xu, <k=*u,,

—k +m, <m, — 0.3 +m, <k *m,,
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1
=i
3

(2) The linear programming model of

perspective

1 1
1+§m1+§u1+

is as follows:

1
=i
3

)+

1
—m
3

—k xiy<u, —0.4 %1, <k i,
—kxu, <i; — 0.4 % uy <k *u,,
—ksxm,<m; —0.5%m,<k*m,,
ki, <u; —0.6 i, <k *i,,
—ksuy<i; —0.7 % u, <k *u,,
—kxm,<m; —0.8 % m, <k *xm,,
—kxiy<u; —0.9 %1, <k xi,,

1 1 1 1 1 1

5+ ZUy + =iy + oMy + ZUy + iy + o

3 3 3 3 3 3

i, <m; <uy,
iy <m, <u,,
iy <my<u,
iy<my<uy,
i5 <ms < us,
i1y, 13,4, 15> 0,

k=>0.

the financial Min k*
—kxu; <i, - 0.7 xu; <k *u,,
—ksm; <m,—-08xm, <ks*m,,
—kxi; <u, —0.9 %1, <k =i,

—k s uy<i, — 0.3 % u; <k*u;,
—k s« my;<m, — 0.4 * my <k *m,,
—k xi3<i, — 0.5 %iy<k=*ij,
—kwu,<i,—04%u,<k=*u,

—ks«my<m, —0.5%m, <k=*m,,

—kxig<u, —0.6%i, <k =i,

4T
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1
—u
3

4T

1
=i
3

1

5+ -ms + Uy =1,

3

3

(A1)
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1, 1
=i, +-m; +
3 3

U
3

1+

1.
=i
3

s+

(3) The linear programming model of

perspective

is as follows:

—k *u, <i, — 0.7 % u; <k *u,,

—ksxm,<m, —0.8xm, <k *m,,

—k*iy<u, — 0.9 xi; <k =*i,,

—k #uy<iy — 0.6 % u; <k *uj,

—k *m; <my — 0.7 xm; <k *ms,

—k*iy<u; —08 i <k=ij,

—k *u, <iy — 0.6 % u; <k *uy,

—ksxmy<my, — 0.7 «m, <k *my,

—k*iy<u, —08x%i <k=i,

1 1 1 1 1 1

3 3 3 3 3 3

ip<m; <uy,
i, <m, <u,,
i3 <ms <us,
iy <my <uy,
iy,iy,03,14 >0,

k=0.

the customer Min k*

—ksuy<i; —04%u,<k=u,,
—kxmy<m; —0.5%m,<k*m,,
—kxiy<u; —0.6 %1, <k i,
—kxuy<i; — 0.6 % uy <k *us,
—k xmy<m; — 0.7 % my <k % ms,
—k xiy<i; — 0.8 xiy<k=ij,
—ksu,<i; —09*u,<k=*u,
—ksmy<m; —09xm, <k=*m,

—kxig<u; —0.1%i, <k=i,

—My + Uy + iy + =My + Uy + i+

—m
3

4t

U
3

g=1

15

(A2)
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1.
—i
3

(4) The linear programming model of the internal

1+

1
—m
3

perspective is as follows:

1t

—u
3

1+

—kxu; <i; —0.9 % u, <k=*u,
—k+xm; <m; —0.9*my<ksm,,
—k i <u; -01%iy<k=xi],

ks u,<i, — 0.7 xuy, <k *u,,

—k *m, <m, — 0.8 x my <k % m,,

—k iy <u, —0.9%i, <ksi,,

—k # 1y <iy — 0.6 % uy <k *us,

—ksxmy<my; — 0.7« my <k % ms,

—k*iy<u; —08%i,<ksi,

1'+1 +1 +1'+1 +
—1 —m —Uu —1 —m —Uu
3273 2732733733737

i <m;<uy,
i, <m, <u,,
iy <mjz <us,
iy <my<uy,
iy,1y, 03,14 >0,

k=0.

—ksu; <i, —0.1%u; <k=*uy,

1
+ =i
3

Min k*

—ksm; <m,—-02xm, <k=*m,,

—kxi; <u, —03 %1 <k=i,

—k *u;y<i, — 0.6 % u, <k *us,

—ksxmy<m, —0.7 x my <k *m;,

—kxiyz<u, —0.8 %1, <k =iy,

—kxu; <i, - 0.7 xu;<ks*u,,

—ksm; <m; —08xm;y<k=*m,,

—kxi; <u; —0.9*i;<k=i,

4t
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—m
3

4t

—u
3

=1L

(A.3)
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—k *u, <i, — 0.6 % Uy <k *u,,
—kxmy<m, — 0.7 x my <k % m,,
—k iy <u, — 0.8 xiy<k=xi,,

1 1 1 1 1 1 1 1

3 3 3 3 3 3 3 3

iy <m;<uy,
i, <m, <u,,
i3 <my <y,

iy, iy,13 >0,

k=o.

(5) The linear programming model of the learning Min k*
perspective is as follows:

—kxu; <iy—04*xu; <ksu,
—ksm; <m;—0.5%m, <ks*m,,
—kxi; <u;—0.6%1, <k=i,
ks uy<iy —0.7%u, <k=*u,,
—k «m, <m; — 0.8 x m, <k *m,,
—k %y <uy—0.9 %1, <k =i,
—kwu,<i;—02%u,<k=*u,
—ks«m,<m;—0.3xm, <k=*m,
—kxiy<u;—0.4%i,<k=xi,
—k sy <i; —0.9 % uy <k *u,

—kxm;<m; -0.9xm, <k=*m,

—iy + =My + Uy + =iy + oM, + U, + iy + oy +

U
3

;=1L

17

(A.4)
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ki <u; —01=xi,<k=i,

—k xu, <iy — 0.7 % uy <k *uy,

—k xm, <m, — 0.8 % my, <k *m,,

—k%iy<u, —0.9 %1, <k=xi,,

—k * Uy <iy— 0.7 % uy <k *us,

—k *my <ms — 0.8 % my <k * ms,

—k xiy3<uy—0.9 %1, <k=xij,

. 1 1. 1 1
511 +§m1 +5M1 +512 +§m2 +§1/l2 +

—i
3

3+

—m
3

3t

iy <my <u,

1, <M, < Uy,

iy <

ms <us,

iy <my <uy,

i)yiysisyiy >0,

k=0.

(6) The linear programming model of the social re-
sponsibility perspective is as follows:

—u
3

3t

=i
3

Min k*

—kxu; <i, —0.1*%u; <k *u,,

—kxm;<m, -0.2xm; <k=xm,

—kxi;<u, —03%i; <kxi,

—k * Uy <i, — 0.6 % uy <k *us,

—k xmy<m, — 0.7 % m, <k % ms,

—ksiy<u, — 08 xi,<k=*ij,

ks uy<i, —0.7 % u; <k *u,,

—ksxm,<m, - 08 xm, <ksxm,,

ki, <u, — 09 i, <k=*i,,

4T
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—m
3

4T

—u
3

4=1)

(A.5)
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—k #uy<i, — 0.6 % u; <k *us,

—kxmy<m, — 0.7 xm; <k %ms,

—k iy <u, — 0.8 xi; <k=xij,

1 1 1 1 1

1

. . o1
=i, =My Uy oy oMy Uy + iy oy Uy =

3 3 3 3 3

3

iy <m;<uy,

i, <m, <u,,

iy <m; <us,

1,155 >0,

k=>0.
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