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According to the International Labor Organization (2017), the lack of awareness of safety management leads to 3,000 deaths every
day, two every minute, and caused economic losses of 4 percent of global GDP. Also, according to the ILO, 600,000 lives would be
saved every year if the available safety management system was used. +erefore, it is necessary to strengthen the audit of safety
management and evaluate the risks in the process, which will be conducive to the design of effective safety management methods
and reduce the frequency of accidents. Technique for Order Preference by Similarity to an Ideal Solution (TOPSIS) is a common
method for audit risk assessment, but in practice, evaluation results obtained using this method are ambiguous as the method
relies on individual judgment. +us, we used the interval-valued intuitionistic fuzzy uncertain language to improve the classical
TOPSIS. In this paper, the safety management audit risk evaluation model is structured based on the modern audit risk model
from International Auditing and Assurance Standards Board (IAASB). +e improved TOPSIS is applied to assess the safety
management audit risk from a general perspective. A company is used as the research object to verify safetymanagement audit risk
and ranking results of this study. Our empirical results are expected to help companies build future safety management strategies,
ensure the safety of the production process, and also realize the sustainable development.

1. Introduction

Safety accident is an essential public-safety issue facing
humanity today. +e statistics from the International Labor
Organization in 2017 indicate that up to 300 million injuries
occur annually with about 2.3 million industrial casualties
[1]. +is implies that an average of 20 accidents and one
death occurs every 15 seconds [2], and economic losses
caused by the absence of safety management awareness
account for 4% of the global GDP [1]. Many developed
countries began to establish occupational health and safety
organizations related in the last century. Britain founded the
Health and Safety Executive (HSE) in 1975, and the United
States established the Occupational Safety and Health Ad-
ministration (OSHA) in 1971 [3]. Traffic, construction,
mining, agriculture, forestry, fishery, and other basic

production industries are associated with high death rates
[4]. Currently, death rates in the coal mine industry have
declined; however, coal mine accidents frequently threaten
the safety of miners [5].China is among the countries with
the richest coal reserves and the largest coal producer and
consumer globally [6]. Notably, 224 coal mine accidents and
333 deaths in China were reported in 2018. +e death rate of
millions of tons in coal mines was recorded at 0.093. In-
vestigation reports showed that they are the main causes of
the accident including several types of safety management
loopholes, lack of safety ideas, backward safety measures,
and violation of safety measures [7]. Due to these severe
circumstances, several countries have realized the present
crisis of coal mine safety management and have taken
various countermeasures to improve the current coal mine
safety management. Since 2000, China has published many
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coal mine safety management policies including the
implementation regulations of the Mine Safety Law, 2004;
the Special Provisions of the State Council on the Prevention
of Safety Accidents in Coal Mine Production, 2005; the
Regulations on the Reporting and Investigation of Safety
Accidents in Production, 2007; the Coal Law, 2016; Man-
agement Measures for Emergency Plan of Production Safety
Accidents, 2016; safety regulations in the coal mine, 2016.
However, the current policies mainly prevent the accidents
from the macroperspective, enterprise perspective, natural
causes, and science and technology and other aspects [8] but
do not incorporate safety management controls. Many
studies have assessed safety culture, occupational health, and
safety management systems [9–11], but no audit assessment
of safety management processes has been conducted.
+erefore, there is a need to audit safety management in coal
enterprises to reduce associated risks. Besides, the risk as-
sessment of safety management can highlight the audit risk
and provide effective timely control measures that will re-
duce the problems in safety management audits.

Many studies on audit risk assessment methods have
been applied in government institutions, chemical process
industries, and major hazard scenarios, among other areas
[12]. However, due to the uncertainty in the process of audit
risk assessment, including a lot of fuzzy and uncertain in-
formation, it is impossible to accurately evaluate the audit
risk. In this study, interval-valued intuitionistic fuzzy un-
certain language variables are introduced to reflect the
existing uncertainties and improve the decision-making
process. On this basis, a new multiattribute decision-making
method for security management audit risk assessment is
proposed.+is method is applied to risk assessment of safety
management audit in coal mine enterprises, and its feasi-
bility and effectiveness are demonstrated.

+e current safety management audit mainly focuses on
the safety management process, while the safety manage-
ment audit risk assessment can highlight the audit risk in this
process, control it in a timely and effective manner, and
reduce the problems arising from the safety management
audit. To this end, this paper first reviews management audit
and safety audit, identifies the similarities and differences
between them, and introduces the definition of safety
management audit.

2. Literature Review

2.1. Safety Management Audit. +is study reviews the
management audit, safety audit, and safety management.

2.1.1. Management Audit. Different opinions exist on
management audit in academic and professional circles
since the first report on “management audit” by [13].
However, no consensus has been reached yet. IIA [14]
proposed that a management audit is a future-oriented,
independent, and systematic evaluation by internal auditors
that manage different levels of activities. It purposes to
enhance the profitability of an organization by promoting
the realization of various management roles, project

objectives, social objectives, and staff development.
According to Sawyer [15], the management audit examines
multiple activities in an organization from a managerial
perspective or management consultants. It is different from
other audit firms because it focuses on the way of thinking
rather than on a technical method. According to Kotler et al.
[16], the management audit refers to the management
performance evaluation by external personnel. Professor
Wang [17], a famous scholar in China, distinguished
management audit from internal and external management
audit. He highlighted that internal management audit is an
independent, objective, comprehensive, constructive, and
future-oriented examination and evaluation of management
activities in organizations. It helps the management and the
fund trustees to improve their decision-making ability and
profitability and better perform their fiduciary duties.

As can be seen, management audits are primarily di-
rected at the management of an organization and are audits
of management activities. To distinguish it from safety
audits, safety audits are reviewed.

2.1.2. Safety Audit. Britain first proposed the concept of
road safety audit in the 1970s [18]. Currently, safety audit has
been widely applied to electronic information, road traffic,
air-traffic control safety, and other fields. However, the
definition of a safety audit has not been unified. +e safety
management audit definition in various fields is summarized
in Table 1.

Based on the research reports from various countries,
this study defines a safety audit as follows: safety audit is an
expert group composed of independent, qualified, and ex-
perienced professional audit institutions and their person-
nel. Safety audit independently, systematically, and formally
complies with the performance of the main responsibility of
safety production in enterprises. +is follows the theory of
safety audit and the laws and regulations, national standards,
industry standards, enterprise systems, and codes of conduct
related to the safety production management of enterprises.
It ensures the authority and fairness of the audit results
because it is more comprehensive, systematic, and author-
itative than safety inspection.

2.1.3. Safety Management. Safety management is regarded as
“the management process to achieve freedom from unac-
ceptable risks of harm” [20]. It relates to the actual practices,
roles, and functions associated with safety [21]. Safety
management has maturely been developed to issue some
effective management systems in health and safety imple-
mentation and operational guidelines [22]. Safety manage-
ment can be grouped into macrosafety management and
microsafety management following the size of the main body
and scope. Microsafety management identifies enterprises as
the main body of safety management. It refers to the specific
safety management activities carried out by economic and
production management departments, enterprises, and in-
stitutions. Based on this definition, this study refers to safety
as microsafety management [23]. In most industries, safety
management relies on coordinated efforts including proper
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planning and control and good HSE management. +ese
collaborative efforts will positively impact on areas such as
cost, schedule, safety, and quality [24].

2.1.4. Safety Management Audit. Based on the above liter-
ature reports, this paper defines the safety management audit
as an independent, systematic, and official regulatory ap-
proval for the internal and external environment, rules and
regulations, organization structure, employees’ qualification,
and related behaviors affecting safety management audit
related to enterprise safety management.+is is based on the
theory of safety management and related laws and regula-
tions, national standards, industry standards, enterprise
systems, and code of conduct by the independent, qualified,
and experienced auditor within the enterprise. By estab-
lishing a safety management audit risk evaluation system,
the risk existing in enterprise safety management audit can
be refined to provide the corresponding evaluation score,
intuitively get the risk degree ranking among risk indicators,
carry out corresponding rectification, achieve the purpose of
prior risk prevention, and improve the enterprise safety
management level.

In addition, there are some similarities and differences
between safety management audit and financial statement
audit. +ese are shown in Table 2.

2.2. Audit Risk Factors. Safety management audit risk can be
assessed by several audit risk indicators. +e American In-
stitute of Certified Public Accountants (AICPA) [25] high-
lighted that the auditor’s professional competence, expertise,
experience, and the size and organizational structure of the
auditee affect the audit risk. Besides, Beaulieu [26] reported
that the management quality of the auditee directly affects the
audit risk. Elsewhere, Low [27] determined that accounting
firms are more inclined to hire auditors with specialized
knowledge in a specific industry. Another study by Arens et al.
[28] showed that factors affecting audit risk include the
operating risk of the auditee, the level of significance, the trust
degree of external users of financial reports to financial re-
ports, the moral management level of the auditee, and the
possibility of financial difficulties after the auditee issues the
audit report. Also, Bédard [29] reported that the internal
environmental conditions of the audited units, the safety of
the financial accounting system, the attitude of the man-
agement in preventing and correcting misstatement risk
occurrence, the organizational structure of the audited units,

the participation of all personnel, and other factors all have
impacts on the audit control risk. Yang and Chang [30]
conducted a questionnaire survey on the causes of audit risk
of listed companies. +ey reported that there were five main
causes of audit risk including the listed company itself, the
rules and regulations, environmental factors, the accounting
firm itself, and the audit system of the listed company.
Conclusively, the audit risk factors are in five categories in-
cluding the economic environment, legal environment, po-
litical environment, industry environment, and human
environment. Of note, based on the content of the audit risk
factors, safety management audit definition, the safety
management audit risk factors, and factors influencing audit
risk are similar and they include the political, legal, industrial,
human, and economic environments. However, the effects of
the economic environment on safety management audit risk
are smaller compared with the general audit risk degree.

Moreover, the factors influencing audit risk, safety
management audit definition, and safety management audit
risk are similar and include political, legal, industrial, hu-
man, and economic environments. However, the impact of
the economic environment on safety management audit risk
is less than that on ordinary audit risk.

2.3. Fuzzy Multiple Attribute Decision-Making Method.
Multiattribute decision-making is an important part of
decision theory [31]. +e MADMmainly solves the problem
of sorting and selecting the best alternatives. Fuzzy set theory
has widely been used to study fuzzy multiattribute decision-
making problems since its first proposal by Zadeh [32]. Also,
Baas and Kwakernaak [33] highlighted the classical fuzzy
multiattribute decision-making method which transforms
the fuzzy set theory into a methodology. It is used to solve
multiattribute decision-making problems effectively. Addi-
tionally, Chen and Hwang [34] systematically introduced 14
fuzzy multiattribute decision-making methods including
maximization-minimum method, maximization-maximum
method, the linear distribution method, Elimination Et
Choice Translating Reality (ELECTRE), and TOPSIS. +e
development of the fuzzy set theory and method has
gradually enriched the multiattribute decision-making
method with the fuzzy set. However, the traditional fuzzy set
cannot accurately and comprehensively express the infor-
mation [35]. Later, Atanassov [36, 37] expounded the fuzzy
set and proposed the concept of the intuitionistic fuzzy set
which used a membership function [μA(X)] and a non-
membership function [υA(X)] to describe the intuitionistic

Table 1: +e definition of safety audit in different areas.

Category Definition of safety audit

Computer network
environment safety

Professional auditors shall, under the provisions of laws and regulations, accept the entrustment of the
owner and the authorization of the management department and systematically and independently

inspect and evaluate the related behaviors in the computer network environment.

China civil aviation [19]
According to ICAO standards and recommended measures, national safety production laws and
regulations, civil aviation rules, standards, and normative documents, CAAC conducts safety

compliance inspection on airlines, airports, air-traffic control, and other units.

Road traffic safety A formal study was conducted by a third-party audit team on the current level of safety performance and
practical practices affecting the safety of an organization or enterprise.
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fuzzy set. However, in the actual decision-making envi-
ronment, membership and nonmembership degrees are
often problematic in giving accurate values. +erefore, in
1989, Atanassov and Gargov [38] proposed the intuitionistic
fuzzy set of interval values and developed the two scales in
IFSs into membership and nonmembership zones in IVIFSs.
Later, in 1999, Atanassov [39] enhanced the expression
ability of uncertain information making it more flexible and
suitable in dealing with realistic uncertainty and ambiguity.
Fuzziness and uncertainty generally exist in actual decision-
making. In the evaluation process, decision-makers tend to
use uncertain language to describe uncertainty because it
effectively reflects the ambiguity of human thinking. For
example, when evaluating risks, people are more likely to use
uncertain languages such as “low,” “medium,” and “high.” If
the intuitionistic linguistic set is used to describe this hes-
itation, the uncertain information can model more accu-
rately. Besides, Wang and Li [40] introduced language
evaluation information into the intuitive fuzzy set (IFS).
+ey showed the related concepts and properties of the
intuitive linguistic set (ILS) and studied the multiattribute
decision-making method based on ILs. Another report by
Wang et al. [41] indicated the weighted geometric average
operator, ordered weighted geometric operator, and mixed
geometric operator based on ILs. +ey were applied in
multiple attribute decision-making with the attribute value
as intuitionistic language information. Ju and Yang [42]
introduced trapezoidal fuzzy numbers into ILs and identi-
fied the related concepts and properties of intuitionistic
trapezoidal fuzzy language information. Based on the binary
fuzzy linguistic representation model and preference rela-
tion, Zhang et al. [43] provided the definition and properties
of binary intuitionistic fuzzy semantic preference relation.
+ey highlighted the group decision-making method based
on binary intuitionistic fuzzy semantic preference relation.
Also, Liu [44] extended the intuitionistic fuzzy language
variable and proposed interval-valued intuitionistic fuzzy
uncertain language variable. A multicriteria group decision-
making (MCGDM) approach based on Pythagorean fuzzy
uncertain linguistic variables (PFULVs) was proposed by Liu
et al. [45]. Zeng et al. [46] extended the fuzzy TOPSIS
method and applied it to enterprise resource planning
systems. In this review, the interval-valued intuitionistic
fuzzy uncertain language decision-making method and

TOPSIS method of partial weight information were selected
to evaluate the audit risk of safety management in mining
companies. +is method eliminates the possibility of inac-
curacy and nonpersonalization caused by excess subjective
weight in the TOPSIS method. It thereby improves the
objectivity and scientific standard of the evaluation results.

3. Data

3.1. Identifying the Safety Management Audit Indicators.
+e selection of safety management audit risk assessment
indicators should conform to the definition of the four el-
ements of safety management (people, machine, environ-
ment, and management) and have certain characteristics of
the selected indicators.

3.2. Characteristics of Safety Management Audit Indicators.
Safety management audit risk indicators exhibit the fol-
lowing characteristics in the evaluation process:

(1) Universality: safety management audit risk is uni-
versal and exists in every link of the safety man-
agement audit process. An audit error in any link will
increase the risk of final audit failure. +erefore, it is
important to evaluate the universality of the audit
risk index of safety management to correct the final
audit result.

(2) Controllability: safety management audit risk indi-
cators should be accurately identified in the audit
process and the possibility of audit risk is controlled
by identifying risks and taking corresponding
measures.

(3) Relevancy: the evaluation of safety management risk
indicators by experts is closely related to the final
audit results. Changes in the evaluation results will
change the audit results.

By evaluating and analyzing the risk indicators that
conform to the selection principle for risk indicators of
safety management audit from the three aspects of uni-
versality, controllability, and relevance, risks in the safety
management audit process can be accurately identified and
controlled.

Table 2: Similarities and differences between safety management audits and financial statement audits.

Differences Similarities

Safety
management
audit

(1) +e object of the audit was safety management
performance and safety management activities.

(1) Both audits involve a reassessment of the performance of
fiduciary responsibilities and the issuance of a critical audit
opinion.

(2) +e safety management audit issued an audit
opinion based on “reasonable management
standards.”

(2) Both audits are in a system of dual accountability, where
the auditor is responsible for the audit opinion and the
fiduciary (manager) is responsible for the business.

Financial
statement audit

(1)+e object of the audit was the financial statements
and the internal control structure used in their
preparation.

(3) Both audits share a common form of role; firstly, they both
inform the science of decision-making for the principal;
secondly, through the assurance function, both can provide
information about the business, and finally, through
constructive intelligence, both can advise the trustees on how
to improve management.

(2) +e financial audit expressed an opinion based on
the International Accounting Standards.
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3.3. Selection of Safety Management Audit Indicators.
According to the definition of the safetymanagement audit, the
relevant literature data are reviewed and the relevant experts
are interviewed.+is is based on the investigation of the current
situation of the enterprise safety management audit. In this
paper, 27 indicators were preliminarily selected as alternative
indicators. +e specific indicators are shown in Figure 1.

In the (no. 47) audit standard statement issued by the
American Institute of Certified Public Accountants, a cal-
culationmodel of audit risk is proposed as audit risk� risk of
material misstatement (RMM) ∗ detection risk (DR)
(Auditing Standards Board, AICPA, New York, 1983).

Following the literature content summary, expert re-
search, and other methods, the 27 alternative indicators were
grouped into material misstatement risk and inspection risk.
+e corresponding details were reviewed to obtain the final
21 safety management audit risk evaluation indicators. +e
specific content is shown in Figure 2.

3.4. Data Collection. A scoring table showing safety man-
agement audit risk evaluation indexes was generated after
clarifying the evaluation indexes and characteristics of safety
management audit risks (Table 3).

Two scoring methods were adopted in the scoring
process, namely, the five-level evaluation method and in-
terval-valued intuitionistic fuzzy language evaluation
method. In the two scoring methods, 1-5 corresponds to
very low, low, medium, high, and very high, respectively.
However, with the interval-valued intuitionistic fuzzy lan-
guage, the specific definition of the degree of representation
for each rank is not given. +e judgment should be based on
the understanding of experts themselves. For example, if
experts believe that in the auditing safety management
process, the political and legal environment has a high
degree of influence on the auditing phenomenon and can,
therefore, choose 4-5 or 3-4. Similarly, the degree of incli-
nation should be filled in a specific interval. For example, if
experts believe that the higher degree of universality lies in
the interval 4-5 and the definition of “higher” is more likely
to be 4 and not 5, then, 0.8–0.9 (or 0.6–0.7 or 0.7–0.8) should
be filled in the 4th interval and 0.1–0.2 (or 0.3–0.4 or 0.2–0.3)
should be filled in the 5th interval.

+is study selected the HLL mining company as an
example whereby the management personnel, safety man-
agers, and internal auditors were selected to evaluate the risk
indicators of the company’s safety management audit.

4. Methodology

4.1. Interval-Valued Intuitionistic Fuzzy Uncertain Language
(IVIFUL). Let S � s1, s2, s3, . . . , sl be a finite, completely
ordered, discrete set of words. For example, a language set
with five language variables can be expressed as S �

s1 � extremely poor, s2 � poor, s3 � fair, s4 � good, s5 �

extremely good}. In order to preserve all the information in
the decision-making process, the discrete set S of linguistic
variables is extended to the continuous set of linguistic
variables S � sα|αt ∈ nR .

Definition 1. Let A � 〈xi,
hA

(xi)〉|xi ∈ X, i � 1, 2, . . . , n 

be the set of hesitating fuzzy linguistic variables, where
hA

(xi) � (sθi
, lh(sθi

))|sθi
t ∈ n�S represents all possible

hesitant fuzzy language information of xi ∈ X, LH(Sθi
) �

r1, r2, . . . , rmi  is all the membership, and (sθi
, lh(sθi

)) is the
fuzzy linguistic variable. Let hA

(xi) represent hesitating
fuzzy linguistic element (HFLE) [44].

Definition 2. Let ai � (sθi
, lh(sθi

))be the fuzzy linguistic
variable, then the expectation function can be defined as

E sθi
, lh sθi

    �
θi

lh sθi
 






ri∈lh sθi
 

ri, (1)

where |lh(sθi
)| represents the number of membership de-

grees in lh(sθi
).

Let ai � (sθi
, lh(sθi

)) and aj � (sθj
, lh(sθj

)) be two fuzzy
linguistic variables, if E(ai)<E(aj), then ai < aj [44].

Definition 3. If hi � (sθ2i
, lh(sθ2i

))  andhi � (sθ2j
, lh(sθ2j

)) 

are two hesitant fuzzy linguistic elements, then the distance
between a and B is defined as
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∈lh sθ2
j

 

r
1
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⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
,

(2)

where m(sθ1i
) represents the number of language variables

contained in h1 and |lh(sθ2j
)|represents the number of

membership degrees contained in lh(sθ2j
).

Easy to verify, the above definition meets the following:

(1) 0≤d(h1,
h2)≤ 1

(2) d(h1,
h2) � 0 if and only if h1 � h2

(3) d(h1,
h2) � d(h2,

h1) [44]

4.2. Classical TOPSIS. As one of the classic multiattribute
decision-making methods, the TOPSIS method was first put
forward by Hwang and Yoon [47]. It is mainly through
building the decision-making problem of positive and negative
ideal solution, using the two benchmark methods of
approaching positive ideal solution and deviating from neg-
ative ideal solution as the judgment conditions of evaluating
each decision-making scheme, and getting the ranking results
of decision-making problems, so as to make decisions [48, 49].

Recently, a lot of research papers about safety management
were published on TOPSIS theories and applications [50–54].
In this paper, the TOPSIS method is improved with IVIFUL.

4.3. Improved IVIFUL TOPSIS. +ere is a multiattribute
decision problem. A � A1, A2, . . . , Am  is the scheme set,
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and C � C1, C2, . . . , Cn  is the attribute set. Because of the
complexity of decision-making problem and fuzzy un-
certainty of human thinking, decision-makers will show
hesitation in evaluation. +ey use language variables to
evaluate the scheme and give the membership degree of
the scheme. If the decision-maker is familiar with the
attribute, the evaluation value of the scheme can be given,
if the decision-maker is not familiar with the attribute, the
decision-maker can use the appropriate number of lan-
guage variables to evaluate according to his own situation.
+en, the information obtained is hesitation fuzzy lan-
guage information. +e decision-maker gives the evalu-
ation value of the scheme’s attributes to constitute the
decision matrix D � (hij)m×n, where hij is the hesitant
fuzzy language information.

In some decisions, the weight information of attributes is
partially known. Generally, the weight information of par-
tially known attributes can be expressed as a subset of the
following sets:

H � ωi ≥ωj;ωi − ωj ≥ εi(≥ 0);ωi ≥ αiωj, 0≤ αi ≤ 1; βj

≤ωj ≤ βj + εi, 0≤ βj < βj + εj ≤ 1;ωi − ωj

≥ωk − ωl, for i≠ j≠ k≠ l.

(3)

Based on the information theory, we give the maximum
deviation method. According to information theory, if the
deviation between the evaluation value of an attribute and
the evaluation value of the same attribute of all schemes is
small, the contribution of the attribute is relatively small, so
it should be assigned a smaller weight; otherwise, it should be
assigned a larger weight. We use the maximum deviation
method to calculate the weight vector of the attribute.

Let hij � (sθij
, lh(sθij

)) , hkj � (sθkj
, lh(sθkj

))  be two
hesitant fuzzy language elements, the distance between hij

and hkj is defined as
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audit risk
index
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Implementation
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Relevant laws and regulation
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Application of
audit results

Supervision and rectification of
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Figure 1: Safety management audit risk alternative index.
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Figure 2: Safety management audit risk index.

Table 3: Safety management audit risk index scoring table.

Goal Subsystem level Index Universality Controllability Relevant

RMM

External environmental risk factors
A1
A2
A3

Strategic risk factors
A4
A5
A6

Human resource risk factors
A7
A8
A9

DR

Internal audit environment A10
A11

Basic audit management
A12
A13
A14

Implementation of audit business A15
A16

Application of audit results
A17
A18
A19
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(4)

and the deviation of the scheme with respect to all evaluation
values of attribute C can be expressed as 

m
k�1 

m
i�1 d(hij,

hkj)

A reasonable weight should maximize the deviation, so
we establish the following model:

(M − 1)maxD(W) � 
n

j�1
ωj 

m

k�1


m

i�1
d hij,

hkj ⎛⎝ ⎞⎠,

s.t.ω ∈ H,ωj ≥ o, j � 1, 2, . . . , n,ω1 + ω2 + · · · + ωn � 1.

(5)

+e model (M− 1) is a linear programming model,
which can be solved by the method of interior point.

Next, a multiattribute decision-making method based on
maximum deviation and TOPSIS is proposed.

Step 1. +e decision matrix D � (hij)m×n is obtained by
adding the smallest fuzzy language elements to make
each hesitant fuzzy language element contain the same
number of fuzzy language elements.
Step 2. Solving the model (M− 1) to get the weight
vector W � (ω1 + ω2 + · · · + ωn) of the attribute.
Step 3. Calculation of weighted hesitant fuzzy linguistic
decision matrix, D′ � (hij

′)m×n where hij
′ � ωj

hij.
Step 4. Determining a positive ideal solution

H
+

� h
+
1 , h

+
2 , . . . , h

+
n 

� max hi1′, max hi2′ , . . . , max hin
′ ,

(6)

and a negative ideal solution

H
+

� h
−
1 , h

−
2 , . . . , h

−
n 

� min hi1′ , min hi2′ , . . . , min hin
′ ,

(7)

of hesitant fuzzy language.
Step 5. Calculating the distance between the weighted
evaluation value of each scheme and the positive and
negative ideal solution of hesitant fuzzy language:

d
+
i � 

n

j�1
d hij
′, h

+

j , d
−
i

� 
n

j�1
d hij
′, h

−

j , i � 1, 2, . . . , m.

(8)

Step 6. Calculate the relative closeness of the scheme
Ci � d−

i /(d+
i + d−

i ), i � 1, 2, . . . , m.

According to the relative closeness of the scheme, the
scheme is sorted and the optimal scheme is selected.

Compared with the classical TPSIS method, the im-
proved IVIFUL TOPSIS method can better avoid the pos-
sibility of inaccuracy and unindividuation caused by
excessive subjective weight.

5. Results

+e case company is one of the large-scale mines planned by
the National Development and Reform Commission in
Shenfu South District. It has won many honorary titles such
as national safety and quality standardization coal mine,
national safety culture construction demonstration enter-
prise, and national enterprise culture excellent case, among
others. +is study purposed to help the company perform a
risk assessment on potential risk factors of safety manage-
ment audit and determine the possibility of audit risk.

5.1. Classical TOPSIS Results. +e overall risk index score of
the safety management audit is obtained using the classical
TOPSIS method. Each index was ranked by the weight
vector of the three decision-makers. Changes in the index
ranking are shown in Figure 3.

+e experts gave the same score and calculated the re-
sults which yielded similar ranking and risk degree of the
risk indicators (Figure 3). +is scenario is almost impossible
in the daily safety production management process because
it ignores the preference and fuzziness of experts in eval-
uating risk indicators. Moreover, its internal evaluation
criteria make it difficult to make a more detailed analysis of
risk indicators by using the classical TOPSIS method which
is not conducive to further decision-making. +erefore, the
improved TOPSIS method is used to re-evaluate the above
risk indicators to perform comparative analysis and obtain
more objective evaluation results.

5.2. Improved TOPSIS Results. A committee composed of
the company manager, safety manager, and internal auditor
was established to assess the risk of each characteristic of
each safety management audit risk index. +eir different
experience and knowledge were considered, and the weight
vector of the three decision-makers was determined as
l� (0.45, 0.3, 0.25).

Using the improved TOPSIS method, the overall risk
index score for the safety management audit was obtained.
Each index was ranked by the weight vector of the three
decision-makers. +e index ranking is shown in Figure 4.

After assessing the risk indicators by the company
managers, safety managers, and internal auditors, it was
reported that A18, A19, and A13 were among the top ten
indicators with the highest risk according to the three groups
of experts. Besides, A18 and A19 were the two leading factors
in evaluating of three groups of experts.+is showed that the
accountability for negligence and the rectification of hidden
dangers will have an impact on the safety management audit
regardless of the management level or the staff level. Also,
the other top-five risk indicators included A13, A16, and A8.
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From the above results, it can be concluded that the
safety management audit can indirectly improve the vigi-
lance of other employees to safety management risks. +is is
by supervising and rectifying the relevant risks and inves-
tigating the relevant responsibilities of the negligent indi-
viduals. Second, listening to the safety management training
personnel can strengthen the safety awareness of employees.
+rough various forms of training, the awareness of safety
production is availed into the daily life of employees thereby
can effectively reduce risk. +ird, the comprehensiveness of
the audit reports influences safety management audit. A
comprehensive safety management audit can maximize the
value of the enterprise safety management audit and ef-
fectively enhance the effect of the audit work.

+e improved TOPSIS was used to analyze the evalua-
tion of three groups of experts and the comprehensive

ranking of 19 risk factors showed as the highest-ranking risk
factor. In ranking the safety managers and internal auditors,
A19 ranked second and fifth places, respectively. However,
A5’s final ranking varies, and A5 ranks 7th and 13th in
ranking the safety managers and internal auditors, respec-
tively (Figure 4). +erefore, it is important to compare the
results from separate analyses.

A17effectiveness of audit risk tips is ranked 19th in the
evaluation results of the management, and it is the last one
among the risk indicators (Figure 4). However, it ranks at
11th and 10th place in the evaluation results for safety
managers and internal auditors, respectively, which is sig-
nificantly higher than the ranking position in the man-
agement. Notably, it has a high positive impact on the daily
safety production of employees to prompt the known risks,
highlights the basic risk prompt of production and opera-
tion, and sounds a warning to the employees and relevant
safety manager thereby reducing the possibility of various
accidents in daily safety production. Other indicators with
wide deviations in rankings are A5, A9, A10, and A15. +ey
were considered unstable for this level of safety management
audit. In addition, for some risk indicators, the ranking was
relatively consistent in different analysis methods (Figure 4).
+ese indicators are A3, A6, A13, A14, A18, and A19.

6. Discussion

By summarizing the definitions and characteristics of
management audit, safety audit, and safety management, we
have revealed the specific risk indicators of safety man-
agement audit which can be applied during safety man-
agement audit. +e risk index proposed here can accurately
and reasonably reflect the risks and hidden dangers in the
safety management audit of audited enterprise.

+e classical TOPSIS method is improved by using the
attribute weight calculation method of interval intuitionistic
fuzzy uncertain linguistic information. Taking coal enterprise as
the object, a safety management audit risk evaluation model is
constructed based on the improved TOPSIS method. Com-
pared with the classical TOPSIS method, the improved TOPSIS
method is less likely to obtain the same evaluation between
different indicators, more in line with the current situation, and
more scientific, reasonable, and applicable in practice.

+e classical TOPSIS method and the improved TOPSIS
method are used to conduct risk assessment of the safety
management audit of the company from three perspectives:
company manager, safety manager, and internal auditor.
Our results show that identification of risks improves the
company’s safety management. In addition, the profes-
sionalism of auditors and the comprehensiveness of audit
reports play an important role in safety management audit.
On this basis, according to the level of importance of the risk,
we suggest rectification approaches for improving safety
management level in enterprises.

First, considering the impact of risk indicator A18 su-
pervision and rectification of audit problems and A19 in-
vestigation of responsible personnel, it is suggested that
relevant responsible persons should be accountable for the
audit results after the auditing process. Similarly, special
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personnel should be assigned to supervise and urge the
rectification of the existing risk factors presented in the audit
results. Of note, each item should be adopted separately by
taking the practical rectification measures and completing
rectification of the potential risks comprehensively, thor-
oughly, and rapidly. Also, the potential risks must be
eliminated early to resolutely prevent them from evolving
into major safety production accidents and major envi-
ronmental pollution events. +is will ensure environmental
safety and production safety.

Second, considering the impact of risk indicator A13
quantity and quality of auditors, it is suggested that the
company needs to establish a special internal audit department
to audit its safety management or simplify the existing safety
management auditors. However, this should be done ade-
quately to improve the professional quality and structure of
auditors. Notably, a safety management audit is part of the
internal audit. Enterprises should constantly improve the or-
ganizational safety management audit work system.
Strengthening the audit system in an organization and improve
the independence and objectivity of safety management audit.

+ird, considering the impact of the risk indicator
comprehensiveness of the audit report, it is suggested that
the company should improve the final audit report, noti-
fication, and prompt. A complete audit report can com-
prehensively summarize the purpose, scope, and results of
an audit. +rough the safety management audit report,
managers effectively identify the current situation and
hidden dangers and develop a quick and effective safety
management plan for the enterprise. Similarly, the safety
management audit report provides relevant and detailed
information on safety management that other reports
cannot provide. +e management and safety production
details provide objective information useful for safety
managers in promoting safety management standardization.
+erefore, the enterprise safety management audit depart-
ment should provide timely reports or feedback, report
problems, and prompt risks during and after the audit.
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