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ABSTRACT
China ȇs mining enterprises are confronted with insufficient safety investments, insufficient
safety benefits, recurrent occupational diseases and accidents, low level of safety risk
management, and many employee complaints, that seriously affect the economic
development and the sustainable development of the country. Selection of scientific, accurate
and comprehensive evaluation methods of all aspects of occupational health and safety
management will directly affect the evaluation results and then the direction of improvement;
which is greatly needed.
The aim of this thesis is twofold: one aim is to test and analyze a set of evaluation
methods that provide different perspectives on how occupational health and safety
management really works in the mining industry in Ezhou City, China. The other aim is to
explore a set of comprehensive evaluation methods that are suitable for occupational health
and safety management in the industries as a whole.
This thesis is based on the theory of Multi Objective Decision Making and Grey System,
and is broken down into three phases including:

x

The first phase of my study: to describe the applications of the methods in five aspects of
occupational health and safety in the mining industry in Ezhou City, China. This is
shown in five articles and Chapter 1 Ȭ5.

x

The second phase: to present some suggestions of improvements for the development of
the occupational health and safety in the mining industry in Ezhou City, China. This is
presented in Chapter 6 in my study.

x

The third phase: to explore a set of comprehensive evaluation methods that are suitable
for the occupational health and safety management in the industries. This is also shown
in Chapter 6 in my study.

In this thesis I mainly used six methods to evaluate occupational health and safety
management and the suitability of them for this type of research as well as in other types in
industrial activity. The six methods included in my research are: entropy weight(EW), failure
mode and effect analysis (FMEA), improved analytic hierarchy process (AHP), data
envelopment analysis (DEA), grey relational analysis (GRA) and 2Ȭtuple linguistic
information (2 ȬTLI). The results of the analysis showed that:
Ⅲ
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x

EW can be well used to evaluate the multi indicators of occupational health and safety
management, and can be extended to other areas such as safety management evaluation,
the quality of the project, project forecasting and other industrial activities;

x

FMEA has been proved practical, simple and less costly in the perspective of risk
management, occupational health and safety management, identification and control of
environmental factors in enterprises, and quality key point preventive control in all
industrial activities;

x

Improved AHP is practical, simple and less costly for multi objective and multi criteria
decision making problems in all industrial activities;

x

DEA is special for production efficiency and can well estimate the effective production
frontier by calculating the history data of the financial department, and embodies its
unique advantages in dealing with multi indicator inputs and multi indicator outputs in
all industrial activities;

x

GRA does not require too much sample size and any typical distribution regulation; the
calculated amount of data is relatively small, and the results would always be in good
agreement with the qualitative analysis, so it is quite suitable for measuring the degree of
association between factors for indicator evaluation according to their similarity or
dissimilarity. GRA can cope with the types of problem associated with comparison
between evaluation objects and the comparison object in all industrial activities;

x

2Ȭ TLI is special for language information and can provide the basis for multiȬ attribute
decision analysis in spite of large amounts of calculation in all industrial activities.

On the whole, each method has its advantages and disadvantages, and the key to judging
whether a method is most suitable is if it can withstand the validation of practice. Anyhow,
the main contribution of this research is that it has systematically tested and verified a set of
statistical methods applied in a mining industry in Ezhou, China, and explored a set of
statistical methods utilized in occupational health and safety management in industrial
activities. Additionally, another contribution of this research is that it has provided a direction
for improvement of sustainable development.
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1. INTRODUCTION
The aim of this thesis is twofold:
First, to test and analyze a set of evaluation methods that provide different perspectives on how the
occupational health and safety management really works in the mining industry in Ezhou City, China.
Second, to explore a set of comprehensive evaluation methods that are suitable for occupational health
and safety management in the industries as a whole.
The purpose of occupational health and safety management in the mining industry is to
control occupational diseases, to reduce accidents, to strictly control sources of danger, to
effectively ensure the personal safety of employees, to achieve maximum safety benefit with
minimum safety input, and to provide protection for the healthy development of enterprises.
Chinaȇs mining industry is growing fast. In recent years, it has obtained good economic
benefit

as

well

as

some

problems.

We

can

identify

problems

such

as

weak

safety consciousness, inappropriate occupational disease control, deficient safety investment
and insufficient safety benefits. As for occupational injuries, they not only bring great pain to
the family members of the workers, but also causes huge economic losses, which restricts the
rapid development and transformation and upgrading of economic growth (Li et al. 2014).
The mining industry is required to pay more attention to the working environment of
individual miners as well as to work toward the harmonious development of the economy,
society and environment.
Occupational health and safety plays an increasingly important role in the economic
development of the country (Zhang et al. 2014). Absence of scientific, accurate and
comprehensive evaluation of all aspects of occupational health and safety and lack of
adequate methods has become a barrier for health and safety management in the Chinese
mining industry. This problem needs to be solved.
In Oct. 2015, in view of the situation of occupational health and safety management in
the mining industry in China, the Research Centre for Environment and Health at Zhongnan
University of Economics and Law approved a research project. The members of our team1
had a discussion in November 2015 and eventually screened out five subȬobjects that could
reflect the status of occupational health and safety management. These include:
1

The team is composed of more than 10 postgraduates. Its purpose is to study environmental and health issues in
China.

1

1. Introduction

x

Overall evaluation of the occupational health and safety management system.

x

Evaluation of occupational diseases.

x

Evaluation of the relationship between safety investment and safety benefit.

x

Evaluation of the relationship between safety investment and safety loss.

x

Evaluation of employee satisfaction.

The evaluation of these subȬobjects aims to provide references for comprehensive
occupational health and safety management evaluation, as well as evaluation objects for the
application of the methods.
My research aims to test a set of evaluation methods applied on occupational health and
safety in the mining industry in China. Another important issue in my research is to explore a
set of comprehensive evaluation methods that are suitable for a more general evaluation of
the occupational health and safety management in other industries; after testing the methods
applied in the mining industry. I have chosen to conduct my tests in the mining industry of
Ezhou city in central China. My hope is to be able to provide some advice on how to improve
the methods applied in the local mining industry in Ezhou, but also a method system for
application in industries as a whole.
According to the description of the aims and the methods I intend to evaluate, my
research has been broken down into three phases:
x

Firstly, describing the applications of the methods in five aspects of occupational
health and safety in the mining industry in Ezhou City, China.

x

Secondly, identifying the advantages and disadvantages of the evaluating methods
and presenting some suggestions for the development of the occupational health and
safety in the mining industry in Ezhou City, China.

x

Thirdly, exploring a set of comprehensive evaluation methods that are suitable for the
occupational health and safety management in industries as a whole.
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2.THE MINING CONTEXT
This chapter contains a description of mining in China and Ezhou City, and a proposal of the problems
is presented.

2.1 A Description of Mining in China
China is a country with many mineral resources. According to the 2016 statistical report of
China Health Planning Commission and the Security Supervision Bureau (Minging in China,
2017), 172 kinds of minerals exist, in which 162 kinds of proven resource reserves are
included. In the proven resource reserves there are 8 kinds of energy minerals, 56 kinds of
metal minerals, 94 kinds of nonȬmetallic minerals and 4 kinds of water and gas minerals.
Exploration and the development of advanced production management systems2 keep the
production of major mineral products in the front row in the world, and the per capita share
is the fiftyȬthird largest in the world.
Rich mineral resources have brought great economic benefits to the country. Also,
according to the 2016 statistical report of China Health Planning Commission and the
Security Supervision Bureau (Minging in China, 2017) in 2011 the overall utilization of
mineral resources (nonȬoil and gas) reached 152 billion, 500 million yuan. The growth rate
reached 40%, which is the highest point in history. In 2015 the national GDP (gross domestic
product) growth rate was 6.9% and the output value of mineral resources (nonȬoil and gas)
comprehensive utilization decreased to 69 billion yuan. Although most of the mineral
products showed weak demand and prices fell sharply in that year. To a certain extent they
had promoted the economic development of the country for long time.
The rich mineral resources have brought economic benefits, while the negative influences
of occupational injuries are also emerging in an endless stream. Also, according to the 2016
statistical report of China Health Planning Commission and the Security Supervision Bureau,
there were 26 337 cases of occupational disease in China in 2016; in which there existed 21 227
cases of pneumoconiosis, 627 cases of acute poisoning, 913 cases of chronic occupation, 91
cases of occupation tumours, 31 cases of radiation sickness and 1 433 cases of occupational
otolaryngological and stomatological diseases. In terms of industry distribution, the greatest

2
It mainly includes safety monitoring and monitoring system, pressure air selfȬrescue system, water supply rescue
system, personnel positioning system, mine communication system, and emergency risk avoidance system.
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number of occupational cases are within the mining, nonȬferrous metals, machinery and
construction industries. The summary of occupational disease cases is shown in Figure 2Ȭ1.

1433

Occupationalȱotolaryngologicalȱandȱstomatologicalȱ…
Radiationȱsicknessȱoccupation

31

Occupationȱtumors

91

Chronicȱoccupation

913

Acuteȱpoisoning

627
21227

Pneumoconiosis
0

5000

10000

15000

20000

25000

Figure2Ȭ 1 Summary of occupational disease cases in 2016 in China

According to an analysis report of a Mining Bureau in Shanxi Province (Minging in China,
2017) in 2017 the average direct economic loss for each personȇs death due to an accident is
not less than 800 thousand yuan. For example: the gas explosion accident in Pingdingshan
Coal Industry Group Co., Ltd. on May 21st 2014 directly caused 84 deaths, resulting in direct
economic losses of 67 million 200 thousand yuan and an indirect loss of about 100 million
yuan. The result of death through accidents has hindered the normal development of the
mining economy.
Occupational injury3 not only brings negative influence on families and society, but also
seriously affects the economic development of the country, which indicates that the work of
occupational health and safety is lagging behind the pace of economic growth (Yu et al. 2016).
How to promote the safety integration of Chinaȇs mining industry and its healthy and
sustainable development has become a key and difficult problem in Chinaȇs economic
development.

2.2 A Description of the Mining Industry of Ezhou City, China
According to the Safety Evaluation Report of 2015 for the mining industry of Ezhou City, that
is located in the southwest of the Hubei Province, in a subtropical monsoon climate zone with
abundant rainfall in the central part of China, ground cracking and settlement collapse are the
most important geological hazards. It is an underground min with dozens of iron, copper,
cobalt, and other metal ores; with especially good quality in iron and lead as well as more
3

According to Wayne and John (2005), occupational injury including occupational disease and accidents.
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than 30 kinds of nonȬmetallic minerals (e.g., zeolite, bentonite and pearl rock). sublevel caving
methods integrated with advanced lifting equipment and efficient mining equipment have
been adopted and the annual output is 3 million tons of iron ore. Additionally, the iron
concentrate grade achieves 66.5%, which is very high in a national perspective.
There are about five hundred employees in each plant of the Ezhou City mining industry,
their wages are a combination of an hourly wage and performance based scores (normally,
the wage level of the employees at the mine is lower than the local wage level in other
industries in Ezhou City). Additionally, this city has developed together with the mining
industry and can provide urban residents and enterprise employees with good housing,
welfare and transportation.
The mining workplace, ore dressing plant and pelletizing plant are included in the
mining industry. The simple process flows of the workshops are shown in Figure 2Ȭ2, 3 and 4,
which are taken from the 2016 statistical report of China Health Planning Commission and
the Security Supervision Bureau (Minging in China, 2017).

Rock drilling

Blast

OreȬdrawing

Transferring to ore dressing workshop

Skip hoisting

Locomotive ore drawing

Underground coarse explosion

Figure2Ȭ 2 The simple process flow of mining workplace

Fine grinding

Intermediate grinding

Flotation

BallȬmilling

Regrinding

Filtration

Figure2Ȭ 3 The simple process flow of ore dressing plant

High pressure roller mill

Storage

Balling

MixedȬingredients

Circulating cooling

Roasting

Mixed materials

Figure2Ȭ 4 The simple process flow of pelletizing plant

In brief, the good social and human resources and the high iron concentrate grade in this
mining context have promoted the economic development of the industry and brought some
5
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social benefits.
According to the financial report from Ezhou City Safety Supervision Bureau from 2011
to 2015 and the 2016 statistical report of China Health Planning Commission and the Security
Supervision Bureau (Minging in China, 2017), the total safety investment at Ezhou City
increased from 2.884 to 3.972 thousand yuan; a summary data of total safety losses, total
production investments and total safety benefits from 2011 to 2015 are shown in Table 2Ȭ1.
Table 2Ȭ 1 Data summary of total safety investments, loss and benefits (Unit: ten thousand)

2011

2012

2013

2014

2015

Total safety investments

288.4

332.6

301.5

378.8

397.2

Total accident losses

89.3

90.4

87.5

98.3

95.3

Total safety benefits

1233.5

1472.1

1261.5

1805.6

2136.5

It can be seen in Table 2Ȭ1 and also was described in the 2016 statistical report of China Health
Planning Commission and the Security Supervision Bureau (Minging in China, 2017) that
during the past five years, the safety investments are not sufficient and the results are not
obvious.

2.3 A Proposal of the Problems
To sum up, the occupational injury affects the rapid and sustainable development of the
countryȇs economy. As for the mining industry of Ezhou City, China, the safety investment
mode, interested party satisfaction, occupational disease control, risk management, and laws
and regulations need to be analyzed and improved to promote the sustainable development
of enterprises. What is important, however, is how to improve this situation with the right
problemȬoriented strategies. For example: as for the safety investment, it is necessary to know
which safety investments can promote safety benefits and reduce safety losses. And as for
interested parties, what are the aspects of the dissatisfaction concerned? These issues raise the
questions related to understanding how to evaluate and what methods ought to be used.
Moreover, the selection of evaluation methods will directly affect the evaluation results and
then the direction of improvement. Based on this point, in this study the methods that are
used to evaluate the problems of occupational health and safety management in the mining
industry Ȭ such as the relationship between safety investments and safety benefits, the
relationship between safety investments and safety losses, occupational disease status, risk
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management and other factors affecting the sustainable development of enterprises and
employee satisfaction, Ȭ are studied to promote the sustainable development of occupational
health and safety management in this mining industry and other industrial activities.

7

8

Application of Statistical Methods on Occupational Health and Safety Management in the Mining
Industry in Ezhou City, China

3. PRESENTATION AND THEORETICAL STARTING POINTS
TO STATISTICAL METHODS
The purpose of this chapter is to present the theoretical starting points and the statistical methods I
chose to evaluate the occupational health and safety management in an effective way.

3.1 Introduction
Whatȇs suitable is the best! is a quote by Lu Xun (1881Ȭ1936), the most famous author in China,
which has inspired my way of working.
The methods I selected in my work are based on two theoretical starting points;
x

Multi Objective Decision Making Theory (MODM)

x

Grey System Theory

The six methods I have chosen to include in the research are:
x

Entropy Weight Analysis (EW)

x

Failure Mode and Effect Analysis (FMEA)

x

Improved Analytic Hierarchy Process (AHP)

x

Data Envelopment Analysis (DEA)

x

Grey Relational Analysis (GRA)

x

2ȬTuple Linguistic Information (2ȬTLI)

In this research the contents of EW, AHP, FEMA, DEA, and 2ȬTLI are closely related to
multi objective decisionȬmaking theory (MODM). The structure of MODM including startȬup,
problems

construction,

system

modelling,

analysis

and

evaluation,

and

decision

implementation gives the general steps for the methods. The contents of multi objective
evaluation, value judgment, etc. give the detailed steps for the methods.

The contents of GRA are closely related to grey system theory. The GRA model is conducted
on the premise of the basic principle of grey system theory. All the interpretations of results
can find the theoretical support from grey system theory.
9
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Below I will describe the theoretical starting points and each method.

3.2 Multi Objective Decision Making Theory (MODM)
3.2.1 Background of MODM theory
MODM is a decisionȬmaking theory based on a scientific and rational selection of multiple
conflicting goals (Xia, 1995). According to Xia, it is a relatively new branch of management
science that is based on a long historical development that has developed rapidly since 1970s.
L. Pareto, an economist in Italy, first proposed Multi objective optimization in 1896. He turned
many essentially nonȬcomparable goals into a single optimization objective. In 1944, J. von
Neumann and O. Morgenstern proposed a conflicting MODM problem with multi decision
makers from the angle of game theory. In 1951, T.C. Koopmans put forward multi objective
optimization problems from the analysis of production and distribution activities, and
introduced the concept of Pareto optimization. In 1961, A. Charnes and W. W. Cooper
proposed the concept of goal programming. In 1963, L.A. Reiter put forward some basic
concepts of multi indicator problems from the angle of cybernetics. In 1976, R. Kenai and H.
Tsvangirai Fabristeel introduced multi attribute utility method into multi objective problem
solving.
3.2.2 The basic principle of MODM method
The theory of MODM mainly consists of the analysis and description of multi objective
decision making process, the theory of conflicting decompositions and ideal point shifts,
multiȬattribute utility theory, the multiplicity and hierarchy of demand, etc. (Yang and Zheng,
2012).
During multi objective decision making, some solutions can be eliminated after
comparison, which is called inferior solution. However, there are still a number of alternatives
that cannot be eliminated, and cannot compare with each other. From the perspective of multi
objective considerations, they are not optimal solutions, which are called ȈnonȬinferior
solutions” or Pareto solution (Yang and Zheng, 2012).
The basic principle of MODM can be found in the methods for EW, AHP, FEMA, DEA,
and 2ȬTLI. Inferior solution requires that the number of goals should be reduced as much as
possible on the premise of meeting the need of decision making, e.g. in the process of
establishing indicators of the analytic hierarchy process (AHP), the less the number of the
indicators is (no less than 3), the higher the accuracy of AHP will be. NonȬinferior solutions
requires that conflicting goals should be coordinated on a general objective basis and full
consideration to all objectives and overall plans should be made. For example, in the process

10
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of establishing indicator of data envelopment analysis (DEA), there are 10 research samples,
which inquires the number of the indicators must be less than 5 (Du, 2009), so redundant
indicators or small contribution indicators need to be deleted. One example is, there are 3
input indicators (A, B , and C) and 3 output indicators (D, E,and F), according to Du (2009)
and the full consideration to all objectives and overall plans, more than one indicator of all the
input and output indicators should be screened.

3.2.3 Solution procedure of MODM
MODM is a complex process. From a number of feasible schemes (also known as solutions), a
decision method for choosing a satisfactory scheme (solution) is always chosen. In the
solution process there always exist five steps including startȬup: problems construction,
system modelling, analysis and evaluation, and decision implementation. As shown in Figure
3Ȭ1.
Trigger

аˊStartȬup

Recognize the need for research and change systems

Value
judg

ҼˊProblems construction

йˊSystem modeling

ഋˊAnalysis and evaluation

Identify problems, indicate goals, and distinguish attributes

ment

Construct models and estimate parameters

Set of scheme

Attribute value

Evaluate or optimize

ӄˊDecision implementation

Decision environment and natural state

Make decision

Implement or reevaluate

Figure 3Ȭ 1 Solution procedure of MODM (Yang and Zheng, 2012)

3.2.3.1 Multi objective evaluation
Evaluation is a key link in the process of MODM, the outcome of which is used as a basis for
11
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final decision making. The basic process of evaluation includes four steps:
Step 1. Determine evaluation criteria
Step 2. Collect relevant information, including the data, knowledge, experience, summing up,
etc. in economic activities
Step 3. Analyze the information collected
Step 4. Use suitable methods to form evaluation results, including qualitative method,
quantitative method, etc. related to the data, knowledge, experience, summing up, etc. in
economic activities
3.2.3.2 Value judgment
In the process of MODM, the value elements involved and the value judgments that need to
be carried out mainly include:
x

In the case of structural problems, subjective factors such as the needs, attempts, etc.
of the decisionȬmaker have major influence in bounds of the identified problems,
decision problems environment, goal of decision problems, and corresponding
attribute.

x

In the case of system modelling, the form of selecting the decision model and the key
variables of the model inevitably involve the decision makerȇs value judgment.

x

In the case of analyzing the evaluation, appropriate decision rules should be selected,
and a decision analyst should undertake the analysis and evaluation according to the
preference structure of a decision maker (i.e. sense of value).

In the process of multi objective evaluation and MODM, the value judgments of decision
makers always work. The preference structure of decision makers has the most important
influence on the result.
Inspirations can be drawn from value judgments. Methods of EW, AHP, FMEA, and
2ȬTLI include the link of experts scoring. While the subjective factors, such as knowledge
structure, needs, and attempts of the experts, have an important influence on the scoring of
decisionȬmaking. Therefore, their knowledge of the structure, technical level, and working
experience are all key factors in the choice of experts. According to the key factors, selecting
the experts objectively and systematic training on their scoring tables should be conducted to
reduce the subjective influence.
3.2.4 Methods of MODM
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There are many methods for multi objective decisionȬmaking (MODM). The five most
important are the methods for:
x

Making It Fewer: A multi objective problem is turned into one or two goals, then, a
simple decision method is used to solve the problem.

x

Direct seeking Non Inferior Solution: A set of nonȬinferior solutions is calculated firstly,
then a satisfactory solution according to the preȬdetermined evaluation criteria can be
found.

x

Goal Programming: For each goal, an expected value is given in advance, then, under
the constraint of the system, the nearest solution to the target expectation can be
found.

x

Analytic hierarchy process (AHP): all the goals are sorted according to their importance;
firstly, the optimal solution of the first most important goal is calculated. Then, the
optimal solution of the next objective is obtained in the precondition of guaranteeing
the optimal solution of the previous objective to the last goal.

x

Data Envelopment Analysis (DEA): It is a method for dealing with multiple objective
decisionȬmaking problems with multi inputs (the smaller there are, then the better for
the input) and the multi output (the greater they are, then the better for the output).

Other methods such as failure mode and effect analysis (FMEA), entropy weight (EW),
2Ȭtuple linguistic information (2ȬTLI) have also been widely used in the aspects of multi
objective decision processing. In addition to these, there are a number of other relevant
methods of MODM, see for example, Yang & Zhang (2008), and Feng (1990).

3.3 Grey System Theory
3.3.1 Objects and contents of grey system theory
The grey system theory founded by Professor Deng Julong in 1982 was a new approach to
studying the problem of less data and poor information (Deng, 1982). The grey system theory
takes the Ȉsmall sampleȈ, Ȉpoor informationȈ and Ȉpartial information known, partial
information unknownȈ as the object of study. According to Zhao (2011) the main contents of
the grey system theory are:
x

The theoretical system based on the Grey Hazy set.

x

An analytic system based on grey relational space.

x

A method system based on grey sequence generation.

x

Model system based on Grey Model (GM).
13
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x

Technical system based on system analysis, evaluation, modelling, forecasting,
decisionȬmaking, control and optimization.

In addition to grey relational analysis, grey system analysis includes grey prediction, grey
statistic evaluation etc. The basis of grey system theory are grey fuzzy set, grey algebra
system, grey equation and grey matrix.
Grey Relational Analysis (GRA) is a part of the grey system theory. The shortcomings
(see 5.3 Article III and IV) of some existing models of GRA make it difficult to solve some
practical problems. The whole theory system of grey relational analysis is not perfect yet, and,
to a certain extent, its application is limited (Wang, 2005). Therefore, I have improved the
indicator weight problem (see Bao et al. 2018a).
3.3.2 The basic principle of grey system theory
According to Liu (2003) the basic principle of grey system theory mainly includes:
x

The difference of information theory: There must be a difference in information. The
difference between two things, that is, contains information about the particularity of
one thing to another.

x

Solution of nonȬuniqueness theory: Incomplete, uncertain solutions of information are
not unique. Because of the uncertainty of the system information, it is impossible to
have an exact unique solution.

x

Least information principle: The grey system theory is characterized by the full
development and utilization of the minimum information that has already occupied,
and studies the uncertainty of small samples and poor information.

x

Cognition evidence principles: Information is the basis of cognition, and cognition must
be based on information. Based on incomplete and uncertain information, one can
only obtain incompletely defined cognition.

x

The priority principle of new information: The role of new information cognition is
greater than that of old information, which influences the future trend of the system
directly.

Grey Relational Analysis (GRA) is based on the premise that the system must be a grey one
(see 3.8.1 What is GRA?). In the process of solving problems, because of the uncertainty of the
system information, it is impossible to have an exact unique solution, which will lead to the
necessity of qualitative analysis for supplementary information to determine one or more
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satisfactory solutions.
In section 3.2 and 3.3 I have listed the contents, the basic principle, and the background of the
theory I intend to use in my research. Below I will introduce my choice of methods by
answering the questions ”what is the method?”, “why choose the method?”, and “how to
apply the method?” in my research.

3.4 Entropy Weight Analysis (EW)
3.4.1 What is EW?
The aim of EW is to determine the objective weight of each indicator for indicator evaluation through
standardizing the data of each indicator and obtaining the information entropy of each indicator.
In statistical thermodynamic entropy (usual symbol S) (Greek: ̈ΑΘΕΓΔϟ΅, ΉΑ + ΘΕνΔΝ) is
a measure of the number of microscopic configurations ̛ that correspond to
a thermodynamic system in a state specified by certain macroscopic variables (Liu et al. 2017).
C.E. Shannon first introduced Entropy into information theory (Liu et al. 2017). At
present, it has been widely used in engineering, social economy and other fields, e.g., it can be
used in calculating the weights of occupational disease in enterprises to determine which one
is the most serious.
When the difference of the value among the evaluated objects on the same indicator is
high, while the entropy is small, it illustrates that this indicator provides more useful
information and the weight of this indicator should be set correspondingly high. On the other
hand, the relative weight would be smaller. Hence, the entropy theory is an objective method
for weight by calculating entropy through choosing the best indicators, which could reflect
the different objective level among monitoring points (Zou et al. 2006).
3.4.2 Why choose EW?
Luo & Li (2013) and Zhao et al. (2013) use entropy weight method to determine the indicator
weight. Taking full advantage of objective information and enhancing the objectivity of
evaluation results, good results have been achieved in power grid planning and other fields
according to the degree of difference between the evaluated objects. Yang et al. (2014)
introduce entropy weight method to reduce the influence of subjective factors on the
evaluation results. The weights of the evaluation indicators are corrected by entropy weight,
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which enhances the objectivity of the evaluation results. Yang et al. (2014) shows that the
weight of entropy weight method is better than that the traditional 0Ȭ10 scale method, and the
result is more accurate. Also, Yin et al. (2013) adopt entropy weight method in building
quality evaluation of real estate project, and has proved that it is an effective and objective
method. Fu & Kong (2010) have declared the entropy weight method as suitable for multi
indicators through comparative evaluation of mineral resources competitiveness. Tang et al.
(2016), Yang et al. (2013) and Zhang et al. (2010) show that entropy weight method is simple,
convenient and effective for calculation through empirical analysis. In general, the method is
widely used in many fields with the advantages as shown below.
x

EW can better reflect the ability of distinguishing indicators to determine the weight.

x

It is a kind of objective weight method with theoretical basis. It has higher reliability
and accuracy compared with subjective weighting.

x

The algorithm is simple, with convenient operation in practice that needs no other
analysis software.

x

This method has a good application in the empirical analysis with multi indicators.

The literatures above describe the reason why EW ought to be chosen, and I assessed this
method as appropriate for analysing the complex data that I present in Articleĉ. This article
includes multi indicators such as fifteen research objects, thirty strengths and thirtyȬfour
weaknesses of internal key indicators, and eight opportunities and thirteen threats of external
key indicators.
3.4.3 How to apply EW?
EW is used to determine the weight of each key factor, and the steps are as follows:
Step 1. Standardization of the Data.
Standardize the score of internal and external key factors X1, X2,…Xi(i=1,2,3,…n) affecting the
development of OHSAS 18001, the value is as follows:

X1i *

X1i  min( Xi )
(i 1, 2, 3,...n).
max( Xi )  min( Xi )

(1)

Step 2. Information Entropy of Key Factors.
According to the definition of information entropy in information theory, the information
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entropy is as follows:
n

Ei
If ȱPi

 ln(n)1 6 Pji ln Pji , where ȱPji
i 1

0, ȱthenȱ lim Pji ln Pji
Pi o0

Xi *
n

6 Xi

;
*

(2)

0

Step 3. Determination of the Weight of the Key Factors.
After getting the information entropy of the internal key of n item, suppose the information
entropy of the internal key of n item are E1, E2,…Ek, then the weight of the key factors can be
calculated as follows:

Wi

1  Ei
n

, ȱwhere ȱi 1, 2, 3,...k.

(3)

k  6 Ei
i 1

Through the calculating procedures of the method, the entropy weight value of each indicator
can be calculated by information entropy. Then a modified value of the weight of each
indicator can be obtained through the entropy weight, which will result in a more objective
indicator weight.

3.5 Failure Mode and Effect Analysis (FMEA)
3.5.1 What is FMEA?
The aim of FMEA is a systematic method to prevent and reduce the occurrence of failure through
identifying, analyzing and evaluating risks.
FMEA is an effective method for a number of purposes such as analyzing product design,
development (Wilsonnhm & Dell, 1999); analyzing potential problems (or failure modes) in
the process evaluating the risk of these potential problems and their impact and severity, and
for taking effective preventive measures in time to avoid or reduce these problems (DaÂsuyu
et al. 2016). Additionally, FMEA emphasizes “beforeȬtheȬevent” rather than “afterȬtheȬfact”
(Wang, 2002), and the basic idea of Ȉprevention firstȈ is consistent with the ISO standards.
3.5.2 Why choose FMEA?
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Nichols (2011) and Woodhouse et al. (2004) give two good examples where FEMA has been
used. Nichols (2011) describes the experience of applying the FMEA method for failure
analyses when medical infusion pumps are manufactured. The FMEA team assesses about
200 failure modes of the infusion pump through meetings and discussions. This can help in
considering the

possible failure modes and their effect on

the reliability and

manufacturability of the product and reduce the possibility of transfusion errors effectively.
Woodhouse et al. (2004) use the FMEA method to identify risks in the process of cross
matching blood type, failure modes of every potential aspect provides a good record
improvement measures to reduce the possibility of mismatch errors. In addition to the above,
the Canadian Institute for the study of medication safety has also made a high evaluation of
the FMEA approach and recommended it as an assessment tool for prospective medical risk
(Wang, 2002). Guo et al. (2012) introduce the FMEA method into the nursing safety
management of neonatal ward. The result of the application shows that within half a year the
average decrease rate of nursing unsafe events reaches 47.5%, and the effect is evident. Li
(2012) and Wang (2002) clarify the obvious effect of FMEA technology as a useful tool for risk
management in design, development projects and management. In short, FMEA is useful
primarily as a survey method to identify major failure modes in a system with the advantages
as follows:
x

It can help determine the best possible design and development options to provide
high reliability and manufacturability potential.

x

It can help consider the possible failure modes and their effect on the reliability and
manufacturability of the product.

x

It can help provide a wellȬdocumented record of improvements from corrective
actions implemented.

x

It can help provide information useful in developing test programs and inȬline
monitoring criteria.

x

It can help provide historical information useful in analyzing potential product
failures during the manufacturing process.

x

It can help provide new ideas for improvements in similar designs or processes.

In Article Ċ, the failure mode questionnaire of FEMA method is conducted, which includes
the questionnaire objects (i.e. dust, noise and gas), probability of occurrence (expressed as O1,
O2, O3, O4, and O5), severity of effects (expressed as S1, S2, S3, and S4) and likelihood of
detection (expressed as D1, D2, D3, D4, D5, and D6). The number of RPN (risk priority number)
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can be calculated by RPN = O ×S × D, which means that it is an important parameter for
evaluating the security level of the questionnaire objects. The higher the score is, the higher
the security level will be.
3.5.3 How to apply FMEA?
FMEA plays an important role in accident prevention, analysis and improvement. Xing et al.
(2016) recommend applying it in a detailed flow chart: (see Figure 3Ȭ2.)

Make FMEA Group

Gather Information

Setup FMEA plan

Instruction Analysis

System Feature Definition

System Function Analysis

FMEA

Failure Cause Analysis

Occurrence Analysis

Current Process Control Analysis

Detection Analysis

R.P.N
Key Condition Calculation

FMEA mode
decision

Process Improvement

Corrective Action Suggestion

Report

Figure 3Ȭ 2 FMEA flow chart
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Analysis and Correction

Failure effect Analysis

Severity Analysis
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x

Make a FMEA group consisting of chief engineer, manufacturing engineer, quality
engineer, designer, and related professional engineer and suppliers, as well as
customers if necessary.

x

Collect related information, such as product design, manufacturing process,
maintenance, environment, etc.

x

Develop FMEA implementation plan, referring to the actual needs of FMEA or the
requirements of the contract including the form, the analysis of the product or
process level, failure definition, achievement integration, etc.

x

Work with the group on problem analysis, risk assessment, RPN value standards,
requirements for improvement, etc.

x

Regularly update FMEA and monitor the status of FMEA improvement.

According to the flow chart, failure cause analysis, current process control analysis and
failure effect analysis are the most important tasks when calculating RPN (risk priority
number); this is the major reference for corrective action suggestion. Also, the results of
calculating RPN can provide a reference for a dayȬtoȬday occupational health management
together with device management, design and development management, etc.

3.6 Improved Analytic Hierarchy Process (AHP)
3.6.1 What is improved AHP?
The aim of improved AHP is to provide a decision method for multi objective and multi criteria
decision making problems through the analysis and calculation of the influence factors.
Improved analytic hierarchy process (AHP) is based on fuzzy mathematics with the
principle of fuzzy relation integrated. It is a method of making some unclear boundary and
some nonȬquantitative factors fix quantified and evaluated comprehensively (Wang, 2003).
The factors are quantified by constructing a fuzzy set of hierarchical fuzzy subsets to reflect
the fuzzy indicators being evaluated. This is to determine the membership degree (according
to the maximum membership degree principle, if the degree of the membership of one
indicator is the maximum value, the final evaluation grade keeps in line with that of the
indicator (Thomas, 2005). For example, the assessment decision sets can be expressed as V =
(V1,V2,V3,V4 ), where V1 = very good, V2 = relatively good, V3 = general, and V4 = not good.
After calculation of case study, the final value can be expresses as (0, 0.1774, 0.5505, 0.2721),
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where the maximum value is 0.5505, and its corresponding grade is V3; So the final evaluation
grade is “general”) and then each indicator is evaluated by the principle of fuzzy
transformation (Cui et al. 2007). Compared with the traditional AHP, improved AHP can
better explain the accuracy of the scoring as shown in Table 3Ȭ1.
3.6.2 Why choose improved AHP?
In this research, experts determine the importance of each indicator. The weights of each
indicator of the factors are calculated by AHP method, and the judgment matrix is established.
Guo et al. (2014) show that the consistent effect of constructing a comparison matrix is not
enough for Saatyȇs Ȉ1Ȭ9Ȉ scale method, and the traditional analytic hierarchy process is
considered only applicable to specific qualitative indicators. On the other hand, the question
of qualitative and quantitative indicators is not discussed enough (Wu & Li, 2004). The
traditional AHP method considers the consistency of the judgment matrix more than the
rationality of the judgment matrix (Wei & Zhang, 2000; Wang, 1995 and Bao et al. 2016). Chen
et al. (2011) initially apply the improved Ȉ9/9Ȭ9/1Ȉ analytic hierarchy process to calculate the
indicator weight. To evaluate the employee satisfaction of a mining industry Bao et al. (2017b)
combine the improved analytic hierarchy process and the 2Ȭtuple linguistic information, and
the results have proved to be effective. Also, Bao et al. (2017a) combine the improved AHP
and FMEA to evaluate the occupational health in a mining industry, and get a consistent
result with Ezhou Center for Disease Control and Prevention. Through the analysis of the
above literatures, traditional AHP has some shortcomings in expert scoring as follows:
x

The “1Ȭ9” scales method would make the accuracy rate low.

x

The method would make the connection of levels confused.

x

The method would make data processing cumbersome.

Compared to traditional AHP, the improved AHP method is complemented with a new
“9/9Ȭ9/1”scale as shown in Table 3Ȭ1. The more accurate calculation method for the weight of
indicators mostly includes AHP model and entropy weight method, where entropy weight
method is usually used for multi indicators and the AHP model is not used for multi ones. In
Article Ċ andč, improved AHP method is not only well applied to calculate the weight of
indicators (qualitative and quantitative), but it also increases the accuracy of the weight. In
Article II the improved AHP is used to evaluate the three most common risk factors (i.e. dust,
noise and gas) to determine the grade of the occupational disease in the mining industry in
Ezhou City, China. It is also used in Article V to evaluate the employee satisfaction including
5 firstȬgrade indicators and 20 secondȬgrade indicators to determine the grade of the
21
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employee satisfaction in that same mining industry. From this point of view, the improved
AHP is suitable for Article II and V.
Table 3Ȭ 1: The experts scoring table of the importance among indicators of the traditional and new scale
9/9–9/1(Intensity of importance)

1–9 (Intensity of importance)

Definition

9/9

1

Equal importance

9/8

2

Equal to moderate importance

9/7

3

Moderate importance

9/6

4

Moderate to strong importance

9/5

5

Strong importance

9/4

6

Strong to very strong importance

9/3

7

Very strong importance

9/2

8

Very to extremely strongly importance

9/1

9

Extreme importance
The judgment of parameter i compared with

Reciprocals

parameter j is aij, then the one of parameter j
compared with parameter i is aji

3.6.3 How to apply improved AHP?
The improved AHP method is used to determine the accurate weight of the indicators. The
process can be divided into four steps as follows:
Step 1. Assessment Factor Sets
FirstȬgrade indicators are made up with secondȬgrade indicators; secondȬgrade indicators are
made up with thirdȬgrade indicators; which, thus, makes up the assessment factor sets. For
example, in the assessment factor sets: U

^U 1 , U 2 , U 3 ` , where U = occupational disease

risk factors, U1 = dust, U2 = noise, and U3 = gas. The factor sets are further refined as follows:

U1

^U 11 , U 12 , U 13 , U 14 ` , U 2 ^U 21 , U 22 , U 23 ` ,

U3

^U 31 , U 32 , U 33 `

where U11 = not

wearing a dust mask, U12 = not operating normatively, U13 = not opening the dust model, U14 =
mask not regularly replaced with filtration membrane. U21 = not maintaining equipment
periodically, U22 = not wearing earplugs, U23 = not setting sound insulation equipment; U31 =
fan not running well, U32 = insufficient ventilation system, and U33 = insufficient individual
protection.
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Step 2. Assessment Decision Sets
Assessment decision sets are sets of decisions that are closely related to the results degree.
Normally, the assessment factors should be divided into four or more grades: very good,
relatively good, general, and not good (Tang & Li, 2009). Thus, the assessment decision sets
can be expressed as:

V3

^V1 ,V2 ,V3 ,V4 ` , where V

1

= very good, V2 = relatively good, V3 =

general, and V4 = not good.
Step 3. Assessment Weight Sets
The importance among indicators is scored by the relevant experts to determine the weight
value of each indicator of this factor and to construct the judgment matrix, referring to the
9/9~9/1 scale method to determine the specific values. If the parameter on the horizontal axis
of each line was less important than the parameter on the vertical axis of the column, it
carried a value between 9/9 and 9/1. In the contrary, it carried the value between the
reciprocals of 9/9 and 1/9: as shown previous in Table 3Ȭ1
Step 4. Consistency Checking
The test index for the consistency of judgment is as follows: CR = CI/RI; in the equation CI =
(Ώ ƺ n)/(n ƺ 1), n is the order and Ώ is the maximal eigenvalue of the judgment matrix. RI is
random consistency index of judgment matrix (Tang & Li, 2009). Suppose the set RI as is
shown in Table 3Ȭ2.
If CR ǂ 10% then the matrix is consistent, and AHP can be continued; if CR > 10% then it
requires revision. Because the matrix is not consistent, in this article, the root mean square
method is used to carry out the consistency test. The model calculation procedure is as
follows:
n

x

Multiply the judgments of indicators by line

uij

b

ij

j 1

x

x

The nth root of the resultant product

ui

n

ui j

Normalize the root mean square vector and get the feature vector

wi

ui
n

¦u

i

i 1

x

Calculate the largest eigenvalue (Zhang et al. 1992 and Wei, 2000) of the judgment matrix
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Omax

n

( AW )i

¦ (nW )
i 1

, where AW means the parameter on the horizontal axis multiplied

i

by the matrix of the weight.
x

Calculate CR = CI/RI = (Ώ ƺ n)/(n ƺ 1)/RI, where RI set value is shown as follows.
Table 3Ȭ 2 RI set value
n

1

2

3

4

5

6

7

8

RI

0

0

0.58

0.9

1.12

1.24

1.32

1.41

According to the calculating procedures of the method, the weight of the indicators, whose
results may be consistent or not, can be calculated. So consistency checking is needed for the
calculating results. During the procedures, the scores of the experts according to Table 3Ȭ2 is
the most important work for the accuracy of the weight, which puts forward the demands of
standardized training about the knowledge of improved AHP.

3.7 Data Envelopment Analysis (DEA)
3.7.1 What is DEA?
The aim of DEA is to estimate the effective production frontier by calculating a set of input Ȭ output
observations.
Data envelopment analysis (DEA) was first introduced by the famous operational
research experts A. Charnes, W.W. Cooper and E. Rhodes in 1978 (Duan, 2006 and Wu, 2002).
From the production function point of view, it is a very good and effective way to study
several inputs especially when production have to be “scale efficient” and “technical efficient”
at the same time.
3.7.2 Why choose DEA?
Zhang et al. (2011) use the method of DEA to measure technical efficiency and scale efficiency
related to the governance of Chinaȇs ten largest environmental pollution cities, and put
forward some reasonable proposals on how to control the environmental pollution. Qiu & Liu
(2011) refer to data from 31 provinces and autonomous regions to set up a model of
inputȬoutput efficiency for evaluating the inputȬoutput efficiency of logistics enterprises.
Their finding was that 22 provinces and autonomous regions were ineffective in the overall
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DEA. Wang & Jiang (2011) apply DEA model in culture industry with good results and sum
up its advantages. Liu et al. (2015) made a literature review of DEA and listed some of the
application areas such as higher education, urban environment, agriculture and forestry, as
well as some of its dilemmas. To sum up, the specific advantages of DEA include the
following points:
x

DEA can handle multiple input and multiple output models in many fields.

x

It does not require an assumption of a functional form relating inputs to outputs.

x

DMUs are directly compared against a peer or combination of peers.

x

Inputs and outputs can have very different units. For example, X1 could be in units of
lives and X2 could be in units of dollars without requiring a tradeȬoff between the two.

In Article III, the multiple inputs (safety technical measures, industrial hygiene measures,
safety management and training, and labour protection products) are directly compared
against the output (safety benefits), and they are in different units. Based on the definition
and the advantages of DEA, I assess this method as an appropriate one for Article III.
3.7.3 How to apply DEA?
The DEA model is used to evaluate the efficiency of safety benefits. The process can be
divided into six steps as follows:
Step 1. The ith Input and the rth Output
The ith input of unit j is explained by xij, the rth output of unit j is explained by yrj and the input
and output is shown as follows:

1 o ª x11 ȱx12 ȱ ! ȱx1n º ª y11 ȱy12 ȱ ! ȱy1n º o 1 ½
«
» «
»
°
°
°2 o « x21 ȱx22 ȱ ! ȱx2 n » « y21 ȱy22 ȱ ! ȱy2 n » o 2 °
input ®
;ȱ
output
« ȱȱ # ȱȱȱȱ # ȱȱ % ȱ # » « ȱȱ # ȱȱȱȱ # ȱȱ % ȱ # » ȱ # ȱȱ # ¾
°#
°
«
» «
»
°¯m o « xm1 ȱxm 2 ȱ " xmn » « ys1 ȱys 2 ȱ " ysn » o s °¿
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Step 2. The Formula hj of InputȬoutput Ratio
Suppose the weight of ith input is expressed by vi and the weight of rth output is expressed by
ui. Let vi (i=1,2,…m),ui(r=1,2,…s), j=1,2,…n and hjǂ1. Then the optimization model of formula hj
of inputȬoutput ratio of jth decision making unit and performance appraisal of j0 each
decisionȬmaking unit can be summed up as follows:
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s
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m

6 vi xij
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m
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6 vi xij 0

i 1
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Step 3. The Transformation of the Fractional Programming Problem
This is a fractional programming problem which can be transformed into an equivalent linear
programming problem as shown below:

t

1
m

6 vi xij 0

ȱȱP r

tur ȱw i

tvi

i 1

Step 4. The Linear Programming Model and Vector Form
The linear programming model and vector form are shown as follows:

max h j 0
s.t

P T Y0

 P T Yj  Z T X j d 0
°° T
®Z X0 1
°Z t 0, P t 0
°̄
p

max h j 0

6 uiYrj 0

r 1

m
p
°r61 uiYrj  i61 wi Xij d 0, j 1, 2,...n
°m
°
s.t. ® 6 wi Xij 0 1
i 1
°
°wi t 0, ui t 0, ȱi 1, 2,...m; r 1, 2,...p
°̄

Step 5. The Dual Problem and Vector Form
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The dual problem and vector form are shown as follows:

min vD
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Step 6. Relative Efficiency Evaluation of C2R Model
Relative efficiency evaluation of C2R model: (1) Suppose
decisionȬmaking unit j is called DEA efficiency. (2) Suppose
0

T

1, s0 

1, s0 

0 , the

T  1, s0  z 0, s0  z 0

, the

decisionȬmaking unit j is called non DEA efficiency.
0

Through the procedures of the DEA model, whether the input of the DMUs compared
with the output is efficiency or not will be calculated and analyzed as DEA efficiency or
nonȬDEA efficiency, which will explain whether the production departments are scale
efficiency and technical efficiency at the same time.

3.8 Grey Relational Analysis (GRA)
3.8.1 What is GRA?
The aim of GRA is to measure the degree of association between factors for indicators evaluation
according to their similarity or dissimilarity.
The grey system theory was created by Professor Deng Julong in the 1880s (Deng, 1982).
Over the last 20 years tt has been successfully introduced to agricultural, industrial, economic
and other science fields. A grey system is an uncertain system, where some information is
known and some is not, with small samples of information, and poor information systems.
For example, we know a personȇs height, weight and other information, but do not know how
much of his (her) acupoint and the relevant information of the acupoint, the personȇs body
can be called the grey system. Grey relational analysis is an important part of grey system
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theory. It is used to analyze the correlation degree of indicators, to calculate the grey relation
between the indicators of the data sequence and to analyze the evaluation results for further
countermeasures and suggestions (Anton Bezuglov & Gurcan Comert, 2016; Yang & Ding,
2016, and Deng, 1981).
3.8.2 Why choose GRA?
Shen et al. (2014) set up the GRA method to evaluate the original data of Danjiangkou Basin
(located in the middle and upper reaches of the Hanjiang River, and distributed in
Danjiangkou City of Hubei province and Nanyang City of Henan Province, China.). The
result has met certain Chinese standards, and their methods have proved to be scientific and
rational with the advantage of simple algorithm. Fu & Huang (2015) have compared and
analyzed the main influence indicators of the Inner Mongolia Autonomous Region tourism
economy in recent years, using grey relational analysis with incomplete and uncertain
information. The result shows that the grey relation between the economic support factors
and the living standard of residents has the greatest influence on tourism economic
development of Inner Mongolia: That is to say: the greater the investment in the living
standard for residents, the more developed the tourism economy is. Mei et al. (2017) evaluate
the degree of tourist satisfaction in relation to five scenic spots, analyze the advantages and
disadvantages of the scenic spots respectively, and finally, put forward 3 problems which
should receive attention when using grey relational analysis to evaluate the degree of tourist
satisfaction. In other words, the GRA model is an effective way to solve the uncertain
problems and give the relation between indicators. The specific advantages can be
summarized in the following points (Shen et al. 2014, Fu & Huang, 2015, and Mei et al. 2017):
x

GRA can solve the uncertain problems under the discrete data and incomplete
information.

x

GRA is one of the very popular methods used to analyze various relationships among
the discrete data sets and make decisions in multiple attribute situations.

x

The major advantages of the GRA method are that the results are based on the original
data, the calculations are simple and straightforward.

x

GRA is one of the best methods used to make decisions in a business environment.

In Article III and IV, there are only four sets of discrete input data (safety technical measures,
industrial hygiene measures, safety management and training, and labour protection
products) from 2011 to 2015 that are used to calculate the relation degree between safety
investment and safety benefit (Article III), and between safety investment and safety loss
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(Article IV). The original data (i.e. quantitative data from the financial department) ensure the
accuracy of the calculation results, and this simple method can satisfy the advantages of GRA.
Based on the description above, I assess GRA as suitable for Article III and IV.
3.8.3 How to apply GRA?
The GRA model is applied in my theses to calculate the relation between safety investment
and safety benefit. The process can be divided into five steps as follows:
Step 1. Determining the Analysis Sequence
Select reference series and let X {x0 , x1 ,", xm } be grey relational factor set, x0 be a reference
sequence,

x i be a comparison sequence, and x0 ( k ) , i {1, 2," , m}, xi (k) be the K point

number of

x0 and x i as shown below.

x0

( x0 (1), x2 ( 2)," , x0 (n)) ,

x1

( x1 (1), x1 ( 2)," , x1 (n))

x2

( x2 (1), x2 (2)," , x2 ( n))

""

xm

( xm (1), xm ( 2)," , xm (n))

Step 2. NonȬDimensional Variables
Each factor in the data of the column may be different because of the dimension, so it is hard
to get the correct conclusion when in comparison. The data is generally performed by
nonȬdimensional treatment during the grey relational analysis:

xi ( k )

xi ( k )
,ȱkȱ=ȱ1,2,...n;iȱ=ȱ1,2,...m
xi (1)
.

Step 3. Calculating the Relational Coefficient
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The relational coefficient of

] i ( k)

x0 ( k) and xi ( k) is shown below:

min min X 0 ( k )  X i ( k )  U max max X 0 ( k )  X i ( k )
i

k

i

k

X 0 ( k )  X i ( k )  U max max X 0 ( k )  X i ( k )
i

r( x0 ( k ), xi ( k ))

k

̇min  Ε ̇max
̇0 i ( k )  Ε ̇max

In the Formula, ̇0i (k)

x0 (k)  xi (k) is the absolute difference, ̇min minmiṅ0i (k) is the
i

minimum difference between two poles, ̇max
between two poles,

U

maxmaẋ0i (k) is the maximum difference
i

k

is the resolution ratio , Ε (0,1) (remarks:

0.5 in actual calculation.), and

k

U

value normally equals

Νk is the weight of K point number which satisfies

n

0 d Z k d 1, ¦ Z k

1 .

k 1

Step 4. Calculating Grey Relation
Because the relational coefficient is too scattered to compare overall, the average value is
normally expressed as the degree value between comparison sequence and reference
sequence, and ri formula of the relational coefficient is as follows (Lu et al.2010):

ri

1 n
¦ ] i (k )
nk1
.

Step 5. The Relation Ranking
Normally, if r( x0 , xi ) ! r( x0 , x j ) , the relation of xi and x0 is higher than that of x j and x0 . That
is to say, the influence degree of xi on x0 is higher than that of x j on x0 .
Through the procedures of the GRA model, the ri value of the relational coefficient can be
calculated to analyze the relation degree between the value of reference sequence and that of
comparison sequence, and the relation degree ranking will explain which indicator has the
highest relation on the reference value.
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3.9 2ȬTuple Linguistic Information (2ȬTLI)
3.9.1 What is 2ȬTLI?
The aim of 2ȬTLI is to provide the basis for multi attribute decision analysis through evaluating the
value of a pointer (or an object) given by 2Ȭ tuple (sk,ak).
Professor Herrera, a Spanish scholar, put forward the 2ȬTLImethod for the first time in
the year 2000 (Herrera & Martínez, 2000). 2ȬTLI is an evaluation result expressed by (sk,ak),
e.g., in Figure 3Ȭ3, A and B are two evaluation results, expressed by (s3,Ȭ0.2) and (s3,0.2), where
3 is the standard value, Ȭ0.2 means the evaluation result is 0.2 lower than 3, and 0.2 means the
evaluation result is 0.2 higher than 3. That is to say, A (s3,Ȭ0.2) and B (s3,0.2) belong to the same
grade (according to the assigned grading instruction), but A is 0.2 lower than the standard
value, and the standard value is 0.2 lower than B.

Figure 3- 3 Example of a symbolic translation computation

3.9.2 Why choose 2ȬTLI?
Hoppock (1935), Friedlander (1965), and Vroom (1969) have made studies on the composition
and elements of employee satisfaction with regression analysis and job itself. Working
environment etc. are proved to be important factors affecting employee satisfaction. Oliver
(1981), Anderson (1994), and Kaplan (1996) have conducted empirical analysis on the
evaluation methods of employee satisfaction and find that job acceptability etc. have positive
impact on employee satisfaction. Yang (2000), Li (2005), and Zhao (2007) carried out empirical
analysis on the models of employee satisfaction and their findings show that job competence
has positive impact on employee satisfaction. Nie (2008) implements an empirical analysis on
employee satisfaction with the SEM model and finds that SEM can make a comprehensive
evaluation on employee satisfaction. Li (2010) forecasts the employee satisfaction with
regression analysis method and the result shows what aspects employees should be
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concerned about in the next two years.
However, because the employee satisfaction evaluation is one kind of semi qualitative
semi quantitative evaluation it is difficult to give a fully precise expression of the language.
And none of the methods above can accurately match the computation results to the initial
language evaluation. The “approximate procedure” had to be used to deal with it, and
important information in language is often lost or distorted, thus resulting in loss of
information and decreased accuracy (Carlsson & Fullér, 2000). Herrera (Herrera & Martínez,
2000) propose the 2ȬTLI and its corresponding aggregation operators and the defects of the
above two methods are solved. 2ȬTuple linguistic information is the result of language
evaluation with (sk,ak), in which sk is the first k elements of the language information
evaluation set S, and ak is the symbol conversion value with akę[Ȭ0.5,0.5). It represents the
deviation between the linguistic information set and the most appropriate linguistic phrase in
the preȬdefined language information set S. Therefore, in the process of aggregating language
information, the 2ȬTLI model can ensure the integrity and authenticity of information. Wang
et al. (2015) evaluate the selection of automobile parts materials using the 2ȬTLI model, and
the feasibility and validity of the method are verified by a case study of automotive
dashboard materials. You et al. (2005) assess the software quality comprehensively by using
the 2ȬTLI model, finally, an example is given to illustrate the validity of the evaluation method.
On the whole, 2ȬTLI is an effective way to better evaluate employee satisfaction with the
advantages shown below (Herrera & Martínez, 2000, Wang et al. 2015, and You et al. 2005).
x

2ȬTLI can solve the problem of the loss and distortion of the language information so that
the evaluation information is more accurate.

x

Mostly, 2ȬTLI can solve the defects of a kind of subjective value judgment which is fuzzy
and uncertain.

x

2ȬTLI can ensure the integrity and authenticity of the information in the process of
language information gathering and processing.

Employee satisfaction is a kind of subjective judgment, where preparation of the scale can
easily cause information distortion (Delgado et al. 1992, and Delgado et al. 1994), and the
integrity of the information cannot be effectively maintained in the process of language
integrating. While in Article V, 2ȬTLI is used to evaluate 5 firstȬgrade indicators and 20
secondȬgrade indicators, whose calculation result indicates that it has ensured the integrity
and authenticity of the information of employee satisfaction (as shown in Figure 3Ȭ3, the
results can be accurately expressed with 0.2 lower or higher than 3). Hence, I assess this
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method is suitable for Article V.
3.9.3 How to apply 2ȬTLI?
2ȬTLI is an effective way to solve the problems of information distortion with can be divided
into five steps shown as follows:

Step1. The Definitions
The definition of sk, ak, S, B, ΅, Ά etc. and an example of the 2Ȭtuple linguistic information are
shown as follows:
Definition 1 (Herrera & Martinez, 2001, and Herrera & HerreraȬViedma, 1997): Language
information evaluation set S, S = {s1 = W (worse), s2 = B (bad), s3 = N (normal)s4 = G (good), s5 =
E (excellent), s6 = VG (very good)}.
Definition 2 (Herrera & Martinez, 2001, and Herrera & HerreraȬViedma, 1997): Let

A { a1 , a2 ,...am } be a set of linguistic terms to be aggregated, the convex combination is
defined in a recursive way as the following:

For m = 2

C 2 {{w1 ,1  w1 },{b1 , b2 }} ( w1 : s j )  ((1  w1 ) : si ) sk , s j , si  S
Such that k

min{ g , i  round( w1 .( j  i ))} where g  1 is the cardinality of S, round (.) is

the usual round operation, and b1 = sj, b2 = si.
For m>2

C m {wk , bk , k 1,...m} ( w1 : b1 )  ((1  w1 )) : C m1 {r / h, bh , h 2,...m}
C 2 {{w1 ,1  w1 }b1 , C m1 {r / h, bh , h 2,...m}}
where W
and (ii)

[ w1 ,...w m ] is a weighting vector associated with A, such that,(i) wi [0,1] ;

6 i wi

1 ;and B {b1 ,...bm } is a vector such that B {aV (1) ,...aV ( m ) } ,where

aV ( j ) d aV ( i )i d j

,

with

Η

being

a

permutation

over

the

values

ai r / h wh / 6m2 wk , h 2,...m .
Definition 3 (Herrera & Martinez, 2001, and Herrera & HerreraȬViedma, 1997): Let Ά be the
result of an aggregation of the indexes of a set of labels assessed in a linguistic term set S, e.g.,
33

3. Presentation and Theoretical Starting Points to Statistical Methods

the result of a symbolic aggregation operation. E  [0, g ] , being g  1 the cardinality of S.
Let i

round( E ) and D

E  i be two values such that i  [0 , g ] and D  [  0.5, 0.5)

then ΅ is called a symbolic translation.
Definition 4 (Herrera & Martinez, 2001, and Herrera & HerreraȬViedma, 1997): If the real
number E  [0 , g ]

is the real one of the linguistic evaluation set S, then the Ά can be

obtained by the function ̇ and ̇ƺ1 to achieve the basic conversion of 2ȬTLI.

'(E )

( s k , a k ), k

operator. a k

R ou n d ( E ) . Round means to round up and round down number

E  k ; ' 1 ( sk , a k )

k  ak

E .

Definition 5 (Herrera & Martinez, 2001, and Herrera & HerreraȬViedma, 1997): If ( sk , ak ) and

( sm , am ) are the two 2ȬTLI, the comparison operators of the two 2Ȭtuple linguistic operators
have two kinds of cases. If k  m , then( sk , ak )  ( sm , am ) ; if k
kinds

of

situations:

(1)

If

ak

m , then there are three

am , then( sk , ak ) ( sm , am )

;

(2)

If

ak ! am , then( sk , ak ) ! ( sm , am ) ; (3) If ak  am , then( sk , ak )  ( sm , am ) .
Example (Herrera & Martínez, 2000): Let us suppose a symbolic aggregation operation over
labels assessed in S

{ s0 , s1 , s2 , s3 , s4 , s5 , s6 } that obtains as its result E

2.8 , then the

representation of this counting of information by means of a 2Ȭtuple will be

' (2.8)

( s 3 ,  0.2) . Graphically, it is represented in Figure 3Ȭ3.

Step 2. The TȬOWA Operator
The TȬOWA operator is used to aggregate the linguistic evaluation information of the experts.
The definition of TȬOWA operator (Herrera & HerreraȬViedma, 1997, and Wang & Fan, 2003)
is: If {( s1 , a1 ),( s2 , a2 ),...( sm , am )} is a set of 2Ȭtuple linguistic evaluation information, and
the definition of TȬOWA operator ̘ is defined as follows:
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) (( s1 , a1 ),( s2 , a2 ),...( sm , am ))

( s , a)



m



'( ¦ c i v i ), s  S , a  [  0.5, 0.5)

(1)

i 1

In the Equation (1), element ci of vector C
1

in the set { ' ( si , ai ), i

V

[ c 1 , c 2 , ...c m ] represents the one of the first i bit

1, 2,...m } , which is in accordance with the order of large to small.

[ v 1 , v 2 ,...v m ]T represents the weight vector of each expert.

Step 3. The Definition of Fuzzy Operator Q(r)
The definition is as follows:

m

vi

Q(i / m)  Q((i  1) / m), vi [0,1], ¦ vi

1

(2)

i 1

0ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱri  a
°
Q(ri ) ®(ri  a) / (b  a)ȱȱȱȱa d ri d bȱ
°1ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱr ! b
i
¯

(3)

In the Equation (3), a , b  [0,1] , and under such a principle of at least half, most, and as many
as possible situation, parameter ( a , b) is (0, 0.5), (0.3, 0.8), (0.5, 1). Normally, the principle of
the most situation (0.3, 0.8) is used to calculate the information. That is, a = 0.3 and b = 0.8,
and ri = i/m, where i = 1, 2,…m; m = number of experts.

Step 4. 2ȬTLI after Integration of the Second Grade Indicator
2ȬTLI after integration of the second grade indicator can be obtained by the formula:

l

( sj , a j ) '(¦ w jk )' 1 ( sk , ak )

(4)

k 1

where wjk is the kth weight of second grade indicator of the jth first indicator, and j = 1, 2,…q; k =
1, 2,…l.
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Step 5. Comprehensive 2ȬTLI of First Grade Indicator
Comprehensive 2ȬTLI of the first grade indicator can be obtained through the formula:
q

( s , a) '( ¦ w j )' 1 ( s j , a j ), s  S , a  [ 0.5,0.5)

(5)

j 1

where w is the weight of first grade indicator, thus the result of comprehensive 2ȬTLI
integrated with the improved AHP method is obtained to evaluate the employee satisfaction
of the mining industry.
Comprehensive 2ȬTLI of the second and first grade indicator can be calculated through the
procedures of 2ȬTLI method together with the improved AHP. And according to language
information evaluation set (see definition 1) the evaluation results of indicators can be
expressed with worse, bad, normal, good, excellent, or very good: Which is a reference for
effective operation and strategic management for the enterprises. According to the
description of 3.9.2 Why choose 2ȬTLI?, the 2ȬTLI model can ensure the integrity and
authenticity of information, and above all, in Article V the employee satisfaction evaluation
belongs to semi qualitative semi quantitative one, which completely satisfies the characters of
2ȬTLI. Based on this, it is a suitable method for the research.

3.10 Summary of theoretical starting points and statistical methods
Overall, this chapter focuses on the key word suitable by asking the questions “Are the
theoretical starting points suitable?”, and “Are the methods suitable to describe how the
occupational health and safety management really works in the mining industry in Ezhou
City, China?”. To answer the first question, this research illustrates the theoretical starting
points from two perspectives: the structure and the content, and the detailed illustration
finally comes to a conclusion that the theoretical starting points are suitable for the choice of
methods. In the same way, to answer the second question, “what, why and how” questions
are established and well explained, which, finally, draws a conclusion that these methods are
also suitable. The flow chart of the purpose achieved of chapter 3 can be shown in Figure 3Ȭ4
as follows:

36

Application of Statistical Methods on Occupational Health and Safety Management in the Mining
Industry in Ezhou City, China

Are the methods suitable to describe how the
occupational health and safety management really
Are the theoretical starting points suitable?

works in the mining industry in Ezhou City,
China?

The structure gives the general steps for the methods.

What is the method?

Why choose the method?
The contents give the detailed steps for the methods.
How to apply the method?

Conclusion: suitable

Conclusion: suitable

The purpose of this chapter is achieved.

Figure 3Ȭ 4 Flow chart of the purpose achieved of chapter 3.
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4. RESEARCH METHODS
This chapter provides a summary of the research methods including the scope, methodological choices,
and data collection activities made during the research. Additionally, aspects of reliability and validity
are discussed.

4.1 Scope of the Research
In the first chapter I described the aim of my study as twofold. Firstly, to test a set of
evaluation methods that provide different perspectives on how the occupational health and
safety management really works in the mining industry in Ezhou City, China; and secondly to
analyze and explore a set of comprehensive evaluation methods that are suitable for
occupational health and safety management in industries. This aim was broken down into
three phases (see Chapter 1):
The first phase of my study, to describe the applications of the methods in five aspects of
occupational health and safety in the mining industry in Ezhou City, China, is shown in five
Articles:
x

Jiangdong Bao, Jan Johansson, and Jingdong Zhang, Research on the Sustainable
Development of Mine Industry OHSAS 18001 based on IFE and EFE Matrix is aimed at
determining the objective weight of each indicator for indicator evaluation through
standardizing the data of each indicator and obtaining the information entropy of each
indicator with EW method. (Article I)

x

Jiangdong Bao, Jan Johansson, and Jingdong Zhang, Occupational Disease Assessment of
Mine Industry Occupational Health and Safety Management System based on FMEA
and Improved AHP Model is aimed at preventing and reducing the occurrence of risk
through identifying and analyzing risks, and determining key and important
characteristics with improved AHP and FMEA methods. (Article II)

x

Jiangdong Bao, Jan Johansson, and Jingdong Zhang, Evaluation on Safety Benefits of
Mine Industry Occupational Health and Safety Management System based on DEA
Model and Grey Relational Analysis is aimed at providing a direction and theoretical
reference for safety benefits analysis and optimized investment structure, and a structure
for the effective operation of OHSAS 18001 with DEA and GRA methods.(Article III)
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x

Jiangdong Bao, Jan Johansson, and Jingdong Zhang, Evaluation on Safety Investment of
Mine Occupational Health and Safety Management System based on Grey Relational Analysis is
concerned with effectively evaluating the relationship between safety investments and
accident impact losses in the mining industry OHSAS 18001with GRA method. (Article
IV)

x

Jiangdong Bao, Jan Johansson, and Jingdong Zhang, Comprehensive Evaluation on
Employee Satisfaction of Mine Occupational Health and Safety Management System
based on Improved AHP and 2ȬTuple Linguistic Information is aimed at evaluating
employee satisfaction in the aspects of peopleȬoriented development, economical
efficiency, social efficiency and environmental protection with improved AHP and 2ȬTLI
methods. (Article V).

And presented in five chapters in my study.
x

Chapter 1, Introduction, it mainly gives the aim and framework.

x

Chapter 2, The mining context, it contains a description of mining in China and Ezhou
City, and a proposal of the problems.

x

Chapter 3, Presentation and theoretical starting points to statistical methods, it presents
theoretical starting points and the statistical methods I chose to evaluate the occupational
health and safety management in an effective way.

x

Chapter 4, Research methods, it provides a summary of the research methods including
the scope, methodological choices, and data collection activities made during the
research. Additionally, aspects of reliability and validity are discussed.

x

Chapter 5, Summary of appended articles, it expresses a brief introduction and a
sustainable development perspective to the summary of the results of the five appended
papers, which collectively contribute to fulfil the purpose of this thesis.

The second phase, to present some improvements for the development of the occupational
health and safety in the mining industry in Ezhou City, China.
x

Chapter 6, Results and discussion, in this chapter, how the different methods have worked
in practice is described. Some shortcomings are described and some improvements for
the development of the occupational health and safety in the mining industry in Ezhou
City, China, are discussed.
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The third phase, to explore a set of comprehensive evaluation methods that are suitable for
the occupational health and safety management in industries.
x

Chapter 6, Results and discussion, in this chapter, how the different methods have worked
in practice is described and some explorations of a set of comprehensive evaluation
methods that are suitable for the occupational health and safety management in the
industries are discussed.

Chapter 7 mainly presents the researcher’s contributions and three perspectives for further
research. A picture of how these parts are linked to each other can be found in Figure 4Ȭ1.
Specifically, below I will present the methodological choices, etc. in details.
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Introduction

Introduction

A Description of Mining in China

Multi Objective Decision Making

A Description of the Mining Industry of

Theory (MODM)

Ezhou City, China

Grey System Theory

The Mining Context

A Proposal of the Problems

Entropy Weight Analysis (EW)

Scope of the Research
Presentation and

Failure Mode and Effect Analysis

Theoretical Starting

(FMEA)

points to Statistical

Research Purpose and Approach
Methods
Improved Analytic Hierarchy
Literature Review
Process (AHP)
Data Envelopment Analysis (DEA)

Research Methods

Data Collection and Analysis

Grey Relational Analysis (GRA)

Research Quality

2ȬTuple Linguistic Information
Summary of Methodological Choices
(2ȬTLI)
Summary of Theoretical Starting

Summary of

points and Statistical Methods

Appended Articles

Article I

Connection of the Results and
Article II
Aims
Results and
Discussion

Article III and IV
Discussion

The Research’s Contribution

Article V

Contributions and
Further Research

The Author’s Contribution
Further Research

Figure 4Ȭ 1 Overview of the work presented in this thesis

4.2 Research Purpose and Approach
According to Peder Lundkvist (2015), research can be classified on the basis of its purpose,

42

Application of Statistical Methods on Occupational Health and Safety Management in the Mining
Industry in Ezhou City, China

which can be to explore, describe, or explain the phenomenon under study (Saunders et al.
2012; Marshall & Rossman, 2011; and Zikmund, 2000). According to Saunders et al. (2012), an
exploratory study is particularly useful if you wish to clarify your understanding of a
problem, while an explanatory study investigates a situation or a problem in order to explain
the relationship between variables. Robson (2011) and Saunders et al. (2012) describe the
objective of descriptive research as to illustrate an accurate profile of persons, events, or
situations. This can be seen as an extension of exploratory or explanatory research (Saunders
et al., 2012). Table 4Ȭ1 shows the connection between the type of the research purpose and
research aim inspired by Marshall & Rossman (2011).
Table 4Ȭ 1 Connection between research aim and type of the purpose
Overall research purpose: To support the application
of EW, AHP, FMEA, DEA, GRA, 2ȬTLI.

Research aim

Exploratory

Descriptive

Explanatory

Aim 1, to test a set of evaluation methods that provide
different perspectives on how the occupational health

Weak

Strong

Weak

and safety management really works in the mining

connection

connection

connection

industry in Ezhou City, China.
Aim 2, to analyze and explore a set of comprehensive
Strong

Weak

Weak

connection

connection

connection

evaluation methods that are suitable for the occupational
health and safety management in the industries.

The scientific approach refers to the means of discovering new phenomena, new things, or
putting forward new theories, new viewpoints, and revealing the internal laws of things.
Common methods of scientific approach are classified according to their characteristics,
objects, means and so on, which include (Guo, 2011, and Zhao & Gu, 2000).
x

Survey method, is a method of collecting materials from a state of reality or history for
the study through purposeful, planned and systematic activities (Zheng, 2014).

x

Literature research method, is a method to obtain data by investigating the literatures to
master the problems to be studied comprehensively and correctly (Lin, 2015).

x

Quantitative analysis method, is a method to analyze the quantitative characteristics,
quantity relations and quantity changes of social phenomena (Yang, 2012).

x

Qualitative analysis, mainly relies on the rich practice experience of the prediction
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personnel, as well as subjective judgment and analysis ability, infers the nature of the
thing and the analysis method of the development trend (Duan et al. 2010).
x

Case study, is a method of investigation and analysis of a particular object in a research
object to find out its characteristics and formation process, which involves the process of
qualitative and quantitative analysis. (Qiao & Ma, 2008).

For more information of the other methods, such as observation method, experimental
method, empirical research method, interdisciplinary research method, functional analysis,
exploratory research method, descriptive research method, explanatory research method,
information research method, experiential summary method, thinking method, system
science method, see Guo (2011), Zhao & Gu (2000), and He &Peng (1998).
In Article I, II and V, the survey method is adopted to conduct a questionnaire survey
during data collection. Article I, II and V use the expert scoring method (see appendix 8Ȭ11),
and expert scoring belongs to a semi qualitative and semi quantitative method. The data
source of Article III and IV is from the financial data of mining industry, so their evaluation
methods belong to quantitative analysis. In Article IȬV, the literatures are reviewed, the data is
based on the mining industry in Ezhou, case study is adopted to make the model analysis.
Hence, Article IȬV all contain literature research method, quantitative method and case study:
as shown in Table 4Ȭ2.
Table 4Ȭ 2 Research approach in Article IȬV
Different classification methods

Article I

Article II

Article III

Article IV

Article V

ǆ

ǆ

ǆ

ǆ

ǆ

ǆ

ǆ

Case study

ǆ

ǆ

ǆ

ǆ

ǆ

Case study

ǆ

ǆ

ǆ

ǆ

ǆ

Survey method
Qualitative

Literature research

analysis method

method

Quantitative
analysis method

ǆ

Note: “ǆ”means “fit perfectly”

4.3 Literature Review
To get an overview of the methods used in previous research, I have conducted a literature
review where I relate the methods used to five problem areas that are the focus of my five
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articles:
x

Occupational health and safety management system (OHSAS18001).

x

Occupational diseases.

x

Safety investment and safety benefits.

x

Safety investment and safety loss.

x

Employee satisfaction.

In the selection of evaluation methods, I selected 30 articles (referring to download frequency)
for each aspect of occupational health and safety mainly from the China National Knowledge
Infrastructure (CNKI, one of Chinese and English databases: http://www.cnki.net/) aiming at
the object of occupational health and safety.
4.3.1 Research about occupational health and safety management system (OHSAS18001)
(Article I)
For this study 30 articles of related literatures of OHSAS (see Appendix 1) were selected from
the CNKI and Science Direct (http://www.sciencedirect.com/) using the key words
“occupational health and safety management system” and “safety management”. 18 of those
articles belonged to qualitative research (case study, sample analysis, process approach,
sample analysis, semiȬstructured interview, and system dynamics model) and 12 used
quantitative methods (regression analysis, 2Ȭtuple linguistic information, statistical analysis
system, and FAHP). In the literature review, Fuzzy Analytic Hierarchy Process (FAHP) model
was applied in 8 articles; and 4 other methods were put to use in 4 more articles: as shown in
Figure 4Ȭ2.

Figure 4Ȭ 2 Summary of methods in Appendix I
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In this summary information, about 67% of the articles adopt the FAHP method, except
qualitative method. Nonetheless, the FAHP method has also been questioned for its
subjectivity and is only suitable for small number of indicators (Tan, 2005). In addition, about
33% of the articles use 2ȬTLI, SAS, and regression analysis methods. Not all of which are
suitable for calculation of multi indicator weight (Zhao & Guan, 2016). According to Zhao &
Guan (2016), EW method is special for the calculation of multi indicator weight, and in Article
I 64 internal key factors and 21 external key factors are selected to be the indicators. From this
point of view, EW method is suitable for total factors of OHSAS standards (Article I). While
all things are relative, any kind of research method is not perfect. EW method still faces some
challenges, which will be discussed in Chapter 5, Summary of appended articles.

4.3.2. Research about Occupational disease (Article II)
In this study, 30 articles of related literatures of occupational disease (see Appendix2) were
selected from the CNKI with the key word “occupational disease”, in which 25 articles
belonged to qualitative research (HACCP, case study, textual analysis, symptom checklist 90,
and MLSP), 5 articles used quantitative methods (SPSS, GM˄1.1˅and FAHP). In the literature
review, Statistical Product and Service Solutions (SPSS) model was applied in 3 articles, and 2
other methods were put to use in 2 articles as shown in Figure 4Ȭ3. The main content of
Article II is quantitative processing of semi qualitative indicators. SPSS and GM (1.1) deal
with quantitative data analysis. While the combination model of improved AHP model and
Failure Mode and Effect Analysis (FMEA) is adopted. The advantage here is that it can solve
the above problem and improve the accuracy of weights, and the combination model can not
only be used for daily occupational disease management tools but also for a strong practice.

Figure 4Ȭ 3 Summary of methods in Appendix II
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In this summary information, about 83% of the articles adopt the qualitative method, this
should be related to the fact that the data for occupational diseases itself is difficult to obtain.
Hong (2013) insists that the qualitative method has many weaknesses and criticizes it severely.
While Zhang et al. (2015), Wei (2015), and Wang & Qiu (2010) consider SPSS, GM (1.1) and
FAHP to be suitable for occupational disease evaluation. From one perspective of the
thirdȬparty evaluation results, they have certain rationality. While improved AHP and FEMA
(Article II) focus on daily occupational disease management, it needs to be practical, simple,
and cost lessly, which is opposite to that from the thirdȬparty evaluation results. Additionally,
this composed model is widely used in the enterprises consulted by our team and is proved
to be practical and suitable.

4.3.3. Research about Safety investment and safety benefit (Article III)
In this study, 30 articles of related literatures of safety investment and safety benefit (see
Appendix 3) were selected from the CNKI with the key word “safety investment”, and “safety
benefit”; in which 12 articles belonged to qualitative research (value analysis, textual research,
and case study), 18 articles used quantitative methods. As shown in Table 4Ȭ3. The main
content of Article III is about the relationship between safety investment and effective safety
benefit. Therefore, the most suitable method for Article III is the combination model of DEA
and GRA whose advantage is that the effective DEA value of ideal state is obtained by DEA
model, and then the relationship between safety investment and safety benefit is explained by
GRA model.

Table 4Ȭ 3 Summary of quantitative methods in Appendix 3
Methods

used

in

the

Number

of
Suitable for what types

Proportion

12

Description analysis

40%

Regression analysis

1

Prediction analysis

3.3%

GRA

5

Relational analysis

16.7%

Safety benefit model

6

InputȬoutput analysis

20%

Safety benefit rate

1

InputȬoutput analysis

3.3%

literatures

literatures

Qualitative method
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Safety function

1

InputȬoutput analysis

3.3%

AHP+DEA

1

Relative validity analysis

3.3%

DEA+ Tobit model

1

Relative validity analysis +

3.3%

Prediction analysis
Fuzzy clustering method

1

Fuzzy expert scoring

3.3%

FAHP

1

Fuzzy expert scoring

3.3%

In this summary table, the proportion of qualitative method is most (40%), followed by safety
benefit model (20%) and GRA method (16.7%). Cao et al. (2015) have argued that DEA
method is the best one for economic relative validity analysis. Zhang & Xu (2010) state that
GRA method is the most suitable one for relational analysis. The safety benefit model is
simple for comparison of before and after benefits, which is not for deep analysis. Each
method has its suitable type. In Article III, it is based on the relational analysis of economic
relative validity analysis, so according to Cao et al. (2015) and Zhang & Xu (2010), the most
suitable method is the composed method of DEA and GRA, although GRA method needs
some improvement (see Chapter 5, Summary of appended articles).
4.3.4. Research about Safety investment and safety loss (Article IV)
In this study, the key words “safety investment” and “safety loss” were searched in the CNKI
database and 30 articles of literatures related to safety investment and safety loss (see
Appendix 4) were selected. Through comparative analyses, 13 articles belonged to qualitative
research (case study, game mode, possibility frontier model, economic value evaluation, and
economic value model), 17 articles used quantitative methods: shown in Table 4Ȭ4. The main
content of Article IV is about the relationship between safety investment and safety loss.
Therefore, the most suitable method for Article IV is GRA model; its advantage is that there is
no safety benefit involved, so the relationship between safety investment and safety loss can
be explained only through the GRA model.
Table 4Ȭ 4 Summary of quantitative methods in Appendix 4
Methods

used

in

the

Number

of
Suitable for what types

Proportion

13

Description analysis

43.3%

Regression analysis

2

Prediction analysis

6.7%

BP neural network model

2

Fuzzy information processing

6.7%

literatures

literatures

Qualitative method
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SEM

2

Multivariate data analysis

6.7%

Economic loss model

3

Economic loss analysis

10%

Economic benefit function

2

Economic benefit analysis

6.7%

AHP

1

Fuzzy expert scoring

3.3%

AHP and Entropy Weight

1

Fuzzy expert scoring

3.3%

ISM

1

Multivariate data analysis

3.3%

TIFLNs and AHP

1

Fuzzy expert scoring

3.3%

Panel threshold model

1

Prediction analysis

3.3%

System dynamics model

1

Organization

behaviour

3.3%

l i

Just as mentioned in summary of quantitative methods in Appendix 3, in this summary table
the proportion of qualitative method is most (43.3%), followed by economic loss model (10%)
and SEM (6.7%) etc. Liang et al. (2011) point out that regression analysis is a statistical
analysis of quantitative relationships between variables that depend on each other. Actually,
this method is popular because its algorithm is simple with fewer samples. Also, it is
questioned for its need of lot of data, which is not suitable for the relationship of safety
investment and safety loss (Article IV). Additionally, SEM (Dong & Feng, 2012), BP (Yang &
He, 2016), AHP (Zhao et al. 2016), etc. have their suitable evaluation objects.
4.3.5. Research about Employee satisfaction (Article V)
In this study, I searched the key words “employee satisfaction” in the CNKI database, from
which 30 articles of related literatures of employee satisfaction (see Appendix 5) were selected.
10 of those articles adopted qualitative research (textual analysis, work element
comprehensive evaluation method), 20 articles used quantitative methods shown in Table 4Ȭ5.
The main content of Article V is about the quantitative analysis of semi qualitative indicators.
While in this study, the composed model of improved AHP and 2ȬLingusitic Information
(2ȬTLI) is adopted. The advantages here are that it is suitable for the content requirements, it
can improve the accuracy of weights with improved AHP, and also can more objectively
reflect the authenticity of data with 2ȬTLI.
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Table 4Ȭ 5 Summary of quantitative methods in Appendix 5
Methods

used

in

the

Number

of
Suitable for what types

Proportion

10

Description analysis

33.3%

Regression analysis

5

Prediction analysis

16.7%

BP neural network model

1

Fuzzy information processing

3.3%

SEM

2

Multivariate data analysis

6.7%

SPSS

8

Statistical analysis

26.7%

GRA

1

Relational analysis

3.3%

Cronbachȇs Alpha

1

Reliability analysis

3.3%

AMOS

2

Multivariate data analysis

6.7%

literatures

literatures

Qualitative method

In this summary table, the proportion of qualitative method is greatest (33.3%), followed by
SPSS (26.7%), regression analysis (16.7%), SEM (6.7%), AMOS (6.7%) and so on. SPSS is an
effective statistical analysis (Gu et al. 2012) applied in many areas. While overall, 2ȬTLI, SEM
and AMOS are the three most common methods for employee satisfaction evaluation (Bao et
al. 2017b, Yang & Fei, 2011, and Sun & Zhang, 2009). Compared with SEM and AMOS, 2ȬTLI
can guarantee the authenticity of information (Bao et al. 2017b). I have also tried to use
methods of SEM and AMOS to evaluate the employee satisfaction in Aug. 2016, but failed to
get authenticity of information.
4.3.6. Summary
In summary, the research overview presents the statistical methods applied in the five aspects
of occupational health and safety management. The proportion of each method is listed in the
overview, arguments and reflections for the methods. Based on the overview, a further
discussion is shown as follows:
x

Different types of articles need different evaluation methods: what is suitable is the best!

x

In the selected 150 articles, the overall proportion of qualitative research in occupational
health and safety management is 52%, followed by FAHP (8.7%), SPSS (7.3%), regression
analysis (6.0%), and GRA (3.3%). Although the proportion of qualitative research is large,
the application of quantitative methods is more convincing in terms of objectivity and
accuracy (Jiang and Wang, 2011).
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x

In order to obtain more comprehensive data support, the search scope of the database
should be expanded.

x

Also, in order to obtain more comprehensive data support, the number of literature
documents should be expanded.

All these methods will provide scientific guidance for my research on occupational health
and safety management. Moreover, the application of this combination of methods is a
methodological and positive exploration, which greatly enriches the research methods and
theories in this field.

4.4 Data Collection and Analysis
The research of this thesis has certain application value and the proposed method is
developed mainly by studying the practical use of EW, AHP, FMEA, DEA, GRA and 2ȬTLI.
Quantitative data was collected primarily through survey study (Article I, II and V) and
historical process data (Article III and IV). In particular, the indicators of occupational disease
cause in Article II were collected from the results I have repeatedly collected with the help of
dozens of senior engineers from the mining industry. Moreover, the process of data
acquisition is also a process for employees to learn the evaluation methods, and its evaluation
methods are better popularized.
Furthermore, the imported process data were often in a “raw” condition and had to be
processed, e.g., because of the lack of survey data, incomplete historical data and so on, The
weight of evaluator should also be set; then YAAHP statistical software was used to calculate
the weight of the indicators (Article I, II and V). According to the overall description of the
data collection, the relationship between data collection and research aims is shown in Table
4Ȭ6.
Table 4Ȭ 6 Relationship between data collection and research aims
Aim 1, to test a set of evaluation methods that

Aim 2, to explore a set of comprehensive

provide

evaluation methods that are suitable for

different

perspectives

on

how

the

Data collection
occupational health and safety management really

the

occupational

health

works in the mining industry in Ezhou City, China.

management in the industries.

Survey study

ǆ

ǆ

Case study

ǆ

ǆ

Historical data study

ǆ

ǆ
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This research involves two data collection methods: questionnaire survey and historical data
collection. Because the evaluation object of Article III is the relationship between safety
investment and safety benefit, and the evaluation object of Article IV is the relationship
between safety investment and safety loss, which do not involve the problems of time series,
nor is it necessary to fit its data (Liang et al. 2011). The relevant indicators of safety
investment and loss statistics can be found in Appendix 7.
In this study, the questionnaire is aimed at Article I, II and V. The questionnaire in
Appendix 6 was designed for employee satisfaction (This questionnaire is special for SEM method,
which failed to get authenticity of information). According to its design requirements, 100
employees conducted a questionnaire survey, in which 73 questionnaires were completed: a
response rate of 73%. Incomplete replies and incorrect data were eliminated (31), which
reduced the rate to 42%. After setting the weight of the evaluators, the evaluation results from
30 evaluators were randomly selected to conduct the improved AHP calculation (Appendix 10).
Based on this, 5 evaluators were randomly selected from the 30 ones to make scores for 2ȬTLI
(Appendix 11).
The questionnaires (Table 1 and 2 in Article I) were aimed at the analysis of the internal
and external environment of enterprise standard terms. Because its standard terms required
higher knowledge of personnel, only the internal auditors of the enterprise were selected as
scoring experts in Article I.
Article 2 involves 2 questionnaires, in which one is designed for the AHP calculation
(Appendix 8), the other is for FMEA calculation (Appendix 9). The indicators of occupational
disease assessment questionnaire in Appendix 9 only focused on the most serious occupational
disease influencing factors: dust, noise and gas, and the most common 3 causes were selected
as the secondȬgrade indicators. While in the latter part of the process of popularization the
employees had been able to use this composed method to expand the scope of first and
secondȬgrade indicators. Thus, it had good practical significance for the enterpriseȇs
occupational health and safety management.
The analysis of the process was performed using Excel® software (Article I and V),
YAAHP® software (Article II and V), MYDEA® software (Article III), and GM®6.0 software
(Article III and IV).
An important part of the analysis process was the qualitative data collection gathered via
project meetings and discussions, formal and informal, between the author and his
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supervisors as well as with the process evaluator. By using this data collection method,
potential problems could be identified and addressed when planning, conducting, and
analyzing experiments. A summary of the main data collection and analysis activities used in
each appended Article is illustrated in Figure 4Ȭ4 (Peder Lundkvist, 2015).

Article

Article

Article

Article

Article

I

II

III

IV

V

Survey study

Historical data

Historical data

Survey study

and case study

study and case

study and case

from experts

from

study from

study from

(including

enterprise.

enterprise.

enterprise.

discussion, etc.)

Analysis of

Analysis of

Analysis of

data using

data using

data using MS

MYDEA® and

GM®6.0

Excel® and

GM®6.0

software.

YAAHP®

Survey study
among the
internal
auditors.
(including

(including

discussion,

discussion, etc.)

etc.)

Analysis of

Analysis of

data using MS

data using

Excel®

YAAHP®

software.

software.

software.

software.

Figure 4Ȭ 4 The main data collection and analysis activities in Article IȬV

4.5 Research Quality
Validity and reliability are two important criteria for assessing the quality of research
(Bryman, 2001, Yin, 2009, and Lundkvist 2015). Reliability is about whether a measuring tool
(questionnaire or scale) can stably measure what is being measured. Validity refers to the
degree to which a measuring tool or means can accurately measure the amount of
measurement required. Another important criterion for assessing the quality of research is the
extent to which results from the study can be generalized, often referred to as external
validity; see Saunders et al. (2012) and Yin (2009). Within social science, there are several
authors that describe different tactics to improve research quality; see, for example, Saunders
et al. (2012), and Yin (2009). However, the research in this thesis differs partly from social
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science, which these tactics are developed for. Nevertheless, I believe that some of these
tactics are still relevant for their ability to strengthen the research quality of this study.
According to Yin (2009), one way to improve the validity in a case study is to have key
informants reviewing the research. Letting key informants review and comment on the
research should strengthen the conclusions from the experiments and reduce the risk of the
researcher misinterpreting an event.
In Article I, the evaluation object is all the terms of OHSAS18001, and the evaluator is the
internal auditor, also the key informants. Since the key informants have been systematically
trained with the OHSAS18001 standards, the key process is how to arrange these informants
to reflect on the practical application of these terms within the organization to obtain
objective evaluation results. In Article I and V, the evaluation object is AHP scoring table, and
the evaluator is the experienced employees that were selected. The key process is how to let
these evaluators to reflect on the actual relationship between these indicators.
Based on the key information mentioned in Article I, II, and V, the evaluators are
assigned weights, e.g., employees who have been working for more than 15 years are
assigned weight 1. Those who have been working for from 10 to 14 years are assigned weight
0.8 and those who have been working for from 6 to 9 years are assigned weight 0.6. What is
more, these evaluators are trained systematically from the perspective of what, why and how,
the training effect is to be verified and a retraining is needed for those who could not meet the
training requirements to fulfil the key process controlled.
Another way to improve the research validity of a study is by using triangulation.
According to Yin (2009), triangulation implies that many different sources of evidence are
gathered. In this research, multiple sources were gathered during data collection, such as
experiments, interviews, and data analysis of process data. Gathering these from many
different sources makes data triangulation possible; see Yin (2009). Additionally, the
mathematical models EW and 2ȬTLI adopted in Article I and V can guarantee the authenticity
and objectivity of the data and improve the validity of the research.
According to Yin (2009), the reliability of research can be improved by carefully
documenting all research activities. By documenting the research, it becomes possible for an
outsider to follow the research process and in principle repeat the activities. In this research,
all expert scoring records, discussions, interviews, etc. have all been retained. In principle,
this is a procedure that other researchers can repeat. However, the key procedure of the
evaluation process is concerned with the knowledge and ability of the evaluator, and different
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evaluators may have different results, hence, the results of the research are difficult to
replicate completely. From another point of view, the process of data analysis and the training
of evaluators can be replicated by outsiders, thus enhancing the reliability of the research.
Additionally, the improved AHP adopted in Article II and V has improved the accuracy of
data and the reliability of research.
A potential weakness in the presented research is the absence of indicators for screening.
Within the AHP expert score sheet there may exist some redundant indicators or ones that do
not contribute to research. Therefore the expert score sheet needs to be screened or it will
affect the reliability of the research. However, the improved AHP and the EW and 2ȬTLI
mathematical models themselves can improve the reliability and validity of data, and make
up for the lack of indicator screening to some extent. Meanwhile, with the further
development of the research, this problem has been solved, see Chapter 6 Results and
discussion.

4.6 Summary of Methodological Choices
A summary of considered and performed methodological choices in this research are
summarized in Figure 4Ȭ5, where the shadowed areas show which choices were performed
and arrows illustrate the order in which the choices were carried out.
Methods used in each Article
Article I

Article II

Article III

Article IV

Article V

EW

Improved AHP&FMEA

DEA &GRA

GRA

Improved AHP& 2ȬTLI

Research purpose
Exploratory

Descriptive

Explanatory

Research approach
Qualitative
Survey method

Quantitative

Literature research

Case study

Case study

Data collection
Survey study

Case study

Historical data study

Experiment

Simulation

Data analysis
MS Excel®

YAAHP®

MYDEA®

GM®6.0

Figure 4Ȭ 5 Summary of performed methodological choices in this research inspired by Peder Lundkvist (2015)
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5. SUMMARY OF APPENDED ARTICLES
This chapter presents a brief introduction and a sustainable development perspective to the summary of
the results of the five appended articles, which collectively contribute to fulfil the purpose of this thesis.

5.1 Article I
Bao. J.D., Johansson. J., and Zhang. J.D. Research on the Sustainable Development of Mine
Industry OHSAS 18001 based on IFE and EFE Matrix. International Journal of Engineering
and Technology. 2017.9(6),485Ȭ491.

The survey was made by Jiangdong Bao, who also managed the collection of data. All authors
contributed to the article including designing the article, selecting methods, planning the data
collection, and discussing the results.

There have been many methods explored in the occupational health and safety management,
in which there is a majority in adopting qualitative research and FAHP method (see 4.3
Literature review). But from the “suitable” point of view (see 4.3 Literature review), Article I
focus on entropy weight (EW).
The aim of this article is to analyze the use, and the related barriers, of EW method. The
main contribution of this study is that the design of the questionnaire fully meets the
requirements of OHSAS 18001 standard, and the internal auditors selected as the experts are
familiar with the questionnaire, by a comparison with previous studies using EW method,
such as Yin et al. (2013), and Fu & Kong (2010) (see 3.4.2 Why choose EW?).
The reported results are based on a questionnaire scored by the internal auditors, and
has been calculated by MS excel software. Before starting the work, our team conducted an
oral discussion about the evaluation of the mining industry, and the discussion result
indicated that their overall evaluation of OHSAS 18001 was based on data from the
thirdȬparty certification audit. However, since the thirdȬparty certification audit is kind of
compliance assessment, it is difficult to really find out the problem of the enterprise. In
similar projects Yin et al. (2013) adopt EW method to evaluate the building quality of
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realestate project, and Fu & Kong (2010) make a comparative evaluation of mineral resources
competitiveness based on entropy weight method. What is different from the data collection
of these two studies is that this article is not based on history data, but on the scoring by the
internal auditors. To a certain extent, it weakens the objectivity of indicator weight.
However, this study not only provides an evaluation method for the overall evaluation of
internal OHSAS 18001, but can also be extended to other areas such as safety management
evaluation (Liu et al. 2017), the quality of the project (Zou et al. 2006), project forecasting
(Tang et al. 2016) and other multi indicators evaluation. This approach still has a potential
advantage: as shown in Table 5Ȭ1, U1ȬU3 represent indicators, A, B, and C stand for the raw
data or the scoring of the year. When EW model is used to calculate the entropy weight, the
weight result can be shown as WU1+WU2+WU3=1, where 0˘WU1 ˘1, 0˘WU3 ˘1, and WU2=0.
While WU2=0 indicates that the indicator fails to provide useful information to decision
makers. The small contribution indicator U2 should be eliminated, thus, this provides an
objective approach to screen the valueless indicators for the evaluation systems (Zou et al.
2006).

Table 5Ȭ 1 One example for the introduction of EW
Indicator

Yearn

Yearn+1

Yearn+2

Note

U1

A1

A2

A3

A1ƾA2ƾA3

U2

B1

B2

B3

B1=B2=B3

U3

C1

C2

C3

C1ƾC2ƾC3

In the light of the extension of entropy method, the difficulty faced by the evaluators is the
lack of statistical knowledge and the difficulty in obtaining relevant resources. Based on this,
the most significant and most important barriers to the wider use of the statistical methods is
lack of the resource provision from the top management, including the training input of statistical
methods, convenient access to related resources, etc. It will also be important to increase the
manager’s quality consciousness.
As for the results, the business orders (U6) has increased much more than
peopleȬoriented management, which will result in the imbalance of management.
Additionally, the employees are lack of safety awareness(X39), which will cause many
management accidents in the further.
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5.2 Article II
Bao. J.D., Johansson. J., and Zhang. J.D. Occupational Disease Assessment of Mine Industry
Occupational Health and Safety Management System based on FMEA and Improved AHP
Model. Sustainability. 2017, 9(1), 94.

The survey was made by Jiangdong Bao, who also managed the collection of data. All authors were
involved in designing the article, selecting methods, planning the data collection, and discussing the
results.

In the literature reviews of occupational disease (see 3.3 Literature review), most articles adopt
qualitative research method, followed by SPSS, GM(1.1), and FAHP. But from the “practical,
simple and less cost” point of view and the application of Ȉ9/9Ȭ9/1Ȉ analytic hierarchy process
(Chen et al. 2011), Article II focuses on improved AHP and FMEA. For more information, see
3.6.2 Why choose improved AHP? and 3.5.2 Why choose FMEA?.
The aim of this article is to provide guidance for occupational disease assessment using
improved AHP and FMEA method. The main contribution of this study is that this composed
method can be incorporated in the management process of the enterprise for the purpose of
occupational disease prevention in advance and continuous improvement on the
occupational health and safety of employees (Bao et al. 2017a).
This is a semi qualitative and semi quantitative evaluation method. In the process of data
collection, it is inevitable to appear subjective judgments affecting the objectivity of the data,
so what we need to do is to standardize the evaluation method as much as possible, and to
standardize the questionnaires.
The results shows that the occupational disease status of employees is ȈgeneralȈ grade,
which indicates, to a certain extent, the attention of the employees is not enough. But anyway,
the results of the study are consistent with the results of the third party inspection (Ezhou
Center for Disease Control and Prevention), which shows that the method is feasible and
effective. In the process of daily occupational disease management, this composed method
has been verified by practice. This method is used to evaluate the key points of each hazard
source, not only the risk source of the enterprise has been well controlled, but also the
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application of this combination method is extended to other aspects, e.g., identification and
control of environmental factors in enterprises, quality key point preventive control. Above
all, this composed method has been implemented and verified by nearly 100 enterprises that
were consulted by our team in the past three years, and achieved good practical results and
values.
What I have to mention is that there is a potential defect (i.e. the formula RPN=S×O×D is
questioned) in the FMEA approach. The IATF (International Automotive Task Force)
organization will improve this approach around mid 2018. At present, many researchers, e.g.,
Li et al. (2013), and Cao et al. (2014), have put forward some suggestions for improvement, for
details for the improvement part see chapter 6 Results and discussion.
Concluded from the nearly 100 enterprises, the biggest barriers to the popularity of this
composed method is that the evaluatorȇs knowledge is uneven, including familiarity with key
control points, scoring methods of questionnaires, etc. The most effective solution is inȬdepth
training,

including

training

for

key

control

points,

use

of

questionnaires,

verification and validation of training effectiveness, etc.

5.3 Article III and IV
Bao. J.D., Johansson. J., and Zhang. J.D. Evaluation on Safety Benefits of Mine Industry
Occupational Health and Safety Management System based on DEA Model and Grey
Relational Analysis. International Journal of Engineering and Technology. 2018, 10(1), 82Ȭ87
(Article III).
Bao. J.D., Johansson. J., and Zhang. J.D. Evaluation on Safety Investment of Mine
Occupational Health and Safety Management System based on Grey Relational Analysis.
Journal of Clean Energy Technologies. 2018, 6(1), 1Ȭ5 (Article IV).

The surveys was made by Jiangdong Bao, who also managed the collection of data. All authors were
involved in designing the article, selecting methods, planning the data collection, and discussing the
results.

In the literature review of occupational disease (see 4.3 Literature review), most articles adopt
qualitative research method, followed by safety benefit model and GRA. According to an
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argument that DEA model is the best one for economic relative validity analysis (Cao et al.
2015), and a statement that GRA method is the most suitable one for relational analysis
(Zhang & Xu, 2010), the most suitable method for Article III is the composed method of DEA
and GRA (see 4.3 Literature review). Also, Fu & Huang (2015) use GRA method to show the
grey relation between the economic support factors and the living standard of residents is the
biggest to the tourism economic development of Inner Mongolia. For more information, see
4.3 Literature review and 3.8.2 why choose GRA? Based on this, I claim that the most suitable
method for Article IV is GRA.
The aim of Article III is to provide guidance for safety investment and safety benefit
using DEA and GRA method. The main contribution of this study is that it has identified
which of the investments has the highest impact on the safety benefit through using the DEA
and GRA method, thus it can provide investment direction for the enterprise.
The aim of Article IV is to provide guidance for safety investment and safety loss using
GRA method. The main contribution of this study is that it has identified which of the
investments has the highest impact on the safety loss through using the GRA method, thus it
can provide investment direction for the enterprise.

DEA is an evaluation method based on historical data, determination of evaluation indicators
is the first step to DEA modelling, different evaluation indicators will lead to different results.
Therefore, the scientific selection of evaluation indicators is the key to efficiency evaluation,
and is also the premise to ensure the rationality of the evaluation results. The selected
indicators should truly reflect the production process; thus arbitrariness and subjectivity are
required to be avoid in the indicator selection, the attributes of each indicator should be
correctly defined, and the data should be easy to obtain for the selected indicators (Wang &
Jiang, 2011). DEA is an evaluation method for efficiency based on data and the value of
efficiency is also expressed by input and output data. At present, the commonly used
indicator selection methods include empirical judgment method (qualitative), principal
component analysis, factor analysis, etc. (Liu et al. 2015). In this article, the firstȬgrade
indicators, e.g., safety technical measures, safety management and training, are selected,
which follows the empirical judgment method in indicator selection. Due to the adoption of
historical data method for evaluation, the convenience of data acquisition is also an important
aspect for identifying the indicators. In addition, the history data ensures the objectivity of the
choice and avoids the influence of subjective factors on the results of DEA calculation.
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This article has a potential weakness. To calculate the safety benefit value of the indicator
through MYDEA software, there are two kinds of results, one is DEA efficiency, and the other
is non DEA efficiency. For the calculation of GRA, the projection analysis should be used to
calculate the value of non DEA efficiency to obtain the safety input and safety benefit value
under the ideal state (if any values of non DEA efficiency). While the value of this ideal state
is different from the historical data of the enterprise, which cannot really reflect the input
efficiency of enterprises. In reality, it is necessary to compare and optimize the ideal value
with the actual value, but it still provides a direction for theoretical improvement.
Based on the analysis of the above weakness, the biggest barrier for DEA method is how
to ensure the maximum DEA efficiency of the results of MYDEA calculation. That is to say, the less
the non DEA efficiency is, the better the results will be. A feasible method is to optimize the
selected indicators, to ensure that the selected indicator data can be easily obtained and can
truly reflect the development of enterprises.

GRA is to identify the multi subjects and each subject’s score in several indicators, and
according to the relation degree between the highest score of each indicator and the score of
each subject, the overall ranking of each subject is obtained (Zheng, 2012). Grey relation
analysis is based on the trend of the development; therefore, it does not require too much
sample size and any typical distribution regular. The calculated amount of data is relatively
small, and the results would always be in good agreement with the qualitative analysis.
Moreover, the data acquisition is derived from the history data of the enterprise, which
avoids the influence of subjective factors on the calculation results of GRA. Based on the
above, GRA is a simple and reliable analytical method in system analysis (Zhang & Xu, 2010).
However, the shortcomings of some existing models make it difficult to solve some
practical problems. This results in not perfect theory systems and somewhat limits the
application (Zheng, 2012). For example, one of the shortcomings is that the GRA model is
only applicable to increasing sequences, if the amount of safety investment of one enterprise
is 200 thousand yuan in 2015, 15 thousand yuan in 2016, and 13 thousand yuan in 2017, then
GRA model is not suitable for this evaluation. Another shortcoming is that in the modelling
process of GRA, the weights of the evaluated indicators are averaged when the relation
degree is calculated. In Article III and IV, the weights are averaged as w1=w2=w3=w4=w5=1/5,
which is not in line with the actual situation. In view of this situation, my team has improved
the weight value method (Bao et al. 2018a), for details for the improvement part see chapter 6
Results and discussion.
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The biggest barrier for GRA method is the selection of actual indicators and data acquisition
in the process of GRA modelling. The identifying of appropriate indicators and the acquisition of
data will directly affect the results of model simulation and the evaluation effect. Therefore,
how to optimize the selection of indicators and ensure the convenience and authenticity of
data acquisition has become a feasible improvement idea. At present, the feasible indicator
screening methods include EW method (see 5.1 Article I) and interval estimation model (Bao
et al. 2018b), etc.
In addition, the result of Article III shows that the safety management and training have
the highest relation on safety benefit. Moreover, the result of Article IV shows that the safety
management and training have nearly the highest relation on safety loss. Safety management
and training of the enterprise is therefore important, and ought therefore to receive more
attention.

5.4 Article V
Bao. J.D., Johansson. J., and Zhang. J.D. Comprehensive Evaluation on Employee Satisfaction
of Mine Occupational Health and Safety Management System based on Improved AHP and
2Ȭtuple Linguistic Information. Sustainability. 2017, 9(1), 133.

The survey was made by Jiangdong Bao, who also managed the collection of data. All authors were
involved in designing the article, selecting methods, planning the data collection, and discussing the
results.

In the literature review of occupational disease (see 4.3 Literature review), most articles adopt
qualitative research method, followed by SPSS and regression analysis. Nonetheless,
according to an application of Ȉ9/9Ȭ9/1Ȉ of analytic hierarchy process, and the proof of the
advantages of this method (Chen et al. 2011), as well as an example illustrating the validity
and the description of the advantages of 2ȬTLI model (You et al. 2005), the most suitable
method for Article V is the composed method of improved AHP and 2ȬTLI. For more
information, see 3.6.2 Why choose improved AHP? and 3.9.2 Why choose 2ȬTLI?.
The aim of Article V is to provide guidance for employee satisfaction evaluation using
improved AHP and 2ȬTLI method. The main contribution of this study is that it has provided
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a more objective and accurate composed method to evaluate employee satisfaction, and
enriches the foundation of methodology of this kind of evaluation.

The improved AHP calculation is a semi qualitative and semi quantitative evaluation method.
In the process of data collection, it is inevitable to appear subjective judgments affecting the
objectivity of the data, so what we need to do is to standardize the evaluation method as
much as possible, and to standardize the questionnaires.
The biggest barrier for AHP calculation is that the evaluatorȇs knowledge is uneven,
including familiarity with key control points, scoring methods of questionnaires, etc. The
most effective solution is inȬdepth training, including training for key control points, use of
questionnaires, verification and validation of training effectiveness, etc.
There is a very interesting but objective phenomenon in this article. Comprehensive
evaluation of the mining occupational hazards is a typical multi attribute decisionȬmaking
problem. Because the characteristics of information are fuzzy and uncertain and evaluators
tend to have more subjective randomness according to their own knowledge and experience,
the complexity and uncertainty of underground mining and the limitation of the expertȇs
knowledge and experience make the decision information uncertain (You et al. 2005). While
2ȬTLI is the special tool to process the language information, the decision information and the
expression of interval numbers are more consistent with the actual situation, and the use of
evaluation information of linguistic form to express its preference can ensure the authenticity
of information (You et al. 2005).
Another barrier for the research is large amount of calculation of the aggregation operator.
Even though our team has designed excel templates to calculate, the design and development
of application software is still necessary.
The results of Article V tell us that the level of employee satisfaction is “general ”, and
that more attention has been paid to economical efficiency, effectiveness and social efficiency
than environmental efficiency development. This will lead to an outȬofȬbalance of ecological
environment.

5.5 The author’s contribution
Table 5Ȭ2 summarizes my contribution in the appended articles with approximations in
percentages. The process analysis includes project background, project review, project
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planning, data collection, data analysis, manuscript writing, and revision of manuscript.

Table 5Ȭ 2 The author’s contribution
Appended Articles
Process analysis
I

II

III

IV

V

Project background

20%

20%

20%

20%

20%

Project review

60%

90%

60%

60%

80%

Project planning

50%

80%

70%

70%

80%

Data collection

85%

90%

80%

80%

85%

Data analysis

90%

100%

90%

90%

90%

Manuscript writing

100%

100%

100%

100%

100%

Revision of manuscript

40%

40%

40%

40%

40%

Bao.J.D

Bao.J.D

Bao.J.D

Bao.J.D

Bao.J.D

Project undertaking
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6. RESULTS AND DISCUSSION
In this chapter I will describe how the different methods have worked in practice and discuss the results
in relation to the two aims of my study:
Aim 1, to test and analyze a set of evaluation methods that provide different perspectives on how
occupational health and safety management really works in the mining industry in Ezhou City, China.
Aim 2, to explore a set of comprehensive evaluation methods that are suitable for occupational health
and safety management in industries as a whole.

6.1 Connection of the Results and Aims
I will below discuss my six methods individually and refer to the materials contained in
Article 1 and Appendix 7 to 11. For a more detailed description, see footnote below4. Then I
give an overall perspective on the methods and there sustainable development.
My six investigated methods will be presented in the following order; Entropy Weight
Analysis (EW), Failure Mode and Effect Analysis (FMEA), Improved Analytic Hierarchy
Process (AHP), Data Envelopment Analysis (DEA), Grey Relational Analysis (GRA), and
2ȬTuple Linguistic Information (2ȬTLI).
6.1.1 Entropy Weight Analysis (EW)
Method of Entropy Weight Analysis (EW) is used to determine the weight of each indicator
(e.g., as for the standard term 4.3.1 in Article I, the strengths weight is determined to be 0.0172)
for indicator evaluation. The weight is calculated through standardizing the data of each
indicator and obtaining the information entropy of each indicator (see Chapter 3). While
before standardizing the data of each indicator, two questionnaires (Tables 1 and 2 in Article 1)
are needed to analyze the internal and external environment of enterprises standard terms of
occupational health and safety management. To get a high research quality, the evaluators are
assigned weights, the research is to use triangulation, etc. After the analysis of the process is

4

Tables 1 and 2 of Article I are linked to the EW method. Appendix 7 is linked to the DEA and GRA methods.

Appendix 8 and 9 are linked to the improved AHP and FMEA methods. Appendix 10 and 11 are linked to the
improved AHP and 2ȬTLI methods.
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performed using Excel® software (see Chapter 4), the main results of the application
of EW indicate that there are still some difficulties to face. Such as the lack of the statistical
knowledge and the difficulty in obtaining relevant resources. However, this method can be
used to evaluate the multi indicators of occupational health and safety management and be
extended to other areas; such as safety management evaluation (Liu et al. 2017), the quality of
the project (Zou et al. 2006), project forecasting (Tang et al. 2016) and other industrial
activities (see Chapter 5).
As described in 5.1 Article I “…What is different from the data collection of the two literatures5
is that this article is not based on history data, but on the scoring of the internal auditors. To a certain
extent, it weakens the objectivity of indicator weight.” Based on this weakness, EW can be
improved in the following way.
History data come from real performance statistics, which can ensure the objectivity of
data. While data of empirical judgment come from scoring, which is much related to the
experience, knowledge, etc. of the evaluators, history data and empirical judgment are both
suitable for EW evaluation. The result of EW evaluation with history data is objective, while
empirical judgment is subjective. Therefore in research more history data should be adopted
to increase the objective of the results (Jia & Yang, 2015). In Article I, some data can be
obtained from the financial department and the indicators should be modified relatively. One
example of corresponding indicators of historical data as shown in Table 6Ȭ1.
Table 6Ȭ 1 One example of corresponding indicators of historical data
Standard
Internal key factors: Strengths

Internal key factors: Weaknesses

terms
X14 How much safety benefit does
X44 Frequency of safety accidents/month
OHSAS18001 bring to the enterprise?
X15 How much economic benefits does
4.4.6

X45 Number of occupational patients/quarter
OHSAS18001 bring to the enterprise?

Operational
control

X16 How much social benefits does

X46 Internal losses caused by occupational

OHSAS18001 bring to the enterprise?

accidents/quarter
X47 External losses caused by occupational
accidents/quarter

5

The data from the two literatures (Yin et al. 2013, and Fu & Kong, 2010)) are based on history data.
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The data of X14Ȭ16 and X44Ȭ47 can be obtained from the financial department, which ensures the
objective of the result of Xi, by using EW method. While 4.4.6 Operational control is a
qualitative indicator, the best way to increase the accuracy of weight is to adopt the improved
AHP method (Chen et al. 2011), for more information see 4.6.2 Why choose improved AHP?
According to the description of the above, the continuously improved way is to use the
composed method: improved AHP and EW in Article I and other similar fields.
There is another perspective of improvement for EW, e.g., the value of information
entropy (e.g., 0.999, 0.998, 0.997) should result in a set of values with smaller differences
among them (e.g.,0.3330, 0.3333, 0.3337); according to the entropy weight theory. While
actually, according to the formula of entropy weight method, the result could be larger
differences among the entropy weights (e.g., 0.1667, 0.3333, 0.5000), which would result in
low accuracy. To better evaluate the weight of OHSAS 18001 with multi indicators, further
research on this method is needed. Here one can draw inspiration from the risk assessment in
a public–private partnerships project in urban rail transit, see the article by He et al. (2016).
To summarize, Entropy Weight Analysis is a practically useful method that should be
further developed to fill the needs of the Chinese mining industry. Furthermore, further
research should be conducted in order to keep the continuous improvement of this method in
industrial activities.
6.1.2 Failure Mode and Effect Analysis (FMEA)
Method of Failure Mode and Effect Analysis (FMEA) is applied to prevent and reduce the
occurrence of failure through identifying, analyzing and evaluating risks (see Chapter 3). To
identify risks, one questionnaire (see Appendix 9) was conducted, and the indicators of
occupational disease assessment questionnaire in Appendix 9 only focused on the most
serious occupational disease influencing factors as the firstȬgrade indicators: dust, noise and
gas, and the most common 3 causes were selected as the secondȬgrade indicators. The
analysis and the evaluation of the process of FMEA is composed with the improved AHP
using YAAHP® software (see Chapter 4).
The main results of the application of FMEA indicate that there still exist some barriers,
such as the uneven knowledge of the evaluators (including familiarity with key control points,
scoring methods of questionnaires, etc.). Yet this method has been proved practical, simple
and less costly in the perspective of risk management, occupational health and safety
management, identification and control of environmental factors in enterprises as well as
quality key point preventive control in industrial activities (see Chapter 5).
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As described in 5.2 Article II “What I have to mention is that there is a potential defect (i.e. the
formula RPN=S×O×D is questioned) in the FMEA approach. The IATF (International Automotive
Task Force) organization will improve this approach around mid 2018. At present, many researchers,
e.g., Li et al. (2013), and Cao et al. (2014), have put forward some suggestions for improvement…”
Based on this defect, FMEA can be improved in the following way.
FMEA method has been applied in failure mode analysis and accident prevention.
Aiming at the problem that the RPN value cannot fully reflect the risk order, Li et al. (2013)
put forward an improved method using the FMEA method integrated with the AHP model,
to assess the risk of motor vehicles, which provides an improved direction for future research.
Furthermore, the evaluation on the key components of a model system using the FMEA
method integrated with 2Ȭtuple linguistic information has provided another reference for a
higher reliability and accuracy for future research (Cao et al. 2014). However, these attempts
cannot fundamentally solve the defect. Our team consulted many senior experts in the past 2
years and referred to Fan et al. (2014), Chen et al. (2011), Xu et al. (2016), Wu (2016), etc.
Eventually, FEMA was improved and implemented in many enterprises consulted by our
team, shown as follows:

Step 1. To establish the severity and occurrence matrix to form 3 risk intervals as shown in Figure 6Ȭ1.
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Figure 6Ȭ 1 Severity and occurrence matrix
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Step 2. To establish the severity and detection matrix to form 3 risk intervals as shown in Figure 6Ȭ2.
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Figure 6Ȭ 2 Severity and detection matrix

Step 3. To evaluate occurrence internal and detection interval matrix to form 3 risk intervals as shown
in Figure 6Ȭ3.

Sev vs. Det
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Figure 6Ȭ 3 Severity and detection matrix and RPN is shown as follows:
RPN(1)˖Highest level of risk: Potential risk reduction activities must be assessed.
RPN(2)˖Moderate level of risk: Need to start risk reduction activities when necessary.
RPN(3)˖Lowest level of risk: Risk reduction activities are not necessary.

Table 6Ȭ2 will be an example to test the improved FMEA. According to Table 6Ȭ2, the
traditional RPN value of U1 equals that of U2, which means that U1 and U2 have the same risk
and should be assessed equally. In fact, this theory has been questioned by too much practice.
According to the improved FMEA the calculation of the RPN of U1 can be shown as: SO=5×8.
The corresponding interval is 1 in Figure 6Ȭ1; SD=5×6, the corresponding interval is 3 in
Figure 6Ȭ2; SO vs. SD=1×3, the corresponding interval is 2 in Figure 6Ȭ3; according to the
description of Figure 6Ȭ3, the RPN of U1 belongs to “Moderate level of risk: Need to start risk
reduction activities when necessary”. In the same way, the RPN value of U2 can be calculated
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as listed in Table 6Ȭ2.
Table 6Ȭ 2 The improved RPN calculation
O

S

D

SO

SD

RPN(SO vs. SD)

U1

8

5

6

1

3

2

U2

4

10

6

1

1

1

According to the description of Figure 6Ȭ3, the RPN of U2 belongs to “Highest level of risk:
Potential risk reduction activities must be assessed.” The risk of U2 is much higher than that
of U1.
IATF organization will release the latest edition of FMEA around mid 2018. At that time
it will open up opportunities for researchers in the practical application in many different
directions.
Overall, this improved Failure Mode and Effect Analysis is not only simple, but verified
valid by many enterprises. More and more enterprises, I believe, will accept this improved
method in the further; more and more research, I also believe, will be conducted both in
theoretical and practical aspects.
6.1.3 Improved Analytic Hierarchy Process (AHP)
Method of Improved Analytic Hierarchy Process (AHP) is conducted to provide a decision
method for multi objective and multi criteria decisionȬmaking problems through the analysis
and calculation of the influence factors (see Chapter 3). Before the analysis and calculation of
the influence factors, one questionnaire study (see Appendix 8) of pairwise contrast of the
indicators needs to be conducted. In addition, to get a high research quality, the evaluators
are assigned weights, trained, etc., and the analysis of the process is conducted using
YAAHP® software (see Chapter 4). The main results of the application of the improved AHP
indicate that this method is practical, simple and less costly for multi objective and multi
criteria decisionȬmaking problems. It is proved by nearly 100 enterprises consulted by our
team in the past three years, although it is always influenced by the knowledge, ability, etc of
the evaluators (see Chapter 5). According to the description of Wang (2003), it is a method of
making some unclear boundary and some nonȬquantitative factors quantified and evaluated
comprehensively, it can be conducted in all multi objective and multi criteria decisionȬmaking
problems (but each grade indicator must be limited from three to nine) in industrial activities.
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As described in 5.2 Article II ”the evaluatorȇs knowledge is uneven, including familiarity with
key control points, scoring methods of questionnaires, etc.”. The most effective solution is to assign
different evaluators different weights, e.g., employees who have been working for more than
15 years are assigned weight 1, those that have been working for 10 to 14 years are assigned
weight 0.8, etc. And inȬdepth training, including training for key control points, use of
questionnaires, verification and validation of training effectiveness, etc needs to be given.
To summarize, Improved Analytic Hierarchy Process is a practically useful simple and is
less costly for multi objective and multi criteria decisionȬmaking problems; not only for the
mining industry in Ezhou City but also for industry activities in general. Additionally,
composed methods can make up for each otherȇs shortcomings, so the composition of this
method and other methods is a trend, and there will be more research on this composed
method in the future.
6.1.4 Data Envelopment Analysis (DEA)

Method of Data Envelopment Analysis (DEA) is utilized to estimate the effective production
frontier by calculating a set of inputȬoutput observations (see Chapter 3). The set of
inputȬoutput observations come from the history data of the financial department, and the
analysis process is utilized by MYDEA® software (see Chapter 4). The main results of the
application of DEA indicate that this method is special for production efficiency and can well
estimate the effective production frontier by calculating the history data of the financial
department. Although the biggest barrier for DEA method is how to ensure the maximum
DEA efficiency of the results of MYDEA calculation (see Chapter 5). DEA embodies its unique
advantages in dealing with multi indicator inputs and multi indicator outputs in all industrial
activities. It is a quantitative analysis method to evaluate the relative efficiency of comparable
units with linear programming method based on a number of input indicators and a number
of output indicators (for details, see 4.3 Literature review and 3.7 Data Envelopment Analysis
(DEA)).
As described in 5.3 Article III and IV “Based on the analysis of the above weakness, the biggest
barrier for DEA method is how to ensure the maximum DEA efficiency of the results of MYDEA
calculation. That is to say, the less the non DEA efficiency is, the better the results will be. A feasible
method is to optimize the selected indicators, to ensure that the selected indicator data can be easily
obtained and can truly reflect the development of enterprises.” Based on this barrier, DEA can be
improved in the following way.
When the result of C2R is non DEA efficiency, there still exist two situations: one is
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technological efficiency and nonȬscale efficiency for the DMU (decisionȬmaking unit). The
other is nonȬtechnological efficiency and nonȬscale efficiency for the DMU. The improved
method for this further step is BC2 model of DEA (Han & Qin, 2010). The modelling is shown
as follows (for details, see Han & Qin (2010)).
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° ȱȱȱȱȱȱȱ ¦ Ώ j 1ȱȱ
j 1
°
° ȱȱȱȱȱȱΏ t 0,ȱj=1,...,nȱ
j
¯

 max ΅ V 0 2
BC
°
n
°
d x0
s
.
t
.ȱȱȱ
Ώ
x
¦
j j
°
 min(ΝT x0  Ν0 ) V 0 2
j 1
BC
°
°
T
T
n
°
° s.t.ȱȱΝ x j  ΐ y j  Ν0 t 0, ȱj=1,...,n
The output model: ( P 0 BC 2 ) ®
; ȱȱ( D 0 BC 2 ) ® ȱȱȱȱȱȱȱ ¦ Ώ j y j t ΅y0
T
j 1
° ȱȱȱȱȱȱΐ x0 1
°
n
°
°
¯ ȱȱȱȱȱȱΝ t 0,ȱΐ t 0
° ȱȱȱȱȱȱȱ ¦ Ώ j 1ȱȱ
j 1
°
° ȱȱȱȱȱȱΏ t 0,ȱj=1,...,nȱ
j
¯

There is another perspective for optimizing the selected indicators. When we select the
indicators, inevitably the redundant ones and small contribution ones will exist. Hence, the
indicators need to be screened. To implement it, interval estimation model is established and
is simply shown as follows (for details steps see my article Bao et al. (2018b).

Step1. To build the judgment matrix. To compare the relative importance between the
established standard layer and the target layer with 1~9 scale method proposed by Professor
Satty (Thomas, 2005, and Azadeh & Zadeh, 2016), and to improve the accuracy of the
judgment, 1Ȭ9 scale method is replaced by 9/9Ȭ9/1 scale method. The other calculating
processes stay the same (Bao et al. 2017b). And to build the judgment matrix at each level as
An

( aij )nun

.
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Step2. To conduct the consistency test according to relative consistency indicator formula,
where CR

CI
RI

n

, Ώmax

1 / n¦ ( AW ) / Νi , Ώmax is the maximum eigenvalue of judgment
i 1

matrix, n is the order of a judgment matrix, RI is the mean random consistency indicator
whose values are shown in Table 3Ȭ3.

Step3. When 0 d CR d 0.1 ,the judgment matrix has satisfactory consistency. The weight
vector of the judgment matrix can be calculated as W

T

¬ª Ν1 , Ν2 ! Νn ¼º with YAAHP software,

then the appropriate indicators selection weight Β is selected to screen the indicators of this
layer.

Step4. When CR ˚ 0.1, the judgment matrix cannot meet the consistency requirement. The
upper limit value ΝiU and the lower limit value Νi L should be calculated according to
interval estimation model, and the calculation should satisfy the following linear
programming model (Takayama, 1998).

max(min)Νi
 AW d 0
°°
s.t. ®W ¬ªΝ1 , Ν2 ! Νn ¼º ! 0
°
°̄Ν1  Ν2  !Νn 1

Step5. If the weight Νi can satisfy

ΝiU d ' max ,where

' max d max(ΝiU  Νi L ) , then the
1d i d n

contribution of this indicator has been masked by systematic error and should be eliminated.

In brief, interval estimation model is a useful method for screening the indicators, and helps
to establish a reliable indicator system foundation for the later evaluation. Based on the
reliable foundation, this method can be used in all indicator system evaluation, obviously,
including Article IȬV.
6.1.5 Grey Relational Analysis (GRA)
Method of Grey Relational Analysis (GRA) is exploited to measure the degree of association
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between factors for indicators evaluation according to their similarity or dissimilarity (see
Chapter 3). To measure the degree of association, the history data of the financial department

of the indicators are needed and the analysis process is exploited by GM®6.0 software (see
Chapter 4). The main results of the application of GRA indicate that this method does not

require too much sample size and any typical distribution regulation. The calculated amount
of data is relatively small, and the results would always be in good agreement with the
qualitative analysis, so it is quite suitable for measuring the degree of association between
factors for indicators evaluation according to their similarity or dissimilarity (see Chapter 5).
GRA can handle the types of problem of comparison between evaluation objects and the
comparison object in all industrial activities (Hao et al. 2017). For example, as shown in
Figure 6Ȭ4: A, B and C represent the evaluation object respectively and D represents the
comparison object. The role of GRA is to establish a linear model, analyze the relationship
between the evaluation object and the comparison object, and sort them. Providing reliable
guidance and suggestions for decision analysis.

( A, B, C , etc.)  D
Figure 6Ȭ 4 Relation graph of GRA

As described in 5.3 Article III and IV “…Another shortcoming is that in the modelling process of
GRA, the weights of the evaluated indicators are averaged when the relation degree is calculated. In
Article III and IV, the weights are averaged as w1=w2=w3=w4=w5=1/5, which is not in line with the
actual situation.” Based on this shortcoming, GRA can be improved in the following way.

According to the modelling of GRA, five steps are constructed, in which step 4 is shown
as follows (for details see 3.8.3 How to apply GRA?).
Step 4. Calculating Grey Relation
Because the relational coefficient is too scattered to compare overall, the average value is
normally expressed as the degree value between comparison sequence and reference
sequence, and ri formula of the relational coefficient is as follows (Lu et al. 2010):

ri

1 n
¦ Ί ( k)
nk 1 i

In step 4, the weights are normally averaged by the numbers of the indicators, e.g., if there are
five indicators, the weight can be expressed by w1=w2=w3=w4==w5=1/5; if there are six
indicators, the weight can be expressed by w1=w2=w3=w4==w5==w6=1/6. However, it is not in
line with the actual situation, each indicator has its different weight. According to the
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description, the improved AHP method can be used to calculate the weight of each indicator
(for details see 3.6.3 How to apply improved AHP?). Additionally, this composed method is
verified by my article Cleaner Production Assessment of Group Company Based on Improved AHP
and Grey Relational Analysis (Bao et al. 2018a).

To summarize, Grey Relational Analysis needs fewer samples and the calculated amount
of data is relatively small, so it is quite suitable for measuring the degree of association
between factors for indicators evaluation according to their similarity or dissimilarity in all
industrial activities. Nonetheless, we should face up to its defects and continue to apply and
improve it in practice.
6.1.6 2ȬTuple Linguistic Information (2ȬTLI)
Method of 2ȬTuple Linguistic Information (2ȬTLI) is performed to provide the basis for multi
attribute decision analysis through evaluating the value of a pointer (or an object) given by 2Ȭ
tuple (sk,ak) (see Chapter 3). To evaluate the value of a pointer (or an object), one questionnaire
is designed for scoring, which is made by 5 evaluators randomly selected from the 30 ones
(see Appendix 11), and the analysis process is performed by Excel® software (see Chapter 4).
The main results of the application of 2ȬTLI indicate that this method is special for language
information and can provide the basis for multi attribute decision analysis in spite of a large
amount of calculation (see Chapter 5). In industrial activities of multi attribute decision
analysis, method of 2ȬTLI can deal with all the aggregating language information and can
ensure the integrity and authenticity of information (Herrera & Martínez, 2000) (see Chapter
3.9).

As described in 5.4 Article V “…barrier for the research is large amount of calculation of the
aggregation operator...” Based on this description of the barrier, design and development of

application software is most necessary, additionally, giving inȬdepth training and different
weights to the evaluators are also good considerations.
In brief, 2ȬTuple Linguistic Information is special for language information, which is an
important tool for the conversion of qualitative information into quantitative information.
Once the process of this method is designed to be software it will become one of the most
widely used that deal with language tools.

6.2 Discussion
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In this section I will discuss my results from two perspectives: methods and sustainable
development.
6.2.1 Perspective of the methods
The six methods applied in the articles provide quantitative tools for evaluating OHSAS18001,
occupational disease, the relation of safety investment and safety benefit, the relation of safety
investment and safety loss, and employee satisfaction.
Compared with improved AHP, entropy weight method is much more objective for
weight reliability, while it is much dependent on indicators which will result in many overall
changes along with changes of the indicators. The improved AHP method is practical and
systematic for weight calculation, while in the perspective solutions, it only aims at the
alternative (In Article II, there are three firstȬgrade alternative indicators and ten
secondȬgrade indicators. In Article V, there are five firstȬgrade alternative indicators and
twentyȬfive second grade indicators) with no new solutions for the decision, it is always
integrated with other methods in calculating weights of the indicators (see Table 6Ȭ3).
According to the RPN value, FMEA provides a solution for accident prevention and
correction. However, Section 6.1.2 shows that the same RPN value of two indicators may
reflect different risk orders.
DEA model can deal with production efficiency using its operators, but not for the
conditions of production with minus and absolute efficiency. GRA model, as applied in this
research, deals with only four indicators, and the values of the sequence increases gradually.
In this article, DEA model and GRA model are based on the same safety investment of the
mining industry of Ezhou City. 2ȬTuple linguistic information is complex but objective in the
aspects of evaluation grade, which can be integrated with many other methods, e.g., GRA
model and improved AHP model as applied in Article V.
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Table 6Ȭ 3 Key words of advantages and disadvantages of the methods
Method

Key words of advantages

Key words of disadvantages

Objective (history data)

Much dependent on indicators

Special for multi indicators

Subjective(scoring)

Systematic

Subjective

Practical

Solutions only from alternative

EW

Improved AHP

Less quantitative data
Solutions for accident
FMEA

Not fully reflected risk order
prevention and correction
Special for efficiency

Only for relative efficiency

DEA
Not for production with minus
GRA

Fewer samples needed

Normally for increasing sequence

2ȬTLI

Relative objective

More complex

6.2.2 Perspective of sustainable development
Sustainable development refers to the coordinated development of economy, society,
resources and environmental protection, and they are inseparable systems, which contains
the following contents (Peng & Sun, 2014):
x

Sustainable development encourages economic growth. Sustainable development should
not only attach importance to the quantity of economic growth, but also pursue the
quality of economic growth.

x

The goal of sustainable development is to seek allȬround social progress, including
people

oriented

management,

the

control

of

excessive

population

growth,

fighting poverty, etc.
x

The symbol of sustainable development is the sustainable utilization of resources and
good ecological environment.

The content of sustainable development is related to Article IȬV in the following aspects as
shown in Table 6Ȭ4. In Article I, the increase of business orders (U6) of EFE external analysis
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result ranked first in the external key factors. From which it can be concluded that the mining
industry attaches more importance to the economic benefits than peopleȬoriented
management. In addition, based on the analysis results of Table 3 of Article I, and the
evaluation result of Article IIȬV, peopleȬoriented management and allȬround social progress
are ignored. Furthermore, from Article V, the ecological environment has been ignored.
Concluded from the results of Article IȬV, the mining industry paid more attention to
economic efficiency and ignored peopleȬoriented management and the ecological
environment, which was contrary to the contents of sustainable development.
The main contribution of these articles is that they have provided the direction for
improvement of sustainable development and methods for daily management in industrial
activities. While at the same time, we have to see that the biggest barrier for keeping the
mining industry in sustainable development is how to change the inherent thinking of
enterprise managers and employees under the environment of oneȬsided pursuit of economic
benefit.
Table 6Ȭ 4 Perspective of sustainable development of Article IȬV
Part of results

Perspective of sustainable development
More importance has been attached to the

The business orders (U6) has increased much
economic

benefits

than

peopleȬoriented

more than peopleȬoriented management.
management.

Article I
The

employees

are

lack

of

safety
PeopleȬoriented management is ignored.

awareness(X39).
The occupational disease status of employees is
Article II

PeopleȬoriented management is ignored.
ȈgeneralȈ grade.
The safety management and training have the

Article III

PeopleȬoriented management is important.
highest relation on safety benefit.
The safety management and training have

Article IV

PeopleȬoriented management is important.
nearly highest relation on safety loss.
More attention has been paid to economical
efficiency, effectiveness and social efficiency

Article V

Good ecological environment has been ignored.

than environmental efficiency development.
The level of employee satisfaction is “general
PeopleȬoriented management is ignored.
“grade.
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7. CONTRIBUTIONS AND FURTHER RESEARCH
In this chapter, the author and the research’s contributions are presented, and three perspectives for
further research are illustrated.

7.1 Research’s Contribution
The main contribution of this research is that it has systematically tested and verified a set of
statistical methods applied in the mining industry in Ezhou, China, and explored a set of
statistical methods utilized in occupational health and safety management in industries.
This study systematically introduces the application, the context, theoretical basis, scope,
process, advantages, disadvantages and barriers of EW, improved AHP, DEA, GRA, FMEA
and 2ȬTLI in the mining industry in Ezhou, China, which is also a systematic exploration of
methodology.
The improved methods or combination methods are a good result of the systematic
exploration of this methodology. It not only contributes a lot in theory, but also gets better
application in practice. Many enterprises have improved management performance with the
help of these improved methods or composed methods in the practice of occupational health
and safety management, and created good economic and social benefits (Bao et al. 2018a). A
summary of the contributions is illustrated in Table 7Ȭ1.

Table 7Ȭ 1 A summary of the contributions in the appended articles and this thesis
Part

What

How

Contribution
z

well selected.

Survey and Case
Article I

Questionnaire is well designed and the experts are

EW
study

z

Showing the weakness, barrier and extension of this
method for further research.
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z
Survey, Case study,

Providing

a

composed

method

applied

to

occupational disease prevention in Enterprises.

Improved AHP
Archival research,

Article II
& FMEA

and Action research

z

Showing a potential defect and a barrier for further
research.

z

Identifying which of the investments has the highest
impact on the safety benefit.

Case study and
Article III

DEA & GRA

z

Showing the importance of identifying the indicators.

z

Showing a potential disadvantage and a barrier for

Archival research

the further research.
z

impact on the safety loss.

Case study and
Article IV

Identifying which of the investments has the highest

GRA
Archival research

z

Showing the advantages, disadvantages and a barrier
for the further research.

z

Providing a more objective and accurate composed
method for employee satisfaction.

Improved AHP

Survey, Case study,

& 2ȬTLI

and Action research

Article V

z

Introducing a special method for processing language
information.

z

Showing two barriers for the further research.

z

Comprehensively testing and analyzing the context,
theoretical

basis,

scope,

process,

advantages,

disadvantages and barriers of the six methods, and
providing

a

reliable

methodological

basis

for

occupational health and safety management in a
Methodological

Survey and Case

choice

study

mining industry in Ezhou, China (Aim 1).

This thesis
z

On the basis of the testing & analyzing , and the
literature review of these methods, a set

of

comprehensive evaluation methods that are suitable
for the occupational health and safety management in
the industries as a whole is explored(Aim 2).

7.2. Further Research
In this section I will discuss the further research from 3 perspectives: verification of the
improvement, expansion of the research scope, and application of composed method.

82

Application of Statistical Methods on Occupational Health and Safety Management in the Mining
Industry in Ezhou City, China

7.2.1 Perspective of verification of the improvement
In this research, the six methods are well applied and tested in different perspectives on how
occupational health and safety management really works in the mining industry in Ezhou
City, China; and explored in different aspects, which are suitable for the occupational health
and safety management in industries as a whole. Even so, there still exist some shortcomings,
e.g., as for method of EW, the data is collected from the scoring of the internal auditors, which
has weakened the objectivity of indicator weight (see 6.1.1 Entropy Weight Analysis (EW)).
Although section 6.1.1 has described the improvement, it has not been verified by practice.
This will cause a problem: because it remains dependent on indicators, will the improvement
result in many overall changes along with the changes of the indicators (see 6.2.1 Perspective of
the methods) or not? Based on the above analysis, this improvement should be put into

practice for further research, and the same with the other five methods.
7.2.2 Perspective of expansion of the research scope
In addition to EW, AHP, FMEA, DEA, GRA and 2ȬTLI, there still exist many other methods
suitable for occupational health and safety management in industrial activities. Dong & Wang
(2014), for example, applied Structural Equation Modelling (SEM) to research on the
relationship among perceived safety risk, overconfidence and safety performance. The result
showed that construction enterprises can improve safety performance levels such as safety
compliance behaviour, safety participation behaviour and safety results by reducing the
perceived safety risk and overconfidence degree of workers. Wang & Yin (2005) adopted Grey
Prediction Model 1.1 (GM(1.1)) to a determination method of target value of safety
management, and had provided scientific basis for scientific, reasonable and feasible safety
management objectives as well as promoting enterprise safety management to a new level.
Xia & Wang (2007) utilized Statistical Product and Service Solutions (SPSS) to construct an
evaluation model of enterprise safety culture based on factor reconstruction analysis and
principal component analysis. This established an enterprise safety culture evaluation model
that could promote the safety management of the enterprise. These methods have evaluated
different aspects of occupational health and safety management in industrial activities from
different methodological perspective, and have provided many considerations of how to
expand the six methods of SEM, GM(1.1), SPSS, etc. for further research.
7.2.3 Perspective of application of composed method
In this research, the composed method including the improved AHP & FMEA (see Article II),
the improved AHP & 2ȬTLI (see Article V), and DEA & GRA (see Article III), are well applied
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and tested to be effective. The advantage of this composed method is that they can
complement each other. The method of 2ȬTLI, for example, has the potential advantage in
dealing with language information, but a disadvantage in dealing with the weights of the
evaluators. Yet with the method of improved AHP the opposite is the case. Therefore this
composed method can not only handle language information but also improve the weight
accuracy of the evaluators. Above all, this composed method of the improved AHP & 2ȬTLI
provides many inspirations for us: how to make full use of the composed methods for
occupational health and safety management in industrial activities for further research, such
as improved AHP & DEA, EW & AHP, GM(1.1) & 2ȬTLI, improved AHP & GRA, etc.
Assuredly, these composed methods must be verified in practice.
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evaluation index system of comprehensive prevention Hierarchy

model is feasible for evaluating the safety state of Synthetic Ammonia Device
(Liu et al. 2012).
Application example on the power supply system of Huainan Pansan coalmine
demonstrated the feasibility o f this method.( Wei et al. 2008)

Ammonia Device Based on Fuzzy Analytic Hierarchy

Process

Establishment of coal mine fuzzy mathematical safety FAHP

evaluation management mode based on OSHMS
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The actual case was evaluated using this model and the result show that this

Process (AHP)

The real reliability of the evaluation result is proved by practice (Zhang, 2013).

the model˄Liu et al. 2013˅.

Comprehensive Evaluation of Safety State of Synthetic FAHP

comprehensive evaluation

Research on building safety management based on fuzzy Analytic Hierarchy

(FAHP)

The model is used in practical integrated control in coal mine pneumoconiosis,

Analytic

Investigation of AHPȬFuzzy mathematical models in Fuzzy

and treatment of pneumoconiosis

enterprises˄Fan et al. 2005˅.

and Safety and Management System in 22 enterprises

and an objective evaluation result was obtained, which verifies the practicality of

Management System is in favor of the social and economic benefits for the

The establishment and implementation of the Occupational Health and Safety

Research Findings

before and after establishment of Occupational Health system˄SAS˅

analysis

Research Methods

Comparing analysis of social and economic benefits Statistical

Research Perspective
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to 2001 were calculated and the results were in accordance with the actual

evaluation of

AHP

information
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and

linguistic

Study of occupational health and safety management Process approach

occupational hazards

Comprehensive safety evaluation method for mine 2Ȭtuple

information

The application of process approach in the occupational health safety

phrases is high ˄Guo et al. 2011˅.

Results show that the accuracy of qualitative information processed by language

nonȬconformity items and taking corrective measures˄Chen & He, 2011˅.

The method can improve the OHSMS performance by determining the

2Ȭtuple

OHSMS performance evaluation

The methods of establishing occupational safety and health system in chemical
enterprises were discussed˄Zhang & Liu, 2006˅.

Case study

system in chemical enterprise

Establish implement occupational health and safety

Chinaȇs urban rail operation management enterprises in order to improve

urban rail train

operational safety level˄He et al. 2006˅.

In order to improve operational safety level, OHSAS should be introduced into

Practice and investigation of OHSAS in the operation of Case study

linguistic

Overall effects of work safety regulations in China during the period from 1991

Building of fuzzy model for overall effectiveness FAHP

situation at that time (Miao & Han, 2012).

evaluation method is scientific and feasible (Wang et al. 2012).

management performance

work safety regulation

The grade of safety management performance was obtained. It showed that the

Study on fuzzy comprehensive evaluation of safety FAHP
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of

occupational

health

and

safety

Case study

Case study

and safety management system

Interpretation of new standards of occupational health Case study

Requirements on continuous improvements of OHSMS

management system in power plant safety management

Application

enterprises

Health and Safety Management System in const ruction

Implementary effects and problems in the Occupational Case study

trapezoidal fuzzy numbers
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level, reduce the occurrence of accident and improve the level of safety

fuzzy comprehensive evaluation

Research on performance evaluation of OHSMS based on FAHP

Practice proves that the evaluation method can improve the HSE management

HSE management in petroleum enterprises based on FAHP

OHSAS18001:2007˄Xu, 2017˅.

Analysis of the new version of ISO/DIS45001 on the basis of changes in

of OHSMS˄Zhang et al. 2009˅.

main elements

This paper points out the major requirements on continuous improvements of

management system in power plant safety management activities˄Huang, 2008˅.

This paper analyzes the application of occupational health and safety

management system in const ruction enterprises˄Lin, 2008˅.

This paper summarized the implementation of the occupational health and safety

evaluate the performance of OHSMS well˄Wen et al. 2012˅.

The performance evaluation of OHSMS based on trapezoidal fuzzy numbers can

management˄Zhaoet al. 2013˅.

management system was introducedˊ
˄Huang, 2011˅.

system based on process approach

Application of Statistical Methods on Occupational Health and Safety Management in the Mining Industry in Ezhou City, China

of

occupational

health

and

safety

Sample analysis

Sample analysis

Sample analysis

Sample analysis

Sample analysis

Case study

Case study

and safety issues in the workplace?˄Luxembourg˅

How can leadership and safety culture develop health Case study

Worker accident compensation regulation

OHSAS controls

OHSAS controls

OHSAS control effect

OHSAS control effect

system of construction enterprises

Study on occupational health and safety management

management system in Coal Mine Enterprises

Application
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Workplace and health conditions were improved˄Kaluza et al. 2012˅.

and health of the workers ˄Michael J Moore & W. Kip Viscusi, 1989˅.

The accident compensation system plays an important role in ensuring the safety

explored ˄Richard Johnstone, 2015˅.

Four important themes for the development of OHSAS regulatory regimes are

Gunningham, 1998˅.

A series of regulatory reforms and innovations are advocated ˄ Neil A
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OHSASȇs control works well ˄Robert Stewart Smith, 1979˅.
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This paper summarizes a set of occupational health and safety management
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management system has promoted the production safety management of the
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It showed that shipyard have high risk of pneumonoconiosis, and a protective
specification of occupational harzards is necessary (Li et al. 2013).

2013).

HACCP principles and methods can be applied to risk management (Li et al.

The number of occupational diseases is on the increase (Guo et al. 2016).

(Zhang et al. 2014).

responsibilitiesˈand it is urgent to carry out the prevention and control measures

disease in shipyard
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The prerequisite and the basic principlesˈ the evaluation process and methods
on the efficiency of the occupational disease prevention facilities were proposed

Study on evaluation process and method of occupational Textual analysis

disease prevention facilities

HACCP can be used to evaluate the control effect of occupational hazards in
construction projects (Li et al. 2014).

Application of HACCP system in occupational hazard HACCP

control effect assessment in an engineering plastics plant

(Chen et al. 2014).

(Zhang et al. 2014).

occupational hazards

This paper explores strategies and methods for strengthening relevant work

Explore to status ˈ problem and measures against
Textual analysis

laborȬintensive enterprises (Su et al. 2012).

occupational hazards in a shoe manufacture plant

HACCP can be applied to the prevention and control of occupational hazards in

HACCP

Application of HACCP in prevention and control for

HACCP theory is applicable to the prevention and control of occupational
hazards in a cigarette factory (Li et al. 2014).

HACCP

of migrant workers (Liao, 2009).

system and strengthen the role of governmentȬled, in order to protect the rights

we must improve the relevant laws, develop the industrial injury insurance

facilities are proposed (Jia, 2012).

the countermeasures of management for occupational disease prevention

for occupational hazards in a tobacco plant

Application of HACCP theory in prevention and control

protection with occupational diseases

Reflection on dilemma of migrant workers’ rights

enterprises
Case study

of Case study

occupational disease prevention facilities in industrial

Countermeasure
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health of occupational disease patients (Zhang et al. 2014)ˊ

occupational disease patients
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Implementing integrated interventions can significantly improve the mental

Evaluation on intervention effects of mental health in Symptom Checklist
90 (SCLȬ90)

relevantsites (Yang, 2012).

shipyard

This article analyzes why the hazardous factors are out of limits and points out

Case study

Identification and analysis of occupational hazards in the

The current risk assessment methods of occupational hazards and their
application in China are reviewed (Gao et al. 2015).

Textual analysis

2015).

disease hazards risk assessment methods

Research and application progress on occupational

˄1.1˅)

control of occupational hazards in the drilling industry as soon as possible (Wei,

The drilling industry should formulate special measures and standards for the

Occupational hazards identification and the control

measures in drilling engineering

construction projects (Wang et al. 2008).

occupational hazard
(GM

HACCP can be well applied in the assessment of occupational hazards in

Discussion on application of HACCP in assessment of HACCP

Model

(Chen et al. 2015).

Grey

hazards in construction projects of leadȬacid battery manufacturing enterprises

enterprise

HACCP can be used for prediction of occupational hazards and selection of

analysis and control for a leadȬacid battery production

HACCP

HACCP system can be used in the evaluation of the control effect of occupational

predicting

Application of HACCP system in occupational hazard HACCP

in

2014).

technology

power plant project

HACCP
critical control points in MSW incineration power generation projects (Li et al.

of

occupational hazards in a domestic refuse incineration

Application
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This paper summarizes the current situation of social security of occupational
disease in our country, analyzes current matters about this issue in our country

Positive analysis and policy suggestion for social security Textual analysis

of occupational disease patient in China

to

Fuzzy

Evaluating

Risk

FAHP

occupational health surveillance and Textual analysis

occupational disease diagnosis and identification system

Research on

hazards in a petrochemical enterprise

Analysis and countermeasures on occupational disease Case study

a coal mine construction project

Analysis and control of occupational disease hazards on Case study

MediumȬsized Chemical Enterprises

Assessment of Occupational Hazard in Small and

Integrated

Approach

occupational disease diagnosis and identification system in China (Kong & Shao,

It will be helpful for the occupational health monitoring and the reform of the

Put forward countermeasures (Zhu et al. 2013).

Suggestions for occupational disease control measures (Wen et al. 2015).

quantify the risk factors of occupational diseases (Wang & Qiu, 2010).

This method can be used as risk assessment of occupational hazards and fully

in coal mine construction projects (Han & Liu, 2013).

coal mine with hazard analysis and critical control point

theory

HACCP theory is applied to the prevention and control of occupational hazards

Evaluation on control effect of occupational hazards in a HACCP
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presented in recent years (Zhu et al. 2013).

disease prevention and control in China

(Li & Chen, 2008).

Improvements to the legal system were proposed according to challenges

Past, present, and future of legal system on occupational Textual analysis
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Jiangxi is serious (Zhang et al. 2015).
The countermeasures of management for occupational disease prevention

of leadȬacid battery plants in Jiangxi

Countermeasure
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The optimization of the impact of safety investment on varieties of social results

Economical Analysis on Safety Investment and Its Regression analysis
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examples (Tang et al. 2007).

profits

management activities(Li, 2010).

Safety input and safety benefit essentially reflect the role of people in safety

Economic profits from investment on safety are qualitatively analyzed through

Textual research

The qualitative analysis on investment in safety and Case study

Safety input and safety benefit analysis

The model of safety input and output is established to get the most safety

Benefit analysis of safety input and safety output
benefits(Zou & Zhang, 2010).

relation are constructed (Zhang et al. 2009).

its relation with safety investment
Safety function

An assessment model for safety effect and a function model reflecting the

Analysis and evaluation on the effect of work safety and Safety benefit model

safety and economic benefit is provided (Li, 2009).

The quantitative model of safety benefit is analyzed in detail, and the objective of

Quantitative analysis of safety and economic benefits
Safety benefit rate

amending objects by adding pondering in safety benefit s and value (Wen et al.

project and safety benefit

Research Findings
The paper found the basic method of safety value analysis and principle in

Research Methods

Research for the relationship between safetyȬvalued Value analysis

Research Perspective
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The investment of building safety management in construction enterprises is

Discussion on safety benefit of construction project

The effective way to improve safety production in chemical enterprises is
discussed (Dong, 2013).
The mode of expressway construction and operation safety management have
efficient effects on the promotion of the safety benefits (Cao et al. 2015).
Expatiated its basic meaning, and this is very important to improve the level of

Safety input and safety benefit analysis of chemical Textual research

enterprises

Safety benefit evaluations of express way Bot + Epc AHP,DEA

project

Research on benefit model of coal safety management Textual research

analyzed and discussed in detail (Yang, 2015).

and safety benefit analysis (Zhang, 2016).

engineering construction project
Textual research

In view of the current project construction project safety accident main reason

Analysis of safety accident cause and safety benefit of GRA

Analysis (GRA)

the security investment of the enterprise is determined (Yue et al. 2008).

The degree of correlation between the investment items and the safety benefits in

An example analysis of the relationship between safety Grey

investment and safety benefit

under the mining influence can reach 3. 87% after gas extraction (Jiao et al. 2014).

CoalȬbed Methane Wells
Relational

The direct annual economic return rate of the surface coalȬbed methane wells

Analysis on Economic and Safety Benefits of Surface Safety benefit model

to be explored(Zhang, 2003).

The influence of human factors on the safety benefit curve is an important aspect

Safety benefit curve
Textual research

could be obtained (Li et al. 2005).

Benefits Evaluation
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attributes of power grid can be effectively evaluated (Mu et al. 2015).
This model provides the reference for the construction enterprises to control the
safety input (Zhang & Xu, 2010).
The relationship between safety awareness and safety skills and investment in

security and benefit

Research on the relationship between safety input and GRA

benefit for construction enterprises

Building construction, safety benefit, comprehensive Fuzzy

2009).
The methods to increase safety benefits were raised so that coalmine enterprise

traffic enterprise

Safety investment and benefit of coalmine enterprise
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The countermeasures to increase safety benefit are put forward (Gao & Zhen,

Analysis of safety cost and safety benefit of tourism Case study

Case study

so as to maximize the safety benefit (Liu et al. 2007).

Enterprise

two (Zhou & Guo, 2016).

Using marginal investment technology, we get the best combination between the

Find out the best input point of the enterpriseȇs safety and economic investment,

Textual research

Balance of safety, economic input and safety benefit in Textual research

Study on safety input and safety benefit of mine

construction industry is evaluated (Hou, 2010).

Case study results show that using the proposed method the comprehensive

A comprehensive evaluation index system of power grid FAHP

method

related to the input structure (Wang et al. 2009).

based on safety benefit analysis

evaluation

The benefit of safety input is not only related to the input size, but also closely

Safety investment decision model of coal enterprise Safety benefit model

clustering

safety management on coal (Zhang et al. 2012).

based on security economic theory
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model

The subsequent safety input should be put in an optimal period o f time when
unsafe condition is worsening (Wang et al. 2009).

Safety input decisionȬmaking based on theory o f Case study

rheologyȬmutation
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economic efficiency (Yuan & Zhang, 2009).

value loss (Lu et al. 2012).
Discussing and studying the relations of coalmine safety investment and

loss caused by ensuring food security and to construct an evaluation model of

This paper aims to carry out theoretical analysis for the ecosystem service value

cost and the main safety index (Liu et al. 2003).

Result indicates that there are negative exponential function between the safety

accident losing in Guizhou Province

Analysis of safety economy benefit and the mining Case study

security assessment model and itȇs application

value

Regression analysis

The loss of ecosystem services value caused by food Economic

Relation between safety cost and safety conditions

equation made according to the scatter diagram (Liang et al. 2011).

function analysis method, and the safety output can be predicted by regression

The allocation proportion of input elements can be decided by the production

Research on safety input model
Regression analysis

Research Findings
Both industrial hygiene investment and that in education and dissemination are
essential for preventing the safety accidents (Zhao et al. 2016).

AHP

Research Methods

investment in coal enterprises

Research on application of TIFNsȬAHP to safety

Research Perspective
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2013).

based on EFQM model was built (Dong & Feng, 2012)ˊ

company safety input
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through economic lever , and the level of safety management in whole

The total loss framework for safety accident in construction enterprises based on
the view of mending the defects in functions of the assets could guide

Total loss framework for safety accident in construction Case study

enterprise

construction industry would be essentially improved (Zhang & Pan, 2006).

The internalization of accident loss could promote the prevention of accident

industry

by comparing the obtained results with statistical results (Liu et al. 2014).

Internalization analysis on accident loss in construction Case study

model

Economic

The correctness and effectiveness of the proposed evaluation model are validated

decision (Wang, 2011).

evaluation model for safety input of coal mines

loss

The results are quantitative and reliable, and are helpful to make safety input

The establishment and application of the comprehensive AHP and Entropy

Evaluation on blackoutȬcaused social loss

government safety supervisory department are concluded (Shen et al. 2010).

investment

Weight

Five factors affecting contractor’s safety investment and needing the attention of

Study on supervision strategies for construction safety Game model

Modeling (SEM)

A performance evaluation SEM model of construction company safety input

Performance evaluation SEM model of construction Structural Equation

model

loss

2016).

The influence of safety loss on the safety of each project is evaluated (Yang & He,

The influence of the safety loss on the safety of each project is predicted (Chen,

model

BP neural network

Study on prediction of construction engineering accident BP neural network

Study on prediction model of construction safety loss
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transforming the functions of government etc. should be taken (Ye et al. 2014).

Case study

function

benefit

theory, the development about how the economics parameters effect the safety
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By means of multiȬgroups replicator dynamics model of evolutionary game

enterprises is a positive correlation of coal mine safety performance (Wang, 2011).

The safety level of human factors and management factors in the coal mine

and regulation

model

dynamics

requirement. (Li et al. 2009).

development in term s of total quantity and structure o f safety supply and

It showed that the safety input of coalmine would promote the balanced

(Liu & Qi, 2011)ˊ

It finds out the factors which influence the marginal effect of coal mine safety

Evolution game upon enterprise work safety investment Game model

and safety performance based on system dynamics

Research on relationship between coal mine safety input System

system for safety input of coalmine

Study on construction method of evaluation index

methods of marginal effect of coal mine safety level

Research on the influencing factors and improving Economic

order to promote the development of mining enterprises and society (Yang,

method
2017).

Through the analysis of the current situation and management of mine safety, in

Analysis of mine safety situation and safety management Case study

(ISM)

model

on safety investment
structure

In order to promote the participants’ reasonable decision on safety input,

Investigation on factors influencing contractor˃s decision Interpretive

construction enterprises to carry out the loss statistics (Zhang et al. 2016).
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function

Economic

Game model

and

counter

measures

against

frequent Case study

model

safety accidents in China

evaluation

An economic loss estimation method for high speed rail Economic

possibility frontier model

Study on system safety input and accident rate possibility

occurrence of coalmining accidents in China

Causes

China

accidents during the“Twelfth FiveȬyear Plan”period in model

Estimation on direct economic loss caused by work safety Economic

Economic analysis of the safety input and accident loss

chain

Game analysis on product safety input of food supply
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value

frontier

loss

benefit

times of that of ordinary railway passenger transport (Tang & Kang, 2012).

It is proved that the delay loss per unit time of highȬspeed railway is about 6.75

2011).

input and optimum safety economic benefit accidents rate in the systems (Li et al.

It was obtained that there were reasonable safety input interval, optimum safety

Guo, 2006).

China today from the viewpoints of safety inputs of safety economics (Tang &

This paper exploits the causes of frequent occurrence of coalmine accidents in

China according to the number of deaths was established (Zhang, 2016).

A model for measuring the direct economic loss of work safety fatal accidents in

enterprise are analyzed (Wu et al. 1999).

The economic values of the safety input to the continuous development of

2010).

both proportional to the cooperation probability of the other party (Wang & Liu,

In the incomplete information situation , two sides of the safety input level are

behavior of enterprise is analyzed (Feng et al. 2012).
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of Regression analysis

(Luo & Chen, 2014).
This paper reviewed various issues concerning researches on employee job

literature review of employee satisfaction,

Textual analysis

Textual analysis
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satisfaction, and comb the context of the study (Lu & Chai, 2011).

Domestic and foreign scholars will analyze and refine the study of employee

satisfaction are proposed (Duan, 2007).

The factors affecting employee satisfaction and measures to train employee

studies

A review of employee satisfaction research in China

foreign

methodology and trends (Tian & Pu, 2007).

and

enterprises

Chinese

satisfaction and loyalty in tourism enterprises including history, contents,

on

employee loyalty and job satisfaction in tourism

Commentary

builds a theoretical bridge between vocational environment and labor disputes

solutions

and then the suggestions on improving the knowledge workers’ satisfaction were
As the synthetically emotional reflection on enterprises, employee satisfaction

comprehensive

Employee satisfaction and the behaviors of labor dispute Regression analysis

workers in high technology organizations

element

The relations of statistics characteristic factors with the satisfaction were studied,

knowledge Work

Research on

satisfaction evaluation of

commitment and satisfaction positively (Wu et al. 2009).

satisfaction

Research Findings
Survant leadership is correlated with affiliation commitment, instrument

Research Methods

Relationship between survant leadership and employee SPSS

Research Perspective
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on

hotel

employee

satisfaction

and
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between them is proposed (Sun, 2009).

employee satisfaction and make a good environment for the development itself

Customer satisfaction about the hotel industry

The factors of low employee identification and significant factors were put

(Yu & Chang, 2010).

This text proposed that the hotel industry must pay more importance to the

Research on the interaction of employee satisfaction and Textual analysis

Investigation and analysis of employee satisfaction in SPSS

2012).

differences of hotel staff satisfaction

perceived SPSS

Different types of employees have different perception of each factor (Gu et al.

and

Study

factors

(Kuang, 2013).

Countermeasures

influencing

It puts forward relevant measures to solve the problem of employee turnover

Analysis of the reasons for hotel staff turnover and Textual analysis

the

employee satisfaction research (Liu & Wang, 2014).

recent years

on

It concludes five conventional factors and two new perspectives of hotel

Research trend of hotel staff satisfaction in China in Textual analysis

satisfaction

relationship between employee satisfaction and customer

(Xu et al. 2008).
A system of internal psychological mechanisms that influence the connection

analysis (GRA)

The satisfaction degree of employees in 5 enterprises is evaluated and analyzed

et al. 2013)ˊ

intention while significant stimulating effect on hotel staff job engagement (Tang

Hotel staff satisfaction has a significant inhibiting effect on hotel staff turnover

Literature review and research prospect based on the Textual analysis

Grey Relational Analysis

relational

Modeling(SEM)

its Structural Equation

Evaluation of enterprise employee satisfaction based on Grey

followȬup behavior

Research
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Teamwork will undermine employee satisfaction in private companies and have

The moderating effect of ownership on high performance AMOS

126

satisfaction (Xu & Shi, 2012).

enterprises

Gender has an effect on the staff ȇs personality characteristic; personality

commitment (Yang & Fei, 2011).

have significant influences on employee s morale and organizational

ambition, attention to employees, team collaboration, and personal relationship

The paper suggests that the dimensions of fairness and justice, corporate

characteristics and mental health are correlated significantly to employee

relationship among personality characteristics, SPSS

SEM

mental health and employee satisfaction of young staff in

The

culture and its effects on the employee satisfaction

Empirical research on the dimensions of corporate

respectively to customers, to the environment and to employees in the

program on job satisfaction

relationship between EP and JS˄job satisfaction˅(Liu &Li, 2011).

PCSR ˄ perception of corporate social responsibility ˅ plays a mediation role

Empirical research on the impact mechanism of ethics Regression analysis

al. 2013).

of every decision they make on the company’s business and reputation (Tang et

on hotel employees’ job satisfaction

Cronbachȇs Alpha

Conscientious hotel leaders have the responsibility to consider the implications

the

The impacts of leaders’ social responsibility orientation Regression analysis

satisfaction:

on the building of affect linkage with employees (Cui et al. 2012).

job

moderating role of organizational commitment

and

This study can supply an empirical support for those companies which put effort

climate

Labor

relations

forward (Li et al. 2010).

investigation and construction enterprises
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The research presented some proposals on improving employee satisfaction in
terms of psychological contract (Qu et al. 2007).
New generation employeesȇ participation, management, etc. have a significant
positive impact on employee satisfaction (Xie & Zhang, 2013).

Demonstration research on the relationship between SPSS

psychological contract and employee satisfaction

Research on the influence of new generation employee SPSS, AMOS

participation on employee satisfaction

inventory management was more practical (Zhang & Jin, 2011).
Each dimensionȇs countermeasures and suggestions were put forward (Li et al.

process and activity based classification

Research of evaluation staff satisfaction

domestic enterprises (Zhou & Lu, 2007).

degree of satisfaction
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And offer reference for studying the assessment of staffȇs satisfaction degree of

Analysis on survey and assessment method of staffȇs Textual analysis

2012).

The paper uses the specificed product data so as to show that the classification of

Inventory management based on the analytic hierarchy Textual analysis

BP Neural Network

employee satisfaction is assumed (Wu & Hu, 2011).

factors analysis

& Wang, 2009).

related to employee satisfaction with the whole corporation and work return (Lu

The hypothesis that employee participation is an important factor affecting

variance analysis

Employee satisfaction: concept definition and influencing Regression analysis

responsibility and employee satisfaction

Empirical study of relationship between corporate social Regression analysisˈ Corporate social responsibility ˄CSP˅on employee responsibility is positively

no effect in SOEs(stateȬowned) (Sun & Zhang, 2009).

work system and employee satisfaction,
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home & abroad and discusses the trend in employee satisfaction research (Li,
2008).
Directly related to hotel service quality, customer satisfaction and corporate

satisfaction study

An empirical study on the relationship between

remarkable positive effect on job performance (Zhou & Ying, 2015).

itself, leadership style, selfȬvalue and job performance, and they have a
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4. Your Job position: A. administrative staff B. professionals C. Ordinary employees

3. Your education background: A. high school and below B. junior college education D. bachelor degree or above

2. Your gender : A. male B female

1. Your age : A. less than 30 years old B. from 31 years old to 40 years old .C. More than 40 years old

Part 1: Basic Information

Thank you very much for your cooperation and support. Please be patient to answer all the questions!

experience feelings fill in your answer, just give your valuable advice and your precious opinion will affect the results of the study.

analysis. We guarantee that it will not open to the public with the name of the mine and not any trouble to your work and life. According to your actual

Hi, this is a questionnaire about employee satisfaction. The questionnaire is anonymously filled in, and all the information is only for scientific research

(about 100 employees are needed)

Employee Satisfaction Questionnaire

APPENDIX 6: EMPLOYEE SATISFACTION QUESTIONNAIRE
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A. very satisfied B. satisfied C. not sure D. no

7. Do you feel satisfied with the collaboration between colleagues?

A. very effective B. effective C. not sure D. hard to do that

6. How do you communicate with your colleagues?

A. very agree B. agree C not sure D. no
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5. The income of our employees is the same as the one from most of the other companies.

A. often B. sometimes C. not sure D. no

4. Do you often take part in your company training?

A. many B. sometimes C. not sure D. no

A. often B. sometimes C. not sure D. no 3. Do you have many opportunities for promotion?

2. Do you often receive praise and encouragement?

A. very B. just so so C. not sure D. no

1. Are you satisfied with your salary?

Part 2: Employee Satisfaction Information

Appendix 6: Employee satisfaction questionnaire

A. very B. just so so C. not sure D. no

15. Do you think it is reasonable to arrange the time of the company?

A. very B. just so so C. not sure D. no

14. Do you feel comfortable with your working environment?

A. very B. just so so C. not sure D. no

13. Do you feel the current workload is appropriate?

A. sure B. sometimes C. not sure D. no

12. Do you feel a sense of accomplishment at work?

A. very B. just so so C. not sure D. no

11. Has your personal ability and expertise been played?

A. totally agree B. agree C. not sure D. no

10. Your work is challenging for you.

A. often B. sometimes C. not sure D. no
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9. Do you often get new information and share the experience with others in your work?

A. always B. often C. sometimes D. seldom

8. Do you believe your bossȇs promise will be fulfilled?
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A. very B. just so so C. not sure D. no

23. Are you satisfied with the current operating conditions of the company?

A. very B. just so so C. not sure D. no
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22. Do you have confidence in the companyȇs development and future prospects?

A. very B. just so so C. not sure D. no

21. Do you feel satisfied with the companyȇs attitude of handing the rationalization proposals?

A. very B. just so so C. not sure D. no

20. Are you satisfied with the effectiveness of the management of the company?

A. very B. just so so C. not sure D. no

19. Are you satisfied with the management of the company?

A. very B. just so so C. not sure D. no

18 . Are you satisfied with the companyȇs professional physical examination?

A. very B. just so so C. not sure D. no

17. Are you satisfied with the benefits?

A. very B. just so so C. not sure D. no

16. Do you think there is an abundance of resources for the job?

Appendix 6: Employee satisfaction questionnaire

Thank you again for your support !

A. very B. just so so C. not sure D. no

25. Are you satisfied with the companyȇs safety and security?

A. very B. just so so C. not sure D. no

24. Do you have a good opportunity for development in the company?
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measures

hygiene

2.Industrial

measures

technical

1.Safety

indicator

FirstȬgrade
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2.4Ventilation, cooling, and cold proof

2.3Gas defense

2.2Anti noise and vibration

2.1Dustproof device

1.5Others

1.4Signal device

1.3Insurance device

1.2Protection device

1.1Ventilation system

SecondȬgrade indicator

2010

2011

2012

2014

Safety investment and loss statistics (unit: ten thousand)

2014

2015

APPENDIX 7: SAFETY INVESTMENT STATISTICS

Appendix 7: Safety Investment Statistics

loss
5.4Others

5.3Occupational disease prevention

5.2Accident disposal

5.1Accident property loss

4.3Others

4.2Special protection

4.1Individual protection

3.6Others

3.5Emergency rescue
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3.4Occupational health examination

3.3Three levels of safety education

3.2Specific type of worker training

Total production investment

5.Direct accident

products

protection

4.Labor

and training

management

3.Safety

3.1OHSAS18001 operating

2.5Others
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Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

138

U21:U23=

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9
Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

U23=not setting sound insulation equipment

U22:U23=Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;
U21:U22=

U22=not wearing ear plugs;

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;
Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

U13:U14=

U21=not maintaining equipment periodically;

U14= mask not regularly replaced with filtration membrane;

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;
Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

U12:U14=

U12=not operating normatively; U13=not opening the dust model;

U1=dust; U2=noise; U11= not wearing a dust mask;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

U12:U13=

Ƞ1/6. Opposite to 6; Ƞ1/7. Opposite to 7.

Ƞ1/8. Opposite to 8; Ƞ1/9. Opposite to 9.

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

U11:U14=

Ƞ1/4. Opposite to 4.; Ƞ1/5. Opposite to 5.

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9
Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2. Opposite to 2.; Ƞ1/3. Opposite to 3.

U11:U13=

Ƞ9. Extreme importance

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9
Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ7. Very strong importance;

Ƞ8. Very to extremely strongly importance

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

U11:U12=

Ƞ5. Strong importance; Ƞ6. Strong to very strong importance

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;
Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

U1:U2=

Comparison of indicators(Make the choice with 5)

Ƞ3. Moderate importance; Ƞ4. Moderate to strong importance

Ƞ1. Equal importance; Ƞ2. Equal to moderate importance

Reference value of Comparative scale

20 employees exposed to dust and noise with at least 5 years working in the mine and 10 experts working in the fields of environment and safety are needed.

APPENDIX 8: QUESTIONNAIRE OF COMPARISON OF INDICATORS

Appendix 8: Questionnaire of Comparison of Indicators

Occupational disease causes

Ƞ O1 , Ƞ O2 , Ƞ O3 , Ƞ O4, Ƞ O5;
Ƞ O1 , Ƞ O2 , Ƞ O3 , Ƞ O4, Ƞ O5;

Please select U11ȬU14 level

Please select U21ȬU23 level

Please select U31ȬU33 level

U31 Fan not running well

U2 3 Not setting sound insulation equipment

U22 Not wearing ear plugs

U21 Not maintaining equipment periodically
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U14 Mask not regularly replaced with filtration membrane

U13 Not opening the dust model

U12 Not operating normatively

U11 Not wearing a dust mask

Ƞ O1 , Ƞ O2 , Ƞ O3 , Ƞ O4, Ƞ O5;

U3 Gas

U2 Noise

U1 Dust

Occupational

O5 Unlikely

O4 Seldom

O3 Casual

O2 Possible

O1 Frequent

Probability of

S4 Minor

S3 General

S2 Serious

S1 Catastrophic

Severity of

D6 Very high

D5 High

D4 Medium

D3 Low

D2 Very low

D1 Undetected

Likelihood of

20 employees exposed to dust and noise with at least 5 years working in the mine and 10 experts working in the fields of environment and safety are needed.

APPENDIX 9: QUESTIONNAIRE OF OCCUPATIONAL DISEASE ASSESSMENT

Application of Statistical Methods on Occupational Health and Safety Management in the Mining Industry in Ezhou City, China

U1:U5=

U1:U4=

U1:U3=

U1:U2=

Ƞ1/5. Opposite to 5.
Ƞ1/6. Opposite to 6.
Ƞ1/7. Opposite to 7.
Ƞ1/8. Opposite to 8.
Ƞ1/9. Opposite to 9.

Ƞ5. Strong importance

Ƞ6. Strong to very strong importance

Ƞ7. Very strong importance

Ƞ8. Very to extremely strongly importance

Ƞ9. Extreme importance
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Ƞ1/4. Opposite to 4.

Ƞ4. Moderate to strong importance

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

results are achieved.

Effectiveness is the activity of planning and the degree to which the planning

U2= effectiveness of OHSAS18001

development.

Humanization of OHSAS is to meet the needs of peopleȇs allȬround

U1= humanization of OHSAS18001;

Instruction of indicators

Ƞ1/3. Opposite to 3.

Ƞ3. Moderate importance

Comparison of indicators(Please make choice with 5.)

Ƞ1/2. Opposite to 2.

Ƞ2. Equal to moderate importance

Ƞ1. Equal importance

(20 employees with at least 5years working in the mine are needed.)(by department of administrative management) Reference value of Comparative scale

APPENDIX 10: QUESTIONNAIRE OF EMPLOYEE SATISFACTORY

Appendix 10: Questionnaire of employee satisfactory

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

U12:U13=

U11:U14=

U11:U13=

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9
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Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;
U22:U23=

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

U21:U24=

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

U21:U23=

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

U21:U22=

Comparison of indicators(Please make choice with 5.)
Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

protecting the nature.

Environmental efficiency is a kind of adaptation to nature and activities of

U5 =environmental efficiency of OHSAS18001

development

society with characteristics which is beneficial to the collective and social

Social efficiency is a living creature as a collective activity, or as a member of

U4= social efficiency of OHSAS18001

results.

active labor and physical labor, and the ability to achieve the greatest economic

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

U3 =economical efficiency of OHSAS18001
Economical efficiency is an economic activity that can be consumed by the least

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Comparison of indicators(Please make choice with 5.)

U11:U12=

U4:U5=

U3:U5=

U3:U4=

U2:U5=

U2:U4=

U2:U3=

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9
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u43=customs of the peopleȇs life˗u44=social culture

u33=operating performance˗u34=economic structure

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9
u41=related party˗u42=community

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

U43:U44=

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

U42:U44=

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

U42:U43=

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;
Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

U41:U44=

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

U41:U43=

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9
Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

U41:U42=

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

u31=pay level˗u32=welfare

U33:U34=

U32:U34=

U32:U33=

U31:U34=

U31:U33=

U31:U32=

Comparison of indicators(Please make choice with 5.)
Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

u24=effectiveness of management

u14=access to development opportunities

Comparison of indicators(Please make choice with 5.)

u21=continuous improvement˗u22=communication
u23=coordination and cooperation of work

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

u11=training opportunities˗u12=promotion opportunities

U23:U24=

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;
Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

U22:U24=

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

u13=information openness˗

U13:U14=

U12:U14=

Appendix 10: Questionnaire of employee satisfactory

U52:U53=

U51:U54=

U51:U53=

U51:U52=

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9
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U53:U54=
Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9
Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

U52:U54=

u53=ecological management cost
u54=environmental sustainable development

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

u51= natural resource consumption
u52=comprehensive utilization of natural resources

Ƞ1;Ƞ2;Ƞ3;Ƞ4;Ƞ5;Ƞ6;Ƞ7;Ƞ8;Ƞ9;

Ƞ1/2;Ƞ1/3;Ƞ1/4;Ƞ1/5;Ƞ1/6;Ƞ1/7;Ƞ1/8;Ƞ1/9

Comparison of indicators(Please make choice with 5.)
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training opportunities

promotion opportunities

information openness

access to development opportunities

continuous improvement

communication

coordination and cooperation of work

effectiveness of management

pay level

welfare

U12

U13

U14

U21

U22

U23

U24

U31

U32

Definition

U11

Indicator
score(0Ȭ100)

Assessment
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U54

U53

U52

U51

U44

U43

U42

U41

U34

U33

Indicator

Appendix 11: Assessment Score

environmental sustainable development

ecological management cost

resources

comprehensive utilization of natural

natural resource consumption

social culture

customs of the peopleȇs life

community

related party

economic structure

operating performance

Definition

score(0Ȭ100)

Assessment

APPENDIX 11: ASSESSMENT SCORE
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Research on the Sustainable Development of Mining
Industry OHSAS18001 Based on IFE and EFE Matrix
Jiangdong Bao, Jan Johansson, and Jingdong Zhang


to continuously promote the enterprise to comply with laws
and regulations and other requirements, to protect the health
and safety of employees and to promote green healthy and
sustainable development of enterprises [3].
The acceleration of China's economic development and
economic restructuring will have a huge impact on the
"Green Barrier", that is, occupational health and safety
management system in the international trade. At the same
time, our country has accelerated the pace of occupational
safety and health legislation, more and more strict
requirements on the safety production of enterprises and a
large number of safety regulations are introduced. Especially
in July 2016, the "occupational disease prevention law" [4]
was revised which put forward mandatory regulatory
requirements and standards for safety and health. "People
oriented and pay attention to employee health and safety" has
increasingly become an important symbol and a good image
of modern enterprises, which is also the focus of the
occupational health and safety management system.
Some common problems including not enough detailed
degree of hazard identification, not enough safety awareness
and risk management brought by interested parties, etc. were
always found during the auditing of hundreds of companies
by the author of this paper. Therefore, the entropy method [5]
is adopted to carry out the IEF and EFE matrix [6] empirical
analysis on the standard terms of OSHSAS18001 with the
mining of Southwest of Hubei Province as an example which
will explore the healthy development of OHSAS18001 in our
country.

Abstract—The sustainable development of mining
occupational health and safety management system is
inseparable from its internal and external environment.
Through IFE and EFE matrix models, the key internal and
external factors affecting the sustainable development of some
mining in the Southwest of the Hubei Province are analyzed.
Then entropy method is adopted to determine the weight of
each key factor. According to the weighted total score ranking,
the most important internal and external key factors affecting
China's sustainable development include the following: not
enough detailed degree of hazard identification, not enough
safety awareness, lack of contingency plans to assess the timely
exercise, not enough deep mining of internal audit, impact of
relevant laws and regulations on enterprises, impact of the
interested parties on the changing requirements of the
enterprise, risk management brought by interested parties, risk
management of product life cycle, and changes in the market
environment for enterprises to put forward new requirements.
In this paper, combined with OHSAS18001 operation condition
of the mining in the Southwest of Hubei Province, seven
suggestions for improvement are put forward which provide
valuable reference for the sustainable development of mining
OHSAS18001.
Index Terms—OHSAS18001, sustainable development, IFE
and EFE Matrix, entropy method.

INTRODUCTION
Occupational health and safety management system
(OSHAS18001) [1] was a modern safety production
management standard in the late 1980s in the world. It is
known as the post industrial era of effective management
methods just as ISO9001 quality management system and
ISO14001
environmental
management
system.
OSHAS18001 takes the system theory as the guide,
establishing the procedural and institutional management,
identifying the hazard and risk assessment, setting up the
corresponding target plan, building personnel ability
confirmation and training system and identifying and
evaluating the laws and regulations and other requirements
for the development of enterprises with the model of
Plan-Do-Check-Act (PDCA)[2]. The aim of OHSAS18001 is
to achieve continuous improvement of management system,

II. STATUS ANALYSIS OF OHSAS18001 OPERATION IN THE
MINING OF SOUTHWEST HUBEI
A. Safety Investment, Loss and Benefit Analysis
OHSAS18001 operation involves safety technical
measures, industrial hygiene measures, safety management
and training, labor protection supplies etc. According to the
summary of the mining in the Southwest of Hubei Province,
the total safety investments from2011 to 2015 were 2.884
million RMB, 3.326 million RMB,3.015 million RMB,3.788
million RMB and 3.972 million RMB 烊 The total safety
losses were 0.893 million RMB,0.904 million RMB,0.875
million RMB,0.983 million RMB and 0.953 million RMB烊
Total production investments were 8.673 million RMB,8.743
million RMB,7.697 million RMB,8.901 million RMB and
8.904 million RMB and total safety benefits were 1.235
million RMB,1.4721 million RMB,1.2615 million
RMB,1.8056 million RMB and 2.1365 million RMB as
shown in Fig.1.
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stagnant state which needs targeted analysis and rectification.

III. IFE AND EFE MATRIX ANALYSIS OF OHSAS18001
STANDARD TERMS OF SOME MINING IN SOUTHWEST OF
HUBEI PROVINCE
A. The Determination of Internal and External Key
Factors and Evaluation Criteria
IFE (EFE) is the internal (external) key factor affecting the
development of a specific unit.IFE and EFE matrix is a tool
for the comprehensive evaluation and analysis of the internal
advantages and disadvantages, and the external opportunities
and threats faced with the development of a specific unit. IFE
(EFE) matrix analysis of the mining in Southwest of Hubei
Province is the evaluation way of the internal strengthes
(external opportunities) and weaknesses (external threats).In
this study, 5 senior staff as well as 1 auditor and 4 experts are
invited to conduct interviews and questionnaires, to
determine the final 64 internal key factors (which contains 30
strengthes and 34 weaknesses as shown in Table 1) and 21
external key factors (which contains 8 opportunities and 13
threats as shown in Table 2) after layers of screening, and to
score the key factors using the expert scoring method[7-8].
According to the reaction degree of the internal and external
key factors, each key factor is scored by the score criterion as
shown follows: 1= not important, 2=general important,
3=more important, 4=particularly important[9].

Fig.1. Safety investments, losses and benefits.

From the enterprise data and Fig.1, it can be analyzed that
the total safety investment has not changed much, showing a
gradual slow growth trend, the total safety loss has not been
stable as well as the total safety benefit in the first three years,
while it has showed a rising trend in the last two years. All the
results make it clear that the safety management of the
mining is passive and OHSAS18001 doesn’t runs smoothly.
B. Analysis of Interested Parties and External Invironment
In accordance with the definition of OHSAS18001
standardization, interested parties include suppliers,
customers, residents, shareholders, government departments,
etc. According to the statistical data of environment and
safety management department, from 2011 to 2015 the
numbers of residents' complaints were 3, 5, 7, 4, and 3. The
numbers of patients in occupational disease physical
examination were 8, 7, 8, 5 and 6. The numbers of corrective
action of safety assessment were 9, 8, 11, 10 and 10. The
numbers of external relevant laws and regulations and other
requirements were 132, 132, 135, 135, 135 and 135 and the
numbers of risk sources from suppliers, customers and other
risk management were 0, 0, 20, 20, and 20 as shown in Fig. 2.

B. Determination of Weight[1]
The entropy method is used to determine the weight of
each key factor, and the steps are as follows:
Step1. Standardization of the data. Standardize the score of
internal and external key factors X1, X2,…Xi(i=1,2,3,…n)
affecting the development of OHSAS18001, the value is as
follows:

X1i  min(Xi )
(i
max(Xi )  min(Xi )

X1i*

1, 2, 3,...n).
(1)

Step 2. Information entropy of key factors. According to
the definition of information entropy in information theory,
the information entropy is as follows:

Fig. 2. Statistics of external laws and regulations, risk sources, correction
action, complaints and patients in occupational disease physical
examination.

Ei

From the enterprise data and Fig. 2, the numbers of
residents' complaints, patients with occupational disease
physical examination and corrective action of safety
assessment showed a small wave of instability from 2011 to
2015. The numbers of risk sources from suppliers, customers
and other risk management kept zero in the first two years
and stayed the same in the last three years. Additionally, the
numbers of external relevant laws and regulations and other
requirements almost had no change in the past five years. But
in fact, national and local laws and regulations are added and
updated every year. According to the analysis from the
enterprise audit experience of the author, the number of laws
and regulations and other requirements of a medium-sized
enterprise shall be increased by more than 20. So it can be
concluded that OHSAS18001 of the mining keeps in a

If Pi

X i*

n

 ln(n) 1 6 Pji ln Pji , where Pji
i 1

0, then lim Pji ln Pji
Pi o0

n

;

6 X i*

0
(2)

Step 3. Determination of the weight of the key factors.
After getting the information entropy of the internal key of
n item, suppose the information entropy of the internal key of
n item are E1, E2,… Ek, then the weight of the key factors can
be calculated as follows:

Wi

1  Ei
n

k  6 Ei
i 1



, where i

1, 2,3,...k .
(3)
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TABLE I: IFE MATRIX ANALYSIS FACTORS TABLE
Standard terms

Internal key factors: Strengthes

4.3.1Planning for hazard
identification, risk assessment and

X1 The establishment of basic framework of hazard
identification system
X2 The establishment of relevant preparatory work of
hazard identification
X3 The determination of objectives of occupational health
and safety which can be measured
X4 Periodic inspection of the objectives and program
which promotes the effective operation of the system
X5 Regular review of the objectives and program which
promotes the effective operation of the system
X6 The programming of access to resources

risk control

4.3.3 Objectives and program

4.4.1 Resources, roles,
responsibility, accountability and
authority
4.4.2 Competence, training and
awareness
4.4.3 Communication,
participation and consultation
4.4.4 Documentation
4.4.5 Document and data control

4.4.6 Operational control

Internal key factors: Weaknesses

X7 The programming of accountability and authority
X8 Timely assessment of the ability of personnel
X9 Timely sub level training and plan
X10 The establishment of internal communication
channels
X12 The establishment of a document management
channels
X13 The programming of document and data control
X14 Clear operational control scheme
X15 The inclusion in management scope of interested
parties
X16The inclusion in management scope of change
management

X31 Not enough detailed degree of hazard identification
X32 Not updated in time
X33 Not enough coverage level of the objectives
X34 Not enough cost and benefit analysis of the program
X35 Not very effective program
X36 Not enough rational resources investment
X37 Not enough coverage level of the accountability and
authority
X38 Passive training
X39 Not enough safety awareness
X40 Poor internal communication
X42 Too many documents in terms of effectiveness and
efficiency.
X43 Not enough update documents
X44 Not enough control executive power
X45 The ignorance of management responsibilities of the
interested parties
X46 Not clear operational guidelines
X47 The lack of concept and technology of engineering
technology control

4.4.7 Emergency preparedness and
response

X17 The development of more complete emergency plan
X18 The identification of fire and chemical emergency
plan
X19 Regular emergency drills for fire and chemicals
X20 The establishment of objectives monitoring

4.5.1 Performance measurement
and monitoring

4.5.2 Evaluation of compliance

4.5.3 Incident investigation,
nonconformity, corrective action
and preventive action

4.5.5Internal audit

X50 Lack of contingency plans to assess the timely
exercise
X51 Not reflected the true performance of the objectives
monitoring
X52 Lack of monitoring and analysis of incidents and near
misses in the detection of passivity

X22 The results record of the measurement

X53 Not processed results of measurement according to
the PDCA principle

X23 The determination of the scope and requirements of
the periodic evaluation
X24 The establishment of the method of the incident
investigation.
X25 The establishment of the steps to take corrective
action.
X26 The establishment of the steps to take preventive
action.

X54 Not enough periodic evaluation of other requirements
X55 Not clear scope and extent of the incident
investigation
X56 Not enough event statistical analysis method
X57 Not formed a closed loop of corrective action

X27 Clear record requirements

X58 Not evaluated effectiveness of corrective and
preventive actions
X59 Not enough traceability of records

X28 Clear purpose and procedures of internal audit

X60 Not enough internal auditor ability
X61 Not enough deep mining of internal audit


X29 Clear input requirements of management review

4.6Management review

X49 Not comprehensive emergency plan

X21 The establishment of proactive and reactive measures
of performance


4.5.4Control of records

X48 Lack of effectiveness of emergency plan

X30 Clear output requirements of management review


X62 Not enough effectiveness of management review
X63 Not enough support for the system from the top
management
X64 Not aware of the system from the top management

TABLE II: EFE MATRIX ANALYSIS FACTORS TABLE
Standard terms
4.3.2 Legal and other
requirements

External key factors: Opportunities

External key factors: Threats

U1 The escort for enterprise development from relevant
laws and regulations of local and national health and safety

U9 Less capital investment on relevant laws and
regulations
U10 Impact of relevant laws and regulations on
enterprises
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U11 Impact of relevant laws and regulations on other
requirements
U12 Impact of up-to-date relevant laws and regulations on
enterprises


4.4.3 Communication,
participation and consultation

U2 The establishment of channels of consultation with
interested parties
U3 A fixed communication between the interested parties
and enterprises

U13 Too single a communication between the interested
parties and enterprises
U14 Impact of the interested parties on the changing
requirements of the enterprise
U15Conflict of interest between interested parties and
enterprises

4.4.6 Operational control

U16 Risk management brought by interested parties
U17 Risk management of product life cycle


4.1General requirements

External audit

U4 Vitality of enterprises brought by the market economy

U18 Changes in the market environment for enterprises to
put forward new requirements.

U5 OHSAS18001 certificate of global passport
U6 The increase of business orders
U7 The cancellation of second party audit
U8 More smooth and corporate Communication between
interested parties and enterprises

U19 The form of a crisis of confidence from the interested
parties to enterprises with the health and safety issues of
the product
U20 A crisis of confidence of the enterprise certificate
from the interested parties to enterprises with accidents in
enterprises
U21 The elimination of the enterprise from the market due
to certificate failure

evaluation number of people can be listed. The weight is
multiplied by the total score to get the weighted total score
which is used to analyze and evaluate the standard terms as
shown in Table III and Table IV.

C. IFE and EFE Matrix Analysis
According to the formula (1), (2) and (3), the weights of
strengthes, weaknesses, opportunities, and threats of the
internal and external key factors can be calculated, whose
sum equals 1. And according to the scoring criteria,

TABLE III: SUMMARY TABLE OF IFE MATRIX ANALYSIS
Streng
thes

1

2

3

4

Total
score

Weight

Weighted
total
score

Weaknes
ses

1

2

3

4

Total
score

Weight

Weighted
total
score

X1

1

1

4

4

31

0.0172

0.5327

X31

1

1

1

7

34

0.0397

1.3514

X2

1

2

3

4

30

0.0095

0.2847

X32

1

1

3

5

32

0.0194

0.6220

X3

2

1

3

4

29

0.0095

0.2752

X33

1

2

2

5

31

0.0148

0.4579

X4

2

3

2

3

26

0.0018

0.0467

X34

2

1

1

6

31

0.0265

0.8219

X5

2

3

1

4

27

0.0095

0.2562

X35

1

2

1

6

32

0.0265

0.8484

X6

2

2

3

3

27

0.0018

0.0485

X36

1

2

2

5

31

0.0148

0.4579

X7

1

2

3

4

30

0.0095

0.2847

X37

1

1

2

6
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0.8749
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3

2

2

3
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0.0018
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1

2

1

6

32

0.0265

0.8484

X9

1

2

4

3

29

0.0095

0.2752

X39

1

1

1

7

34

0.0397

1.3514

X10

2

1

3

4
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0.0095

0.2752

X40

1

1

3

5
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0.0194
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X11

2

2

2

4

28

0.0048

0.1351
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1

2
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0.0018
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1
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1
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2

3
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1

1

2

6

33

0.0265

0.8749
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2

2

3
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1

1

7
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1.3514
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3

3

2

2
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0.0018

0.0413

X51

3

1

1

5

28
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X21

2

1

3

4
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0.0095

0.2752
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1

1

4
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2

2
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2
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4
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4
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0.2847
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3

2

4
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X64

3

1

1

5
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0.0194
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1

2

3

U1

1

1

3

TABLE IV: SUMMARY TABLE OF EFE MATRIX ANALYSIS
Weighted
Total
4
Weight total
Weaknesses 1
2
score
score
5
32
0.0406
1.3000
U9
2
1

4.3.2

4.4.3

External
audit

6

31

0.0554

U10

1

1

1

7

34

0.0831

2.8250

U11

1

1

4

4

31

0.0359

1.1140

4

Total
score

Weight

 

 

 

 

U12

1

2

2

5

31

0.0309

0.9570

U2

3

1

3

3

27

0.0135

0.3650

U13

2

1

1

6

31

0.0554

1.7180

U3

1

2

3

4

29

0.0198

0.5750

U14

1

1

1

7

34

0.0831

2.8250

U15

1

2

2

5

31
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1

1

1

7

34

0.0831

2.8250

4.4.6

4.1

1

Weighted
total
score
1.7180

3

 

 

 

U17

1

1

1

7

34

0.0831

2.8250

U4

1

3

4

2

26

0.0198

0.5160

U18

1

1

1

7

34

0.0831

2.8250

U5

2

3

3

2

29

0.0038

0.1090

U19

1

2

1

6

32

0.0554

1.7740

U6

1

2

1

6

31

0.0554

1.7180

U20

1

2

1

6

32

0.0554

1.7740

U7

1

1

3

5

31

0.0406

1.2600

U21

3

1

1

5

28

0.0406

1.1380

U8

2

1

2

5

30

0.0309

0.9260

 

 

 

     

 

IV. RESULTS

V. SUGGESTIONS

A. The Results of IFE Internal Strengthes and Weaknesses
It can be concluded from Tab.3 that the weighted total
score of internal weaknesses is 25.751 which is nearly 5
times as much as the one of internal strengthes. Additionally,
the weighted total score of more than 1 point in the 64 terms
of the key factors of the most impact on the development of
OHSAS18001 as follows: X31 Not enough detailed degree
of hazard identification, X39 Not enough safety awareness,
X50 Lack of contingency plans to assess the timely exercise
and X61 Not enough deep mining of internal audit.

According to the current operation status of the mining
OHSAS18001 together with the analysis results of internal
and external matrix, 7 suggestions are put forward for the
sustainable and healthy development of the mining 18001 as
follows:
A. Understanding the Leading Role and People Oriented
Training [3]
It can be concluded from Tab.3 that the direct reason for
not enough safety awareness is the lack of safety and
training which needs relevant financial support. That is to
say, it is closed related to the leadership. The direct reason
for not enough deep mining of internal audit is the lack of
enough ability for internal auditor which needs to be trained
and also to be thought highly of by the leader. Leading role
is a prerequisite, while safety training is an enhancement.

B. The Results of EFE External Opportunities and Threats
It can be concluded from Tab.4 that the weighted total
score of external threats is 25.276 which is 4 times as much
as the one of external opportunities. Additionally, the
weighted total score of more than 2 point in the 21 terms of
the key factors of the most impact on the development of
OHSAS18001 as follows: U10 Impact of relevant laws and
regulations on enterprises, U14 Impact of the interested
parties on the changing requirements of the enterprise, U16
Risk management brought by interested parties, U17 Risk
management of product life cycle and U18 Changes in the
market environment for enterprises to put forward new
requirements.

B. Understanding the Perfect Planning [3]
It can be concluded from Tab.3 that not enough detailed
degree of hazard identification results from the lack of
planning. According to the requirements of OHSAS18001,
4.3.1Planning for hazard identification, risk assessment and
risk control is the core element of the system, which is
closed related to 4.3.2 Legal and other requirements, 4.3.3
Objectives and program, 4.4.6 Operational control, 4.5.1
Performance
measurement
and
monitoring
and
4.6Management review. OHSAS18001 follows the process
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method of Plan-Do-Check-Act (PDCA) cycle which makes
the system continuously improved.

4) Maintain and keep current, documented information on
its assessment of OHSAS risks, methodology(ies) used,
outcomes of the assessment and controls identified.
The organization shall analyze the underlying causes of
incidents and update its assessment of OHSAS risks as
necessary.
The organization’s methodology(ies) for assessment of
risk shall be defined with respect to its scope, nature and
timing, to ensure it is proactive rather than reactive and used
in a systematic way.

C. Understanding the Periodic Checking and Assessing
[3]
It can be concluded from Tab.3 that the lack of
contingency plans to assess the timely exercise results from
the lack of understanding the 4.4.7standard terms.
According to 4.4.7 terms, the organization shall establish
and maintain plans and procedures to identify the potential
for, and responses to, incidents and emergency situations,
and for preventing and mitigating the likely illness and
injury that may be associated with them. The organization
shall review its emergency preparedness and response plans
and procedures, in particular after the occurrence
of incidents or emergency situations. Additionally, the
organization shall also periodically test such procedures
where practicable.

VI. CONCLUSIONS
U6 The increase of business orders of EFE external
analysis result ranked first in the external key factors, from
which it can be concluded that the mining industry attaches
more importance to the economic benefits than
people-oriented management. While U14 Impact of the
interested parties on the changing requirements of the
enterprise, U16 Risk management brought by interested
parties, U17 Risk management of product life cycle and U18
Changes in the market environment for enterprises make it
clear that the mining industry should pay attention to the
internal and external environment of the organization and
the
related
risk
management,
which
is
consistent with the requirement of the new edition
ISO45001炷DIS炸of OHSAS18001.
In this paper, the entropy method is used to refine the
OHSAS18001 standard terms into quantitative indicators.
The weight of each key factor and weighted score are
calculated by the scores from senior staff, auditors and
experts. Compared with those subjective valuation methods,
the entropy method is of high precision and more objective
which can better explain the results, ensures the reliability of
the results and provides a direction for diagnosis and
improvement of OHSAS18001.
The interested parties, the background of organization,
management mode and single system or multi system of
different minings in China vary greatly. There are many
different ways to evaluate the key factors of OHSAS1801
which also lead to various results. Thus, this method allows
for necessary adjustments according to the actual situation
and experience when the key factors are chosen and
evaluated. For future work, the research in this area should
be strengthened, the constructed model should be optimized,
and in the selection of evaluation methods, 2-tuple
Linguistic Information, Grey Relationa Analysis and AHP,
etc. should be effectively integrated to lay the foundation for
sustainable green development of mining OHSAS18001.

D. Understanding the Legal and other Requirements [3]
The organization shall establish, implement and maintain
a process to:
1) Identify and have access to current legal requirements
and other requirements to which the organization subscribes
related to its OHSAS risks and OHSAS management
system;
2) Determine how to apply and meet these requirements.
The organization shall maintain and retain documented
information of: legal requirements and other requirements to
which the organization subscribes, ensuring this
documented information is updated to reflect changes; how
compliance with its legal requirements and other
requirements to which the organization subscribes will be
achieved.
E. Understanding the Organization and its Context [10]
The organization shall determine external and internal
issues that are relevant to its purpose and objectives and that
affect its ability to achieve the intended outcome(s) of its
OHSAS management system. External and internal issues
relate to the business environment in which the organization
seeks to achieve its objectives (reference to “business” in
this International Standard can be interpreted broadly to
mean those activities that are core to the purposes of the
organization’s existence).
F. Understanding the Needs and Expectations of
Interested Parties [10]
The organization shall determine:
1) The interested parties that are relevant to the OHSAS
18001;
2) The relevant requirements of these interested parties,
and which of these become applicable legal and other
requirements to which the organization subscribes.
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G. Assessment of OHSAS Risks [10]
The organization shall establish, implement and maintain
a process to:
1) Assess and prioritize OHSAS risk;
2) Identify opportunities to lower OHSAS risk;
3) Determine controls, taking into account legal
requirements and other requirements and considering the
hierarchy of controls;
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Abstract: In order to effectively analyze, control, and prevent occupational health risk and ensure
the reliability of the weight, a method based on FMEA (failure mode and effects analysis) and
an improved AHP (analytic hierarchy process) model was established. The occupational disease of
the occupational health and safety management system (OHSAS18001) of the mining industry in the
southwest of Hubei Province is taken as an example, the three most signiﬁcant risk factors (dust, noise,
and gas) are selected as the research objects, the FMEA method is used, an expert questionnaire
is carried out to establish the comprehensive assessment matrix of each indicator according to the
RPN (risk priority number) value, and, ﬁnally, a case study is conducted through the FMEA and
the improved AHP model The results show that the occupational disease of the mining industry’s
occupational health and safety management system belongs to a “general” grade, which is in line
with the physical examination results of the Center for Disease Control and Prevention of Ezhou City
in 2015. The improved AHP and FMEA comprehensive assessment model of occupational disease
is proved feasible. This method can be incorporated in the process management of the enterprise
for the purpose of occupational disease prevention in advance and continuous improvement on the
occupational health and safety of employees. Additionally, the area research on this integrated model
should be optimized continually in actual situations.
Keywords: mining industry; OHSAS18001; FMEA; improved AHP; occupational disease

1. Introduction
With the rapid development of China’s economy, the situation of safety and production has
led to an increasing number of serious problems. A variety of major accidents occur frequently.
In the professional activities of the mining industry, the number of patients with diseases caused by
exposure to dust, noise, radioactive materials, other toxic and harmful substances, and other factors
has gradually increased [1]. China has increased occupational safety and health legislation, increasing
in turn the number of strict requirements on safety for enterprises and introducing a large number of
safety regulations. In July 2016, the “occupational disease prevention law” [2] was revised, which put
forward mandatory regulatory requirements and standards for safety and health. “People oriented
and paying attention to employee health and safety” has increasingly become an important symbol
and a good image of modern enterprises, which is also the focus of the occupational health and safety
Sustainability 2017, 9, 94; doi:10.3390/su9010094
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management system OHSAS18001 [3]. OHSAS18001 is a kind of advanced modern safety management
method, which has been widely adopted by a majority of the countries in the world. It mainly
emphasizes the principle of systematic health and safety management. Through the establishment
of a set of occupational health and safety assurance mechanisms, the aim is to control and reduce
occupational health and safety risks and to reduce production accidents and occupational diseases.
Because of the geographical position and natural conditions, the mining industry is quite different
from other industries and is usually affected by many complex factors. While occupational disease can
be detected by physical examination, those long-term latent diseases that are difﬁcult (if not impossible)
to cure (e.g., silicosis) can only be symptomatically treated without any special therapy. Thus, the later
the disease is found, the worse the curative effect will be. Consequently, the feasible failure mode
and effects analysis (FMEA) and the improved analytic hierarchy process (AHP) [4] are used in a case
study on the occupation health assessment (OHSAS18001) of the mining industry of the southwest of
Hubei, China, which could provide valuable guidance for the sustainable and healthy development of
the mining industry.
2. Description of FMEA and the Improved AHP
2.1. Failure Mode and Effect Analysis (FMEA)
FMEA (failure mode and effect analysis) is an effective method for analyzing product design,
development, and so on [5], for analyzing potential problems (or failure modes) in the process,
for evaluating the possibility of these potential problems and their impact and severity, and for taking
effective preventive measures in time to avoid or reduce these problems [6]. FMEA emphasizes
“before-the-event” rather than “after-the-fact”. Thus, it can avoid consuming a large amount of
manpower and material resources to deal with the problem, improve the quality of products, reduce
production and development costs, minimize fallout to a maximum extent, and increase efﬁciency [7].
The basic idea of “prevention ﬁrst” of FMEA is consistent with ISO standards.
2.2. Failure Mode and Effect Analysis (FMEA) Workﬂow
The FMEA method proceeds according to the principle of plan-do-check-action (PDCA),
which focuses on occurrence analysis, detection analysis, and severity analysis [8]. The RPN (risk
priority number) value determines the FMEA mode and which kind of correction action to take. Failure
mode and effect analysis (FMEA) workﬂow is shown in Figure 1.
2.3. Improved Analytic Hierarchy Process (AHP)
The improved analytic hierarchy process (AHP) is based on fuzzy mathematics with the principle
of fuzzy relation synthesis. It is a method for making certain unclear boundaries and non-quantitative
factors quantiﬁable and then comprehensively evaluated [9]. It is quantiﬁed by constructing a fuzzy
set of hierarchical fuzzy subsets to reﬂect the fuzzy indicators being evaluated (that is to determine the
membership degree), then each indicator is evaluated by the principle of fuzzy transformation [10].
2.4. Description of FMEA and Improved AHP
The FMEA method analyzes the cause and effect of system failure, where the RPN can solve
risk projects or problems by helping in planning limited resources [11]. The FMEA method can
provide information for risk management decision and is widely used in the aerospace, machinery,
automotive, medical equipment, and services industry [12–14]. Although the traditional FMEA method
is considered the most effective before-the-event prevention method, the method of calculating RPN
has been widely questioned [15–17] for the following reasons [18]:

•

It does not consider the relative importance of the risk factors S (severity), O (occurrence), and D
(detection), but consider them to be of the same importance.
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Different products of the risk factors S, O, and D may get exactly the same RPN value, but entails
different risk connotations.
The risk factors S, O, and D are evaluated using exact values to represent their magnitude,
which cannot objectively reﬂect the complexity and uncertainty of things.
RPN values lack reliability, as it is obtained by the product of the risk factor S, O, and D.

Figure 1. FMEA ﬂow chart.

At present, the integrated application and research of the traditional FMEA method and fuzzy
theory method are widely concerned [19]. Common methods are as follows. Braglia et al. [19] put
forward a technique for order preference by similarity to the ideal solution to improve the FMEA
method to evaluate risk factors and relative weights by a triangular fuzzy number. Chang et al. [20] put
forward an intuitionistic fuzzy set ranking technique to calculate the failed RPN value. Chang et al. [21]
adopted an ordered weighted averaging method and decision-making trial and evaluation laboratory
method to solve the failure mode risk problems. Kutlu et al. [22] used the analytic hierarchy process
and TOPSIS methods integrated with FMEA to obtain the ranking of the potential failure modes.
Geng et al. [23] introduced a fault cause-and-effect chain concept into the FMEA method and improved
the calculation formula for risk priority. Wang et al. [24] put forward a dependent linguistic ordered
weighted geometric FMEA risk assessment method. Lolli et al. [25] put forward a novel multi-criteria
decision-making (MCDM) method named FlowSort-GDSS, which was proposed to sort the failure
modes into priority classes by involving multiple decision-makers.
There are many factors affecting mine safety, in which some indicators can be accurately described
with quantity values. Others are difﬁcult to accurately analyze quantitatively with the fuzzy concept.
These factors have the following characteristics:

•

Many factors are involved in the evaluation.
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The factors affecting mine safety restrict and inﬂuence each other, which makes them hard to
integrate and make a closer to a comprehensive evaluation.
Many fuzzy concepts are involved in the evaluation.

The fuzzy concept normally includes very good, very bad, good, and bad. The experience and
advice of an expert is often adopted, which entails much fuzziness. Therefore, according to the defects
of the traditional FMEA in mine safety assessment and the characteristics of the safety factors, a fuzzy
mathematics analysis method is adopted to improve the method. It aims to change the risk data into
adaptive fuzzy sets and to analyze the weighted RPN value of risk contribution.
3. Occupational Disease Assessment of Mining Industry OHSAS18001 Based on FMEA and
an Improved AHP Model
The common occupational hazards in the mining industry are dust, noise, vibration, harmful gas,
heat radiation, occupational injury, and so on, where dust, noise, and gas have caused great harm to
people’s health. These three common risk factors are analyzed and evaluated in this paper.
3.1. Assessment Factor Sets
This occupational disease assessment of OHSAS18001 includes 3 ﬁrst-grade indicators and
10 second-grade indicators. The 3 ﬁrst-grade indicators can be expressed as: U = {U1 , U2 , U3 },
where U = occupational disease risk factors, U1 = dust, U2 = noise, and U3 = gas. The factors are
further reﬁned as follows: U1 = {U11 , U12 , U13 , U14 }, U2 = {U21 , U22 , U23 }, U3 = {U31 , U32 , U33 },
where U11 = not wearing a dust mask, U12 =not operating normatively, U13 = not opening the dust
model, U14 = mask not regularly replaced with ﬁltration membrane; U21 = not maintaining equipment
periodically, U22 = not wearing earplugs, U23 = not setting sound insulation equipment; U31 = fan not
running well, U32 = insufﬁcient ventilation system, and U33 = insufﬁcient individual protection.
3.2. Assessment Decision Sets
The occupational disease assessment of OHSAS18001 can be divided into four grades: very good,
relatively good, general, and not good [26]. Thus, the assessment decision sets can be expressed as:
V3 = {V1 , V2 , V3 , V4 }, where V 1 = very good, V 2 = relatively good, V 3 = general, and V 4 = not good.
3.3. Assessment Weight Sets
The importance among indicators is assessed and scored by experts. The weight value [27] of
each indicator is determined, and the speciﬁc values are constructed, referring to the 1–9 scale method
proposed by Saaty for the judgment matrix. If the parameter on the horizontal axis is less important
than the parameter on the vertical axis, it carries a value between 1 and 9. Oppositely, it carries the
value between the reciprocals of 1/2 and 1/9 [28]. Jian Shi et al. [29] pointed out that the ”1–9” scales
method of AHP by Saaty was used to construct the comparison matrix whose consistent effect was
insufﬁcient. The traditional AHP method was thought to be only for speciﬁc qualitative indicators.
On the other hand, the issues for both qualitative and quantitative indicators are not discussed
enough [30]. The traditional AHP method talked more about the consistency of the judgment matrix
than its rationality [31,32]. Lolli et al. [33] provided a clearly higher clustering validity index than
previous sorting methods on benchmarking data, which meant that an item scoring badly on one
or more key criteria may still be placed in the best class because these bad scores are compensated.
Shuang Chen et al. [34] preliminarily applied the improved “9/9–9/1” AHP method to weight sorting.
In this paper, the improved AHP method integrated with FEMA is used to assess occupational disease
of a mine to provide a more scientiﬁc and accurate decision basis.
The traditional AHP method has some shortcomings about the experts scoring:

•
•

The “1–9” scales method would make the accuracy rate low.
The method would make the connection of levels confused.
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The method would make data processing cumbersome.
The method is optimized and improved with a new “9/9–9/1” scale as shown in the following.

3.4. Consistency Checking
The test indicator for the consistency of judgment is as follows: CR = CI/RI, where
CI = (λ − n)/(n − 1), and n is the order of the judgment matrix [35]. RI is the random consistency
indicator of judgment matrix. If CR ≤ 10%, the matrix is consistent and the AHP can be continued.
If CR > 10%, it requires revising as the matrix is not consistent. In this paper, the root mean square
method is used to construct the consistency test. The calculation procedure is as follows: (1) Multiply
n
√
the elements of B by line uij = ∏ bij ; (2) Let the resultant product be the nth root ui = n uij ;
j =1

(3) Normalize the root mean square vector and get the feature vector wi =
n ( AW )
i
; (5) Calculate CR
(nW )i

eigenvalue of the judgment matrix λmax = ∑

i =1

ui

n

∑ ui

; (4) Calculate the largest

i =1

= CI/RI = (λ − n)/(n − 1)/RI.

3.5. Fuzzy Comprehensive Assessment Matrix
The membership degree in this case is obtained by probability statistics. The failure mode
questionnaire (Table 1) was distributed and then recovered. O1 , O2 , O3 , O4 , and O5 (probability) in the
table are deﬁned as 10 points, 8 points, 6 points, 4 points and 2 points, respectively; S1 , S2 , S3 , and S4
(fault severity) are deﬁned as 10 points, 7.5 points, 5 points and 1.5 points, respectively; D1 , D2 , D3 ,
D4 , D5 and D6 (fault detection difﬁculty degree) are deﬁned as 10 points, 8 points, 6 points, 4 points,
2 points and 1 points, respectively. The number of RPN [36] can be calculated by RPN = O × S × D,
which means that it is an important parameter for evaluating the security level. The higher the score
is, the lower the security level will be. Moreover, 1000 points are divided into 7 grades averagely as
shown in Table 2.
For the i indicator; the membership degree of each occupational disease assessment is the
fuzzy subset Ri = (⎡ri1 , ri2 , ..., rim ); the fuzzy
⎤ comprehensive judgment matrix of each indicator is
r11 r12 ... r1m
⎢ r
r22 ... r2m ⎥
⎢
⎥
as follows [37]: R = ⎢ 21
⎥.
⎣ ...
... ... ... ⎦
rn1 rn2 ... rnm
Table 1. Occupational disease assessment questionnaire.
Occupational Disease
Risk Factors

Occupational Disease Causes

U1 Dust

U11 Not wearing a dust mask
U12 Not operating normatively
U13 Not opening the dust model

U2 Noise

U21 Not maintaining equipment periodically
U22 Not wearing earplugs
U23 Not setting sound insulation equipment

U3 Gas

U31 Fan not running well
U32 Not good ventilation system
U33 Not good individual protection

Probability of
Occurrence

O1
O2
O3
O4
O5

Frequent
Possible
Casual
Seldom
Unlikely

Please select U11 –U14 level

O1 , O2 , O3 , O4 , O5 ;
S1 , S2 , S3 , S4 ;
 D1 ,  D2 ,  D3 ,  D 4 ,  D5 ,  D6 ;

Please select U21 –U23 level

O1 , O2 , O3 , O4 , O5 ;
S1 , S2 , S3 , S4 ;
 D1 ,  D2 ,  D3 ,  D 4 ,  D5 ,  D6 ;

Please select U31 –U33 level

O1 , O2 , O3 , O4 , O5 ;
S1 , S2 , S3 , S4 ;
 D1 ,  D2 ,  D3 ,  D 4 ,  D5 ,  D6 .

Severity of
Effects

S1
S2
S3
S4

Catastrophic
Serious
General
Minor

Likelihood of
Detection

D1
D2
D3
D4
D5
D6

Undetected
Very low
Low
Medium
High
Very high
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Table 2. RPN rating scale (assessment decision set).
V 1 (Very Good)

V 2 (Relatively Good)

V 3 (General)

V 4 (Not Good)

0–250

251–500

501–750

751–1000

3.6. Comprehensive Fuzzy Assessment
The model for occupational disease assessment is based on the improved AHP and FMEA
and follows the principle of calculation step by step to obtain the membership vectors of each layer,
which combines the weight set and factor into the assessment matrix to make the fuzzy matrix synthesis
operation [38].The assessment results of each level are obtained according to the principle of fuzzy
comprehensive assessment: Bi = Wi · Ri .
4. Case Study
The mining industry in the southwest of Hubei Province lies in the central part of China with
general hydrogeological conditions. OHSAS18001 has been managed in the mining industry for more
than three years and has a good reputation in the society and local community. This mining industry
is taken as an example to assess the occupational disease in a mine using OHSAS18001.
4.1. The Consistency Test of Indicator Weight
In order to keep the validity and consistency of the assessment model, the indicators need to
be tested for consistency. Thirty people, including 2 auditors who are familiar with OHSAS18001
and employees with at least 5 years of working in the mine and who are very familiar with mining
operations, were invited to judge the importance of the indicators of the improved AHP method [39].
All 30 people needed to be trained to use the improved AHP method. In this paper, the consistency
test is carried out in the way of the root mean square. The calculation procedure is as follows.
U layer subordinate indicators weight and consistency calculating result are:
wi =

ui

n

∑ ui

= 0.3598, 0.3075, 0.3326 and λmax =

i =1

n ( AW )
i
(nW )i

∑

i =1

= 3.0015 according to the formula

CR = CI/RI = (λ − n)/(n − 1)/0.58 = 0.0013 < 0.1. Thus the result has passed the consistency test.
In Table 3, it can be seen that the weight of the dust and noise assessment indicators of OHSAS is
as follows: W = [0.3598, 0.3075, 0.3326].
In the same way, the indicators all pass the consistency test. The corresponding weights of
U1 , U2 and U3 are as follows: W1 = [0.2347, 0.2921, 0.2385, 0.2347], W2 = [0.3726, 0.2647, 0.3627] and
W3 = [0.3604, 0.2499, 0.3898].
Table 3. U, U1 , U2 and U3 layer subordinate indicators scoring assessment table.

U1
U2
U3

U1

U2

U3

9/9
8/9
8/9

9/8
9/9
9/8

9/8
8/9
9/9

U 21
U 22
U 23

U 21

U 22

U 23

9/9
7/9
8/9

9/7
9/9
9/6

9/8
6/9
9/9

U 31
U 32
U 33

U 31

U 32

U 33

9/9
6/9
9/8

9/6
9/9
9/6

8/9
6/9
9/9

U 11
U 12
U 13
U 14

U 11

U 12

U 13

U 14

9/9
9/8
9/8
9/9

8/9
9/9
6/9
8/9

8/9
9/6
9/9
8/9

9/9
9/8
9/8
9/9

4.2. Single Factor Assessment Matrix
According to the actual operation of mine industry OHSAS18001 and relevant information,
the result from the second grade indicators scored by the experts is shown in Tables 4–6 [40].
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Table 4. U1 layer subordinate membership degree.

U 11
U 12
U 13
U 14

V1

V2

V3

V4

0
0
0
0

0.1
0
0.6
0.4

0.6
0.6
0.4
0.5

0.3
0.4
0
0.1

Table 5. U2 layer subordinate membership degree.

U 21
U 22
U 23

V1

V2

V3

V4

0
0
0

0.1
0.1
0

0.5
0.6
0.6

0.4
0.3
0.4

Table 6. U3 layer subordinate membership degree.

U 31
U 32
U 33

V1

V2

V3

V4

0
0
0

0.2
0.1
0.2

0.5
0.6
0.6

0.3
0.3
0.2

The data of R1 , R2 and R3 of the membership matrix is shown as follows.
⎡
⎢
⎢
R1 = ⎢
⎣

0
0
0
0

0.1
0
0.6
0.4

0.6
0.6
0.4
0.5

0.3
0.4
0
0.1

⎤

⎡
0
⎥
⎥
⎢
⎥, R2 = ⎣ 0
⎦
0

0.1
0.1
0

0.5
0.6
0.6

⎡
⎤
0.4
0
⎢
⎥
0.3 ⎦, R3 = ⎣ 0
0.4
0

0.2
0.1
0.2

0.5
0.6
0.6

⎤
0.3
⎥
0.3 ⎦.
0.2

4.3. Fuzzy Comprehensive Assessment
The ﬁrst grade fuzzy comprehensive assessment is carried out through each second grade
indicator weight Wi and corresponding single factor matrix Ri .
⎡
⎢
⎢
B1 = W1 · R1 = (0.2347, 0.2921, 0.2385, 0.2347) · ⎢
⎣
⎡

0
⎢
B2 = W2 · R2 = (0.3726, 0.2647, 0.3627) · ⎣ 0
0
⎡
0
⎢
B3 = W3 · R3 = (0.3604, 0.2499, 0.3898) · ⎣ 0
0

0.1
0.1
0
0.2
0.1
0.2

0
0
0
0

0.1 0.6
0 0.6
0.6 0.4
0.4 0.5⎤
0.5 0.4
⎥
0.6 0.3 ⎦
0.6 0.4
⎤
0.5 0.3
⎥
0.6 0.3 ⎦
0.6 0.2

0.3
0.4
0
0.1

⎤
⎥
⎥
⎥ = (0, 0.2605, 0.5288, 0.2107)
⎦

= (0, 0.0637, 0.5627, 0.3735)

= (0, 0.1750, 0.5640, 0.2610)

The fuzzy comprehensive assessment is carried out by using the result of the ﬁrst grade
fuzzy assessment.
⎡

0
⎢
B = W · R = (0.3726, 0.2647, 0.3627) · ⎣ 0
0

0.2605
0.0637
0.1750

0.5288
0.5627
0.5640

⎤
0.2107
⎥
0.3735 ⎦ = (0, 0.1774, 0.5505, 0.2721)
0.2610
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According to the comprehensive assessment result, the occupational health assessment result
of OHSAS18001 achieves a probability of “very good” (0), “relatively good” (0.1774), “general”
(0.5505) and “not good” (0.2721). Thus, according to the maximum membership degree [41],
the occupational health assessment result of OHSAS18001 belongs to “general” grade, which still
needs further improvement.
5. Suggestion
Concluded from the results, the occupational health assessment results of dust, noise, and gas all
belong to the “general” grade. Some suggestions for corrective action are given as follows.
5.1. Dust Control Suggestions

•
•
•
•
•

Technology should be reformed and production equipment should be innovated.
Wet working methods and isolation of dust sources should be adopted.
Exhaustion and dust elimination while establishing a variety of maintenance and management
systems should be undertaken.
Individual protection and publicity and education should be carried out.
Timely inspection, evaluation, summaries, and health examinations should be conducted.

5.2. Noise Control Suggestions

•
•
•
•
•

Silent or low-noise equipment should be preferred instead of high-noise equipment.
Isolation and noise elimination measures should be adopted.
Individual protection and earplugs should be considered.
Hearing tests should be conducted regularly to the people who are exposed to noise, and pre-job
and off-job hearing examinations of staff engaged in noisy operations should be carried out.
Reasonable arrangement of labor and rest should be arranged, and noise exposure time to staff
engaged in noisy operations should be reduced.

5.3. Gas Control Suggestions

•
•
•
•

Ventilation and personal protection should be improved.
First aid measures should be taken.
Regular detection of toxic and harmful gases should be adopted.
Water should be sprayed to reduce the harmful gas content.

5.4. Continuous Improvement Plan

•

•

The staff should continuously improve OHSAS18001 according to the principle of
plan-do-check-action (PDCA). The awareness and performance of occupational health and safety
should also be continuously improved to satisfy the expected demand of OHSAS18001 through
internal audits and management reviews.
In the actual work, the staff can develop continuous improvement plans based on such assessment
models. The occupational disease can be assessed, analyzed, and improved monthly to control
and ameliorate the incidence of occupational disease and to satisfy the requirement of “people
oriented and paying attention to employee health and safety”.

6. Conclusions
In accordance with 10 laws, including the Occupational Disease Prevention Law of the People’s
Republic of China, Diagnostic Criteria of Pneumoconiosis, and Diagnostic Criteria of Occupational
Noise induced Deafness etc., the Center for Disease Control and Prevention of Ezhou City performed
physical examinations from 15 May 2015 to 14 June 2015, and the results show that 5 people were
affected by obstructive pulmonary ventilation among the dust operation personnel, 6 people had
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hearing problems among noise operation personnel, 4 people had abnormal blood indicators among the
gas operation personnel, and 23 people were proposed reexamination. The results of this examination
are consistent with the ones of the assessment based on the improved AHP and FMEA model, which all
belong to the general grade and all of which need improvement. The feasibility of the comprehensive
assessment model of occupational disease in the mining industry is thus proved. Additionally,
the knowledge of different domestic personnel and the natural conditions of different mining industries
are not the same. Thus, necessary adjustments should be carried out according to the actual situation in
the selection of assessment indicators and assessment personnel. For future work, research and training
in this area should be strengthened, and the constructed model should be optimized continuously.
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Evaluation on Safety Benefits of Mining Industry
Occupational Health and Safety Management System
based on DEA Model and Grey Relational Analysis
Jiangdong Bao, Jan Johansson, and Jingdong Zhang

Abstract—The mining industry safety production situation
is becoming more and more severe in China with safety
accidents occurring frequently, which is closely related to
insufficient safety investments and unreasonable distribution.
Additionally, it does not keep in line with the main purpose of
occupation health and safety management system
(OHSAS18001).In order to carry on the reasonable scientific
disposition to the safety investments of the mining industry,
increase safety investments efficiency and satisfy the
requirements of OHSAS18001, data envelopment analysis
(DEA) is adopted to calculate the safety investments, loss and
output. Firstly, the analysis software MYDEA of DEA is used
to calculate the results to obtain the evaluation result of safety
benefits. Secondly, the target value of the improvement work
in the aspect of investment is achieved by method of
projection analysis when the decision making unit (DMUj0) of
non DEA efficiency is changed into DEA efficiency. Lastly, it
can be obtained on the basis of grey relational analysis (GM)
that the investment amount of safety management and
training of employees has the highest relation on the effective
safety benefits of the mining industry. Thus, the investment of
safety management and training of employees should be
strengthened. This kind of empirical method of
comprehensive model provides a direction and theoretical
reference for safety investments benefits analysis and
optimized investment structure, and a structure for the
effective operation of mining industry occupational health
and safety management system.
Index Terms—Mining industry, OHSAS18001, safety
benefits, DEA, grey relational analysis.

I. INTRODUCTION
OHSAS18001 is an effective way which is recognized by
the international organization and proved effective to the
occupational health and safety management of the
employees. It has put forward the PDCA requirement of
system operation planning, personnel management,
operational control and so on. Although it has introduced
into mining industry for many years, the safety accidents
occurring frequently result in great economic loss and
passive safety investments which are contrary to the purpose
of continuous improvement of OHSAS18001. Feasible
DEA model and grey relational analysis method used in this
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paper supply a reasonable distribution basis for mining
industry OHSAS18001. Additionally, the methods provide
strong support for the healthy and sustainable development
of OHSAS18001.

II. SAFETY INVESTMENTS AND BENEFITS
INDICATORS OF MINING INDUSTRY OHSAS18001
According to the OHSAS18001standard requirements [1]
of 4.4.1 Resources, roles, responsibility, accountability and
authority, 4.4.2 Competence, training and awareness, 4.4.6
Operational control, 4.4.7 Emergency preparedness and
response and 4.5.1 Performance measurement and
monitoring. Additionally, requirements of actual operation
of mining industry, four safety investment indicators of
mining OHSAS18001are established as shown in the
following: safety technical measures, industrial hygiene
measures, safety management and training and labor
protection products [2].
A. Safety Benefits
Safety benefits refer to realization of safety level, the
benefits to the society, the community and the individual [3].
Additionally, they are composed of the sum (decrease loss
output and increment output) - total safety investments ratio
[4].
B. Safety Technical Measures
Safety technical measures refer to preventing casualty
accidents including ventilation system, protection device,
insurance device, signal device etc.
C. Industrial Hygiene Measures
Industrial hygiene measures are the technical measures of
improving the production environment which do harm to the
health of workers and preventing occupational diseases and
poisoning, including anti-virus, dust, anti vibration and
noise, ventilation, cooling, cold and other equipments etc.
D. Safety Management and Training
Safety management and training cover technical services,
training, hardware and software equipments, occupation
health examination of employees, three levels of safety
education, all kinds of emergency supplies etc.
E. Labor Protection Products
Labor protection products are the necessary equipments
and all labor hygiene protection measures including
disinfection room, changing room or clothing room, shower
room, women's health room etc.
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F. Decrease Loss Output
Decrease loss output means that safety investments
activities guarantee the safety production of enterprises,
reduce or avoid some safety accidents, reduce the damage to
the human society and the environment caused by the
accident, protect the wealth of social enterprise effectively
and reduce the waste of resources.

s.t

G. Increment Output
Increment output is also the increment benefit of safety
which means that the benefits are produced by guaranteeing
the working conditions of the workers and maintaining the
increment process of the enterprise economics.

t

s.t

tvi

 P T Yj  Z T X j d 0
°° T
®Z X0 1
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m
p
°r61 uiYrj  i61 wi Xij d 0, j 1, 2,...n
°m
°
s.t. ® 6 wi Xij 0 1
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°
w
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°̄

E. The Dual Problem and Vector Form
The dual problem and vector form are shown as follows:

min vD

T

n
° j61 Oj xij d T xi 0 , i 1, 2,...m
°n
°
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B. The Formula hj of Input-Output Ratio
Suppose the weight of ith input is expressed by vi and
the weight of rth output is expressed by ui. Let vi
(i=1,2,…m),ui (r=1,2,…s), j=1,2,…n and hj. Then the
optimization model of formula hj of input-output ratio of jth
decision making unit and performance appraisal of j0 each
decision making unit can be summed up as follows:

6 ur yrj 0
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D. The Linear Programming Model and Vector Form
The linear programming model and vector form are
shown as follows:

A. The ith Input and the rth Output
The ith input of unit j is explained by xij, the rth output of
unit j is explained by yrj and the input and output is shown as
follows:

j

1
m

6 vi xij 0

Data envelopment analysis (DEA) was first introduced by
famous operational research experts: A. Charnes, W.W.
Cooper and E. Rhodes in 1978 [5-6]. It was used to evaluate
the relative effectiveness of the same department whose first
model was called C2R model. From the point of view of
production function, it is a very good and effective way to
study several inputs especially when “production
department” are “effective scale” and “technical efficiency”
at the same time.

6 ur yrj

.

C. The Transformation of the Fractional Programming
Problem
This is a fractional programming problem, which can be
transformed into an equivalent linear programming problem
as shown below:

III. SAFETY BENEFITS OF MINING INDUSTRY
OHSAS18001 BASED ON DEA MODEL

r 1
m

 p
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6 vi xij 0

i 1

83

International Journal of Engineering and Technology, Vol. 10, No. 1, February 2018
F. Theorem 1 of Relative Efficiency Evaluation of C2R
Model

C. Calculating the Relational Coefficient
The relational coefficient of

Relative efficiency evaluation of C2R model: (1)
Suppose T
unit j

0

1, s0 

1, s0 

0 , the decision making

] i (k )

is called DEA efficiency. (2) Suppose

k

i

absolute
minimum

reference

series

( x m (1), x m (2), , x m (n))

poles,

actual calculation.), and

Z

number which satisfies

0 d Z k d 1, ¦ Z

k

is the weight of k point
k

1.

coefficient is as follows [19]:

ri

1 n
¦ ] i (k )
nk1

(5)

E. The Relation Ranking

and

Normally, if r ( x0 , xi ) ! r ( x0 , x j ) , the relation of

xi and x0 is higher than that of x j and x0 . That is to say,
the Influence degree of

xi on x0 is higher than that of

x j on x0 .
V. CASE STUDY
The mining lies in the Southwest of the Hubei Province,
China with nice mining resources. OHSAS18001 has been
one of the management methods for many years with a good
reputation in the local community as well as the society.
Taking the mining industry as an example, this paper
evaluates the effective safety investments and safety benefits
by methods of DEA and grey relational analysis.

B. Non Dimensional Variables
Each factor in the data of the column may be different
because of the dimension, so it is hard to get the correct
conclusion when in comparison. The data is generally
performed by non dimensional treatment during the grey
relational analysis:

xi (k )
, k = 1,2,...n; i = 1,2,...m
xi (1)

two

D. Calculating Grey Relation
Because the relational coefficient is too scattered to
compare overall, normally the average value is expressed as
the degree value between comparison sequence and
formula of the relational
reference sequence, and

x0 ( x0 (1), x2 (2), , x0 (n)); x1 ( x1 (1), x1 (2), , x1 (n))

xm

between

k 1

x0 and xi as shown below:

( x2 (1), x2 (2), , x2 (n))  ,

difference

min min ' 0i (k ) is the
i
k

n

{x0 , x1 , , xm } be grey relation factor set,
x0 be a reference sequence, xi be a comparison
sequence, and x 0 ( k ) , i {1, 2, , m} xi (k ) be the k

x2

' min

(4)

x0 (k )  xi (k ) is the

max max ' 0i (k ) is the maximum difference
i
k
between two poles, U is the resolution ratio ,
U  (0,1) (remarks: U value normally equals 0.5 in

X

point number of

' 0i (k )

' max

A. Determining the Analysis Sequence
Select

difference,

(3)

k

' min  U ' max
' 0i (k )  U ' max

In the formula,

The grey system theory was created by Chinese Professor
Deng Julong in 1880s [7]. The grey system theory has been
successfully introduced to agricultural, industrial, economic
and other science fields for over 20 years. Grey system is not
fully known with information, that is, some information is
known and some other is unknown. Grey relational analysis
is an important part of grey system theory whose method is
used to analyze the correlation degree of each factor of the
system, to calculate the grey relation between the system
characteristic variables and the variables of the data
sequence and to analyze the advantages results and the
evaluation results [8-10].
At present, the calculation model about the grey relation
between the sequences is the following [11]. Deng
Relational Analysis [12], Grey Euclid Relation Grade [13],
Absolute correlation degree [14], Generalized Degree of
Grey Incidence [15], T’s correlation Degree [16], C-Mode
Relational Analysis [17], B-Mode Relational Analysis [18].
The method of Deng Relational analysis method is utilized
in this paper.

k

X 0 (k )  X i (k )  U max max X 0 (k )  X i (k )

(3)
r ( x0 (k ), xi (k ))

IV. GREY RELATIONAL ANALYSIS OF SAFETY
INVESTMENTS AND BENEFITS OF MINING
INDUSTRY OHSAS18001

xi (k )

i



called non DEA efficiency.

let

min min X 0 (k )  X i (k )  U max max X 0 (k )  X i (k )
i

T  1, s0 z 0, s0 z 0 , the decision making unit j0 is


x0 ( k ) and xi ( k ) is

shown below:

A. Safety Investments and Loss Statistics
As shown in Table 1, the 4 first-grade indicators of the
mining industry safety investments including safety
technical measures etc. and 23 second-grade indicators
including ventilation system etc. are chosen to analyze.
Statistical information of safety investments is selected from
2011 to 2015. The accident loss indicators of the comparison
sequence of safety investments are selected including the

(2)
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direct accident loss of the first-grade indicator etc. from
2011 to 2015. Common total accident loss algorithm
includes the one-to-four direct and indirect ratio method of
Heinrich [20] from USA and total loss method of Symonds
[21] also from USA which can be calculated by the formula:
Total loss (Covered losses  A u Laying  off injury times
 B u Hospitalization injury times
 C u Emergency medical times
 D u No accident times )
In the formula, A, B, C and D separately refer to the average
amount of non insurance cost which stands for varieties of
different accidents degree. Per capita direct loss of accidents
need to be compared with the loss of previous year, so per
capita direct loss of accidents was collected as 0.204 yuan
/person of 2010, and the indirect loss of decrease loss output
is 4 times of direct loss.

B. Calculating the Safety Benefits of the Mining Industry
OHSAS18001
The key point of calculating safety benefits is to calculate
the safety output as shown below [4]:
B (safety output)= B1 (decrease loss output) +

B2 (increment output).
In the formula, B1 (decrease loss output) = 6 (decrease
loss increment)= early loss(before safety measures)-later
loss (after safety measures); B2 (increment output) =
productivity contribution ×total output value.
Y1 (safety benefits) can be calculated by the data of table
1 as shown in table 2.
TABLEɛ: SAFETY BENEFITS LIST OF THE MINING INDUSTRY
OHSAS18001

TABLE I: SAFETY INVESTMENTS AND LOSS STATISTICS OF THE
MINING INDUSTRY OHSAS18001 (UNIT: TEN THOUSAND)
First-grade
indicator

X1 Safety
technical
measures

X2 Industrial
hygiene
measures

Second-grade
indicator

2011

2012

2013

2014

2015

Ventilation system

45.5

47.3

44.3

55.3

57.1

Protection device

22.4

30.8

28.6

31.2

33.4

Insurance device

28.5

40.5

41.3

40.2

41.3
58.1

Signal device

31.1

30.9

28.4

56.5

Others

5.9

7.7

2.5

6.6

7.5

Dustproof device

3.1

3.4

2.8

2.8

3.2

Anti noise and
vibration

1.4

X4 Labor
protection
products

Direct
accident loss

2012

2013

2014

2015

13.5

2.3

4.1

5.1

10.7

Increment output
thousand)

1226.8

1470.0

1259.7

1803.3

2136.5

4.3

4.4

4.2

4.8

5.4

(ten

Safety benefits
(yuan/person)

C. Safety Investments and Benefits List of the Mining
Industry OHSAS18001
The safety investments and benefits list of the mining
industry OHSAS18001 is established according to table1
and 2 as shown in table 3.

1.6

1.3

1.4

1.5

Gas defense
Ventilation,
cooling, and cold
proof

1.1

1.4

1.1

1.5

1.4

2.1

2.6

1.5

1.7

1.7

DMU

X1

X2

X3

X4

X5

Others

1.0

0.5

0.6

0.7

1.1

2011

133.4

8.7

78.7

67.6

4.301

OHSAS operating

29.8

33.5

29.7

35.4

36.6

2012

157.2

9.5

89.1

76.8

4.427

2013

145.1

7.3

78.9

70.2

4.192

2014

189.8

8.1

92.3

88.6

4.774

2015

197.4

8.9

95.8

95.1

5.406

Specific type of
worker training
X3 Safety
management
and training

2011
Decrease loss output
(ten thousand)

2.8

2.9

2.6

2.9

2.9

Three levels of
safety education

0.8

0.8

0.8

0.8

0.8

Occupational
health examination

22.0

27.4

24.1

28.1

28.8

Emergency rescue

21.0

21.9

19.5

22.7

24.3

Others
Individual
protection

2.3

2.6

2.2

2.4

2.4

22.4

25.5

24.1

33.2

36.7

Special protection

37.4

40.2

40.1

51.2

52.2

Others
Accident property
loss

7.8

11.1

6.0

4.2

6.2

8.5

8.9

10.8

14.5

10.1

Accident disposal

65.3

65.7

61.4

67.9

68.9

Occupational
disease Prevention

14.3

14.5

14.2

14.6

14.9

Others
Total safety investments

1.2

1.3

1.1

1.3

1.4

288

333

302

379

397

Total number of persons

450

459

410

510

534

Gross industrial output value

3689

3864

3216

4237

4789

Total production investment

867

874

770

890

890

Total accident loss

89.3

90.4

87.5

98.3

95.3

Per capita direct loss of accidents

0.2

0.2

0.2

0.19

0.19
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TABLE ɜ: SAFETY INVESTMENTS AND BENEFITS LIST OF THE
MINING INDUSTRY OHSAS18001

D. The Safety Benefits Results Calculating
The safety benefits results are calculated by the software
MYDEA of DEA as shown in table 4.
TABLE ɝ: DEA EVALUATION RESULTS OF SAFETY
INVESTMENTS AND BENEFITS OF THE MINING INDUSTRY
OHSAS18001
DMU

ș

s1

s2 

s3

s4 

s1

2011

1.0

0.0

0.0

0.0

0.0

0.0

2012

0.9

4.2

0.0

0.3

0.0

0.4

2013

1.0

0.0

0.0

0.0

0.0

0.0

2014

1.0

10.1

0.0

5.1

2.0

0.1

2015

1.0

0.0

0.0

0.0

0.0

0.0

Efficiency
DEA efficiency
non DEA
efficiency
DEA efficiency
non DEA
efficiency
DEA efficiency

E. Projection Analysis of C2R Model
The target value of the improvement work can be
achieved with the aid of "projection" analysis” when the
decision making unit ( DMU j 0 ) of non DEA efficiency is
changed into DEA efficiency. Reference information for the
improvement of production and management efficiency in
the future can be provided as well.
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Theorem

xij0

2:

ș 0  xij 0  si0 , yrj 0

Let

yrj 0  sr0 . In the formula,

ș 0 , si0 and sr0 are the optimal solution for linear
programming which corresponds to decision making units
( j0 ). x0 , y0 of the relative efficiency “projection” of


DEA efficiency. According to the above theorem, the before
and after adjustment results of the “projection" analysis” are
shown in table 5.
TABLE ɞ: BEFORE AND AFTER ADJUSTMENT RESULTS OF
SAFETY BENEFITS “PROJECTION" ANALYSIS” OF THE MINING
INDUSTRY OHSAS18001
DMU

X1

X2

X3

X4

2011 133.4

8.7

78.7

2012 157.2

9.5

89.1

2013 145.1

7.3

2014 189.8

8.1

2015 197.4

8.9

After adjustment results
Y1

X1

X2

X3

X4

Y1

68

4.3

133.4

8.7

78.7

67.6

4.3

77

4.43 140.0

8.7

81.4

70.5

4.5

78.9

70

4.19 145.1

7.3

78.9

70.2

4.2

92.3

89

4.77 174.0

7.9

84.5

83.9

4.8

95.8

95

5.41 197.4

8.9

95.8

95.1

5.4

2011

2012

2013

2014

2015

4.3

4.5

4.2

4.8

5.4

01 Safety
technical
measures

133.4

140.0

145.1

174.0

197.4

02 Industrial
hygiene
measures

8.7

03 Safety
management and
training

78.7

81.4

78.9

84.5

95.8

04 Labor
protection
products

67.6

70.5

70.2

83.9

95.1

1.0

1.1

1.2

04 Labor
protection
products

1.0

1.0

1.0

1.2

1.4

' 01

0.000, 0.013, 0.113, 0.193, 0.223 ;

' 02

0.000, 0.035, 0.136, 0.208, 0.234 ;

' 03

0.000, 0.002, 0.028, 0.038, 0.040 ;

' 04

0.000, 0.006, 0.064, 0.130, 0.150 .

7.3

7.9

0.234

According to the formula (3), let ȡ
following can be obtained:

ȟ0 j k
ȟ 01
ȟ 02
ȟ 03
ȟ 04

0.5 , then the

0  0.5 u 0.234
;
' 0i  0.5 u 0.234
0  0.5 u 0.234
' 01  0.5 u 0.234
0  0.5 u 0.234
' 02  0.5 u 0.234
0  0.5 u 0.234
' 03  0.5 u 0.234
0  0.5 u 0.234
' 04  0.5 u 0.234

1.000, 0.900, 0.509, 0.377, 0.344 ;
1.000, 0.770, 0.463, 0.360, 0.333 ;
1.000, 0.982, 0.808, 0.360, 0.747 ;
1.000, 0.955, 0.647, 0.473, 0.438 ;

J. Relation Analyzing
Let Ȧ1

8.7

0, ' max

I. Relational Coefficient Calculating

TABLE ɟ: THE ORIGINAL SEQUENCE OF SAFETY BENEFITS
AND INVESTMENT STATISTICS OF THE MINING INDUSTRY
OHSAS18001 (UNIT: TEN THOUSAND)
Indicators

1.0

Obviously, ' min

F. Reference Squence and Comparison Squence
Establishing
As shown in table 6, the results of DEA “projection
analysis” of reference sequence and comparison sequence
are shown as below: 0 Safety benefits, 01 Safety technical
measures, 02 Industrial hygiene measures, 03 Safety
management and training, 04 Labor protection products.

0 Safety benefits

1.0

H. Absolute Difference Squence Establishing
According to the formula (4), safety investments absolute
difference sequence of OHSAS18001 from 2011 to 2015
can be obtained as follows:



DEA which corresponds to xij 0 , yrj 0 is determined to be

Before adjustment results

03 Safety
management and
training

Ȧ2

Ȧ3

Ȧ4

Ȧ5 1/ 5 , the relation of

the comparative indicator xi and reference indicator x0 can

8.9

be obtained as the following:

r01
r02

G. Initialization Squence Establishing
As shown in table 7, according to the formula (2), the
initialization value of safety investments and safety benefits
of the mining industry OHSAS18001 from 2011 to 2015.

r03
r04

TABLE ɠ: THE INITIALIZATION VALUE OF SAFETY
INVESTMENTS AND SAFETY BENEFITS OF THE MINING
INDUSTRY OHSAS18001 (UNIT: TEN THOUSAND)
Indicators

2011

2012

2013

2014

2015

0 safety benefits

1.0

1.0

1.0

1.1

1.3

01 Safety
technical
measures

1.0

1.1

1.1

1.3

1.5

02 Industrial
hygiene
measures

1.0

1.0

0.8

0.9

1.0

1 5
6 ȟ 01
5k 1
1 5
6 ȟ 02
5k 1
1 5
6 ȟ 03
5k 1
1 5
6 ȟ 04
5k 1

k

0.626;

k

0.585;

k

0.779;

k

0.703.

Obviously, r03 ! r04 ! r01 ! r02 .
It can be concluded that safety management and training
have the highest relation on effective safety benefits of the
mining industry, that is, safety management and training
have the greatest impact in the safety investments. The next
only to that are labor protection, safety technical measures
and industrial hygiene measures. In other words, the
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of Hebei Polytechnic University(Natural Science Edition), vol.04,
pp.6-11, 2010.
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investment of safety management and training should be
strengthened to increase the safety benefits.
VI. CONCLUSION
The safety benefits of the mining industry are result of the
comprehensive function of the internal and external factors.
The relative benefits of mining industry are closely related
to the national macro regulation, the market situation, the
quality of the products and the state of internal management
of the mining industry, which are confirmed by the DEA
analysis results. The steel market of Hubei Province falling
into an all-time low in 2012 resulted in low relative benefits
of that year. Additionally, internal reform of the mining
industry in 2014 led to low relative benefits of that year.
Although projection analysis can provide managers with
the goal of improving the work, this is only theoretical. In
the actual work, some indicators value may not be reduced.
Therefore, the improvement measures should be made
according to the actual situation to achieve transition to
DEA efficiency combined with the increase of output.
The purpose of mining occupational health and safety
management system is to continuously improve the
performance of the enterprise, to guarantee the employee’s
occupational health and safety, and to ensure rational
scientific investment and maximum economic safety
benefits. In this paper, the empirical analysis of the mining
industry in Southwest Hubei Province confirmed the
importance of the safety management and training impact on
safety benefits. It also puts forward the people-oriented
management appeal to the managers providing a reference
for the sustainable and healthy development of mining
industry.

Jiangdong Bao is currently working toward the Ph.D.
degree at Centre of Advanced Mining and
Metallurgy, CAMM, Department of Human Work
Science, Luleå University of Technology, and
Research Center for Environment and Health,
Zhongnan University of Economics and Law for
another Ph.D. degree. His current research interests
include Quality, Environment and Occupational
Health and Safety Management System (that is,
Standardization Engineering).
Jan Johansson, professor of the Department of
Business Administration, Technology and Social
Sciences, Luleå University of Technology. He is also
leading a big division in Industrial Work
Environment. His publications achieve more than
200. And his current research interests include
Industrial Work Environment, etc.

ACKNOWLEDGMENT
Author thanks the statistical personnel of the case study
area for their cooperation in the study and leaders of the
mine for the guidance.
REFERENCES
[1]

[2]
[3]
[4]
[5]
[6]
[7]
[8]

[9]

General Administration of quality supervision, inspection and
Quarantine of People's Republic of China. National standards of the
People's Republic of China, “GB/T28001-2011 Occupational Health
and Safety Management Systems Requirements.”
C.C. Ma, “The analysis of coal mine safety investment analysis based
on grey ralationa,” Kunming University of Science and Technology,
2013.
Y. Luo, “Safety economics,” Chemical Industry Press, 2004.
Q. Du, “Benefit analysis of safety investment in coal mine based on
DEA,” Kunming University of Science and Technology. vol.33,
pp.102-109, 2009.
Y.R. Duan, “Data envelopment analysis-theory and applications,”
Shanghai Science and Technology Publishing House, vol.21,
pp.78-86, 2006.
W.J. Wu, “Data envelopment analysis and its application,” China
Statistics Press, 2002.
J.L. Deng. “Control problems of grey systems,” Systems & Control
Letters, vol.01, pp. 288-294, 1982.
Anton Bezuglov and Gurcan Comert, “Short-term freeway traffic
parameter prediction: application of grey system theory models,”
Expert Systems with Applications, vol.62, pp. 284-292, 2016.
[CrossRef]
Y. Yang and Y.X. Ding, “Continuous fractional-order grey model and
electricity prediction research based on the observation error
feedback,” Energy, vol.115, pp. 722-733, 2016. [CrossRef]

Jingdong Zhang, head of School of Information and
Safety Engineering, Zhongnan University of
Economics and Law. Her publications achieve more
than 200 as a leading professor. And her current
research interests include Environmental Safety
Management, Environmental Quality and Safety
Assessment, Occupational Health Engineering and
Management, etc.

8

Paper IV

-RXUQDORI&OHDQ(QHUJ\7HFKQRORJLHV9RO1R-DQXDU\

Evaluation on Safety Investments of Mining Occupational
Health and Safety Management System Based on Grey
Relational Analysis
Jiangdong Bao, Jan Johansson, and Jingdong Zhang


II. MINING OCCUPATIONAL HEALTH AND SAFETY
MANAGEMENT SYSTEM SAFETY INVESTMENTS INDICATOR

Abstract—In order to effectively evaluate the relationship
between safety investments and accident impact losses in the
mining occupational health and safety management system, a
grey relational analysis model is established. Firstly, 4 firstgrade indicators including safety technical measures fee etc. and
23 second- grade ones including ventilation system etc. are
established. Secondly, by calculating the grey relational analysis
between the variables of the data sequence and the system
characteristic variables, analysis results of advantages and the
evaluation ones are obtained. Finally, the model is validated by
case study. The results demonstrate that the investments of
safety technical measures and safety management and training
have a great impact on the accident losses. The quantitative
analysis of safety investments and losses is realized by the model,
which provides the direction for the enterprise's strategic
investments and reduces the economic losses.

According to the OHSAS18001 [5] standard terms of 4.4.1
Resources, roles, responsibility, accountability and authority,
4.4.2 Competence, training and awareness, 4.4.6 Operational
control, 4.4.7 Emergency preparedness and response and
4.5.1 Performance measurement and monitoring, four safety
investments indicators of mining OHSAS18001 are
established. They include the following: safety technical
measures, industrial hygiene measures, safety management
and training and labor protection products [6].
A. Safety Technical Measures
They are to prevent casualty accidents such as ventilation
system, protection device, insurance device, signal device etc.

Index Terms—Mining, OHSAS18001, safety investments,
accident losses, grey relational analysis.

B. Industrial Hygiene Measures
They refer to the technical measures of improving the
production environment which is harmful to the health of
workers and preventing poisoning and occupational diseases.
They include dust, anti-virus, anti vibration and noise,
ventilation, cooling, cold and other equipment or facilities etc.

I. INTRODUCTION
Safety production of mining enterprises is a topic of much
concern, for many years, China's mining accidents occur
frequently, resulting in immeasurable personnel death and
economic losses, insufficient safety investments. Among
them, insufficient safety investments [1] are an important
reason that leads to frequent mining accidents. Although
almost all of the mining are in accordance with the occupation
health and safety management system (OHSAS18001), there
are a lot of blindness in mining safety investments required for
system operation, many of which are passive investment, lack
of safety investments allocation of scientific rationality.
Feasible grey relational analysis method used in this paper
provides a clear goal for mining safety investments and a
reasonable allocation for safety resources of mining
enterprises. Additionally, it plays an important decisive role
in the analysis of accident losses [2]-[4].

C. Safety Management and Training
They include hardware and software equipment, technical
services, training, three levels of safety education, occupation
health examination of employees, all kinds of emergency
supplies and training etc. They can ensure the OHSAS18001
runs smoothly.
D. Labor Protection Products
They are the necessary housing and all labor hygiene
protection measures such as shower room, changing room or
clothing room, disinfection room, women's health room, etc.
for dust and poison operation workers.

III. GREY RELATIONAL ANALYSIS MODEL OF MINING
OCCUPATIONAL HEALTH AND SAFETY MANAGEMENT SYSTEM
SAFETY INVESTMENTS
The grey system theory was created and developed by
Chinese scholar Professor Deng Julong [7], [8] in 1880s. The
grey system theory has been successfully applied to industrial,
agricultural, social, economic and other fields for more than
20 years, and many practical problems of production, life and
scientific research are solved.
Grey system is the one that information is not fully known,
that is, partial information is known and some information is
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difference between two poles, ' max

unknown. Grey relational analysis is an important part of grey
system theory, which is a method of analyzing the correlation
degree of each factor in the system. The method is to calculate
the grey relation between the variables of the data sequence
and the system characteristic variables, and analysis results of
advantages and the evaluation ones are obtained [9]-[11].
At present, the calculation model of judging the grey
relation between the sequences is the following [12]. Deng
Relational Analysis [13], B-Mode Relational Analysis [14],
C-Mode Relational Analysis [15], T’s correlation Degree [16],
Generalized Degree of Grey Incidence [17], absolute
correlation degree [18], Grey Euclid Relation Grade [19]. The
common method of Deng Relational analysis method is used
in this paper.

maximum difference between two poles, U is the resolution
ratio, U  (0,1) (remarks: U value normally equals 0.5 in
actual calculation.), and

Select reference series and let X

{x0 , x1 ,

the K point number of

, xm } be

x1

( x1 (1), x1 (2), ", x1 (n)) ,

x2

( x2 (1), x2 (2),

xm

( xm (1), xm (2),", xm (n))

ri

Normally, if

(1)

A. Safety Investments and Losses Statistics
As shown in Table I, the 4 first-grade indicators of the
mining safety investments are refined to 23 second-grade
indicators. Quantified statistical information of safety
investments from 2011 to 2015 is selected. In the comparison
sequence of safety investments, the indicators of accident
losses from 2011 to 2015 are selected including the direct
accident losses of the first-grade indicator and accident
property losses etc. of second-grade indicator. Common total
accident losses algorithm is the 1:4 direct and indirect ratio
method of Heinrich [20] from the United States and total
losses method of Symonds [21] accidents from the United
States which can be calculated by

(2)

is shown

min min X 0 (k )  X i (k )  U max max X 0 (k )  X i (k )
k

i

k

X 0 (k )  X i (k )  U max max X 0 (k )  X i (k )
i

k

(3)

' min  U ' max
' 0i (k )  U ' max

r ( x0 (k ), xi (k ))
In the Formula, '0i (k )
difference,

' min

i

k

(4)

Total loss (Covered losses  A u Laying  off injury times
 B u Hospitalization injury times
 C u Emergency medical times

x0 (k )  xi (k ) is the absolute

min min '0i (k )

is

the

xi on x0 is higher than that of x j on x0 .
IV. CASE STUDY

below.

i

(5)

The mining is located in the Southwest of the Hubei
Province of China, and it has general hydrogeological
conditions. Additionally, OHSAS18001 has been utilized for
more than three years. As a result, it has a good reputation in
the society and the local community. Utilizing the mining as
an example, this paper evaluates and analyses the safety
investments and losses of OHSAS through grey relational
analysis.

C. Calculating the Relational Coefficient

] i (k )

1 n
¦ ] i (k )
nk1

r ( x0 , xi ) ! r ( x0 , x j ) , the relation of

Influence degree of

xi (k )
, k = 1,2,...n; i = 1,2,...m
xi (1)

and

1.

xi and x0 is higher than that of x j and x0 . That is to say, the

, x2 (n)) ,

The relational coefficient of

k

E. Grey Relation Ranking

B. Non Dimensional Variables
Various factors of the data in the column may be different
due to the dimension, so it is not easy to get the correct
conclusion when in comparison. The data is generally
performed by non dimensional treatment when the grey
relational analysis is carried out.

xi (k )

¦Z

formula of the relational coefficient is as follows.

x0 and xi as shown below.

( x0 (1), x2 (2), ", x0 (n)) ,

is the weight of K point number

n

D. Calculating Grey Relation
Because the relational coefficient is the degree value at all
times (that is, each point of the curve) between comparison
sequence and reference sequence, and there is more than one
value, the information is too scattered for the overall
comparison. Average value is treated as the degree value
between comparison sequence and reference sequence, and

, m} xi (k ) be

x0

k

k 1

x0 be a reference sequence, xi be a

comparison sequence, and x0 (k ) , i {1, 2,

Z

which satisfies 0 d Z k d 1,

A. Determining the Number of Analysis Sequence
grey relational factor set,

max max '0i (k ) is the
i
k

 D u No accident times)

minimum

In the formula, A, B, C and D refer to the average amount
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1.Safety technical
measures
2. Industrial
hygiene measures
3. Safety
management and
training
4.Labor protection
products
Total safety
investments

of non insurance costs which stands for a variety of different
degree of injury accident. Due to the limited space, accident
indirect losses are not evaluated in this paper.
TABLE I: SAFETY INVESTMENTS AND LOSSES STATISTICS OF
OCCUPATIONAL HEALTH AND SAFETY MANAGEMENT SYSTEM IN SOME
MINING (UNIT: TEN THOUSAND)
First-grad
Second-grade
2011
2012
2013 2014
2015
e
indicator
indicator
Ventilation
system
45.5
47.3
44.3
55.3
57.1
Protection
1Safety
device
22.4
30.8
28.6
31.2
33.4
technical
Insurance
measures
device
28.5
40.5
41.3
40.2
41.3

2
Industrial
hygiene
measures

3 Safety
managem
ent and
training

4 Labor
protection
products

Direct
accident
losses

Signal device

31.1

30.9

28.4

56.5

58.1

Others
Dustproof
device

5.9

7.7

2.5

6.6

7.5

3.1

3.4

2.8

2.8

3.2

Anti noise and
vibration

1.4

1.6

1.3

1.4

1.5

Gas defense
Ventilation,
cooling, and
cold proof

1.1

1.4

1.1

1.5

1.4

2.1

2.6

1.5

1.7

1.7

Others
OHSAS
operating

1.0

0.5

0.6

0.7

1.1

29.8

33.5

29.7

35.4

36.6

2.8

2.9

2.6

2.9

2.9

0.8

0.8

0.8

0.8

0.8

22.0

27.4

24.1

28.1

28.8

Specific type of
worker training
Three levels of
safety
education
Occupational
health
examination
Emergency
rescue

21

21.9

19.5

22.7

24.3

Others
Individual
protection
Special
protection

2.3

2.6

2.2

2.4

2.4

22.4

25.5

24.1

33.2

36.7

37.4

40.2

40.1

51.2

52.2

Others
Accident
property losses
Accident
disposal
Occupational
disease
Prevention

7.8

11.1

6

4.2

6.2

8.5

8.9

10.8

14.5

10.1

65.3

65.7

61.4

67.9

68.9

14.3

14.5

14.2

14.6

14.9

Others

1.2

1.3

1.1

1.3

1.4

133.4

157.2

145.1

189.8

197.4

8.7

9.5

7.3

8.1

8.9

78.7

89.1

78.9

92.3

95.8

67.6

76.8

70.2

88.6

95.1

288.4

332.6

301.5

378.8

397.2

C. Establishing Initialization Sequence
According to the formula (2), the initialization value of
safety investments and losses in the occupational health and
safety management system from 2011 to 2015 is shown in
Table III.
TABLE III: THE INITIALIZATION VALUE OF SAFETY INVESTMENTS AND
LOSSES IN THE OCCUPATIONAL HEALTH AND SAFETY MANAGEMENT
SYSTEM (UNIT: TEN THOUSAND)
Indicators
2011
2012
2013
2014
2015
0.Direct accident
1.000
1.012
0.980
1.101
1.067
losses
1.Safety technical
1.000
1.013
0.935
1.287
1.272
measures
2. Industrial hygiene
1.000
1.044
0.802
0.890
0.978
measures
3. Safety
management and
1.000
1.084
0.960
1.123
1.165
training
4.Labor protection
products

1.000

1.136

1.038

'01

0,0.001,0.045,0.186,0.205 ,

'02

0,0.032,0.178,0.211,0.089 ,

'03

0,0.072,0.020,0.022,0.098 ,

'04

0,0.124,0.059,0.210,0.340 .
'min

0, 'max

According to the formula (3), let

2012

2014

2014

2015

89.3

90.4

87.5

98.3

95.3

ρ 0.5 , then the

following can be obtained.

ξ0 j k

[01

TABLE II: THE ORIGINAL SEQUENCE OF SAFETY INVESTMENTS AND
LOSSES STATISTICS IN THE OCCUPATIONAL HEALTH AND SAFETY
MANAGEMENT SYSTEM (UNIT: TEN THOUSAND)
2011

0.34

E. Calculating Relational Coefficient

B. Establishing Reference Sequence and Comparison
Sequence
As shown in Table II, reference sequence is 0.Direct
accident losses. Comparison sequence is as follows. 1. Safety
technical measures. 2. Industrial hygiene measures. 3. Safety
management and training. 4. Labor protection products.

Indicators

1.407

D. Establishing Absolute Difference Sequence
According to the formula (4), safety investments absolute
difference sequence of occupation health and safety
management system from 2011 to 2015 is as follows.

Obviously,

0.Direct accident
losses

1.311

[02

[03



0  0.5 u 0.34
'01  0.5 u 0.34
0  0.5 u 0.34
'02  0.5 u 0.34
0  0.5 u 0.34
'03  0.5 u 0.34

0  0.5 u 0.234
;
' 0i  0.5 u 0.234
1, 0.997, 0.791, 0.478, 0.454 ,
1, 0.843, 0.489, 0.447, 0.656 ,

1, 0.704, 0.895, 0.447, 0.634 ,
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[04

0  0.5 u 0.34
'04  0.5 u 0.34

area for their cooperation in the study and leaders of the
mining for the guidance.

1, 0.579, 0.744, 0.448, 0.334 .
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Abstract: In order to comprehensively evaluate the employee satisfaction of mine occupational health
and safety management system, an analytic method based on fuzzy analytic hierarchy process and
2-tuple linguistic model was established. Based on the establishment of 5 ﬁrst-grade indicators and
20 second-grade ones, method of improved AHP and the time-ordered Weighted Averaging Operator
(T-OWA) model is constructed. The results demonstrate that the employee satisfaction of the mine
occupational health and safety management system is of the ‘general’ rank. The method including the
evaluation of employee satisfaction and the quantitative analysis of language evaluation information
ensures the authenticity of the language evaluation information.
Keywords: employee satisfaction; mine; OHSAS18001; improved AHP; 2-tuple linguistic information

1. Introduction
To a large extent, employee satisfaction not only determines the survival and development of
enterprises, but also it is the core idea of quality, environment, occupational health, and safety management
systems. At present, OHSAS18001 has protected the health and safety of employees and promote the
development of economy to a certain extent in the mine system. Some common problems are still to
be solved such as individual protection not being taken well, insufficient necessary training, operating
specifications being ruled but hard to implement, safety culture not being well valued, improper handling
of related party complaints, lack of awareness of environmental protection, etc. Aiming at the problems
employees are most concerned about, individual development of employees, effectiveness of system
operation, safety and health performance, safety culture, and environmental sustainable development are
comprehensively evaluated to improve employee satisfaction and OHSAS18001 operation.
Scientiﬁc and effective evaluation of enterprise employee satisfaction is not only the requirement
of the enterprise strategy development, but also it has an important reference value for the continuous
improvement of the enterprise [1]. At present, the research on employee satisfaction mainly focuses on
its composition, inﬂuencing factors, and evaluation systems. The evaluation method [1] concentrates
upon the balance integral card, structural equation model, grey system model, fuzzy analytic hierarchy
process, principal component analysis, factor analysis, logistic regression analysis, and so on. Normally,
the methods of aggregation of language information include transforming linguistic information into
fuzzy numbers to calculate the fuzzy numbers [2,3], and adopting the linguistic method to calculate the
Sustainability 2017, 9, 133; doi:10.3390/su9010133
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subscript of the language phrase [4]. However, these methods cannot match the results accurately to
the initial language evaluation. However, the evaluation of employee satisfaction is a kind of subjective
value judgment, which is fuzzy and uncertain. During the evaluation, it is usually difﬁcult for the
participants to accurately determine the degree of satisfaction with precise numbers or language,
and the acquired language information is usually not directly involved in mathematical calculating,
resulting in a loss of information and accuracy [5].
Herrera and Martínez [6] put forward 2-tuple linguistic information and the corresponding
aggregation operator for the ﬁrst time, which can solve the defects of the above methods, and can
ensure the integrity and authenticity of the information in the process of language information
gathering and processing. Therefore, this paper applies 2-tuple linguistic information processing
method integrated with method of improved AHP which can ensure the reliability of the indicator
weight. The feasibility and effectiveness of the method is veriﬁed by a case.
2. Mine Occupational Health and Safety Management System Employee Satisfaction Indicators
OHSAS18001 occupational health and safety is one of the advanced modernized production
safety management methods widely carried out in the world. It focuses on systematic ideas of
health and safety management. The aim of the establishment of a complete set of occupational
health and safety mechanisms is to control and reduce the risk of occupational health and safety, to
minimize the occurrence of production accidents and occupational disease and to provide an important
reference for the coordination and sustainable development of human, economic, social, resource, and
environmental protection.
Safety beneﬁt is an effective evaluation method of OHSAS18001, which refers to realization of
safety level, the beneﬁts to society, the community, and the individual. Additionally, they are composed
of the sum (decrease loss output and increment output)—total safety investment ratio [7]. The key point
of calculating safety beneﬁts is to calculate the safety output as shown below [7]: B (safety output) = B1
(decrease loss output) + B2 (increment output). In the formula, B1 (decrease loss output) = ∑ (decrease
loss increment) = early loss (before safety measures)-later loss (after safety measures); B2 (increment
output) = productivity contribution × GDP. According to the statistics of the ﬁnancial department of
the mining industry, the safety beneﬁt from 2009 to 2010 was 958.321 and 923.672 10-thousand Yuan
(without the introduction of OHSAS18001), while the safety beneﬁt from 2011 to 2015 was 1231.514,
1472.079, 1261.509, 1805.606, and 2136.734 10-thousand Yuan (with the introduction of OHSAS18001).
It can be concluded that OHSAS18001 has promoted the development of the safety beneﬁt.
In full consideration of the basis of employee satisfaction evaluation indicators given by domestic and
foreign scholars [8–15], combined with the OHSAS18001 standard requirements [16], employee satisfaction
evaluation first and second-grade indicators of the OHSAS18001 are given as is shown in Table 1.
Table 1. Occupational health and safety management system employee satisfaction indicators.
First-Grade Indicator

Second-Grade Indicator

U1 Individual development of OHSAS

u11
u12
u13
u14

Training opportunities
People-oriented
Information openness
Access to development opportunities

U2 Effectiveness of OHSAS

u21
u22
u23
u24

Continuous improvement
Communication
Coordination and cooperation of work
Effectiveness of management

U3 Economical efﬁciency of OHSAS

u31
u32
u33
u34

Safety performance
Health performance
Operating performance
Economic structure
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Table 1. Cont.
First-Grade Indicator

Second-Grade Indicator

U4 Social efﬁciency of OHSAS

u41
u42
u43
u44

Related party
Safety culture
Organizational performance and culture
Social culture

U5 Environmental efﬁciency of OHSAS

u51
u52
u53
u54

Environment and safety
Environment and health
Ecological management cost
Environmental sustainable development

2.1. Individual Development of OHSAS
Individual development of OHSAS is to meet the needs of people’s all-round and sustainable
development. Implementation of the project is bound to affect the people, mainly in the following aspects:
training opportunities, people-oriented, information openness, and access to development opportunities.
2.2. Effectiveness of OHSAS
Effectiveness means the activity of planning and the degree to which the planning results are
achieved. Effectiveness of OHSAS18001 means the consistency between the personnel arrangement,
communication, and consultation; management; and the fulfillment of objectives. According to the
requirements of OHSAS, effectiveness is mainly manifested in the following aspects: continuous
improvement, communication, coordination and cooperation of work, and effectiveness of management.
2.3. Economic Efﬁciency of OHSAS
Economic efficiency means an economic activity that can be consumed by the least physical labor
to achieve the greatest economic results and to coordinate sustainable development with society, the
environment, and so on. Economic efficiency of OHSAS means the promotion of economic benefit of safety
and health management on the enterprise during OHSAS18001 operation, which mainly manifests in the
following aspects: safety performance, health performance, operating performance, and economic structure.
2.4. Social Efﬁciency of OHSAS
Social efﬁciency means a living creature as individuals of collective activities, or as a member
of society with characteristics which are beneﬁcial to collective activities and social sustainable
development. Social efﬁciency of OHSAS18001 not only includes characteristics which is beneﬁcial to
the collective activities and social sustainable development, but it also includes physical and mental
health and safety of employees engaged in production activities as well as employees’ sense of safety,
beliefs, culture, values, etc. It is mainly manifested in the following aspects: related party, safety
culture, organizational performance, and culture and social culture.
2.5. Environmental Efﬁciency of OHSAS
Environmental efﬁciency is a kind of activities of adapting to nature and protecting the nature
which is mainly manifested in the following aspects: environment and safety, environment and health,
ecological management cost, and environmental sustainable development.
3. Indicator Weight of Mine Occupational Health and Safety Management System Based on
Improved AHP Model
3.1. Evaluation Weight Set
In this paper, the importance among indicators is scored by the relevant experts, to determine the
weight value of each indicator in this factor and to construct the judgment matrix referring to 1~9 scale
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method proposed by Thomas L. Saaty [17] to determine the speciﬁc values. If the parameter on the
horizontal axis of each line was less important than the parameter on the vertical axis of the column,
it carried a value between 1 and 9. Oppositely, it carried the value between the reciprocals of 1/2 and
1/9 [18]. Jian Shi et al. [19] pointed out that the ‘1–9’ scales method of AHP by T.L. Saaty was used
construct the comparison matrix whose consistent effect was insufﬁcient. The traditional AHP method
was thought to be only for speciﬁc qualitative indicators. On the other hand, the issues with both
qualitative and quantitative indicators are not discussed enough [20]. The traditional AHP method
talked more about the consistency of judgment matrix than the rationality of judgment matrix [21–23].
Shuang Chen et al. [24] preliminarily applied the improved ‘9/9–9/1’ AHP method to weight sorting.
Jiangdong Bao et al. [25] applied the improved AHP together with FMEA (Failure Mode and Effects
Analysis) to assess the occupational health in a mining industry. In this paper, the improved AHP
method integrated with 2-tuple linguistic information is used to evaluate the employee satisfaction of
mine occupational health and safety management system to provide a more scientiﬁc and accurate
decision basis.
The traditional AHP method has some shortcomings about the experts scoring as shown follows:

•
•
•

The ‘1–9’ scales method would make the accuracy rate low.
The method would make the connection of levels confused.
The method would make data processing cumbersome.
The method is optimized and improved with a new ‘9/9–9/1’ scale as shown in Table 2.
Table 2. The experts scoring table of the importance among indicators of the traditional and new scale.
9/9–9/1 (Intensity of Importance)

1–9 (Intensity of Importance)

Deﬁnition

9/9
9/8
9/7
9/6
9/5
9/4
9/3
9/2
9/1

1
2
3
4
5
6
7
8
9

Equal importance
Equal to moderate importance
Moderate importance
Moderate to strong importance
Strong importance
Strong to very strong importance
Very strong importance
Very to extremely strongly importance
Extreme importance
The judgement of parameter i compared
with parameter j is aij , then the one of
parameter j compared with parameter i is aji

Reciprocals

3.2. Consistency Checking
The test index for the consistency of judgment is as follows: CR = CI/RI; In the equation,
CI = (λ − n)/(n − 1), n is the order and λ is the maximal eigenvalue of the judgment matrix. RI is
random consistency index of judgment matrix [26]. Suppose the set RI is shown in Table 3.
If CR ≤ 10%, the matrix is consistent and AHP can be continued. If CR > 10%, it requires revision
because the matrix is not consistent. In this paper, the root mean square method is used to carry out
the consistency test. The model calculation procedure is as follows:
n

(1)

Multiply the judgments of indicators by line uij = ∏ bij

(2)

The nth root of the resultant product ui =

(3)

Normalize the root mean square vector and get the feature vector wi =

√
n

j =1

uij
ui

n

∑ ui

i =1
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n ( AW )
i
,
(nW )i
i =1

(4)

Calculate the largest eigenvalue [27,28] of the judgment matrix λmax = ∑

(5)

means the parameter on the horizontal axis multiplied by the matrix of the weight.
Calculate CR = CI/RI = (λ − n)/(n − 1)/RI, where RI set value is shown as follows.

where AW

Table 3. RI set value.
n

1

2

3

4

5

6

7

8

RI

0

0

0.58

0.9

1.12

1.24

1.32

1.41

4. The Employee Satisfaction Model of Mine Occupational Health and Safety Management
System Based on 2-Tuple Linguistic Information
4.1. 2-Tuple Linguistic Information
Professor Herrera, a Spanish scholar, put forward 2-tuple linguistic information [6] method of the
linguistic aggregation information for the ﬁrst time in 2000. It can solve the problem of the loss and
distortion of the language information so as to make the evaluation information more accurate. At the
same time, he also proposed Time-ordered Weighted Averaging Operator (T-OWA) based on 2-tuple
linguistic information in 2001. It is successfully applied to multi attribute evaluation and decision
analysis of multi granularity linguistic scales [29].
2-Tuple linguistic information is the result of language evaluation with (sk , uk ), in which sk is the
ﬁrst K elements of the language information evaluation set S, and uk is the symbol conversion value
with uk ∈ [−0.5, 0.5). It represents the deviation between the linguistic information set and the most
appropriate linguistic phrase in the pre-deﬁned language information set S. sk and uk are described
as follows.
Deﬁnition 1 [29,30]. Language information evaluation set S, S = {s1 = W (worse), s2 = B (bad), s3 = N
(normal) s4 = G (good), s5 = E (excellent), s6 = VG (very good)}.
Deﬁnition 2 [29,30]. Let A = { a1 , a2 , ..., am } be a set of linguistic terms to be aggregated, the convex
combination is deﬁned in a recursive way as the following.
For m = 2
C2 {{w1 , 1 − w1 }, {b1 , b2 }} = (w1  s j ) ⊕ ((1 − w1 )  si ) = sk , s j , si ∈ S
Such that k = min{ g, i + round(w1 .( j − i ))} where g + 1 is the cardinality of S, round (.) is the
usual round operation, and b1 = sj , b2 = si .
For m > 2
C m {wk , bk , k = 1, ..., m} = (w1  b1 ) ⊕ ((1 − w1 ))  C m−1 {r/h, bh , h = 2, ..., m}
C2 {{w1 , 1 − w1 }b1 , C m−1 {r/h, bh , h = 2, ..., m}}
where W = [w1 , ..., wm ] is a weighting vector associated with A, such that, (i) wi ∈ [0, 1]; and
(ii) Σi wi = 1; and B = {b1 , ..., bm } is a vector such that B = { aσ(1) , ..., aσ(m) }, where aσ( j) ≤ aσ(i) ∀i ≤ j,
with σ being a permutation over the values ai × r/h = wh /Σ2m wk , h = 2, ..., m.
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Deﬁnition 3 [29,30]. Let β be the result of an aggregation of the indexes of a set of labels assessed in a linguistic
term set S, i.e., the result of a symbolic aggregation operation. β ∈ [0, g], being g + 1 the cardinality of S.
Let i = round( β) and α = β − i be two values such that i ∈ [0, g] and α ∈ [−0.5, 0.5) then α is called a
symbolic translation.
Deﬁnition 4 [29,30]. If the real number β ∈ [0, g] is the real one of the linguistic evaluation set S,
then the β can be obtained by the function Δ and Δ−1 to achieve the basic conversion of 2-tuple linguistic
information. Δ( β) = (sk , ak ), k = Round( β). Round means to round up and round down number operator.
ak = β − k; Δ−1 (sk , ak ) = k + ak = β.
Deﬁnition 5 [29,30]. If (sk , ak ) and (sm , am ) are the two 2-tuple linguistic information, the comparison
operators of the two 2-tuple linguistic operators have two kinds of cases. If k < m, then(sk , ak ) < (sm , am );
if k = m, then there are three kinds of situations: (1) If ak = am , then(sk , ak ) = (sm , am );
(2) If ak > am , then(sk , ak ) > (sm , am ); (3) If ak < am , then(sk , ak ) < (sm , am ).
Let us suppose a symbolic aggregation operation over labels assessed in
Example 1 [6].
S = {s0 , s1 , s2 , s3 , s4 , s5 , s6 } that obtains as its result β = 2.8, then the representation of this counting
of information by means of a 2-tuple will be Δ(2.8) = (s3 , −0.2). Graphically, it is represented in Figure 1.

Figure 1. Example of a symbolic translation computation.

4.2. The T-OWA Operator
It is used to aggregate the linguistic evaluation information of the experts. The deﬁnition of
T-OWA operator [30,31] is: If {(s1 , a1 ), (s2 , a2 ), ..., (sm , am )} is a set of 2-tuple linguistic evaluation
information, and the deﬁnition of T-OWA operator Φ is deﬁned as follows:
m

− −

−

−

( s , a ) = Φ((s1 , a1 ), (s2 , a2 ), ..., (sm , am )) = Δ( ∑ ci vi ), s ∈ S, a ∈ [−0.5, 0.5)

(1)

i =1

In the Equation (1), element ci of vector C = [c1 , c2 , ..., cm ] represents the one of the ﬁrst i bit in the
set Δ−1 (si , ai ), i = 1, 2, ..., m , which is in accordance with the order of large to small. c represents the
weight vector of each expert.
4.3. The Deﬁnition of Fuzzy Operator Q(r)
The deﬁnition is as follows
m

vi = Q(i/m) − Q((i − 1)/m), vi ∈ [0, 1], ∑ vi = 1
i =1

(2)
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⎧
⎪
⎨ 0
Q (ri ) =
(ri − a ) / ( b − a )
⎪
⎩ 1

ri < a
a ≤ ri ≤ b
ri > b

(3)

In the Equation (3), a, b ∈ [0, 1], and under such a principle of at least half, most, and as many
as possible situation, parameter ( a, b) is (0, 0.5), (0.3, 0.8), (0.5, 1). Normally, the principle of most
situation (0.3, 0.8) is used to calculate the information. That is, a = 0.3 and b = 0.8, and ri = i/m, where
i = 1, 2, . . . , m; m = number of experts.
4.4. 2-Tuple Linguistic Information after Integration of the Second Grade Indictor
2-Tuple linguistic information after integration of the second grade indictor can be got by
the formula:
l

(s j , a j ) = Δ( ∑ w jk )Δ−1 (sk , ak )

(4)

k =1

where wjk is the kth weight of second grade indicator of the jth ﬁrst indicator, and j = 1, 2, . . . , q; k = 1,
2, . . . , l.
4.5. Comprehensive 2-Tuple Linguistic Information of First Grade Indicator
Comprehensive 2-tuple linguistic information of the ﬁrst grade indicator can be got by the formula:
q

(s, a) = Δ( ∑ w j )Δ−1 (s j , a j ), s ∈ S, a ∈ [−0.5, 0.5)

(5)

j =1

where w is the weight of ﬁrst grade indicator, thus the result of comprehensive 2-tuple linguistic
information integrated with improved AHP method is obtained to evaluate the employee satisfaction
of the mine OHSAS18001.
5. Case Study
The mine is located in the southwest of the Hubei Province in the central part of China, and
it has general hydrogeological conditions. The mine lies in a subtropical monsoon climate zone
with monsoon climate and abundant rainfall. The ore water unit boundary of this mine has a good
water separation effect with marble at the bottom, good developed karst, and conﬁned aquifers.
Ground cracking and settlement collapse are the most important geological hazards in the mining area.
The mine adopted a sublevel caving method integrated with advanced lifting equipment and efﬁcient
mining equipment with an annual output of three million tons of iron ore. Additionally, the iron
concentrate grade achieves national advanced level of 66.5%.
Additionally, OHSAS18001 has been utilized for the site for more than three years with a good
reputation in the society as well as the local community. Utilizing the mine as an example, this paper
evaluates and analyzes the employee satisfactory of OHSAS through an analytic hierarchy process
(AHP) method and a 2-tuple linguistic evaluation information.
5.1. The Indicator Weight and Consistency Test
In order to ensure the validity and consistency of the evaluation model, the indicators need to be
tested. Additionally, 30 Chinese senior staff with more than ﬁve years of working experience in the
mine were invited to judge the importance of the indicators in the improved AHP method. To ensure
the accuracy of judgment, the selected senior staff should be given appropriate training of the method
which is also the requirement of random sampling. In this paper, the root mean square method is
used to carry out the consistency test. The calculation procedure of the ﬁrst grade indicators weight is
shown as follows.
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According to the aforementioned formulas, calculation of ﬁrst-grade indicator is obtained as
n
√
shown in Table 4: uij = ∏ bij = 1.831, 1.000, 0.778, 1.143, 0.615; ui = n uij = 1.129, 1.000, 0.951,
j =1

1.027, 0.907, where 5.014 means the sum of ui ; wi =
n ( AW )
i
(nW )i

1.000 means the sum of Wi ; λmax = ∑

i =1

ui

n

∑ ui

= 0.225, 0.199, 0.190, 0.205, 0.181, where

i =1

= 5.015, where 5.015 means the average of AWi /Wi ;

CR = CI/RI = (λ − n)/(n − 1)/1.24 = 0.003 < 0.1, Thus, the result has passed the consistency test.
Table 4. Calculation results of ﬁrst-grade indicator.

U1
U2
U3
U4
U5

U1

U2

U3

U4

U5

uij

ui

Wi

AWi

AWi /Wi

9/9
8/9
8/9
8/9
7/9

9/8
9/9
9/9
8/9
9/9

9/8
9/9
9/9
9/7
8/9

9/8
9/8
7/9
9/9
8/9

9/7
9/9
9/8
9/8
9/9

1.831
1.000
0.778
1.143
0.615

1.129
1.000
0.951
1.027
0.907
5.014

0.225
0.199
0.190
0.205
0.181
1.000

1.126
1.001
0.952
1.030
0.906

5.002
5.017
5.020
5.026
5.008
5.015

In the same way, the weight of the second grade indicators can be obtained, and the results are
shown as below:
Wu11 −u14 = [0.236, 0.458, 0.131, 0.175]; Wu21 −u24 = [0.186, 0.323, 0.224, 0.267];
Wu31 −u34 = [0.215, 0.249, 0.224, 0.312]; Wu41 −u44 = [0.153, 0.322, 0.224, 0.301];
Wu51 −u54 = [0.349, 0.152, 0.198, 0.301]; Wu1 −u5 = [0.225, 0.199, 0.190, 0.205, 0.181].
5.2. Semantic Comments on the Employee Satisfaction Evaluation Indicator
According to the evaluation of 2-tuple linguistic information, the evaluation indicator is divided
into six grades, as shown in Table 5.
Table 5. Grading instruction.
Semantic Identity

Semantic Grade

Assessment Score

Grading Instruction

s1
s2
s3
s4
s5
s6

W
B
N
G
E
VG

50 below
50–60
60–70
70–80
80–90
90–100

worse
bad
normal
good
excellent
very good

5.3. Employee Satisfaction Evaluation Indicator Score and Corresponding 2-Tuple Linguistic Judgment Matrix
Five senior employees e1 , e2 , e3 , e4 , and e5 are randomly selected to comprehensively evaluate the
semantic grade of Table 6.
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Table 6. Indicator score and 2-tuple linguistic judgment matrix.
First-Grade
Indicator

U1

U2

U3

U4

U5

Second-Grade
Indicator

e1

e2

e3

e4

e5

u11
u12
u13
u14
u21
u22
u23
u24
u31
u32
u33
u34
u41
u42
u43
u44
u51
u52
u53
u54

E/(s5 , 0)
N/(s3 , 0)
G/(s4 , 0)
N/(s3 , 0)
N/(s3 , 0)
G/(s4 , 0)
E/(s5 , 0)
G/(s4 , 0)
N/(s3 , 0)
E/(s5 , 0)
N/(s3 , 0)
G/(s4 , 0)
G/(s4 , 0)
E/(s5 , 0)
G/(s4 , 0)
N/(s3 , 0)
G/(s4 , 0)
G/(s4 , 0)
N/(s3 , 0)
G/(s4 , 0)

G/(s4 , 0)
N/(s3 , 0)
E/(s5 , 0)
E/(s5 , 0)
N/(s3 , 0)
E/(s5 , 0)
G/(s4 , 0)
G/(s4 , 0)
G/(s4 , 0)
E/(s5 , 0)
G/(s4 , 0)
N/(s3 , 0)
E/(s5 , 0)
N/(s3 , 0)
G/(s4 , 0)
G/(s4 , 0)
N/(s3 , 0)
N/(s3 , 0)
N/(s3 , 0)
E/(s5 , 0)

N/(s3 , 0)
G/(s4 , 0)
G/(s4 , 0)
G/(s4 , 0)
G/(s4 , 0)
G/(s4 , 0)
G/(s4 , 0)
N/(s3 , 0)
E/(s5 , 0)
G/(s4 , 0)
N/(s3 , 0)
N/(s3 , 0)
G/(s4 , 0)
N/(s3 , 0)
E/(s5 , 0)
N/(s3 , 0)
E/(s5 , 0)
N/(s3 , 0)
N/(s3 , 0)
G/(s4 , 0)

G/(s4 , 0)
N/(s3 , 0)
E/(s5 , 0)
N/(s3 , 0)
B/(s2 , 0)
G/(s4 , 0)
E/(s5 , 0)
G/(s4 , 0)
G/(s4 , 0)
E/(s5 , 0)
E/(s5 , 0)
E/(s5 , 0)
G/(s4 , 0)
G/(s4 , 0)
N/(s3 , 0)
G/(s4 , 0)
G/(s4 , 0)
G/(s4 , 0)
E/(s5 , 0)
G/(s4 , 0)

N/(s3 , 0)
G/(s4 , 0)
N/(s3 , 0)
G/(s4 , 0)
B/(s2 , 0)
E/(s5 , 0)
G/(s4 , 0)
E/(s5 , 0)
E/(s5 , 0)
G/(s4 , 0)
E/(s5 , 0)
E/(s5 , 0)
G/(s4 , 0)
E/(s5 , 0)
G/(s4 , 0)
E/(s5 , 0)
N/(s3 , 0)
N/(s3 , 0)
N/(s3 , 0)
N/(s3 , 0)

5.4. The Weight Vector and 2-Tuple Linguistic Information of the Second Grade Indicator
According to Formulas (2) and (3), the weight of the score is obtained as follows:
V = [0, 1/5, 2/5, 2/5, 0] T ; According to Deﬁnition 3, the vector of u11 in accordance with the order
from large to small is calculated as follows: C = [5, 4, 3, 3, 2]; According to Formula (1), it can be
5

− −

calculated as follows: ( s , a ) = Φ((s1 , a1 ), (s2 , a2 ), ...(s5 , a5 )) = Δ( Σ ) = 3.100, According to Deﬁnition
i =1

3, the 2-tuple linguistic information after the aggregation of u11 is obtained as follows: (s3, 0.100); In the
same way, the 2-tuple linguistic information after the aggregation of other second grade indicators
can be obtained as in Table 7. According to the Formula (4), the 2-tuple linguistic information after
integration of the second grade indictor as follows:
4

4

k =1

k =1

(s1 , a1 ) = Δ( Σ w1k Δ−1 (sk , ak )) = Δ( Σ w1k (k + ak ))
= Δ((0.236 × 3.100) + (0.458 × 3.200) + (0.131 × 3.800) + (0.175 × 3.600)
= Δ(3.330) = (s3 , 0.330)
In the same way, the comprehensive β value and the comprehensive 2-tuple linguistic information
can be obtained as shown in Table 7.

Weight

0.292

0.204

0.188

0.200

0.115

First-Grade
Indicator

u1

u2

u3

u4

u5
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β Value of Second
Grade Indicator
3.100
3.200
3.800
3.600
2.600
4.200
4.200
3.600
4.200
4.600
3.800
3.800
3.600
3.800
4.000
3.600
3.600
2.600
3.000
3.600

Weight
0.236
0.458
0.131
0.175
0.186
0.323
0.224
0.267
0.215
0.249
0.224
0.312
0.153
0.322
0.224
0.301
0.349
0.152
0.198
0.301

Second-Grade
Indicator
u11
u12
u13
u14
u21
u22
u23
u24
u31
u32
u33
u34
u41
u42
u43
u44
u51
u52
u53
u54

4.090

3.750

3.330

(s4 , −0.400)
(s4 , −0.200)
(s4 , 0.000)
(s4 , −0.400)
(s4 , −0.400)
(s3 , −0.400)
(s3 , 0.000)
(s4 , −0.400)

3.740

(s3 , −0.400)
(s4 , 0.200)
(s4 , 0.200)
(s4 , −0.400)
(s4 , 0.200)
(s5 , −0.400)
(s4 , −0.200)
(s4 , −0.200)

3.330

Comprehensive β Value of
Second-Grade Indicator

(s3 , 0.100)
(s3 , 0.200)
(s4 , −0.200)
(s4 , −0.400)

2-Tuple Linguistic Information
of Second-Grade Indicator

Table 7. Indicator weight β value and 2-tuple linguistic information.

(s3 , 0.330)

(s4 , −0.250)

(s4 , 0.090)

(s4 , −0.260)

(s3 , 0.330)

Comprehensive 2-Tuple
Linguistic Information of
Second-Grade Indicator

10 of 14
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In the same way, comprehensive 2-tuple linguistic information of the ﬁrst grade indicator can be
calculated as follows:
5

5

j =1

j =1

(s, u) = Δ( Σ w j Δ−1 (s j , u j )) = Δ( Σ w j ( j + u j ))
= Δ((0.225 × 3.330) + (0.199 × 3.740) + (0.190 × 4.090) + (0.205 × 3.750)
+(0.181 × 3.330) = Δ(3.039) = (s3 , 0.039)
According to comprehensive 2-tuple linguistic information of ﬁrst and second grade indicators,
a mine that is managed according to the occupational health and safety management system
achieves a grade of ‘good’ economical efﬁciency, effectiveness, and social efﬁciency of employee
satisfaction with a grade of ‘normal’ environmental efﬁciency and individual development. However,
the overall employee satisfaction of the OHSAS 18001 has a ‘normal’ grade, which still needs to be
further improved.
6. Discussion and Suggestion
Compared with the balance integral card, structural equation model, grey system model, and
so on, an improved AHP method ensures reliability of the indicator weight. Furthermore, 2-tuple
linguistic information is the result of language evaluation with (sk , uk ), which represents the deviation
between the linguistic information set and the most appropriate linguistic phrase in the pre-deﬁned
language information set S, and solves the defects of the loss of information and accuracy. At the same
time, the reliability, integrity, and authenticity of the information is determined by the judgment ability
of senior staff, so appropriate training of the methods is greatly needed.
The Mechanism of Cartier [32] tells us that each problem must be split into several simple parts,
which is strongly criticized by ecophilosophy. Ecophilosophy insists on a view considering the world
as a whole, giving a new explanation to the world’s origin, its subject and object, whole and part,
the chief and the subordinate. This is the contribution to modern philosophy, which is also the need
of sustainable development. We can conclude from the results that the mine paid more attention to
economical efﬁciency, effectiveness and social efﬁciency, and ignored the environmental efﬁciency
development, which was contrary to the whole development of ecophilosophy.
Ecophilosophy afﬁrms the entity of people, but it discusses intension of entities from the standing
of the whole ecosystem, and regards humans as the subject that regulate and control the ecosystem [33].
It can be concluded from the results that the mine paid less attention to hommization which was
contrary to the intension of people in ecophilosophy. Enterprises must establish an ecophilosophy
concept of development to maintain the balance between human social economy and natural ecology,
and to attach great importance to the interdependence between biological, human, and social systems
and their environment.
7. Conclusions
Enterprise employee satisfaction evaluation is a kind of subjective judgment, wherein the method
of preparation of the scale can easily cause information distortion. Additionally, the integrity of
information can not be preserved in the process of language integrating. The 2-tuple linguistic
information and operator methods overcome the above shortcomings. Five indicators of OHSAS18001
employee satisfaction of individual development, effectiveness, economical efﬁciency, social efﬁciency,
and environmental efﬁciency are given and combined with the characteristics of OHSAS18001.
Th method of improved AHP is used to calculate the weight of the ﬁrst and second grade indicators,
whose consistency is veriﬁed by the root mean square method. The reliability of the results is
guaranteed. At the same time, the feasibility of the method is authenticated by the case study of
2-tuple linguistic information, which provides an important reference for the effective operation and
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strategic management of the mine OHSAS18001 and for the coordination and sustainable development
of human, economic, social, resource, and environmental protection.
According to the concept of ecophilosophy and OHSAS18001 standard terms, the mine should
invest more in the individual development of employees. Giving them more training and development
opportunities can not only improve their skills, but it also creates more economical efﬁciency. At the
same time, the mine should strictly implement standards terms of 4.4.6 [16] to establish and maintain
documented procedures to cover situations where their irrational environmental behavior could lead
to deviations from the OHSAS18001 policy and the objectives, to establish and maintain procedures
related to the identiﬁed OHSAS18001 environmental risks of goods, equipment, and services purchased
and used by the organization, to communicate relevant procedures and requirements to suppliers
and contractors, and to establish and maintain procedures for the design of workplace, process,
installations, machinery, operating procedures, and work organizations, including their adaptation to
human capabilities, in order to eliminate or reduce OHSAS18001 environmental risks at their source.
The geographical position, management mode, and single- or multi-system of different mines
in China vary greatly. There are many different ways to evaluate the employee satisfaction
of OHSAS18001. Thus, this method allows for necessary adjustments according to the actual
situation and experience. For future work, the research in this area should be strengthened, the
constructed model should be optimized, and in the selection of evaluation methods, we should
consider effectively integrating 2-tuple linguistic information, projection operator, and geometric
weighted averaging operator to further enrich the model of employee satisfaction based on the 2-tuple
linguistic information.
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