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Abstract: This paper presents a conceptual framework with the application of the structural equation
modeling (SEM) method for improving safety in the surface mining industry. The focus of the study
is to address the essential components of occupational safety and assess them to develop significant
linkages because they are often addressed individually. In this study, the risk (accident causation)
factors were examined for continuous improvement based on the risk management process and
the application of engineering, education, and enforcement. Data collected from mine employees
were utilized to evaluate the framework using SEM. The final structure model showed good fit
indices, including chi-square to a degree of freedom (x2/df) equal to 2.545, root mean square error
of approximation (RMSEA) of 0.034 with a probability of 1.0, and a valid framework path. All the
factors had a significant positive effect on workplace conditions and workers” commitment, except
machinery, which had a positive non-significant effect on workplace conditions. The effects of the
mediated factors of worker commitment and workplace conditions on the number of accidents were
B =—0.76 and 3 = —0.145, respectively, and the effects on job satisfaction were 3 = 0.31 and 3 = 0.433.
The research concluded that any risk factor reduction can improve safety in the mining industry;
however, the correlation of all factors’ effects magnifies the influence of a single factor. Furthermore,
the conceptual framework is recommended for identifying the factors that need modification in order
to manage hazards and improve safety in the workplace.

Keywords: conceptual framework; structural equation modeling; risk; safety; surface mines

1. Introduction

Mining is one of the most physically demanding industries, with a high rate of ac-
cidents and injuries [1]. These mining injuries and accidents are complicated and often
include several technological, societal, and individual elements [2]. Improper mine design,
inadequately maintained equipment, unexpected geological conditions, incompetent man-
agement, or a combination of these difficulties can all lead to unsafe working conditions [3].
There is always the possibility of an accident occurring in an unsafe work environment;
however, accidents and injuries do not always result from unsafe conditions; thus, it is
essential to understand the factors that lead from a risky situation to an injury [4]. In
addition, unsafe acts are the actions and decisions of workers that directly influence the
occurrence of an accident in a socio-technical system and have been the subject of discourse
in various models and theories [5,6]. However, many scholars perceive that the role of
humans in accidents and errors can be a consequence of failure in the process that influences
human behavior and causes unwanted events [7-9]. Therefore, a comprehensive accident
analysis approach based on systematic research can identify a number of contributing
factors that led to the accident as well as prospective changes that can minimize future
losses [10,11]. Various factors and methods have been used for risk assessment, but efforts
to achieve zero incidents in the workplace will continue [12,13]. There is a need to focus on
methodologies that investigate the effect of the crucial factors that contribute to accidents
and injuries, as well as those that prevent the occurrence of accidents. In this research,
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various risky but modifiable factors have been compiled from the literature; however, age,
years of experience, and occupation are excluded from the investigation because they are
unchangeable in nature [3,14]. The following modifiable workplace factors examined in
safety research are considered, with a focus on how they interact with one another in
the workplace.

1.1. Personal Protective Equipment (PE)

PPE is one of the most important factors in the safety process and serves as a barrier
between workers and potential harm [15]. Workers that use PPE incur relatively few
injuries, while the lack of PPE is a great indicator of injuries [16,17].

1.2. Machinery and Equipment (Me)

Machine safety remains a top priority for mining operations, as the majority of se-
rious accidents are related to machine operation or maintenance [18]. Poor maintenance
and improper use of machinery and equipment lead to accidents [19]. Risk related to
mining equipment varies depending on the work environment, mine design, machine
specifications, and human aspect [20].

1.3. Training (Tr)

One of the most important aspects of preventing workplace accidents is training [21].
The purpose of safety training is to provide employees with the ability to deal with risks at
work and complete work safely [22]. Training is important because it motivates employees
to maintain a safe workplace, resulting in reduced injuries.

1.4. Law Implementation (Lw)

Compliance with safety regulations enhances workplace safety [23]. Infractions of
laws and regulations, as well as a lack of enforcement of the law, are responsible for the
higher frequency of mine accidents [24].

1.5. Management Commitment (MC)

Management commitment is important in the workplace and helps to promote
safety [25]. The employees’ impressions of their management’s adherence to safety poli-
cies, practices, and safety motivation can be used to gauge management’s commitment
to safety [26]. The lack of a supporting environment suggests insufficient management
commitment to safety [25].

1.6. Workers Commitment (WC)

Worker commitment plays an important part in the mine environment. The commit-
ment of employees to safety raises workplace safety, which is connected to management
commitment through fostering a safe environment [27,28].

1.7. Workplace Safety Condition (WP)

The workplace must be risk-free and provide a safe and secure environment for
workers [29]. Risks in mines are associated with falling rocks, slipping from a height,
improper drilling and shot-firing, using excavators, loaders, dumpers, and other equip-
ment incorrectly, and hazards with electricity and haulage, which are potential sources of
injury [30-32]. Enhancing safety performance can improve safety in the workplace [33].
An increase in workplace safety would result from improvements in management and
supervisors’ safety practices, safety initiatives, co-workers’ safety, and work safety [34].

1.8. Number of Injuries/Accidents (Ac)

The core problem in the mining sector is that miners are exposed to a higher frequency
of accidents. Despite substantial progress in safety, mining is still the sector where acci-
dents happen most frequently [35]. Working conditions, mining procedures, geological



Safety 2023, 9, 31

30f16

conditions, individual miner characteristics, and mine act violations are only a few of
the many elements that lead to accidents and injuries in coal mines and affect mining
worker safety [36].

1.9. Job Satisfaction (JS)

A supportive administration and a secure workplace promote job satisfaction, which
further strengthens employees’” commitment [37,38]. Job satisfaction is a key aspect of
maintaining a safe working environment, and employees who are satisfied with their
occupations maintain favorable attitudes toward their jobs [39].

Numerous frameworks and models have been developed for assessing and man-
aging risk in industries, reducing the frequency and severity of accidents; however,
endeavors to ensure workplace safety persist [23,40]. The research carried out so far
has encompassed several factors of accident for analysis, but they are mostly explored
independently [13,29,41-43]. The primary purpose of this research is to identify risk factors
and their combined impact on the complex mine’s environment.

The key assumption of this study is that there is a relationship among the risk factors,
and these factors have either positive or negative effects on the mine environment. Proper
identification and assessment of these risk factors are crucial for reducing accidents in the
workplace. In this paper, a framework is proposed to illustrate the important relation-
ships among workplace conditions, training, law implementation, equipment, workers
and management commitment, their accident experience, and other outcomes such as
job satisfaction for continuous safety improvement in the workplace. The distribution
and potency of associations between these factors are assessed using structural equation
modeling. The primary objective is to establish the relationship between the factors that
require additional consideration for safety in the workplace. The research aims to better
understand the systemic factors that lead to an increase in the frequency of injuries and
fatalities in the surface mining industry of Pakistan.

2. Materials and Methods
2.1. Conceptual Framework and Hypothesis

In this research, a conceptual framework for the management of surface mines” hazards
was established for continual improvement in the workplace, as shown in
Figure 1. The factors for the framework were identified from research related to workplace
safety [34,44,45]. To determine the relationship between the factors in the framework, the
data were gathered from mine workers through a questionnaire. The framework analysis
was based on the 3 E’s slogan (engineering, education, and enforcement) concept, which
was put forth by the National Safety Council of the United States in 1974 for occupational
safety [46]. The engineering component is concerned with controlling physical risks, educa-
tion is concerned with training and motivating employees, and enforcement is concerned
with putting the legislation into practice so that the task is carried out properly [45]. The
risk management system employs a continuous process of analysis, evaluation, control,
monitoring, and review to address potential incidents and achieve workplace safety [47].

In the framework, the observed factors were identified as input factors (PE, Me,
Tr, Lw, and MC), mediated factors (WP and WC), and output factors (Ac and JS). This
classification is significant in analyzing the effects of factors in a system. Three hypotheses
were established in order to assess the influence/path of the observed factors on one
another in the conceptual framework.

Hypothesis 1 (H1): It is hypothesized that all the input, mediated, and output factors are signifi-
cantly correlated.

Hypothesis 2 (H2): It is hypothesized that all the input and mediated factors have a significant
relationship with accidents and job satisfaction. An increase or decrease in any factor will increase
or decrease the output factor according to the situation.
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Hypothesis 3 (H3): It is hypothesized that the more important factors, such as worker commitment
and workplace conditions, will serve as effective mediators. The input factors have a significant
relationship with mediators, and mediators have significant relationships with output factors. A
safe workplace is expected to have minimal risks and incidents, and committed employees are more
satisfied with their jobs and perform better in terms of safety.

Conceptual Framework of Managing Workplace Safety
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Figure 1. Conceptual framework.

In order to verify the path of the factors, the proposed hypotheses were tested with a
structural equation modeling technique based on a questionnaire survey.

2.2. Questionnaire Survey

A questionnaire survey was carried out for data collection from the mines” employees.
After obtaining approval from the relevant committee members and explaining the purpose
of the research to mine workers, informed consent was obtained, and data were collected.
Behavioral decision studies illustrate that humans are vulnerable to several biases, some
of which are due to cognitive errors [48,49]. To lessen bias in the decision, a large sample
of employees from all occupations, including supervisors in the mine, was set as the
target respondent group. Fifteen hundred questionnaires were distributed, in which
1300 respondents gave their opinion about observed factors of the framework. A five-point
Likert scale was used to ask the respondents to rate each statement, with 1 for “strongly
disagree” and 5 for “strongly agree”. The scores obtained from the statements were utilized
for exploratory factor analysis (EFA) and structural equation modeling (SEM) [50]. For
SEM, code/identification numbers were assigned to the statement regarding factors. For
example, Ac_1 represented statement No. 1 concerning the accident experience of the
workers in the questionnaire survey and so on.



Safety 2023, 9, 31

50f16

Eigenvalue

3. Data Analysis and Results

Structural Equation Modelling is a procedure for exploring structural relationships.
To confirm factorial validity in SEM, confirmatory factor analysis (CFA) was used [51,52].
Prior to applying SEM, exploratory factor analysis (EFA) was performed in which all of the
acquired data were verified with Skewness and Kurtosis for outliers, irregular answers,
and missing values, and each case was fixed with the median of close-by points. In order to
ascertain the dimensionality of the factors, SPSS v25 was used to conduct a factor analysis
on each reflective indicator [53]. To produce a clear pattern of the factor loading, the Kaiser—
Mayer-Olkin (KMO) and Bartlett tests were used for description, and maximum likelihood
was used as an extraction mode and consisted of Eigenvalues more than 1. A Scree plot
was used for factor determination, Promax rotation was used for factor correlation, and a
coefficient display format with absolute values less than 0.3 was also utilized [54].

The Scree plot produced nine factors, as shown in Figure 2. KMO was used to
determine the variance shared by the indicators, and a score greater than 0.7 was considered
favorable. Bartlett tests with a value less than 0.05 were considered significant [54]; the
findings which verify the acceptability of data for analysis are shown in Table 1. Cronbach’s
alpha was used to determine the internal consistency (reliability) of factors. Table 2 lists all
of Cronbach’s alpha results that were more than 0.70 for each group of factors, showing
satisfactory reliability. In Table 2, the commonalities and the pattern matrix are also
provided. In commonality, the variance is calculated; values closer to one indicate that
more variation is explained by the extracted factor, whereas values close to zero indicate a
weak match [53]. The pattern matrix’s factors showed unidimensionality, and each item
significantly contributed to its estimated factors. The factor correlation matrix depicts either
a positive or negative correlation of factors, shown in Table 3.

- -

T 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45

Factor Number

Figure 2. Scree plot for extracted factor Eigenvalues.

Table 1. Kaiser-Meyer-Olkin (KMO) and Bartlett test.

KMO and Bartlett Test
KMO Measure of Sampling Adequacy 0.939
Approx. Chi-Square 50,568.203
df 1035
Sig. 0.000

Bartlett’s Test of Sphericity
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Table 2. Communalities, Cronbach’s alpha, and pattern matrix for the factors.

Factors Cronbach’s Alpha

Communalities 0.952 0.936 0.923 0.940 0.885 0.877 0.927 0.913 0.854
Factors Factors Pattern Matrix
Initial  Extraction MC WP Lw JS Tr PE WC Me Ac
Ac_1 0.455 0.473 0.672
Ac 2 0.722 0.819 0.908
Ac 3 0.396 0.412 0.632
Ac_4 0.719 0.829 0.928
JS_1 0.813 0.849 0.948
JS_2 0.800 0.804 0.927
JS_3 0.683 0.667 0.777
JS_4 0.726 0.666 0.737
JS_5 0.811 0.839 0.939
Lw_1 0.636 0.607 0.761
Lw_2 0.755 0.793 0.913
Lw_3 0.735 0.766 0.880
Lw_4 0.767 0.794 0.892
Lw_5 0.575 0.588 0.803
Lw_6 0.554 0.546 0.608
Me_1 0.646 0.703 0.830
Me_ 2 0.662 0.727 0.859
Me_3 0.701 0.777 0.881
Me_4 0.641 0.701 0.841
MC_1 0.727 0.743 0.860
MC_2 0.746 0.765 0.867
MC_3 0.759 0.787 0.881
MC_4 0.646 0.659 0.842
MC_5 0.737 0.745 0.855
MC_6 0.723 0.736 0.831
MC_7 0.747 0.778 0.910
PE_1 0.553 0.588 0.709
PE_2 0.524 0.564 0.705
PE_3 0.592 0.662 0.856
PE_4 0.492 0.538 0.775
PE_5 0.577 0.643 0.788
Tr_1 0.470 0.471 0.606
Tr 2 0.574 0.586 0.734
Tr_3 0.688 0.711 0.872
Tr 4 0.547 0.527 0.698
Tr_5 0.721 0.823 0.973
WC_1 0.532 0.530 0.710
WC_2 0.802 0.842 0.939
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Table 2. Cont.

Factors Cronbach’s Alpha

Communalities 0.952 0.936 0.923 0.940 0.885 0.877 0.927 0.913 0.854
Factors Factors Pattern Matrix
Initial  Extraction MC WP Lw JS Tr PE WC Me Ac
WC_3 0.839 0.898 0.946
WC_4 0.778 0.809 0.891
WP_1 0.591 0.602 0.712
WP_2 0.662 0.669 0.782
WP_3 0.702 0.743 0.892
WP_4 0.693 0.725 0.850
WP_5 0.719 0.762 0.900
WP_6 0.747 0.787 0.915
Table 3. Factor correlation matrix.
Factor Correlation Matrix
Factor 1 2 3 4 5 6 7 8 9

1 1.000

2 0.412 1.000

3 0.355 0.355 1.000

4 0.456 0.443 0.401 1.000

5 0.445 0.404 0.391 0.470 1.000

6 0.389 0.392 0.310 0.416 0.372 01.000

7 0.326 0.337 0.407 0.352 0.345 0.309 1.000

8 0.403 0.359 0.300 0.387 0.357 0.296 0.218 1.000

9 —0.165 —0.239 —0.212 —0.209 -0.173 —-0.174 —0.167 —0.149 1.000

Extraction Method: Maximum likelihood. Rotation method: Promax with Kaiser normalization.

3.1. Measurement Model

The structural equation modeling (SEM) technique is defined in two sub-models:
the measurement model and the structure model. The measurement model supported
the nine factors obtained with EFA and confirmed the goodness of fit using confirmatory
factor analysis (CFA) with the mathematical tool (Analysis of Moment Structure) SPSS
version 23, as shown in Figure 3. The overall model fit was assessed using a number of
fit indices, particularly the chi-square (x?/df), comparative fit index (CFI), incremental-
fit index (IFI), Tucker-Lewis index (TLI), Parsimony Comparative fit index (PCFI), root
mean square error of approximation (RMSEA), and probability of close fit (PLCLOSE) [55].
All factors had factor loadings greater than the acceptable threshold of 0.5, as shown in
Figure 3 [56]. The results are summarized in Table 4, which shows that the model fit the
data well. The model’s reliability, convergent, and discriminant validity tests yielded
results that were within acceptable bounds, as shown in Table 5. The regression weights,
standardized regression weights, covariances, correlations, and variances are provided in
the Supplementary Materials.
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Figure 3. Measurement model.
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Table 4. Goodness of fit.
Measurement Model X2 DF X?/DF CFI TLI IFI PCFI RMEA  PCLOSE
1 2730.0 951 2.871 0.965 0.961 0.965 0.890 0.037 1.0
Table 5. Composite reliability, average variance extracted, convergent, and discriminant validity.
CR AVE MC WP Lw JS Tr PE WC Me Ac

MC 0.953 0.742 0.861 *

WP 0936 0711 0403 0.843

Lw 0.924 0.672 0.357 0353 0.820

JS 0.936 0.746 0:}50 0:}30 0;333 0.864

Tr 0889 o617 0426 0378 0.383 0451 0.786

T

we om on 200 oMo oo g

Me oss  oms OO 03B 0 0m om0 0 g

Ac 0.869 0.629 —0.138 —0.214 —0.194 —0.185 —0.137 —0.157 —0.147 —0.131 0.793

*3%% *%4% 3% *3%% *%4% 3% %% *%4%

Significance of correlations: *** p < 0.001. * Bold values in the diagonal represent discriminant validity.

3.2. Structural Model

A structure model was constructed to indicate the path among the factors in accordance
with the hypothesis, H2, for factors estimated by the measurement model [57]. The initial
structure model was tested by rearranging the pathways, as presented in Figure 4. The
results produced by the initial structure model are provided in Table 6, Model 1. The results
reveal that all the effects of the exogenous factors on Ac and JS factors were either negative
or positive with a value of p < 0.05, respectively, excluding the effects (non-Significant) of
the factors MC on Ac with p = 0.902, Tr on Ac with p = 0.793, WC on Ac with p = 0.096, and
Me on Ac with p = 0.282.

The analysis of the initial model indicates that the proposed hypothesis, H2, is not
completely verified. A number of model runs were carried out with different paths in
order to demonstrate the relationships in the framework and improve the overall model
fit. The structural equation model provided in Figure 5 with good fit indices (Table 6) was
considered the final model, which also verified the path in the framework. All the factors
had a significant positive effect on WP and WC except Me on WC. The effect of factors
WC on Ac was standardized to 3 = —0.76, p < 0.05, and the effect on ]S was standardized
to p = 0.31, p < 0.05; the effect of factors WP on Ac was standardized to = —0.14,
p < 0.05, and the effect on JS was standardized to 3 = 0.433, p < 0.05. The regression weights,
standardized regression weights, covariances, correlations, and variances of the initial and
final structure equation models are provided in the Supplementary Materials.



Safety 2023, 9, 31 10 of 16

aJCNCRCACACNC

ik - ' [ Acd ]
Ac 4
Lw_1 i =
a0 40
: : ha
- B3
o P

=16

CHCMON®

on
=]

Te

77

[=1]
e}
0
m
o
=]
=]

N 10 <

&30
(eis)— WC_4 34 88

g5 84
Me_1 | me2 | [ me3 | Me 4 |
70 I 73 l 77 I 70 I
CeD (s Cedzd
Figure 4. Initial structural equation modeling.

Table 6. Model fit indices.

Model X2 F X2/DF CFI TLI IFI PCFI RMEA PCLOSE
1 3818.925 959 3.982 0.943 0.938 0.943 0.874 0.047 1.0
2 2433.49 956 2.545 0.971 0.968 0.971 0.896 0.034 1.0

g
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Figure 5. Final structural equation model.

4. Discussion

This study provides a comprehensive framework for managing risks and effective
safety improvements in surface mines. All potential causes of mine accidents were inves-
tigated to assess their relevance to accident causation as researchers suggested that the
interactions between elements and the attitude of the individual that comes from those
relationships constitute the core of a system; hence, the system as a whole must be in-
vestigated [58]. Data acquired from the mine sites were used to evaluate the framework
with the SEM technique. SEM was used since it enables a variety of tests for determining
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the good fit of the data acquired for examination. Following exploratory factor analysis
to verify the dataset’s validity and reliability, the measurement model was subjected to
confirmatory factor analysis. The formulated hypothesis H1 was verified by generating
a measurement model and yielded acceptable model fit indices. All the factors exhibited
significant relationships with one another, indicating how these factors interact with one
another in a mine environment.

Then, to determine the effects of independent factors (PE, Me, Tr, Lw, MC, WP, and WC)
on the dependent factors (Ac and JS), an initial structure model was generated. Numerous
independent factors had no visible direct significant effects on the dependent factors,
according to the data analysis. The model yielded not well-fitted statistics and partially
verified hypothesis H2. The results imply that worker dedication alone cannot prevent
accidents if workplace safety parameters are not satisfied. Similarly, providing machinery,
training, and enforcing laws will not minimize accidents until the workplace is safe and
employees are committed to safety.

Since the initial structural model’s results are partially satisfactory, the use of mediators
is necessary for a well-fitting model. The final structural equation model produced model
fit indices and supported the path given in the developed framework. A significant positive
correlation among the input factors ranging from 0.30 to 0.43 was achieved. All the input
factors had a significant positive effect on the mediated factor except the factor Me to
WC, which was found positive and non-significant (the result of the machinery was non-
significant because, in this study, workers were not satisfied with the situation of all the
factors except machinery/equipment). The mediators WC and WP had a significant positive
effect on output factor JS and a significant negative effect on factor Ac, which was also
specified by several researchers [1,59]. This indicates that by improving working conditions
and increasing employee dedication, mine sites will experience higher job satisfaction
and fewer accidents [28,38,60]. Similarly, the most essential influencing factors, such as
safety training, proper equipment, and regulation execution, imply that these elements
are critical in minimizing unfavorable outcomes since they increase employee awareness,
improve job abilities, and extend professional potential [58]. The findings indicate that
all the framework variables are interrelated, and the correlation of all factors” impacts
amplifies the importance of any single factor by emphasizing interactions between the
contributory factors.

Appropriate solutions to prevent accidents are achievable if all causes and relevant
factors are identified [61]. To increase workplace safety, approaches should be based on
engineering, education, and enforcement. Considering engineering principles, workers
must have access to modern, safe PPE and equipment. Workplace injuries can be reduced
by mandating the use of personal protective equipment. The use, training, and monitoring
of PPE among workers should be continuous and mandatory [16,17]. Similarly, a reduction
in machinery-related accidents may be attained by enhancing operator training. Regular
evaluations of the efficacy of training and remediation programs should be conducted with
established procedures for identifying and addressing defects [18,62]. Workers need both
technical and safety training to be able to recognize and prevent any risks in the workplace.
This study revealed that management levels, both individually and collectively, affected
workers’ safety behavior. Management should be committed to workplace safety and com-
pliance with all regulations and laws to improve workers’ behavior. Since workplace and
human factors influence occupational accidents, behavioral and organizational approaches
to mine safety ought to be regarded as complementary rather than as alternatives [49,63].
Thus, all risk variables must be addressed and monitored for safety improvement, and
importance must be given to the most influential factors.

This study included several methodological limitations. One of the limitations of
this study was the incorporation of nine factors sourced from the literature that were
deemed essential for ensuring safety in mining environments but may exhibit variability
if implemented in a singular workplace. Another limitation pertained to the fact that all
accidents were grouped together, despite the possibility that minor and serious accidents
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References

may have distinct associations with certain environments. This research can be extended
in the future by examining the relationship among manageable factors based on different
mining methods.

5. Conclusions

In this study, a conceptual framework for managing workplace risks in the surface
mining industry was designed on the most pertinent factors of the mine environment. The
relationship between the factors was derived from the formulated hypotheses and was
analyzed with SEM using data acquired from mine workers.

This study found that each independent factor, such as personal protective equip-
ment, machinery and equipment, management commitment, law enforcement, training,
workplace conditions, and workers’ commitment, has a significant weak effect on each
dependent factor, i.e., the number of accidents and job satisfaction. This finding indicates
that the outcome of a single factor is weaker; for example, if training is provided, but
workers are not committed, the effect will be low. The final structural equation model
verified that the effects of correlated factors significantly strengthen the influence of any
single factor.

The final structural model further demonstrates that the majority of the unsafe condi-
tions in the mine environment are caused by independent factors and that these conditions
should be improved through continuous evaluation, the use of engineering solutions, the
provision of education and training, and the strict enforcement of the law. A safe workplace
can be achieved by providing proper training, protective equipment, and machinery and
enforcing laws and policies. Workers’” and management commitment can be improved by
providing safe workplaces and safety training. This framework is suggested for evaluating
workplace safety and identifying factors that need improvement in order to increase safety.
Additional research is recommended to further elaborate on the risk factors for safety
in mines.
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