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ABSTRACT
The paper concerns organisational safety culture and how it may be applied to reduce
employee accidents in the mining industry in Ghana. A sample of 340 managerial workers
of three mining companies in the Tarkwa Nsuaem Municipality was selected using the
simple random sampling technique. Data for the study was gathered using a survey
questionnaire. The Structural Equation Modelling analysis technique was performed
to establish the relationship between safety culture and each of the five dimensions
of workplace safety (work safety, management safety practices, safety programmes,
supervisor safety and co-worker safety). It was found that safety culture is a significant
positive predictor of work safety (R 2 = 0.039), management safety practices (R 2 = 0.272),
safety programmes (R 2 = 0.159), co-worker safety (R 2 = 0.225) and supervisor safety (R 2 =
0.199). The study concluded that workplace safety can be improved by enhancing the safety
culture in the mining industry in Ghana. The study recommends that in order to curb the
incidence and occurrence of accidents and injuries in the mining industry in Ghana, Human
Resource (HR) managers should lay more emphasis on ways that would enhance the safety
culture of all employees in the industry.
Keywords: Safety Culture, Mining Industry, Workplace Safety, Industrial Accidents, Ghana
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INTRODUCTION
Following the 2010 National Mining Policy of Ghana, there has been a significant
flow of external investment in the mining sector of Ghana (Ghana M ineral
Commission, 2014). As a result, the mining industry contributed twenty-seven per
cent (27%) of the total tax revenue in 2012, with gold alone recording approximately
$5.6 billion from 4.3 million ounces (Kyeremateng-A moah & Clarke, 2015). In 2014,
the industry also contributed GH¢1.24 billion tax revenue to the government and
employed 12,148 Ghanaians (L ong et al., 2015). The increase in investment and
mining activities did not only present economic opportunities for Ghana but also
brought some occupational health and safety challenges (Kyeremateng-A moah &
C larke, 2015). It is reported that staff of the mining sector are frequently at risk
of occupational injury due to the abundance of risk factors such as rock falls, fire
explosions, mobile equipment accidents, entrapments and electrocutions (Stemn,
2018). A report from the Inspectorate Division of the Ghana Minerals Commission
(2014) has shown that while in 2008 accidents that caused both minor injuries and
no injuries were 58, the number increased to 1,201 in 2014. Overall workplace injury
also increased from 9,664 cases in 2017 to 18,070 cases in 2018 (Ghana Mineral
Commission, 2019).
According to the Inspectorate Division of the Ghana Minerals Commission, the
average number of work-related accidents in the mining sector from 2008 to 2014
was 333 cases per year. The non-casualty incident for the same period was also
1,915 cases (Ghana Mineral Commission, 2019). Though the accident trend for
this period does not include higher fatalities, it is still a problem because several
scholars (Kyeremateng-A moah & Clarke, 2015; Goetsch, 2005) have indicated that
the higher the near-misses, the more the likelihood that fatal accident will occur.
Similarly, Heinrich (1931) has shown that anytime an accident causes a major
injury, there could be 29 accidents, causing minor injuries and 300 accidents that
cause no injuries. In line with Heinrich’s (1931) principle, it can be argued that the
Ghana mining industry which currently accumulates minor accidents is likely to
record some fatal accidents in the near future if appropriate measures are not put
in place. Heinrich’s (1931) principle may also apply to other A frican countries like
South A frica, Tanzania and Congo. In South A frica for instance, between January
2004 and June 2008, there were 5,822 accidents of which almost 90 per cent were
generally classified as high potential incidents, less than 1% being fatalities, 2%
being lost time accidents and 7.7% described as non-reportable incidents (Steward,
Bezuidenhout & Bischoff, 2020). A study in the small-scale mining community of
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Geita in Tanzania showed that there are about 11 fatalities of mining accidents
in the community per year, owing to tunnel collapses. A nother study of ASGM
community in the D emocratic R epublic of Congo showed that 392 accidents
occurred during the 12 months in 2016 (Elgstrand et al., 2017).
Given the above alarming rates of injuries and industrial accidents in the industry,
various studies have been conducted to identify the major causes of these injuries
and how they can be curbed. For instance, Kyeremateng-A moah and Clarke (2015)
examined the injury state of artisanal and small-scale gold miners in Ghana. They
found that the most common injuries included fractures (30.5%), contusions (29.1%)
and lacerations (14.0%). Stemn (2018) also examined the injury state of firms in the
Ghana mining industry and found that the mechanisation of operations without
prior safety training for employees accounted significantly to the risks involved
in their operation. According to Stemn (2018), the rate of mining accidents in the
country far exceeds those of major mining countries including Australia, South
A frica and the U.S. Stemn et al. (2019) investigated the maturity of investigations
into the industrial accidents of the Ghana mining industry. It was found that higher
maturity scores were associated with low incidence rate mines than high incidence
rate mines.
Despite significant research conducted over the last few years, there is still an
upsurge in the rate and brutality of mining accidents in Ghana (Stemn et al., 2019;
Stemn, 2018; Bansah et al., 2016). Nevertheless, while earlier studies focused on
the frequency and intensity of these accidents, a few (Umar-Faruk et al., 2015; Lu
& Tsai, 2010; Cheyne et al., 1999) have paid attention to how these accidents can
be mitigated through the general attitude and behaviours of employees in the
mining industry in Ghana. A lthough there is evidence to show that workplace
accidents in the Ghana mining industry have been tackled from the behavioural
and social perspective, none of these works investigated the effect of safety culture
on workplace safety in the Ghanaian mining industry. The implementation of
safety culture in the mining industry is essential because previous studies have
shown that workplace safety significantly influences organisational outcomes,
including safety performance (Stemn et al., 2019) and organisational commitment
(A mponsah-Tawiah & Mensah, 2016). Safety culture is also related to turnover
intention ( A mponsah-Tawiah et al., 2015) and employees’ safety experience
(A mponsah-Tawiah et al., 2013). Hence, given the substantial investment inflows
and the significant economic contribution the industry has made to the Ghanaian
economy in the past, and the negative consequences of accidents in that industry,
an examination of safety culture and its effect on workplace safety in the Ghana
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mining industry is considered imperative. The rest of the report is set out as
follows: the second part of the study covers the literature review. The methods
and procedures used to carry out the study are presented in the third section. The
fourth section focuses on the results of the study. The fifth section is devoted to the
discussions of the study. The last section presents the conclusion, recommendations
and practical implications of the study.

LITERATURE REVIEW
Concept of Safety Culture
The U. S. Nuclear R egulatory Commission (2011) defines safety culture as an
organisation’s collective commitment, by leaders and individuals, to emphasise
safety as an overriding priority to competing goals and other considerations to
ensure protection of people and the environment (S ehgal, 2012). Concerning
the workplace, safety culture was first discussed by the International Nuclear
Safety Advisory Group of International Atomic Energy A gency in their analysis
of the Chernobyl disaster (Sehgal, 2012). A s a concept, safety culture originated
from earlier philosophical works in anthropology, sociology and organisational
psychology. However, while earlier works in safety culture originally described the
inadequacies of safety management systems, Bell (2007) argued that safety culture
is now applied to social behaviours at the individual employee level.
Reason (1994) identified five factors which contribute to the development of stable
and robust safety culture: (a) an informed safety, (b) a reporting safety, (c) a learning
safety, (d) a flexible safety and (e) a just safety. Informed safety culture is one in which
organisational members understand and respect their operational hazards, and are
therefore conversant with the many ways in which the system’s defences can be
breached or bypassed. In a reporting safety culture, group or organisational members
feel free to report safety concerns without fear or blame. For a learning safety culture,
members learn from previous mistakes and make changes to unsafe conditions.
In contrast, inflexible safety culture, the organisation, if faced by a dynamic and
demanding task environment, is capable of reconfiguring the chain of command.
In a just safety culture, organisational members understand the boundary between
acceptable and unacceptable behaviours.
I n terms of addressing workplace accidents, safety culture is an alternative
mechanism (S eo, 2005). I n the past, industrial accidents were blamed on the
technical and human aspects of the organisation (Glendon et al., 2006; S eo,
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2005). At that time, attention was drawn mainly on technological malfunctions
from defective equipment, the faulty layout of the plant, inadequate safety
devices, unsafe storage systems as well as the looming danger of industrial work
environment, characterised by a chunk of hand lift trucks, heavily loaded vehicles,
wheel-barrows and electric drop lights, which according to Goetsch (2005) caused
a third of all industrial accidents (Stemn, 2018; Ceylan, 2013). Besides, attention
has also drawn to unsafe acts on the part of employees, including failure to use
protective attire and careless handling of machines and equipment (Stemn et al.,
2019; Stemn, 2018). At the turn of the 19th Century, industrial theorists found that
workplace accidents occurred within cultural and social contexts (Stemn et al., 2019;
Stemn, 2018). According to these theorists, organisational factors were equally
important as technical and human factors in the fight against workplace accidents.
Safety culture then became the new research interest (Bansah et al., 2016).

Models of Safety Culture
While there are several safety models, including Reason’s safety pyramid model
(1990), Geller’s (1994) total safety model, Guldenmund’s (2000) framework for
safety culture, this study is built on the Cooper (2002) Business Process Model
of safety culture. The Business Process Model holds that to ensure safety at the
workplace, the values, beliefs, assumptions, behaviours and safety management
systems, otherwise called the “Inputs” must be transformed in line with the safety
goals and expectations of the company and safety practices of management (i.e.
Output). This will, in turn, lead to a safety culture product (Outcome). According to
Cooper (2002), the link between input and output factors is mediated by supervisor
safety, management safety, co-worker safety and safety programmes (Aytac &
Dursun, 2012). Adapting this model, the researchers argue that safety dimensions
can strategically be employed to reduce accidents and improve workplace safety in
Ghana, as presented in Figure 1.
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Figure 1: Business process model of safety culture
Source: Adapted from Cooper (2002).

Ghanaian Mining Sector Health and Safety Issues
The Ghana mining industry is bereft with its problems and challenges. The
Inspectorate D ivision of the Minerals Commission on occupational health has
shown that between 2000 and 2004, problems caused by mining activities included
malaria and respiratory tract infection, which together caused outpatient morbidity
among members in the mining communities (Bansah et al., 2016; Standing, 2014).
The use of illicit drugs such as marijuana and cocaine as stimulants for hardworking has also increased significantly, especially among illegal and smallscale miners in Ghana (Standing, 2014). The mining towns in Ghana have been
harbouring commercial sex workers. The industry has again created other social
vices such as theft, murder and rape (A mponsah-Tawiah & Dartey-Baah, 2011). In
this study, however, the focus is on workplace accidents as presented in Table 1.
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Table 1: Seven-year accident trend in the mining sector in Ghana (2009 – 2015)
Accidents

Number of accidents/incidents
2009

2010

2011

2012

2013

2014

2015

Total

Fatal accidents

4

4

8

8

4

6

4

54

Serious
accidents

47

39

33

31

13

20

19

235

Minor injuries

159

176

153

188

138

113

155

1143

Non-casual

0

0

191

281

348

1088

400

2315

Non-employee

4

0

2

5

3

1

4

19

214

219

387

513

506

1228

608

3766

Total

Source: Adapted from the Inspectorate Division of the Ghana Minerals Commission, 2016.

A s in Table 1, a total of 3,766 accidents were recorded between 2008 and 2015;
averaging about 471 accidents per year. Besides, 2,315 non-casualty (near misses)
accidents were recorded within the same period. These high rates of non-casualty
accidents are alarming because the more non-casualty accidents there are, the more
likely that fatal accident will also occur (Bansah et al., 2016; Standing, 2014).

EMPIRICAL STUDIES ON BENEFITS AND FACTORS OF WORKPLACE
CULTURE
Safety culture plays an important role in improving workplace safety dimensions
such as work safety, co-worker safety, management safety practices, supervisor
safety and safety programmes (Å rstad & Aven, 2017). Hassan and Abdullah (2009)
confirmed this when they argued that the most fundamental reason for improving
safety culture in the organisation is the realisation that employee attitudes and
behaviours are crucial to the workplace and the work itself. Put differently; safety
culture has been found to be highly related to most of the behavioural outcomes at
the workplace (Zou, 2011). Whilst, there are several behavioural factors; this study
focuses on the five workplace safety dimensions, including work safety, co-worker
safety, management safety practices, supervisor safety and safety programmes.
Previous studies have shown that cultural change in organisations is fundamental
in improving work safety and delivery (Zou, 2011; C larke, 2003). C larke (2003),
for instance, argued that when the norms and values of organisational members
are built into company safety policies and procedures, and properly implemented,
work safety would be achieved. Zou (2011) established that safety work requires
employees to be equipped with the most appropriate beliefs, values and attitudes.
These reviews show that safety work greatly depends on positive safety culture,
which in turn depends on positive attitudes by both superiors and subordinates.
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Safety culture affects not only safety programmes but co-worker safety as well.
Co-workers play an essential role in promoting workplace safety attitudes and
behaviours. Tucker, C hmiel, Turner, Hershcovis and Stride (2008) claim that
support from co-workers has the propensity to cause other employees to enhance
workplace safety. The positive safety behaviours that co-workers exhibit may be
influenced by safety culture. Indeed, Pater (2015), points out that safety culture
influences co-worker behaviours by encouraging them to indulge in safe work
practices and shared responsibility. Pronovost and Sexton (2005) also argue that
in a safe culture, worker actions are directed at the organisation-wide commitment
to safety in which individual worker supports safety norms and those of their coworkers.
Safety culture has also been found to be strongly related to safety management
practices. Scholars such as Å rstad and Aven (2017) and Gnoni and Saleh (2017)
posited that managers could ensure effective and efficient safety culture if they
can identify hazards earlier so that appropriate measures can be put in place to
train and empower the workforce adequately. In this regard, work processes can
be designed and carried out in a manner that delivers more consistent safety
conditions and performance. Gnoni and Saleh (2017) claim that accidents do not
just happen – near-miss events usually precede accident events. Thus, with proper
management practices and strong leadership, specific strategies can be formulated
and implemented in order to prevent their occurrence. Past studies indicate that
there is a positive link between safety culture and safety programmes (AmponsahTawiahn et al., 2015; Pater, 2015; Zivkovic & Ivanova, 2016). For instance, according
to Zivkovic and Ivanova (2016), amid a proper safety culture, broad organisational
safety programmes that aim at continuously improving safety management
systems are developed and implemented. S afety programmes which usually
enunciate safety principles with top-down approach often create self-sustaining
environments (Hagge et al., 2016; K im et al., 2016).
Much work has not been done concerning how safety culture affects supervisor
safety. It can only be inferred from the submission by Misnan and Mohammed
(2007) that safety culture can promote flexible and efficient safety supervision
system in the construction industry in which construction sites are exposed
continuously to safety risk. Based on the empirical review, five hypotheses have
been formulated to guide this study:
H1: Safety culture has positive effect on work safety
H2: Safety culture has positive effect on management safety practices
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H3: Safety culture has positive effect on safety programmes
H4: Safety culture has positive effect on co-worker safety
H5: Safety culture has positive effect on supervisor safety

METHODOLOGY
Research Design
The study adopted a quantitative research design. A ccording to Babbie (2007),
quantitative research is most appropriate when the emphasis is on measuring
variables and testing hypotheses that are linked to general causal explanations.
Population, Sampling, Data Collection and Analysis
The population of this study comprised all the 3,980 non-managerial employees of
the three large scale mining companies in the Tarkwa Nsuaem Municipality. Table
2 shows the population of each company, the total sample size and the sample size
of each company. The computation of the sample sizes for the companies was based
on simple proportion.
Table 2: Distribution of respondents in the three selected companies
Mining companies

Total

Sample

Goldfield Ghana Limited

1,400

123

Anglogold Ashanti

1,700

149

880

78

Ghana Manganese Company
Total

3,980

350

Source: Ghana Minerals Commission (2018).

A survey questionnaire was administered to the 350 sample members. However,
340 completed responses were received, representing 97 per cent response rate. The
Structural Equation Modelling (SEM-PLS) technique was performed to establish the
relationship between safety culture and the five dimensions of workplace safety.
The technique is appropriate for this study because it combines the advantages of
several traditional multivariate procedures such as the factor analysis, regression
analysis, discriminant analysis and canonical correlation (Haenlein and K aplan,
2004). Thus, the model is chosen to ensure that sufficient levels of validity and
reliability are satisfied in the study. The Cronbach alpha (CA > 0.70) and Composite
Reliability (CR) were used to measure the reliability of the survey items. The validity
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of the results was also measured, using the convergent and discriminant validity
measures (Rezaei, 2015).

Measurement of Variables
The scales for measuring each variable were adopted from previously validated
measures. Safety culture was measured using the measurement scales of Changwon
(2016). The items were grouped into six dimensions: leadership, goals and policies,
culture and values, organisational structure, employee engagement and behaviours,
systems and standards and process. Workplace safety was measured using Hayes
et al. (1998) Workplace Safety Scale to assess employee perception of safety in the
organisation. The scales measure five dimensions of workplace safety: work safety;
co-workers’ safety; supervisor safety; management’s commitment to safety; and
satisfaction with the safety programme. The items were on a five-point Likert Scale
with anchors 1 = Least Agreement to 5 = highest Agreement.
Common Method Bias
Common Method Bias (CMB) is a measurement error which can occur due to selfreport measures (Podsakoff et al., 2012). One possible cause of CMB is the implicit
social desirability or answering survey questions in a particularly desirable way,
causing indicators to share common variation (Kock & Lynn, 2012). This bias can
lead to unsound conclusions because it can inflate or deflate a given relationship
among variables (Doty & Glick, 1998). The Harman’s Single Factor Test, which,
according to Podsakoff et al. (2012), is the most widely used test in the literature
to control against CMB was conducted in this study. In line with this test, all items
that measured variables in the study were entered into exploratory factor analysis,
with a principal axis factoring analysis, limiting the extraction to just one factor.
The first factor accounted for 31.738% of the variance. In line with Mat-Roni (2014),
this indicates that no single factor emerged and so no one general factor accounted
for most of the covariance among the latent factors. Therefore, CMB does not affect
the results of this study.

PLS-SEM Analysis
The results of the PLS - SEM analysis in this study are presented in line with the
proposal of Hair et al. (2019). The presentation begins with an assessment of the
measurement model and a final assessment of the structural model.
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Measurement Model Assessment
The first step in the measurement model involves examining the indicator loadings
of all the constructs in this study. Following this was the assessment of internal
consistency reliability, using both composite reliability (CR) and Cronbach’s alpha
(CA). In the third step, the convergent validity of each construct was assessed using
the Average Variance Extracted (AVE). In the final step, discriminant validity was
assessed, using both Fornell-Larcker criterion and the Heterotrait-Monotrait R atio
(HTMT). For the indicator loadings of all constructs, Table 3 shows that almost all
the loadings were above the threshold of 0.7. The few items loading above 0.5 but
less than 0.7 were not deleted to improve the reliability of the constructs. Hair et al.
(2014) have argued that a measurement model would be considered appropriate if
its indicators loaded above 0.70 on the latent variables or “between 0.4 and 0.7” in
circumstances where removing them would not lead to an increase in the reliability
of the model.
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Table 3: Measurement model results
Items
CO-WORKER SAFETY
CWS10
CWS3
CWS4
CWS5
CWS6
CWS7
CWS8
CWS9
MANAGERIAL SAFETY PRACTICES
MSP1
MSP10
MSP2
MSP3
MSP5
MSP6
MSP7
SAFETY CULTURE
GPI10
GPI2
OS14
OS16
OS2
OS23

Loadings

CR
0.905

AVE
0.548

0.865

0.896

0.555

0.882

0.905

0.514

0.850

0.887

0.531

0.869

0.897

0.522

0.790

0.790

0.570

0.751
0.718
0.800
0.784
0.821
0.594
0.626
0.792
0.773
0.591
0.809
0.741
0.788
0.747
0.744

OS6
OS7
OS8
SAFETY PROGRAMMES
SP1
SP2
SP3
SP4
SP6
SP7
SP8
SUPERVISOR SAFETY
SS1
SS10
SS2
SS3
SS5
SS6
SS7
SS8
WORK SAFETY
WS3
WS4
WS1

CA
0.882

0.684
0.697
0.748
0.720
0.689
0.710
0.723
0.740
0.738
0.662
0.762
0.825
0.790
0.646
0.775
0.614
0.723
0.628
0.766
0.783
0.671
0.762
0.723
0.708
0.566
0.661
0.977
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The internal consistency reliability results presented in Table 3, indicate that
the Cronbach A lpha values range from 0.790 to 0.882. The internal consistency
reliability was also measured using the composite reliability, which, according
to Hair et al. (2019) are more conservative than the Cronbach A lpha. Composite
reliability values for the constructs in this study also ranged from 0.790 to 0.905.
The values are way higher than the threshold of 0.7, indicating a high level of
reliability (Jöreskog’s, 1971). Convergent validity was also assessed in this study,
using the Average Variance E xtracted (AVE). According to Hair et al. (2019), an
Average Variance E xtracted value of 0.50 or higher indicates that the construct
accounts for 50 per cent or more of the variance of the items that make up the
construct. The AVE values for the constructs in this study ranged from 0.514 to
0.570. Thus, indicating that the constructs converge to explain the variance of its
items.
The discriminant validity for this study was assessed using both the Fornell-Larcker
criterion and the Heterotrait-Monotrait R atio. Fornell and Larcker (1981) proposed
that the square root of each construct’s AVE must be higher than its correlation
with any other variable in the model. Using this criterion, the results in Table 4 were
obtained. A s presented in Table 4, the square roots of the AVE values (in bold) are
higher than any inter-construct correlation value. This shows that the constructs
are distinct from each other. Henseler, R ingle, and Sarstedt (2015) indicate that
Fornell-Lacker criterion does not work well when indicator loadings are close.
Table 4: Fornell-Larcker Criterion

Constructs

1

2

3

4

5

1. Co-worker safety

0.74

2. Management safety practices

0.45

0.75

3. Safety culture

0.47

0.52

0.72

4. Safety programmes

0.34

0.54

0.40

0.73

5. supervisor safety

0.47

0.62

0.45

0.53

0.72

6. Work safety

0.04

0.24

0.20

0.35

0.34

5

0.76

Diagonal values in bold= square root of AVE; off diagonal elements= correlation between constructs.

A nother approach used to discriminant validity was the Heterotrait-Monotrait
R atio (HTMT). In a well-fitted model, Henseler et al. (2015) proposed that HTMT
values should be below 0.85 for reflective constructs to measure discriminant
validity accurately. The results of the HTMT are shown in Table 5. As in Table 5, the
Heterotrait-Monotrait R atio values for each construct is well below the threshold
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of 0.85, indicating that discriminant validity is met and that the constructs are
empirically different from each other in the model.
Table 5: Heterotrait-Monotrait Ratio (HTMT)
Constructs

1

2

3

4

5

1. Co-worker safety
2. Management safety

0.501

3. Safety culture

0.507

0.574

4. Safety programmes

0.379

0.623

0.452

5. Supervisor safety

0.506

0.696

0.494

0.616

6. Work safety

0.185

0.217

0.170

0.369

0.291

RESULTS
Demographic Characteristics of Respondents
This section provides the demographic characteristics of respondents as in Table 6.
Table 6: Demographic characteristics of respondents
Profile of Respondents
Gender
Years of Service

Level of education

Statement
Male

Frequency
290

%
85.29

Female

50

14.71

1-5

165

48.53

6-10

135

39.71

11+

40

11.76

University Degrees

98

28.82

Diploma/Technical

161

47.35

Senior High School

70

20.59

Junior High School

11

3.24

The demographic features of interest about the respondents included gender, length
of service and academic qualifications. Out of the 340 valid responses, (85.29%) are
males while (14.71%) were females. The results indicate the usual male-domination
of employees in dangerous occupations in the developing economies. The results
revealed that majority of the respondents (48.53%) had worked for between 1 – 5
years, whereas 40 (11.76%) have had more than eleven years of experience. The
remaining respondents (39.71%) indicated that they have worked in the industry for
a period of six (6) to ten (10) years. Most of the respondents (47.35%) have acquired
the Diploma/Technical qualifications whiles only 3.24% have completed Junior High
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School. 28.82% of the employee had a University Degree, while the remaining 20.59%
had Senior High School Certificates.
Structural Model Assessment
T he structural model was assessed having met all the measurement model
assessment criteria. The standard assessment criteria involved in assessing the
structural model in PLS - SEM include the coefficient of determination (R 2), the
blindfolding-based cross-validated redundancy measure Q2, the effect size (f2), and
the statistical significance and relevance of the path coefficients as presented in
Table 7.
Table 7: Coefficient of Determination and Q2
Endogenous Variable

VIF

R2

Adjusted R2

Co-worker safety

1.000

0.225

0.222

Management safety practices

1.000

0.272

0.270

Safety programmes

1.000

0.159

0.157

Supervisor safety

1.000

0.199

0.196

Work safety

1.000

0.039

0.037

Table 6 shows the assessment of the structural results began with an examination
of collinearity, using the Variance Inflation Factor (VIF) values. For Hair, R isher,
Sarstedt and R ingle (2019), the VIF values must be closer to 3 or lower, in order to
indicate the absence of collinearity. From Table 6, the VIF values in this study are
well below 3, indicating no collinearity. The R 2 values of the endogenous constructs
were also examined. The results, as in Table 6, show that Safety culture (the
exogenous construct) accounts for 22.5% of the variation in Co-worker safety. It also
accounts for 27.2% of the variation in Management safety practices and 15.9% of
the variance in safety programmes. A lso, the results in Table 6 show that 19.9%
of the variance in supervisor safety is accounted for by Safety Culture. Table 6
further indicates that 3.9% of the variance in work safety is accounted for by safety
culture. Indicating that safety culture has explanatory power on workplace safety.
According to R aithel, Sarstedt, Scharf and Schwaiger (2012), an acceptable value
of R 2 is based on context. The path model (Figure 2) indicates that there are five
hypothesised paths considered in this study, emphasising the relationship between
the five dimensions of workplace safety and safety culture.
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Figure 2: A path model

The significance of the path, as indicated in Figure 2, are assessed in Table 7. The
rank order of the path coefficient indicates Safety culture’s relevance in predicting
each endogenous variable. Table 7 indicates that safety culture has the largest
significant positive effect on Management safety practices (0.521, p = 0.000).
The next significant predictive influence of Safety culture is on co-worker safety
(0.474, p = 0.000). Following this is the effect of safety culture on supervisor safety
(0.446, p = 0.000). The results indicate that safety culture has a positive significant
predictive influence on supervisor safety. The results indicate that safety culture
has a significant positive influence on safety programmes (0.399, p = 0.000), and
work safety (0.199, p = 0.0032). In summary, the results show that safety culture
has a significant positive influence on all the dimensions of workplace safety, as in
Table 7.
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Table 7: Structural model results

Structural Path

PathCoeff.

T
Statistics

P-Value

f2

Q2

0.474

11.144

0.000

0.290

0.111

Supported

safety culture
management safety
practices

0.521

11.317

0.000

0.373

0.142

Supported

safety culture safety
programmes

0.399

8.226

0.000

0.190

0.080

Supported

safety culture
supervisor safety

0.446

9.545

0.000

0.248

0.095

Supported

safety culture work
safety

0.199

2.141

0.032

0.041

0.007

Supported

safety culture

Conclusion

co-worker safety

The f2 effect size was examined to determine the contribution of the exogenous
construct (Safety culture) to each endogenous construct. A ll values that are higher
than 0.02, 0.15, and 0.35 have small, medium, and large f2 effect sizes (Cohen, 1988).
The results from Table 7 show that Safety culture has a large effect on management
safety practices (0.373) and medium effect size on co-worker safety (0.290),
Supervisor safety (0.248) and safety programmes (0.190). However, the results
indicate that safety culture has a small effect on work safety (0.041). Furthermore,
the predictive relevance of the model was assessed using the Q2 value (Geisser, 1974;
Stone, 1974). Hair et al. (2019) propose that Q2 above 0 indicate predictive relevance.
The predictive relevance of all the endogenous constructs is above the threshold of
zero, supporting the model’s predictive accuracy. From Table 7, it can be concluded
that Safety culture has a significant positive influence on all the dimensions of
workplace safety within the mining industry in Ghana.

DISCUSSION
The study examined the contribution of safety culture to workplace safety in
the mining industry in Ghana. The discussions are based on five relationships as
captured in the hypothesis.

Relationship between Safety Culture and Work Safety
The first hypothesis was formulated to show a relationship between safety culture
and work safety. The results revealed that safety culture is a significant positive
predictor of work safety in the mining industry in Ghana ( = 0.199; t = 2.141; p =
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0.032: p < 0.05). The results indicate that a unit increase in safety culture causes
0.199 increase in work safety. However, though safety culture is empirically relevant
to improving work safety in the mining industry, it has only a small effect on work
safety (see Table 7). The coefficient of determination between safety culture and
work safety was R 2 = 0.039, showing that the variation in safety culture explains
3.9 % of the variation in work safety. Thus, safety culture accounts for a very weak
variance in work safety. The aspect of work safety that are improved as a result of
changes in safety culture include the belief that the work performed by employees
in the industry are no more dangerous, hazardous or risky. These results support
the findings of Salleh et al. (2015) that with a well-planned safety culture workplace
safety can promote superior employee performance because of the fear of being
harmed no more burdens workers. The results corroborate the findings of Hassan
and Abdullah (2009) that where employee norms, beliefs, attitudes and behaviours
are built on strong safety culture, there would be an improved workplace safety for
all. They also corroborate the findings of Zou (2011) and Clarke (2003) that if the
cultural norms and values of organisational members are built into safety policies
and procedures, and properly implemented, work safety would be achieved.

Relationship between Safety Culture and
Management Safety Practices
The second hypothesis was formulated to establish the link between safety
culture and management safety practices. The results of the PLS -SEM show that
safety culture is a significant positive predictor of management safety practices
in the mining industry in Ghana ( = 0.521; t = 11.317; p = 0.0001: p < 0.05). The
beta ( ) shows that a unit increase in safety culture causes 0.521 increase in
management safety practices. These results show that management safety practice
is the construct on which safety culture has the largest significant positive effect
as compared to all other endogenous constructs in the study (see Table 7) and is,
therefore, empirically relevant to improving management safety practices in the
mining industry with an effect size of f2 = 0.373. The coefficient of determination
between safety culture and management safety practice was R 2 = 0.272, showing
that a change in safety culture accounts for 27.2% change in management safety
practices. Thus, safety culture accounts for a large variance in work safety.
Management safety practices that are improved as a result of changes in safety
culture include the provision of sufficient safety programmes, equipment and safe
working conditions, frequent safety inspections, continuous investigation of safety
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problems, quick response to safety concerns and keeping workers informed of
hazards.
The above results support the findings of Chen et al. (2017) who found that safety
culture promotes proper management of the interplay between the human and
technological aspect of the organisation. The results are also in line with the
findings of Å rstad and Aven (2017) that safety culture promotes acceptable safety
practices such as the early identification of hazards, the putting in place of effective
controls and the training and empowerment of employees. The results corroborate
the findings of Gnoni and Saleh (2017) safety culture allows managers to embark on
safety practices such as formulating and implementing strategies for preventing
accidents when management detects near-miss events which usually precede major
accident events in the future.

Relationship between Safety Culture and Safety Programmes
A nother hypothesis was formulated to establish a relationship between safety
culture and safety programmes. The PLS -SEM results indicate that safety culture
is a significant positive predictor of safety programmes in the mining industry in
Ghana ( = 0.399; t = 8.226; p = 0.0001: p < 0.05). The beta ( ) shows that a unit
change in safety culture causes a 0.399 change in safety programmes. These results
show that safety culture has a significant positive effect on safety programmes in
the mining industry in Ghana (see Table 7) and is, therefore, empirically relevant
to improving safety programmes in the industry with an effect size of f2 = 0.190,
signifying medium effect size. The coefficient of determination between safety
culture and safety programmes was R 2 = 0.159, showing that a change in safety
culture accounts for a 15.9% change in safety programmes. The type of safety
programmes that are improved as a result of changes in safety culture includes
those that are clear, worthwhile, good, useful and effective in reducing or preventing
injuries and accidents. The results support the findings of Zivkovic and Ivanova
(2016), Hagge et al. (2016) and K im et al. (2016). These authors generally argued that
in effective safety culture, management could design safety programmes that aim
at creating self-sustaining environments with proper knowledge of the causes of
occupational accidents.

Relationship between Safety Culture and Co-Worker Safety
The relationship between safety culture on co-worker safety was also examined in
this study. The PLS-SEM results also show that safety culture is a significant positive
predictor of co-worker safety in the mining industry in Ghana ( = 0.474; t = 11.144;
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p = 0.0001: p < 0.05). These results indicate that a unit increase in safety culture
causes 0.474 increase in co-worker safety in the mining industry in Ghana (see Table
7). The results imply that safety culture is empirically relevant to improving coworker safety in the industry with an effect size of f2 = 0.290, signifying that safety
culture has medium effect size on co-worker safety in the Ghana mining industry.
The coefficient of determination between safety culture and co-worker safety
was R 2 = 0.225 (see Table 6), showing that a change in safety culture accounts for
a 22.5% change in co-worker safety in the industry. The aspect of co-worker safety
that is improved as a result of changes in safety culture include paying attention
to and following safety rules and programmes, looking out for others’ safety and
encouraging others to behave safely. These results corroborate the findings of Pater
(2015) that safety culture benefits co-workers by influencing safety behaviours and
encouraging shared responsibility.

Relationship between Safety Culture and Supervisor Safety
A fifth hypothesis was formulated to establish the link between safety culture and
supervisor safety. Much like the other four endogenous constructs, the results of the
PLS -SEM show that safety culture is a significant positive predictor of supervisor
safety in the mining industry in Ghana ( = 0.446; t = 9.545; p = 0.0001: p < 0.05).
The beta ( ) shows that a unit increase in safety culture causes 0.446 increase in
supervisor safety (see Table 7). The results imply that safety culture is empirically
relevant to improving supervisor safety in the industry with an effect size of f2 =
0.248, signifying that safety culture has medium effect size on supervisor safety
in the mining industry in Ghana (see Table 7). The coefficient of determination for
the relationship was R 2 = 0.199 (see Table 6), showing that a change in safety culture
accounts for a 19.9% change in supervisor safety. The aspect of supervisor safety
that is improved include praising and encouraging safe work behaviours, keeping
workers informed about safety rules, involving workers in the design of safety
goals and training and updating workers on safety issues. These results support
the findings of Misnan and Mohammed (2007) that safety culture promotes the
efficient and safety supervisory systems in industries that regularly exposed to risk.

CONCLUSIONS AND RECOMMENDATIONS
The findings from this study indicate that workplace safety can be improved by
enhancing the safety culture in the mining industry in Ghana. While not discarding
completely, the view that technological malfunctions from defective equipment
could cause workplace injuries and accidents, the faulty layout of the plant,
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inadequate safety devices, unsafe storage systems as well as the looming danger of
industrial work environment that is continuously characterised by a chunk of hand
lift trucks, heavily loaded vehicles, wheel-barrows and electric drop lights which
required physical measures such as the wearing of gloves and helmets as postulated
by early theorists (Glendon et al., 2006; Seo, 2005; Goetsch, 2005), this study
proposes that behavioural factors are equally important in mitigating workplace
accidents and injuries, as held by Stemn et al. (2019), Stemn (2018) and Bansah et
al. (2016). On this basis, the study recommends that HR managers in the mining
industry in Ghana should lay more emphasis on ways that would enhance the safety
culture of all employees in the industry. They can do this through the consistent
application of safety audit protocols at different parts in the organisation, the
effective development of safety goals and policies, the involvement of employees
in policy formulation and design, the frequent reaction by managers and safety
professionals about safety matters when a proposed budget seems to threaten
safety, the availability of a formal budgeting process to give enough resources
to support process safety initiatives and the readiness to learn from previous
accidents, near misses and non-compliant behaviour. When these are correctly
done, there would be an improvement in management safety practices, supervisor
safety, safety programmes, co-worker safety, and work safety (in order of priority)
which would collectively improve workplace safety in the mining industry in Ghana.
The findings from this study have provided valuable information about safety
culture and how it can improve workplace safety, especially from a developing
country perspective. The study emphasised safety culture as an important tool
for improving the work environment of the mining industry, as evidenced by the
results of the PLS-SEM analysis. Much as these results are expected to contribute to
knowledge, managerial practice and policymaking, some possible limitations must
be considered. The results of this study are not free of bias as the data collected for the
study included all potential bias and prejudice of the respondents involved in the study.
Notwithstanding the limitations, the results of this study can be used by firms
in the mining industry to gain more insight into how safety culture can be used
in the struggle against industrial accidents and injuries in Ghana.
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