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Background: In the mining industry, various methods of accident analysis have utilized official accident
investigations to try and establish broader causation mechanisms. An emerging area of interest is
identifying the extent to which cultural influences, such as safety culture, are acting as drivers in the
reoccurrence of accidents. Thus, the overall objective of this study was to analyze occupational health
and safety (OHS) reports in mining to investigate if/fhow safety culture has historically been framed in the
mining industry, as it relates to accident causation.
Methods: Using a computer-assisted qualitative data analysis software, 34 definitions of safety culture
were analyzed to highlight key terms. Based on word count and contextual relevance, 26 key terms were
captured. Ten OHS reports were then analyzed via an inductive thematic analysis, using the key terms.
This analysis provided a concept map representing the 50-year data set and facilitated the use of text
framing to highlight safety culture in the selected OHS mining reports.
Results: Overall, 954 references and six themes, safety culture, attitude, competence, belief, patterns, and
norms, were identified in the data set. Of the 26 key terms originally identified, 24 of them were captured
within the text. The results made evident two distinct frames in which to interpret the data: the role of
the individual and the role of the organization, in safety culture.
Conclusion: Unless efforts are made to understand and alter cultural drivers and share these findings
within and across industries, the same accidents are likely to continue to occur.

© 2020 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

overarching intention to avoid a future reoccurrence [6]. Across
industries, the methods of analysis historically focused on single

Although substantial progress has been made in the control of
occupational health and safety (OHS) hazards in mining, the in-
dustry still accounts for 8% of fatal accidents at work [1], and similar
accidents and disasters continue to reoccur at mine sites around the
world. In the mining industry, accidents and disasters are distin-
guished based on the presence of an incubation period that allows
for the accumulation of a series of unnoticed events and typically
results in an event in which five or more persons lose their lives
[2,3]. After major mining accidents and disasters, various methods
of accident investigation and analysis are utilized to try and
establish broader causation mechanisms [2,4,5], with the

immediate root causes and one-dimensional event sequencing [7].
However, more recently, industries around the world have shown
an increasing interest in the concept of safety culture as a means of
reducing the potential for large-scale disasters, and accidents [8].
Safety culture, which is primarily aimed at preventing organiza-
tional accidents (as opposed to individual accidents), focuses on the
root causes of accidents; not symptoms of accidents, leading to a
more effective accident prevention strategy [9].

The concept of safety culture was originally constructed
following the Chernobyl Nuclear accident in 1986 [10]. Since then,
inquiries into major accidents and disasters across a range of
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Table 1

Occupational health and safety commission descriptions
Commission Incident Inquired Published Country
Report of the Tribunal Appointed to Inquire into the Disaster of Aberfan [19] 10/1966 07/1966 07/1967 UK
Report of the Royal Commission on the Health and Safety of Workers in Mines [20] N/A 08/1974 06/1976 CAN
Towards Safe Production [21] N/A 07/1980 04/1981 CAN
Improving Ground Stability and Mine Rescue [22] N/A 10/1984 02/1986 CAN
Report on an Accident at Moura No. 2 Underground Mine [23] 09/1994 10/1994 04/1995 AUS
The Westray Story: A Predictable Path to Disaster — Report of the Westray Mine Public Inquiry [24] 05/1992 05/1992 11/1997 CAN
Report on the Sago Mine Disaster [25] 01/2006 01/2006 07/2006 USA
Upper Big Branch: A Failure of Basic Coal Mine Safety Practices [26] 04/2010 04/2010 05/2011 USA
Royal Commission on the Pike River Coal Mine Tragedy [27] 11/2010 12/2010 10/2012 Nz
Mining Health, Safety and Prevention Review [28] N/A 12/2013 03/2015 CAN

hazardous industries have frequently identified poor safety culture
as a key contributor (e.g., Piper Alpha) [11—15]. A strong safety
culture is associated with numerous safety-related outcomes,
including performance of safe work practices [16—18], safety pro-
gram effectiveness [19,20], and reduction in accidents, near misses,
and other safety incidents [21,22]. Despite these positive safety-
related outcomes, the term safety culture lacks a universally
accepted definition [23], and has weaknesses in its conceptualiza-
tion and utilization in practice [24], which makes it difficult to
examine the extent to which cultural influences are acting as
drivers in the reoccurrence of accidents and disasters. Despite its
origin in accident investigation, it is uncommon for safety culture to
be directly addressed in investigations, especially in the mining
industry. Instead, it is becoming increasingly common for com-
panies and researchers to apply safety culture retroactively to
explain accidents and incidents [25—28] to distinguish between
perceived safety culture and actual safety culture.

This raises interest about the role organizational safety culture
may be playing in the occurrence of similar accidents in the mining
industry. Although safety culture may not have been directly
assessed, it may be present in the broader conversation captured in
the reports after investigation, potentially providing insight to the
contribution of safety culture among similar accidents. Thus, the
overall objective of this study was to analyze OHS reports in mining
to investigate if/how safety culture has historically been framed in
the mining industry. Industries around the world are showing an
increasing interest in the concept of safety culture as a means of
reducing the potential for large-scale disasters and accidents [8].
Safety culture, which is primarily aimed at preventing organiza-
tional accidents, focuses on the root causes of accidents; not
symptoms of accidents, leading to a more effective accident pre-
vention strategy. These research results have the potential to help
the mining industry identify the presence of the drivers of an un-
safe working culture, before they have the opportunity to
contribute to the occurrence of an accident.

2. Methods

The method used follows a similar protocol to that used by
Tetzlaff et al. [29], where the researchers applied a similar big data
analysis technique to address repeating recommendations in OHS
mining investigative reports from a large multiyear data set.

2.1. Mining reports data set

Occupational health and safety reports were selected in
consultation with five industry professionals, known for their
expertise in mining safety and accident investigation [23]. Based on
the objectives of this study, the inclusion criteria were reports on

single accidents, disasters, and broader mining industry reviews
that were appointed to investigate new and emerging issues, pro-
vide advice on an area where government lacks expertise, access
external knowledge, identify key issues on policy problems, and/or
provide recommendations for the future [30]. The final list con-
tained 10 reports focusing on OHS, published in English, by five
countries between 1967 and 2015 (Table 1) [31—40].

2.2. Determination of key safety culture terms

A literature review of Google Scholar, Science Direct, Sage
Journals, and Taylor & Francis Online databases, for peer-reviewed
journal articles defining safety culture, was conducted until satu-
ration was reached (i.e., repeating articles, repeating definitions).
From these journal articles, 34 safety culture definitions were
extracted and all definitions were amalgamated into one source
document. Using a computer-assisted qualitative data analysis
software, 26 dominant terms were identified, based on word count
and contextual relevance [41].

2.3. Analysis, context filtering, and interpretation

The OHS reports were analyzed via an inductive thematic
analysis, an approach that allowed for categories to emerge from
the data rather than categories being determined a priori. The re-
searchers used the qualitative software Leximancer (Version 4.0,
2011, Leximancer Pty Ltd., University of Queensland) to analyze the
text documents. Leximancer conducts conceptual and relational
analysis on written words as well as visual text [41]. Leximancer
allows for the development of a user-generated thesaurus to
analyze new data sets based upon previously identified coding
schemes [41]. Therefore, the previously identified key safety culture
terms were uploaded and used as the thesaurus for this analysis.
Each concept was then filtered to confirm if it accurately reflected
the meaning of the retrieved words. Filtering consists of removing
synonyms that the software did not identify in the text; removing
concepts where the accumulated text excerpts did not justify in-
clusion in the discussion and removing words that are used in a
different context [42].

This analysis provided a concept map that represented the 50-
year data set and assisted in the identification and exploration of
safety culture within the data. Text framing was then used to
highlight safety culture in the selected OHS mining reports [43].
Frames, defined as a device that reflects a pattern of cognition,
interpretation, and presentation, are both defined by what they
include as well as what they omit and are therefore indicative of
broad conceptual categories that provide culturally specific mean-
ing to the reader [44]. Frames have four locations in the commu-
nication process: the communicator, the text, the receiver, and the
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culture [43]. In this study, the communicator is the organization or
regulatory body that produced and published the OHS report; the
text is the inclusion or exclusion of safety culture—related termi-
nology; the receiver represents all stakeholders in the mining in-
dustry that are influenced or affected by the OHS reports; and the
culture refers to the commonly presented frames that represent the
mentality or commonly demonstrated thinking of a social
grouping. By investigating the association between textual ele-
ments within the document and the overall framing of the story,
changes in the relative proportion and stability of frames during a
given time period can be examined. Leximancer and framing theory
can be utilized similarly to axial coding in traditional textual
analysis, where themes are regrouped or reduced based on related
dimensions [45]. These groups will represent how safety culture
has been framed in investigative reports in the mining industry.

The researchers then interpreted the visual concept map, output
by Leximancer, to accurately capture the nature of the content.
Within the visual map, words (concepts) are clustered into higher-
level ‘themes’ that are depicted as colored circles, based on fre-
quency of use in relation to each other. The themes are also heat-
mapped to indicate importance; where the most dominant theme
appears in red, the next in orange, and so on to colder colors such as
purples and blues. The location of the themes and concepts on the
map also indicate relational relevance, with overlapping themes
indicating the strongest relationship, and themes on opposite ends
of the map demonstrating a lesser relationship. In addition, the size
of the circles indicates prominence within the data set being
analyzed. The gray network of lines between concepts indicates the
most-likely connection between concepts [41].

3. Results

Through this iterative process, supporting words in the
thesaurus were identified, resulting in a total of 8,279 references on
safety culture, being identified in the text set. However, after
filtering the text it was determined that 7,315 references could not
be justified for inclusion. For example, the text excerpts regarding
behavior related to both human behavior and the behavior of the
underground environment (e.g., “soil mechanics has been defined
as the scientific study of the behavior of an aggregation of discrete

Table 2
Thenumber of references for each safety culture key term over a 50-year timeline
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particles” [31]). Therefore, only human behavior text references
were retained in the analysis, and additional references were
removed. As a result, 954 references were included in the analysis
(Table 2).

The 2-stage analysis identified six themes: safety culture, atti-
tude, competence, belief, patterns, and norms, in descending order
of prominence in the data set. Within the themes, key safety culture
terms that are semantically related within the OHS reports were
visualized within the same cluster (Fig. 1). Of the 26 key terms
originally uploaded into user-generated thesaurus, 24 of them were
identified within the text, and two were not directly or indirectly
identified (morals [n = 0]; rituals [n = 0]). From the key terms in
each cluster, the underlying text references were then used to
understand the context behind each seeded term to ensure
contextual relevance. Once the themes were identified, the re-
searchers reduced them into two frames according to whether or
not they related directly to the (a) The Individual (Table 3) and (b)
The Organization (Table 4). The frames and their subthemes are
described in the following passages using textual examples.

4. Discussion

This historical analysis of the emergence and presence of safety
culture in OHS reports in mining, provided the unique opportunity
to identify how safety culture was captured in the post-
investigation reports, potentially providing insight to the contri-
bution of safety culture amongst similar accidents. The results
made evident two distinct frames in which to discuss the data: the
role of the individual, and the role of the organization, in safety
culture.

4.1. Role of the individual in safety culture

The role of the individual provided evidence for how the mining
industry has portrayed the influence of human error and human
factors in contributing to the safety culture of a workplace and
subsequent ability for an accident to occur. From the individual
perspective, safety culture is influenced by the various factors which
determine a worker's attitude towards safety (i.e., values, past ex-
periences); determined by how individual characteristics contribute

Frame Theme Safety culture key terms 1967[19] 1976[20] 1981[21] 1986[22] 1995[23] 1997[24] 2006[25] 2011[26] 2012[27] 2015[28]
The Individual  Attitudes Attitude 0 2 123 1 2 27 0 2 5 0 162
Behavior 2 4 88 0 0 12 0 0 11 1 118
Characteristics 0 0 38 0 0 0 0 1 6 I 46
Feelings 0 0 16 0 0 1 0 1 1 1 20
Perceptions 0 1 11 0 3 4 0 0 0 0 19
Thoughts 0 0 12 0 0 1 0 0 0 0 13
Psychological 0 0 4 0 0 0 0 0 0 0 4
Competence Competencies 8 5 18 6 0 61 0 1 17 3 119
Values 0 0 2 1 0 2 0 1 2 0 8
Norms Norms 0 0 0 0 1 0 0 3 1 0 5
Patterns Patterns 1 0 8 0 0 0 0 0 2 I 12
Experiences 0 0 6 0 0 0 0 0 1 0 7
Mental 0 1 6 0 0 0 0 0 0 0 7
Ethical 0 1 0 0 0 5 0 0 0 0 6
Interpretations 0 0 4 0 0 0 0 0 0 0 4
Situational 0 0 3 0 0 0 0 0 0 1 4
Attributes 0 0 0 1 0 0 0 0 0 0 1
The organization Belief Belief 3 7 31 1 1 19 3 4 7 3 79
Safety Commitment 0 4 55 0 0 20 0 5 11 0 95
Social practices 1 7 22 1 1 33 0 8 8 2 83
Attention 0 2 23 0 0 26 0 1 13 3 68
Culture Safety culture 0 0 0 0 1 0 0 8 37 7 53
Shared 1 0 8 0 0 3 0 1 6 1 20
Observable 0 1 0 0 0 0 0 0 0 0 1
TOTALS 16 35 478 11 9 214 3 36 128 24
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to the formulation of perceptions, expectations and interpretations
of how one should behave; and influenced by the technical
competence, and ability to identify individual competence.

4.1.1. Determinants of an individual's attitude toward safety

Attitude was the dominant theme and key term within the
analysis. The discussion surrounding attitude incorporated how
attitudes are shaped, the presence of attitudinal subunits within
organizations, and the various factors which influence a worker's
attitude toward safety. Attitudes are preceded by cognitive, affective,
and behavioral processes, and, in turn, attitudes produce cognitive,
affective and behavioral responses [46]. Although there are various
definitions of attitude, attitude is always directed toward an object:
in this discussion, safety. Therefore, safety attitudes refer to indi-
vidual and collective beliefs about hazards and the importance of
safety, together with the motivation to act on those beliefs.

Weaved throughout many of the attitude references was the
underlying influence of management's attitudes in shaping the
manner in how a workplace functions. Within the literature, it is
extensively discussed that organizations often try to change atti-
tudes without consideration for organizational features [47].
Similarly, changes are often made to organizational systems
without regard for individual behavior or attitudes [48]. However, it
is known that individuals are neither deterministically controlled
by their environments nor entirely self-determining [49]. There-
fore, understanding the role of individual attitudes, and the recip-
rocal relationship between them and the organizational
environment, is important for determining how necessary attitu-
dinal change to improve workplace safety can be achieved.

4.1.2. Contribution of personal characteristics toward safe behavior
Individual characteristics and perceptions, which can be fixed or
adapted, can influence human behavior. Characteristics were

incorporated into the accident causation discussion as an individ-
ual's distinguishable traits can influence their behavior and sub-
sequently affect their OHS. Perceptions were predominantly
discussed in three forms: how perceptions are formed, the influ-
ence of perceptions on roles and expectations, and how perceptions
can influence accidents. For example, the data highlighted how the
expectations of another individual are based on what is perceived
to be important by the individual forming the perceptions. It has
been previously established that psychological and behavioral
characteristics of an individual are considered organizational fac-
tors that can influence accidents [50] and are often explained using
the accident proneness theory [9]. The accident proneness theory
assumes there are permanent personal characteristics that make
one more likely to have an accident. To reduce the influence of
personal characteristics in accident causation, safe behavior stra-
tegies should identify behavior's that are not compliant with safe
work procedures and address them.

4.1.3. Influence of technical competence

The data around competence related both to the overall
knowledge and skills of various individuals and the need for in-
dividuals in the mining environment to be technically competent
and risk aware. Data surrounding competence also included ref-
erences to the failure of the system's ability to identify the lack of
competence in individuals, and how individuals receive their
training, qualifications, and certifications. If workplaces become
complacent and view training as a formality, instead of a
requirement for ensuring worker safety and safe production, then
they are not contributing to a positive workplace safety culture.
The need for structured training is supported through competency
models [51]; however, there is an increased awareness that valu-
able learning often happens informally on the job, in groups, or
through conversations [52]. This style of unstructured learning

Safety Culture
obsegable ty
safaty culture ethical
- - Competence
shared comge
commiment
social practice@ el
. values
Patterns situational
- K pattens  attributes
interpretations
mental
Norms
norm
chw' tics
"\ behef
o behavioufeelings Belief
thoughts
attitudes
Attitudes
psychelogical

Fig. 1. The concept map of seeded safety culture terms used to develop the frames: Frame 1: The Individual: attitude (yellow), competence (light green), patterns (blue), and norms

(purple); Frame 2: The Organization: belief (green), and safety culture (red).
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Table 3

Text examples of the key safety culture terms related to the frame “The Individual”

Theme Safety culture key terms

Text examples

Attitude Attitude

Behavior

Characteristics

Feelings

Perceptions

Thoughts

Psychological

Competence Competence

Values

Norms Norms

Patterns Patterns

Experiences

Mental

Ethical

Interpretations

Situational
Attributes

“It suggests a profoundly dangerous attitude that fire bossing a mine is just another burden ...
failure to perform them diligently and honestly reflects poorly on the attitudes up the
company's chain of command” (p.98) [38].

“Mindset requires supervisory behaviour to counteract the nonchalant attitude often
encountered in more experienced workers, who may have adopted hazardous shortcuts and
a dangerously complacent approach to occupational risks” (p.94) [36].

“Human factors are the environmental, organizational and job factors, and human and
individual characteristics, which influence behaviour at work in a way which can affect
health and safety” (p.27) [39].

“Expressed similar concerns and feelings of distrust vis-a-vis Westray management: Some of
the people who were appointed to the safety committee I felt I couldn't trust not to expose
any concerns that I had about safety back to management, and therefore making me
vulnerable to the tactics of management as far as intimidation and harassment” (p.180)

36].

“Ft[ICtu]rs influencing ... expectations are a combination of a range of highly complicated
sources such as the economic conditions, management philosophy and attitudes, legislative
requirements, other organizational issues, etc.” (p.78) [33].

“A readiness to assess or evaluate an object in a certain way; it is the intellectual part of an
attitude and encompasses the thoughts of an individual” (p.48) [33].

“A person's actions are motivated in one way or another, consciously or unconsciously, and
that no behaviour is totally devoid of some underlying psychological mechanism ...
attitudes are psychological traits” (p.51) [33].

“The regulatory system should drive training programmes that produce a qualified and
competent workforce which is aware of the major risks in underground coal mining and
how to manage them. Deficiencies and gaps in the regulations are holding back the
development of the workforce” (p.338) [39].

“Employers should create a ‘no-blame culture’ that values health and safety and that supports
workers who raise health and safety concerns” (p.335) [39].

“The not-so-subtle message to employees [was] that MSHA [was] costing the company money
— and workers shouldn't aid in that process. In an organization where deviance is not the
norm, the same information might be used to deliver a very different message, ‘We have
some very serious safety problems at this mine, so much so that we've racked up a million
dollars in penalties'™ (p.101) [38].

“The information I have seen shows me recurring patterns of causal factors that I know are
well established in the literature to increase the likelihood of a process safety event” (p.76)
39].

“Fclzctolrs such as personal background, skills and abilities, and past experiences would play an
important part in this process ... a person's experiences form the backbone of his attitudes”
(p.64) [33].

“The quality of the critical relationships are being adversely affected by the existence of an
adversarial mentality” (p.12) [33].

“It is the responsibility of management at all levels through its actions and its example to
instill a strong safety ethic in its workforce.” In the case of Westray, management undeniably
failed to do so” (p.155) [36].

“The individual himself, by his own perceptions, expectations, and interpretations
[determines] how he ought to behave. This refers to a synthesis of personalized
representations of the requirements within the organization, some of which may be
acquired as a consequence of direct experiences and others may develop as a result of
indirect influences” (p.64) [33].

“Keen sense of situational awareness” (p.27) [40].

“Attitudes as object appraisal systems serve to simplify a person's task of assessing new
information about objects by providing him with already evaluated categories to which
incoming information can be fitted. The object appraisal predominates, attitudes should be
malleable, in response to rational presentations of information that lead the person to
reappraise the bearing of reality factors on his interests and enterprises” (p.30) [33].

needs to be supported by a learning culture that is embedded in
the organization's capacity to adapt or to respond in novel ways
while working to remove barriers to learning. Often these dis-
cussions also related back to how role conflicts and role ambiguity
can affect how an individual interprets their responsibilities to-
wards taking ownership of safety. It is well-established in the
literature that occupational stressors, such as role ambiguity, can
influence organizational accidents [22,53,54]. A lack of risk
awareness, poorly designed training systems, and occupational
stressors are all preexisting hazards that make an organizational
system vulnerable to failure. The regulatory system should drive
training programs that produce a qualified and competent work-
force which is aware of the major risks in the coal mining and how
to manage them.

4.2. Role of the organization in safety culture

The role of the organization was driven by references that
broadened the discussion beyond the individual, to the larger
organizational practices. It was portrayed from the findings that
within the organizational context safety culture is influenced by the
commitment that a workplace makes to safety through how re-
sponsibilities are shared; persuaded by the dominant social prac-
tices (safe or unsafe); and determined by where attention is
prioritized.

4.2.1. Commitment
The references about commitment not only focused on the need
for a commitment to OHS from all stakeholders (e.g., workers,
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supervisors, management, unions, ministries, insurance boards),
but prompted the industry to broaden the view beyond the
behavior of individual work practices and behaviors, to evaluating
management decisions (i.e.,, how miners' work is organized and
performed). Consistent with what is widely accepted throughout
the literature [55,56], the role of management leadership demon-
strates that management's commitment to safety, management
style, and management visibility are key indicators of an organi-
zations safety culture [57]. Therefore, there must be commitment
from all levels of the organizational structure, initiating with a top—
down organizational approach [26,58—61].

4.2.2. Social practices

Findings from the analysis also revealed similarities across
the timeframe related to the propagation and penetration of the
dominant culture throughout the organizations, which created
various socially accepted practices. The data around social
practices largely encompassed the lack of group dynamics that
support OHS in the workplace and the need for establishing such
social practices. Safety compliance refers to the core activities
that individuals conduct to maintain workplace safety and

Table 4
Text examples of the key safety culture terms related to the frame “The Organization”

adhere to the safety management system (i.e., wearing personal
protective equipment), whereas safety participation describes
behavior's that do not directly contribute to an individual's
personal safety but assist in developing an environment that
supports safety (i.e., attending safety meetings) [62]. It is evident
within many of the reports analyzed that safety compliance and
safety  participation were not normalized practices
among workers, supervisors, or management. Emphasis was on
the importance of looking beyond organizational standards, to
determine if the individual, legislative, and social judgments
expressed through work practices and their supervision, in
regulatory standards and processes of enforcement is adequate.
This is similar to previous findings that similarly indicate the
presence of a gap between perceived and actual demonstrations
of safety [26,28]. Organizational cultures typically are bias to
reflecting the values of the dominant group, or subculture, in the
organization [26]. This is relevant to note because, although
organizational cultures can enhance organizational goals, they
can also perpetuate negative behavior, beliefs, attitudes, and
values [26,63].

Theme Safety culture key terms Text examples

Belief Belief “Had MSHA followed the mandates of Congress, and had ICG operated the mine with an eye
firmly focused on miners’ safety, there is every reason to believe that every person
underground that day would have survived” (p.1) [37].
“It's my firm belief that they had no intention of complying” (p.340) [36].

Safety Culture Commitment “A genuine commitment to safety means not just examining miners' work practices and

Social practices

Attention

Safety culture

Shared

Observable

behaviors. It means evaluating management decisions up the chain of command — all the
way to the boardroom — about how miners' work is organized and performed” (p.4) [38].
“A policy statement confirming the organization's commitment to safety and the obligation
upon workers, supervisors and management to contribute to a safe working environment”
(p:24) [33].

“Miners’ rights to a safe workplace are compromised when the operator's commitment to
production comes at the cost of safety” (p.112) [38].

“Disease and injury is not settled simply by setting environmental standards. It is determined
by individual, legislative, and social judgments as expressed in work practices and their
supervision, in regulatory standards and processes of enforcement” (p.95) [32].

“There is an obvious disconnect between the lofty safety standards ... and the reality of

conditions inspectors and investigators [find] (p.95)... Practices such as these can only exist
in a workplace where the deviant has become normal, and evidence suggests that a great
number of deviant practices became normalized at the Upper Big Branch mine” (p.97) [38].

“The response of Westray management to these continuing problems seemed to exacerbate
them and divert attention from other serious safety concerns. In the result, the entire safety
mentality at Westray deteriorated while management was consumed with its apparent
inability to deal with ground control ... Although it is impossible to quantify the contribution
of such a major diversion to the disaster, it was likely significant” (p.382) [36].

“Regular risk assessments help focus attention on the hazards that pose the greatest risk to
health and safety. They also ensure that the sector is able to identify new or evolving hazards
and take steps to mitigate them” (p.6) [40].

“All partners in [the] mining occupational health and safety system — the Ministry of Labour,
the Workplace Safety and Insurance Board, the relevant Health and Safety Associations, the
Jjoint occupational health and safety committees or representatives and workers and
employers — play a critical role in creating a health and safety culture” (p.7) [40].

“The role of the mine manager in creating and maintaining a culture that fosters worker
participation and identifying and mitigating hazards is key to an effective IRS” (p.56) [40].
“A culture created a climate in which a disaster ... could occur ... such total and
catastrophic systemic failures can only be explained in the context of a culture in which
wrongdoing became acceptable, where deviation became the norm” (p.101) [38].

“Although the overall responsibility for safety in the workplace lies with the top management
and although this responsibility cannot be shared, cooperation of everybody in the
workplace is essential for the effective discharge of that responsibility” (p.80) [33].

“The Review heard from various sources ... that research is being done and/or new
techniques to reduce injury and illness are being tested but the information is not being
shared. When findings that show better ways to improve health and safety are not shared,
they can't make a difference” (p.63) [40].

“That committee conducts a clinical assessment of each referred claimant to determine if there
is silicosis and observable impairment” (p.86) [32].
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4.2.3. Attention

Attention predominantly appeared in the data in three forms:
the diversion of attention, drawing attention, and communicating
the need for attention. First, the diversion of attention was evi-
denced through competing priorities of the organization, result-
ing in the diversion away from safety concerns. For example,
there was a wealth of evidence related to how a culture of pro-
duction challenges a culture of safety, which further identifies the
consequences of procedures, such as production bonus programs
[36]. As management's role is diffused vertically in organizational
hierarchies, the dependence on senior management can be
challenging with competing concerns in other areas of the orga-
nization. This appeared frequently, as it was evident that the
diversion of attention weakened the organizations ability to
respond and mitigate safety issues. Previous research has simi-
larly shown that the influence of leadership style [64] and man-
agement practices [57] are key organizational factors that
influence accidents. Secondly, drawing attention was related to
the importance of conducting regular risk assessments to draw
industry attention to specific hazards that pose the greatest risk
to OHS. A similar study examined 39 coal mine disasters to focus
on the role and effectiveness of enforcement, and identified that
fatal accidents are attributable to various defects, including the
attention to hazards [3]. Consistent risk assessments that identify
hazards, analyze and evaluate the risk associated with the haz-
ards, and determine the appropriate method of eliminating or
controlling the new or evolving hazards are an essential compo-
nent of an OHS management system. Lastly, communication was a
concern as there was evidence of OHS concerns failing to be
disseminated throughout the organizations, resulting in high-
potential incidents not being reported. In the change manage-
ment literature, it is evident that communication is a founda-
tional aspect of organizational transformation. The process in
which change is introduced sets the tone for recipients with
respect to acceptance or rejection [65]. Therefore, if an organi-
zation fails to willingly and effectively communicate OHS con-
cerns, latent organizational issues will challenge the system and
lead to potential accidents.

4.3. Limitations and future studies

Although the study encompasses 50 years, five countries, and
10 reports, it is not without limitations. As there is no commonly
accepted definition of safety culture, the study dictionary was
developed through a review of the literature, and therefore there
may have been additional terms throughout the evolution of the
concept that were missed in the development of the dictionary.
However, during the computer-assisted data analysis, in addition
to the seeded terms, any related automatically identified terms
were extracted during the generate thesaurus phase through an
iterative process [41], therefore, decreasing the risk of missing
any contextually relevant discussion. Secondly, although the
sample itself was large in scope, there could have been a more
diverse number of reports included from different countries.
Having incorporated additional countries may have provided a
more diverse discussion due to the variation in legislation, safety
standards, and cultural norms, along with investigative tech-
niques. Lastly, commissioned reports, or investigation reports,
have the potential to be influenced by the authoring body. This
study is limited to the interpretation of what was published. For
example, there may have been conversations throughout the
investigation process that further discussed safety culture that
were not captured in the published public reports.

As this study has been a retrospective analysis, future research
should focus on proactive measures of organizational culture to

analyze potential differences in how recommendations from
commissioned reports are implemented in the mining industry.
The results of this research could assist OHS personnel in identi-
fying how safety culture may influence the disconnect between the
delivery of the safety recommendations and the implementation of
the recommendation. This would allow future implementation of
recommendations to result in greater compliance and improved
safety-related outcomes. Furthermore, although the contexts of
various work environments can be different, there is an opportu-
nity to learn from occupational accident investigations and rec-
ommended practices from other countries, industries, or variations
within the same sector (i.e., metalliferous and coal mining)
[2,66,67]. This research has further identified a new methodology
for big data analysis that can assist in identifying trends over
time and prove useful in other industries across the broader OHS
landscape.

5. Conclusion

This historical analysis of the emergence and presence of
safety culture in this sample of OHS commissioned reports in
mining, reveals how the industry has progressed and adapted to
advancements in organizational safety science. This research
provides a positive outlook on the broadening inclusion of safety
culture in understanding accidents in the mining industry and
makes clear that identifying and altering cultural drivers may
impact the likelihood of an accidents reoccurrence. In addition,
this study has further identified a new methodology for
continued research in this area, using big data analysis techniques
to learn from lessons of the past, without having to endure
another industry accident.
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