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A B S T R A C T

The present study undertook an exploratory investigation of the causes of risk-taking among Australian coal
miners. A range of safety culture and climate variables were measured in a survey of open-cut and underground
coal miners from New South Wales and Queensland. A repeat survey of 233 of these miners was conducted an
average of 10 months after the initial survey. Participants’ age and perceived safety norms at their mine site were
significant longitudinal predictors of reported frequency of risk-taking. These findings suggest that young miners
and miners who perceive it to be normal for miners at their mine site to ignore safety procedures are more likely
to report taking safety risks in the future. Suggestions for safety interventions are considered.

1. Introduction

1.1. Background

Mining is one of the highest risk occupations in the world (Harris
et al., 2014; Verma and Chaudhari, 2016; Wei et al., 2017). Australia is
the fourth largest mining country in the world, after China, the United
States, and Russia (export.gov, 24/07/2018). Work-related injuries cost
the Australian mining industry AUD$2.44 billion in the period
2012–2013 (Safe Work Australia, 2015), and the fatality rate of Aus-
tralian coal miners is approximately 3.84 deaths per 100,000 workers,
which is 70% higher than the Australian workplace average
(Codrington, 2015). In real terms, 45 coal miners were killed at work
during the period 2012–2016 (Safe Work Australia, 2018).

1.2. Motivation

The present study was motivated by the need to reduce work-related
injuries and fatalities in the Australian coal mining industry. We ap-
proached this problem from the perspective of risk-taking. Specifically,
we assumed that an increased frequency of dangerous risk-taking would
be associated with an increased frequency of injuries and fatalities
among miners.

1.3. Objectives

The research aimed to identify predictors of dangerous risk-taking

in the Australian coal mining industry. In particular, we aimed to
identify safety culture and safety climate variables that predicted re-
ports of dangerous risk-taking among Australian coal miners.

We adopted an explicitly exploratory approach in our research.
Prior research in this general area has tended to develop broad theo-
retical models and then test them using confirmatory factor analysis
(e.g., Clarke, 2010). This confirmatory approach allows relatively clear
“yes/no” decisions about the fit of theoretical models to the observed
data. However, it is less appropriate when the research aim is to explore
which of a range of different variables are most influential in an applied
research setting. The aim of the current study was to do exactly this. In
particular, we aimed to identify which safety culture and climate
variables are likely to cause reported risk-taking among Australian coal
miners.

Given our exploratory approach, we did not develop any specific a
priori hypotheses about which variables would and would not predict
risk-taking among Australian coal miners. Instead, we measured a range
of potentially influential safety culture and climate variables based on
prior research in this area. These variables were included in a survey of
open-cut and underground coal miners from New South Wales and
Queensland. We then identified which of these variables predicted self-
reported risk-taking in a subsequent survey that was administered on
average 10 months after the initial survey.

2. Literature review

Prior research has investigated safety culture and safety climate in
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the mining industry (e.g., Allen, 2014; Jebb, 2015; Mines Occupational
Safety and Health Advisory Board, 2002; Parker et al., 2017; Stephan,
2001). Some of this research has shown that safety culture and climate
predict better safety performance, compliance, and participation. For
example, two studies have shown these associations in Ghanaian gold
mine sites (Froko et al., 2015; Stemn et al., 2019).

However, relatively little research has considered safety culture and
climate variables as predictors of risk-taking behavior in the mining
industry and related high risk industries. The Mines Occupational
Safety and Health Advisory Board (2002) Safety Behaviour Survey
concluded that managerial support for risk-taking and perceived pres-
sure to take short cuts were potential causes of Australian miners’ risk-
taking. A UK study found that coal miners’ risk-taking was positively
related to (a) perceived time pressure linked to payment by pro-
ductivity (e.g., incentive bonuses), (b) social influence within work
teams to be productive, (c) the perception that management implicitly
prioritizes productivity over safety, and (d) miners’ perceived lack of
ability to control and effectively manage risk (Weyman et al., 2003). A
study of two Indian underground coal mines found that job dis-
satisfaction and negative affect positively predicted risk-taking (Paul
and Maiti, 2007). Finally, a study with workers at a UK power-gen-
erating company showed that senior management commitment to
safety positively predicted knowledge and training in safety, which
positively predicted reduced risk-taking behaviours (Yule et al., 2007).
Table 1 provides a summary of the above literature review.

Taken together, the current literature suggests that safety culture
and climate variables operate as important predictors of risk-taking. In
particular, the perceived attitudes and norms of management and other
workers seem to be important. Critically, however, none of this pre-
vious work has attempted to address the difficult issue of causation. In
particular, it is relatively unclear whether the putative predictor vari-
ables cause risk-taking. For example, does a perceived change in man-
agement’s attitudes cause increases in workers’ risk-taking, or does
workers’ increased risk-taking cause a perceived change in manage-
ment’s attitudes, or are both causal directions operating simulta-
neously?

It is important to consider causal associations in this research area in
order to make recommendations regarding potential interventions to
reduce risk-taking and, consequently, improve safety. The present study
used an exploratory longitudinal research approach in order to reach
firmer causal conclusions. Although longitudinal research designs
cannot provide incontrovertible evidence of causation (Selig and Little,
2012, p. 271), they can help to reduce confidence in the existence of
reverse causal paths and thereby increase confidence in the putative
casual direction (Selig and Little, 2012, p. 268).

To our knowledge, the current research is the first study to use a
longitudinal approach to investigate the association between safety
culture or safety climate and risk-taking. To substantiate this view, we
searched the SCOPUS database using the following search term: TITLE-
ABS-KEY ((“safety climate” OR “safety culture”) AND “risk-taking”
AND longitudinal). This search returned a single article that called for

future research using a longitudinal research design but that did not
itself use a longitudinal research design.

3. Method

3.1. Procedure

The research procedure had ethical clearance from the University of
Newcastle’s Human Research Ethics Committee (Approval number: H-
2016-0178). We recruited participants using a number of different
strategies, including emails; information flyers distributed on-site; no-
tices in company newsletters and internal memos; a snowballing ap-
proach in which miners were asked to email the online survey link to
workmates; social media (Twitter and Facebook); presentations at pre-
shift onsite briefings; and recruitment at training and utility days. The
last two approaches proved to be the most effective.

Participants were recruited from open-cut and underground mine
sites in New South Wales and Queensland, Australia. The sample in-
cluded 33.48% of participants (n = 78) from one open-cut mine site,
30.90% from one underground mine site (n = 72), and 35.62%
(n = 83) from a variety of other open-cut and underground mine sites.
In total, 37.68% of participants (n = 88) were from open-cut mines and
61.37% (n = 143) were from underground mines, with 2 participants
not indicating their mine site.

Wave 1 data collection began on August 08, 2016 and ended on
March 31, 2018. Wave 2 data collection began on August 17, 2017 and
ended on September 20, 2018. Although there was an overlap between
these two data collection periods, the minimum time between com-
pleting Wave 1 and Wave 2 for any participant was 4 months. The mean
lag time was 10.24 months (SD = 4.93), and the maximum lag time
was 22 months.

The survey was presented online and in paper format, although
most participants completed the paper version (96.57% in Wave 1;
88.84% in Wave 2). The survey was titled “safety and risk-taking
survey,” and it was introduced as “investigating safety and risk-taking
in Australian coal mines.” Participants responded to the safety culture
and climate items first, followed by the risk-taking items. They then
responded to the accident and near miss measures, followed by the
demographic items. Details about these measures are provided in
Section 3.2. The median completion time for the online version of the
survey was 16.53 min (averaged across Waves 1 and 2).

Participants completed the survey anonymously. However, they
were asked to provide their email address and mobile phone number in
a separate survey. This information was used to contact them to ask
them to complete the second survey.

Participants were also asked to provide a longitudinal identification
code at the end of each survey. This code consisted of the first letter of
the participant’s first name, the first letter of their mother’s first name,
the date of the day of the participant’s birthday, and the month of the
participant’s birthday, written as a number. This four-item code (e.g.,
RP226) was used to match surveys from Waves 1 and 2.

Table 1
Summary of Literature Review.

Study Country Industry Key Findings

Froko et al. (2015); Stemn et al.
(2019)

Ghana Gold mining Safety culture and climate predict better safety performance, compliance, and participation.

MOSHAB (2002) Safety Behaviour
Survey

Australia Mining (all types) Risk-taking is predicted by (a) managerial support for risk-taking and (b) perceived pressure to take
short cuts.

Weyman et al. (2003) UK Coal mining Risk-taking is predicted by (a) perceived time pressure linked to productivity, (b) social influence
within work teams, (c) the perception that management prioritizes productivity, and (d) perceived
lack of ability to control and manage risk.

Paul and Maiti (2007) India Underground coal mining Risk-taking is predicted by job dissatisfaction and negative affect.
Yule et al. (2007) UK Power-generating

company
Risk-taking is predicted by (a) senior management’s commitment to safety and (b) knowledge and
training in safety.
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3.2. Measures

The survey included a range of scales that aimed to assess constructs
from the safety culture and safety climate literature (e.g., Alruqi et al.,
2018; Brondino et al., 2013; Clarke, 2010). Unless otherwise indicated
here and below, scales consisted of three items, and participants in-
dicated their responses using a 7-point Likert-type scale anchored
strongly disagree (1) and strongly agree (7). The scales assessed partici-
pants’ perceptions of (a) the clarity and accessibility of safety systems,
(b) management’s commitment to safety, (c) the adequacy of the
number of workers at the mine site (single item), (d) pay bonuses for
productivity, and (e) the safety norms at the mine site. Participants also
judged their own (a) safety knowledge, (b) safety motivation, (c) safety
training, (d) level of on-the-job risk, (e) control over risk, (f) risk
awareness, and (g) risk assessment ability. Participants also indicated
perceptions of (a) time pressure to get the job done, (b) work team
identification, and (c) work team pressure to take safety risks. Supple-
mentary File 1 on the Open Science Framework webpage for this pro-
ject provides a full list of the items in each scale and the scales that are
described below as well as their response scales. The Open Science
Framework webpage can be found at: https://osf.io/2vhmr/.

The survey included scales that assessed health-related variables,
including lack of sleep, work-related stress, and general health
(1 = poor, 5 = excellent). The survey also assessed job evaluation scales
and items, including job satisfaction (based on Thompson and Phua’s,
2012, Index of Affective Job Satisfaction), job stability (single item),
and job performance (single item; 1 = bottom performer, 9 = top per-
former). Single items were used to assess fly-in-fly-out status (yes, no,
don’t know), career number of work-related major accidents, mine site
location, shift type, and working hours. The measures of shift type and
working hours were problematic because they did not take into account
the fact that many miners were on a rotating roster (e.g., seven days on,
seven days off). Consequently, these two variables were not included in
the analyses. In addition to the demographic variables mentioned in the
Participants section, we also measured relationship status (single, in a
casual relationship, in a serious relationship, married), social class (based
on the MacArthur Scale of Subjective Social Status; 1 = bottom level,
11 = top level; Adler and Stewart, 2007), and social desirability (three
items adapted from Stöber’s, 2001, Social Desirability Scale-17).

The main outcome variables were measures of the perceived fre-
quency and magnitude of risk-taking. In our survey, we explained to
participants: “safety risks are work-related risks that people take in-
tentionally or unintentionally, that violate safety policies or procedures
or common sense, and that have the potential to result in either minor
or major injury or damage.” To assess the frequency of risk-taking, we
asked participants to indicate the extent to which they had taken (a)
major and (b) minor safety risks (c) intentionally and (d) unin-
tentionally in the past two months. Participants responded to these four
items using an 8-point Likert-type scale anchored never (1) and all the
time (8). Magnitude of risk-taking was assessed using a 3-item measure.
Each item began “the safety risks that I’ve taken over the last two
months could have resulted in:” The remaining part of each item was
(a) “injuries to me,” (b) “damage to equipment or the mine site,” and (c)
“injuries to others.” Participants responded to these three items using a
7-point scale anchored not at all (1) and a massive amount (7).

Participants also responded to two items that assessed their fre-
quency of accidents and near misses. In the survey, we defined acci-
dents as “specific events that have resulted in injuries to yourself or
others or damage to equipment or property” and near misses as “spe-
cific events that had the potential to result in injuries or damage but did
not actually result in any injuries or damage on that particular occa-
sion.” The two items stated “in the last two months, approximately how
many work-related accidents [near-misses] (major and minor; reported
and unreported) have you been involved in?” Participants responded on
a scale from 0 to “10 or more.” If participants did not respond with “0,”
then they proceeded to indicate the magnitude of their accidents and/or

near misses using a similar item and response scale to that for the
magnitude of risk-taking items.

3.3. Data collection

Participants were eligible to complete the survey if they were
18 years or older and an employee or contract worker at an Australian
coal mine. We collected data from 2410 surveys across two waves of
data collection. We identified 16 cases of duplicate responses in which
participants had completed the survey twice during either Wave 1 or
Wave 2. In these cases, the second response was deleted, leaving only
the first response. The remaining 2144 responses included responses
from 250 participants who had completed both waves of the study
(attrition rate = 88.34%). Of these, the Wave 1 responses of partici-
pants indicated that 12 were “management” and 5 were “administra-
tion.” These 17 participants were excluded from the analyses because
they were not directly involved in coal extraction/production. Hence,
our final longitudinal sample consisted of 233 participants.

A sensitivity analysis was conducted to determine the minimum
effect size that we could expect to detect using this sample size using a
power level of 0.80 and an alpha level of 0.05. Using G*Power 3 (Faul
et al., 2007), we found that a two-sided zero-order correlation test
could be expected to detect an effect as small as r = 0.18 with these
parameters. This degree of sensitivity was deemed satisfactory given
that an effect size of r = 0.19 is typical in the field of psychology
(Stanley et al., 2018).

3.4. Demographic composition of the sample

Based on their Wave 1 responses, 95.28% of participants were men
(n = 222) and 3.43% were women (n = 8), with 1.29% missing re-
sponses (n = 3). Participants’ average age was 39.21 years
(SD = 10.93) and ranged from 18 to 65 years. On average, participants
had worked 11.80 years in the mining industry (SD = 8.98). In addi-
tion, 60.94% of participants (n = 142) indicated that they were com-
pany employees, and 37.77% (n = 88) indicated that they were con-
tract workers (n = 2 missing data).

In terms of occupation, 51.20% of participants (n = 128) indicated
that they were “mineworkers,” 24.00% (n = 60) “maintenance,”
11.20% (n = 28) “supervisors,” 5.6% (n = 14) “other,” and 1.20%
(n = 3) did not provide a response and so were considered most likely
to fall into one of these previous four categories. Finally, 12.45%
(n = 29) of participants classed themselves as “fly-in, fly-out” workers,
and 16.31% (n = 38) indicated that they were a member of the mines
rescue team.

3.5. Analytical approach

We followed Rubin’s (2017a, 2017b, 2017c) approach to ex-
ploratory data analysis. First, it should be noted that multiple testing in
exploratory research can inflate the studywise Type I error rate (e.g.,
Nosek and Lakens, 2014). To address this issue, we did not test the joint
studywise null hypothesis that there is no association between any of
the variables in the study. Instead, we undertook more focused tests of
individual null hypotheses and, for each test, we used a conventional
significance threshold of p ≤ 0.05 (Rubin, 2017b). Second, following
the Fisherian and Bayesian approaches to hypothesis testing, we con-
ditioned each of our probability statements on the relevant test that we
actually conducted. We did not condition probability statements on
potential tests that could eventuate if a long run of repeated sampling
were to be performed (Rubin, 2017a). Third, we conducted a robustness
analysis that indicated any changes in the pattern of reported results
when tests were performed after (a) excluding outliers and (b) in-
cluding theoretically relevant covariates (Rubin, 2017a, 2017b). This
robustness analysis provides a degree of reassurance in the face of
concerns about p-hacking and selective reporting in exploratory
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research (Simmons et al., 2011). Fourth, and to provide further re-
assurance on this matter, we have reported all variables in our survey
and provided a copy of our research survey and deidentified data set at
https://osf.io/2vhmr/ (Rubin, 2017b). Finally, we have been explicit
that this research is exploratory, rather than confirmatory, and we have
not provided any falsely a priori hypotheses in our Introduction (Rubin,
2017c). Hence, we have not engaged in any undisclosed hypothesizing
after their results are known (HARKing; Kerr, 1998; Rubin, 2017c).

Our methodological and analytical approach is summarised in
Fig. 1. Following the second wave of data collection, we excluded
measures from our analyses that did not have satisfactory psychometric
properties. We then conducted a longitudinal regression analysis in
order to identify predictors of the frequency of risk-taking at Time 2
after controlling for frequency of risk-taking at Time 1. We tested the
reverse causal paths of any significant predictors and then undertook a
robustness analysis to corroborate our statistical conclusions.

4. Results and discussion

4.1. Analysis of the safety climate and culture scales

We reverse-coded negatively worded items and then computed
Cronbach alpha values for each scale. Seven scales had poor alpha
values (αs ≤ 0.53), and these values did not improve after excluding
items. Consequently, these scales were not included in the analyses.
They included the measures of social desirability, magnitude of acci-
dents, risk assessment ability, safety motivation, clarity and accessi-
bility of safety systems, risk awareness, and control over risk. The re-
maining scales either had Cronbach alphas at or above the 0.70
threshold or, in the case of safety training and work team pressure, they
met this criterion after removing a problematic item from the scale.
Consequently, we computed the mean scores for the items in these
scales.

The measures of the frequency and magnitude of accidents and near
misses were skewed (≥3.83 for Wave 2). In Wave 2, 77.25% of parti-
cipants (n = 180) indicated that they had not experienced any acci-
dents or near misses over the past two months. This large percentage

may indicate a genuine rarity of accidents and near misses. However, it
may also indicate the operation of a number of biases. First, miners may
have discounted some accidents and near misses because they thought
that these incidents did not meet the criteria stated in our survey. For
example, they may have discounted slips, trips, and falls from their
count of accidents and near misses because they considered them too
minor in nature. Second, miners may have failed to report some acci-
dents and near misses because they lacked trust in the anonymity and/
or confidentiality of their responses, and they felt that they may receive
a penalty for reporting their accidents. Finally, social desirability con-
cerns may have motivated miners to forget about or fail to disclose their
accidents and near misses (e.g., Geddes, 2012). Whatever the reasons
for the low level of reporting accidents and near misses, we decided that
it would be problematic to include these secondary outcome measures
in the data analyses. Similarly, 55.56% of participants (n = 125) in-
dicated that they had zero major accidents during their career (skew-
ness = 4.33). Again, we excluded this measure from our analyses. All
other variables had acceptable levels of skewness, ranging from −1.30
to 1.74.

The measure of risk magnitude was less skewed than the measures
of accidents and near misses (1.74). Nonetheless, 42.92% of partici-
pants indicated that the safety risks that they had taken over the past
two months had no chance of injuring themselves, others, or equip-
ment. Again, this rather high percentage casts doubt on the usefulness
of this measure. In contrast, the measure of risk frequency, which was
our primary outcome measure, was not particularly skewed (1.30).
Furthermore, only 19.74% of participants responded with the lowest
mean value of 1.00 on this measure, indicating that although 46 par-
ticipants reported that they had never taken any major or minor safety
risks intentionally or unintentionally over the past two months, 80.26%
of participants reported that they had.

4.2. Descriptive Statistics

Table 2 provides the means, standard deviations, minimum and
maximum values, and Cronbach alpha values for the continuous vari-
ables at Time 1 (i.e., during Wave 1).

Fig. 1. Summary of Methodological and Analytical Approach.
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Looking at Table 2, it is notable that participants’ mean score in
relation to reported frequency of risk taking over the past two months
(M = 2.34) was substantially below the scale midpoint of 4.5 and
closest to the almost never scale point. Hence, although there was sui-
table variability in participants’ responses (SD = 1.15), participants
generally reported a low level of risk-taking. It is also notable that
miners tended to partially agree that they had good safety training
(M = 5.27) and safety knowledge (M = 5.26), and they tended to
partially disagree that their mine site had poor safety norms (M= 3.20)
and that they got paid bonuses for their productivity (M = 2.96).

Miners also tended to partially agree that they felt a sense of iden-
tification with their work team (M = 5.44) and to partially disagree
that people in their work team pressured them to take safety risks
(M = 2.70). Finally, miners tended to partially agree that they would
be working in the same job next year (job stability M = 5.42) and that
they were satisfied with their job (M = 5.08).

4.3. Zero-Order correlations

Table 2 also shows the zero-order correlations between the con-
tinuous level variables at Time 1, with significant effects highlighted in
bold (ps ≤ 0.05). Considering demographic variables first, it can be
seen that reported frequency of risk-taking was negatively associated
with participants’ age (r = −0.26), indicating that older miners re-
ported taking fewer risks in the past two months compared to younger
miners. A similar but smaller association was found between reported
risk-taking and number of years in the industry (r = −0.14).

Turning to the safety culture and safety climate variables, reported
frequency of risk-taking had large associations with safety culture and
climate variables (average r = |0.47|). These associations were positive
in relation to poor safety norms at mine site and work team pressure
and negative in relation to perceived management commitment to
safety. Reported frequency of risk-taking also had a large positive as-
sociation with lack of sleep (r = 0.39).

Reported frequency of risk-taking had medium-sized associations
with other safety culture and climate variables (average r = |0.32|).
These associations were positive in relation to perceived level of on-the-
job risk, work-related stress, and time pressure to get job done, and they
were negative in relation to safety knowledge, job satisfaction, safety
training, and work team identification. Finally, there were smaller ne-
gative associations (average r = −0.17) with adequate number of
miners at the mine site and job stability.

4.4. Occupation and employment type

We investigated the potential influence of occupation and employ-
ment type on reported frequency of risk-taking. In particular, we per-
formed a one-way ANOVA with Time 1 occupation as the independent
variable (mineworker, maintenance, supervisor, other) and Time 1 re-
ported frequency of risk-taking as the dependent variable. There was no
significant effect of occupation, F(3, 226) = 2.21, p = .087. We also
performed an independent samples t test to check for differences in
reported frequency of risk-taking between company employees and
contract workers. There was no significant difference, t(2 2 8) = 0.22,
p = .826. Finally, there was no significant difference in risk-taking
between miners who were members of the mine rescue team and those
who were not, t(2 1 9) = 1.05, p = .295, or between miners who were
fly-in-fly-out workers and those who were not, t(2 2 8) = −1.36,
p = .176.

4.5. Longitudinal analyses

Although informative, the results of the above cross-sectional cor-
relation analyses do not facilitate an interpretation of the causal di-
rections between variables. For example, it is possible that (a) higher
levels of risk-taking cause greater work-related stress, and/or that (b)
greater work-related stress causes higher levels of risk-taking. To in-
crease confidence in conclusions about causal direction, we performed
a series of separate longitudinal regression analyses that included fre-
quency of risk-taking at Time 2 as the outcome variable and each of the
above 15 Time 1 variables as predictor variables as well as Time 1
frequency of risk-taking. This analysis allowed us to examine the cross-
lagged association between each putative predictor at Time 1 and the
reported frequency of risk-taking an average of 10 months after Time 1
while controlling for associated autoregressive effects. Again, it is im-
portant to note that this approach cannot be used to prove causation.
Nonetheless, it can assist in making clearer statements about causation
than the cross-sectional correlational approach. Table 3 reports the
results of these analyses.

As can be seen in Table 3, participants’ Time 1 age had a significant
negative association with their Time 2 reported frequency of risk-taking
when controlling for their Time 1 reported frequency of risk-taking:
Younger miners were more likely than older miners to report greater
risk-taking at Time 2.

Poor safety norms at the mine site also showed a significant long-
itudinal association with Time 2 risk-taking. The three items in this
scale were as follows: “There tends to be a poor attitude to safety at my
mine site”; “people often ignore the safety procedures at my mine site”;
and “unsafe risk-taking is common at my mine site.” Stronger agree-
ment with these items at Time 1 predicted greater reported frequency of
risk-taking at Time 2. Fig. 2 summarises the significant results from
Table 3.

We followed up on these two significant longitudinal effects by
testing the reverse causal paths. Hence, we tested (a) Time 1 frequency
of risk-taking as a predictor of Time 2 age while controlling for Time 1
age and (b) Time 1 frequency of risk-taking as a predictor of Time 2
safety norms while controlling for Time 1 safety norms. As expected,
the reverse causal effect for age was nonsignificant, β = −0.01,
p = .229: Risk-taking did not cause miners to become younger! The
reverse effect for safety norms was also nonsignificant, β = 0.12,
p = .059, although it was closer to the threshold for significance.
Hence, the evidence is strongest for the causal direction in which age
and safety norms cause risk-taking rather than vice versa. However, we
cannot rule out the possibility that miners’ own risking-taking causes an
increase in their perception that safety norms for their site are generally
poor. Indeed, this reverse causal effect would be consistent with a false
consensus effect in which people assume that their own attitudes are
more common in a population than they really are (Ross et al., 1977).

Table 3
Longitudinal Regression Testing Predictors of Frequency of Risk-Taking at Time
2.

Time 1 predictor variable (controlling for Time 1 risk-
taking)

β t p

Age −0.12 −2.28 0.024
Number of years in the industry 0.02 0.39 0.701
Lack of sleep 0.05 0.88 0.381
Work-related stress −0.00 −0.02 0.981
Safety training −0.08 −1.49 0.138
Safety knowledge −0.03 −0.63 0.532
Perceived management commitment to safety −0.10 −1.85 0.066
Poor safety norms at mine site 0.14 2.47 0.014
Adequate number of miners at mine site 0.02 0.41 0.683
Time pressure to get job done 0.03 0.48 0.632
Work team identification 0.01 0.11 0.916
Work team pressure 0.03 0.43 0.670
Perceived level of on-the-job risk 0.04 0.73 0.465
Job stability 0.01 0.10 0.924
Job satisfaction 0.02 0.45 0.657

Note. The outcome variable is Time 2 frequency of risk-taking. Significant ef-
fects are indicated in bold (ps ≤ 0.050).
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4.6. Robustness analyses

We conducted a set robustness analyses in order to demonstrate that
our research results were not dependent on the inclusion or exclusion of
outliers and covariates in our analyses. We also checked whether our
results varied as a function of type of mine site (open-cut vs. under-
ground). Finally, we checked whether our results were evident using
Bayesian hypothesis testing as well as significance testing.

Outliers were defined as cases that were±3 SDs from the sample
mean. For the Time 1 measures, we identified two outliers on the social
class measure, one on the job satisfaction measure, one on the safety
knowledge measure, two on the safety training measure, and two on the
team identification measure. We also identified three outliers on the
Time 2 reported frequency of risk-taking measure. Table 2 and 3′s
patterns of significant and nonsignificant associations with frequency of
reported risk-taking remained the same when these outliers were ex-
cluded from the analyses.

We also tested the two longitudinal effects that we had identified
while controlling for a selection of theoretically diagnostic covariates.
In the case of the age effect, we controlled for number of years working
in the industry, because older miners have had more opportunity to
accrue a greater number of years in the industry. Indeed, the correlation
between age and industry years was r= 0.69. The longitudinal effect of
Time 1 age on Time 2 reported frequency of risk-taking remained sig-
nificant when controlling for industry years (β = −0.16, p = .043).
Hence, age significantly predicted reported risk-taking over and above
number of years in the industry.

In the case of poor safety norms, we controlled for safety training
because greater training should be associated with better safety norms,
and this was the case in the current sample (r = −0.44). We also
controlled for work team pressure to take safety risks because such
pressure should be associated with poorer safety norms. Again, this was
the case in the current sample (r = 0.53). The longitudinal effect of
Time 1 poor safety norms on Time 2 reported frequency of risk-taking
remained significant when controlling for these two covariates
(β = 0.14, p = .034).

We also tested whether type of mine site (open-cut vs. underground)
moderated the size of the two longitudinal effects. Specifically, we used
Hayes’ (2018) PROCESS Model 1 to test the interaction between mine
site type (moderator) and either age or safety norms (predictor) in
predicting Time 2 reported frequency of risk-taking (outcome) while
controlling for Time 1 reported frequency of risk-taking (covariate).
The interaction effect was nonsignificant in both cases (ps ≥ 0.110).
These results indicate that the longitudinal effects did not vary sig-
nificantly as a function of mine site type.

Finally, we tested our two key findings using a Bayesian approach.
Specifically, we computed two Bayesian longitudinal linear regression
models using the default settings in JASP (Marsman and Wagenmakers,
2017). In these models, Time 2 reported frequency of risk-taking was
the outcome variable, Time 1 reported frequency of risk-taking was a
predictor variable, and either Time 1 age or Time 1 safety norms were
also predictors. A default uniform prior was used. The Bayes factor for
the model that included Time 1 age as a predictor was 3.49, and the
Bayes factor for the model that included Time 1 safety norms as a
predictor was 5.38. Hence, the data was around 3.5 to 5.0 times more
likely under the proposed models than under the null models. This level
of evidence is “moderate” in strength (Lee and Wagenmakers, 2014).

4.7. Summary

The present research tested a series of potential predictors of re-
ported frequency of risk-taking among Australian coal miners using an
exploratory longitudinal research approach. Participants’ age and per-
ceived poor safety norms at their mine site emerged as the only sig-
nificant longitudinal predictors of reported risk-taking. These findings
suggest that young miners and miners who perceive it to be normal for
miners at their mine site to ignore safety procedures are more likely to
report taking safety risks in the future.

4.8. Empirical contributions

The present research makes several novel empirical contributions to
the literature. First, to our knowledge, the present study is the first to
identify a significant association between age and risk-taking in the
mining industry. Notably, Paul and Maiti (2007) tested for this asso-
ciation in Indian underground mines but found no significant effect
(r = 0.01). The observed negative association between age and re-
ported risk-taking is consistent with prior work that has found that age
negatively predicts job risk (Mitchell, 1988). It is also consistent with
work that has found that age negatively predicts injury rates (Breslin
and Smith, 2006) but inconsistent with work that has found a positive
association between these two variables (Paul and Maiti, 2007).

Importantly, the relation between age and reported risk-taking
persisted when controlling for number of years in the industry. Hence,
this association did not appear to be fully explained by age differences
in experience (cf. Mitchell, 1988). Instead, it is possible that the asso-
ciation reflects a more general propensity for young people to take more
risks.

We also found that perceived poor safety norms at the mine site
predicted subsequent reported increased risk-taking. In her review of

Fig. 2. Summary of Significant Result from the Longitudinal Analysis.
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the safety culture and climate literature, Geddes (2012, pp. 27–32)
found that the concept of coworker safety norms has not received suf-
ficient attention in the safety literature. Nonetheless, Geddes found that
the limited amount of available evidence is consistent with the idea that
safety norms have a relatively large effect on safety behavior (e.g., Beus
et al., 2010; Christian et al., 2009; Fogarty and Shaw, 2010; Fugas et al.,
2012; Melia et al., 2008). The present research findings add to this
small but important body of evidence by demonstrating the putative
causal effect of safety norms on risk-taking in the mining industry.

4.9. Theoretical implications

Our research findings also have important theoretical implications.
Workers’ age and other demographic variables are rarely considered as
influential factors in models of organizational safety behavior. For ex-
ample, the models by Fogarty and Shaw (2010) and Clarke (2010) do
not consider workers’ age or any other demographic variables. Instead,
their primary predictor variables are “management attitude” and
“psychological climate.” Certainly, broad social and organizational
factors are likely to be important predictors of safety-related behavior.
Indeed, our evidence regarding safety norms confirms this to be the
case. However, we should not allow undue emphasis to be placed on
organizational factors and at the expense of acknowledging the im-
portance of individual level factors. Workers’ age, other demographic
variables (e.g., gender, full-time vs. part-time workers, etc.), and per-
sonality variables (conscientiousness) may all play an important role
alongside organizational factors in determining risk-taking and safety
behaviors.

The present findings also suggest that other workers should be re-
garded as important or more important than management and super-
visors in safety culture and climate models. This point is consistent with
several models of normative influence in the safety literature that have
proposed that the flow of social influence moves from managers to
supervisors to coworkers to individual workers (Cui et al., 2013;
Geddes, 2012; Melia et al., 2008). According to these models, cow-
orkers’ safety norms are the most proximal influence on individual
workers’ safety attitudes and behaviors, possibly because they are the
most salient norms in work groups’ day-to-day operations (Choi et al.,
2017), and because miners typically have a high degree of autonomy
from management and supervisors when carrying out their duties
(Weyman et al., 2003). Future research in this area needs to take into
account this chain of social influence from managers to supervisors to
coworkers. In addition, future research should investigate the subtleties
of the safety norm concept in greater depth. For example, Fugas et al.
(2012) distinguished between injunctive safety norms (what ought to be
done) and descriptive safety norms (what is done).

4.10. Practical implications

In general, the association between age and risk-taking is complex
and dependent on gender, the type of task, and the task domain (e.g.,
Figner and Weber, 2011; Mata et al., 2011; Rolison et al., 2013). The
current sample consisted of 95.28% men. Hence, it is possible that risk-
taking was perceived to be part of the norm for young men (e.g., Mast
et al., 2008). If this is the case, then safety interventions that focus on
changing the perceived appropriateness of risk-taking for young men
may prove to be effective.

Our longitudinal evidence also suggested that poor safety norms
may cause subsequent increases in risk-taking. Hence, interventions
that focus on improving the perceived safety norms of a mine site may
lead to a reduction in the frequency of risk-taking at that site.

4.11. Limitations

It is important to note that the null findings regarding many of the
safety culture and climate variables in our study do not necessarily

imply that these variables are unrelated to risk-taking. These null
findings may be due to insensitive or invalid measures or inadequate
statistical power to detect effects that are smaller than average in this
field.

A further limitation of the present research is that our measure of
risk-taking was a self-report measure rather than a behavioral measure.
This self-report measure may have been influenced by social desir-
ability and other biases. In particular, these sorts of biases may have
affected our measures of accidents and near misses. Future research
should consider using more behavioral measures in order to overcome
this problem.

The current results refer to risk-taking in the Australian coal mining
industry. Different predictors may prove to be more influential in
mining industries in different countries and/or in different industries.
Finally, although we used a longitudinal research design, our causal
conclusions are only provisional. Replications are required to confirm
our longitudinal effects, rule out third variables, and consider potential
mediating and moderating variables.

5. Conclusions

Mining is a high risk occupation in which risk-taking can have life-
threatening consequences. Researchers need to investigate the factors
that may cause miners to engage in dangerous risk-taking. The results of
this research can inform the development of suitable interventions to
reduce risk-taking.

Very little research in this area has considered safety culture and
climate variables as potential causes of miners’ risk-taking behavior. To
address this issue, the present study used an exploratory longitudinal
research approach to investigate self-reported risk-taking among 233
open-cut and underground coal miners from Australia.

The study produced two key findings. First, the study identified a
negative longitudinal association between workers’ age and their re-
ported risk-taking in the mining industry. This result indicates that
younger miners were more likely to report greater risk-taking.
Theoretically, this result implies that more importance should be placed
on workers’ age in models of organizational safety behaviour.
Practically, this result suggests that mining safety interventions may be
more effective if they focus on changing the perceived appropriateness
of risk-taking among young men. A second key finding relates to the
role of safety norms. The current study adds to the small body of evi-
dence showing that poor safety norms predict increased risk-taking at
mine sites (Weyman et al., 2003) and in other industries (Yule et al.,
2007). The longitudinal nature of the research design improves our
confidence in the casual direction of this association. Consequently, this
result points to risk-taking interventions that improve the perceived
safety norms of mine sites.

The study had a number of important methodological limitations. In
particular, risk-taking was (a) assessed using a self-report measure and
(b) restricted to the Australian coal mining industry. Hence, it is im-
portant for future work in this area to consider using more behavioural
measures of risk-taking in different countries and industries. Future
research should also investigate the subtleties of the safety norm con-
cept in greater depth by distinguishing between injunctive and de-
scriptive safety norms (Fugas et al., 2012).
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