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Abstract

Situation awareness (SA) is often argued to be a “sharp end” indicator of workplace
safety, in the sense that inaccurate SA may be the proximal cause for operator error.
However, traditional field or lab experiment measures of SA are difficult to combine
with large-scale data collections to examine organizational influences on SAand the
safety outcomes of SA. In the current study, offshore attendant vessel crew’s SA
was measured with a self-report scale. Authentic leadership was modelled as a
predictor, while self-report of committing unsafe actions at work and subjective risk
assessment were modelled as outcome measures. Structural equation modelling
showed the captain’s leadership style to account for variation in SA and some
variation in unsafe actions. Further, SA accounted for variation in unsafe actions and
In subjective risk assessment. The study supports the assumption that SA has a
crucial role in maritime safety.
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1: Introduction

1.1: Accidents in the maritime industry

Safety is a major concern in the petro-maritime
industry due to accidents having potential for
catastrophic ~ consequences. The International
Association of Oil and Gas Producers (2014)
reported that the total recordable incident rate
(TRIR, calculated per 1 000 000 man hours worked)
in the offshore sector worldwide was 2.34 in 2013.
While the types of accidents and potential
consequences vary greatly, collisions between

vessel and offshore installation are often regarded as
a worst-case scenario, due to both vessel and
installation being at risk, in terms of human
causalities, economic loss, and maritime and coastal
pollution (Flin et al, 1996). Between 2001 and
2010, 175 such collisions were reported in the Gulf
of Mexico sector (Bureau of Safety and
Environmental Enforcement, 2016). In the same
time window, twenty-six collisions were reported
on the Norwegian continental shelf, of which at least
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six were considered to have catastrophic potential
(Kirschenbaum et al., 2000). Other types of
incidents, such as fire, loss of propulsion or crane
accidents, can also have serious consequences for
the vessel and its crew.

In the organization where the current data
collection took place, around 70 vessels attend
about 55 offshore installations (subject to variations
in operational demands) from seven different ports.
In 2014, the organization recorded 57 incidents that
led to injuries. While most were minor injuries, two
were classified as having the potential for serious
injury or death. This yields a TRIR of 1.26 for
injuries in 2014. In addition, there were 20 incidents
of vessels on a collision course with an installation,
and two incidents of contact between vessel and
installation.

1.2: Aims for study

Unwanted events take place in a complex interplay
of technological, individual, and organizational
factors (Dekker et al, 2010; Reason, 1990).
Keeping this in mind, it may nevertheless be useful
to examine the operator’s behaviour as the
immediate precondition for incidents. That is to say,
the operator’s action (or inaction) can be the
proximal cause of an incident, although the action
itseff has other distal causes. The operators’
cognitions are assumed to influence their actions,
decisions and habits in ways that affect safety. The
aim of the current study was to identify factors that
predict safety and that can be subject to
interventions from the ship-owner or the chartering
company. The captain may have a key role in
enforcing the organization’s expected safety level
on the vessel, and the captain’s leadership style may
be more or less suited to achieve this. Thus, our
study addresses how safety is impacted by the
overview that crewmembers have of the safety-
critical aspects of their work-environments, and the
kind of leadership that captains are offering in their
daily interactions with the crew. Other factors, such
as the structure of the work-task, task-load,
stressors, workplace design, availability of tools,
co-worker qualities, team-work, social support and
communication, will also contribute to the

operator’s safety behaviour, but may be more
challenging to measure through self-report, and to
address by organizational interventions.

1.3: Proposed relationships impacting safety

In the present study, we wanted to examine how
situation  awareness and authentic  leadership
combine to influence safety-related outcome
variables in terms of the crewmembers’ risk
assessment and whether they engage in unsafe
actions. A cross-sectional self-report survey was
performed among the operators of vessels on hire
for a single hydrocarbon producing company.
Possible mechanisms of interaction between the
measured variables are discussed below and
summarized in Figure 1.

1.3.1: Situation awareness and safety

The concept of situation awareness (SA) refers to
having an accurate representation of the crucial
factors of your environments (Endsley, 2004; Sarter
and Woods, 1991). SA dewvelops as a result of a
recurrent assessment of and interaction with one’s
surrounding, and feeds into the decision-making.
SA is often described (see e.g. Endsley, 1995) as
consisting of three different processes or levels of
information; the perception of elements in the
environment (level 1SA), the comprehension of the
situation (level 2 SA), and the projection of the
situation into the near future (level 3 SA).

It should be noted that Endsley’s (1995) three-
level  model has been  questioned on
epistemological, cognitive, pragmatic, and
methodological grounds (Hone et al., 2006; Patrick
and Morgan, 2010; Rousseau et al., 2010; van
Winsen and Dekker, 2015). There are also
competing theoretical accounts, such as situated SA
(Chiappe et al., 2012), which argues that in addition
to internal states, the operators also use cognitive
elements embedded in the environment, distributed
SA (Stanton et al, 2015), which focuses on the
sociotechnical system rather than the individual
operator’s cognitions, and sensemaking (Klein et
al., 2006), which describes a two-way process of
fitting observations and mental model to each other.
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Since SA influences performance and decision-
making, it has been argued that SA has a crucial role
in safety (Flin et al, 2008). In a given safety
challenge, operators that have accurate SA may
safely resolve an issue that would have led to an
accident among operators with less accurate SA.
One mechanism through which SA influences
safety, may be that operators that have a poor
overview of the safety aspect in their work are less
able and motivated to work safely (and thus perform
more unsafe actions). A number of factors have
been suggested to determine the operator’s SA, both
individual, social, environment and task factors
(Endsley and Jones, 2013). A suitable work-
environment on board the vessel may be one that
presents the information that the crewmembers need
to work safely in an accessible, timely and
understandable manner. In the current study, we
focus on how SA may be influenced by the way the
captain’s leadership style encourages and nspires
the crew to establish accurate SA.

1.3.2: Authentic leadership and safety

We propose that the captain’s leadership qualities
can create a climate for being mindful of safety and
motivate the operator to take safety seriously. The
concept of authentic leadership (AL) describes a
relationship  that is  characterized by “a)
transparency, openness, and trust, b) guidance
toward worthy objectives, and c) an emphasis on
follower development” (Gardner et al., 2005, p.
345). Gardner and colleagues (2005) suggested that
more authentic leaders will create organizational
climates that are oriented towards developing
strengths, and that are characterized by
inclusiveness and commitment. Within safety
critical industries, more authentic leaders should
therefore be expected to create climates that
prioritize  safety. This proposition has been
supported by previous research within the petro-
maritime industry. For instance, Nielsen et al.
(2013) showed that follower ratings of AL in high-
reliability — organizations were associated with
perceiving risks to be low, and with positive ratings
of safety climate. Similarly, Hystad et al. (2014)
demonstrated that AL exerted a direct influence on
ratings of safety climate, as well as an indirect

influence through increasing core psychological
resources in followers. A further suggestion tested
in the current study, is that AL may increase safety
through the captain’s encouraging and inspiring the
crew to work in a way that allows them to establish
accurate SA.

1.3.3: Safety outcomes

We wanted to examine the impact of AL and SA on
safety-related outcome variables. Serious accidents
in the petro-maritime industry are thankfully too
rare for us to use the number of accidents occurring
within a data collection period as an outcome
measure. Accidents of smaller consequences or
“near-misses” are more frequent and there is usually
a reporting system in place to measure them.
However, there is some uncertainty as to the
reliability of the reporting (Probst et al., 2008;
Weddle, 1996), and to whether the frequency of
reporting minor accidents corresponds to the
objective level of risk for serious accidents
(Rundmo,  1996). Further, the contractual
relationships between the parties involved in our
data collection prevented us from associating our
survey measure to objective measures of reported
incidents.

In the current study, we ask respondents to
answer a scale of items about the extent to which
they engaged in unsafe actions at work, or were
“cutting corners” in their adherence to the safety
regiment. We assume that performing such actions
increase the likelihood of accidents occurring, and
hence use this as a safety outcome measure. Crew
members who are subject to poor leadership from
their captain may be less motivated to or less able to
follow the safety management system and commit
more unsafe actions (see e.g. Clarke, 2013, for a
review). Further, crew members with a poor SA
may perform more unsafe actions due to inattention,
lack of knowledge or resources (Sneddon et al.,
2006Db).

As an additional outcome measure, we asked the
respondents to indicate what likelihood they
believed various types of accidents had of occurring
in the next 12 months, which constitutes a subjective
risk assessment. While similar measures are
sometimes referred to as “risk perception”, we find
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this term to have unfortunate connotations to
cognitive psychology (that it reflects a perceptual
process) and to normativity (that there is an
objective level of risk that the respondent can assess
more or less accurately). The crew’s subjective
assessment of the level of risk could to some extent
reflect the actual safety. Previous studies have found
that workers can have accurate assessments of risks
in the workplace (Flin et al, 1996), and that the
assessment is associated with accident involve ment
(Kirschenbaum et al., 2000; Rundmo, 1996). Crew
members who feel they sometimes lose control of
the safety aspects of their work (i.e. having
inaccurate SA) may correctly perceive their work as
more risky (Sneddon et al, 2006a). Self-report
studies of risk-perception (Rundmo, 1996) have
indicated a complex relationship between offshore
operator’s subjective assessment of risk and the
actual risk for accidents, where the two factors are
associated although the causal direction is unclear.
Our approach bears some similarities to a study by
Sneddon, Mearns and Flin (2013), where self-
reports from offshore drillers showed SA to be
predicted by stress and recent accidents, and to be
associated with performing unsafe actions.

1.4: Hypotheses

The relationships between the concepts outlined
above may be summarized in four hypotheses:
Being aware of the safety aspects of your
environments should reduce dangerous behaviour,
leading us to expect (H1) increase in SA to be
associated with a decline in unsafe actions. Being
confident that you can understand and control the
safety aspects of your environments would lower
your rating of the chance of dangerous situations
evolving, leading us to expect (H2) increase in SA
to be associated with decrease in subjective risk
assessment. A captain that is seen as genuinely
expressing and encouraging safety should increase
the operator’s safe work-behaviour, leading us to
expect (H3) increase in AL to be associated with
decline in unsafe actions. To reflect the positive
effects of leadership on the operator’s awareness of
workplace safety, we expect (H4) increases in AL to
be associated with increases in SA.

2: Methods
2.1: Participants and procedure

A survey was sent out to all the vessels on hire to
a major hydrocarbon production company, for a
total of 63 vessels. As the crewing of each vessel
was expected to vary between five and fifteen
members, each vessel received thirty copies of the
survey for its two alternating crews. Thus a total of
1890 survey copies were sent out, although there are
not that many potential respondents. Each survey
was accompanied with a postage-paid return
envelope addressed to the researchers at the
university.

A total of 844 valid surveys were returned,
received from 49 of the 63 vessels. Thus no surveys
were returned from fourteen of the vessels, due to
non-compliance or administrative errors from the
crew in completing the surveys, or from the ship-
owners or the captains in distributing the surveys.
On ten of the remaining vessels, surveys were only
returned from one of the alternating shifts. There
were on average 9.38 (SD = 3.9) surveys returned
from each shift. Surveys were returned from 30
platorm  supply vessels, thirteen emergency
preparedness (a.k.a. firefighting) wvessels and six
anchor handling (a.k.a. rig move) vessels.

Fourteen surveys were excluded for having a
high percentage of missing or non-compliant
responses. For the present analysis we further
filttered participants by reported nationality. The
survey was written in Norwegian, and it is uncertain
how well the questions were understood by crew
who did not have a Scandinavian language as their
first language. Further, assome variable interactions
(e.g. how a crew member responds to the captain’s
leadership style) may be culturally contingent,
including  culturally  diverse participants may
confound effects. Therefore, only participants from
the Nordic countries (Denmark, the Faroe Islands,
Finland, Iceland, Norway, and Sweden) were
included, while five participants from other
countries and 59 participants that had neglected to
state their nationality were excluded, resulting in
767 surveys. Running the analysis for a sample
including the participants who did not state a
nationality did not considerably change the results
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of the analysis. As one of the aims for the analysis
was to examine the impact of the captain’s
leadership, surveys from 55 captains (and six who
had not answered which position they held) were
excluded from the analysis.

Our final sample thus included 705 participants.
The sample consisted of vessels belonging to ten
different ship-owners. The respondents were 26.6%
bridge officers, 35.5% deck crew, 29.3% engine
room operators, and 6.9% worked in the galley. As
the responders came from relatively small crews and
were distributed across different ship-owners, the
survey did not ask for the respondent’s sex, in order
to avoid making the relatively few female
responders concerned about their anonymity. For
the same reason, responder’s exact age was not
queried, and instead age brackets were reported.
Among the respondents, 23.1% were under 26 years
old, 18.5% were 26-30 years, 11.7% were 31-35
years, 10.2% were 36-40 years, 8.5% were 46-50
years, 8.2% were 54-55 years, and 7.9% were over
55 years old.

2.2: Measures

2.2.1: Authentic leadership

AL was measured with the 16-item Authentic
Leadership  Questionnaire  (Walumbwa et al,
2008).! This instrument measures the four
components believed to comprise AL: relational
transparency (e.g., “My leader admits mistakes
when they are made”), moral perspective (e.g., “My
leader demonstrates beliefs that are consistent with
actions”), balanced processing (e.g “My leader
listens carefully to different points of view before
coming to conclusions”) and self-awareness (e.g.,
“My leader shows that he or she understands how
specific actions impact others”). This measure of
AL has been established as a valid and reliable
instrument in other studies (Clapp-Smith et al,
2009). Respondents were asked to rate statements
about the behaviours of their captain on ascale from
1 (completely disagree) to 5 (completely agree).

11t should be noted that the cited article has recently
met with severe methodological criticism (see e.g.
https://pubpeer.com/publications/1E79BA4AA94EB722491

Cronbach’s a coeflicients in the current study were
.85 for “relational transparency”, .79 for “moral
perspective”, .89 for “balanced processing”’, and .85
for “self-awareness”.

2.2.2: Situation awareness

We applied a relatively new measure of trait SA
(Seetrevik, 2013), where the operators answered
questions about the extent to which they usually had
accurate representations of the safety aspects of
their work, as an indicator for the operators’
confidence in their ability to carry out their work
safely. The items have been developed in
collaboration with subject matter experts to describe
failures of perceiving, understanding or anticipating
safety issues across different work-settings. The
scale was designed to measure the three levels of SA
separately (according to the model of Endsley,
1995). The development and validation of the scale
is discussed in a previous publication (Setrevik,
2013). The scale has 13 items with phrasing like “T
sometimes lose track of safety due to receiving too
much information at the same time” and “It’s hard
to know which consequences my actions will have
for safety”. Each item is rated from 1 (completely
disagree) to 5 (completely agree). The scale is
subdivided into three levels of SA in accordance
with Endsley’s (1995) classification, with four
items for level 1 SA — perception, five items for
level 2 SA — understanding, and four items for level
3 SA — projection. The scale has recently been
validated on a maritime sample, and been shown to
have good model fit (Saetrevik, 2013). Cronbach’s o
for the scale was .76 in the current study.

Trait measure approaches to SA have also been
suggested previously. Sneddon and colleagues
(2013) developed the 20 item work SA scale, partly
based on the cognitive failures questionnaire
(Broadbent et al., 1982). The factors affecting SA
scale (Banbury et al., 2007) strives to measure the
process leading to SA, and consists of 30 items with
subscales on attention management, information
management, cognitive efficiency, automaticity and

B14AE871BOF). We nevertheless cite it here, as the origin of
our measurement tool.
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inter-personal  dynamics. Also relevant is the
workplace cognitive failure scale (Wallace and
Chen, 2005), which has 15 items that describe slips
of memory, attention or action in a wide variety of
work-settings, and has been associated with safe
behaviour. The question of whether a self-report
trait measure is suitable for the concept of SA is
addressed in section 4.3.2.

2.2.3: Unsafe actions

Seven items described unsafe actions that the
operator could perform as part of their work on
board, such as “I have been in situations where I
have exposed myself or others to danger in order to
get the job done” or “T have ‘cut corners’ with
regards to safety.” These were generated in
collaboration with the subject matter experts in
charge of developing the chartering company and
the ship-owners’ safety management systems. The
items describe actions that are believed to occur on
a regular basis, yet are in breach of safety
regulations and can lead to accidents. Some of the
items overlap with the safety behaviour scale
developed by Rundmo (1994). Preceding the
hypothesis testing, a factor analysis was done on the
responses to the seven items, which revealed them
to sort into two different factors with four and three
items in each factor, but with no apparent theoretical
clustering.

2.2.4: Subjective risk assessment

Participants were asked to estimate the likelihood
for being exposed to each of the following seven
types of incidents over the next 12 months: impact
or crushing incident, stabs or cuts, poisoning, fall
over board, slip or fall incident, electricity, fire or
chemical incident, and crane or lifting incident. The
respondents rated each incident category on a 7-
grade response scale (1 = very unlikely; 7 = very
likely). Cronbach’s o for the scale was .89 in the
current study.

2.3: Statistical analyses

We used structural equation modelling (SEM) to
test our proposed hypotheses. In SEM analysis of
full latent variables, it is important to first verify the

validity of the measurement portion of the model
(Byrne, 2013). Our first step was therefore to
conduct confirmatory factor analysis to establish
good fit for the measurement model. We used
subscale mean scores as indicators for the latent AL
and SA variables. In addition, we formed item
parcels for use as indicators for the latent variables
subjective risk assessment and unsafe actions.
Based on the recommendations of Bandalos and
Finney (2001), three parcels were formed by
combining items with the highest level of
congruence within the subjective risk assessment
dimension (two parcels combining two items each
and one parcel combining three items). Similarly,
for the unsafe actions dimension, we constructed
three parcels by combing three items into one parcel
and the remaining four items into two separate
parcels. Although item parcelling is not without
controversy (Bandalos and Finney, 2001), we find
the use of item parcels in the present study
defensible given that our primary interest is on the
structural associations rather than the measureme nt
parameters.

After confirming a good fit for the measurement
model, we proceeded to assess the full structural
model and examine the proposed theoretical
relationships. Model fit was judged by examining
the magnitude and statistical significance of factor
loadings and a series of commonly used goodness-
of-fit statistics. Specifically, to assess model fit we
used the comparative fit index (CFI), the Tucker-
Lewis index (TLI), and the root mean square error
of approximation (RMSEA), together with its 90%
confidence interval. The chi-square measure of
absolute fit is known to be overly sensitive and often
signal statistically significant misfit even for trivial
departures from perfect fit (Kelloway, 1995). A
normed »?, defined as the »? divided by df, is often
used in lieu of y2due to the sensitivity of the y?to
sample size. The confirmatory factor analysis and
structural equation modelling were performed using
Stata version 13.1.

3: Results
A CFA with four inter-correlated factors was
specified in a preliminary analysis to assess the
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measurement part of our model. Results from this
CFAyielded a y?= 137.59 (df = 59), y?/df = 2.33, a
CFI=.98, aTIL =.97 and a RMSEA =.043 (90%
C1=.034 -.053). RMSEA values below .08 and CFlI
and TLI values above .95 are often considered to
represent acceptable fit to the data (Hu and Bentler,
1999; Kline, 1998; McDonald and Ho, 2002).
Normed 2 values close to 2 are often recommended
as indicating reasonable fit, although it should be
noted that no clear-cut guideline exist about what
constitutes an acceptable value of the normed »?
(Bollen, 1989). Our goodness-of-fit indexes and
normed x? thus all indicated an acceptable fit to the
data, and we therefore proceeded to test the full
structural model.

Figure 1: Results from SEM analysis

Our full structural model demonstrated good fit
to the data and is presented in Figure 1. As proposed
in hypotheses H1 and H2, increases in SA were
associated with decreases in unsafe actions (f = -
52, z = -10.49, p < .001) and subjective risk
assessment (8 = -.31, z = -7.61, p < .001). In
accordance with H3 and H4, increases in AL were
related to declines in unsafe actions (8 =-.17,z = -
3.42,p=.001) and increases in SA(f =.39,2=9.71,
p <.001). The final model accounted for 15% of the
variation in SA, 37% of the variation in unsafe
actions, and 10% of the variation in subjective risk
assessment.
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4: Discussion
4.1: Summary of results

The aim of the present study was to examine the
role that SA plays as a determinant for unsafe
actions and subjective risk assessment, under the
assumption that this would be associated with
reduced safety in a petro-maritime setting. To
achieve this, survey questionnaires were collected
from the crew of 49 different vessels on variables of
AL, SA, unsafe actions and subjective risk
assessment.

All the proposed hypotheses were supported. An
increase in SA was shown to have a negative loading
on self-report of unsafe actions (H1), and on the
respondent’s subjective risk assessment (H2). An
increase in AL was shown to have a negative loading
on self-report of unsafe actions (H3) and a positive
loading on SA (H4).

4.2: Contribution from the factors in the model
4.2.1: Effects of situation awareness

It has often been argued that SA is “at the sharp end”
of unwanted incidents in  high-reliability
organizations (Flin et al., 2008), in the sense that
accidents may have been prevented or mitigated if
the operators would have had a better understanding
of their environments. Thus, it is argued that the
operator’s level of SA is the final human safety
barrier that prevents an incident potential to develop
into an actual accident. For example, if a vessel is
on a collision course, there may be various
indicators of this that the helmsman can notice and
understand, and take the appropriate action in time
to prevent a collision. When an accident occurs, it
may be due to an operator not being able to perceive
important information, not creating an accurate
mental model of the situation, or not predicting how
the situation was about to develop. However, one
should note that to point to a SA deficiency as a final
determinant for an incident is not to say that the
operator is responsible or should be blamed for the
incident. This is because the SA deficiency may
itself be caused by a number of factors outside the
operator’s control, such as poor workplace design,

lack of training, an unrealistic task load, et cetera
(Dekker, 2002; Dekker et al, 2010). It should
further  be noted that as accidents are
overdetermined (Reason, 1990), they may still arise
even if the operator’s SA is accurate.

A crucial finding of the current study was that in
line with H1, variation in SAaccounted for variation
in unsafe actions. This indicates that operators who
report that they are able to maintain an overview of
potential dangers in their task environment also
respond that they carry out their work-tasks more
safely (ie. according to the wvessel's safety
management system). The association could be due
to features of the work that allows for easier
perception of safety critical information, which
allows operators to better mentally represent the
situation, and predict how threats may develop over
time, thus creating more accurate SA that leads to
safer work. This may be facilitated by the structural
aspects of the workplace, such as the placement of
equipment and information sources, by features of
the work-organization, such as the organizational
safety culture, the manpower, the distribution of
tasks and the amount of training offered, or by
individual factors, such as variation in experience,
cognitive capacity or individual attitudes to safety.
Inaccurate SA is often identified as a causal factor
in accident investigations in a broad spectrum of
settings, including the offshore maritime industry
(see e.g. Roberts et al, 2015). Stanton and
colleagues (2001) further discuss the relationship
between SA and safety. In some cases, accident
reports can be broken down according to whether
the accident was caused by having inaccurate SA
perception, SA understanding, or SA prediction
(Sneddon et al., 2012). However, due to not having
suitable measures for large-scale data collection, it
has to little extent been identified as an a priori
predictor of safety conditions. The current study
supported the assumption that SA is a “sharp end”
causal factor for human error.

The study also showed that variation in SA
accounted for variation in  subjective  risk
assessment, in line with H2. In other words,
operators that are confident that they have an
overview of the safety aspects of their work also feel
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that they are less likely to be exposed to accidents.
This feeling of safety may be founded in an accurate
SA that actually safeguards the operators through
the mechanisms outlined above. Thus operators that
have a more accurate SA may in fact be less likely
to be exposed to accidents, due to being aware of
indicators of dangers, or due to being able to handle
critical situations better. An operator with less
accurate SA may experience more near-misses, and
thus see the workplace as riskier. Further, the factors
that contribute to an operator’s SA may in part be
shared with his or her co-workers, and an operator
that reports having accurate SA may thus feel less
exposed to accidents caused by co-workers.
However, the association could also result from an
overly high or low confidence in the operators’
ability to maintain an overview of their work that
does not directly impact actual safety.

Some of the items in our SA measure may overlap
with items in the work SA rating tool (Sneddon et
al., 2013) that describe cognitive failures (such as
items about being distracted, and planning for
different outcomes). However, other items in the
work SA rating tool relates to physical actions and
may resemble our unsafe actions measure (such as
items about committing errors, acting without
thinking or “working on auto-pilot”). While
comparisons between the two tools may be useful,
we see value in distinguishing the cognitive
processes from the physical actions, and our
analysis suggests that the former may cause the
latter.

4.2.2: Effects of authentic leadership

In line with H3, the current study showed an effect
of AL on unsafe actions, in the sense that operators
who considered their captains to be authentic
leaders reported committing fewer unsafe actions.
An authentic captain would be expected to prioritize
safety and to act in accordance with these priorities.
By acting as models, authentic leaders will increase
the followers’ levels of self-awareness and self-
regulation, which in turn should lead to positive
outcomes for follower behaviour and the
organisation as a whole. Further, the captain's
behaviours could contribute in a more direct manner
through improving the work-environment in a way

that enhances safety, for example by removing
distracting factors, managing for optimal workload
or effectively sharing key information with the
operators.

The relationship between AL and unsafe actions
can also be due to this leadership style being more
effective in motivating the operators to follow the
safety procedures through making operators
internalize the company’s safety values as their own
values and acting accordingly. Hystad and
colleagues (2014) have argued for such a
relationship, suggesting that authentic leaders
influence followers to adopt similar attitudes and
behaviours through role modelling and social
identification  processes. Captains who are
authentic, in the sense that they are seen to act in
accordance with their professed safety values and
are seen as genuine by the crew when they
encourage safety, may provide a model for social
learning for the crew. Such learning may cause the
crew to adopt the company standards for careful
work and safe conduct. Similar effects of
mternalizing the leader’s professed values have
been seen in other settings, such as the restaurant
industry (Barling et al., 2002) and the educational
system (Van Dick etal., 2007).

Trust is another mechanism that may link AL to
follower’s safe behaviour. Gardner and colleagues
(2005) maintained that authentic leader-follower
relations would increase trust. For example,
authentic  leaders who engage in balanced
processing of information in decision-making rather
than making snap decisions may foster a trusting
relationship with followers because this behaviour
demonstrates consideration and willingness to
accommodate the followers’ viewpoints. Similarly,
Clapp-Smith and colleagues (2009) found authentic
leadership to predict employee trust in manageme nt
in a sample of workers in the retail industry. Trust is
in turn recognized as an important element of
effective  safety cultures in  high-reliability
organizations (Burns et al., 2006; Reason, 1997).
Kramer (1999) reviewed the literature on trust in
organisations and reported that trust fosters
cooperation  between individuals, extra-role
behaviour, information sharing and work towards
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common goals, to name a few. Extended to high-
reliability organisations, it is reasonable to argue
that trust in leaders can results in followers who are
more inclined to follow prescribed safety
regulations and to work in a safe manner.

In line with H4, the current study also showed
that the operators’ SA was associated with their
rating of their captains’ AL. AL thus has both a
direct effect on safety (H3), in addition to the
indirect effect through affecting SA, which in turn
affects safety (discussed as H1 and H2 above). The
direct effect of AL may work through the captain
being seen as a model for safety behaviour as well
as providing specific guidance. Part of the effect of
AL may also be due to the captain making the
operators more motivated to pay attention, to be
more vigilant in their day-to-day tasks, and to direct
their attention to the aspects of the environment
most relevant for safety. An authentic captain can
also encourage operators to invest in learning about
safety issues in their environment, and to make a
habit of thinking ahead in how potential threats may
develop over time. It could also be that an authentic
captain more frequently discusses safety issues with
the crew and makes sure that the crew are up-to-date
on safety issues, which may make the crew more
confident in their SA on safety aspects.

4.3: Implications of study

The current study showed that AL has effects on SA
and in turn on unsafe actions and on subjective risk
assessment. The most potent effects were those of
SA on unsafe actions and AL on SA, and secondary,
of SA on subjective risk assessment, while the effect
of AL on unsafe actions was weaker.

4.3.1: AL and SA in applied settings

Small-scale  experimental studies (Sarter and
Woods, 1994; Wright et al., 2004) have previously
indicated that inaccurate SA may cause human error
in safety critical work. However, typical SA
measurement approaches are limited by needing to
construct an artificial situation to measure SA,
subjective evaluations of the operators or observers,
and the need for a “ground truth” to measure
responses or actions against. There are also small-

scale field studies of SA (see e.g. Matthews and
Beal, 2002; Patrick et al., 2006; Strater et al., 2001;
Setrevik and Eid, 2014), which use observational
method or freeze probes. These have higher
ecological validity and may avoid the problem of a
ground truth, but have issues of validity,
generalizability and accounting for confounding
factors (for reviews of approaches to measuring SA,
see Salmon et al, 2006; Saner et al., 2009). The
current study indicates that a trait SA measure can
be used in large-scale data collections to predict
unsafe actions and subjective risk assessment. This
complements other approaches to trait measures of
SA, such as the aforementioned work by Sneddon
and colleagues (2013).

High-reliability organizations with high stakes
such as the petro-maritime vessels studied here
could benefit from interventions aimed at increasing
SA. The study indicates that increasing the captains’
AL may be one route to increase the crews’ SA.
There is empirical evidence showing that
developing AL is possible. Baron (2012) describes
a training program in which leaders receive
structured peer coaching and planned trigger-events
aimed towards developing AL. Trigger-events are
situations and challenges designed to promote
individual growth and development, for example by
enabling participants to reframe their conventional
ways of acting and thinking. The training program
described by Baron lasts three years and would thus
be a relatively long-term investment. It is however
worth mentioning that there is only 15 days of
training each year, and increases in AL were seen
after the first year. Qualitative studies (Choudhry
and Fang, 2008; Mullen, 2004) have indicated that
safety may be influenced by work-environment
factors such as work-pressure, co-workers’
attitudes, safety culture, management, procedures,
training, as well as other social, organizational and
economic factors.

4.3.2: Limitations

The study used self-report data-collection at asingle
time-point  without external measures, which has
some inherent weaknesses. Some of these
weaknesses are associated with self-serving bias, or
working from imperfect memory. In particular for
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measures of SA and recent accidents, one cannot
report what one does not know, for example if one
is ignorant of one’S own inaccurate representation
of safety information, or are unaware of near-miss
incidents that have occurred. It has been argued
(Endsley, 1994; Rousseau et al, 2010) that self-
reports measure the operator’s confidence in their
SA, rather than the accuracy of SA. While such
caveats should be considered, it is difficult to test
possible associations in a company-wide sample
without using self-report.

SA is usually measured as the accuracy of the
mental representation for a given setting, and hence
tends to be measured for a set space and time (i.e. a
state measurement). Typical measures ask for self-
reports of SA confidence or measure knowledge
accuracy about the scenario in a dedicated
experiment, a simulator training exercise or in a
field study where a given task is performed (for
reviews on measurement approaches, see Patrick
and Morgan, 2010; Salmon et al., 2006; Saner et al.,
2009; Seetrevik and Eid, 2014). Thus the
“awareness” in SA is usually directed at a specific
situation, while the current SA measure is related to
being aware of safety issues across different
situations, and over some time (i.e. the items are
mterpreted as “how aware are you usually”). It
could be argued that the current approach to
measuring SA as an individual trait that can be
queried in a context-general survey is not suitable,
as SA is not constant to the individual but changes
between different settings. We would argue that
measuring SA as a trait may be valid under the
assumption that some aspects of SA are constant for
the individual across time and across situations.
While one may expect an operator’s SA to vary
across work-environments, some general factor
could correlate with the current measure of trait SA.
This would be due to SA relyng on the individual’s
cognitive  capacities,  personality,  motivation,
attitudes and experience, as well as environment
factors that are constant for the individual (e.g.
working on a vessel that facilitates SA). This should
not be taken to indicate that we see SA as wholly
determined by individual factors, or that it cannot be
changed by experience. Rather, SA emerges

through the operator’s interplay with the setting, and
can increase with experience, training or changes to
the work-environment. Thus the current measure
could be seen as a proxy for the actual SA as the
term is traditionally used in the literature. This is
further discussed in a previous publication
(Seetrevik, 2013). The current approach is one of
necessity, as state measures of SA will be unsuited
for use in a large-scale survey data collection.
Further, the present results indicate that our SA
measure has theoretically meaningful associations
with other variables believed to be relevant for
safety.

Given that the study uses a single time-point
measurement, the causal relationship between the
variables should be considered with some care.
Such concerns are typical in survey research, and
are sometimes referred to as the “common method
bias” (Podsakoff et al, 2003). To exclude these
caveats, a preferred design would be to measure AL
and SA at one time, and measure the subjective risk
assessment and unsafe actions (or actual incidents)
at a later time. Such ideal studies tend to be difficult
to perform in the current setting.

The association between SA and subjective risk
assessment could be due to more optimistically
disposed operators responding that they both have
accurate SA and think that they are unlikely to meet
with an accident (however, note the opposite finding
in Eid et al, 2005). Such alternative accounts are
always difficult to exclude when using self-report
data alone. It should be noted that the measure of
perceived risk used here asks only about person
accidents, such as being subject to a crane accident,
and not about process accidents, such as being on
board a vessel that has a collision. Thus the operator
may believe that they themselves and their
immediate colleagues are in control of the potential
causes for the accidents that they are asked to assess,
while still being at risk for accidents that are due to
external events. Further, it could also be that
operators that are more safety conscious more easily
remember recent accidents or interpret recent
situations as more risky than other operators would.

The present study aimed to address issues with
relevance for actual maritime safety. The unsafe



SITUATION AWARENESS AS SAFETY DETERMINANT

actions items were intended to describe actions that
are likely to occur on a regular basis, that are in
breach of safety management systems, and that can
lead to accidents. However, the study is not able to
answer whether unsafe actions correspond to an
actual reduction of safety. Further, while it is
typically assumed that adherence to the safety
regime is predictive of safe work, it is possible that
an experienced operator may interpret the
regulations with some discretion without any
detectable reduction in safety outcomes.

A further question is whether subjective risk
assessment corresponds to actual risk. The currently
presented model may account for variations in how
safe operators feel in their work, but be unrelated to
the actual chance of the operator or the wvessel
encountering an accident. To resolve this,
longitudinal studies are required that measure
subjective risk assessment at one time, and record
the subsequent frequency of unwanted incidents.
Nevertheless, one may also state that when an
operator feels that they are at risk in their day-to-day
work, this in itself constitutes a stressor for the
operator. Further, Rundmo (1996) argued that the
added stress of feeling at risk, may itself increase the
objective risk. One can also imagine operators being
unjustifiably optimistic about the level of safety on
board, which may lead to complacency, which has
the actual effect of reducing safety.

4.3.3: Conclusions and need for further research
The current study has indicated that a new survey
measure of trait SA accounts for accident causation
in high-reliability organizations. This warrants
further work in identifying the predictors of SA.
Being able to approach SA through a survey
approach allows large-scale data collection on this
issue, and to explore the impact of organization-
level interventions. Relevant factors to explore
could be safety training, interventions for attitude
change or safety climate, changes to shift-work
regiments, and the impact of company or
government safety regulations.

Given the limitations of the current study
discussed above, future studies should strive to
include longitudinal measurements, where the
proposed predictors (e.g. AL) measured at one point

in time is seen to have effects on outcome measures
(e.0. SA or subjective risk assessment) at a later
point in time. Independent studies with objective
outcome measures are required to test whether the
current measure  with  self-report of actions
corresponds to actually performing unsafe actions in
day-to-day work. Further, studies in this field would
increase their validity if they could measure
objective safety indicators, rather than the crew’s
subjective risk assessment or self-report of incidents
and actions. Accidents are rare, but given large-
scale data-collection in arenas that also records
small accidents and near-miss incidents, it should be
possible to align survey data with recorded accident
frequency.
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