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1 | INTRODUCTION

Simone Sillem? ® | Sydney W. A. Dekker®

Abstract

There is little empirical evidence on the predictive value of safety culture assessments
(SCAs) in relation to how accident-prone an organisation might be. Recently, Antonsen
not just demonstrated how a quantitative SCA mispredicted future safety outcomes, but
actually showed an inverse relationship between the assessment and subsequent critical
incident investigation findings. To add to our understanding, this article presents research
on whether a SCA has a predictive capacity for safety outcomes. Like in Antonsen's
research, an opportunity emerged when a helicopter taxiing accident, resulting in a rotor
strike occurred for a helicopter squadron that had just undergone a SCA. The assessment
used ‘culture ladder’ rubrics for its findings, which allowed us to look for specific features
in the subsequent independent accident investigation (in which the researchers were not
involved). As with Antonsen's findings, our research shows that a ‘ladder’-based
assessment has little predictive value. Any predictive value it has is in the inverse of
the assessment findings. For instance, where the SCA showed that the safety culture was
very mature regarding finding a balance between safety and the mission at hand or the
breaking of rules, the accident investigation pointed these out as the causes of the

accident.

KEYWORDS
predictive value, safety, safety culture assessment, safety culture ladder, safety outcome

and compared these results to the results of an investigation of an

accident that occurred within the same squadron just a few weeks

Despite the popularity of safety culture assessments (SCAs) since the
2000s, there is little evidence for their predictive capacity for actual
safety outcomes. This study asks whether a SCA offers actionable
insight into how accident- or incident-prone an organisation might
be. A SCA might provide a static description of the safety culture of
an organisation. The same safety culture as measured with an
assessment is present when an accident happens. A comparison
between a proactive SCA and the reactive description of the safety
culture, as found in an incident or accident investigation, should,
therefore, reveal similarities. To test this assumption, and building on
previous research by Antonsen (2009), a comparative study was
conducted. The study investigated the results of a SCA within an
operational squadron of the Royal Netherlands Air Force (RNLAF)

after the SCA.

Antonsen has concluded that the predictive value of SCAs is
limited (2009). In his study, a SCA using a 5-point Likert scale was
compared to the results of a qualitative investigation of a major oil
and gas incident. The results of a SCA using detailed workplace
descriptions are compared to an accident investigation in this
research article. More detail or nuance in the SCA may lead to more
predictive value concerning how accident-prone a company is—
whereas an assessment using a 5-point Likert scale, which lacks
detail, may not reveal that information. Therefore, the objective is to
determine the predictive value of this specific assessment regarding
the accident and how accident-prone this squadron was. The study

reviews whether the findings of the accident investigation match the
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findings of the SCA. It considers whether the safety culture
weaknesses found in the SCA were the causes of the incident.

In the following paragraphs, a theoretical framework is provided,
and the findings are presented. First, the results of the SCA and the
findings of the accident investigation are given, followed by a
comparison of these results. This study concludes with a discussion

of the findings and their practical implications.

2 | THEORETICAL FRAMEWORK
2.1 | Safety culture

Since the late 1980s and early 1990s, the cause of accidents has been
found in the fact that operators perform their duties or interact with
technology in a particular culture (Wiegmann et al., 2004), specifically
a safety culture. It is commonly agreed that interest in safety culture
dates from the Chernobyl accident in 1986 (Health & Safety
Executive, 2005; Obadia et al., 2007; Patankar et al., 2012; Thaden
& Mitchell-Gibbons, 2008; Wiegmann et al., 2002). The term ‘safety
culture’ was first introduced by the International Nuclear Safety
Advisory Group (INSAG) (1991) and defined as ‘that assembly of
characteristics and attitudes in organisations and individuals which
establishes that, as an overriding priority, nuclear plant safety issues
receive the attention warranted by their significance’ (Obadia et al.,
2007). Since the 1990s safety culture then been seen as the key to
improving safety (Antonsen et al., 2017) and an enormous amount of
research has been conducted to try to precisely define the concept
and create a fitting model for it (Guldenmund, 2010).

2.2 | The influence of safety culture on safety

Many researchers have found that safety culture has a positive
impact on the safety of an organisation. For instance, Van Vuuren
(2000) has found that the causes of incidents and accidents were
largely due to organisational factors and that the safety culture
counted for one-third of those organisational factors. The majority of
these safety culture failures were related to the safety attitudes of
people involved in the incidents and accidents. Sexton and Klinect
(2017) have found that crews with positive perceptions of safety
culture could catch more errors, perform better, make fewer
violations and errors and have fewer undesired aircraft states than
crews with negative perceptions of safety culture. Stolzer et al.
(2011) have considered safety culture, when reinforced throughout
the organisation, to be one of the most effective and systemic ways
to reduce the levels of accident and incident within an organisation.
Berglund (2020) has found that safety culture prevented the
Fukushima incident from worsening. Rubin et al. (2020) have seen
safety culture as a potential cause of risk-taking behaviour, where
poor safety norms led to more risk-taking behaviour.

With the Swiss cheese model (Reason, 1997) in mind, Obadia
et al. (2007) have considered safety culture to be an additional

defence-in-depth in the organisation, contributing to the reduction of
risks at each layer of defence and, therefore, reducing the chance of
an accident in the system. Zohar (2000) has found an empirical
relationship between safety climate measures and the occurrence of
minor work injuries. In their study, (Cooper & Phillips, 2004) have
found a link between safety climate and safety behaviour, which is
probably based on perception of the importance of safety training, a
factor in safety climate. Johnson (2007) has found that improving
safety climate is likely to improve safe behaviour, although the results
reflect a correlation and not causation.

Critiques of these findings have also been made. Recently,
Antonsen (2009) has showed, based on an empirical analysis of the
influence of safety culture, that it is hard to prove the relationship
between safety culture and safety, but also that a proactive
quantitative SCA has little predictive value regarding the occurrence
of incidents and accidents. Overall, the relationship between safety
culture and safety has met with considerable debate (see Henrigson
et al., 2014). This research is focused on whether this concept has

any predictive value in terms of safety outcomes.

2.3 | Modelling safety culture

Considering safety culture as a cause of accidents requires the ability
to describe and model the concept. Safety culture can be seen as
something that can become better or worse as opposed to being a
static concept. This view results in the maturity model concept
(Corrigan et al., 2020). Westrum (2004) has distinguished the
pathological, bureaucratic and generative cultures, each with a
characteristic response to problems, which can be predicted based
on the way information flows through the organisation (Flannery,
2001; Westrum, 2004). To depict evolutionary progression in the
development of safety culture, with a true safety culture at the end of
that progression (Salas et al., 2001), Hudson has elaborated on
Westrum's model (1991, cited in Salas et al., 2001) by adding two
stages. Hudson also changed the name bureaucratic to calculative,
creating a safety culture model consisting of five stages: pathological,
reactive, calculative, proactive and generative (1999). Foster and
Hoult (2013) in (Corrigan et al., 2020), using slightly more neutral
terms, have identified five stages as vulnerable, reactive, compliant,
proactive and resilient. This maturity model depicted shown in
Figure 1.

2.4 | Safety culture maturity and safety

Safety culture maturity models centre on the notion that an
organisation needs to develop a mature safety culture if it takes
safety seriously (Hudson, 2001a). The characteristics of a mature or
generative safety culture resemble those of high reliability organisa-
tions, which are known for their good safety performance records
(Parker et al. 2006). To become a generative or true safety culture, an
organisation must progress through the other, less mature stages
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considered a
problem caused
by workers and
accidents are
considered an
unavoidable part
of the job.
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there is still only
action after
incidents.

told.

FIGURE 1
(Johnsen et al., 2003) (Parker et al. 2006) (Yeoman, 2011)

(Hudson, 2001a). An organisation with an advanced, generative
safety culture has fewer accidents compared to organisations with
less mature safety cultures (Hudson, 2001c). A mature and effective
generative safety culture can lead to substantial diminishment of the
accident rate in aviation (Hudson, 2001a), whereas in organisations
characterised by a pathological safety culture, the workplaces are
dangerous (Hudson, 1999).

The literature on safety culture maturity claims a positive
relationship between safety culture and safety, but that this
relationship can be specified based on the maturity level of a given
safety culture. The most mature level, generative, results in the safest
performance and the least number of accidents in an organisation.
However, Goncalves Filho and Waterson (2018) have discussed the
strengths and weaknesses of safety culture maturity models,
concluding that these models assume steady progress from one
level to the next, therefore, seeing values and behaviours regarding
safety as static, when in fact this may not be the case. If, however,
these values and behaviours are dynamic and variable, the predictive
value, that is the possibility to describe the safety state of an
organisation, is lost.

In this study, the relationship between the safety culture
maturity concept and safety is questioned. A safety culture maturity
assessment should provide insight into the protection from accidents
in an organisation. If an accident happens, the investigation of this
occurrence should reveal aspects of safety culture that are still
underdeveloped. These should be the same aspects as revealed by
the SCA, if the latter is to be considered a stable description with
predictive value regarding safety and accidents. This study focuses on

the predictive value of such a SCA.

3 | METHOD

This research focused on a helicopter squadron of the RNLAF. In
2013, at the end of a training mission, a helicopter struck a light post
with its rotor blades only weeks after this squadron had taken part in

Compliant

Procedures and
controls are in
place to manage
safety. Accidents
are seen as
preventable as
long as employees
do as they are

Proactive
Efforts are Safety behaviour
focused on is fully integrated

into everything
the organization
does. The focus is
on continuous
learning.

anticipating safety
issues before they
occur. Incidents
and accidents are
a result of the
whole system.

The maturity model of safety culture, based on (Salas et al., 2001), (Hudson, 2001b), (Hudson, 2001c¢), (Filho et al., 2010),

a proactive SCA. This accident was investigated by an accident
investigation committee. The researchers were not part of this
committee. The researchers had collected SCA data using a survey a
few weeks before the accident and were able to compare this data to
the results of the accident investigation.

For the SCA a survey was developed, based on the survey used
in the Hearts and Minds programme and comparable surveys by
Hudson (Parker et al. 2006; Salas et al., 2001). From the literature
(Zohar, 1980) (Cox & Cox, 1991) (Williamson et al., 1997) (Cox & Flin,
1998) (Cox & Tomas, Cheyne, et al., 1998) (Lee, 1998) (Cheyne &
Cox, 2000) (Ferraro, 2000) (Flin et al., 2000) (Glendon & Stanton,
2000) (Griffin & Neal, 2000) (Grote & Kiinzler, 2000) (Guldenmund,
2000) (Vuuren, 2000) (Gadd & Collins, 2002) (Sorensen, 2002)
(Wiegmann et al., 2002) (Patankar, 2003) (Taylor & Thomas, 2003)
(Dolfini-Reed & Streicher, 2004) (GAIN Working Group E, 2004)
(Gordon & Kirwan, 2004) (Hamaideh, 2004) (Cai, 2005) (Fogarty,
2005) (Health & Safety Executive, 2005) (Falconer, 2006) (Parker
et al. 2006) (Thaden & Mitchell-Gibbons, 2008) (Piers et al., 2009)
(Fogarty & Shaw, 2010) 129 indicators were collected. A deduction
exercise, using a resemblance strategy, resulted in the reduction of
these 129 indicators into nine indicators. Each indicator contains at
least two, but not more than 4 items to represent this indicator,
resulting in a total of 28 items. For each item, the behaviour
indicative of each maturity level was described resulting in five
separate situational descriptions with the same subject but different
behavioural wordings (Filho et al., 2010; Hudson, 2001c; Johnsen
et al., 2003). Respondents chose the description that best resembled
their current working environment. Within each set, the five
descriptions were in a random order, so the respondents did not
know which description fit which maturity level. The statements were
constructed as neutrally as possible, so it would not be clear from the
wordings which statement was ‘best’ and which ‘worst’.

To confirm the five descriptions per item represent accurately
the five maturity stages, four other researchers received 28
envelopes, each envelope containing five cards depicting one
description per card. The researchers were asked to put the
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descriptions in order ranging from the least developed safety culture
to the highest developed safety culture. The results were discussed
and a few wordings in the SCA adapted.

Using descriptions instead of a Likert scale provides a better
understanding of the meaning of an answer. With a questionnaire
with statements and corresponding 5 or 7-point Likert scales there is
a higher risk of interpretation flaws due to misunderstanding the
statement and less detail in the description.

For the assessment, specifically the mode (the answer most
frequently given by the respondents), was used. When describing a
concept such as safety culture, the frequency of perceptions or
opinions is the starting point, not a calculated mean. This concurs
with the observation that culture emerges from group processes
(Kramer, 2019) and the general agreement that culture is subse-
quently determined by the most shared ideas, values and perceptions
found in the majority of the group. This is the case, unless, of course,
there is a minority with substantial formal or informal power. In that
case, it is the minority that has the largest influence on culture.
However, this is not the case within the squadron studied, since it is a
helicopter squadron in which the principles of crew resource
management are vital for both operational effectiveness and physical
safety (Salas et al., 2001).

The accident investigation reported on the rotor strike. This
accident was chosen for this study because of the coincidence that it
happened just a few weeks after the proactive SCA. There are,
luckily, few accidents a year, which makes it more difficult to find
appropriate data.

A content analysis of the accident report was performed and the
findings determined by the accident investigation committee were
compared and related to the indicators used in the survey to determine
the similarities and the possible predictive value of a SCA. Each finding in
the report was related separately to a maturity description of one of the
items. Relating the findings to the indicators was carried out with a ‘best
fit' strategy based on the description (both wording and meaning) in the
report and the description of the indicators. This process allowed each
finding to be related to only one indicator. For instance, the accident
investigation found that the crew deviates from standard radio calls and
different acknowledgements are provided instead of the prescribed ones
in the training manual. This relates to the rule-making indicator at the
calculative level, which states: Noncompliance to rules and regulations is
unacceptable, even if the relevance or appropriateness of the rules/
regulations is doubted.

The investigation report showed no findings relating to the 8th
and 9th indicators of the survey, role model behaviour of staff, and
reinforcement or punishment. The focus of the accident investigation
was on the crew and the movement of the helicopter at the time of
the accident, not on commanding officers or the way safe behaviour
was being reinforced. Therefore, for these indicators, a comparison
cannot be made and the SCA results for these two indicators were
omitted from this study.

The results of the SCA are presented, followed by the results of
the occurrence investigation and, finally, the comparison between the

two assessments is given.

4 | RESULTS OF THE SCA

In 2013, this squadron had 76 employees (pilots and crewmembers).
Thirty-one employees returned a distributed survey, resulting in a
response percentage of 41%. Although the response rate is not that
high, if the intention of research is to gain in-depth knowledge about
safety culture, a smaller number of respondents can still be relied on
(Bergersen, 2003).

Of the 31 respondents, 11 are pilots-in-command, 9 are co-pilots
and 11 are loadmasters. Regarding their position within the squadron,
of the 31 respondents 2 are senior managers within the squadron, 9
middle management and the remaining 20 general operators. To
guarantee the anonymity of the respondents, no other information
regarding the respondents were used in this study.

Feedback provided by 10 respondents after returning the survey
showed that filling out the survey took on average 40 min due to the
fact that respondents had to read a total of 240 statements (28 times
5) and had to make 28 decisions. The returned surveys showed no
pattern in the answers provided, as has been seen with 5-point Likert
scale questionnaires where only the third/middle category is marked.
Because no pattern was detected it is assumed the respondents filled
out the survey in a serious manner.

To determine if the SCA was predictive of the squadron being
incident- or accident-prone, the results of the survey were compared
to the findings of the accident investigation. The results of the SCA
are depicted in Table 1-7. The tables show the percentage of the
respondents choosing the statement that most fitted their work
environment, which was the squadron under investigation. These
results show how the safety culture for the operational squadron was
described. For each table, the following legend applies (Figure 2).

The results for the first indicator showed that crews were trusted
when breaking the rules for safety reasons (respectively 63% and
45%), but that it was perceived that rules were also broken for
operational advantage, indicating a difference between paper and
practice (32%).

The results for the second indicator indicated respondents
perceived empowerment by employees relating to safety (respec-
tively 87% and 53%). Regarding risky training missions, 42% thought
they could determine themselves whether to execute them.
However, 26% thought that, although possible, this was a decision
never made.

The results for the third indicator showed mixed results. Safety
was seen as an inseparable part of every mission and, therefore, a
priority (respectively 52%, 45% and 38%). The operational goals were
considered more important and safety was usually triggered by
unwanted outcomes, which diminished over time (26%, 23% and 19%
respectively). Because of the rules and regulations, no trade off was
necessary (19%).

A significant proportion of respondents perceived the sharing of
mistakes and safety issues as part of their job (46%, 50%, 29% and
42% respectively). They felt they were encouraged in this behaviour
and saw the same behaviour in their colleagues (27%, 40%, 48% and

32% respectively).
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Indicator 3 balance between mission and flight safety
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BOSKELJON-HORST ET AL.

Operational success is the

Most of the available time is spend on Safety is a core activity in this

Organizational goals are and remain

3b The organization tries to make safety a top

number one priority. If
this can be achieved

safely it's a plus.

organization. Safety and operational
success are valued equally. Safety is

the most important priorities, but achieving operational success.

priority by acknowledging that safety can
contribute to the organizational goal

Safety is guaranteed through rules
and regulations and requires less

attention.

effort is made to comply with legal

norms and regulations.

a prerequisite to achieve operational

success.

(operational success). The organization is

pretty good in combining safety with the
organizational goal, although attaining

operational success is still decisive.

19% calculative 13% generative 0 pathological

23% reactive

45% proactive

When executing training

If it all comes done to it, people in this

When more time has passed since the

3c Safety is part of every mission, which means Following the rules results in safety.

missions safety receives
an ever greater priority.

last incident, more risks are taken organization prefer to take safety

This means no trade off between
safety and performing flight
missions is necessary.

that without an acceptable level of safety

the mission cannot be succesful.

risks to cancelling training missions.

during training missions and safety

is taken less into account.

9% proactive

16% pathological

19% reactive

19% calculative

38% generative

In estimating their own capabilities, the respondents saw stress,
fatigue, emergencies and personal problems as possible safety
threats (23%, 16% and 17%) that needed to be addressed before a
flight mission (55%, 62% and 74% respectively). Preparing for
emergencies and monitoring one another were seen as ways to
mitigate the risk (19% and 73%).

Concerning lessons learned, 39% indicated that nothing changes,
no lessons are learned, and that only employees directly involved
received feedback (22%). At the same time, trend analysis was
conducted (29%) and incident and accident reports were spread to
share lessons learned (44%).

As can be seen in Table 7, learning and possible improvement are
the focus of incident and accident investigations (41% and 54%) and
the entire organisation is investigated and benefits (25% and 20%).
Accountability is placed upon involved operators and their supervi-
sors (26%) and on the systems that failed (35%). While 91% of the
respondents perceived a working environment in which incidents and
accidents are seen as unpreventable, 65% of the respondents
thought being wary helps and 26% thought acceptance is all that
is left.

5 | ACCIDENT INVESTIGATION FINDINGS

The accident involved a helicopter that struck a light post while
taxiing. The intention was to park the helicopter after a training
mission. The designated parking spot, as indicated by a marshaller,
did not offer enough room to manoeuvre the helicopter. The crew
feared the rotor blades would come in contact with another
helicopter already parked. It was decided to park next to the already
parked helicopter, but on the other side. While performing a 270-
degree turn, the light post was struck. The accident investigation
used a systems approach, but no specific research method was
applied. The investigation report provides the findings presented in
Table 8 as causally linked to the accident, which can subsequently be
related to safety culture weaknesses. Table 8 represents all the
factual findings written down in the report. No selection was made
nor findings left out of this study. Although hindsight bias is always a
risk and it is not possible to determine potential hindsight bias with
the investigating committee, by using the entire investigation report
the risk of hindsight bias in this study is reduced to a minimum.

6 | COMPARING THE SCA TO THE
ACCIDENT INVESTIGATION

Based on a content analysis and best fit strategy using resemblance,
the findings in the investigation report were related to the indicators
used in the survey and the maturity level according to models by
Hudson (Salas et al., 2001) and Foster and Hoult (Foster & Hoult,
2013) were determined. The results are shown in Tables 9-15. Eleven
findings in the investigation report could not be related to the

indicators because they either displayed facts unrelated to the crew,
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BOSKELJON-HORST ET AL.

Indicator 6 lessons learned

TABLE 6

Possible recommendations in a

The database containing the reported Safety reports are stored in a database. All safety reports are published. With

6a Nothing changes after a safety report

safety report only refer to the

each new report the possibility of a

On predetermined moments an
analysis is made and spread

incidents and accidents is used

has been written. There are no

trend is researched. All levels of the specific incident investigated.

organization actively use the the

for trend analysis. The results of

recommendations, feedback or

actions taken.

throughout the organization as a

form of feedback.

this analysis are used to enhance

safety.

information from the safety reports

in their daily work.

29% proactive 13% calculative 10% generative 10% reactive

39% pathological

After an investigation, no lessons Alle employees are informed about the All employees are personnaly

Incident or accident reports are spread Only the employees involved in an

6b

informed of an investigation and
the lessons learned as a result of

that investigation.

lessons learned of an investigation,

which takes the form of new

incident/accident receive learned are shared.

at the supervision level after

feedback after an investigation.

completion to share the lessons
learned with alle employees.

regulations and an article in a safety

magazine.

Sometimes the occurrence is

mentioned in the annual report.

6% generative

13% calculative

22% reactive 16% pathological

44% proactive

WILEY—"

such as the host nation, or content not covered by the indicators.
These findings were, therefore, not compared.

Regarding the first indicator, rule breaking, the SCA results
showed that the first item was perceived at the generative level
(63%), the second item at the proactive (45%) and the reactive level
(32%). The accident investigation, however, showed findings that all
related to the calculative level, indicating that the results of the SCA
do not match the results of the accident investigation. The SCA
describes a safety culture that acknowledges that to be and stay safe,
rules sometimes need to be broken. It describes a safety culture in
which the pilots and crewmembers know the difference between
situations in which rules can be broken for safety reasons and
situations in which compliance with the rules is necessary. The
accident investigation, however, showed that, in this case, the crew
could not see the need to comply. The crew deviated a few times
from rules and procedures, which, according to the investigation
report, led to the accident.

Regarding the second indicator, empowerment of employees,
SCA results showed the respondents perceived the first item at the
generative level (87%), the second item at both a generative (42%)
and reactive (26%) level (pertaining to the avoidance or risky
missions, which was not the case in this investigated situation) and
the third item at the proactive level (53%). The accident investigation
showed all generative results except for the fourth result, which
corresponds to the proactive level. It can be seen from the
investigation results that the investigated behaviour showed em-
powerment in practice, as predicted in theory by respondents. This
means that the behaviour shown matched the behaviour described in
the SCA.

Regarding the third indicator, balance between mission and flight
safety, the SCA results showed the respondents perceived the first
item at the generative level (52%), the second item at the proactive
(45%) and reactive (23%) level and the third item at the generative
(38%) and calculative (19%) level. The accident investigation,
however, showed results that corresponded with either the
calculative or reactive level, indicating that the SCA showed a more
positive perception of the way safety was incorporated in the daily
work than the accident investigation. Although, in the SCA, safety
was seen as inextricably linked to the mission by respectively 52%,
45% and 23%, the accident investigation showed different outcomes.
The SCA and the accident investigation described different behaviour
and, therefore, different safety cultures.

Regarding the fourth indicator, openness, the SCA results
showed the respondents perceived the first item at both the
generative and proactive level (46% and 27% respectively),
the second item at the generative level (50%), the third item at the
proactive (48%) and generative (29%) level and fourth item again at
the generative and proactive level (42% and 32%, respectively). As
concluded from the SCA, openness was part of their daily existence,
according to the respondents. The results in the accident investiga-
tion corresponded with the pathological, calculative and proactive
level. Although a positive climate resulting from good crew

cooperation was noticed, the lack of communication was seen as a
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BOSKELJON-HORST ET AL.

Safety culture maturity levels

pathological

| reactive

calculative

proactive

|generative

FIGURE 2 Legend accompanying Table 1-7

lack of openness and causally related to the accident. However,
based on the investigation report, it is unclear whether the lack of
communication was due to a lack of openness or simply the result of
not seeing the need to communicate. Based on the description in the
investigation report, the safety culture outlined in the investigation
report does not match the safety culture detailed in the SCA.

Regarding the fifth indicator, perception of one's own limitations,
the SCA results showed the respondents perceived the first three
items at the proactive level (55%, 62% and 74%, respectively) and the
fourth item at the generative level (73%), indicating that personal
limitations needed to be addressed, mitigated and monitored. Of
course, occurrences, such as being annoyed or distracted, are
relatively common. The results of the SCA did not indicate that
these emotions would no longer occur, but that they were
acknowledged and mitigated to ensure a safe flight. The accident
investigation showed nine findings that corresponded to the
pathological level and two findings corresponding with the generative
level. Before the flight, the crew had taken care of their physical well-
being (rest and food). However, during the flight, the taxiing phase,
the crew realised they were irritated and distracted, but did not
counter these feelings, discuss them or otherwise mitigate them to
ensure the safety of this phase. The investigation report showed they
failed to understand the effects of their emotional well-being. The
safety culture described by the accident investigation did not match
the safety culture described by the SCA.

Regarding the sixth indicator, lessons learned, the SCA results
showed the respondents perceived the first item at the pathological
(39%) and proactive (29%) level and the second item at the proactive
(44%) and reactive (22%) level. The accident investigation revealed
only one finding corresponding to this indicator, which was at the
reactive level. Although the SCA seemed to describe an organisation
that learned from previous incidents and accidents, it also showed
that it did not. The results of the SCA were ambiguous. The accident
investigation concluded that the organisation did not learn from
previous occurrences, given the similarities with a previous accident.
The safety culture described by the accident investigation, therefore,
only partly matched the safety culture described by the SCA.

Regarding the seventh indicator, cause of an accident or incident,
the SCA results showed respondents perceived the first item to be at
the calculative (35%) and reactive (26%) level, the second and fourth
item at the generative level (65% and 54% respectively) and the third
item at the generative (41%) and proactive (25%) level. The accident
investigation showed findings corresponding to the reactive and
calculative level. This indicates that the assessment showed a safety
culture in which accidents and incidents were seen as emerging from
the entire organisation and something the organisation could learn

from, but that responsibility and accountability were often placed on

the involved employees. The investigation report partly reflected the
same safety culture. Regarding responsibility and accountability, the
accident was seen as preventable had the involved operators been
more careful.

Although this comparison seems to show differences and
similarities between the two assessments (SCA and accident
investigation), it is not clear how significant the differences are or
how well the results match. The results of both assessments are,
therefore, depicted in graphs, to study the differences further. For
each graph, the horizontal axis depicts the number of items in the
survey and the number of findings in the accident investigation. The
vertical axis depicts the maturity level ranging from 1 to 5, with 1
indicating the pathological level and 5 the generative level. The
orange bars represent the results from the SCA and the blue bars the
results from the accident investigation. The individual survey items
are not compared to the individual accident investigation findings,
only the pattern found in the SCA is compared to the pattern found in
the accident investigation.

When comparing the results of the SCA and the accident
investigation, the same pattern is found in Indicators 3—balance
between mission and flight safety, 4—openness, 6—lessons learned
and 7—cause of an accident or incident. The following four graphs
show this pattern.

Based on these graphs, the SCA shows a more positive, more
mature safety culture for these four indicators than the accident
investigation. These indicators relate to the role and behaviour of the
operators. According to the SCA the operators working at the
involved helicopter squadron maintained a good balance between
flight mission and safety. The operators were open, learned from
previous incidents or accidents and considered an incident or
accident to be a result of the entire system, although they recognised
that the operators involved were marked as responsible. The accident
investigation, however, revealed the operators as the cause of the
helicopter accident, supported by a lack of openness, not enough
priority placed on safety and the fact that a similar accident happened
3 years previously. For these four indicators, the operators had a
more positive perception of their safety culture than the organisa-
tional investigation committee.

The results for Indicator 1—rule breaking show the same pattern
when looking at the content of the indicator.

Although the maturity levels suggest a linear development for
the subject of rule breaking, it is more of a parabola development.
The underlying theme regarding the breaking of rules is the amount
of freedom one experiences. According to the maturity ladder for
both the pathological and the generative level, operators can break
the rules if they think they need to. In a pathological safety culture,
this is possible because succeeding in the mission is the most
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TABLE 8 investigation findings

Findings from the accident investigation

No technical shortcomings found, so the investigation focuses on
preparation and execution of the flight mission.

Deviation in the flight plan; supposed to be a two-ship formation, with
the other PIC as section lead.

During the preparation a three hour delay occurred due to technical
issues with the helicopter. The crew brought food for a proper
lunch; the delay did not result in fatigue.

The flight mission lasted for 2 h and 10 min and was executed without
any remarkable events.

The flight mission was considered a routine flight. Crew had flown
together multiple times and experienced good crew cooperation.

During the reconnaissance the crew has inspected the platform. The
light posts were not mentioned by the host nation.

The reconnaissance checklist is very general, it doesn't prompt to
inspect any specifics.

No written report was made of the reconnaissaince or the identified
risks.

The light posts were never seen as a risk or danger to the flight
mission.

The briefing by the host nation did not mention the light posts.

Only one marshaller was to assist the parking of the helicopter. During
prior parking there were two marshallers.

Crew estimates that the parking spot directed by the marshaller is to
small and poses to many risks. It is considered unsafe.

Based on the directions and estimates of the loadmaster,
the crew decides to park south of the already parked other
helicopter.

Before the training mission, the helicopter was also parked south of the
already parked other helicopter.

Copilot's attention is drawn to the marshaller who reacts very irritated
upon the decision to park south and leaves the platform.

Copilot gets irritated by the irritation of the marshaller.

Physical contact between crew (loadmaster) and marshaller could have
resolved the mutual misunderstanding about the parking intentions
and would therefore have prevented the accident.

Crew decides to continue to taxi and park without support of the
marshaller.

Since a safe parking is the responsibility of the PIC, parking without the
support of a marshaller is permitted.

Crew deviates right from taxi line to provide separation with the
already parked helicopter.

Subsequentely, the crew deviates left from the taxi line to provide
separation with the preflight tent of which the sides started
to flap.

The number one loadmaster keeps his attention at preflight tent and a
group of bystanders filming the helicopter at a distance of
approximately 150 m.

When the number one loadmaster can no longer see the
preflight tent he directs his attention to a fire extinguishers on the
platform.

TABLE 8 (Continued)

It is concluded that the focus of the crew was more on the
consequences of the downwash during taxiing than on the
dimensions of the rotor blades relating to the MOD.

The lesser focus on the dimensions of the rotor blades was a result of
the fact that the week before taxiing on the platform was safe and
uneventful.

At some point in the 270 degree turn the copilot notices the light post
but does not consider it a risk.

Passing the light post on the right, the copilot decides not to mention it
on the intercom to the rest of the crew, because it seems to fall
outside the minimum obstacle distance (MOD)

The PIC notices the light post and decides to taxi straight on to create
more distance with the edge of the platform.

There is no communication within the crew regarding the decision to
taxi straight on.

At the edge of the platform the PIC decides to deviate left of the taxi
line to create space for the tail of the helicopter. The focus is on the
edge of the platform, not on the light post.

The number one loadmaster has not seen the light post.
The PIC is relatively unexperienced, less than 60 flight hours as a PIC.

The number 2 loadmaster is relatively unexperienced, just over 90 flight
hours of experience.

All crewmembers were fit to fly. They had had enough rest and no
personal problems.

The RNLAF has to be compliant with the militaire aviation requirements.
RNLAF rules and regulations ensure this compliance.

Every employee is expected to know the relevant rules and regulations,
so that they will be compliant.

During training of pilots and loadmasters enough attention is given to
the subject of distance between rotor blades and obstacles.

The crew was distracted due to the vehicle parked behind the already
parked helicopter, the behaviour of the marshaller, the tent on the
platform and the group of bystanders.

As a result of the cognitive distraction the situation awareness of the
crew dimished. Human attention span is limited.

Based on the lookout sections of the PIC, COP and number one
loadmaster the light post could have been identified as a risk to
safety had they realised that the light post was within the MOD.

According to the training manual a distance of a minimum of 5 m. has to
be guaranteed.

Based on the CVR it is concluded that the crew deviates from standard
radio calls. Different acknowledgements are provided instead of the
prescribed ones in the training manual.

A turn to the left is executed without clearance from the loadmaster.

In flight training issues such as platforms that deviate from minimum
separation distances are not addressed, which is considerd a
training deficiency.

The crew experienced a false sense of safety while taxiing on a platform
that does not entail the minimum separation distances for helicopters.

A similar accident, in which a helicopter collided with a container while
taxiing, happened three years before this accident.
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TABLE 9 comparision occurrence results to SCS indicator 1 rule breaking
Findings accident investigation
The RNLAF has to be compliant with the militaire aviation requirements.
RNLAF rules and regulations ensure this compliance.
Every employee is expected to know the relevant rules and regulations, so that they will be compliant.
According to the training manual a distance of a minimum of 5m. has to be guaranteed.

Based on the CVR it is concluded that the crew deviates from standard radio calls. Different acknowledgements are
provided instead of the prescribed ones in the training manual.

A turn to the left is executed without clearance from the loadmaster.

TABLE 10 comparision occurrence results to SCS indicator 2 empowerment of employees

Findings accident investigation Indicator

Indicator

Rule breaking
Rule breaking
Rule breaking
Rule breaking

Rule breaking

Rule breaking

Crew estimates that the parking spot directed by the marshaller is to small and poses to many risks. Itis ~ Empowerment of employees

considered unsafe.

Based on the directions and estimates of the loadmaster, the crew decides to park south of the already = Empowerment of employees

parked other helicopter.

Crew decides to continue to taxi and park without support of the marshaller. Empowerment of employees

Since a safe parking is the responsibility of the PIC, parking without the support of a marshaller is Empowerment of employees
permitted.

Crew deviates right from taxi line to provide separation with the already parked helicopter. Empowerment of employees

Subsequentely, the crew deviates left from the taxi line to provide separation with the preflight tent of = Empowerment of employees

which the sides started to flap.

At some point in the 270 degree turn the copilot notices the light post but does not consider it a risk. ~ Empowerment of employees

The PIC notices the light post and decides to taxi straight on to create more distance with the edge of = Empowerment of employees

the platform.

At the edge of the platform the PIC decides to deviate left of the taxi line to create space for the tail of  Empowerment of employees

the helicopter. The focus is on the edge of the platform, not on the light post.

TABLE 11 comparision occurrence results to SCS indicator 3 balance between mission and flight safety

Findings accident investigation Indicator

During the reconnaissance the crew has inspected the platform. The light posts were not mentioned  Balance mision and flight

by the host nation. safety

No written report was made of the reconnaissance or the identified risks. Balance mision and flight
safety

The light posts were never seen as a risk or danger to the flight mission. Balance mision and flight
safety

TABLE 12 comparision occurrence results to SCS indicator 4 openness
Findings accident investigation Indicator

The flight mission was considered a routine flight. Crew had flown Openness
together multiple times and experienced good crew cooperation.

Passing the light post on the right, the copilot decides not to mention it Openness
on the intercom to the rest of the crew, because it seems to fall
outside the minimum obstacle distance (MOD)

There is no communication within the crew regarding the decision to Openness
taxi straight on.

13
Wi LEY—‘—

Level

Calculative
Calculative
Calculative
Calculative

Calculative

Calculative

Level

Generative

Generative

Generative

Proactive

Generative

Generative

Generative

Generative

Generative

Level

Calculative

Calculative

Reactive

Level

Proactive

Calculative

Pathological
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TABLE 13 comparision occurrence results to SCS indicator 5 perception of one's own limitations

Findings accident investigation

During the preparation a 3 h delay occurred due to technical issues with the helicopter. The crew

brought food for a proper lunch; the delay did not result in fatigue.

Copilot's attention is drawn to the marshaller who reacts very irritated upon the decision to park

south and leaves the platform.

Copilot gets irritated by the irritation of the marshaller.

The number one loadmaster keeps his attention at preflight tent and a group of bystanders filming

the helicopter at a distance of approximately 150 m.

When the number one loadmaster can no longer see the preflight tent he directs his attention to a

fire extinguishers on the platform.

It is concluded that the focus of the crew was more on the consequences of the downwash during
taxiing than on the dimensions of the rotor blades relating to the MOD.

The lesser focus on the dimensions of the rotor blades was a result of the fact that the week before

taxiing on the platform was safe and uneventful.

All crewmembers were fit to fly. They had had enough rest and no personal problems.

The crew was distracted due to the vehicle parked behind the already parked helicopter, the
behaviour of the marshaller, the tent on the platform and the group of bystanders.

As a result of the cognitive distraction the situation awareness of the crew dimished. Human

attention span is limited.

The crew experienced a false sense of safety while taxiing on a platform that does not entail the

minimum separation distances for helicopters.

Indicator Level

Perception of one's own Generative
limitations

Perception of one's own Pathological
limitations

Perception of one's own Pathological
limitations

Perception of one's own Pathological
limitations

Perception of one's own Pathological
limitations

Perception of one's own Pathological
limitations

Perception of one's own Pathological
limitations

Perception of one's own Generative
limitations

Perception of one's own Pathological
limitations

Perception of one's own Pathological
limitations

Perception of one's own Pathological

limitations

TABLE 14 comparision occurrence

Findings accident investigation Indicator Level o
results to SCS indicator 6 lessons learned
A similar accident, in which a helicopter collided with a container Lessons Reactive
while taxiing, happened three years before this accident. learned

TABLE 15

Findings accident investigation

No technical shortcomings found, so the investigation focuses on preparation and execution of the flight

mission.

Physical contact between crew (loadmaster) and marshaller could have resolved the mutual
misunderstanding about the parking intentions and would therefore have prevented the accident.

Based on the lookout sections of the PIC, COP and number one loadmaster the light post could have been
identified as a risk to safety had they realised that the light post was within the MOD.

important goal and breaking the rules is allowed to achieve this goal.
In a generative safety culture, this is possible because operators are
trusted to recognise when they need to comply and when they need
to deviate regarding safety and risk control. In both the pathological
and generative description, operators have considerable freedom
regarding breaking the rules. This leads to a different scoring, with
the pathological and generative levels receiving similar codes, as do
the reactive and proactive levels, based on the amount of freedom.
This line of thinking results in the pathological and generative levels

being represented by a 5, the reactive and proactive levels by a 3 and

comparision occurrence results to SCS indicator 7 cause of an accident/incident

Indicator Level

Cause of an accident/ Reactive
incident

Cause of an accident/ Calculative
incident

Cause of an accident/ Calculative

incident

the calculative levels by a 1. The numbers 5, 3 and 1 are arbitrary,
chosen to show the difference more clearly than in the case of the
numbers 3, 2 and 1. In this parabola graph, the numbers 1-5 on the
horizontal axis represent the five maturity levels, which are
pathological (1), reactive (2), calculative (3), proactive (4) and
generative (5). The vertical axis represents the scoring of the levels.
This shows the parabola effect of this particular indicator.

Translating the parabola effect to the SCA results and investiga-
tion findings results in a different depiction of the original graph of
indicator 1.
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Indicator 3 Balance safety and flight mission

Maturity level of safety culture
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Comparison between the accident investigation (blue, on the left) and the SCS
(orange, on the right) for indicator 3
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FIGURE 3 Indicator 3 balance safety and flight mission
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FIGURE 4 Indicator 4 openness
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FIGURE 5 Indicator 6 lessons learned

Taking into account the parabola effect, it shows, as with
Indicators 3, 4, 6 and 7, that for Indicator 1 the operators perceived
their safety culture as more positive and more mature than in the
investigation committee findings. According to the investigation
committee, based on the military flight regulations, which are also
part of the safety culture, operators may not break the rules.
According to the operators, however, they work in a safety culture
that does allow them to break the rules when necessary.

Indicator 2—empowerment of employees seems to show a
different pattern, in which the accident investigation reveals a more
positive and more mature safety culture than the SCA.
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FIGURE 7 Indicator 1 rule breaking
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FIGURE 8  Scoring of indicator 1 rule breaking

What leads to this pattern is the perception of operators, seen in
the SCA, that risky training missions can be avoided but would not be,
indicating a focus more on mission and goal completion than on
safety. In practice, however, as seen by the accident investigation,
parking at the parking spot indicated by the marshaller, the final part
of the mission, was refused in favour of a parking spot deemed to be
safer. The operators did not predict their own behaviour regarding
the use of their judgement to make a decision. For the investigation
results, a relationship can be seen with Indicator 7—cause of an
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incident or accident. According to the investigation, the cause of this
accident was the involved crew, considering the decisions they made,
which they should not have. In the investigation too much
empowerment (freedom) was found, resulting in the accident.

The fifth indicator, perception of limitations, also seems to
convey a mixed message.

When looking closer at the content of both the SCA and the
accident investigation, it becomes clear that the operators perceive
their safety culture as more positive and mature than was found
during the accident investigation. The difference between the two

Maturity level of safety culture

1

A2 A3 A4 AS S1 S2 S3

Comparison between the accident investigation (blue, on the
left) and the SCS (orange, on the right) for indicator 1 adapted

FIGURE 9 Indicator 1 rule breaking adapted
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was significant. According to the investigation, operators showed a
mature safety culture when preparing for a flight, as evidenced in
their buying lunch and being well rested, but that, during the flight,
the crew displayed behaviour resembling a rather immature safety
culture.

Looking at the seven indicators together, the operators
considered their safety culture rather mature and indicated that they
played an active role in achieving a safe flight. The investigation
showed a more immature safety culture in which the behaviour of the
operators led to a lack of safety rather than safety. The described
safety cultures do not match and, therefore, the SCA seems to have
limited predictive value regarding the situation found in the accident
investigation.

7 | DISCUSSION

The findings of this study show, as did the research by Antonsen
(2009), that the results of the accident investigation do not match the
results of the SCA. The comparison of the SCA with the accident
investigation shows that the two different methods describe two
different safety cultures, adding to the literature by demonstrating
the limitative predictive value of a SCA.

Based on the SCA, it seemed very unlikely an accident would

happen that was caused by factors, such as empowerment or

FIGURE 10 Indicator 2 empowerment of

Comparison between the accident investigation (blue, on the left) and the

SCS (orange, on the right) for indicator 2
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Indicator 5 perception of
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perception of limitations. Yet this is exactly what was determined by
the accident investigation committee. The occurrence of an accident
is not remarkable. There is always a chance an accident happens.
However, according to the theoretical framework, the chance of an
accident is diminished in the mature safety culture which the SCA
described (Hudson, 1999, 2001c). What is remarkable, however, is
that the accident investigation determined factors reflecting a mature
safety culture, such as empowerment, as the cause of this specific
accident. This means that the SCA has only limited predictive value. A
safety culture maturity description of a workplace or an organisation
does not provide protection from accidents. It might in fact provide
an illusion, even leading to the idea of a ‘check in the box’ once a SCA
shows an organisation has reached the proactive or even the
generative maturity level.

This finding is supported by the fact that the SCA and the
accident investigation were only a few weeks apart. The SCA was
conducted in September. The accident happened in October of the
same year. No significant changes occurred within the squadron
organisation during that time. Safety culture is seen as a derivative of
culture (Guldenmund, 2010), which is seen as a stable concept
(Schein, 2004). It is, therefore, highly unlikely that the safety culture
of the squadron changed between the assessment and the accident.

Perhaps the difference in results when comparing the two
measurements was caused by the instruments used. However, the
SCA is based on a validated and well-used instrument (Energy
Institute, 2015, 2019). The difference between the original instru-
ment and the SCA is in the wordings used, matching the RNLAF
organisation. The underlying theoretical framework is the same. The
accident investigation was the official instrument to conduct an
accident investigation, based on and driven by international norms,
agreements and standards applicable to air safety investigations
(International Civil Aviation Organization, 1993). The investigation
committee followed these and internal guidelines and procedures
regarding the process of accident investigation.

A limitation in this study was the response rate of 41% of the SCA,
although previous research (Bergersen, 2003) shows that the number of
respondents is adequate for scientific analysis. Furthermore, the balance
between the number of pilots-in-command and co-pilots within the
response group resembles the balance in the squadron. Only the
loadmasters are a little under represented. The balance regarding
position (senior management, middle management and operators) again
resembles the squadron. These representations add to the general-
izability of the findings of the SCA. Another limitation could be the
content of the SCA. The SCA is based on a literature study of literature
on safety culture indicators, which can never be complete, inevitably
resulting in questions not asked. This research has been set as much as
possible in the context of available scholarship, as described in the
method section.

The question remains of what to do with two conflicting
descriptions of the supposedly same safety culture. According to
Antonsen (2009), it makes sense to consider the description based on
the accident investigation as most accurate, since investigations can

be seen as more thorough and are considered more important in the

organisation. The reason for this preference is that an organisation is
highly motivated to find the cause of an incident or accident to
prevent future ones. That motivation is lacking when ‘simply’
assessing the safety culture when nothing is out of the ordinary.
When conducting an accident investigation, the investigators
describe the behaviour of others. In principle, they have nothing to
gain by describing this behaviour more positively or negatively than
observed. The SCA asks respondents to describe their workplace and
their own behaviour in it, as do most SCAs. It is possible that the
respondents have a more positive perception of this than is
supported by reality. Unfortunately, the choice to have respondents
describe their safety culture instead of having an external observer
make the evaluation falls outside the scope of this study.

The choice to consider the squadron safety culture description
based on the accident investigation as the most accurate leads to the
conclusion that the predictive value of the SCA is limited but that it
inversely predicted the safety outcomes. Aspects of the safety
culture that, according to the SCA, are very mature (proactive and
generative) were identified as the causes of this accident.

The instruments used, the SCA and the accident investigation,
have a different focus. The SCA focuses, as do all safety culture
maturity assessment instruments, on the way safety is created or
enhanced (Parker et al. 2006). The results show the perceived safety
culture in the absence of an accident. The results of the accident
investigation show the accident investigators' perception of that
same safety culture in the presence of an accident, that is, in the
absence of safety, according to the accident investigators.

Perhaps it is this difference in research focus or aim that makes it
impossible to compare the content and even find an inverse
prediction. If prediction is what an organisation aspires to, it might
be more fruitful to design an instrument that measures safety and to
subsequently test this instrument for predictive value not only in
situations characterised by a lack of safety but also in situations
where safety was actually achieved. A safety culture maturity
assessment apparently cannot accomplish that.

This is supported by the literature on safety culture as a complex
and dynamic concept which assessments using surveys are unable to
convey (Guldenmund, 2007) and a quantitative approach is limited when
the aim is prevention (Guldenmund, 2000). Safety culture is continually
changing as a result of the dynamic social reality surrounding it (Richter &
Koch, 2004) (Gephart et al., 2009) (Silbey, 2009). Furthermore, accident
and incidents cannot be seen as a simple indicator of safety culture
(Cooper, 2000) (Richter & Koch, 2004).

Based on this, one could ask the question if there is an instrument
that does adequately provide insight into the safety culture of an
organization, be it an assessment or an accident investigation tool. As the
literature shows, as mentioned above, questionnaires and assessments
do not do the complex phenomenon justice. Neither do most accident
investigation methods as they focus on what went wrong, which is
usually the exception (Hollnagel, 2014). What could be done however, is
to study the way people do their work. Within a complex setting,
operators are faced with multiple goals that are often not compatible
with one another (Woods et al., 2010). Operators find ways to deal with
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these goal conflicts by employing what is called local ingenuity
(Boskeljon-Horst et al., 2022): routines that help resolve goal conflicts
and become part of the regular repertoire of operators, not necessarily
contrary to the literal wording or intent of rules and procedures, but
were not originally intended and not included in current documentation.
How local ingenuity is employed to achieve safety, one of goals to be
achieved, adds to the understanding of the workings of a complex
system operators are part of and provides more insight than a SCA or an

accident investigation.

8 | CONCLUSION

The research aim in this article was to determine whether the SCA
possesses predictive value regarding how accident-prone an organi-
sation is. In the case under study, the organisation was a helicopter
squadron. However, the official instrument to conduct an accident
investigation had different results and a different safety culture
description than the safety culture maturity assessment. The results
of the comparison show that the SCA has limited predictive value for
the safety culture during an accident but that it inversely predicts the
safety outcome. Factors indicative of a mature, proactive and
generative, safety culture were found to be the causes of this
particular accident. The findings by Antonsen (2009), based on the
comparison of a quantitative SCA to an accident report, were
replicated, this time using a SCA with detailed workplace descrip-
tions. This research reinforces the conclusion Antonsen draws
regarding the limited predictive value of safety culture maturity
assessments. Development of a means to predict safety outcomes is
planned using micro experiments within a helicopter squadron. These

results are discussed elsewhere Figures 3-11.
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