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In this article, we examine the relationship between safety culture and national culture, and
the implications of this relationship for international safety culture assessments. Focussing
on Hofstede’s uncertainty avoidance (UA) index, a survey study of 13,616 Air Traffic
Management employees in 2| European countries found a negative association between
safety culture and national norm data for UA. This is theorized to reflect the influence of
national tendencies for UA upon attitudes and practices for managing safety (e.g., anxiety
on risk; reliance on protocols; concerns over reporting incidents; openness to different
perspectives). The relationship between UA and safety culture is likely to have implications
for international safety culture assessments. Specifically, benchmarking exercises will
consistently indicate safety management within organizations in high UA countries to be
poorer than low UA countries due to the influence of national culture upon safety
practices, which may limit opportunities for identifying and sharing best practice. We
propose the use of sdafety culture against international group norms (SIGN) scores to
statistically adjust for the influence of UA upon safety culture data, and to support the
identification of safety practices effective and particular to low or high UA cultures.

Practitioner points

e National cultural tendencies for uncertainty avoidance (UA) are negatively associated with safety culture.

e This indicates that employee safety-related attitudes and practices may be influenced by national
culture, and thus factors outside the direct control of organizational management.

o International safety culture assessments should attempt to determine the influence of national culture
upon safety culture in order that benchmarking exercises compare aspects of safety management and
not national culture.
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e Safety culture against international group norms (SIGN) scores provide a potential way to do this, and
can facilitate the identification of best practice within countries operating in a low or high UA cultural
cluster.

Safety culture refers to the norms, values, and practices shared by groups in relation to risk
and safety (Cooper, 2000; Pidgeon, 1998). Within safety-critical industries (e.g., nuclear
energy, oil and gas, aviation), safety culture assessments with cross-sectional surveys are
used to identify trends that are promotive (e.g., shared beliefs on risk) and problematic
(e.g., lack of incident reporting) for safety management (Carroll, 1998; Ek, Akselsson,
Arvidsson, & Johansson, 2007; Fuller & Vassie, 2001; Lee & Harrison, 2000). Through
further investigation, opportunities for interorganizational learning are identified (e.g.,
sharing best practice) and used to improve safety culture (Lee & Harrison, 2000; Mearns,
Whitaker, & Flin, 2001; Sexton et al., 2006). The globalized nature of many high-risk
industries means that safety culture assessments are increasingly conducted at an
international level (Reader & O’Connor, 2014; Sorra & Dyer, 2010; Taylor, 2010). Yet
research indicates that safety culture within an organization may be influenced by national
cultural tendencies to avoid the anxiety caused by risky and ambiguous situations (called
‘uncertainty avoidance’; Hofstede, Hofstede, & Minkov, 2010). This has implications for
how the results of international safety culture assessments are analysed and interpreted. In
the current study, we explore this relationship through reporting on an investigation of
safety culture in the international Air Traffic Management (ATM) industry. We theorize the
relationship between national culture and safety culture, and investigate this through
exploring the associations between national tendencies for uncertainty avoidance (UA)
and safety culture. We then consider the implications of this relationship for international
safety culture assessments, and propose that the association between UA and safety
culture be taken into account when benchmarking safety culture data from organizations
based in countries with diverse national cultures.

Sdfety culture

Safety culture is generally understood to be a safety-related facet of organizational culture
(Guldenmund, 2000), and conceptualizations of safety culture within the organizational
psychology literature focus on how shared norms and values shape safety practices.
Surveys are often used to evaluate safety culture (Conchie, Donald, & Taylor, 2006; Huber,
1991; Reason, 1997), and these typically measure organizational employee responses to a
number of latent dimensions, for example the commitment of management to safety, the
support given by an organization (e.g., resources) to improve safety, incident reporting
practices, collaborative activities to improve safety, and communication on safety
(Reader, Noort, Shorrock, & Kirwan, 2015). Where responses to such dimensions are
shared and positive across an organization, safety culture can be conceptualized as
‘strong’, and to have a positive influence upon safety (e.g., people can raise safety
concerns; Guldenmund, 2007, 2009, 2010; Joyce & Slocum, 1984; Smith, Dugan,
Peterson, & Leung, 1998). Conversely, negative, opposite, or fragmented perceptions can
indicate a ‘weak’ safety culture, which renders individuals and organizations susceptible
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to workplace injuries and safety incidents (e.g., risk-taking; Beus, Payne, Bergman, &
Arthur, 2010; Christian, Bradley, Wallace, & Burke, 2009; Clarke, 2010; Nahrgang,
Morgeson, & Hofmann, 2011; Singer, Lin, Falwell, Gaba, & Baker, 2009). Through
providing insight on the safety practices of employees and managers, safety culture survey
data are used to evaluate the effectiveness of organizational safety management strategies
(e.g., on reporting safety incidents), and to identify strengths and areas for improvement.

In describing safety culture, it is necessary to reflect on its relationship with safety
climate. This is because the distinction between safety culture and climate is an ongoing
subject for debate, and is relevant to considering how national culture influences
organizational safety (Guldenmund, 2000; O’Connor, O’Dea, Kennedy, & Buttrey, 2011).
Broadly, safety climate refers to the ‘surface features of the safety culture (...) at a given
pointin time’ (Flin, Mearns, O’Connor, & Bryden, 2000, p. 178), and focuses on employee
beliefs in relation to management commitment to safety (DeJoy, 2005; Guldenmund,
2000, 2007; Zohar, 2010). Safety climate is generally considered to be narrower and more
precisely defined than safety culture, and focuses on the prioritization of safety over other
possible targets (Zohar, 2010). Safety culture encapsulates a wider set of constructs (e.g.,
collaborating on safety, knowledge on safety, incident reporting practices, communica-
tion on risk) and can utilize a variety of measurement techniques, including surveys,
observations, focus groups, and incident analyses (Griffin & Neal, 2000; Guldenmund,
2010; Mearns & Flin, 1999; O’Connor et al., 2011). This has led to safety culture being
critiqued as a ‘fuzzy’ concept (Clarke, 2000), and the difference between safety culture
and safety climate has been likened to the difference between ‘personality’ and ‘mood’
(Cox & Flin, 1998). Critically, safety culture is conceptualized as being reflective of
enduring organizational, professional, and societal practices (Guldenmund, 2000;
Helmreich & Merritt, 1998), and this means it may be influenced by national culture.
This distinguishes it from safety climate, which captures more changeable beliefs about
the current organizational prioritization of safety.

Yet, to date, the relationship between national culture and safety culture has received
relatively little attention in the occupational psychology literature. In particular, there is a
need to better theorize how national culture might influence safety culture, and to
consider implications of this for safety culture assessments. For example, if employee
safety-related beliefs and practices are influenced by national culture, this indicates that
safety culture data may reflect both aspects of safety management and the societal
tendencies of the country where employees are based (which are external to an
organization). This raises questions over how safety culture data from different countries
can be compared to identify problems in safety management and opportunities for
learning. To explore this, we develop a theoretical framework for how national culture
might influence safety culture.

The relationship between national culture and safety culture

The need to examine the relationship between national culture and safety culture has
been recognized for some time within the occupational safety literature (Clarke, 1999).
Specifically, the ‘general’ organizational culture literature is instructive (Kirkman, Lowe,
& Gibson, 20006), and shows organizational culture to be influenced top-down by a range
of societal factors, for example national culture, language, training, progression systems,
access to economic resources, and political environment (Boroditsky & Schmidt, 2000;
Chunlin, Chengyu, & Boben, 1999; Erez & Gati, 2004; House, Hanges, Javidan, & Dorfman,
2004; Johnstone & Kanitsaki, 2006; Linell, 2009).
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In particular, researchers have examined the relationship between organizational
culture and the five dimensions of national culture outlined by Hofstede (2001): Power
distance, collectivism, uncertainty avoidance (UA), masculinity, and long-term orienta-
tion. Within this model, a country’s citizens are conceptualized as developing a shared set
of core values and practices (e.g., through education, political and economic systems,
religion, media) that influence and normalize how people behave and think. These are
theorized to transfer into organizational life (e.g., through behavioural habits, norms on
contradicting those in authority, rewarding individual or collective performance), and to
implicitly shape organizational culture and behaviour. Research using Hofstede’s model
provides supports for this conceptualization (although it is critiqued; McSweeney, 2002;
Tsui, Nifadkar, & Ou, 2007). For example, the survey responses of individuals to
Hofstede’s cultural dimensions are shown as more similar within country than between
countries (Hofstede, 2002; Minkov & Hofstede, 2012a,b), organizational culture and
behaviour in multinational organizations are shown to vary according to the national
cultural norms of the countries where operations are based (Kirkman et al., 2006;
Schwartz, 1999), and where management practices are congruent with national culture,
organizational units are found to perform more effectively (Newman & Nollen, 1996).

Thus, in considering the relationship between national culture and safety culture, a
similar model to that outlined by Hofstede (2001) might be adopted. National cultural
tendencies that develop within a society, and implicitly shape employee beliefs and work
behaviours, might also be expected to influence safety-related norms, values, and
practices. For example, national norms on power distance may determine how junior
colleagues communicate with managers on safety (e.g., challenging risk management
strategies), and tendencies for UA may influence willingness to engage in situations with
uncertain social consequences (e.g., admitting an error, organizational change). As
indicated in the organizational culture literature (Hofstede, 2001; Hofstede et al., 2010;
House et al., 2004), this relationship is likely to depend on the pattern of national cultural
tendencies within a given country, their strength, and their concordance with the
espoused values and practices of an organization.

Although not extensive, safety research supports the notion that national culture may
influence safety culture. For example, differences in national cultural tendencies (e.g., UA,
long-term orientation) have been associated with variations in safety outcomes and
employee behaviour within global industries and multinational companies in domains
such as construction, shipping, and energy (Lu, Lai, Lun, & Cheng, 2012; Mearns & Yule,
2009; Spangenberg et al., 2003). Most promisingly, a growing body of research has
examined associations between safety culture and Hofstede’s (2001) dimensions of
national culture. While this work observes associations between safety culture and
different dimensions of national culture (e.g., power distance), a consistent relationship
has emerged between safety culture and UA. To reiterate, UA refers to the extent to which
people in a society try to minimize anxiety caused by risky and ambiguous situations
(Hofstede et al., 2010). For example, research in Pakistan has shown associations
between self-reported UA and awareness of safety issues (Mohamed, Ali, & Tam, 2009),
and studies with Norwegian seafarers have found correlations between self-reported UA
and attitudes about safety improvements and conditions at work (Havold, 2010).
Furthermore, a high UA culture has been indicated to reduce the effectiveness of safety
training (14 countries, in multiple industries) due to it increasing the focus of employees
on structured scenarios and less on alternative scenarios (Burke, Chan-Serafin, Salvador,
Smith, & Sarpy, 2008), and in the aviation industry, national norms on high UA have been
negatively associated with perceptions of safety culture (Reader et al., 2015).
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The nature and directionality of the above relationship has not been fully explained.
However, it might broadly be reasoned that citizens within a given country develop shared
norms on UA, and that these influence the safety-related practices of employees, and thus
perceptions of safety culture. For example, shared tendencies for high UA might be
expected to lead to (1) less innovation and greater reliance on static procedures and
protocols for managing ambiguous and dynamic safety scenarios (Helmreich, 1999), (2)
reduced willingness to engage in social acts that have ambiguous and possibly socially
threatening consequences (e.g., admitting error, speaking-up) (Soeters & Boer, 2000), (3)
less flexibility to act on new and emerging risks, for example in terms of changing
strategies and re-allocating resources (Waarts & Van Everdingen, 2005), (4) a feeling of
chronic unease due to concern over aspects of risk management that are beyond the
control of a given actor’s ability — for example where one must rely on another person to
manage safety (Fruhen, Flin, & McLeod, 2013), and (5) reduced tolerance of diverse
opinions on how to manage safety (Hofstede, 1983).

Thus, through applying Hofstede’s (2001) model, a conceptualization of how safety
culture is influenced by national culture can be developed. Yet, the specific interactions
between the different dimensions of safety culture and national cultural tendencies such
as UA remain unaccounted for. Furthermore, the implications of this relationship for
international safety culture assessments are unspecified. Chiefly, a question arises over
whether, if trends in safety culture data reflect national cultural tendencies that are
external to an organization, it is necessary to take into account this relationship when
comparing safety culture data from units or organizations operating in different countries?

The current study

In the section above, we considered how national culture might influence safety culture,
and identified a growing literature on its relationship with UA. We explore this further
through reporting on a study conducted within the European ATM industry, and describe
the two key foci of the study below.

The relationship between UA and safety culture

The first aim of the study is to examine the relationship between national cultural
tendencies for UA and safety culture. We do this through an international study of safety
culture in the high-risk industry of European ATM. ATM relates to the expeditious flow of
aircraft in flight or operating in the manoeuvring area of an airport’ (Ek & Arvidsson, 2012,
p.- 82), and mishaps have potentially catastrophic consequences (e.g., the 2002
Uberlingen mid-air collision in 2002). Most countries in Europe have one prominent
national Air Navigation Service Provider (ANSP), and these are typically staffed by
domestic staff (e.g., controllers, engineers), with safety practices being shaped by
European (i.e., EASA, EUROCONTROL) and country-specific (i.e., Civil Aviation Author-
ities) regulations, and organizational and national characteristics (e.g., traffic complexity,
resources, team structure, local norms; EiRfeldt, Heil, & Broach, 2002). With Europe
progressing towards a universal ATM system (a ‘single sky”), ensuring a strong and positive
safety culture across all nations within an ATM system is essential for ANSPs to work
together to safely coordinate flight traffic (Ek & Arvidsson, 2012; Lofquist, 2010). Safety
culture assessments are utilized as a way to assess the safety management of ANSPs in
different countries, and are used to identify concerns and opportunities for improving
safety management.
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Table I. Dimensions for Air Traffic Management (ATM) safety culture survey

Dimension Definition
Management commitment to Measures the extent to which management are committed to
safety (three items; o = .86) safety, and is indicative of organizational prioritization of safety
within an ANSP
Collaborating for safety Measures group attitudes and activities for safety management,
(four items; o0 = .58) and is indicative of normative attitudes and behaviours amongst
ANSP staff towards safety
Incident reporting Measures the extent to which respondents believe it is safe to
(three items; oo = .81) report safety incidents, which is essential for identifying system
weaknesses and opportunities for learning in ANSPs
Communication Measures the extent to which staff are informed about
(four items; o0 = .82) safety-related issues in the ATM system, and is important for

ensuring ANSP staff are aware of system changes that might
shape safety-related activities
Colleague commitment to safety Beliefs about the reliability of colleagues safety-related behaviour,

(three items; a0 = .71) and is indicative of the reliability of ANSP staff for engaging in
safety- activities
Safety support Availability of resources and information for safety management,
(two items; o0 = .56) and is indicative of active support within an ANSP for

maintaining safety

Note. ANSP, Air Navigation Service Provider.

The ATM safety culture survey was developed through an iterative series of interviews, observations,
incident reports, and systematic literature, and the items have been previously published (Reader et al.,
2015).

To investigate the relationship between UA and safety culture, we examine for
associations between ANSP (i.e., country level) safety culture data collected in 21
countries and independent national norm data on UA. To measure safety culture, we use a
six-dimension safety culture survey that has been tailored for use in ATM and shown as
having good psychometric properties when utilized in ANSPs within four culturally
distinct regions of Europe (North, East, South, West; please see Table 1).

Prior to examining associations between ANSP safety culture data and UA, it is first
necessary to ensure that the safety culture survey used to collect data from ATM staff
functions equivalently in the different countries included within the study. This is
important for establishing that data from different ANSPs are comparable, with previous
research showing that safety culture survey tools do not necessarily function equivalently
in diverse cultural environments. For example, safety culture models established in
Western settings function poorly when tested in different cultural environments (Bahari &
Clarke, 2013), and participants from diverse cultural backgrounds respond differently to
latent questionnaire dimensions (Cigularov, Lancaster, Chen, Gittleman, & Haile, 2013).
Cross-national psychometric equivalence can be established through multigroup confir-
matory factor analysis (MGCFA) whereby the psychometric model underlying a safety
culture questionnaire is shown to function reliably and consistently in all of the countries
sampled (Cheung & Rensvold, 2002; Horn & McArdle, 1992). Thus, we first test the
psychometric equivalence of the six-dimension ATM safety culture model for each of the
21 national ANSPs included in this study (Hypothesis 1).

Having tested the functional equivalence of the safety culture model, we examine
whether the responses to the safety culture survey in the 21 ANSPs are associated with
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independent national cultural norm data on UA for the countries in which the ANSPs are
based (Hofstede et al., 2010; House et al., 2004). Specifically, we predict that low UA will
be associated with more positive safety culture scores, and outline below the expected
relationship for each safety culture dimension.

Management commitment to safety. This dimension refers to the extent to which
ANSP employees consider management to prioritize safety. As indicated by national
culture research, low UA cultures tend to be less focussed on using procedures to control
risk and more tolerant of diverse opinions (Hofstede, 1983). It might therefore
be expected that in such cultures, ANSP managers will be more willing to seek
out and encourage novel safety problems and solutions, and will be open to
opinions and suggestions different to their own. Because these are indicative of
management prioritization of safety, we hypothesize that management commitment
to safety will be more positive in ANSPs in low uncertainty avoidant countries
(Hypothesis 2a).

Collaborating for safety. This dimension refers to group attitudes and activities for
safety management, and refers to collaboration within and between ANSP teams (e.g.,
controllers collaborating on safety with engineering staff). In low UA cultures, people
tend to be more comfortable with opinions that contradict the group and potentially
cause embarrassment, and are less likely to be constrained by protocols and procedure
(Helmreich, 1999; Merkin, 2006). Such tendencies are arguably important for groups to
raise problems about safety performance (e.g., highlighting errors), and for innovating on
safety across the ANSP (e.g., developing new ways of working between safety and
engineering). Thus, we hypothesize that collaborating for safety will be more positive in
ANSPs in low uncertainty avoidant countries (Hypothesis 2b).

Incident reporting. 'This refers to the extent to which respondents feel psychologically
safe to report safety incidents. National culture research shows that activities that deviate
from the norm and potentially indicate poor performance tend to cause less anxiety in low
UA cultures, with there generally being reduced concern over the consequences of
reporting mistakes (Schultz, Johnson, Morris, & Dyrnes, 1993). Because such tendencies
are critical to reporting incidents in ATM, we hypothesize that incident reporting will be
more positive in ANSPs in low uncertainty avoidant countries (Hypothesis 2¢).

Communication. This refers to the extent to which stakeholders are informed and
engaged in system-related changes in the ATM system. As indicated by national culture
research, low UA cultures tend to be more comfortable with uncertainty and change, and
organizational communication is less constrained by protocol or boundaries (Shane, 1995;
Van Muijen & Koopman, 1994). It might therefore be expected that in such cultures, ANSP
employees will be less concerned about change, with communication generally being
two-way and more open (e.g., through consultations, opportunities to raise problems).
Thus, we hypothesize communication will be more positive in ANSPs in low uncertainty
avoidant countries (Hypothesis 2d).



522  Mark C. Noort et al.

Colleague commitment to safety. This refers to beliefs about the reliability of
colleagues’ safety-related behaviour. In low UA cultures, people tend to be more tolerant
of behaviours and opinions different to their own, and less concerned about the activities
of others and risks that they cannot control (Barr & Glynn, 2004; Hofstede, 1983).
Concordant with such tendencies, it might be expected that ANSP staff in low UA cultures
are less concerned about the reliability of their colleagues’ safety-related behaviour. Thus,
we hypothesize that colleague commitment to safety will be more positive in ANSPs in
low uncertainty avoidant countries (Hypothesis 2¢).

Safety support. This refers to the availability of resources and information for safety
management. National culture research shows that low UA cultures tend to be less
constrained by rules and protocols (Koopman et al., 1999; Shane, 1995), and in such
cultures, it might be expected that there is greater flexibility for ANSPs to provide
resources and information for safety (e.g., greater autonomy for ANSP managers in how
resources are allocated). Thus, we hypothesize that safety support will be more positive in
ANSPs in low uncertainty avoidant countries (Hypothesis 2f).

Implications of a relationship between UA and safety culture for international safety culture
assessments

The second aim of this study is to consider the challenges posed by a relationship between
UA and safety culture for international safety culture assessments, and to examine
whether as a solution to these, national variations in UA might be taken into account when
comparing safety culture data from different countries. To recap, safety culture
assessments are used to detect potential problems and best practice in safety manage-
ment. They do this through identifying weak and strong performing units and
organizations, and recognizing opportunities for interorganizational learning where
practice can be shared to improve safety (Mearns et al., 2001). This is often performed
through ‘benchmarking’ units and organizations against one another to normalize and
compare data (Bhutta & Huq, 1999; Moriarty & Smallman, 2009; Watson, 1993), and safety
culture benchmarking is commonplace within many safety-critical industries (Evans,
Glendon, & Creed, 2007; Lee & Harrison, 2000; Mearns, Whitaker, & Flin, 2003; Nieva &
Sorra, 2003). Yet, if a relationship between UA and safety culture is established, two key
challenges emerge in terms of benchmarking safety culture data from units and
organizations in different countries.

The first challenge is that a negative association between safety culture and UA is
likely to skew the results of international benchmarking exercises. Specifically,
operations in low UA countries will consistently report a stronger safety culture than
those in high UA countries. This is problematic, as benchmarking will in part reflect the
influence of national cultural tendencies (that are outside the control of an
organization) upon safety beliefs and practices. This has implications for the operations
that are identified as having the ‘weakest’ and ‘strongest’ safety culture (and by
implication safety management system), and the actions that arise from this (e.g., for
allocating resources, changing procedures, instituting training). It is also likely to ‘reify’
safety culture, with organizations in high UA countries being constantly ranked lowest,
and improvements in their safety practices not being reflected in re-surveys due to
them appearing minor in the context of the wider data set (which is influenced by
wider and stable societal structures).
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The second challenge is that a negative association between safety culture and UA
is likely to limit the identification of opportunities for sharing best practice (Mearns
et al., 2001). For example, organizations in low UA cultures that are constantly
identified as strong performers may appear to have little to learn from organizations in
high UA cultures. Furthermore, practices that are identified as ‘best’ in one cultural
setting may not transfer well to another. For instance, research in multinational
companies shows that the effectiveness of safety policies depends in part on their
appropriateness to the wider national cultural environment in which they are enacted
(Janssens, Brett, & Smith, 1995). Similarly, the extent to which safety practices
developed by organizations in low UA countries (e.g., for incident reporting) will be
effective in high UA cultures may depend on the appropriateness of these practices to
wider cultural norms.

We propose that a potential solution to these challenges is to develop ‘clusters’ of
countries with comparable norms on UA in order that safety culture can be assessed
against the context of national cultural tendencies. Evaluating safety culture in UA
clusters norm-groups (e.g., low and high) would provide the following benefits. It
would avoid benchmarking exercises resulting in skewed findings whereby they
present an overly optimistic assessment of safety management (because safety culture
is in part a function of national cultural tendencies outside the control of management)
at organizations in low UA countries when they are compared against high UA
countries (and vice versa). Furthermore, ensuring countries are compared against
culturally similar countries will allow for relative comparisons of poor and good
practices in safety management that would be otherwise undetected (because they
would not stand out in the wider data set). This would facilitate the identification and
sharing of best practices specific to a particular cultural context. Through comparing
safety culture within UA-related clusters, insight can be provided on practices
favourable and challenging to safe operations within a high or low UA setting (Janssens
et al., 1995; Michael & College, 1997; Robert, Probst, Martocchio, Drasgow, & Lawler,
2000). For example, safety-related practices that are identified within best-performing
organizations in a high UA setting (e.g., policies for ensuring anonymity in incident
reporting) can be better understood in terms of why they are effective (e.g., they
address anxiety caused by high UA), and shared amongst countries with similar belief
structures. Such practices may be less relevant to low UA settings (e.g., where staff are
less concerned about anonymity in reporting), with their utility being masked within a
larger benchmarking exercise (where safety practices are not considered in terms of
societal context, and all ANSPs are compared).

We examine this in ATM, and identify clusters of ANSPs with comparable tendencies
for UA. Consistent with the national variations on tendencies for UA described by
Hofstede (2001), we expect that clusters of comparable ANSPs (in terms of safety culture)
can be identified according to the national norm data for UA for the countries in which
ANSPs are located. Having identified clusters of countries that group together, we will
then ‘scale’ safety culture assessment scores in a way that captures and reflects national
variations in UA. To do this, we develop safety culture against international group norm
(SIGN) scores, which are safety culture scores transformed into z-scores (Mearns, Flin,
Gordon, O’Connor, & Whitaker, 2000; Mearns et al., 2001), and present the relative
position of an organization within a cultural cluster. SIGN scores highlight variations
against a group norm (e.g., half-standard deviations) on a normal distribution, and signal a
relative position of safety culture strength rather than a direct comparison of raw scores.
This is an approach applied in many fields and emerges from the cognitive intelligence
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literature (i.e., IQ scores) where cross-national variations and longitudinal improvements
can confound intelligence scores (Cattell, 1934, 1943; Cicchetti, 1994; Flynn, 1987, 1999;
Naglieri, 2003). Through applying SIGN scores to analyse safety culture data in clusters of
countries, the context of measurement can be integrated into the interpretation of scores.
This means safety culture data are re-scaled to fit a given cultural context, with the
assessment of safety culture being directed towards learning between organizations and
regions. In the current study, we apply the SIGN scores to examine the relative strength of
safety culture amongst ANSPs units in countries with different national cultural
tendencies.

Method

Participants
A total of 13,616 ANSP employees based in 21 European countries returned a safety
culture survey between 2011 and 2014. This was part of a wider ongoing investigation of
safety culture in European ATM, with over 30 countries being investigated to date. To
ensure anonymity at an ANSP level, general demographic data (i.e., age, gender) were not
collected. Participants were classified as having one of four general roles: Operational staff
(n = 6,500), management (nz = 1,592), engineering (7 = 1,764), or administration
(n = 3,717). A small number of participants (z = 43) reported no primary role but were
still taken up in the analyses. Demographic statistics of the survey sample are summarized
in Table 2.

Air Navigation Service Providers varied in size (M = 650; SD = 680). Due to political
sensitivities of European ATM, and to ensure continued support of ANSPs in future

Table 2. Demographics showing staff groups across 21 Air Navigation Service Providers (ANSPs)

ANSP Operational staff Managers Engineers Admin Total (role missing)
| 1,258 128 270 419 2,075

2 311 29 45 131 516

3 47 I 27 44 129

4 105 13 18 41 177

5 536 416 78 583 1,613

6 319 41 35 315 710

7 172 58 146 127 503

8 83 22 31 62 198

9 128 9 24 30 191 (3)
10 71 35 71 I5 195 (3)
I 71 10 I 2 99 (5)
12 361 36 83 36 551 (35)
13 904 244 290 678 2,116

14 252 46 74 100 472

15 86 30 31 30 177

16 48 9 16 50 123

17 9l 21 63 151 326

18 226 39 51 76 392

19 379 42 0 13 534

20 231 72 55 107 465

21 821 281 345 607 2,054

Total 6,500 1,592 1,764 3,717 13,616 (43)
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research, we are unable to report specific countries involved. Doing this would
compromise the anonymity of the ANSPs.

Procedure and measures

Safety culture surveys were distributed electronically and/or through paper-and-pen at 21
ANSPs. This depended on local preference, and there were no differences found between
the data collected through the different methods. Surveys were part of a mixed-methods
investigation of safety culture, whereby they were distributed to staff, and then, the results
were discussed with staff in workshops and interviews (depending on the size of
organization there was 24—60 hr of focus group activity). Focus groups resulted in a set of
safety recommendations being developed for each ANSP, in coordination with their safety
management team. The method for this has been previously described (Mearns et al.,
2013).

The survey tool used to collect safety culture data was iteratively developed through a
series of safety culture investigations prior to 2010 (Mearns et al., 2013). These included
staff interviews and workshops, discussions with safety managers, pilot testing, and
exploratory and confirmatory factor analyses. The survey reflects a range of safety culture
issues specific to ATM, and the six underlying dimensions iterate well-established themes
within the safety culture literature (Guldenmund, 2007). We have presented the items and
characteristics of the dimensions elsewhere (Reader et al., 2015). Questionnaires were
translated and back translated (or partially translated, depending on the usage of English
within the ANSPs) into the national language(s) of the ANSPs.

Analysis

The relationship between UA and safety culture

The psychometric equivalence of the ATM safety culture survey tool was examined across
21 ANSPs using AMOS 19 (Hypothesis 1). This was tested for occupational groups
(operational staff, management, engineers, administration) and ANSPs. Missing data were
replaced across these groups using EM estimation (Enders, 2003), and steps for MGCFA in
the measurement equivalence literature were followed (Chen, Sousa, & West, 2005;
Ployhart & Oswald, 2004; Vandenberg & Lance, 2000). After testing whether the model
fits independently in each group, equivalence was established by testing the cross-
national equivalence of the model across all ANSPs. While this is sometimes regarded as
sufficient for establishing model equivalence across groups (Chen et al., 2005), further
steps tested first- and second-order factor loadings, latent means and correlations and,
finally, residual and measurement errors. Goodness of fit for the model was indicated by
the RMSEA (<.08 a moderate fit; <.06 a good fit) and CFI. To adjust for underestimated CFIs
when RMSEAs for the independence model are small (i.e., <.158; Kenny, 2014), and
reduce the chance of a type 1 error (i.e., false rejection), CFIs were interpreted at >.90 (for
a good fit), and >.85 (for a moderate fit). Model comparison was based on ACFI > .1.

To establish whether low UA was associated with more positive safety culture scores
on the six dimensions of the safety culture survey tool (Hypothesis 2a—f), disaggregated
country-level data on national cultural values (Hofstede, 2001) was associated with
individual-level safety culture scores using Pearson correlations.
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Taking into account national variations in UA when benchmarking safety culture data

To establish national cultural clusters, a two-step cluster analysis (with SPSS version 21;
IBM Corp, 2012) was conducted at the ANSP level. Two-step cluster methods examine
whether units cluster together so that countries in group A are more similar to countries in
group A on UA than to countries in group B, etcetera (Zhang, Ramakrishnon, & Livny,
1996). Independent and readily available data at the country level from Hofstede’s UA
Index (Hofstede, 2001) was used to cluster the 21 countries in this study. Clusters were
evaluated based on their average silhouette width (ASW; i.e., extent of distinctiveness and
overlap between clusters), which is calculated as SW; = (b,—a,;)/max(a;, b;). An ASW of
>.6 are indicative of reasonable clusters (Kaufman & Warner, 1990; Wiechmann, 2008).
An ANOVA tested for variation in UA between clusters.

To construct a scale for analysing safety culture data in the context of national cultural
norms, SIGN scores were generated by calculating z-scores for each safety culture
dimension within each cultural cluster, with z = (x—p)/c. Weights were applied
proportionally to account for ANSP size differences within their cluster, with m, = % of
ANSP in the population/% of ANSP in sample. To ease interpretation, calculated z-scores
were set to 100 and standard deviations to 15 to form SIGN scores. Qualitative data from
survey free text comments and follow-up workshops with ANSP staff were used to further
illustrate the utility of taking into account variations in UA when interpreting safety
culture data.

Results

The relationship between UA and safety culture
The MGCFA indicated that the safety culture assessment tool holds moderately to good
across all 21 ANSPs (Hypothesis 1 supported). A small RMSEA was found for the
independence model (RMSEA = .048 [.048—.049)), indicating underestimation of CFlIs.
CFIs suggested the model fitted the data well for 12 ANSPs (CFIs > .90), and moderately
for nine ANSPs (CFIs > .85). Combined with RSMEAs, the results suggested four ANSPs to
have weakest fit (moderate CFIs with RMSEAs > .08, for ANSPs 1, 13, 14 and 21). Next to
underestimated CFIs, this weaker fit was likely explained by constraints put on the model
to sufficiently identify the model (i.e., second-order constraints and correlations were held
constant across ANSPs). Still, even considering these constraints, further analysis
indicated that the model held across ANSPs (CFI = .90; RMSEA = .02 [.02—-.02]) and that
first-and second-order factor loadings are equivalent across groups (ACFI < .1). However,
constraining item means decreased model fit (ACFI = —.2), indicating that individual
items had different scores across ANSPs. Constraining factor variances and residual errors
did not significantly reduce model fit, but constraining measurement variances did. While
CFIs dropped below .85 from step 4 onwards, this established psychometric equivalence
of the safety culture assessment tool across Europe. In particular, it is indicated that the
model and first- and second-order factor loadings are equivalent across groups, justifying
mean comparisons of safety culture. Model fit indices are summarized in Table 3.
Correlational analyses indicated that UA was associated negatively with safety culture
dimensions, and regression analyses indicated that UA was a significant predictor for
safety culture (» > |—.13[, ps < .001). Specifically, this was the case for management
commitment to safety, B = —.16; F(1, 13614) = 363.77; p < .001: Hypothesis 2a
supported, collaborating for safety, B = —.23; F(1, 13614) = 750.41; p < .001: Hypoth-
esis 2b supported, incident reporting, B = —.23; F(1, 13614) = 732.51; p < .001:
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Table 3. Model fit indices of within and across 21 Air Navigation Service Providers (ANSPs)

90% Cl
Analysis  ANSP x df  y%df CFI ACFl Compare RMSEA RMSEA

0 | 39245 143 274 .86 100 .088 .11l

2 176474 143 1234 93 074 071 077

3 30589 143 214 .90 076 064 .088

4 43288 143 303 92 063 056 .070

5 540.88 143 378 .90 077 070 .084

6 29896 143 209 9l 076 064 .088

7 25380 143 178 .88 066  .053 .080

8 24272 143 170 .90 074 058 .090

9 40587 143 284 .93 063 056 .070

10 295.31 143 207 85 093 078 .109

1 480.02 143 336 .93 065 059 .072

12 447.16 143 3.3 .88 081 072 .089

13 2033.51 143 1422 86 091 087 .094

14 1035.67 143 724 85 094 089 .099

15 49148 143 344 92 070 063 .076

16 42803 143 299 .90 071 064 079

17 1816.82 143 1271 .89 074 071 077

18 47731 143 334 92 066 060 .073

19 28430 143 199 .87 071 059 .083

20 1569.51 143 1098 91 070 067 .073

21 25387 143 178 .89 089 071 .107

[ Al 13253.19 3,003 441 .90 017 017 017

2 15164.19 3263 465 .88 0 2vs. 017 017 018

3 16092.50 3323 484 .87 0 3vs.2 018 018 018

4% 3371810 3,703 9.1 .70 -2  4vs.3 026 026 .026

5% 33718.10 3,703 9.1 .70 0  5Svs.4 026 026 .026

6* 33718.10 3,703 9.1 .70 0 6vs.5 026 026 .026

7 3639055 3,823 952 .68 0 7vs.6 027 026 .027

8 3769541 3,943 956 .67 0  8vs.7 027 026 .027

9 55790.76 4323 1291 49 -2  9vs.8 031 031 .032

*Similar model constraints.

Table 4. Pearson correlations between uncertainty avoidance (UA) and safety culture scores

Management Colleague
commitment  Collaboration Incident commitment Safety
to safety for safety reporting ~ Communication to safety support
UA —.16 -.23 -.23 —.18 —.13 —.17

Note. Ps (two-tailed) < .001,n = 13,616.

Hypothesis 2¢ supported, communication, B = —.18; F(1, 13614) = 472.65; p < .001:
Hypothesis 2d supported, colleague commitment to safety, [ = —.13; F
(1, 13614) = 230.15; p < .001: Hypothesis 2e supported, and safety support,
B =—.17; F(1, 13614) = 409.62; p < .001: Hypothesis 2f supported. Pearson correla-
tions are summarized in Table 4.
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Taking into account national variations in UA when benchmarking safety culture data
A cluster analysis revealed two cultural clusters for UA across Europe. A two-step cluster
analysis indicated two distinctive clusters, one with high UA (12 ANSPs; n = 6,957,

Table 5. Mean and standard deviations for the low and high uncertainty avoidance (UA) clusters

High UA
cluster Low UA cluster Total
Safety culture dimension M SD M SD M SD
Management commitment to safety 3.78 0.99 3.97 0.82 3.88 091
Collaboration for safety 3.44 0.73 3.6l 0.69 3.53 0.71
Incident reporting 3.33 0.98 3.56 0.88 3.45 0.94
Communication 3.39 0.92 3.56 0.78 3.47 0.85
Colleague commitment to safety 3.93 0.69 3.99 0.66 3.96 0.68
Safety support 3.46 0.95 3.65 0.87 3.55 0.92

Note. ANSP = Air Navigation Service Provider.
High UA cluster = 12 ANSPs (n = 6,957); low UA cluster = 9 ANSPs (n = 6,959).

Table 6. Safety culture and SIGN scores (with SD) in a high and low uncertainty avoidance (UA) cluster
for ‘collaboration for safety’ and ‘incident reporting’

Collaboration for safety Incident reporting

Cluster ANSP Raw SIGN Raw SIGN
High UA | 2.89 (0.80) 89 (16) 2.42 (1.00) 86 (15)
2 3.39 (0.78) 99 (16) 2.82 (1.00) 92 (15)
3 3.47 (0.67) 101 (14) 3.36 (0.82) 101 (13)
4 3.16 (0.57) 94 (12) 2.71 (0.81) 91 (12)
5 3.63 (0.59) 104 (12) 3.28 (0.79) 99 (12)
6 3.65 (0.66) 104 (14) 3.44 (0.79) 102 (12)
7 3.52 (0.64) 102 (13) 3.57(0.73) 104 (11)
8 3.71 (0.61) 106 (12) 3.99 (0.70) 1o (11)
9 3.09 (0.73) 93 (15) 3.00 (0.95) 95 (14)

10 3.83 (0.59) 108 (12) 4.25 (0.59) 114 (9)
I 3.31 (0.71) 97 (15) 3.41 (0.98) 101 (15)
12 3.64 (0.75) 104 (15) 3.64 (0.89) 105 (14)
Total 3.44 (0.73) 100 (15) 3.33(0.98) 100 (15)
Low UA 13 3.11 (0.54) 89 (12) 3.26 (0.77) 95 (13)
14 3.75 (0.60) 103 (13) 3.78 (0.69) 104 (12)
I5 3.57 (0.55) 99 (12) 3.65 (0.63) 101 (1)
16 3.15(0.72) 90 (16) 2.54 (0.83) 83 (14)
17 3.30 (0.62) 93 (13) 3.01 (0.83) 9l (14)
I8 3.65 (0.56) 101 (12) 3.60 (0.70) 101 (12)
19 4.09 (0.55) 111 (12) 4.25 (0.57) 112 (10)
20 4.11 (0.57) 111 (13) 4.19 (0.62) I (LT
21 3.76 (0.62) 103 (13) 3.81 (0.73) 104 (12)
Total 3.61 (0.69) 100 (15) 3.56 (0.88) 100 (I5)

Note. ANSP = Air Navigation Service Provider.
High UA cluster = 12 ANSPs (n = 6,957); low UA cluster = 9 ANSPs (n = 6,959).
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M = 87.22; SD = 6.17) and another with low UA (nine ANSPs; n = 6,959; M = 47.62;
SD = 15.40). This solution with two clusters resembled a reasonable structure, ASW = .6,
and an ANOVA indicated that the difference in UA between the clusters was large,
F(1, 13614) = 39407.22, p < .001, n2 = .74. Furthermore, the low and high UA clusters
varied significantly on all safety culture dimensions, F(1, 13614) > 163.28, p < .001,
n? = .012-.075. Descriptive statistics for the UA clusters are summarized in Table 5.

To scale for international safety culture data, SIGN scores were calculated relative to an
ANSP’s cultural cluster in order to incorporate the effect of national culture into the safety
culture scores (see Table 6). To illustrate this, we focus on the use of SIGN scores for the
dimensions of incident reporting and collaborating for safety, as these were found to be
the safety culture dimensions with the strongest association with UA.

First, for benchmarking safety culture, the incident reporting data shows ANSPs to
score differently in terms of ‘raw’ safety culture scores, yet similarly in terms of the relative
performance within a cultural cluster. For example, ANSP 3 (M = 3.36; SD = 0.82) in the
high UA group scored lower on incident reporting than ANSP 15 (M = 3.65; SD = 0.63).
Yet when norm data on UA was taken into account, the ANSPs have similar SIGN scores
(101). Qualitative survey comments and follow-up workshops with ATM staff (e.g.,
controllers) illustrated why this might be the case. Specifically, both ANSPs were small, and
had comparable safety systems for incident reporting (e.g., anonymous, with de-
individualized feedback being provided to learn from incidents). However, in the high
UA group, participants tended to be more concerned on disrupting the work of colleagues,
anxious about the embarrassment of potentially being identified from the incident report,
and uncertain on how the external regulator would assess them. Arguably, these reflect
broader societal factors (i.e., anxiousness on how incidents will be perceived by
colleagues) rather than concerns about the incident reporting system itself (i.e., that those
who report incidents will be treated fairly). Thus, while the raw scores do represent
differences in beliefs about incident reporting, the ‘SIGN’ scores reflect the observation
that the incident reporting systems were actually similar in both ANSPs (i.e., one was not
‘weaker’ than the other), with differences in perceptions potentially being explained by
broader societal tendencies for UA rather than problems in incident management.

Second, in terms of facilitating the sharing of best practice, Table 6 indicates that
ANSPs can have similar raw scores, but perform differently in terms of relative position
within a cultural cluster. For example, ANSP 5 (M = 3.63;SD = 0.95) in the high UA group
and ANSP 15 (M = 3.57;SD = 0.83) in the low UA group had similar scores in terms of raw
safety culture scores, but their corresponding SIGN scores varied (i.e., 104 and 99,
respectively). This indicated that in relation to their cultural cluster, ANSP 5 performed
well in the high UA group and ANSP 15 less so in the low UA group. Survey comments and
follow-up workshops indicated that in the low UA group, technical and administrative
systems did not support collaboration on safety as well as they might do (e.g., developing
and instituting safety protocols with colleagues from different departments). However, in
the high UA group, participants were empowered and encouraged by management to
collaborate on safety (e.g., raising safety issues in teams). Thus, while the raw scores
indicated similar results for the dimension of collaborating for safety in ANSP 5 and ANSP
15, the SIGN scores indicated potential opportunities for sharing best practices within a
cultural cluster that would have remained otherwise unidentified, with practices
appearing relevant to the cultural context of the cluster within which the ANSP was
based (but not necessarily relevant to the other cluster).
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Discussion

Through showing national norms for UA to be associated with safety culture in national
ATM organizations, we have found support for a theorization of how national cultural
tendencies influence safety culture. Furthermore, through developing safety culture
against international group norms (SIGN) scores to statistically control for the influence
of UA upon safety culture data, we have proposed a new technique for supporting the
identification of safety practices effective and particular to different national cultures. We
consider the implications of the study below.

Theoretical implications

Researchers have previously considered the possibility for a relationship between UA and
safety culture (Burke et al., 2008; Havold, 2010; Helmreich & Merritt, 1998; Mohamed
et al.,2009). We investigated this through a multicountry study, and our findings indicate
arelationship between UA and safety culture. This supports the notion that safety culture
should be understood as a concept shaped by broader cultural phenomena such as
national culture. Across a sample of 13,616 employees based in 21 national ANSPs, we
found tendencies for UA to be negatively associated with positive responses to the six
survey dimensions of safety culture.

Although this relationship was only associative, it seems more likely that national
cultural norms for UA (which are generalized from a nation’s population) influence safety
culture in ANSPs (i.e., an organization within that nation) than the reverse. Utilizing
previous work investigating national culture and organizational culture (Hofstede et al.,
2010; Kirkman et al., 2006), we theorized that national cultural tendencies for UA that
develop within a society will implicitly influence employee safety practices. This appears
to occur through two intertwining mechanisms. First, national tendencies for UA shape
safety-related practices (e.g., the openness of management to opinions different to their
own) which in turn influence perceptions of safety culture (e.g., management
commitment to safety). Second, national tendencies for UA shape the attitudes of staff
towards safety-related practices (e.g., anxiety over the embarrassment of making an error)
and these influence responses to the safety culture survey (e.g., on incident reporting).
Future research should attempt to further establish the directionality and mechanisms
through which UA influences safety culture (e.g., through qualitative or longitudinal
work).

At a broader level, the study findings indicate that alongside sociotechnical
perspectives from the engineering and cognitive sciences, safety culture research needs
to be more informed by cultural psychology. In comparison with affiliated fields of inquiry
such as risk research (Lupton, 1999), safety culture research uses a limited range of
cultural theory and methods. Indeed, safety culture might be conceptualized to include
issues of power and national cultural norms (e.g., Antonsen, 2009; Choudhry, Fang, &
Mohamed, 2007; Edwards, Davey, & Armstrong, 2013; Haukelid, 2008), and may also
benefit from applying cultural theories of risk (Douglas, 1992), perspectives on risk
society (Beck & Van Loon, 2000; Giddens, 1999), systems theories (Mele, Pels, & Polese,
2010), and governmentality (Foucault, Burchell, Gordon, & Miller, 1991).

Yet, conceptualizing safety culture in this way also raises questions over how safety
culture can be changed. For example, if safety culture is in part reflective of societal
practices and habits for communicating and acting (Aarts & Dijksterhuis, 2003; Berger &
Luckmann, 1966), to what extent do organizations have influence over the safety-related
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practices and beliefs of employees (e.g., where safety practices are counterintuitive to
societal norms (Berry, 1997))? Schein (1992) argues that organizations can change
permanently via temporal acceptance of novel practice (or changes to practice), and this
indicates that organizations may be able to surpass cultural barriers to safety through
favouring and rewarding practices that underpin safety.

Practical implications

The relationship between UA and safety culture was argued to generate at least two
practical challenges for international safety culture assessments. First, it is likely to skew
the benchmarking of units or organizations based in different countries. Survey
assessments of organizations with ‘strong’ and ‘weak’ safety cultures will tend to favour
operations in low UA countries. Yet, because safety culture scores partly reflect
tendencies for UA, this may provide a consistently optimistic or pessimistic impression of
organizations operating in low and high UA countries. Second, safety practices in some
countries may be specific to solving a problem in a particular cultural context, and
benchmarking exercises should attempt to identify and understand such practices in
order to facilitate learning. To examine this, we performed a cluster analysis using norm
data on UA for the countries involved in the study. This revealed high and low clusters of
countries for UA. We then calculated safety culture against international group norms
(SIGN) scores to allow for relative inspections and interpretations of safety culture data.

Comparisons of low UA and high UA ANSPs for incident reporting showed that ANSPs
could score quite differently in terms of raw scores, yet perform equally in their cultural
grouping (with attitudes towards incident reporting appearing to be influenced by UA
rather than differences in safety management). Conversely, ANSPs could have similar raw
scores for collaborating on safety, but quite divergent SIGN scores (indicating them to be
performing differentially within their cultural cluster). This allowed for the safety
performance of ANSPs to be understood within a cultural context (i.e., against peer
countries with similar cultures), and for best practices related to those contexts (e.g.,
empowerment in high UA settings) to be identified and potentially shared. Thus, SIGN
scores may provide a useful way to consider the influence of national culture upon safety
culture when benchmarking internationally. Crucially, ignoring the relationship between
UA and safety culture will mean benchmarking exercises do not take into account the
structural influence of national cultural tendencies external to safety management upon
safety practices. This is important, as one of the indicators of a good safety culture may be
the extent to which safety policies and practices are aligned to national cultural
environments (Janssens et al., 1995). Where management practices contradict national
cultural norms or political environments (e.g., reducing job security in high UA countries),
employees can respond negatively and be less understanding of organizational policy
(Debus, Probst, Konig, & Kleinmann, 2012; Michael & College, 1997; Robert et al., 2000).
Yet, devising safety policies specific to particular countries necessitates diversity in safety
management, and this presents challenges for industries such as ATM, where standard-
ization and predictability of operations are essential.

Opverall, the SIGN score methodology appears a promising way to take into account the
relationship between national culture and safety culture when conducting international
safety culture assessments. However, further research is required and the technique is
preliminary. For example, the added value of SIGN scores in terms of predicting safety
outcomes is yet to be demonstrated, SIGN scores do not differ radically from raw safety
culture scores (although the relative performance of an ANSP against other ANSPs does
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change), and a more systematic evaluation of the SIGN score methodology for facilitating
organizational learning on safety is required. Future work will investigate this.

Limitations

This study has some noteworthy limitations. It is important to remember that quantitative
measures only provide a proxy for safety culture. Safety culture is assessed from trends in
the survey data, yet this data does not specify exactly where a culture is strong or weak
(e.g., as indicated by safety performance data). Furthermore, while a subset of safety
culture (i.e., safety climate) has been associated with outcomes (Clarke, 2010),
questionnaire data on perceptions of beliefs and commitment of managers and colleagues
do not fully capture deeper layers of culture (Geertz, 1994). The extent to which the safety
culture measure used in this study is distinct from safety climate is unclear. Other
approaches (e.g., observations) provide contextualized ‘thick descriptions’ and describe
tacit knowledge underlying practices, and should supplement survey data examining
culture. We encourage future research to address triangulation in international contexts,
and although we did collect qualitative data, in-depth analysis of this was beyond the
scope of the article.

Furthermore, while SIGN scores transform raw safety culture data to include national
culture, the conditions under which they may be appropriate to employ vary. For
example, in some cases differences between units in cultural clusters were small (e.g., for
colleague commitment to safety), indicating the relationship between safety culture and
national cultural dimensions to vary in strength. Other national cultural tendencies may be
relevant (e.g., power distance), and our study relied on norm data from the GLOBE study
to measure national culture, and this may not be reflective of the ATM sample. This
approach has been critiqued (Tsui et al., 2007), with theorists questioning the extent to
which societies develop universal tendencies that can be measured (McSweeney, 2002).
To understand how tendencies for UA influence safety culture, more behavioural and
human performance focussed analyses are required.

In terms of taking into account UA when benchmarking safety culture, a number of
other scenarios might also be considered. For example, where multiple units are based
within a country, it might be assumed that units have a similar national culture (and thus
the same score on Hofstede’s independent norm scores for UA), and national culture
would not be used to explain differences. Furthermore, where national norm data are not
available to researchers, or organizations are staffed by highly multicultural workforces
(for example expatriates), it may be useful to measure UA within the organizations being
studied.

Lastly, crucial to the notion of international safety culture benchmarking is the
assumption that measurement equivalence can be established. Where it is not established,
it may mean that survey data cannot be meaningfully compared across countries and that
benchmarking should remain internal. This speaks to the importance of developing
measurement tools that address the universal safety concerns of organizations and
industries operating internationally. Despite sufficient model fit indices being established
for our own safety culture model, results indicated that for some ANSPs further
refinements might benefit the model. This might be explained by lower Cronbach’s alphas
for collaborating for safety and safety support. In the light of ongoing refinements to the
model, this is expected to improve and we will address this in future research.
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Conclusion

Through extending Hofstede’s conceptualization of how national cultural tendencies
develop and influence organizational culture to the domain of occupational safety, we
hypothesized a relationship between UA and safety culture. The analysis of data collected
within the European ATM industry supported this relationship, with significant
theoretical and practical implications for the conduct of safety culture research in
cross-cultural settings. Further research is required to establish the directionality and
mechanisms underlying the relationship between national culture and safety culture, and
to examine the benefits of taking this relationship into account when conducting
international safety culture research.

References

Aarts, H., & Dijksterhuis, A. (2003). The silence of the library: Environment, situational norm, and
social behavior. Journal of Personality and Social Psychology, 84, 18-28. do0i:10.1037/0022-
3514.84.1.18

Antonsen, S. (2009). Safety culture and the issue of power. Safety Science, 47, 183-191.
doi:10.1016/j.s5¢i.2008.02.004

Bahari, S., & Clarke, S. (2013). Cross-validation of an employee safety climate model in Malaysia.
Journal of Safety Research, 45, 1-6. doi:10.1016/j.jsr.2012.12.003

Barr, P. S., & Glynn, M. A. (2004). Cultural variations in strategic issue interpretation: Relating
cultural uncertainty avoidance to controllability in discriminating threat and opportunity.
Strategic Management Journal, 25, 59-67. doi:10.1002/smj.361

Beck, U., & Van Loon, J. (2000). The risk society and beyond.: Critical issues for social theory.
London, UK: Sage.

Berger, P. L., & Luckmann, T. (1966). The social construction of reality: A treatise in the sociology of
knowledge. London, UK: Penguin Books.

Berry, J. W. (1997). Immigration, acculturation, and adaptation. Applied Psychology, 46, 5-34.
doi:10.1111/.1464-0597.1997.tb01087

Beus, J. M., Payne, S. C., Bergman, M. E., & Arthur, W. Jr (2010). Safety climate and injuries: An
examination of theoretical and empirical relationships. Journal of Applied Psychology, 95,713—
727.d0i:10.1037/20019164

Bhutta, K. S., & Huq, F. (1999). Benchmarking-best practices: An integrated approach.
Benchmarking: An International Journal, 6, 254-268. d0i:10.1108/14635779910289261

Boroditsky, L., & Schmidt, L. A. (2000). Sex, syntax, and semantics. In L. R. Gleitman & A. K. Joshi
(Eds.), Proceedings of the twenty-second annual conference of the cognitive science society
(pp. 42—47). Philadelphia, PA: University of Pennsylvania.

Burke, M. J., Chan-Serafin, S., Salvador, R., Smith, A., & Sarpy, S. A. (2008). The role of national culture
and organizational climate in safety training effectiveness. European Journal of Work and
Organizational Psychology, 17, 133-152. doi:10.1080/13594320701307503

Carroll, J. S. (1998). Safety culture as an ongoing process: Culture surveys as opportunities for
enquiry and change. Work and Stress, 12, 272-284. doi:10.1080/02678379808256866

Cattell, R. B. (1934). Occupational norms of intelligence, and the standardization of an adult
intelligence test. British Journal of Psychology. General Section, 25, 1-28. doi:10.1111/j.2044-
8295.1934.tb00721.x

Cattell, R. B. (1943). The measurement of adult intelligence. Psychological Bulletin, 40, 153—193.
doi:10.1037/h0059973

Chen, F.F., Sousa, K. H., & West, S. G. (2005). Teacher’s corner: Testing measurement invariance of
second-order factor models. Structural Equation Modeling, 12, 471-492. d0i:10.1207/
$15328007sem1203_7


http://dx.doi.org/10.1037/0022-3514.84.1.18
http://dx.doi.org/10.1037/0022-3514.84.1.18
http://dx.doi.org/10.1016/j.ssci.2008.02.004
http://dx.doi.org/10.1016/j.jsr.2012.12.003
http://dx.doi.org/10.1002/smj.361
http://dx.doi.org/10.1111/j.1464-0597.1997.tb01087
http://dx.doi.org/10.1037/a0019164
http://dx.doi.org/10.1108/14635779910289261
http://dx.doi.org/10.1080/13594320701307503
http://dx.doi.org/10.1080/02678379808256866
http://dx.doi.org/10.1111/j.2044-8295.1934.tb00721.x
http://dx.doi.org/10.1111/j.2044-8295.1934.tb00721.x
http://dx.doi.org/10.1037/h0059973
http://dx.doi.org/10.1207/s15328007sem1203_7
http://dx.doi.org/10.1207/s15328007sem1203_7

534  Mark C. Noort et al.

Cheung, G. W., & Rensvold, R. B. (2002). Evaluating goodness-of-fit indexes for testing measurement
invariance. Structural Equation Modeling, 9, 233-255. d0i:10.1207/515328007SEM0902_5

Choudhry, R. M., Fang, D., & Mohamed, S. (2007). The nature of safety culture: A survey of the state-
of-the-art. Safety Science, 45, 993-1012. doi:10.1016/j.55¢i.2006.09.003

Christian, M. S., Bradley, J. C., Wallace, J. C., & Burke, M. J. (2009). Workplace safety: A meta-analysis
of the roles of person and situation factors. Journal of Applied Psychology, 94, 1103-1127.
doi:10.1037/a0016172

Chunlin, H., Chengyu, F., & Boben, M. (1999). Evaluating effects of culture and language on safety.
Journal of Petroleum Technology, 51, 74-83. d0i:10.2118/54448-JPT

Cicchetti, D. V. (1994). Guidelines, criteria, and rules of thumb for evaluating normed and
standardized assessment instruments in psychology. Psychological Assessment, 6, 284-290.
doi:10.1037/1040-3590.6.4.284

Cigularov, K. P., Lancaster, P. G., Chen, P. Y., Gittleman, J., & Haile, E. (2013). Measurement
equivalence of a safety climate measure among hispanic and white non-hispanic construction
workers. Safety Science, 54, 58-68. doi:10.1016/j.s5¢i.2012.11.006

Clarke, S. (1999). Perceptions of organizational safety: Implications for the development of safety
culture. Journal of Organizational Bebavior, 20, 185-198. do0i:10.1002/(SICD1099-1379
(199903)20:2<185::AID-JOB8923.0.CO;2-C

Clarke, S. (2000). Safety culture: Under-specified and overrated? International Journal of
Management Reviews, 2, 65-90. doi:10.1111/1468-2370.00031

Clarke, S. (2010). An integrative model of safety climate: Linking psychological climate and work
attitudes to individual safety outcomes using meta-analysis. Journal of Occupational and
Organizational Psychology, 83, 553-578. d0i:10.1348/096317909X452122

Conchie, S. M., Donald, 1. J., & Taylor, P. J. (20006). Trust: Missing piece (s) in the safety puzzle. Risk
Analysis, 26, 1097-1104. doi:10.1111/j.1539-6924.2006.00818.x

Cooper, M. (2000). Towards a model of safety culture. Safety Science, 36, 111-136. doi:10.1016/
50925-7535(00)00035-7

Cox, S., & Flin, R. (1998). Safety culture: Philosopher’s stone or man of straw? Work and Stress, 12,
189-201. doi:10.1080/02678379808256861

Debus, M. E., Probst, T. M., Konig, C. J., & Kleinmann, M. (2012). Catch me if i fall! Enacted
uncertainty avoidance and the social safety net as country-level moderators in the job insecurity—
job attitudes link. Journal of Applied Psychology, 97, 690-698. doi:10.1037/a0027832

DeJoy, D. M. (2005). Behavior change versus culture change: Divergent approaches to managing
workplace safety. Safety Science, 43, 105-129. doi:10.1016/j.55¢i.2005.02.001

Douglas, M. (1992). Risk and blame: Essays in cultural theory. London, UK: Routledge.

Edwards, J. R., Davey, J., & Armstrong, K. (2013). Returning to the roots of culture: A review and re-
conceptualisation of safety culture. Safety Science, 55, 70-80. doi:10.1016/j.55¢i.2013.01.004

Eisfeldt, H., Heil, M. C., & Broach, D. (Eds.) (2002). Staffing the ATM system: The selection of air
traffic controllers. Aldershot, UK: Ashgate.

EKk, f\., Akselsson, R., Arvidsson, M., & Johansson, C. R. (2007). Safety culture in Swedish air traffic
control. Safety Science, 45, 791-811. doi:10.1016/j.55¢i.2006.08.017

Ek, A., & Arvidsson, M. (2012). Enabler for safety improvements in air traffic control. Aviation
Psychology and Applied Human Factors, 2, 82-94. doi:10.1027/2192-0923/2000033

Enders, C. K. (2003). Using the expectation maximization algorithm to estimate coefficient alpha for
scales with item-level missing data. Psychological Methods, 8, 322-337. doi:10.1037/1082-
989X.8.3.322

Erez, M., & Gati, E. (2004). A dynamic, multi-level model of culture: From the micro level of the
individual to the macro level of a global culture. Applied Psychology, 53, 583-598. doi:10.1111/
j-1464-0597.2004.00190.x

Evans, B., Glendon, A. 1., & Creed, P. A. (2007). Development and initial validation of an aviation
safety climate scale. Journal of Safety Research, 38, 675—682. doi:10.1016/j.jsr.2007.09.005

Flin, R., Mearns, K., O’Connor, P., & Bryden, R. (2000). Safety climate: Identifying the common
features. Safety Science, 34, 177-192. doi:10.1016/50925-7535(00)00012-6


http://dx.doi.org/10.1207/S15328007SEM0902_5
http://dx.doi.org/10.1016/j.ssci.2006.09.003
http://dx.doi.org/10.1037/a0016172
http://dx.doi.org/10.2118/54448-JPT
http://dx.doi.org/10.1037/1040-3590.6.4.284
http://dx.doi.org/10.1016/j.ssci.2012.11.006
http://dx.doi.org/10.1002/(SICI)1099-1379(199903)
http://dx.doi.org/10.1002/(SICI)1099-1379(199903)
http://dx.doi.org/10.1111/1468-2370.00031
http://dx.doi.org/10.1348/096317909X452122
http://dx.doi.org/10.1111/j.1539-6924.2006.00818.x
http://dx.doi.org/10.1016/S0925-7535(00)00035-7
http://dx.doi.org/10.1016/S0925-7535(00)00035-7
http://dx.doi.org/10.1080/02678379808256861
http://dx.doi.org/10.1037/a0027832
http://dx.doi.org/10.1016/j.ssci.2005.02.001
http://dx.doi.org/10.1016/j.ssci.2013.01.004
http://dx.doi.org/10.1016/j.ssci.2006.08.017
http://dx.doi.org/10.1027/2192-0923/a000033
http://dx.doi.org/10.1037/1082-989X.8.3.322
http://dx.doi.org/10.1037/1082-989X.8.3.322
http://dx.doi.org/10.1111/j.1464-0597.2004.00190.x
http://dx.doi.org/10.1111/j.1464-0597.2004.00190.x
http://dx.doi.org/10.1016/j.jsr.2007.09.005
http://dx.doi.org/10.1016/S0925-7535(00)00012-6

National culture and safety cufture 535

Flynn, J. R. (1987). Massive IQ gains in 14 nations: What IQ tests really measure. Psychological
Bulletin, 101, 171-191. doi:10.1037/0033-2909.101.2.171

Flynn, J. R. (1999). Searching for justice: The discovery of IQ gains over time. American
Psychologist, 54, 5-20. d0i:10.1037/0003-066X.54.1.5

Foucault, M., Burchell, G., Gordon, C., & Miller, P. (1991). The foucault effect: Studies in
governmentality. Chicago, IL: University of Chicago Press.

Fruhen, L., Flin, R., & McLeod, R. (2013). Chronic unease for safety in managers: A
conceptualisation. Journal of Risk Research, 17, 969-979. doi:10.1080/13669877.2013.
822924

Fuller, C. W., & Vassie, L. H. (2001). Benchmarking the safety climates of employees and contractors
working within a partnership arrangement: A case study in the offshore oil industry.
Benchmarking: An International Journal, 8, 413—430. doi:10.1108/EUM0000000006386

Geertz, C. (1994). Thick description: Toward an interpretive theory of culture. In M. Martin & L. C.
Mclntyre (Eds.), Readings in the philosophy of social science (pp. 213-231). Cambridge, MA:
MIT Press.

Giddens, A. (1999). Risk and responsibility. The Modern Law Review, 62, 1-10. doi:10.1111/1468-
2230.00188

Griffin, M. A., & Neal, A. (2000). Perceptions of safety at work: A framework for linking safety climate
to safety performance, knowledge, and motivation. Journal of Occupational Health
Psychology, 5, 347-358. d0i:10.1037/1076-8998.5.3.347

Guldenmund, F. W. (2000). The nature of safety culture: A review of theory and research. Safety
Science, 34, 215-257. doi:10.1016/50925-7535(00)00014-X

Guldenmund, F. W. (2007). The use of questionnaires in safety culture research-an evaluation.
Safety Science, 45, 723—743. d0i:10.1016/j.ss¢i.2007.04.006

Guldenmund, F. W. (2009). De organisatorische driehoek als basis voor gedragsverandering [The
organisational triangle as base for behaviour change]. Tijdschrift voor Toegepaste
Arbowetenschap, 22, 142—145.

Guldenmund, F. W. (2010). Understanding and exploring safety culture. Delft, Netherlands: Delft
University of Technology.

Haukelid, K. (2008). Theories of (safety) culture revisited — an anthropological approach. Safety
Science, 46, 413-426. doi:10.1016/j.ss¢i.2007.05.014

Havold, J. 1. (2010). Safety culture and safety management aboard tankers. Reliability Engineering &
System Safety, 95, 511-519. doi:10.1016/j.ress.2010.01.002

Helmreich, R. (1999). Building safety on the three cultures of aviation. Paper presented at the
Proceedings of the IATA human factors seminar.

Helmreich, R., & Merritt, A. C. (1998). Culture at work in aviation and medicine: National,
organizational, and professional influences. Aldershot, UK: Ashgate.

Hofstede, G. (1983). The cultural relativity of organizational practices and theories. Journal of
International Business Studies, 14, 75-89.

Hofstede, G. (2001). Culture’s consequences: Comparing values, bebaviors, institutions and
organizations across nations. Beverly Hills, CA: Sage.

Hofstede, G. (2002). Dimensions do not exist: A reply to Brendan McSweeney. Human Relations,
55, 1355-1361. doi:10.1177/0018726702055011921

Hofstede, G., Hofstede, G. J., & Minkov, M. (2010). Cultures and organizations: Software of the
mind (3rd ed.). New York, NY: McGraw-Hill.

Horn, J. L., & McArdle, J. J. (1992). A practical and theoretical guide to measurement invariance in
aging research. Experimental Aging Research, 18,117-144. doi:10.1080/03610739208253916

House, R. J., Hanges, P. J., Javidan, M., & Dorfman, P. W. (Eds.) (2004). Leadership, culture and
organizations: The GLOBE study of 62 societies. Thousand Oaks, CA: Sage.

Huber, G. P. (1991). Organizational learning: The contributing processes and the literatures.
Organization Science, 2, 88-115. doi:10.1287/orsc.2.1.88

IBM Corp (2012). IBM SPSS statistics for windows, version 21.0. Armonk, NY: IBM Corp.


http://dx.doi.org/10.1037/0033-2909.101.2.171
http://dx.doi.org/10.1037/0003-066X.54.1.5
http://dx.doi.org/10.1080/13669877.2013.822924
http://dx.doi.org/10.1080/13669877.2013.822924
http://dx.doi.org/10.1108/EUM0000000006386
http://dx.doi.org/10.1111/1468-2230.00188
http://dx.doi.org/10.1111/1468-2230.00188
http://dx.doi.org/10.1037/1076-8998.5.3.347
http://dx.doi.org/10.1016/S0925-7535(00)00014-X
http://dx.doi.org/10.1016/j.ssci.2007.04.006
http://dx.doi.org/10.1016/j.ssci.2007.05.014
http://dx.doi.org/10.1016/j.ress.2010.01.002
http://dx.doi.org/10.1177/0018726702055011921
http://dx.doi.org/10.1080/03610739208253916
http://dx.doi.org/10.1287/orsc.2.1.88

536 Mark C. Noort et al.

Janssens, M., Brett, J. M., & Smith, F. J. (1995). Confirmatory cross-cultural research: Testing the
viability of a corporation-wide safety policy. Academy of Management Journal, 38, 364—382.
doi:10.2307/256684

Johnstone, M.-J., & Kanitsaki, O. (2006). Culture, language, and patient safety: Making the link.
International Journal for Quality in Health Care, 18, 383—388. d0i:10.1093/intqghc/mz1039

Joyce, W. F., & Slocum, J. W. Jr (1984). Collective climate: Agreement as a basis for defining
aggregate climates in organizations. Academy of Management Journal, 27, 721-742.
doi:10.2307/255875

Kaufman, L., & Warner, D. D. (1990). Algorithm 685: A program for solving separable elliptic
equations. ACM Transactions on Mathematical Software (TOMS), 16, 325-351. doi:10.1145/
98267.98289

Kenny, D. A. (2014). Measuring model fit. Retrieved from http://davidakenny.net/cm/fit. htm

Kirkman, B. L., Lowe, K. B., & Gibson, C. B. (20006). A quarter century of culture’s consequences: A
review of empirical research incorporating Hofstede’s cultural values framework. Journal of
International Business Studies, 37, 285-320. doi:10.1057/palgrave.jibs.8400202

Koopman, P. L., Den Hartog, D. N., Konrad, E., Akerblom, S., Audia, G., Bakacsiet, G., ... &
Wunderer, R. (1999). National culture and leadership profiles in Europe: Some results from the
GLOBE study. European Journal of Work and Organizational Psychology, 8, 503-520.
doi:10.1080/135943299398131

Lee, T., & Harrison, K. (2000). Assessing safety culture in nuclear power stations. Safety Science, 34,
61-97. doi:10.1016/50925-7535(00)00007-2

Linell, P. (2009). Rethinking language, mind, and world dialogically: Interactional and
contextual theories of buman sense-making. Charlotte, NC: Information Age.

Lofquist, E. A. (2010). The art of measuring nothing: The paradox of measuring safety in a changing
civil aviation industry using traditional safety metrics. Safety Science, 48, 1520-1529.
doi:10.1016/j.55¢i.2010.05.006

Lu, C, Lai, K., Lun, Y., & Cheng, T. (2012). Effects of national culture on human failures in container
shipping: The moderating role of Confucian dynamism. Accident Analysis & Prevention, 49,
457-469. doi:10.1016/j.aap.2012.03.018

Lupton, D. (1999). Risk: Key ideas. London, UK: Routledge.

McSweeney, B. (2002). Hofstede’s model of national cultural differences and their consequences: A
triumph of faith — a failure of analysis. Human Relations, 55, 89-118. do0i:10.1177/
0018726702551004

Mearns, K., & Flin, R. (1999). Assessing the state of organizational safety — culture or climate?
Current Psychology, 18, 5-17. do0i:10.1007/s12144-999-1013-3

Mearns, K., Kirwan, B., Reader, T. W, Jackson, J., Kennedy, R., & Gordon, R. (2013). Development
of a methodology for understanding and enhancing safety culture in Air Traffic Management.
Safety Science, 53, 123—-133.

Mearns, K., Whitaker, S. M., & Flin, R. (2001). Benchmarking safety climate in hazardous
environments: A longitudinal, interorganizational approach. Risk Analysis, 21, 771-780.
doi:10.1111/0272-4332.214149

Mearns, K., Whitaker, S. M., & Flin, R. (2003). Safety climate, safety management practice and safety
performance in offshore environments. Safety Science, 41, 641-680. doi:10.1016/50925-7535
(02)00011-5

Mearns, K., Flin, R., Gordon, R., O’Connor, P., & Whitaker, S. (2000). Factoring the buman into
safety translating research into practice (Report OTO 2000 036 to the Offshore Safety
Division, HSE). Suffolk, UK: HSE Books.

Mearns, K., & Yule, S. (2009). The role of national culture in determining safety performance:
Challenges for the global oil and gas industry. Safety Science, 47, 777-785. d0i:10.1016/
j.$5¢i.2008.01.009

Mele, C., Pels, J., & Polese, F. (2010). A brief review of systems theories and their managerial
applications. Service Science, 2, 126-135. doi:10.1287/serv.2.1_2.126


http://dx.doi.org/10.2307/256684
http://dx.doi.org/10.1093/intqhc/mzl039
http://dx.doi.org/10.2307/255875
http://dx.doi.org/10.1145/98267.98289
http://dx.doi.org/10.1145/98267.98289
http://davidakenny.net/cm/fit.htm
http://dx.doi.org/10.1057/palgrave.jibs.8400202
http://dx.doi.org/10.1080/135943299398131
http://dx.doi.org/10.1016/S0925-7535(00)00007-2
http://dx.doi.org/10.1016/j.ssci.2010.05.006
http://dx.doi.org/10.1016/j.aap.2012.03.018
http://dx.doi.org/10.1177/0018726702551004
http://dx.doi.org/10.1177/0018726702551004
http://dx.doi.org/10.1007/s12144-999-1013-3
http://dx.doi.org/10.1111/0272-4332.214149
http://dx.doi.org/10.1016/S0925-7535(02)00011-5
http://dx.doi.org/10.1016/S0925-7535(02)00011-5
http://dx.doi.org/10.1016/j.ssci.2008.01.009
http://dx.doi.org/10.1016/j.ssci.2008.01.009
http://dx.doi.org/10.1287/serv.2.1_2.126

National culture and safety culture 537

Merkin, R. S. (2006). Uncertainty avoidance and facework: A test of the Hofstede model.
International Journal of Intercultural Relations, 30, 213-228. doi:10.1016/j.ijintrel.2005.
08.001

Michael, J., & College, W. (1997). A conceptual framework for aligning managerial behaviors with
cultural work values. International Journal of Commerce and Management, 7, 81-101.
doi:10.1108/eb047357

Minkov, M., & Hofstede, G. (2012a). Hofstede’s fifth dimension: New evidence from the world
values survey. Journal of Cross-Cultural Psychology, 43, 3—14. doi:10.1177/0022022110
388567

Minkov, M., & Hofstede, G. (2012b). Is national culture a meaningful concept?: Cultural values
delineate homogeneous national clusters of in-country regions. Cross-Cultural Research, 46,
133-159. doi:10.1177/1069397111427262

Mohamed, S., Ali, T. H., & Tam, W. (2009). National culture and safe work behaviour of construction
workers in Pakistan. Safety Science, 47, 29-35. doi:10.1016/j.ss¢i.2008.01.003

Moriarty, J. P., & Smallman, C. (2009). En route to a theory of benchmarking. Benchmarking: An
International Journal, 16, 484-503. doi:10.1108/14635770910972423

Naglieri, J. A. (2003). Naglieri nonverbal ability test— Individual administration. San Antonio, TX:
Harcourt Assessment.

Nahrgang, J. D., Morgeson, F. P., & Hofmann, D. A. (2011). Safety at work: A meta-analytic
investigation of the link between job demands, job resources, burnout, engagement, and safety
outcomes. Journal of Applied Psychology, 96, 71-94. doi:10.1037/20021484

Newman, K. L., & Nollen, S. D. (1996). Culture and congruence: The fit between management
practices and national culture. Journal of International Business Studies, 27, 753—779.

Nieva, V., & Sorra, J. (2003). Safety culture assessment: A tool for improving patient safety in
healthcare organizations. Quality and Safety in Health Care, 12, iil7-ii23. doi:10.1136/
ghc.12.suppl_2.iil7

O’Connor, P., O’Dea, A., Kennedy, Q., &Buttrey, S. E. (2011). Measuring safety climate in aviation: A
review and recommendations for the future. Safety Science, 49, 128-138. d0i:10.1016/
j.85¢i.2010.10.001

Pidgeon, N. (1998). Safety culture: Key theoretical issues. Work and Stress, 12, 202-216.
d0i:10.1080/02678379808256862

Ployhart, R. E., & Oswald, F. L. (2004). Applications of mean and covariance structure analysis:
Integrating correlational and experimental approaches. Organizational Research Methods, 7,
27-65. doi:10.1177/1094428103259554

Reader, T. W., & O’Connor, P. (2014). The deepwater horizon explosion: Non-technical skills, safety
culture, and system complexity. Journal of Risk Research, 17, 405-424. doi:10.1080/
13669877.2013.815652

Reader, T. W., Noort, M. C., Shorrock, S., & Kirwan, B. (2015). Safety sans Frontieres: An
international safety culture model. Risk Analysis, 35, 770-789. doi:10.1111/risa.12327

Reason, J. T. (1997). Managing the risks of organizational accidents. Aldershot, UK: Ashgate.

Robert, C., Probst, T. M., Martocchio, J. J., Drasgow, F., & Lawler, J. J. (2000). Empowerment and
continuous improvement in the United States, Mexico, Poland, and India: Predicting fit on the
basis of the dimensions of power distance and individualism. Journal of Applied Psychology, 85,
643. doi:10.1037/0021-9010.85.5.643

Schein, E. (1992). Organizational culture and leadership. San Francisco, CA: Jossey-Bass.

Schultz, J. J., Johnson, D. A., Morris, D., & Dyrnes, S. (1993). An investigation of the reporting of
questionable acts in an international setting. Journal of Accounting Research, 31, 75-103.
doi:10.2307/2491165

Schwartz, S. H. (1999). A theory of cultural values and some implications for work. Applied
Psychology, 48, 23—47. d0i:10.1111/j.1464-0597.1999.tb00047.x

Sexton, J., Helmreich, R., Neilands, T., Rowan, K., Vella, K., Boyden, J., ... Thomas, E. (2006). The
safety attitudes questionnaire: Psychometric properties, benchmarking data, and emerging
research. BMC Health Services Research, 6, 44. doi:10.1186/1472-6963-44


http://dx.doi.org/10.1016/j.ijintrel.2005.08.001
http://dx.doi.org/10.1016/j.ijintrel.2005.08.001
http://dx.doi.org/10.1108/eb047357
http://dx.doi.org/10.1177/0022022110388567
http://dx.doi.org/10.1177/0022022110388567
http://dx.doi.org/10.1177/1069397111427262
http://dx.doi.org/10.1016/j.ssci.2008.01.003
http://dx.doi.org/10.1108/14635770910972423
http://dx.doi.org/10.1037/a0021484
http://dx.doi.org/10.1136/qhc.12.suppl_2.ii17
http://dx.doi.org/10.1136/qhc.12.suppl_2.ii17
http://dx.doi.org/10.1016/j.ssci.2010.10.001
http://dx.doi.org/10.1016/j.ssci.2010.10.001
http://dx.doi.org/10.1080/02678379808256862
http://dx.doi.org/10.1177/1094428103259554
http://dx.doi.org/10.1080/13669877.2013.815652
http://dx.doi.org/10.1080/13669877.2013.815652
http://dx.doi.org/10.1111/risa.12327
http://dx.doi.org/10.1037/0021-9010.85.5.643
http://dx.doi.org/10.2307/2491165
http://dx.doi.org/10.1111/j.1464-0597.1999.tb00047.x
http://dx.doi.org/10.1186/1472-6963-44

538 Mark C. Noort et al.

Shane, S. (1995). Uncertainty avoidance and the preference for innovation championing roles.
Journal of International Business Studies, 26, 47-68.

Singer, S., Lin, S., Falwell, A., Gaba, D., & Baker, L. (2009). Relationship of safety climate and safety
performance in hospitals. Health Services Research, 44, 399-421. doi:10.1111/j.1475-
6773.2008.00918.x

Smith, P. B., Dugan, S., Peterson, A. F., & Leung, W. (1998). Individualism: Collectivism and the
handling of disagreement. A 23 country study. International Journal of Intercultural
Relations, 22, 351-367. do0i:10.1016/S0147-1767(98)00012-1

Soeters, J. L., & Boer, P. C. (2000). Culture and flight safety in military aviation. The International
Journal of Aviation Psychology, 10, 111-133. doi:10.1207/515327108IJAP1002_1

Sorra, J. S., & Dyer, N. (2010). Multilevel psychometric properties of the AHRQ hospital survey on
patient safety culture. BMC Health Services Research, 10, 199. doi:10.1186/1472-6963-10-199

Spangenberg, S., Baarts, C., Dyreborg, J., Jensen, L., Kines, P., & Mikkelsen, K. (2003). Factors
contributing to the differences in work related injury rates between Danish and Swedish
construction workers. Safety Science, 41, 517-530. doi:10.1016/50925-7535(02)00007-3

Taylor, J. B. (2010). Safety culture: assessing and changing the bebaviour of organisations.
Farnham, UK: Gower.

Tsui, A. S., Nifadkar, S. S., & Ou, A. Y. (2007). Cross-national, cross-cultural organizational behavior
research: Advances, gaps, and recommendations. Journal of Management, 33, 426-478.
doi:10.1177/0149206307300818

Van Muijen, J., & Koopman, P. (1994). The influence of national culture on organizational culture: A
comparative study between 10 countries. European Journal of Work and Organizational
Psychology, 4, 367-380. doi:10.1080/13594329408410496

Vandenberg, R. J., & Lance, C. E. (2000). A review and synthesis of the measurement invariance
literature: Suggestions, practices, and recommendations for organizational research.
Organizational Research Methods, 3, 4-70. doi:10.1177/109442810031002

Waarts, E., & Van Everdingen, Y. (2005). The influence of national culture on the adoption status of
innovations: An empirical study of firms across Europe. European Management Journal, 23,
601-610. doi:10.1016/j.em;j.2005.10.007

Watson, G. H. (1993). Strategic benchmarking. New York, NY: John Wiley.

Wiechmann, D. (2008). On the computation of collostruction strength: Testing measures of
association as expressions of lexical bias. Corpus Linguistics and Linguistic Theory, 4, 253-290.
d0i:10.1515/CLLT.2008.011

Zhang, T., Ramakrishnon, R., & Livny, M. (1996). Birch: An efficient data clustering method for very
large databases. Paper presented at the Proceedings of the ACM SIGMOD Conference on
Management of Data., Montreal, Canada.

Zohar, D. (2010). Thirty years of safety climate research: Reflections and future directions. Accident
Analysis & Prevention, 42, 1517-1522. doi:10.1016/j.aap.2009.12.019

Received 30 September 2014; revised version received |9 October 2015


http://dx.doi.org/10.1111/j.1475-6773.2008.00918.x
http://dx.doi.org/10.1111/j.1475-6773.2008.00918.x
http://dx.doi.org/10.1016/S0147-1767(98)00012-1
http://dx.doi.org/10.1207/S15327108IJAP1002_1
http://dx.doi.org/10.1186/1472-6963-10-199
http://dx.doi.org/10.1016/S0925-7535(02)00007-3
http://dx.doi.org/10.1177/0149206307300818
http://dx.doi.org/10.1080/13594329408410496
http://dx.doi.org/10.1177/109442810031002
http://dx.doi.org/10.1016/j.emj.2005.10.007
http://dx.doi.org/10.1515/CLLT.2008.011
http://dx.doi.org/10.1016/j.aap.2009.12.019

