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Abstract Previous research has explored the relationship between safety climate and safety
behaviour, suggesting that safety climate can predict safety performance, however the construct
validity of safety climate models has not yet been extensively investigated in the rail
maintenance and engineering industry. The present paper outlines research testing the factor
structure of Zohar and Luria’s Multilevel Safety Climate questionnaire (MSC scale; 2005) in a
infrastructure maintenance organization and explores the nomological network of the MSC scale
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1. Introduction

Despite a downward trend in accident and injury rates in the workplace, this continues to remain
an issue. The Rail Safety and Standards Board report for 2016/17 shows 164 major injuries
experienced by members of the workforce (RSSB, 2017). There is a significant cost to industries
in the UK due to workplace accidents. The HSE report 30.4 million days lost in the UK due to
work-related illness and workplace injury, with estimated costs of £14.1 billion (HSE 2015/16).
It is common for safety critical industries, such as those involved in rail maintenance, design
and engineering, to attempt to monitor safety performance and understand safety culture using
safety climate measures in order to improve safety. At present, because safety climate validation
research in the rail industry is lacking, organizations utilize safety climate tools validated in
other industries, leading to potential misinterpretation of data. A rail-specific validation of
safety-climate measures is therefore required.

1.1. Safety climate

The concept of safety climate is often defined as “shared perceptions with regard to safety
policies procedures and practices” (Zohar, 2011, p.143) and is a snap shot of underlying safety
culture (Flin, Mearns, O’Conoor & Bryden, 2000; Guldenmund, 2000). Research into safety
climate has found associations with the frequency and severity of negative incidents, indicating
that perceptions of a strong safety climate result in fewer accidents that are less severe (Beus et
al., 2010; Hoffman & Stetzer, 1996; Nahrang, Morgeson & Hofmann, 2011). Research has also
indicated that accident reduction might be because a positive safety climate can lead to positive
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safety related behaviours, such as safety compliance and safety participation (Griffin &
Curcuruto, 2016; Neal, Griffin & Hart, 2000). However, replication of safety climate research
remains inconsistent, even within similar industries (Clark, 2006; Flin et al., 2000; Guldenmund,
2000; Hale, 2000), perhaps due to the complexity of safety climate as a multilevel (i.e.
individual, organisational level) and multidimensional (i.e. management commitment to safety,
work pressure) construct. Therefore, Flin et al. (2000) suggests that due to methodological
variations, direct evaluations of safety climate factors amongst different industries should be
avoided. Despite these issues with safety climate measurement, it remains common practice for
industries to evaluate their current safety climate, suggest recommendations, and attempt to
make improvements based on the results. The validity of safety climate tools is particularly
limited within the UK rail and road industry and the present paper aims to address this issue. As
well as rail operatives, consulting design engineers are equally responsible for accident
prevention during design and planning stages as this provides an opportunity to identify and
reduce engineering safety hazards before work begins on site, where it may be more difficult to
do so. Despite this, previous research has indicated that designers lack safety knowledge, and
show a limited consideration of safety during the design process (Gambatese, Behm & Hinze,
2005). One aim of the present research is to explore intercorrelations between safety climate and
safety-related constructs both at the blunt-end (i.e. for consulting design engineers) and compare
these with those at the sharp end (i.e. for rail operatives) within the rail maintenance sector. and
Given that rail infrastructure maintenance organisations operate within a safety critical
environment made up of complex hierarchical structures, there is a clear need to evaluate safety
climate scales and relationships with safety outcomes, in multiple work groups using validated
multilevel tools.

1.2. Multilevel safety climate
Safety climate can be measured at various different levels of an organisation (e.g. individual,
group and organisational). Zohar and Luria (2005) suggest safety climate should be assessed in
this way and so developed the multilevel safety climate scale. The scale is comprised of two
separate measurement scales: the organisational level (measuring perceptions of top
management’s commitment to safety and safety priorities) and the group level (measuring
perceptions of interaction between supervisors and group members to safety priorities during
competing demands). Group level safety climate has previously been found to predict safety
performance, however tools containing group level items are limited. Previous researchers have
attempted to validate the group level scales and have found equivocal results (Huang et al.,
2013a; Huang et al., 2013b; Huang et al, 2017) and have either renamed factors (Johnson,
2007), or found only a single factor (Cooper & Phillips, 2004; Navarro et al., 2013),
contradicting the original structure by Zohar and Luria (2005).

1.3. Related constructs (nomological network)
The rail industry in particular deal with a number of demands at the sharp-end such as
production pressures and work-safety tension (Morrow et al., 2008). The operational workforce
are often set tight deadlines in which to complete work on time that arise in penalties if work
overruns. Design engineers also face similar pressure to ensure they complete designs on time
with minimal errors that may cause further delay. Whilst also working to tight deadlines, it is
essential to carry out routine pre-job inspections and following strict safety procedures for both
designers and operatives. The workforce is also frequently required to work various shift
patterns in order to complete work, which is thought to influence quality and duration of sleep
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and affect levels of fatigue (Fido & Ghali, 2008). Due to the specific nature of designer and
operative work we deemed it important to include measures of production pressure,
consideration of future safety consequences and mood as highly relevant constructs within the
safety-climate nomological network.

1.4. Overall research aims
The aim of the present paper was to further explore the construct validity of the multilevel safety
climate (MSC) scale developed my Zohar and Luria (2005) in the rail industry. A preliminary
study by Curcuruto, Morgan, Kandola & Griffin (under review), tested the internal factor
structure of the MSC scale, adopting a cross validation approach within an infrastructure
maintenance organisation by using exploratory factor analysis on half of the sample size and a
confirmatory factory analysis on the second half of the sample. This study is an extension of this
work and hopes to further contribute to the understanding of the construct validity of the MSC
scale in two ways: a) by testing the factor structure of the MSC scale in an additional design
engineer sample (N = 1,126), and b) by exploring the associations of the MSC scale with related
constructs (e.g. production pressure, consideration of future safety consequences and mood
dimensions) adopting an approach known in literature as nomological network analysis.

2. Method

2.1. Participants

Participants from a safety critical infrastructure maintenance organization were invited to take
part in the questionnaire study. The participants were made up of two groups: consulting and
rail. The consulting design engineers’ sample comprised of employees who design and plan
engineering of rail and road, and environmental services. The rail sample comprised of
employees who work in rail operations such as track electrification, track renewals, switches,
signaling and inspections and the management of assets. Both samples of employees are
involved in safety critical operations as part of their normal duties. A total of 1,654 responses
were collected from the business unit (528 from rail and 1,126 from consulting) indicating a
response rate of approximately 45%.

2.2. Measures

2.2.1. Zohar and Luria (2005) Multilevel safety climate questionnaire
The multilevel safety climate questionnaire developed by Zohar and Luria (2005) was used in
the present study. This tool contains a 16-item organizational safety climate (OSC) sub-scale
that contains items such as “Top management in this company tries to continually improve
safety levels in each department”. In addition the tool also contains a 16-item group level sub-
scale of safety climate (GSC) that contains items such as “My direct supervisor frequently tells
us about the hazards in our work”. Both sub-scales utilise a 1 (strongly agree) to 5 likert scale
(strongly disagree). Zohar & Luria (2005) confirmed the existence of two factors OSC and GSC,
however the item loadings were not published. Higher scores indicate more positive views of
safety at the organizational and group level.

2.2.2. Zohar and Luria MSC scale validation
A preliminary cross validation study by Curcuruto et al. (under review) was used to test the
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validity of the multilevel safety climate scale (MSC; Zohar and Luria, 2005) in a sample of rail
infrastructure workers (N = 528). Data from the sample was split in two parts, the first half was
used for exploratory factor analysis (EFA) and the second half used for confirmatory factor
analysis (CFA). The EFA was conducted initially to identify relevant latent safety climate
factors, which were further verified using CFA. This process allowed appropriate testing of the
distinctiveness of safety climate factors. The first factor was identified as a single factor at the
organizational level (o =.93) labeled Organizational Safety Climate (OSC) and consisted of the
16 items measuring perceptions of management commitment to safety when dealing with
competing priorities as originally proposed by Zohar and Luria (2005). Perceptions of group
level safety climate revealed two factors. The first factor containing six items which measured
supervisors’ communication strategies to promote and encourage safety, which we labeled as
supervisors’ safety communication (SSC; a = .89). The second factor at the group level
comprised of five items measuring control and checking of compliant safety regulations and
procedures, which we labeled as supervisors safety monitoring (SSM; a = .82). Results
contradict the single factor at GSC originally proposed by (Zohar & Luria, 2005) and three
factor GSC (Johnson (2007), Overall as a MSC scale, these results differ from the two-factor
model originally proposed by Zohar and Luria (2005).

2.2.3. Nomological network constructs

Additional variables were included in the analyses that are considered important for our rail
workforce. These included:

* Production Pressure — measured using the Organizational Production Pressure tool
(Probst & Grasso, 2013), comprising of a 4-item scale on a 7-point likert scale ranging
from strongly disagree (1) to strongly agree (7). An example item: “/ experience
workplace injuries due to production demands . High scores indicate production priority
over safety. (Design engineers: a =.75; Rail: a = .78)

* Consideration of future safety consequence (CFSC) — A unidimensional construct
measured using the tool developed by (Probst, Graso, Estrada and Greer, 2013), which
considers individuals tendency to be more future safety orientated rather than immediate.
Comprised of a 6-item scale, three items that are future orientated e.g. “Even though
reporting accident can take a lot of time and effort, it helps other workers in the future’
and three items that are immediate orientated e.g. “Safety practices aren’t worth the time
or effort when the risk of injury is low”. Higher scores indicate greater consideration of
future-orientated safety consequences (i.e. enhanced safety) as opposed to immediate.
(Design engineers: a =.79; Rail: a =.77)

* Job related well-being — A mood scale by Warr’s (1990) was used to measure job related
well-being on a 6-point scale ranging from never (1) to all of the time (6). Mood was
measured across two axis; anxiety-contentment (0. = .76), containing positive and
negative worded items e.g. tense, uneasy, calm, relaxed and depression-enthusiaum (o. =
.80), e.g. gloomy, depressed, cheerful, optimistic. For the purpose of this study a third
axis was also incorporated into the scale; tired-alert containing four items (fatigue, tired,
alert, energetic). Higher scores indicate a negative mood. (Design engineers: o = .91
Rail: a =.92)

2.4. Procedure
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Day and night workshop sessions were scheduled across areas of the rail and consulting
business unit, lasting one hour in total. Participants were presented with details of the
questionnaire and the overall research aims prior to completing the questionnaire. Participation
was voluntary and all employees who wished to take part were allocated time within their shift
to complete the questionnaire in the second half of the workshop, taking approximately 30
minutes to complete in full. In addition, an online version of the questionnaire was created to
maximize participation from the consulting workforce. A link was attached to posters, email
notifications and provided in team briefing sessions.

3. Results

3.1. Multilevel safety climate validation in the design engineering sample
Confirmatory factor analysis (CFA) was conducted to test the goodness of fit of the factor
pattern previously identified by Curcuruto et al. (under review). CFA is usually used to test
whether measures of a construct are consistent with a researcher's conceptualization of the
nature of that construct. As such, the objective of confirmatory factor analysis is to test whether
the data fit a hypothesized measurement model of the construct. AMOS version 24.0 was used
in the current study. For model estimation, maximum likelihood method was applied. For model
evaluation, a number of frequently used fit indices were adopted in the current study (Byrne,
2001), including the ratio of model chi-square to the degrees of freedom (Chi2/df), root mean
square error of approximation (RMSEA), comparative fit index (CFI). A Chi2/df value less than
5 indicates an acceptable model fit to the data. RMESA values of less than 0.08 indicate an
acceptable fit. CFI ranges from 0 to 1. Values over 0.90 are considered to be acceptable model
fit to the data, whereas values higher than .95 are considered good. According to our statistical
findings, the three factor model proposed by Curcuruto et al. (under review) presented fit indices
which were all at the acceptable level for the measurement model (Chi2/df = 4.5, RMSEA = .06,
CFI = 0.93), and better against all the other alternative factor model solutions which were tested
in the light of existing studies on the MSC scale already existing in literature, like the original
two factor structure proposed by Zohar and Luria (2005) (Chi2/df = 5.9, RMSEA = .07, CFI1 =
0.92), or a more complex four factor model solution based on the study proposed by Johnson
(2007) (Chi2/df= 5.1, RMSEA = .07, CFI = 0.93). In summary, our analyses confirmed the
goodness of a three factor model of the 27 item version of the MSC scale: organizational safety
climate (o = .96), supervision safety communication, (o = .92), supervision safety monitoring o
=.84).

3.2. Nomological network measures
The present paper was also concerned with the associations of the multilevel safety climate scale
with other variables considered important in the consulting and rail industry, these included;
production pressure, consideration of future safety consequences (CFSC) and mood. A
Spearman’s rank order correlation coefficient (Spearman’s rho) analysis was performed to
determine the proportion of variance explained between the two variables. Table 1 and 2 shows
correlation coefficients; mean scores (M) an0Od standard deviations (Sd) in rail and consulting
for each factor dimension (OSC, SSC and SSM. As can be seen from Table 1 and 2, the
strongest moderate negative correlation was between production pressure and OSC in rail
(rs[482] =-.52, p = .00) and consulting (rs[1039] = -.49, p = .00) compared to SSC and SSM in
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rail. Similarly, stronger correlations were found for CFSC at the organizational level for rail
(rs[482] = .46, p =.00) and consulting (»s[1038] = .45, p = .00). At the group level, strongest
correlational differences were found between SSC & SSM within rail in comparison to
consulting with a larger difference on depression-enthusiasm between SSC (rs[491] =-.43,p =
.00) and SSM (7s[492] = -.34, p = .00).

Table 1: Intercorrelations and descriptive statistics: Consulting sample (N=1,126)

M Sd 1 2 3 4 5 6 7 8
1. Organizational safety 3.17 .67 -
climate (OSC)
2. Supervisor safety 3.72 .83 .64 -
communication (SSC)
3. Supervisor safety 4.01 .70 .60 .69 -
monitoring (SSM)
4. Production pressure 2.31 1.08 -49 -44 -41 -
5. Consideration of future 6.07 .82 45 39 37 -.60 -
safety consequences (CFSC)
6. Tired-Alert* 3.16 .81 -33 -.28 -28 27 -.20 -
7. Depression-Enthusiasm* 2.76 92 -43 -.39 -.36 33 -.28 .65 -
8. Anxiety-Contentment* 3.17 93 -31 -.26 =27 28 -.18 57 .68 -

Note: all correlations are significant at p <.01 *High scores indicate worsening mood

Table 2: Intercorrelations and descriptive statistics: Rail sample (N=528)

M Sd 1 2 3 4 5 6 7 8
1. Organizational safety 3.76 74 -
climate (OSC)
2. Supervisor safety 3.59 .94 .62 -
communication (SSC)
3. Supervisor safety 391 .79 .58 72 -
monitoring (SSM)
4. Production pressure 2.78 1.34 -.52 -.38 -.38 -
5. Consideration of future 5.84 .95 46 .37 .39 -.60 -
safety consequences (CFSC)
6. Tired-Alert* 2.97 .88 -42 -36 -.30 35 -35 -
7. Depression-Enthusiasm* 2.69 98 -45 -43 -.34 .36 -.33 .69 -
8. Anxiety-Contentment* 3.04 1.04 -.34 -.28 -23 32 -21 .59 .69 -

Note: all correlations are significant at p < .01 *High scores indicate worsening mood

4. Discussion
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4.1. MSC scale validation in consulting design engineers
The aim of our research was to contribute to the validation of the multilevel safety climate
questionnaire (Zohar and Luria, 2005) within the rail industry by conducting confirmatory factor
analysis on the three factors identified by Curcuruto et al. (under review) using a consulting
design engineer data sample. Results confirmed the goodness of fit for the scale as a three-factor
model when compared to previous findings (e.g. Johnson, 2007 and Navarro et al, 2013). When
evaluating safety climate the following tool considers one organizational level factor and two
distinct group level factors (supervisors safety communication and supervisors safety
monitoring) as appropriate for design engineers.

4.2. Nomologial network, OSC in Rail and Consulting
The present study examined the associations of nomological network variables with the
validated factors of the multilevel scale. Results revealed strong associations with the scale
factors and additional variables included as part of the nomological network in consulting
(shown in Table 1) and rail (shown in Table 2). The correlations reveal stronger positive
relationships between OSC scores and self reported consideration of future safety consequences
than both SSM and SSC. In addition, stronger negative correlations were found between mood
and production pressure than both factors (SSM and SSC) at group level in both consulting and
rail samples. This implies that when there is a higher perceived safety commitment of top
management, perceptions of production pressure are lower, mood is improved (i.e. more alert,
enthused and content) and there is more consideration of future safety consequences rather than
immediate safety consequences (i.e. time allocated for pre-job inspection) in both samples (e.g.
Designers or Operatives). From a practical perspective this may mean that if top management
hold fewer safety-awareness events or invest less time in safety training, perceptions of
production pressure might increase, or production pressure perceptions may decrease when
more time is invested into safety related training by top management.

4.3. Nomological network: SSC and SSM in rail and consulting

Finally, the present study also examined the associations of nomological network variables with
the two constructs identified as SSM and SSC in both samples. As can be seen in Table 2, the
rail sample revealed comparable correlations between production pressure and both group level
factors (-.38). This implies that regardless of perceptions of supervisor style (communicative or
monitoring), production pressure attitudes are likely to remain the same and are perhaps more
influenced at organizational level where the association is stronger (-.52). In comparison,
findings shown in Table 1 revealed a marginally stronger association between production
pressure and SSC, which might suggest that perceptions of supervisors that openly promote
additional safety briefings and tasks, results in increased perceptions of production pressure
from the consulting workforce. The differences between CFSC and each factor dimension in rail
at group level reveal marginal differences (SSC; .37 and SSM; .39), an opposite pattern of
results found in consulting (SSC; .39 and SSM; .37). This might suggest in rail there is greater
consideration of future consequences when supervisors increase levels of monitoring and
checking and in consulting there is greater consideration of future consequences when
supervisors are more communicative and encouraging. This might be explained by differences
in the work conducted day to day by each group as rail workers are likely to work closer to
supervisors. In addition, strongest correlations found on all three axis of mood measurement in
SSC than SSM in the rail sample. Findings from the rail sample suggest that when supervisor
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safety communication strategies are based on promoting and encouraging safety, rail workers
are likely to feel mood improvement, therefore more alert (-.36), more enthused (-.43) and more
content (-.28). This suggests that a more communicative and proactive approach to supervisor
level safety in rail is likely to improve levels of mood from the workforce as opposed to
supervisor safety monitoring and checking. In comparison, in the consulting sample, equal
associations were found between SSM and SSC and tired-alert axis (-.28), suggesting both
supervisor strategies have similar associations with tiredness and alertness. Somewhat similar to
rail, consulting employees are likely to feel more enthused with perceived supervisor
communicative safety strategy (-.39) than monitoring strategies (-.36). Finally, a marginal
difference is associated with safety monitoring practices in contentment (-.27) than safety
communication (-.26) in the consulting sample.

5. Conclusion

The aim of the present paper was to further validate the multilevel safety climate scale by Zohar
& Luria (2005) in a safety critical organization. Results differ from the original authors, who
describe a two factor model (Zohar & Luria, 2005), our findings identified a three factor model;
one single construct at the organizational level called Organisational Safety Climate (OSC) and
two distinct factors at group level called supervisor safety communication and supervisor safety
monitoring (i.e. a three-factor model). In addition to this, these factors were correlated with
relevant constructs; production pressure, consideration of future safety consequences and mood
and highlights the similarities and differences between each of the multilevel factors within two
samples of rail and consulting design engineer employees.
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