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Abstract Meta-analytic and traditional reviews on safety climate reveal theoretical and
methodological safety climate issues still open. The main aim of this study is to propose a
questionnaire which combines recent and different approaches to safety climate, trying to
give a contribute about these issues. The present research led to the development of a new
questionnaire to measure safety climate, suitable for blue-collar workers, and to the evaluation
of its psychometric properties, and usefulness to measure safety climate in the industrial sec-
tor. Multilevel confirmatory factor analysis (MCFA) was used to properly evaluate the factor
structure underlying the safety climate questionnaire composed of three scales: organizational
safety climate scale, supervisor’s safety climate scale and co-workers’ safety climate scale.
The clear distinction, made with the use of three different scales, among safety agents (orga-
nization, supervisor, co-workers), allows the assessment of workers’ perceptions focused on
each level, and allows to deeply explore, for instance, lateral relationships of supervisor’s
safety climate and co-workers’ safety climate, analysing the interactions between the roles
of these two safety agents. A two-level design was used, considering the individual level and
the work-group level. Data collection involved 1,617 blue-collars from eight Italian manu-
facturing companies. The MCFA results demonstrated the importance to use proper analysis
to study the factor structure of a multilevel construct as safety climate, and confirmed the
theoretical structure of safety climate purposed from Griffin and colleagues, using not only
psychological climate (i.e., the individual level), but also the group level safety climate.
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1 Introduction

Safety climate and culture research developed successfully since the inquiry into Chernoby]l
disaster that identified inadequate safety culture as a major underlying factor for the accident
(IAEA 1986). However, the most important seminal paper on this topic was proposed by
Zohar in 1980, some years before the disaster. In this paper Zohar offered a great contribu-
tion on the definition and operationalization of safety climate, showing how this construct is
related to the general safety level in the organizations and, in particular, how “management
commitment to safety is a major factor affecting the success of safety programs in industry”
(1980, p. 101).

The ensuing success of this approach to safety is indicated by later studies, which show
how safety climate is a robust predictor of safety subjective outcomes, such as safety behav-
iour, and of objective outcomes, such as accidents and injuries (Christian et al. 2009). From
the nineties the literature about safety climate increased markedly, and a large number of
scales have been created (Glendon 2008). Nevertheless meta-analytic studies and safety cli-
mate reviews on safety climate reveal that some issues are still open from a theoretical and
methodological point of view (Guldenmund 2000; Clarke 2006; Glendon 2008; Christian et
al. 2009). From a theoretical point of view, for example there is still ambiguity about safety
climate themes and dimensions (Zohar 2010).

From a methodological point of view there is confusion about the levels of analysis,
because many measuring instruments in safety climate research use items referring at the
same time to organizational, group and individual levels. Zohar (2010, p. 1521) suggests that
“given the target of climate perceptions can relate to organization or group levels of analysis
(i.e. senior management commitments and policies vs. supervisory or co-worker practices), it
follows that climate measurement should be based on level-adjusted subscales offering sepa-
rate measures for climates associated with respective organizational levels. [...] the practice
of mixing items associated with divergent levels of analysis must be discontinued in order to
avoid level discrepancy errors in safety climate measurement.”

Furthermore, very often authors didn’t considered safety climate multilevel structure and
the importance to test for example within-unit homogeneity of perceptions (e.g. adopting
ryg or AD criteria) or between-unit variability relating to relevant units of analysis. If the
data collected are multilevel in nature they should be analysed accordingly. Shannon and
Norman (2009, p. 329), referring to factor analysis of safety climate surveys, argued: “It
appears that most, if not all, determinations to date of the factor structure are incorrect, since
they have treated the data from individual survey respondents as completely independent”
and emphasised the importance that a proper analysis requires adjustment to incorporate the
multilevel nature of the data. Muthén (1991) formerly stated that this involves decomposing
the variances into between-group and within-group estimates.

The main aim of this study is to propose a questionnaire which combines different
approaches to safety climate, trying to give a contribute about the theoretical and meth-
odological safety climate issues still open. Particularly, the present study tries to combine
specific facets of the previous work, namely of Melia (e.g. Melia 1998, 2002; Melia and
Sese 2007; Melia et al. 2008), Zohar (e.g. 1980, 2000, 2010; Zohar and Luria 2005), and
Griffin and Neal (Griffin and Neal 2000; Neal and Griffin 2002, 2004, 2006; Neal et al.
2000). These specific facets concern the selection of items related properly to safety cli-
mate, the identification of the agents involved in safety activities connected with safety
climate, the identification of safety climate structure and specific dimensions, and the statis-
tical analyses used with safety climate data. Another aim is to focus the questionnaire on the
industrial sector, giving special attention, in this specific context, to blue-collar workers.
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Finally the present study also intends to contribute for understanding safety climate in
Italy, where the construct of safety climate has been considered in a very limited num-
ber of studies (e.g. Cavazza and Serpe 2009; Bisio 2009; Dal Corso 2008). Furthermore, at
present no validate scales exist in the Italian language, focusing exclusively on the safety
climate.

By safety climate literature and particularly by meta-analysis studies (e.g. Christian et
al. 2009; Nahrgang et al. 2007; Beus et al. 2010) the importance of safety climate emerges
because of its ability to predict safety behaviour, accidents and injuries. So safety climate
has become a leading indicator of safety performance.

Safety climate is considered a subset of organizational climate with a specific domain,
safety. The definitions of safety climate varied across the studies. Zohar (1980, p. 96) defines
it as “a summary of molar perceptions that employees share about their work environments
... a frame of reference for guiding appropriate and adaptive task behaviors”. Coyle et al.
(1995) define safety climate as the objective measurement of attitudes and perceptions toward
occupational health and safety issues. Williamson et al. (1997) speaks of safety climate as
a summary concept describing the safety ethic in an organization or workplace which is
reflected in employees’ beliefs about safety.

This plurality of definitions may be explained by differences in approaching this issue
in each study. Clarke (2006) was able to discern three distinct approaches in her review of
the literature: (1) an attitudinal approach; (2) a perceptual approach; and (3) mixed models,
combining attitudes and perceptions. The present study followed the perceptual approach,
and referred to the most common and used definition of perceived safety climate which refers
to the individual perceptions of individuals on policies, procedures and practices relating to
safety in the workplace (Griffin and Neal 2000).

On Table 1 a synthetic overview on safety climate studies by Melia, Zohar, Griffin and
Neal are presented.

1.1 A multilevel construct

Zohar and Hofmann (2010) identify two processes which mainly promote the emergence of
climate: symbolic interactionism (Blumer 1969; Schneider and Reichers 1983) and collective
sense-making (Weick 1995, 2005), i.e., members of organizational units interact to create
mutual understanding of extracted cues. Since group members interact more often with each
other than with workers of other groups, it is likely that shared perceptions about their unit
or about their organization emerge among them.

Climate can be conceptualized at both the individual level (e.g., Barling et al. 2002) and
the group or unit level (e.g., Zohar 2000). Taken at the individual level, climate is assessed via
individual level perceptions of climate (Barling et al. 2002), and taken at the group or orga-
nizational level (see Table 1 examples), climate is the sharing of such perceptions commonly
focusing a specific leader, supervisor, or group or organization (Zohar 2002). James et al.
(1978) termed the individual level climate perception as psychological climate and defined
it as “the individual’s cognitive representations of relatively proximal situational conditions,
expressed in terms that reflects psychologically meaningful interpretations of the situation”
(p. 786).

Under specific conditions researchers can operationalize organizational (or group) safety
climate by aggregating psychological climate perceptions within the organizational (or group)
level. Therefore organizational (or group) safety climate refers to the shared perceptions of
work environment characteristics as they pertain to safety matters that affect a group of
individuals (Neal and Griffin 2004; Zohar and Luria 2005).
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1.2 The factorial structure of safety climate

Another important issue concerning safety climate scales is their factorial structure. In the
present study safety climate is considered as having a hierarchical structure—within psycho-
logical, group and organizational levels (e.g. James and James 1989)—in which a singular,
higher order factor is comprised of more specific first order factors (Griffin and Neal 2000).

In the literature there is not clear agreement about safety climate structure especially about
the specific first order factors (dimensions) involved by the second order factor. The meta-
analytic work of Christian et al. (2009) demonstrates the success of Neal and Griffin safety
climate modelling work, and many other scholars (e.g. Zacharatos et al. 2005; Probst and
Estrada 2010; Zohar and Luria 2005; Zohar 2008; Dal Corso 2008) refer to the Neal and
Griffin factor analytic and path modelling research (Griffin and Neal 2000; Neal and Griffin
2004) to examine specific facets of safety climate.

Griffin and Neal (2000) affirmed that the first order factors of safety climate should reflect
perceptions of safety related policies, procedures and practices, and the higher order factor
should reflect the extent to which employees believe that safety is valued within the orga-
nization. Later Griffin and Neal (2000) identified four first order factors: Management Val-
ues, which concern the degree to which managers valued safety in the workplace; Safety
Inspections, which refer to the effectiveness of safety systems in the organization;
Safety Communication, which is about the way in which safety issues were communicated;
Safety Training which refers to the quality and quantity of the employees’ opportunities to be
trained. In later studies of Neal and Griffin the factor “Safety Inspections” was generalized
to “Safety Systems”. The present study, as shown in Table 1, adopted this safety climate
structure.

As in other areas of organizational assessment, it is important to determine whether a
specific first-order factors or a global higher-order factor is more appropriate according to
its purposes (Hogan and Roberts 1996). For some purposes, such as determining the overall
impact of safety climate on safety outcomes, a higher order factor of safety climate will
be most appropriate. For other purposes, such as determining the impact of distinct orga-
nizational practices on task performance, the use of specific first-order climate factors will
provide more detailed diagnostic information. In the present work, a system of safety climate
scales is developed, trying to satisfy both purposes.

1.3 Safety agents

In the same way, it is important to analyse each safety climate statement from the point of
view of the agent that performs or is responsible for the safety activity (see Table 1). In the
nineties, a structured multilevel view of safety climate was introduced, based on the identi-
fication of the agent responsible for each safety climate statement (e.g. Melia 1998; Melia
and Sese 2007; Melia et al. 2008).

Zohar (2000, Zohar and Luria 2005) split safety climate into two scales: one for organiza-
tional level climate and one for group level climate. Organizational level climate indicators
refer to issues such as financial expenditure on safety devices and personnel decisions based
on safety criteria. Concerning organizational level indicators, the use of “competitive” items
(e.g. safety vs. speed) is an important aspect to consider (Zohar 2008). The main agent of
organizational level climate is the top management. Group-level indicators, however, refer to
issues such as supervisory monitoring and rewarding practices, individualized coaching of
group members, and willingness to interrupt production to correct safety hazards. The main
agent of group level climate is the supervisor of the group. Supervisor discretion depends
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on a number of issues such as the presence of competing operational demands, and the fact
that procedures rarely cover all the situations. Workers, as members at the same time of
units and of the entire organization, perceive signals both from top management regarding
policies and from their group supervisor regarding how these policies are implemented in
their department.

Recently, Melia and Becerril (2006), in a review of the safety climate literature, organized
safety climate dimensions into a comprehensive schema from the point of view of the “agents”
of the safety climate actions or omissions. Four main agents, i.e. the subjects that perform
or are responsible for each safety issue inside the company, have been identified: the com-
pany, i.e. the top management, supervisors, co-workers, and the worker who answers the
safety climate questionnaire. Top management and supervisor’s role were deeply explored
(e.g. Zohar 2000, Zohar and Luria 2005; Clarke 2006; Allen et al. 2010). At the moment the
role of co-workers has been explored regarding different facets: co-workers’ support (e.g.
Chiaburu and Harrison 2008; Burt et al. 2008); social norms (e.g. Hahn and Murphy 2008;
Fugas et al. 2009; Kath et al. 2010); co-workers’ practices (e.g. Singer et al. 2007; Melia
1998; Melia and Becerril 2006; Melia et al. 2008; Jiang et al. 2009), co-workers’ interaction
(e.g. Cavazza and Serpe 2009; Zohar and Tenne-Gazit 2008; Zohar 2010); and also regarding
a more generalized block as co-workers’ safety (e.g. Gyekye and Salminen 2009; Morrow
et al. 2010). Almost always these studies considered the set of items about co-workers as a
dimension of a whole safety climate scale.

Following Zohar (2010), the present study tries to discern what set of items can be consid-
ered a dimension of a safety climate scale and what cannot. Departing from Melia research
(Melia 1998, 2002, 2004, 2006; Melia and Sese 2007; Melia and Becerril 2006; Melia et al.
2008), it will be explored the alternative for the co-workers’ safety climate scale. This scale
has been thought with a second order factor, which reflects the extent to which employees
believe that safety is valued within the co-workers, and four first order factors of safety cli-
mate, which reflect perceptions of safety related to co-workers’ values, support, practices
and interactions with peer about safety.

1.4 Statistical methods

Another issue related to safety climate concerns the statistical methods used in safety climate
studies (Shannon and Norman 2009; Zohar 2010). The object of measurement is typically
the work group or the company. Because the workers within each group are rating the same
object, there is inherent correlation in their scores—the data has a multi-level nature, and this
must be considered in determining the factor structure. Hofmann and Stetzer (1996) found
that safety climate varied by supervisor group, i.e., the variability between supervisor groups
was substantially greater than the variability within such groups. Zohar and Luria (2005) and
also other authors (e.g. Huang et al. 2007) suggested a multi-level model of safety. They dis-
tinguished responses of workers to questions that capture safety climate at the organizational
level from items to capture it at the group level, since the discretion of supervisors of each
work group might put into operation management policies differently.

On the basis of all these arguments and combining different approaches to safety climate
(see Table 1) the present work identified a questionnaire with three safety climate scales
(organizational, supervisor’s and co-workers’ scales) and for each scale, using confirmatory
factor analysis (CFA) and multilevel confirmatory factor analysis (MCFA), the factor struc-
ture was identified on a calibration sample, and confirmed on a validation sample. MCFA
was performed, to check if the factorial structure identified with CFA was confirmed also
considering the multilevel nature of safety climate data.
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Considering all these open issues, the main purpose of the present paper is to offer a valid
questionnaire which combines different approaches to safety climate, therefore contributing
for an advance, theoretical and methodological, for safety climate literature. This question-
naire is addressed to a specific industrial sector, in particular metal-mechanical sector, and to
a specific kind of workers, blue-collar workers, with the aim also to offer an adequate setting
specific diagnostic instrument for safety climate.

2 Method
2.1 Participants

The present study involved 8 companies, in the metal-mechanical sector, taking into account
the main areas of this sector (fabrication of machinery, electrical devices and work vehicles),
and data collection involved 1,617 blue-collars (the 80% of blue-collars of these companies),
organized in 159 work-groups. From a geographical point of view, attention was focused on a
specific zone, the region of Veneto in north east of Italy, a region with a high rate of accidents
on workplace and with a high productive reality, particularly in the metal-mechanical sector,
which is one of the more relevant industrial sector of this region.

All data were collected at individual level. Considering the whole sample, 84% of the
participants were male; 83% were Italian workers; 85% had an educational level from 5 to
13 years of school; only 5% of the participants worked in the company from less than 1 year,
and 68% worked for the same company from 5 years or more; 70% of participants had a
permanent contract.

The sample was divided in two parts: 7 companies (1185 workers, 118 work-groups) have
been used as a calibration sample, to find out the best models, which have been after validated
and one big company (432 workers, 41 work-groups), has been used as a validation sample.

2.2 Measure instruments
2.2.1 Safety climate scales development

The first step concerned the identification of the items of the safety climate scales. Refer-
ring to some instruments described in the literature (e.g. Zohar and Luria 2005; Griffin and
Neal 2000; Zohar 2008; Melia 1998; Melia and Sese 2007), and choosing items considering
specific aspects of companies and work-groups, given from interviews with members of the
Safety Commissions of the companies, three initial scales were developed: organizational
safety climate scale (OSC scale, 18 items), supervisor safety climate scale (SSC scale; 16
items), and co-worker safety climate scale (CSC scale; 16 items), for a total number of 50
items. Also usability of the instrument by all the stakeholders (top management, supervisors,
safety officer, safety commission and unions) was taken into account. Furthermore, it was
also considered the final instrument answer duration in order to achieve a more efficient solu-
tion. Each item of the three scales was connected to one of the four dimensions considered by
Griffin and Neal (2000; 2008): Values, Safety Systems, Communication, and Training. The
items of OSC scale were developed merging items from Zohar and Luria (2005) organiza-
tional scale and items from Griffin and Neal (2000; 2008) scale. Given item redundancy, three
judges independently selected items and matched them to the four dimensions. They coded
the items in the same way with the exception of three items. They assigned unanimously these
three items after discussing about them together. The first version of SSC scale adopted the
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group level safety climate scale of Zohar and Luria (2005). The dimension of Training was
changed into Coaching, which was more suitable to supervisor role. This dimension refers to
supervisor activities concerning supervisor support to worker safety behaviours (i.e. rewards,
activities to increase workers safety motivation and knowledge). Three judges independently
matched the items to the four dimensions, and the attribution of one item turned out to be
ambiguous, but after a short discussion it was unanimously assigned.

The items of the first version of CSC scale were derived from the adjustment to co-workers
of the group level safety climate scale of Zohar and Luria (2005), and comparing the resulted
items content with other co-workers safety climate scales (e.g. Fugas et al. 2009; Singer et al.
2007; Melia 1998; Melia and Becerril 2006; Melia et al. 2008; Jiang et al. 2009). The Griffin
and Neal’s dimension of ‘Training’ was changed into ‘Mentoring’, which was more suitable
to the co-workers’ role (Ensher et al. 2001). This dimension refers to co-workers’ activities
oriented to support colleagues to improve their safety behaviour (i.e. giving them sugges-
tions, calling attention to safety). The same three judges independently matched the items
against the four dimensions, and only the attribution of two items first resulted ambiguous,
but they were unanimously assigned after discussing together.

These three scales were tested in a pilot study, to discover weak points, and were improved
thanks to a qualitative technique, namely cognitive interview (Willis 2005). In particular, the
method of Verbal Probing was used. Considering that study participants were workers from
different cultures, sometimes with difficulties in language comprehension and/or production,
and in some cases with a very low school level, it was necessary to remove sentence and term
ambiguities, and to be sure that each participant comprehends the meaning (Jobe 2003).

In detail, the first version of the questionnaire with the three scales was given to a first
sample of 22 workers of the metal-mechanical sector, with two tasks: the first task was to
answer the 50 items on a response 7-point Likert scale (from 1 = “never” to 7 = “always”);
the second task was to judge comprehensibility of each item on a 5-point Likert scale (from
1 = “extremely easy to understand” to 5 = “extremely difficult to understand”). Items that
were judged difficult to understand were submitted to a second sample of 15 workers, with the
“cognitive interview” technique (Willis 2005). This technique explicitly focuses on the cogni-
tive processes that respondents use to answer survey questions; therefore, uncovers processes
that are normally hidden, and these observations permit not only to improve comprehensibil-
ity, but even to improve construct validity. In the present study the method of Verbal Probing
was applied using the 6 basic probes categories identified by Willis (2005) (namely, com-
prehension/interpretation probe, paraphrasing, confidence judgement, recall probe, specific
probe and general probes). After these interviews, a second version of the questionnaire was
made, and a third sample of 25 workers gave new comprehensibility judgements on each
item; all the items were judged easy or very easy to understand.

This second version was then submitted to a new sample of 113 metal-mechanical work-
ers, and exploratory factor analyses (EFAs) were conducted to explore the factor structure of
each scale, and to decide the final instrument (Bagozzi and Edwards 1998).

2.2.2 The final Safety Climate Questionnaire

At the end of this process, the Safety Climate Questionnaire consisted of three scales with a
total number of 41 items. Each item of the three scales was connected to one of four domains:
Values, Safety Systems, Communication, and Training/Coaching/Mentoring. In details, the
three scales were the following: OSC scale (Management Safety Values: 4 items, Safety
Systems: 5 items; Safety Communication: 4 items; Safety Training: 4 items, total number
of items: 17), in which the target of the safety climate judgement given by the worker was
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the entire organization; SSC scale (Supervisor’s Safety Values: 3 items, Safety Systems: 3
items, Safety Communication: 3 items, Safety Coaching: 3 items, total number of items:
12), in which the workers had to judge their direct supervisor in the work-group; and CSC
scale (Co-workers’ Safety Values: 3 items, Safety Systems: 3 items, Safety Communication:
3 items, Safety Mentoring: 3 items, total number of items: 12), in which the workers gave
their judgements explicitly considering their co-workers inside the work-group. Participants
were asked about the extent to which their organization, or their direct supervisor, or their
co-workers in the work-group showed to consider safety of workers to be really important.

For each scale, Values sub-scale consisted of items related to the real importance given
to safety by management (supervisor/co-workers), for instance: “Top management considers
safety when setting production speed and schedules”. Safety System sub-scale consisted of
items related to the importance that management (supervisor/co-workers) assigns to the safety
procedures, practices and equipment connected to safety at work (e.g.: “Top management
provides all the equipment needed to do the job safely”). The third factor, Communication,
consisted of items related to the quality of communication processes concerning safety issues,
as in the item: “Top management listens carefully to workers’ ideas about improving safety”.
Training sub-scale considered the importance that management places on safety training,
as in the item: “Employees receive comprehensive training in workplace health and safety
issues”. This factor was called Coaching in the SSC scale (e.g. “My direct supervisor uses
explanations to get us to act safely”’) and Mentoring in the CSC scale (e.g. “If it is necessary,
my team members use explanations to get other team members to act safely”).

Responses were given on a 7-point Likert scale, from 1 = “never” to 7 = “always”.

At the end of the questionnaire there were also two questions about injuries involvements:
number of injuries since the participant has entered the company, and number of micro-acci-
dents in the previous 6 months. Responses were given in absolute number, but were then
codified in three classes: 0, 1, more than 1. Also some socio-demographic questions were
collected, in particular gender, age, educational level, nationality, length of employment in
the company, kind of job-contract, department, work shift at the moment of the survey.

2.3 Procedure

Few days before the questionnaire was administered, either during an ad hoc meeting orga-
nized by the top management with unions, the Safety Commission and the safety officer, or
during a trade-union meeting, workers were told that they were part of a larger sample of
workers involved in a research study, and received information about the research program.
Participants were told that the questionnaire was anonymous, and that all data were collected
and conserved by the research group. They were also ensured that only aggregate results
would be given to the management of the company.

All participants answered the questionnaire during working hours, at the end or at the
beginning of their work shift, and were asked to answer as sincerely as possible. At the end
of the questionnaire participants had to answer questions about their involvement in injuries
and to some socio-demographic questions. Along with the Italian version, English and French
versions were also provided for foreign workers. Researchers were available during all time,
to help participants, if necessary. All the procedure took about 15 min.

2.4 Data analysis

To test construct validity, confirmatory factor analysis (CFA) and multilevel confirmatory
factor analysis (MCFA) were performed. While CFA at a single level of analysis uses the
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total variance—covariance matrix of the observed variables, MCFA decomposes the total sam-
ple covariance matrix into pooled within-group and between-group covariance matrices and
uses these two matrices in the analyses of the factor structure at each level. With MCFA it is
possible to evaluate a variety of models including those that have the same number of factors
and loadings at each level, those that have the same number of factors but different loadings
at each level, and those that have a different number of factors at the two levels.

Muthen (1994) suggested that MCFA had to be preceded by four important analysis steps:
(1) conventional confirmatory factor analysis on the sample total covariance matrix St, (2)
estimate between-group level variation, (3) estimation of within structure with confirmatory
factor analysis on the sample pooled-within covariance matrix Sy, and (4) estimation of
between structure with confirmatory factor analysis on the sample between-group covari-
ance matrix Sp.

Step 1 Conventional confirmatory factor analysis on the sample total covariance matrix
St. This step is useful to test different model structures identified in the literature
and see which could be more adequate. It is important to remember that the param-
eters estimates and fit indexes resulting from this step models may be biased when
data is multilevel due to the correlated observations, when group sizes are large
or when within factor structure is different from between factor structure. Muthen
underlined that in any case the test of fit may help the researcher giving an idea of
fit.

Step 2 Estimate between-group level variation. This step helps to understand whether a
multilevel analysis is appropriate for the considered data. Before estimate between-
group level variation, in the present study some preliminary operations were con-
ducted. First the group size of each group considered was checked. Each group were
composed of workers of the same department, of the same shift and with the same
supervisor. Groups with less than 4 members were eliminated from the sample.
Then homogeneity of climate perceptions was assessed with ryg(j) (Bliese 2000),
deleting groups with ryg(j) lower than critical values identified by Dunlap et al.
(2003). The variability between groups on each item was examined by computing
the intraclass correlation (ICC) for each item of the three scales. Muthen (1994)
suggested to estimate a unique type of ICC to determine potential group influence.
Muthen’s ICC index is conceptually similar to ICC(1). The difference between the
two indexes is that Muthen’s ICC is obtained by random effects ANOVA, while
ICC(1) is obtained by fixed effects ANOVA. ICC ranges in value from 0 to 1. If
values are close to zero (e.g. .05) the multilevel modelling will be meaningless
(Dyer et al. 2005).

Step 3 Perform a factor analysis on the sample pooled-within covariance matrix (Spy).
Spw matrix is an estimator of the population within-group covariance matrix, and
its values reflect the factor structure at the within-group level. When the model
estimated using the S,y matrix shows better fit that those of the model estimated
using St this means that the factor structure differs at the between and at the within
level, or that the construct-relevant variance is primarily at the within-group level.
It concerns estimates of individual-level parameters only. As Muthen (1994)
affirmed, estimates from Spy, model usually are close to the within parameters
of the MCFA. This analysis is the preferred way to explore construct variance at
the individual level.

Step 4 Estimation of between structure with confirmatory factor analysis on the sample
between covariance matrix Sp. In this step the adequacy of the between-group factor
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structure is studied. In the present study this matrix is calculated with MPLUS, but
it could be created also with conventional software. Sy is the covariance matrix of
observed group means, corrected for the grand mean. This correction is obtained
multiplying the elements of the matrix by the typical divisor for the covariance
matrix (N — 1) and then dividing the appropriate divisor (G — 1, where G is the
number of groups). Sy reflects the between-group population covariance matrix
(Dyer et al. 2005). However it is not an unbiased estimator because, for example,
it is also a function of the within covariance matrix (Muthen 1994). When the
purposed factor structure is not found using the Sp matrix, an exploratory factor
analysis could be performed to find alternative factor structure.

For this study, at the end of these four steps, a multilevel confirmatory factor analysis was
conducted, testing the alternative models identified in the previous steps. Two levels were
considered: group level and individual level. The organizational level was not considered
because of the small number of companies which are considered in the study. Therefore, in
the multilevel analyses of this research, when perceptions on organizational safety climate
are considered, the reader should refer to group perceptions about the organizational safety
climate.

For CFA and MCFA, Chi-square values and delta Chi-square values between competitive
models are reported. Goodness of fit of the models was evaluated also using the Tucker Lewis
Index (TLI; Bentler and Bonett 1980), the Comparative Fit Index (CFI; Bentler 1990), the
Root Mean Square Error of Approximation (RMSEA; Hu and Bentler 1999), the Standard-
ized Root Mean Square Residual (SRMR). Also GFI and AGFI, that are common indexes
in many SEM packages, are reported, even if they are affected by sample size and can be
large for models that are poorly specified, and the current consensus is not to use these mea-
sures (Kenny 2010 http://davidakenny.net/cm/fit.htm). Values close to .95 reflects a good
fit. Akaike Information Criterion (AIC; Akaike 1974), Bayesian Information Criterion (BIC;
Schwarz 1978) and Expected Cross-Validation Index (ECVI; Browne and Cudeck 1989,
1993) were considered to compare different models.

To test reliability, the most popular coefficient is Cronbach’s «, but its use with multi-
dimensional measures is limited (Raykov 1998; Raykov and Shrout 2002). In the present
study the scales are presumed to be multidimensional, with the scale score representing the
underlying factors. In this case it’s better to use construct reliability (the degree to which
the scale indicators reflect an underlying factor), and average variance extracted (AVE, the
average percentage of variation explained among the items) (Hair et al. 1998; Fornell and
Larker 1981).

All statistical analyses were performed using R Statistical Package (free software available
through www.R-project.org), and MPLUS Version 5.1 (Muthen and Muthen 1998-2008) for
multilevel confirmatory factor analysis (MCFA).

3 Results
3.1 Descriptive statistics
Considering one of the three scales at a time, all cases with missing values were removed,

because it was considered more correct, from a psychometric point of view, to perform the
analyses using a sample without any estimation of missing values. To 