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Although safety climate research has increased in recent years, persisting conceptual ambiguity
not only raises questions about what safety climate really is—as operationalized in the litera-
ture—but also inhibits increased scientific understanding of the construct. Consequently, using
climate theory and research as a conceptual basis, we inductively articulated safety climate’s
general content domain by identifying seven core indicators of safety’s perceived workplace
priority: leader safety commitment, safety communication, safety training, coworker safety
practices, safety equipment and housekeeping, safety involvement, and safety rewards. These
indicators formed the basis for a generalized safety climate measure that we designed for use
across organizations, industries, and construct levels. We then conducted a multilevel construct
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validation of safety climate using the newly created measure in two separate studies. Results
from five samples spanning multiple organizations, industries, and cultural settings revealed
that the identified safety climate indicators were parsimoniously explained by an overarching
safety climate factor at the individual and workgroup levels. In addition, multilevel homology
tests indicated that safety climates associations with past safety incidents were nearly two times
stronger at the workgroup level relative to the individual level, although this difference was not
statistically significant. Finally, workgroup-level validity evidence demonstrated expected asso-
ciations between safety climate and organization-reported pre- and postsurvey safety incidents.
On the basis of this supportive evidence, we recommend that this conceptualization and measure
of safety climate be adopted in research and practice to facilitate future scientific progress.

Keywords: safety climate; safety culture; organizational climate;, multilevel construct valida-
tion; measure development

I often say that when you can measure what you are speaking about . . . you know something
about it; but when you cannot measure it . . . your knowledge is of a meager and unsatisfactory
kind; it may be the beginning of knowledge, but you have scarcely . . . advanced to the stage of
science, whatever the matter may be.

—Lord Kelvin (19th-century physicist)

Safety climate—employees’ shared perceptions of the importance and prioritization of
workplace safety (Zohar, 2011)—has received considerable empirical attention across mul-
tiple disciplines. This is not surprising, however, when one considers the demonstrated prac-
tical importance of safety climate. For instance, high-profile safety incidents resulting in
numerous fatalities and substantial ecological damage have been attributed to poor organiza-
tional safety climates (e.g., BP Texas City explosion, Deepwater Horizon oil spill; Kunzelman,
2011; Rodriguez, Payne, Bergman, & Beus, 2011). Furthermore, meta-analytic evidence has
consistently shown that safety climate is positively associated with workplace safety behav-
iors and negatively associated with safety incidents across levels of analysis (Beus, Payne,
Bergman, & Arthur, 2010; Christian, Bradley, Wallace, & Burke, 2009; Clarke, 2006).

However, despite safety climate’s practical relevance and increasing prominence in the
eyes of researchers and practitioners, its conceptualization and measurement have suffered
from a lack of clarity, as well as a widespread failure to consider the multilevel nature of the
construct (Beus et al., 2010; Shannon & Norman, 2009). This stunts scientific progress
because it is unclear whether different safety climate researchers are actually studying the
same phenomenon and thus whether common inferences can be drawn from their findings.

Although numerous safety climate measures have been developed (e.g., Dedobbeleer &
Beland, 1991; Williamson, Feyer, Cairns, & Biancotti, 1997; Zohar, 1980), many of these
measures suffer from either limited applicability beyond the examined samples or a combi-
nation of content deficiency and contamination (Beus et al., 2010). That is, many safety cli-
mate measures contain elements that, although related to workplace safety, are not consistent
with the definition of safety climate. For example, perceptions of job risk are included in
some safety climate measures (e.g., Flin, Mearns, O’Connor, & Bryden, 2000; Guldenmund,
2000), with higher job risk indicating less favorable safety climates. However, a job’s riski-
ness says little about whether a prevailing safety climate will be favorable or unfavorable.



Beus et al. / Safety Climate 1989

The inclusion of irrelevant content such as job risk in safety climate measures biases effect
size estimates and leads to inaccurate conclusions regarding the magnitude and meaning of
safety climate’s associations with other relevant constructs (Beus et al., 2010).

In addition, although safety climate is widely recognized as a multilevel construct (Zohar,
2011; Zohar & Luria, 2005), a limitation of past safety climate construct validations is that
they have not examined the group-level properties of data in addition—and in comparison—
to the individual level (Shannon & Norman, 2009). Thus, it is unknown if aggregated
responses to a given safety climate measure maintain the same properties as responses at the
individual level or how empirical associations with relevant constructs compare across levels
of analysis. Consequently, using extant climate theory and research, we sought to (a) clarify
safety climate’s content domain, (b) develop a conceptually representative cross-industry
safety climate measure, and (c) conduct a multilevel construct validation of safety climate
with the new measure. The purpose of these steps is to provide a better understanding of what
safety climate is and how it operates across levels of analysis to facilitate future research
advancements.

To accomplish these objectives, we followed a sequence of interdependent steps outlined
by Chen, Mathieu, and Bliese (2004) to conduct a multilevel construct validation of safety
climate. These steps, based on the unitarian view of validity (e.g., Binning & Barrett, 1989;
Messick, 1995), expand on accepted construct validation principles and practices by apply-
ing them to multilevel constructs. On the basis of this framework, we first describe the nature
of safety climate across construct levels and the subsequent development of a generalizable,
cross-industry measure consisting of the following core indicators of safety’s workplace pri-
ority: leader safety commitment, safety communication, safety training, coworker safety
practices, safety equipment and housekeeping, safety involvement, and safety rewards. Then,
utilizing data from five samples, we report construct-related validity evidence for the mea-
sure in two studies. The first study reports individual-level validity evidence in two samples
to reduce the measure to a generalizable and practical set of items and to establish the psy-
chometric properties of measure responses. In the second study, we use the measure to pro-
vide multilevel validity evidence for safety climate in three divergent organizational contexts
by confirming the construct’s group-level existence, establishing its group-level factor struc-
ture, and estimating its relationships with relevant constructs across levels of analysis.

A Multilevel Construct Validation of Safety Climate
Definition and Conceptualization of Safety Climate Across Construct Levels

The first step for multilevel construct validation involves defining the construct (Chen
etal., 2004). For a multilevel construct, this requires defining the construct at each applicable
level of analysis and delineating the aggregate nature of the construct and the means through
which aggregate assessments are made.

Fundamentally, climate represents socially constructed perceptions of the meaning of
work environments (Ashforth, 1985; Schneider, 1975; Schneider & Reichers, 1983).
Individuals are driven to form these perceptions out of a desire to establish order and subse-
quently adapt to their social environments (Schneider, 1975). Because meaning can be
attached to numerous facets of organizational life, Schneider and Reichers (1983) contended
that climates must be examined as they pertain to something to be practically meaningful
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(e.g., safety, customer service). Although numerous definitions of safety climate abound
(Flin et al., 2000), we adopted Zohar’s (2011) definition because of its direct correspondence
with the broader climate literature. Zohar’s definition builds off Schneider and Reichers’s
climate definition by describing climates for safety as shared employee perceptions of the
priority or importance placed specifically on workplace safety.

As a domain-specific manifestation of climate, safety climate is inherently a multilevel
construct (Zohar, 2011). It is based in individual perceptions and emerges at aggregate levels
when social interaction and contextual clarity create sharedness in group members’ percep-
tions of workplace priorities (Ashforth, 1985; Schneider & Reichers, 1983). At the individual
level, safety climate represents an individual’s interpretation of safety’s workplace impor-
tance, whereas at aggregate levels, safety climate reflects shared perceptions of safety’s
importance in a group. Theory and empirical evidence suggest that safety climates can vary
across organization levels given, for instance, divergent safety priorities enacted by direct
supervisors relative to upper management (Zohar, 2000; Zohar & Luria, 2005). In addition,
meta-analytic evidence has demonstrated differences in the associations between safety cli-
mate and safety-related outcomes at individual and group levels (Beus et al., 2010; Christian
et al., 2009), suggesting that different processes may be at work across organization levels.

These cross-level differences may be the result of group-level contextual influences that
are not reliably captured by the construct’s individual-level manifestation (Bliese, 2000;
Bliese, Chan, & Ployhart, 2007; Morgeson & Hofmann, 1999). Whereas an individual’s per-
ception of the group’s prioritization of safety will be subject to his or her personal idiosyn-
crasies, the average of group members’ perceptions of safety’s priority should represent a
more accurate reflection of the group’s safety climate that better captures the summation of
contextual influences (Bliese, 2000). However, despite evidence of such cross-level differ-
ences, we are unaware of past studies that tested the psychometric properties of a content
valid safety climate measure across levels of analysis (i.e., at the individual and aggregate
levels). The failure of past studies to consider multiple construct levels implies the untested
assumption of isomorphism (i.e., identical construct meaning and manifestation across lev-
els), which is an assumption that scholars argue few constructs meet (Bliese, 2000; Kozlowski
& Klein, 2000).

Because climate is a perceptual construct, it is assessed at the individual level—the locus
of perceptions—and then aggregated to form higher-level construct manifestations (Schneider
& Reichers, 1983). This requires specifying a composition model to articulate the functional
relationships of individual and group-level safety climate (Chan, 1998; van Mierlo, Vermunt,
& Rutte, 2009). Based on Chan’s (1998) typology of composition models, safety climate,
like any manifestation of climate, is best characterized by a referent-shift composition model
(Schneider, Ehrhart, & Macey, 2011). A referent-shift model presupposes high levels of
agreement, or consensus, among individuals to justify aggregation to a higher construct level
(Chan, 1998; Chen et al., 2004). Importantly, the lower-level manifestation of the construct
for a referent-shift model—in this case, individual safety climate perceptions—maintains a
group-level referent. Thus, although it is an individual’s perception, it is the individual’s
perception of the value that is placed on safety at a collective level. Keeping the group as the
referent for climate items is critical given that the true theoretical referent for any type of
climate is the aggregate (Glick, 1985; Schneider et al., 2011).

We focused on the workgroup as the aggregate level of particular interest for this study.
We did so because individuals interact most often with their immediate supervisor and fellow
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workgroup members, making the workgroup the most proximal and salient social unit in the
organization (Ashforth, 1985) and a setting that is especially likely to foster the creation of
climates (Powell & Butterfield, 1978). Research has demonstrated meaningful variability in
workgroup-level safety climates within organizations (Zohar, 2000; Zohar & Luria, 2004,
2005), further supporting the value of considering safety climate at this particular level.

Safety Climate’s Content Domain

Although safety climate’s content domain has yet to be clearly specified, climate theory
indicates that a variety of workplace factors can contribute to employees’ perceptions of
workplace priorities (Ashforth, 1985; Schneider & Reichers, 1983). In fact, any workplace
policies, procedures, or practices with implications for workplace safety can conceivably
inform individual climate perceptions and subsequent group safety climates. However, for
safety climate research and theory to advance, we assert that a single generalizable measure
that can be used to assess safety climate across contexts is necessary to move safety climate
research from a repeated focus on measurement to an increased emphasis on more substan-
tive issues. The key, then, is to determine which indicators that can be identified across con-
texts best reflect the value of safety and can representatively establish safety climate’s content
domain in a single measure.

To help specify safety climate’s content domain, Zohar (2011) emphasized that measure
content should maintain an overarching focus on safety’s perceived priority. This is consistent
with the climate literature in general, given that individuals are expected to use contextual
cues to inform their perceptions of workplace priorities and the values on which those priori-
ties are based (Schneider, 1975; Zohar & Hofmann, 2012). In the context of workplace safety,
a particularly meaningful indicator of safety’s priority is leadership’s perceived commitment
to safety (Hofmann & Stetzer, 1996; Zohar, 2002; Zohar & Polachek, 2014). Leader actions
that reflect a commitment to safety (or lack thereof) are informative to individual safety cli-
mate perceptions and subsequent group safety climates because safety is most often a leader-
driven objective (Barling, Loughlin, & Kelloway, 2002). Absent situations where one’s safety
or the safety of coworkers will clearly be jeopardized by failing to work safely, workers often
choose to discount time- or effort-intensive safety procedures in favor of getting the job done,
which is typically that to which the most meaningful rewards are connected (e.g., pay). Thus,
it generally falls on organizational leaders to emphasize and consistently reinforce safety as a
group priority. Climate research in general underscores the importance of leaders as purveyors
of climate, given that (a) climates are a function of the behaviors that employees perceive are
rewarded and reinforced (Schneider, 1975; Schneider & Reichers, 1983) and (b) leaders most
often administer those rewards (Bass, 1985; Podsakoff, Bommer, Podsakoff, & MacKenzie,
2006). Taken together, one of safety climate’s chief indicators should be perceptions of leader
commitment to safety. With higher perceived leader commitment, employees are more likely
to perceive a positive safety climate in which safety holds a high priority.

A focus on perceived leader safety commitment as a chief safety climate indicator is con-
sistent with a wide and growing body of safety climate research (Flin et al., 2000; Hofmann
& Stetzer, 1996; Zohar & Luria, 2004). Zohar (2011) encouraged incorporating content into
safety climate measures that is directly and indirectly indicative of leader safety commitment—
directly in terms of items that explicitly assess perceptions of leader safety commitment and
indirectly through generalized indicators such as the availability of safety equipment and the
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communication of safety information. Consequently, the majority of existing safety climate
measures place either direct or indirect emphasis on leader safety commitment.

In light of these conceptual considerations, we sought to articulate safety climate’s core,
foundational content domain to address the construct’s extant conceptual ambiguity.
However, rather than specify which factors best reflect leader safety commitment and safe-
ty’s corresponding priority based on our knowledge of the construct, we took an inductive
approach that incorporated the broader safety climate literature. Specifically, we amassed
>1,500 existing safety climate items from 30 years of published safety climate research in
varied literatures and across numerous industry settings to guide the determination of safety
climate’s core indicators and ultimately facilitate the creation of a generalized safety climate
measure. This approach was necessary given our purpose of creating a measure that is repre-
sentative of the safety climate content domain and applicable across industries and settings.

Development of a Cross-Industry Safety Climate Measure

To develop a cross-industry measure of safety climate that articulates a generalizable set
of indicators, we first attempted to gather every unique nonproprietary instrument that has
been used in the published literature to assess safety climate. To locate these measures, we
searched PsycINFO using the keywords “safety climate.” In cases where items were not
reported in publications, we contacted authors directly for them. Ultimately, this search
resulted in 165 studies, from which we were able to obtain 62 of 67 (93%) distinct measures
of safety climate. Pooling these measures resulted in a total of 1,504 items.

Second, three safety climate subject matter experts (SMEs; this study’s first three authors)
evaluated whether each item corresponded to the described theoretical conceptualization of
safety climate. For example, we removed items referencing the individual as opposed to the
group (e.g., “I regularly contribute to our safety efforts”) or personal beliefs instead of per-
ceptions of existing conditions (e.g., “Safety is not the responsibility of only one individual
worker”). Other removed items were those that were not directly related to safety (“My
supervisor checks on my work very carefully”) or that dealt with the nature of the job and not
safety’s perceived prioritization (e.g., “My job is hazardous”). Through this process we elim-
inated 570 items. In addition, on the basis of best practices in item writing and measure
construction (e.g., Crocker & Algina, 2006; Haladyna, 2004), we removed items that were
exact or approximate duplicates of others (428 items), as well as poorly written items (342
items; e.g., double-barreled or ambiguous: “Our management is well-informed about safety
problems and it acts quickly to correct them”). Furthermore, we either revised or removed
items that were too industry specific for broad applicability (32 items removed; e.g., “My
practice setting has clear procedures on what to do when patients arrive with symptoms of
respiratory infection”). The SMEs reached consensus on each item’s designation, with the
process resulting in a pool of 133 unique and conceptually appropriate safety climate items.!

Once SMEs agreed on the 133 safety climate items, they familiarized themselves with the
items and independently identified safety climate indicator categories that they believed
encapsulated the entire item pool. After doing so, the three SMEs met in a series of meetings
to reach consensus on (a) what the emergent safety climate indicators should be and (b) where
each item should be categorized, with each item being assigned to only one indicator category.
The SMEs identified seven indicators that they judged to be sufficiently representative of the
pool of safety climate items. These indicators are as follows: leader safety commitment, safety
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communication, safety training, coworker safety practices, safety equipment and housekeep-
ing, safety involvement, and safety rewards. Descriptions for each of these seven safety cli-
mate indicators are provided in the appendix. These categories reflect the direct and indirect
indicators of leader commitment to safety and safety’s workplace priority that have been
assessed most frequently across varying industries and settings and are consistent with the
conceptualization of safety climate adopted here.

Due to the practical limitations of administering a 133-item measure in organizational
settings, we next gathered data and used factor-analytic techniques to reduce the number of
items to a manageable set and determine the most appropriate factor structure to represent
safety climate. Because our purpose was to develop a measure that can be used across indus-
try settings, we first gathered responses from employees of multiple industries (Sample 1) to
determine safety climate’s factor structure; we then confirmed those findings by administer-
ing an empirically reduced measure in a single safety-salient context (Sample 2). Analyses
based on these two samples were restricted solely to the individual level for initial construct
validation. However, we addressed this issue in Study 2 with three organizational samples
with workgroup-level data that allowed us to fulfill the remaining steps for multilevel con-
struct validation.

Study 1: Method
Safety Climate Measure

In Sample 1, we assessed safety climate online with 133 items measuring the seven noted
safety climate indicators. All items were rated on a 5-point Likert scale (1 = strongly dis-
agree, 5 = strongly agree) and were altered where necessary to have a workgroup-level refer-
ent. Respondents were instructed to think of their current supervisor and workgroup when
responding to the items. This was primed at the start of the survey by asking respondents to
report the number of people in their workgroup (i.e., all those who report to the same supervi-
sor) before responding to the safety climate items.

In Sample 2, safety climate was assessed via paper and pencil with a reduced set of 30
items that were empirically selected per the findings from Sample 1. We describe this empiri-
cal selection process in the Results and Discussion section. These 30 items are reported in the
appendix and maintained representation of the seven identified safety climate indicators.

Participants and Procedure

The safety climate measure was first administered online to Sample 1, an international
sample of employed respondents selected from 10 occupational categories.? Of the 1,505
individuals who completed the measure, 60% were male with the majority (83%) being U.S.
residents. Most respondents worked in the manufacturing industry (37%), with an average
job tenure of 7.27 years (SD = 4.88) and an average age of 36.76 years (SD = 7.81). All par-
ticipants were recruited through StudyResponse (Stanton & Weiss, 2002), a nonprofit aca-
demic service pairing researchers with individuals willing to serve as research participants.
Participants were required to be employed at least part-time and could not be self-employed.
Individuals who satisfactorily completed the measures received a $10 gift card to Amazon.
com as compensation for their participation.
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Because of the large number of items in the measure, we embedded five check items to
use as a method of screening out nonserious responders (cf. Huang, Curran, Keeney, Poposki,
& DeShon, 2012). These items were written such that serious respondents who were paying
attention to the items should have disagreed—for example, “My supervisor insists that we
vandalize company property.” As a predetermined decision rule, we excluded respondents
who failed to disagree to three or more of these items; 562 individuals (37%) were retained
as serious respondents in Sample 1. Because of the large number of nonserious respondents,
we report detailed demographic characteristics for this sample in the online supplement for
comparative purposes (see Table S1).

To avoid capitalizing on sample-specific idiosyncrasies when conducting initial confirma-
tory factor analyses (CFAs), we cross-validated our findings (Crocker & Algina, 2006) by
randomly splitting Sample 1 into two subsamples?® (developmental sample, n = 333; cross-
validation sample n = 229). Specifically, incorporating all 133 safety climate items, we first
used the developmental sample to identify the most representative safety climate factor struc-
ture as well as the highest-loading items that represented that factor structure. Then, we used
the cross-validation sample to confirm the factor structure identified in the developmental
sample with the reduced set of highest-loading items. Table S1 in the online supplement
compares these two subsamples and shows that both were similar in demographic
composition.

We used Sample 2 to substantiate the factor structure obtained in Sample 1’s two sub-
samples. Specifically, we estimated the model’s fit based on data from a single safety-salient
organizational setting. Sample 2 consisted of 595 production employees of a large defense
company. The majority of respondents were male (69%), with an average age of 41.97 years
(SD = 12.86) and an average organizational tenure of 7.55 years (SD = 9.21).

Study 1: Results and Discussion

Descriptive statistics and variable intercorrelations for Samples 1 and 2 are reported in
the online supplement (see Table S2). We conducted initial CFAs by using all 133 safety
climate items in Sample 1’s developmental subsample. We used CFA to evaluate a primary
model based on climate theory and two plausible alternative models that could also be
reflective of the seven identified safety climate indicators. First, we tested the fit of a sec-
ond-order safety climate model (the primary model) consisting of the seven identified first-
order factors or indicators and an overarching second-order factor. A second-order factor
structure is consistent with expectations based on climate theory that the identified indica-
tors of safety’s workplace priority will be reflective of a latent overarching safety climate
construct. Then, we tested two alternative safety climate models: a single-factor model and
a first-order model with seven factors corresponding to the seven identified safety climate
dimensions.

The proposed second-order model fit the data well in the developmental subsample
(Cse38) = 19,887.10, p < .05; comparative fit index [CFI] = .76; standardized root mean
square residual [SRMR] = .05; root mean square error of approximation [RMSEA] = .06),
as indicated by RMSEA and SRMR values. Although the CFI value is below standards for
acceptable fit (Hu & Bentler, 1999), the large number of items in this initial analysis
precluded the model from receiving a more acceptable CFI estimate, which penalizes models
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for complexity. Of the three safety climate models that we tested in the developmental sub-
sample, the single-factor model was the poorest fit to the data (g o45) = 22,471.25, p < .05;
CFI1=.71; SRMR = .05; RMSEA = .07), whereas the seven-factor model had approximately
identical fit to the proposed second-order model ()%g¢y4; = 19,784.99, p < .05; CFI = .76;
SRMR = .05; RMSEA = .06). However, because a second-order factor structure is more
consistent with climate theory and can explain the high intercorrelations among first-order
safety climate factors, we deemed the second-order model to better represent the safety cli-
mate construct. Consequently, we adopted the second-order model for the remaining
analyses.

Next, to reduce the number of items, we used the CFA results from the second-order
model in the developmental subsample to identify the four highest-loading items in each of
the seven first-order factors, with the exception of leader safety commitment. Because of the
noted centrality of leader safety commitment as a direct indicator of the priority of safety, we
retained the six highest-loading items for this factor to give it greater content representation.
The selection of at least four items per dimension is consistent with best-practice recommen-
dations in measure development (Harvey, Billings, & Nilan, 1985; Hinkin, 1998). We believe
that this number of items per dimension is also sufficient to provide adequate content
representation for each indicator. These steps resulted in a reduced 30-item safety climate
measure, which we report in the appendix. We then reestimated the second-order model in
the developmental subsample by using the 30-item measure and found a noteworthy improve-
ment in fit relative to the full measure, particularly with its CFI value (%395, = 840.74, p <.05;
CFI = .95; SRMR = .04; RMSEA = .06). We then conducted a multigroup CFA that con-
firmed the factorial invariance of the second-order factor structure across the developmental
and cross-validation subsamples of Sample 1 ()%z5; = 1,641.27, p <.05; CF1 = .95; SRMR = .05;
RMSEA = .06).

To establish the relevance of these findings in a single safety-salient organizational
setting, we administered the reduced 30-item measure to Sample 2 and tested to see if the
specified second-order factor structure was a good fit to the data. Consistent with the results
of Sample 1’s two subsamples, the estimated factor structure fit Sample 2’s data well
(3981 = 1,206.66, p < .05; CF1=.94; SRMR = .05; RMSEA = .06). Taken together, Samples
1 and 2 provide strong support for safety climate’s second-order factor structure at the
individual level of analysis by demonstrating converging results from a heterogeneous sample
of respondents from multiple industries (Sample 1) and a large organizational sample of
production workers (Sample 2). The confirmed factor structure is noteworthy because not
only does it articulate the lower-order indicators that best represent safety climate’s content
domain, but it also confirms the existence of a second-order factor that explains common
variance across these indicators.

As an additional check of the seven identified safety climate indicators, we solicited the
feedback of several well-published international safety scholars (e.g., Julian Barling, Michael
Burke, Mark Griffin, Dov Zohar) to help confirm the pairing of our 30 items with the specified
factors. Specifically, 11 scholars with an average of 16 years of safety research experience
(SD = 6.74 years) completed a survey in which they categorized each safety climate item (30
total) with the one dimension that they deemed most representative of that item. Across the
11 scholars, there was 83% agreement with their item categorizations and our own. The chief
source of disagreement came from categorizing some items as indicators of “leader safety
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commitment” instead of categorizing them into the more specific intended categories, such
as “safety involvement” or “safety rewards.” In open-ended comments, more than one SME
indicated that some items could be reflective of, say, safety involvement and leader safety
commitment. Given our contention that the factors outside of leader commitment to safety
are ultimately indirect reflections of leadership’s safety commitment—and safety’s overarch-
ing priority—in combination with empirical evidence confirming the same with a common
second-order factor, we believe that this level of agreement is satisfactory. In fact, if catego-
rizing items as indicators of leader safety commitment is considered correct across the board,
the safety scholars’ agreement levels with our categorizations increase from 83% to 93%.
This provides additional evidence to support the safety climate indicators confirmed in
Samples 1 and 2.

Establishing safety climate’s core indicators and individual-level factor structure is only
a first step in the validation process. To adequately test the validity of a multilevel con-
struct rooted in individual perceptions (Zohar, 2011), data are needed from samples at
individual and aggregate levels. Consequently, Study 2’s purpose was to address the
remaining steps identified by Chen et al. (2004) for conducting multilevel construct valida-
tions. Specifically, we (a) tested for sufficient within-group agreement and construct vari-
ability among aggregate units (i.c., workgroups) to verify safety climate’s workgroup-level
existence, (b) assessed safety climate’s psychometric properties (i.e., factor structure, reli-
ability) across construct levels, and (c¢) examined safety climate’s associations with theo-
retically relevant constructs across levels of analysis to extend the results of Study 1. We
fulfilled this final step in two parts: first in a homology test that evaluated safety climate’s
associations with self-reported safety incidents at the individual and workgroup levels;
second, in a workgroup-level analysis of safety climate’s predictive validity that consid-
ered relationships with theoretically relevant constructs, including organization-reported
safety incidents and injuries that were reported in the 6-month periods before and after the
safety climate assessment.

With regard to our homology tests, we propose that a proportional (rather than an identical
or metaphoric) theory of homology most accurately describes safety climate’s relationships
with safety incidents across construct levels. Proportional theories of homology posit that
X-Y relationships will be proportionately stronger or weaker across levels of analysis (Chen,
Bliese, & Mathieu, 2005). On the basis of previous theory and empirical evidence (Beus
et al., 2010; Christian et al., 2009), we posit that the associations between safety climate and
safety incidents (e.g., injuries) are proportionately stronger at aggregate levels relative to the
individual level; this expectation is rooted in the premise that safety climate’s theoretical
referent is the aggregate where, correspondingly, its strongest and most meaningful associa-
tions should reside. Although individuals’ recollections of safety incidents may reveal idio-
syncratic effects on their safety climate perceptions that can be colored by individual
differences or personal experiences, aggregating across individuals to the workgroup level
(given sufficient within-group agreement) should provide a more reliable estimate of the
influence of safety incidents on workgroup safety climate that captures meaningful group
characteristics as well as the clustering of individual differences within groups (Bliese, 1998;
Bliese et al., 2007). We expect the confluence of these factors to result in proportionately
stronger workgroup-level associations between safety incidents and safety climate relative to
the individual level.
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Study 2: Method

Multilevel Organizational Samples

To fulfill the remaining steps for multilevel construct validation, we administered the
30-item safety climate measure to employees in three organizational samples: Samples 3-5.
We administered the measures in Samples 3 and 4 via paper and pencil and in Sample 5 via
an online questionnaire. To be included in this study’s multilevel analyses, respondents from
each sample had to identify their workgroups, and at least two employees from each work-
group had to provide usable responses.

Sample 3 consisted of 634 employees from 90 workgroups in a Chilean mining company.
Utilizing the noted inclusion criterion, we retained 547 employees (86%) embedded within
75 workgroups (83%) for analyses (M = 7.29 employees per workgroup, SD = 5.19). Of the
retained respondents, 91% were male with an average age of 36.33 years (SD = 10.20) and
an average organizational tenure of 3.88 years (SD = 3.47). For this sample, the measures
were first translated from English to Spanish by two psychology doctoral students fluent in
both languages, using accepted translation-back-translation techniques (Brislin, 1970).

Sample 4 consisted of 228 English-speaking contractors at a U.S. petrochemical refin-
ery. We retained 195 respondents (86%) from 47 workgroups (M = 4.15 employees per
workgroup, SD = 2.64) for analyses. Of the retained respondents, 95% were male with an
average age of 36.86 years (SD = 11.94) and an average organizational tenure of 10.62
years (SD = 9.13).

Finally, Sample 5 consisted of employees of a large U.S. petrochemical company; 535
of 705 (76%) respondents provided complete, usable responses, and we were able to
retain 504 employees from 64 workgroups (M = 7.98 employees per workgroup,
SD = 7.38) for analyses. Respondents reported an average organizational tenure of 16.66
years (SD = 11.26). The organization did not permit demographic questions about sex or
age in the questionnaire.

To ensure that we had sufficient statistical power for our analyses—particularly at the
workgroup level—it was advantageous to combine the three organizational samples into a
single sample. To substantiate this decision, we conducted a multigroup CFA to determine
whether responses were factorially equivalent across samples. In support of the second-order
factor structure established in Study 1, this analysis confirmed equivalent factor structures
across the three samples (x2[1’254] =4,195.02, p <.05; CFI=.92; SRMR =.06; RMSEA =.08);
that is, constraining safety climate responses across these samples to be represented by a
second-order factor structure with seven first-order factors was a good fit to the data.
Consequently, we proceeded to combine Samples 3—5 for the purposes of examining the
psychometric properties of measure responses across levels of analysis and for testing a
proportional theory of homology. The combined sample consisted of 1,249 employees
embedded in 186 workgroups.

Measures

Safety climate. We assessed safety climate in Samples 3—5 via the reduced 30-item
measure. We also assessed safety climate by using a reputable 10-item measure from Zohar
(2000) in Sample 5 only. We did this for comparative purposes, which we elaborate on later.
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Self-reported safety incidents. Respondents in each sample were asked to report the num-
ber of injuries and noninjurious incidents (e.g., fires, equipment damage) that occurred in their
workgroups over the preceding 6 months. These represent theoretical antecedents of safety
climate given that they occurred prior to safety climate assessment (Beus et al., 2010). Based
on previous meta-analytic evidence, these variables should demonstrate small to moderate
negative associations with safety climate at the individual and group levels of analysis (Beus
et al., 2010; Christian et al., 2009).

Self-reported workgroup safety behavior. We assessed self-reported workgroup
safety behavior in each sample via Griffin and Neal’s (2000) measures of safety behaviors—
specifically, required rule-following safety-related behaviors (safety compliance; 4
items) and nonprescribed discretionary safety-related behaviors that contribute to work-
place safety (safety participation; 4 items). To facilitate group-level analyses, we altered
the referent of these items to reflect the workgroup (e.g., “My workgroup carries out
work in a safe manner”). Meta-analytic evidence suggests moderate to strong positive
associations between safety climate and safety behavior across levels of analysis (Chris-
tian et al., 2009).

Organization-reported safety incidents. In Sample 5 only, we were given access to orga-
nization records of workgroup-level safety-related events that occurred in the 6 months
before (435 reported events) and after (601 reported events) our safety climate assessment.
We excluded events that were attributed primarily to contractors, as contractors were not
invited to participate in the safety climate assessment. This reduced the number of events
to 328 before the assessment and 432 after the assessment. The types of events reported in
the database included worker injuries, fires, chemical/gas leaks and spills, automobile acci-
dents, observed safety rule violations, equipment failures, and general process abnormalities.
Because of inconsistent organizational labeling of reported incidents, the first two authors
independently coded each event based on the description provided and then arrived at con-
sensus regarding event designations. The events of particular interest for this study—and
where there were sufficient incidence rates and between-group variability for workgroup-
level analyses—were injuries and generalized safety incidents. We operationalized injuries
as reports of physical harm to workers, ranging from minor injuries requiring only basic
first-aid treatment (e.g., cuts, heat exhaustion) to more serious injuries that resulted in time
off (e.g., severe burns, broken bones).

We included all relevant reported safety-related events in our operationalization of safety
incidents (e.g., injuries, leaks, spills, automobile accidents, process abnormalities).
Exceptions to this were reported events that were beyond the control of organizational
employees (e.g., weather events, security issues involving nonemployee third parties), which
are therefore less likely to affect or be affected by workgroup safety climates.

Study 2: Results and Discussion
Safety Climate’s Factor Structure Across Levels of Analysis

A critical step in multilevel construct validation is testing the psychometric properties of
measure responses at each construct level of interest (Chen et al., 2004). However, before
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conducting these analyses in our combined sample, we tested for sufficient between-group
variability (intraclass correlation coefficients: ICC[1], ICC[2]) and within-group agreement
(717 in safety climate perceptions to determine whether safety climate could meaningfully
be considered to represent a workgroup-level construct across these contexts (Bliese, 2000;
Chen et al., 2005). We estimated ICC(1) and ICC(2) values to verify that scale responses
showed sufficient variability among groups as well as adequate mean stability. These estimates
were supportive in both cases, demonstrating that meaningful proportions of safety climate
variability were explained by group membership (ICC[1] = .22) and that workgroup means
represented fairly stable estimates (ICC[2] = .65) based on the relatively small sizes of the
examined workgroups.

Likewise, tests of within-group agreement revealed that workgroup members generally
shared corresponding perceptions of workgroup safety climates. We calculated two 7,
estimates through moderately skewed (median r,,,;; = .97) and uniform null (median ,,,(; = .99)
response distributions since these realistically demonstrate the lower and upper bounds of
within-group agreement levels across these samples’ workgroups. Uniform response distribu-
tions assume that individuals within a workgroup are equally likely to endorse each response
option, whereas a moderately skewed response distribution assumes negative skew, or a greater
likelihood of responding favorably to items (LeBreton & Senter, 2008). Such a distribution is
theoretically plausible in these contexts given the possibility that respondents preferred not to
rate their leaders’ or coworkers’ commitment to safety poorly. Median 7., values across work-
groups were statistically significant whether based on critical values (see Smith-Crowe, Burke,
Cohen, & Doveh, 2014) for uniform distributions (7, = .78) or moderately skewed distribu-
tions (r,,,;;; = -87). These indices, in combination with ICC(1) and ICC(2) estimates, provide
evidence to suggest that safety climate exists at the workgroup level across these three contexts.
We also note that internal consistency estimates of safety climate responses at the individual
(a=.97) and workgroup (a = .98) levels were satisfactory for the combined sample.

Given this supporting evidence, we conducted CFAs at the individual and workgroup levels
of analysis to determine whether safety climate’s established second-order factor structure was
a good fit across construct levels. As already indicated by our multigroup CFA comparing the
three combined samples, a second-order factor structure with seven first-order factors was a
good fit to individual-level data after accounting for nonindependence due to workgroup nesting
(08 = 1,257.96, p < .05; CF1 = .96; RMSEA = .04; SRMR = .04). We then tested the fit of
the second-order model at the workgroup level of analysis. This analysis revealed that mean
workgroup-level responses were likewise an acceptable fit to the second-order factor structure
established in Study 1 (%305 = 1,034.75, p <.05; CFI = .90; RMSEA = .09; SRMR = .05).

Taken together, the findings from these three combined organizational samples confirm
the workgroup-level emergence of safety climate and establish safety climate’s workgroup-
level factor structure, providing evidence that safety climate is conceptually similar across
individual and workgroup levels. The correspondence of findings from these three samples
further supports the generality of this measure in light of differences in language, industry,
and national culture.

Testing a Proportional Theory of Homology

To examine the proposed proportional theory of homology for safety climate and relevant
safety-related correlates, we tested the relationships between safety climate and two types of
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self-reported safety incidents at the individual and workgroup levels. Although we assessed
safety behavior as a theoretically relevant outcome of safety climate, we did not include it in
homology tests, because of the unexpectedly high magnitude of its individual- and group-
level correlations with safety climate (» = .70 and .80, respectively). The magnitude of these
correlations is likely a combined function of (a) the safety behavior items being adapted to
have a group-level referent (much like climate items), (b) the two measures using the same
response scale, and (3) the two constructs being proximally located in a cross-sectional sur-
vey (Podsakoff, MacKenzie, & Podsakoff, 2012). Descriptive statistics and intercorrelations
for the examined constructs at both construct levels in Samples 3 to 5 are reported in the
online supplement (see Table S3).

On the basis of our earlier reasoning, we expected the aggregate associations between
safety climate and safety incidents to be proportionately stronger than corresponding indi-
vidual-level associations. To test this proposition, we followed the procedures outlined by
Chen et al. (2005) and estimated a series of sequential models to assess scalar and then
metric similarity of these relationships across construct levels. In the present context, metric
similarity would suggest that safety climate’s associations with safety incidents are the same
in magnitude and meaning at the individual and workgroup levels, whereas scalar similarity
could suggest—as we propose—that the magnitudes of these relationships are proportion-
ately similar but not identical. Before conducting these tests, however, we assessed whether
self-reported workgroup safety incidents from Samples 3 to 5 revealed sufficient between-
group variability for consideration at the workgroup level. These estimates indicate that a
meaningful proportion of the variance for incidents (ICC[1] =.10) and injuries (ICC[1]=.11)
can be attributed to workgroup membership. Consequently, we proceeded with our multi-
level homology tests.

To assess scalar similarity, we estimated models testing the proposed relationships (i.e.,
safety climate predicted by prior accidents and injuries) at the individual (Model A) and
workgroup (Model B) levels, with the individual-level model accounting for the nonindepen-
dence due to workgroup nesting and the workgroup-level model being unit size weighted.
We then estimated a workgroup-level model (Model C) that constrained the estimated param-
eters to be a multiplicative function of the individual-level estimates from Model A. This test
resulted in computing a scaling factor that equated the individual-level estimates to the
corresponding group-level estimates; results for these tests are reported in Table 1. To evaluate
scalar similarity, we next compared the fit of the unconstrained group-level model (Model B)
and the constrained group-level model (Model C) and did not find a significant decrease in
fit (Fy, 175y = 0.68, p > .10).* These results provide initial support for scalar (or proportional)
similarity for these individual- and workgroup-level relationships, which means that the scaling
factor of 1.85 can be applied to both predictors—self-reported injuries and incidents—to
equate the individual- and group-level models.

We next tested for metric similarity to determine if the individual- and workgroup-level
relationships were meaningfully different in magnitude (i.e., whether the estimated scaling
factor was statistically significantly different from 1; Chen et al., 2005). Failing to support
metric similarity suggests that multilevel relationships are proportionately similar in magni-
tude (scalar similarity), not identical (metric similarity). However, contrary to expectation,
results supported metric similarity for the associations between safety climate and safety
injuries and incidents (F}; 7, = 2.16, p > .10), indicating that the scaling factor of 1.85 is not
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Table 1
Testing Scalar Similarity Between Safety Climate and Safety Incidents

Model: Predictor B B SE t
Model A
(Intercept) 0.00 0.04 0.00
Injuries —-0.05 -0.12 0.03 -1.68
Accidents —-0.00 —-0.08 0.00 —-3.82"
Model B
(Intercept) —0.02 0.05 —-0.45
Injuries —-0.11 -0.22 0.04 —2.92*
Accidents —-0.00 —-0.11 0.00 -1.53
Model C: Scaling factor 1.85 0.26 0.53 3517

Note: These analyses were conducting with the combined sample (Samples 3—5). Model A = individual-level model
(n="1771). Model B = workgroup-level model (n = 178). Model C = model constraining workgroup-level parameters
to be a multiplicative function of individual-level estimates from Model A. B =unstandardized regression coefficient.
B = standardized regression coefficient.

*p <.05.

significantly different from 1. Stated differently, these results specify that workgroup-level
associations between safety climate and two safety incident types (i.e., injuries and incidents)
are not substantially different in magnitude from corresponding individual-level associations.
This suggests that an identical theory of homology is a more accurate representation of safety
climate’s multilevel associations with self-reported safety injuries and incidents than a
proportional theory. Nevertheless, it is noteworthy that, although not significantly different
from 1, the scaling factor indicates that workgroup-level safety climate incident effect sizes
are 1.85 times the magnitude of corresponding individual-level associations.

Testing Safety Climate’s Workgroup-Level Predictive Validity

In addition to establishing a theory of homology to characterize safety climate’s multi-
level associations, it is imperative to verify safety climate’s predictive validity as part of the
validation process (Hinkin, 1998; Messick, 1995). Because the focal level of theory for safety
climate is the group (Glick, 1985; Schneider et al., 2011), it is most important to assess pre-
dictive validity at the group level. Additionally, to mitigate concerns of common method bias
and thereby strengthen statistical conclusions, it is advantageous to gather time-lagged and
other-source-reported criteria when evaluating predictive validity (Podsakoff et al., 2012).
Consequently, as a final step in this multilevel construct validation, we examined safety cli-
mate’s workgroup-level associations with organization-reported safety incidents and injuries
that occurred in the 6-month periods immediately before and after safety climate
assessment.

We evaluated predictive validity solely in Sample 5, as this was the only organization to
allow access to archival safety records. Descriptive statistics and intercorrelations among
the variables of interest for these analyses are reported in Table 2. As can be seen, safety
climate’s workgroup-level correlations with self- and organization-reported safety events
(i.e., small to moderate and negative) are consistent with theoretical expectations and
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Figure 1
Path Models of Safety Climate’s Associations With Safety Incidents and
Injury Reports
Pre-survey Safety ~02* (0.01) . -55%(0.26) | Post-survey Safety
Incidents (6 mos) ~.01(0.01) Salety Climage -47(0.29) | Incidents (6 mos)
Pre-survey Injury -.02(0.03) ; -1.45%(0.41) | Post-survey Injury
Reports (6 mos) -.01 (0.03) - -1.37*(0.46) | Reports (6 mos)

Note: Path models were estimated with data from Sample 5 at the workgroup level (n = 64). All path estimates are
unstandardized, with standard errors in parentheses; bolded path estimates were obtained via this study’s safety
climate measure; italicized path estimates were obtained with an alternate safety climate measure from Zohar (2000).
*

'p <.05.

existing meta-analytic estimates in terms of the direction and magnitude of associations
(Beus, McCord, & Zohar, 2016; Beus et al., 2010; Christian et al., 2009). This provides
preliminary evidence of predictive validity for our workgroup-level safety climate responses.
Building on these initial confirmatory findings, we estimated path models that simultane-
ously analyzed the associations between workgroup safety climate and organization-
reported safety injuries and incidents (pre- and postassessment). Because
“organization-reported safety incidents” is an inclusive variable that subsumes injurious
and noninjurious safety-related events (e.g., fires, leaks, spills), we did not include safety
incidents and injuries in the same model. Rather, we estimated two path models, with one
model including safety incidents and one including only injuries.

The path models, as well as the path estimates for each model, are depicted in Figure 1.
The path models were estimated in Mplus version 7 (Muthén & Muthén, 2012) with full
information maximum likelihood estimation; because postsurvey incidents and injuries are
counts with high frequencies of zero events (i.e., no incidents or injuries over the 6-month
period), we modeled these dependent variables through a zero-inflated Poisson distribution.
For the model including organization-reported safety incidents, path estimates indicated sig-
nificant negative associations between pre- and postsurvey safety incidents and workgroup
safety climate. In other words, workgroups that reported fewer safety incidents in the 6
months prior to safety climate assessment tended to have significantly more favorable safety
climates, as reflected by aggregate scores derived from our safety climate measure. Likewise,
workgroups with more favorable safety climates tended to report significantly fewer safety
incidents in the 6 months following safety climate assessment.

For the model that included the narrower criterion of organization-reported injuries, the path
estimate of the association between presurvey injury reports and safety climate was negative but
nonsignificant. However, the association between safety climate and postsurvey injury reports
was negative and statistically significant. Thus, for the more restrictive criterion of organization-
reported injuries, although there was no association between presurvey workgroup injuries and
workgroup safety climates, more favorable safety climates were associated with statistically
significant decreases in subsequent workgroup injury reports. In sum, results indicate that while
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safety climate was in general meaningfully associated with broad safety incidents that occurred
pre— and post—safety climate assessment, safety climate was related only to future injury reports
and not injuries that were reported before safety climate assessment.

To compare the predictive validity of our newly developed safety climate measure with an
alternative safety climate measure, we also assessed safety climate in Sample 5 by using a
published 10-item measure from a reputable source (Zohar, 2000). As reported in Table 2,
aggregate responses to both measures were very highly correlated (» = .81). Likewise, the
workgroup-level correlations with self- and organization-reported safety incidents were in the
same direction and of similar magnitude. However, as indicated in Figure 1, estimation of the
same path models with the alternative measure in place of our measure resulted in somewhat
different conclusions. Specifically, only the association between the alternate measure and
postassessment organization-reported injuries reached statistical significance. The associa-
tions between the alternate safety climate measure and pre- and postassessment safety inci-
dents were negative but not statistically significant, whereas these relationships reached
statistical significance with our newly developed measure. Taken together, although work-
group responses to both safety climate measures were highly correlated with each other, there
were some noteworthy differences in statistical conclusions that favor the use of the new
measure, as it demonstrated better criterion-related validity relative to the alternate measure.

In summary, Study 2 addressed the remaining steps for conducting a multilevel construct
validation effort. Specifically, we demonstrated that safety climate data are represented well
across construct levels by a second-order factor structure that explains shared variance
among the seven indicators identified in Study 1. Study 2 also demonstrated that an identical
theory of homology, as opposed to the proposed proportional theory, most accurately
describes safety climate’s multilevel associations with self-reported safety incidents. Finally,
Study 2 revealed that workgroup responses to the newly developed safety climate measure
were meaningfully negatively associated with organization-reported presurvey safety inci-
dents as well as with postsurvey safety incidents and injuries. We discuss the implications of
these findings in conjunction with Study 1’s findings next.

General Discussion

With climate theory and the extant safety climate literature as a conceptual basis, our
purpose was to clarify a number of ambiguities regarding the conceptualization and measure-
ment of safety climate across construct levels. To do so, we first created a generalized mea-
sure that delineated seven indicators reflecting safety climate’s core content domain: leader
safety commitment, safety communication, safety training, coworker safety practices, safety
equipment and housekeeping, safety involvement, and safety rewards. Then, in two studies
incorporating data from five samples of employees, we conducted a multilevel construct
validation effort by using the new measure that clarified safety climate’s aggregate nature, its
psychometric properties across construct levels, and its multilevel relationships with self-
and organization-reported safety outcomes.

Theoretical and Practical Implications

As the introductory quote by Lord Kelvin intimates, it is difficult to advance scientific
understanding of an organizational phenomenon without sound measurement. Unfortunately,
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this has been precisely the problem that has plagued safety climate research. We assert that
the root of safety climate’s measurement problem has been a broad lack of appreciation of the
construct’s multilevel conceptualization and content domain. As a result, there has been a
proliferation of widely divergent measures that have perpetuated safety climate’s ongoing
conceptual ambiguity. This confusion has persisted despite the existence of a widely cited
definition and conceptualization that are consistent with the broader climate literature (i.e.,
Zohar, 2011).

A plausible explanation for the creation of so many safety climate measures is that there
are theoretically an infinite number of organizational policies, procedures, and practices that
can reflect safety’s workplace importance across industries and settings. Consequently, one
of the core contributions of this study is that we compiled 1,500 safety climate items from
>60 measures to inductively identify recurrent and theoretically appropriate themes or cate-
gories that represent general indicators of safety’s workplace importance across industry
settings. The purpose of doing this was not to capture all possible lower-order indicators of
safety climate but rather to identify a representative set that would be applicable across con-
texts and would most effectively prime respondents to consider safety’s true priority or
importance. We are unaware of any other safety climate measures that have been created in
a manner that can offer similar assurances of comprehensiveness in measure content.

The seven dimensions that emerged from our literature search represent a conceptual
framework that encapsulates safety climate’s general content domain. The identification of
these dimensions informed the development of our cross-industry measure and our subse-
quent tests of competing theoretical factor structures. Results revealed that shared variance
across these indicators can be explained at the individual and workgroup levels by a higher-
order factor representing safety’s general workplace value and importance. Consistent with
theoretical expectations concerning climate, this suggests that the seven identified indicators
represent related manifestations of safety climate that each reflect safety’s workplace prior-
ity. Although each first-order indicator loaded strongly onto the latent, second-order safety
climate factor (standardized loadings at the group level in Samples 3—5 ranged from .68 to
.96), it is noteworthy that safety involvement and safety communication were consistently
the highest-loading factors across this study’s five samples. Thus, it appears that (a) active
worker involvement in safety and (b) open communication of safety issues are particularly
meaningful indicators of a group’s safety climate—likely because effective reciprocal safety
communication and active safety involvement by all are clear and compelling evidence to
group members that the group values and prioritizes safety.

This study also extended understanding of safety climate by testing its multilevel associa-
tions with relevant constructs. Contrary to our expectations, tests of homology revealed that
safety climate’s multilevel relationships with self-reported incidents and injuries were best
reflected by an identical theory of homology, as opposed to a proportional theory. However,
although the scaling factor that equated these multilevel relationships was not statistically
significantly different from one (1.85), it still indicates that workgroup-level relationships are
nearly 2 times stronger in magnitude than corresponding individual-level relationships.
Interestingly, the magnitude of this difference is nearly equal to the difference in the same
effect sizes reported in Beus and colleagues’ (2010) meta-analysis of safety climate—injury
relationships. Specifically, the group-level estimate of safety climate’s association with prior
injuries reported by Beus et al. (P =—.29) is 1.81 times the magnitude of the individual-level
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estimate of the same relationship (f)= —.16). Thus, although group- and individual-level
relationships were not proportionately different from a statistical perspective in the present
study—perhaps due to statistical power limitations—it is likely that additional studies would
further support differences in the magnitude of associations across levels and consequently
substantiate the importance of assessing safety climate as a group-level phenomenon.

In addition to clarifying the homologous nature of safety climate’s multilevel associations
with self-reported safety incidents, we confirmed the workgroup-level predictive validity of
safety climate responses. We supported the expectation that the occurrence of negative
reported safety events is associated with less favorable safety climates and that such safety
climates are connected with a subsequent increase in negative safety events. This under-
scores the inherently reciprocal nature of climate in that the outcomes that arise from climate
can also serve to reinforce the climate (Beus et al., 2010). In other words, a climate-induced
safety event (e.g., chemical leak) may not only be an outcome of safety climate but also an
antecedent that can adjust group members’ perceptions of safety’s overarching priority (or
the lack thereof).

Importantly, responses to our safety climate measure evidenced improved predictive
validity relative to responses from a reputable alternate safety climate measure. We also
found comparative advantages to the new measure in its ability to represent safety climate as
a group-level phenomenon. Specifically, although within-group agreement was high according
to both safety climate measures (median r,,,;; = .99 vs. .94), r,.;, estimates were universally
higher for each workgroup with our measure relative to the comparison measure; similarly,
greater proportions of between-group variance in safety climate were accounted for when our
measure was used (ICC[1] = .20) relative to the comparison (ICC[1] = .13). This pattern of
findings suggests an improved ability not only to predict safety incidents but also to more
accurately measure safety climate as an emergent group-level phenomenon through our mea-
sure relative to the alternative.

Taken together, the results from Studies 1 and 2 provide clarity concerning safety climate’s
content domain, multilevel dimensionality and factor structure, and cross-level functionality.
This is a meaningful contribution to the safety climate literature, as it provides not only a
clearer understanding of what safety climate is but also a well-developed means of assessing
safety climate and a better understanding of how it operates psychometrically and relates to
relevant constructs at different levels of analysis.

A number of practical implications are associated with this study’s findings as well.
First, the inductive approach taken to develop this generalized safety climate measure
should facilitate its use as a benchmarking tool across organizations and industries. In
offering this recommendation, we are aware of the practical complexities that are associ-
ated with using a 30-item measure for a single construct. For the sake of time, some orga-
nizations may be hesitant to permit a 30-item measure for a single construct when there are
often several other constructs being measured in the same survey. Furthermore, it can be
difficult to obtain a sufficiently large workgroup-level sample size that provides adequate
statistical power to analyze the psychometric properties of workgroup-level responses to a
30-item measure.

With these practical considerations in mind, we believe that there is value in offering a
short-form version of our safety climate measure when circumstances make it difficult to use
the full measure. One reasonable alternative to the full measure is to adapt a shorter version
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that uses a single representative item to reflect each of the seven core indicators. The second-
order factor structure and high correlations among first-order factors demonstrated in Studies
1 and 2 provide some justification for this approach. It effectively constitutes a downward
shift in the factor structure such that the second-order factor is replaced by a first-order factor
and the first-order factors are replaced by an observed item from each indicator. To accom-
plish this, we selected one item from each indicator that we believe best exemplifies that
particular indicator from a conceptual perspective. The exception to this was leader safety
commitment from which we selected the two most representative items given this dimen-
sion’s focal role in the safety climate construct (Hofmann & Stetzer, 1996; Zohar, 2002;
Zohar & Polachek, 2014). This resulted in selecting eight items for the proposed short mea-
sure, which are marked with an asterisk in the appendix. Responses to these eight items were
represented adequately by a single latent factor at the individual level (y%,; = 260.91, p <
.05; CF1=.92; RMSEA = .10; SRMR = .04) and the workgroup level (35, = 126.29, p <.05;
CFI1=.91; RMSEA =.17; SRMR =.06) via the combined data from Samples 3 to 5, although
the RMSEA values were substandard at both levels of analysis.’ For comparative purposes,
we note a near-unity workgroup-level correlation between aggregated responses to the short-
ened eight-item measure and the 30-item measure (» =.99) in Samples 3 to 5. The two safety
climate operationalizations shared nearly identical correlations with relevant covariates as
well, although it is noteworthy that the full 30-item measure was slightly more strongly cor-
related in each case; this was likewise true with organization-reported safety incidents and
injuries in Sample 5. Thus, although the reduced measure retains some of the core content of
the full measure and may be more practically feasible in some cases, we maintain that the
30-item measure is a more complete representation of safety climate’s content domain and
should be preferred when conditions allow it, particularly for developmental and diagnostic
purposes.

A natural extension of the desire to accurately measure safety climate is the goal to
improve it and thereby minimize costly safety incidents. The practical value of the seven
identified safety climate indicators (whether assessed with four items or one) is that they
offer specific factors that, when improved, can alter a prevailing safety climate and reduce
safety incidents. Interestingly, the three specific safety climate dimensions that revealed the
strongest relationships with organization-reported incidents and injuries (pre— and post—
safety climate assessment) are safety training, safety equipment and housekeeping, and
safety rewards. Of the seven safety climate dimensions, these are arguably the most straight-
forward and tangible dimensions to improve. Offering adequate and timely safety training,
providing appropriate equipment and working conditions, and incentivizing safety are all
things that are readily within the typical group or organization’s capacity to change and may
also go the furthest in terms of reducing negative safety incidents. Focusing on these dimen-
sions could also lead to improvements with other dimensions. For example, attaching rewards
to safe work behaviors is likely to foster perceptions of greater leader safety commitment, as
it would simultaneously indicate that leaders place greater value on workplace safety.
Likewise, providing sufficient safety training is likely to enhance worker safety practices,
safety communication, and even safety involvement, as employees who are more knowl-
edgeable and capable with regard to safety (i.e., better trained) will likely have greater moti-
vation to be compliant and involve themselves in safety-related issues (Sitzmann, Brown,
Casper, Ely, & Zimmerman, 2008).
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Limitations and Future Directions

Although this study’s findings provide needed conceptual clarity for a construct of dem-
onstrated practical importance, its limitations are worth noting. The rate of nonserious
responding in Sample 1 is a concern. While we are confident in the data that we ultimately
retained for analysis given our screening criteria, the proportion of respondents who failed
these criteria is troubling. However, we note that the second-order factor structure obtained
through Sample 1 was substantiated at the individual and workgroup levels in four safety-
salient organizational samples. Thus, it is unlikely that the high proportion of nonserious
respondents in Sample 1 biased the initial determination of safety climate’s factor structure.

An additional limitation is the unexpectedly high correlations between safety climate and
safety behavior in Samples 3 to 5. The magnitudes of these correlations are to such a degree
as to make the constructs empirically indistinguishable. In addition to the artifactual factors
noted earlier, there are substantive reasons to expect safety climate and group behavior to be
highly correlated. Theoretical perspectives on climate converge in conceptualizing leader
and coworker behaviors as reflecting group priorities and expectations (Ashforth, 1985;
Schneider & Reichers, 1983; Zohar & Hofmann, 2012). In other words, although behaviors
are a natural by-product of climates, they also inform climate perceptions because they are
outward manifestations of what is prioritized and important in the group. Consequently,
when climate is assessed—tregardless of the domain—it is customary to use behaviorally
laden items to capture the phenomenon. An unintended result of doing so, however, is that
climate items may correlate particularly strongly with behavior items, especially when those
items use the same theoretical referent. In light of this consideration, we recommend that
safety climate researchers (and climate researchers in general) take greater care to ensure that
hypothesized behavioral outcomes of climate are assessed in a manner that will not unneces-
sarily inflate statistical relationships. Effective ways of doing so include using different
response scales (e.g., frequency instead of agreement based), separating measurement in
time, or using other-source reports of behavior (Podsakoff et al., 2012).

We contend that it is difficult to make scientific progress in a field that is plagued by con-
ceptual ambiguity. In light of our findings that clarify the conceptualization and measure-
ment of safety climate across construct levels, there are important issues for future safety
climate researchers to consider. First, we know comparatively little about the formation of
safety climates (or climates in general) within groups. Although theoretical explanations for
climate formation exist (e.g., Ashforth, 1985; Schneider & Reichers, 1983), empirical tests of
these explanations, particularly for safety climate, are in short supply. One way of testing this
phenomenon would be to survey newly formed groups (e.g., workgroups, work sites, organi-
zations) periodically in their initial stages of development to see how perceptions within
groups shift over time and to consider the factors that lead to or detract from within-group
agreement (e.g., group composition, opportunities for social interaction, personnel changes).
Interconnected with the issue of safety climate formation is the consideration of how safety
climates change. Zohar and colleagues (Zohar, 2002; Zohar & Polachek, 2014) have made
compelling contributions regarding the role of formal leaders in climate change, but addi-
tional factors need to be explored to further understanding of these issues. For example, to
what extent do formative events, such as a major injury or workplace fatality, affect safety
climates? Beyond the event itself is the consideration of how the group responds to the event
(e.g., a learning opportunity vs. an exercise in retribution). In considering safety climate



Beus et al. / Safety Climate 2009

change, we emphasize the need to examine it in terms of the level or favorability of the cli-
mate (i.e., mean group safety climate scores) as well as the strength or consensus among
group members regarding the climate (i.e., variability around group mean scores). In this
way, changes in the quality and pervasiveness of the safety climate can be tracked.

Although we focused our attention on the individual and workgroup levels for this study,
it is likewise important to consider other aggregate levels for safety climate research. Climates
can have particular importance at the organization level, where the differences among orga-
nizations are likely to be starker than those among workgroups nested in the same organiza-
tion. Unlike workgroups, different organizations generally do not share common leadership
or underlying cultural values and assumptions, which likely restricts the observed variance in
workgroup-level climates within a single organization. As a result of this workgroup-level
range restriction, it is plausible that the emergent properties (e.g., within-group agreement,
between-group variance) and predictive validity of organization-level responses to our safety
climate measure will be enhanced relative to the workgroup-level results reported here.
Future research is needed to determine the extent to which this is the case.

Conclusion

Despite safety climate’s demonstrated practical importance, persistent conceptualization
and measurement problems have failed to allow science to gain a better understanding of this
construct. This study contributes to the extant literature by articulating safety climate’s mean-
ing and multilevel nature, inductively defining safety climate’s content domain, and creating
and validating a cross-industry measure to be used across construct levels. Data from five
widely varying samples provided multilevel construct validity evidence for safety climate
via the newly developed measure. Given the evidence presented here, we recommend the
generalized adoption of our safety climate measure and conceptualization and hope that this
will allow safety climate research to advance beyond its past measurement issues to address
substantive research questions that will enhance the science and practice of workplace safety.

Appendix

Safety Climate Dimension Descriptions and Items

*Items with an asterisk represent the shortened eight-item measure described in the General
Discussion section.

Leader safety commitment. The extent to which employees perceive that their leaders are
dedicated to providing a safe workplace.

My supervisor strictly enforces the safe working procedures in my workgroup.
My supervisor takes a proactive stance when it comes to safety.

My supervisor demonstrates leadership by keeping people focused on safety.
My supervisor takes the lead on safety issues.

My supervisor is committed to improving safety.*

My supervisor places a strong emphasis on workplace safety.*

IS e
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Safety communication. Employees’ perception of the effectiveness of communication
regarding safety issues.

b S

Safety issues are openly discussed between my supervisor and my workgroup.*

My workgroup gets timely feedback on safety issues we have raised with our supervisor.
My supervisor keeps my workgroup informed of safety rules.

My supervisor informs my workgroup when procedure changes affect safety.

Safety training. The extent to which employees perceive that the safety training provided
is sufficient to inform all workers on how to work safely.

b=

There is adequate safety training in my workgroup.

Employees receive safety training when they change work tasks.
Enough time is set aside for employee safety training.

My supervisor ensures employees have adequate safety training.*

Coworker safety practices. Employees’ appraisal of the extent to which their fellow co-
workers are committed to workplace safety.

b=

My co-workers always follow safety procedures.

My co-workers are quick to point out unsafe conditions.
My co-workers take safety very seriously.

My co-workers are committed to safety improvement.*

Safety equipment and housekeeping. The extent to which employees perceive that they
have been provided the proper safety equipment and that working conditions have been main-
tained sufficiently to ensure worker safety.

b S

Employees in my workgroup are given sufficient safety equipment.
Efforts are made in my workgroup to provide safe working conditions.
Equipment in my work area is checked to make sure it is free of faults.
Unsafe conditions are promptly corrected in my work area.*

Safety involvement. The extent to which employees perceive that they are involved in and
allowed to contribute to workplace safety decisions.

b S

My supervisor consults with employees regularly about workplace safety issues.
My supervisor promotes employees’ involvement in safety-related matters.

My supervisor values employees’ ideas about improving safety.

My supervisor encourages employees to become involved in safety matters.*

Safety rewards. Employees’ perception of the extent to which safety behaviors are rein-
forced and supported by organizational leaders.
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1. The reward system in my workgroup promotes high performance only when work is conducted
safely.

2. My supervisor rewards safe behaviors.

My supervisor praises safe work behavior.*

4. In my workgroup, employees who work safely get recognition.

|98}

Note: All items were answered with a 5-point scale (1 = strongly disagree, 2 = disagree, 3 =
neither agree nor disagree, 4 = agree, 5 = strongly agree).

This measure has been adapted for use at the organization level, and Spanish, French,
Italian, and Chinese versions of this measure are available upon request.

As part of ongoing efforts to advance the utility of this measure, we have constructed a
normative database that is publically available for benchmarking purposes. To this end, we
encourage all users of this measure to contribute their descriptive statistics to the database as
a professional courtesy. To contribute information to this database (e.g., descriptive statistics,
administration, and sample information), please go to http://safetyclimate.sites.tamu.edu or
contact the corresponding author. Thank you.

Notes

1. This total is not 132, because one item was split into two items, resulting in 133 total items.

2. Respondents in Sample 1 were chosen from nine safety-salient occupational categories (e.g., construction,
law enforcement, manufacturing) as well as one nonsafety salient occupational category (i.e., accounting/financial)
for comparative purposes. A complete listing of occupations is provided in the online supplement (see Table S1).
Multigroup CFA confirmed a common safety climate factor structure across safety-salient and non-safety-salient
categories, so respondents from the non-safety-salient occupational category were retained in the final sample.

3. The developmental sample was purposefully made larger than the cross-validation sample to provide greater
statistical power to test factor structures with all 133 items. The cross-validation sample was used to test a smaller
subset of items and, as such, required a smaller sample to achieve the requisite statistical power.

4. To ensure that we had sufficient power to reject the null hypothesis in these tests (i.e., to fail to support scalar
and metric invariance), we followed Chen and colleagues’ (2005) recommendation to adopt a more conservative p
value, given our comparatively limited sample size at the workgroup level. We thus adjusted the significance level
of these F tests to p < .10 to ensure sufficient statistical power to detect small model differences.

5. Administrations of the eight-item short measure of safety climate in samples for other projects—where the
items were grouped together as a set—revealed better fit for a single-factor solution at the individual and group
levels of analysis (i.e., CFI > .90, RMSEA < .08, SRMR < .08). These results are available from the first author
upon request.
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