Work 54 (2016) 401-413 401
DOI:10.3233/WOR-162341
10S Press

Safety climate and safety behaviors in the
construction industry: The importance
of co-workers commitment to safety

Natalie V. Schwatka®?* and John C. Rosecrance”

ACenter for Health, Work and Environment, Department of Environmental and Occupational Health,
Colorado School of Public Health, University of Colorado Denver, Aurora, CO, USA

bDepartment of Environmental & Radiological Health Sciences, Colorado State University, Fort Collins,
CO, USA

Received 2 December 2014
Accepted 19 August 2015

Abstract.

BACKGROUND: There is growing empirical evidence that as safety climate improves work site safety practice improve.
Safety climate is often measured by asking workers about their perceptions of management commitment to safety. However,
it is less common to include perceptions of their co-workers commitment to safety. While the involvement of management
in safety is essential, working with co-workers who value and prioritize safety may be just as important.

OBJECTIVE: To evaluate a concept of safety climate that focuses on top management, supervisors and co-workers
commitment to safety, which is relatively new and untested in the United States construction industry.

METHODS: Survey data was collected from a cohort of 300 unionized construction workers in the United States. The
significance of direct and indirect (mediation) effects among safety climate and safety behavior factors were evaluated via
structural equation modeling.

RESULTS: Results indicated that safety climate was associated with safety behaviors on the job. More specifically, percep-
tions of co-workers commitment to safety was a mediator between both management commitment to safety climate factors
and safety behaviors.

CONCLUSIONS: These results support workplace health and safety interventions that build and sustain safety climate and
a commitment to safety amongst work teams.

Keywords: Safety leadership, construction safety, construction workers, safety management practices

1. Introduction

More than thirty years ago, Herbert A. Apple-
baum wrote a case study on the culture within
the construction industry titled “Royal blue: The
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culture of construction workers.” In Applebaum’s
chapter titled “Accidents, danger, and death,” he
notes a lunchtime swapping of stories related to
work-related accidents and why accidents occur. At
the end of the discussion, one worker concluded,
“What’s the use of looking for a ‘why’? An acci-
dent is something that happens. There is no ‘why.’
It just is. That’s all there is.” Applebaum noted
that “this blunt realism epitomizes construction work
culture” [1]. Although this irremediable attitude per-
sists today, there have been significant advances in
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improving safety culture within the United States
construction industry. Since 1990, academics, safety
professionals, construction organizations (e.g., Cen-
ter for Construction Research and Training), and
governmental agencies (e.g., National Institute for
Occupational Safety and Health (NIOSH)) together
have made significant strides in raising the aware-
ness of health and safety issues and the importance
of safety culture in the construction industry. Across
the United States, the non-fatal injury rate among con-
struction workers has decreased by 54% from 2002 to
2010 and the fatality rate decreased by 34% between
1992 and 2010 [2]. The importance of the safety cul-
ture that Applebaum eluded to, is now a leading theme
in construction health and safety research and prac-
tice [3]. The importance of safety culture is echoed
by the NIOSH construction sector goal 8.0, which
focuses on the measurement of and interventions for
safety culture in the construction industry [4].

Despite many new and effective control measures
(from design to personal protective equipment) to
reduce injury risk on the job-site, high rates of injuries
and deaths continue in the construction industry.
Construction workers account for a disproportionate
number of the injuries and deaths among the United
States (US) workforce. Compared to other industries,
construction work still poses a significant risk for
injuries [5], chronic diseases, and functional limi-
tations [6]. This risk may be especially pronounced
among some vulnerable worker populations such as
older workers [7], younger workers [8], or Hispanic
workers [9]. In 2012, the fatality rate FOR workers
in a construction occupation was almost double the
rate FOR workers in protective services (e.g., police
and firefighters), 12.9 versus 6.7 per 100,000 full-
time equivalent workers (FTE) [10]. In 2013, the
number of injuries resulting in days away from work
was 200.9 per 100,000 FTE’s, compared to 109.4 for
all occupations [11]. Over the course of a 45-year
career, a construction worker has a 75% likelihood
of sustaining a disabling injury [12]. Similar trends
can be seen in Europe. For example, 7% of construc-
tion workers reported health problems due to working
conditions, and among them 75% attributed their
health problem to a musculoskeletal health issues
[13]. The occupational non-fatal and fatal incident
rates among construction workers in the European
Union were 2,958 and 6.6, respectively, per 100,000
workers [14].

In addition to the innovative designs that eliminate
risk and new PPE that minimizes exposure, an under-
standing of macro-level (e.g., safety climate) factors

that influence health and safety on the job may also
facilitate the continued improvements in health and
safety on construction jobsites.

1.1. Safety climate

Safety climate represents “shared perceptions
among the members of a social unit, of policies,
procedures and practices related to safety in the
organization” [15]. Zohar [16, 17] notes that these
perceptions reflect: 1) the relative priority of safety
alongside other competing organizational goals, 2)
how much of the espoused safety policies are used
in practice, 3) the consistency with which the safety
practices are carried out, and 4) management’s com-
mitment to safety. An important tenant of safety
climate is that safety climate perceptions are shared
amongst workers who work in similar environments.
Flin [18] noted in his review of safety climate litera-
ture that there are a variety of factors (or indicators)
used to represent and measure safety climate percep-
tions. However, management commitment to safety
is the most common. It is less common to consider
co-workers commitment to safety as a factor of safety
climate (see discussion below).

Many studies have linked safety climate to other
proximal (e.g., safety knowledge) and distal (e.g.,
safety behaviors and injuries) outcomes [19]. Mea-
sures of safety climate have also been used as an
indicator of health and safety in the construction
industry [15, 20, 21]. For example, after eight con-
struction workers died within a period of 18 months
on a large Las Vegas construction project, Gittleman
et al. [22] stratified safety climate measures focused
on management commitment and safety practices
to understand major health and safety concerns
by organizational level (e.g., foremen vs. workers).
Interestingly, average safety climate perceptions were
more positive among management than workers.

1.1.1. Perceptions of management

One focal point in the safety climate literature is
the prominence that company management plays in
the development of climate. At the heart of safety
climate are worker’s perceptions of management’s
true priority or value of safety. Since management is
responsible for setting company priorities and car-
rying them out in practice, their actions are key
indicators of safety climate. Meta-analyses of safety
climate studies conducted over a decade ago found
that management related factors were the most com-
mon factors included in safety climate measurements
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[18, 23]. Since then, management commitment to
safety continues to be a common safety climate
measurement factor [15, 24]. Although other fac-
tors of safety climate are commonly considered (e.g.,
safety systems and safety training), it is becoming
more common to think of safety climate percep-
tions in terms of “who” is or “who” is not carrying
out company safety policies, procedures and prac-
tices. Recently, there has been greater emphasis on
how a variety of “safety agents” within an organi-
zation respond to jobsite safety rather than the actual
practices employed [25, 26]. Conceptually, other pre-
viously researched dimensions of safety climate (e.g.,
safety training) are “‘at least partially dependent on
management commitment to safety” [27].

Previous research suggests that it is not suffi-
cient to assess safety climate based on perceptions
of management as a whole. The first author who pro-
poses a multi-level view of safety was Melid [28],
who distinguished between four actors and analy-
sis levels: worker, co-workers, supervisors and the
management. Zohar and Luria [29] contends that
measures tapping into the organization and group
level are more useful than measures that address only
the organization. While top management is respon-
sible for setting company priorities and outlining
procedures, supervisors are tasked with disseminat-
ing and integrating these concepts into daily practice
within their work groups. Zohar and Luria’s (2005)
results demonstrated this effect by showing that per-
ceptions of supervisor’s commitment to safety fully
mediated the relationship between perceptions of
top management’s commitment to safety and safety
behaviors.

In the construction industry, this distinction is
especially conspicuous. Typical construction work
takes place on job sites away from company main
offices. The distance created from this type of work
gives supervisors and mid-level management a great
amount of responsibility and discretion in carrying
out day-to-day safety practices. This responsibil-
ity and discretion contributes to the development
of safety climate perceptions beyond the organiza-
tional level. This means that workers develop distinct
perceptions of top management safety climate and
supervisor safety climate [17]. Thus, the role of
supervisors on construction job site safety cannot be
understated. In qualitative studies, researchers found
that supervisors can be helpful when they model
safe behaviors, put safety before production, and
encourage reporting when workers feel unsafe [30].
Construction workers also see their supervisor as hav-

ing the second most influential position with respect
to safety, with the safety manager being the first [31].
In quantitative studies, the amount of time supervi-
sors spent talking with their crews about safety had a
direct impact on their crew’s safety performance [32].
Furthermore, Lingard et al. [33] found that supervisor
safety climate significantly mediated the relationship
between top management safety climate and injury
frequency rate.

1.2. Co-workers commitment to safety

Co-workers commitment to safety may be an
important variable in the relationship between safety
climate perceptions and safety behaviors. In a recent
meta-analysis, Chiaburu et al. [34] found that co-
workers influence each other even after accounting
for managerial influences. In the construction indus-
try, this may be especially true due to a mobile
workforce, mixed union and non-union worksites,
varying job sites away from the contractor’s office,
and sub-contracting. These characteristics lead to a
workforce that is relatively disconnected with top
management and more connected with their crews.
While the management sets the stage for the safety
of their job sites, crews’ commitment to safety may
be more likely to affect safety behaviors on the job.
This means that in order for management to affect
safety behaviors, workers might need to perceive that
their co-workers are committed to safety. A few prior
research studies demonstrate the importance of co-
workers who care about each other’s safety [35],
practice good safety behaviors [25, 36], and sup-
port each other after a work-related injury [37] in
the construction industry.

The relationship between co-workers commitment
to safety and the aforementioned safety climate man-
agement dimensions was investigated in three prior
studies outside of the US. The researchers argue that
co-workers commitment to safety is a factor of safety
climate [15, 25, 26]. As an extension of Zohar and
Luria’s [29] organizational and group level safety
climate, Melia et al. [25] and Brondino et al. [26]
included perceptions of co-workers commitment to
safety as a factor of safety climate. They wanted to
understand the influence of various “safety agents”
(top management, supervisors, and co-workers) on
job safety. Their results demonstrated that co-workers
commitment to safety is just as important as top man-
agement and supervisor commitment to safety. In
fact, Brondino et al. [26], using structural equation
modeling (SEM), found significant mediation effects
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among a blue collar European sample of workers.
This provides evidence for a concept consistent with
a partially causal path of “safety agent” influences on
safety behavior, starting from top management and
ending at worker safety behavior.

In addition to having distinct perceptions of top
management and supervisors in the construction
industry, construction workers are also likely to
have distinct perceptions of how committed their
co-workers are to safety. This is due to a mobile work-
force, mixed union and non-union worksites, varying
job sites away from the contractor’s office, and sub-
contracting. These characteristics lead to a workforce
that is relatively disconnected with top management
and more connected with their crews (i.e., supervi-
sor and co-workers). While the management sets the
stage for the safety of their job sites, safety climate
perceptions of crews may be more likely to affect
safety behaviors on the job.

Although the contribution of co-workers in the
development of safety climate in the construction
industry may be critical, the contributing effects are
not well understood. Kines et al.’s [15] tested the
NOSACQ-50 in the Nordic construction industry
and found that co-worker factors were significantly
related to worker safety motivation and safety behav-
ior. In a sample of construction workers from Hong
Kong and Spain, Melia et al. [25] also found sup-
port for the importance of co-workers commitment
to safety as an important factor of safety climate that
is related to safety behaviors.

1.3. Present study

After interviewing 23 construction workers and
supervisors, Torner and Pousette [38] concluded
that safety performance “is dependent on the devel-
opment of open and mutually trustful vertical as
well as horizontal relationships within the contractor
company ... [furthermore], the complexity of con-
struction work demands. .. the need for collective
norms favoring safety” (pg., 407). While the involve-
ment of management in safety is essential, working
with co-workers who value and prioritize safety may
be just as important.

Increasing our understanding of safety climate per-
ceptions related to co-worker safety commitment
within a framework that includes top management
and supervisors will allow for a more detailed under-
standing of how each “safety agent” influences one
another and how their combined effect contributes to
safety performance. Thus, the purpose of the present

Supervisor
safety
commitment

Safety
participation

Top

management
safety

commitment

Safety
compliance

Fig. 1. Hypothesized model of the effect of safety climate on safety
behaviors.

study is to evaluate the usefulness of Melia et al.’s
[25] and Brondino et al.’s [26] concept of safety cli-
mate in the US construction industry. The present
study is the first to assess the relationship between
top management, supervisor, and co-worker commit-
ment to safety factors of safety climate as well as the
cumulative effect of these safety climate factors on
proximal safety outcomes (i.e., safety behaviors) in a
US construction cohort.

We evaluated the hypothesized model in Fig. 1. It
is similar to the hypothesized relationships in Melia
et al.’s [25] and Brondino et al.’s [26] studies; how-
ever, we distinguished between two types of safety
behaviors (i.e., compliance and participation). The
purpose of including the two types of safety behav-
iors was to determine if there was a differential effect
of the safety climate factors on the two kinds of safety
behaviors. This is because previous research found
that safety climate factors have a greater effect on
behaviors related to promoting safety practices (i.e.,
participation) than behaviors related to complying
with rules (i.e., compliance) [39].

Following previous research findings, we hypothe-
sized (H1) that top management safety climate would
be positively associated with supervisor safety cli-
mate (e.g. 29) and that (H2) both top management and
supervisor safety climate would be positively associ-
ated with safety participation and safety compliance
behaviors (e.g. 40).

To evaluate the role of co-workers in job site
safety, we tested the hypothesis (H3) that co- workers
commitment to safety would be positively asso-
ciated with both safety participation and safety
compliance behaviors. Finally, we investigated the
indirect effect that top management safety com-
mitment can have on safety behaviors. Given the
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aforementioned prior research, we believed that
top management and supervisor safety commitment
would still have a direct impact on worker behavior.
However, we hypothesized that (H4) the relationship
between top management safety commitment and
safety participation and safety compliance behaviors
would be partially mediated by not only supervi-
sor safety commitment but also co- workers safety
commitment.

2. Methods
2.1. Participants and procedure

Three medium-sized mechanical construction
firms (e.g., installation of plumbing and heat-
ing/ventilation systems) in the Pacific Northwest
region of the US participated in the study. A total
of 300 construction workers completed the surveys,
which represents a response rate of 71%. The major-
ity of participants were Caucasian (82%) and male
(96%) with an average age of 41.4 years (SD=11.6).
Participants had been with their company an aver-
age of 38 months (SD=50), with their immediate
supervisor for 12 months (SD =23), and had worked
in their craft for an average of 15 years (SD=
10.7). The sample represented 18 pre-apprentices, 41
apprentices, 136 journeymen, 72 foremen, 5 superin-
tendents, 5 top management, and 20 individuals from
other positions (e.g., engineers). The main trades rep-
resented by this sample include unionized plumbers,
pipefitters, and sheet metal workers. The University
Institutional Review Board approved all study related
methods.

Surveys were distributed during normal work
hours during breaks or pre-scheduled meetings (e.g.,
morning huddles, tool box talks, or safety meet-
ings). Before the surveys were distributed, all workers
were informed that their participation was volun-
tary and that no individual identifying information
would be collected from them. They were told the
survey would take 15-20 minutes to complete. The
majority of surveys were distributed to the workers
by the research investigators at the jobsite. Members
of the company’s safety team distributed surveys to
workers that were not present when the investigators
were on the jobsite. Regardless of who distributed
the survey, all surveys were collected upon com-
pletion and placed into a sealed envelope, in which
the investigators collected and maintained at the
university.

2.2. Measures

2.2.1. Safety climate

In the present study, safety climate was defined as
“shared perceptions among the members of a social
unit, of policies, procedures and practices related
to safety in the organization” [15]. Workers were
asked to respond to questions referring to their top
management, supervisor’s, and co-workers’ safety
commitment.

The survey items were adapted from the
NOSACQ-50 [15], which was tested in the con-
struction industry and includes a variety of distinct
safety climate dimensions that represent company
safety policies, procedures and practices. Three of
the seven management focused dimensions of safety
climate in the NOSACQ-50 were used in the present
study. These included: 1) management safety priority,
commitment, and competence 2) management safety
empowerment, and 3) management safety justice.
The three other dimensions were excluded because
either they did not pertain to the present study (e.g.,
perceptions of their trust in the efficacy of their work-
place safety systems) or because of survey length
restrictions.

In order to evaluate safety climate factors that
reflect perceptions of both top management and
supervisors, Kines et al.’s [15] management factors
were altered to reflect the referents “top man-
agement” and “my current, immediate supervisor”
instead of “management.” This was accomplished
by splitting Kines et al.’s [15] management factors
according to Zohar’s [17] conceptualization of the
specific safety activities or focuses that each respec-
tive level of management is concerned with. For
example, top management is concerned with finan-
cial expenditures, reducing production in favor of
safety and providing workers with information; on
the other hand, supervisors monitor and reward work-
ers and stick to safety rules when production falls
behind. An example question for top management
was, “Top management places safety before produc-
tion.” An example question for supervisors was, “My
current, immediate supervisor looks the other way
when someone is careless with safety.”

This resulted in six factors: 1) top management
safety priority, commitment, and competence (4
items), 2) top management safety empowerment (3
items), 3) top management safety justice (3 items),
4) supervisor safety priority, commitment, and com-
petence (5 items), 5) supervisor safety empowerment
(4 items), and 6) supervisor safety justice (3 items).
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All items were assessed on a 6-point likert scale (i.e.,
never to always).

In Kines et al.’s [15] original measure, the man-
agement factors had high factor correlations (r=0.60
— 0.80), which suggests the possibility for a second
order management factor. Thus in the present study,
a second order factor was created for the top man-
agement safety climate factors and supervisor safety
climate factors for the sake of parsimony.

The final safety climate factor adapted from Kines
et al. [15] was the “co-workers safety commitment”
factor (6 items). Co-workers safety commitment rep-
resents whether or not peers care about each other’s
safety, and if they promote safety on the job. An exam-
ple item is, “My coworkers and I take responsibility
for each others’ safety.”

2.2.2. Safety behaviors

Safety behaviors were assed by employing a mea-
surement tool that asked questions related to self
reports of safety compliance and participation behav-
iors [41]. Three items of this measurement tool were
used to assess safety compliance (e.g., “I use all the
necessary safety equipment to do my job”) and three
items assessed safety participation (e.g., “I promote
the safety program within the organization”). The
measure was chosen because it was found reliable
and valid [24, 42] and for its short length as compared
to other measures of safety behaviors [40]. All items
were assessed on a 6-point likert scale (i.e., never
to always). Since Brondino et al.’s [26] findings sug-
gested that safety climate factors may have a different
effect on each factor representing safety behaviors, a
second order safety behaviors factor was not tested.

2.3. Analyses

The psychometric properties of all factors included
in the study (i.e., safety climate and safety behavior
factors) were assessed via confirmatory factor analy-
sis (CFA). The direct and indirect effects of all paths
in Fig. 1 were determined via SEM. Descriptive anal-
yses in SPSS 21 revealed that the variables exhibited
moderate non-normality. Thus, CFA and SEM mod-
els were estimated using maximum likelihood param-
eter estimates with standard errors and a chi-square
test statistic that are more robust to non-normality in
MPlus version 7.0 software (Mplus code: ANALY-
SIS =MLR). Additionally, MLR is also a full infor-
mation maximum likelihood (FIML, also known as
direct maximum likelihood) estimation method that
can account for missing data. Unlike pairwise or list-

wise deletion, FIML estimates all parameters at once
with all available data [43, 44]. Model fit was assessed
by examining the chi-square model test statistic,
RMSEA, GFI, CFI, and SRMR. Acceptable fit was
indicated by values >0.95 for CFI and TLI, <0.06
for RMSEA and SRMR [43]. The chi-square model
test statistic indicates acceptable fit when the statistic
value is low, p > 0.05 and/or the ratio of the chi-square
test statistic over degrees of freedom (DF) is <2.0
[45]. When comparing nested models (e.g., adding
or removing paths) to find the best model fit, the chi-
square difference test specific to the MLR estimator
was calculated [46]. A failure to reject the chi-square
test indicates that the more restrictive (null) model
with fewer paths estimated is better than the less
restrictive model (alternative) with more paths esti-
mated [44]. Finally, indirect effects (i.e., mediation
effects) were estimated using the MODEL INDI-
RECT command and a bias-corrected bootstrapping
method to estimate the significance of the effects [47].

3. Results
3.1. Confirmatory factor analysis

A confirmatory factor analysis with all 34 ques-
tions representing 7 first order safety climate factors,
2 first order safety behavior factors, and 2 second
order safety climate factors (top management and
supervisor) had poor to moderate fit, x> =810 (511),
p=0.000, RMSEA =0.044 95% CI=0.038-0.050,
CFI=0.918, TLI=0.910, SRMR =0.062. While a
model without the 2 higher order factors fit the data
better (x% =33 (20), p <0.05), the higher order factors
were retained because 1) the first order factor load-
ings onto the higher order factors were high (8 =0.70
—0.97) and 2) the fit indices did not change apprecia-
bly. Thus, the higher order factors were kept for the
sake of parsimony.

To improve the fit of the latter model, all items
were inspected for insignificant or low factor load-
ings and low squared multiple correlations. Of the
34 items, 5 items had low factor loadings (3 =0.16 —
0.44) and squared multiple correlation values (0.02 —
0.19), but were statistically significant. Despite their
significance, their low factor loadings indicated that
the items were not related to their proposed factors.
Removing the insignificant items resulted in a poor
to moderately good fitting model, x*>=595 (361),
p=0.000, RMSEA =0.047 95% CI=0.040-0.053,
CFI=0.928, TLI=0.920, SRMR = 0.060.
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Table 1
Means, standard deviations (SD), and factor correlations of all study variables
Mean SD 1 2 3 4 5
1. Top management safety commitment 4.14 0.73 1.000 0.662 0.549 0.450 0.402
2. Supervisor safety commitment 4.35 0.64 1.000 0.577 0.390 0.241
3. Co-worker safety commitment 4.29 0.70 1.000 0.617 0.591
4. Safety compliance (SC) 441 0.63 1.000 0.629
5. Safety participation (SP) 3.83 0.94 1.000

Note. All correlations are significant (p <0.001). Items were rated on a frequency scale from O to 5, Never to Always.

Modification indices were inspected from the lat-
ter model to determine additional sources of model
misfit. The largest modification index value was
related to a correlated errors term for two of the co-
worker safety commitment factor item’s errors, and
are indicative of variance that cannot be accounted
for by the factors on which the items load. The-
oretically, this inclusion made sense because the
items were worded very similarly [43]. Including the
correlated error term in the model resulted in sig-
nificantly improved model fit ( x> =17 (1), p<0.05),
and resulted in moderately good fit, X2 =549 (360),
p=0.000, RMSEA =0.042 95% CI=0.035-0.049,
CFI=0.942, TLI=0.935, SRMR =0.056.

Additional modification indices from the latter
model indicated that the fit of the model would be
significantly improved if one item from the super-
visor safety priority, commitment, and competence
factor was allowed to cross-load onto the supervisor
safety empowerment factor. Including the cross-
loading item in the model resulted in significantly
improved fit (x*=42.90 (1), p<0.05), and resulted in
good fit, x> =501 (359), p=0.000, RMSEA =0.036
95% CI=0.029-0.044, CFI=0.957, TLI=0.951,
SRMR =0.048. All item factor loadings were signif-
icant (p <0.01) and had standardized factor loadings
ranging from 0.503 to 0.979. One factor loading,
which cross loaded onto two supervisor factors as
previously mentioned, had a significant but low
factor loading (3=0.274) on the supervisor safety
priority, commitment and competence factor, but it
was kept. Inter-item reliability scores were good
(a=0.68-0.85). A detailed table with item loadings,
standard errors, p-values, and Cronbach’s alpha for
each factor can be seen in Appendix A. Table 1 shows
the correlations for all factors in the final conceptual
model.

3.2. Structural equation modeling
The hypothesized model (see Fig. 1) provided

good fit, x2> =507 (359), p=0.000, RMSEA =0.036
95% CI=0.029-0.044, CFI=0.957, TLI=0.951,
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Hierarchical Model B

Supervisor
safety
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Top
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commitment
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safety compliance
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Fig. 2. Hierarchical models compared to hypothesized model in
Fig. 1.

SRMR =0.048. However, since 1) the second order
supervisor safety commitment factor was hypoth-
esized to mediate the relationship between the
second order top management safety commitment
and co-worker safety commitment factors, and 2) the
co-worker safety commitment factor was hypothe-
sized to mediate the relationships between the second
order top management safety commitment and sec-
ond order supervisor safety commitment factors and
both safety behavior factors, the hypothesized model
was compared to two competing hierarchical models
(see Fig. 2). Compared to the hypothesized model
in Fig. 1, hierarchical model A did not result in
significantly better fit (x2=15.68 (5), p<0.01), but
hierarchical model B did result in better fit (x> =4.79
(4), p>0.05). This indicates that the direct paths
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Fig. 3. Final structural model with significant standardized path
estimates. Note. *Significant (p <0.001). Only paths significant
at p<0.001 are shown. Values beside latent variables represent
variance accounted for.

Table 2
Mediation effects in the final structural equation model

Estimate (S.E.) 95% CI

Effects on Safety Participation
Effects from TMSC to SP

TMSC — SSC — CSC — SP  0.130(0.049)  0.033-0.226
TMSC — CSC — SP 0.208 (0.057)  0.061-0.356
Total indirect effect 0.338 (0.057) 0.227-0.449
Effects on Safety Compliance

Effects from TMSC to SC

TMSC — SSC — CSC — SC  0.139 (0.054)  0.034-0.245
TMSC — CSC — SC 0.224 (0.076)  0.076-0.373
Total indirect effect 0.364 (0.055) 0.256-0.472

Note. TMSC: Higher order top management safety commitment,
SSC: Higher order supervisor safety commitment, CSC: Co-
worker safety commitment, SP: Safety participation, SC: Safety
compliance.

of both second order management safety commit-
ment factors on both safety behavior factors did not
improve the fit of the model. The final model with
all significant standardized parameter path estimates
and #° values is illustrated in Fig. 3.

The strength of the mediation effects can be seen in
Table 2. The second order supervisor safety commit-
ment factor and co-worker safety commitment factor
both significantly mediated the relationship between
the second order top management safety commitment
and both types of safety behaviors.

The present study hypothesized that the model in
Fig. 1 proposed by Melia et al. [25] and Brondino
et al. [26] would also be appropriate among US
construction workers. Our results only found partial
support for this model. Hypothesis H1 was supported,
because we found that top management safety com-
mitment was significantly associated with supervisor
safety commitment. Both top management safety

commitment and supervisor safety commitment were
significantly correlated with both types of safety
behaviors. However, the final SEM model did not
indicate a direct path between them, which fails to
support hypothesis H2. The relationship between co-
worker safety commitment and both types of safety
behaviors was significant in the final SEM model,
which supports hypothesis H3. Finally, hypothesis
H4 was supported, because 1) no direct paths between
the two management safety commitment factors and
the two safety behaviors were significant and 2) the
mediation effects in Table 2 were all significant.

4. Discussion

The present study was one of the first to test a
concept of safety climate that focuses on percep-
tions of how individuals at each company level (top
management, supervisors and co-workers) respond
to safety and how these perceptions affect personal
safety behaviors. These relationships were initially
proposed by Melia et al. [22] and Brondino et al. [23]
as an extension of Zohar’s [29] multi-level concept
of safety climate. After evaluating this model in the
US construction industry, we found similar results.
Specifically, we found that co-worker’s safety com-
mitment may be an important factor that explains the
mechanism by which safety behaviors are affected
by top management and supervisor safety commit-
ment. Our comparable results in the present study
strengthen the evidence for a concept of safety cli-
mate that focuses on “who” performs actions (i.e.,
management and co-workers) rather than relying
solely on “what” actions were performed (e.g., safety
training).

Melia et al. [25] tested this concept of safety cli-
mate among four cohorts, two general cohorts from
the United Kingdom and Spain and two construction
cohorts from Hong Kong and Spain, using multiple
regression. Brondino et al. [23] tested the concept in
the Italian manufacturing industry using multi-level
SEM. In both Melia et al.’s [22] and Brondino et al.’s
[23] studies, top management’s safety response had
a direct effect on safety behaviors. Yet, in the present
study they did not (H2). Supervisor’s safety response
affected some sample’s safety behaviors in Melia et
al.’s [22] study (English general and Chinese con-
struction cohorts), but they did not affect them in
Brondino et al.’s [23] or the present study’s cohort
(H2). In both the previous and the present studies
(H3), co-worker safety response had a significant



N.V. Schwatka and J.C. Rosecrance / Safety climate and safety behaviors in the construction industry 409

direct relationship with safety behaviors. Addition-
ally, Brondino et al.’s [23] and the present study (H4)
found significant mediation effects among the safety
climate, co-worker safety commitment and safety
behavior factors. Melia et al. [22] did not test medi-
ation in their study. Ultimately, these studies support
the inclusion of perceptions of top management and
supervisors in the measurement of safety climate and
in the prediction of safety behaviors. It also supports
the inclusion of co-workers commitment to safety as
a mediating variable.

While previous research found a direct relationship
between both levels of management safety commit-
ment and safety outcomes [15, 25, 26, 29], the present
study indicates that the relationship is mediated by co-
worker’s safety commitment. These findings broaden
our understanding of how management’s response
to safety influences safety behaviors. It indicates
that it is important to account for co-worker safety
commitment alongside the top management and
supervisor safety commitment. It’s inclusion helps to
explain how top management and supervisor’s safety
response to safety influences safety behaviors. It is
through positive perceptions of co-workers commit-
ment to safety that top management and supervisors
can influence safety behaviors. In other words, work-
ers must perceive that their co-workers are committed
to safety in order for management to positively
influence safety behaviors on the job. In practice,
co-worker’s response to safety should be seen as
just as important in generating a safe work environ-
ment as management’s response to safety. Building a
commitment to safety among co-workers should be
emphasized in educational programs such as toolbox
talks.

Perhaps the reason that co-worker safety commit-
ment had such a great influence on safety behaviors
in this study is because the majority of the work-
ers in the study belonged to unions. Unions provide
workers training [48], they find job sites for them to
work on, and negotiate wages and safety standards.
Unions also provide a sense of belonging and brother-
hood [49]. Thus, union workers may feel closer to and
responsible for the safety of their co-workers (who
are also members of the same union). Additionally,
workers are influenced by their co-workers commit-
ment to safety and the pressure to conform to group
norms of whether or not to be a “tough guy” [50].
Thus, the present study lends support for the neces-
sity to understand the influence of co-workers, not
just management, in safety behavior investigations
[34].

4.1. Future directions and limitations

4.1.1. Relationships to be addressed

The concept of safety climate could be strength-
ened by the inclusion of other potential explanatory
variables. Since the present study found that co-
worker safety commitment was important, it is
possible that team member exchange (TMX) might
be important in the safety climate and safety behavior
relationship. TMX represents worker’s relationship
with their work group as a whole. Under high quality
TMX, workers assist each other and share their ideas
and feedback [51]. Future research should consider
TMX in the context of this safety climate concept
and the potential causal or reciprocal relationship
with leader factors that previous research linked with
safety climate (i.e. transformational leadership style
and leader member exchange) [52-54].

Reverse causation should be addressed through a
longitudinal design. Reverse causation suggests that
the outcome may actually occur before its predictor.
Reverse causation can be ruled out with longitudi-
nal study designs, as they help to distinguish which
variables truly influence other variables over time.
In the present study, it is unclear if the manage-
ment safety climate factors predict the co-worker
safety commitment over time. Nor is it clear if one
safety climate factor predicts safety behaviors better
than the others over time. Furthermore, a longitudi-
nal design may indicate that workers who perform
more safety behaviors may influence perceptions of
co-worker’s commitment to safety or that a feedback
loop exists between them. Within the context of the
aforementioned additional leadership and team mem-
ber variables to be included in the model, there may
be reciprocal relationships between variables or paths
that may work in an unexpected direction.

Finally, the model could be improved by testing
its validity among and between other construction
companies in different US geographical regions as
well as other countries, trades, union and non-union
contractors, and size of company (i.e., number of
workers). Including fixed effects such as these in
the model will allow commonalities between workers
and companies to be addressed. For example, ques-
tions remain about how company size may affect
safety climate perceptions. Larger companies have
more resources for safety policies, procedures and
practices, thus higher levels of safety climate per-
ceptions may exist among larger companies. Yet,
the majority of contractors in the US and Europe
are small in size (i.e., 9 workers or less) [2, 55].
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A large-scale multilevel study of safety climate per-
ceptions among different contractors could answer
this question, and offer potential avenues for safety
climate intervention research.

4.1.2. Safety climate interventions

The present study supports the use of proac-
tive work place interventions to improve health and
safety. Efforts to improve safety climate on the job
include transformational leadership training [53] and
feedback methods to increase safety specific com-
munication between supervisors and workers [32,
56]. Our study supports the use of these kinds of
interventions. Yet, it also supports team based inter-
ventions, as suggested by Brondino et al. [26]. Such
interventions could improve the relationship between
management and workers as well as among work-
ers themselves. Specifically, interactive and engaging
training among work teams may be an effective
means of increasing safety knowledge and perfor-
mance [57]. Team based interventions may help build
social rapport amongst work crews [58] and build
communication networks amongst all organizational
levels [59]. Participatory ergonomics is an example
of one such intervention [60]. Consideration for work
teams could also be given during on the job training
via mentoring [61, 62].

4.1.3. Limitations

Some of the present study’s limitations were
addressed in the previous section 4.1.1. (i.e., cross-
sectional design, omitted variables, omitted fixed
effects, and common method variance). The present
study also only represents one region of the US
and a few construction trades, and thus may not be
generalizable to the entire US construction industry.
Finally, a main tenant of safety climate is that per-
ceptions of it are shared, but the present study could
not determine sharedness among work groups due to
a lack of crew-membership information. Thus, the
present study only addressed psychological safety
climate.

5. Conclusions

The irremediable construction safety culture
depicted in Applebaum’s [1] ethnography is slowly
transitioning into a culture that rejects the fallacy that
accidents just happen and cannot be prevented. There
is growing empirical evidence that as safety climate
improves injuries and fatalities are reduced. This evi-

dence is strongest when safety climate is measured
via perceptions of management commitment to safety
[63]. In other words, when management is committed
to safety, job sites are safer. Indeed, Lingard et al. [33]
aptly stated that there is a “cascading influence...
[of] management commitment to safety [that] filters
down through organizational hierarchies” (pg. 239).

Similar to prior research, we hypothesized that
construction worker’s safety climate perceptions of
top management and supervisor commitment to
safety would affect their personal safety behaviors.
However, it was hypothesized that worker’s percep-
tions of their co-workers commitment to safety would
play an important intervening role in the relationship
between the management focused safety climate fac-
tors and safety behaviors. Our results indicate that top
management, supervisor, and co-workers commit-
ment to safety positively impact safety behaviors on
the job. More specifically, workers must perceive that
their co-workers are committed to safety in order for
top management and supervisors to influence safety
behaviors on the job. Our results support workplace
health and safety interventions targeted towards not
only leadership, but also work teams.

Acknowledgments

This study was supported by the National Insti-
tute for Occupational Safety and Health (NIOSH)
(contract number 254-2012-M-52941) and the Center
for Construction Research and Training (CPWR) as
part of a cooperative agreement with NIOSH (U60-
OHO009762). Its contents are solely the responsibility
of the authors and do not necessarily represent the
official views of NIOSH or CPWR. The authors
would like to thank all participating contractors for
their assistance in the study.

Conflict of interest

None to declare.

References

[1] Applebaum HA. Royal blue: The culture of construction
workers. Spindler G, Spindler L, editors. New York: Holt,
Rinehart and Winston; 1981.

[2] Center for Construction Research and Training. The Con-
struction Chart Book: The U.S. construction industry and
its workers. 5 ed. Silver Spring: CPWR; 2013.



(3]
[4]

(51

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

N.V. Schwatka and J.C. Rosecrance / Safety climate and safety behaviors in the construction industry 411

Gillen M, Gittleman JL. Path forward: Emerging issues and
challenges. J Saf Res 2010;41(3):301-6.

NORA Construction Sector Council. National Occupa-
tional Research Agenda - National Construction Agenda
[Internet]. cdc.gov. 2008 [cited 2012 Sep 2]. Available
from: http://www.cdc.gov/niosh/nora/comment/agendas/
construction/pdfs/ConstOct2008.pdf

Kachan D, Fleming LE, LeBlanc WG, Goodman E, Arheart
KL, Caban-Martinez AJ, et al. Worker populations at risk
for work-related injuries across the life course. AJIM
2012;55(4):361-6.

Dong X, Wang X, Daw C, Ringen K. Chronic diseases
and functional limitations among older construction work-
ers in the United States: A 10 year follow-up study. J Occup
Environ Med 2011;53(4):372-80.

Choi SD. Safety and ergonomic considerations for an
aging workforce in the US construction industry. Work
2009;33(3):307-15.

Holte KA, Kjestveit K. Young workers in the construction
industry and initial OSH-training when entering work life.
Work 2012;41:4137-41.

Dong XS, Men Y, Ringen K. Work-related injuries among
Hispanic construction workers-evidence from the medical
expenditure panel survey. AJIM 2010;53(6):561-9.

Bureau of Labor Statistics. Revisions to the 2012
Census of Fatal Occupational Injuries (CFOI) counts
[Internet]. 2014 [cited 2015 Mar 20]. Available from:
http://www.bls.gov/iif/oshwc/cfoi/cfoi_revised12.pdf
Bureau of Labor Statistics. Nonfatal occupational injuries
and illnesses requiring days away from work, 2013
[Internet]. 2014 [cited 2015 Mar 20]. Available from:
http://www.bls.gov/news.release/pdf/osh2.pdf

Dong XW, Welch L, Dement J, Ringen K. Construction
workers experience significant lifetime risk of occupational
injury, premature death [Internet]. apha.org. 2011 [cited
2013 Oct 4]. Available from: http://www.apha.org/about/
news/pressreleases/2011/construction+worker+safety+am+
11.htm

eurostat. Health and safety at work in Europe: A statistical
portrait [Internet]. epp.eurostat.ec.europa.eu. [cited 2010
Sep 2]. Available from: http://epp.eurostat.ec.europa.eu/
cache/ITY_OFFPUB/KS-31-09-290/EN/KS-31-09-290-
EN.PDF

eurostat. Health and safety at work [Internet].
epp.eurostat.ec.europa.eu. [cited 2010 Sep 2]. Available
from: http://epp.eurostat.ec.europa.eu/portal/page/portal/
health/health_safety_work/data/database

Kines P, Lappalainen J, Mikkelsen KL, Olsen E, Pousette
A, Tharaldsen J, et al. Nordic Safety Climate Questionnaire
(NOSACQ-50): A new tool for diagnosing occupational
safety climate. Int J Ind Ergon 2011;41(6):634-46.

Zohar D. Thirty years of safety climate research: Reflec-
tions and future directions. Accid Anal Prev 2010;42(5):
1517-22.

Zohar D. Safety climate: Conceptual and measurement
issues. In: Quick JC, Tetrick LE, editors. Handbook of Occu-
pational Health Psychology. 2nd ed. Washington DC: APA;
2011.

Flin R, Mearns K, O’Connor P, Bryden R. Measuring
safety climate: Identifying the common features. Saf Sci
2000;34:177-92.

Nahrgang JD, Morgeson FP, Hofmann DA. Safety at Work:
A Meta-Analytic Investigation of the Link Between Job
Demands, Job Resources, Burnout, Engagement, and Safety
Outcomes. J Appl Psychol 2011;96(1):71-94.

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

(35]

[36]

(371

Gilkey DP, del Puerto CL, Keefe T, Bigelow PL, Herron R,
Rosecrance JC, et al. Comparative Analysis of Safety Cul-
ture Perceptions among HomeSafe Managers and Workers
in Residential Construction. Journal of Construction Engi-
neering & Management 2012;138:1044-52.

Goldenhar LM, Williams LJ, Swanson NG. Modeling
relationships between job stressors and injury and near-
miss outcomes for construction labourers. Work and Stress
2003;17(3):218-40.

Gittleman JL, Gardner PC, Haile E, Sampson JM, Cigu-
larov KP, Ermann ED, et al. CityCenter and Cosmopolitan
Construction Projects, Las Vegas, Nevada: Lessons learned
from the use of multiple sources and mixed methods in a
safety needs assessment. J Saf Res 2010;41(3):263-81.
Guldenmund F. The nature of safety culture: A review of
theory and practice. Saf Sci 2000;34:215-57.

Griffin M, Neal A. Perceptions of safety at work: A
framework for linking safety climate to safety perfor-
mance, knowledge, and motivation. J Occup Health Psychol
2000;1:347-58.

Melid JL, Mearns K, Silva SA, Lima ML. Safety climate
responses and the perceived risk of accidents in the con-
struction industry. Saf Sci 2008;46:949-58.

Brondino M, Silva SA, Pasini M. Multilevel approach
to organizational and group safety climate and safety
performance: Co-workers as the missing link. Saf Sci
2012;50(9):1847-56.

Huang Y, Ho M, Smith GS, Chen PY. Safety climate
and self-reported injury: Assessing the mediating role
of employee safety control. Accid Anal Prev 2006;38:
425-33.

Melid JL. Un modelo causal psicosocial de los accidentes
laborales. Anuario de Psicologia. 1998;29(3):25-43.

Zohar D, Luria G. A multilevel model of safety climate:
Cross-level relationships between organization and group-
level climates. J Appl Psychol 2005;90:616-28.

Gillen M, kools S, Sum J, McCall C, Moulden K. Construc-
tion workers’ perceptions of management safety practices:
A qualitative investigation. Work 2004;23(3):245-56.
Dingsdag DP, Biggs HC, Sheahan VL. Understanding and
defining OH&S competency for construction site positions:
Worker perceptions. Saf Sci 2008;46(4):619-33.

Kines P, Andersen LPS, Spangenberg S, Mikkelsen KL,
Dyreborg J, Zohar D. Improving construction site safety
through leader-based verbal safety communication. J Saf
Res 2010;41(5):399-406.

Lingard H, Cooke T, Blismas N. Do Perceptions of
Supervisors’ Safety Responses Mediate the Relationship
between Perceptions of the Organizational Safety Cli-
mate and Incident Rates in the Construction Supply
Chain? Journal of Construction Engineering & Management
2012;138(2):234-41.

Chiaburu DS, Harrison DA. Do peers make the place? Con-
ceptual synthesis and meta-analysis of coworker effects on
perceptions, attitudes, OCBs, and performance. J Appl Psy-
chol 2008;93(5):1082-103.

Burt CDB, Sepie B, McFadden G. The development of a
considerate and responsible safety attitude in work teams.
Saf Sci 2008;46(1):79-91.

Turner N, Chmiel N, Hershcovis MS. Life on the line:
Job demands, perceived co-worker support for safety,
and hazardous work events. J Occup Health Psychol
2010;15(4):482-93.

Kosny A, Lifshen M, Pugliese D, Majesky G, Kramer D,
Steenstra I, et al. Buddies in Bad Times? The Role of


http://www.cdc.gov/niosh/nora/comment/agendas/construction/pdfs/ConstOct2008.pdf
http://www.cdc.gov/niosh/nora/comment/agendas/construction/pdfs/ConstOct2008.pdf
http://www.bls.gov/iif/oshwc/cfoi/cfoi_revised12.pdf
http://www.bls.gov/news.release/pdf/osh2.pdf
http://www.apha.org/about/news/pressreleases/2011/construction+worker+safety+am+11.htm
http://www.apha.org/about/news/pressreleases/2011/construction+worker+safety+am+11.htm
http://www.apha.org/about/news/pressreleases/2011/construction+worker+safety+am+11.htm
http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-31-09-290/EN/KS-31-09-290-EN.PDF
http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-31-09-290/EN/KS-31-09-290-EN.PDF
http://epp.eurostat.ec.europa.eu/portal/page/portal/health/health_safety_work/data/database
http://epp.eurostat.ec.europa.eu/portal/page/portal/health/health_safety_work/data/database

412

[38]

[39]

[40]

[41]

[42]

[43]
[44]
[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

N.V. Schwatka and J.C. Rosecrance / Safety climate and safety behaviors in the construction industry

Co-workers After a Work-Related Injury. J Occup Rehabil
2013;23(3):438-49.

Torner M, Pousette A. Safety in construction - a compre-
hensive description of the characteristics of high safety
standards in construction work, from the combined per-
spective of supervisors and experienced workers. J Saf Res
2009;40(6):399-409.

Christian MS, Bradley JC, Wallace JC, Burke MJ. Work-
place safety: A meta-analysis of the roles of person and
situation factors. J Appl Psychol 2009;94(5):1103-27.
Pousette A, Larsson S, Torner M. Safety climate cross-
validation, strength and prediction of safety behaviour. Saf
Sci 2008;46(3):398-404.

Neal A, Griffin MA, Hart PM. The impact of organiza-
tional climate on safety and individual behaviour. Saf Sci
2000;34:99-109.

Probst TM. Safety and insecurity: Exploring the moderat-
ing effect of organizational safety climate. J Occup Health
Psychol 2004;9:3-10.

Brown TA. Confirmatory factor analysis for applied
research. New York: The Guildford Press; 2011.

Kline RB. Principles and practice of structural equation
modeling. New York: The Guildford Press; 2011.

Hinkin TR. A Review of Scale Development Practices in
the Study of Organizations. J Manage 1995;21(5):967-88.
Mplus. Chi-square difference testing using the satorra-
bentler scaled chi-square [Internet]. [cited 2013 Aug 22].
Available from: http://www.statmodel.com/chidiff.shtml
Williams J, MacKinnon DP. Resampling and Distribution of
the Product Methods for Testing Indirect Effects in Complex
Models. Struct Equ Modeling 2008;15(1):23-51.

Carlan NA, Kramer DM, Bigelow P, Wells R, Garritano E,
Vi P. Digging into construction: Social networks and their
potential impact on knowledge transfer. Work 2012;42(223-
232):1-11.

Barbeau EM, Goldman R, Roelofs C, Gagne J, Harden E,
Conlan K, et al. A New Channel for Health Promotion:
Building Trade Unions. Am J Health Promot 2005;19(4):
297-303.

Choudhry RM, Fang D. Why operatives engage in unsafe
work behavior: Investigating factors on construction sites.
Saf Sci 2008;46:566-84.

Seers A. Team-member exchange quality: A new construct
for role-making research. Organ Behav Hum Decis Process
1989;43:118-35.

Barling J, Loughlin C, Kelloway EK. Development
and test of a model linking safety-specific transforma-
tional leadership and occupational safety. J Appl Psychol
2002;87:488-96.

Mullen JE, Kelloway EK. Safety leadership: A longitudinal
study of the effects of transformational leadership on safety

[54]

[55]

[56]

(571

(58]

[59]

[60]

[61]

[62]

[63]

outcomes. J Occup Organ Psychol. British Psychological
Society 2009;82(2):253-72.

Hofmann DA, Morgeson FP, Gerras SJ. Climate as a mod-
erator of the relationship between leader-member exchange
and content specific citizenship: Safety climate as an exem-
plar. J Appl Psychol 2003;88(1):170-8.

eurostat. Key figures on European businesses: With a spe-
cial feature on SMEs [Internet]. epp.eurostat.ec.europa.eu.
[cited 2011 Oct 2]. Available from: http://epp.eurostat.
ec.europa.eu/cache/ITY _OFFPUB/KS-ET-11-001/EN/KS-
ET-11-001-EN.PDF

Zohar D, Polachek T. Discourse-Based Intervention for
Modifying Supervisory Communication as Leverage for
Safety Climate and Performance Improvement: A Random-
ized Field Study. J Appl Psychol 2014;99(1):113-24.
Burke MJ, Salvador RO, Smith-Crowe K, Chan-Serafin S,
Smith A, Sonesh S. The dread factor: How hazards and
safety training influence learning and performance. J Appl
Psychol 2011;96(1):46-70.

Jebens E, Medbo JI, Knusten O, Mamen A, Veiersted KB.
Association between perceived present working conditions
and demands versus attitude to early retirement among con-
struction workers. Work 2014;(48):217-28.

Gillen M, Kools S, McCall C, Sum J, Moulden K. Construc-
tion managers’ perceptions of construction safety practices
in small and large firms: A qualitative investigation. Work
2004;(23):233-43.

Rivilis I, Van Eerd D, Cullen K, Cole DC, Irvin E.
Effectiveness of participatory ergonomic interventions on
health outcomes: A systematic review. Applied Ergonomics
2008;39:342-58.

Wiehagen WJ, Conrad DW, Baugher JM. Job training anal-
ysis: A process for quickly developing a roadmap for
teaching and evaluating job skills [Internet]. U.S. Depart-
ment of Health and Human Services, Centers for Disease
Control and Prevention, National Institute for Occupa-
tional Safety and Health. Report No.: DHHS (NIOSH)
Publication No. 2006-139. Available from: http://www.cdc.
gov/niosh/mining/UserFiles/works/pdfs/2006-139.pdf
Wiehagen WJ, Conrad DW, Baugher JM. Strategies for
improving miners’ training [Internet]. Department of Health
and Human Services, Centers for Disease Control and Pre-
vention, National Institute for Occupational Safety and
Health. Report No.: 2002-156. Available from: http:/www.
cdc.gov/niosh/mining/UserFiles/works/pdfs/IC9463.pdf
Beus JM, Payne SC, Bergman ME, Arthur WIJ. Safety
Climate and Injuries: An Examination of Theoretical
and Empirical Relationships. J Appl Psychol 2010;95(4):
713-27.


http://www.statmodel.com/chidiff.shtml
http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-ET-11-001/EN/KS-ET-11-001-EN.PDF
http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-ET-11-001/EN/KS-ET-11-001-EN.PDF
http://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/2006-139.pdf
http://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/2006-139.pdf
http://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/IC9463.pdf
http://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/IC9463.pdf

Appendix A

N.V. Schwatka and J.C. Rosecrance / Safety climate and safety behaviors in the construction industry

Table A.1
Confirmatory factor analysis results
Factor Item Estimate S.E. P-Value Inter-item
reliability (o)
SP Vi 0.686 0.051 P<0.01 0.828
V4 0.809 0.033 P<0.01
V5 0.873 0.029 P<0.01
SC V2 0.851 0.027 P<0.01 0.840
V3 0.848 0.031 P<0.01
V6 0.714 0.042 P<0.01
TMP V7 0.716 0.045 P<0.01 0.844
Vi4 0.715 0.038 P<0.01
V15 0.860 0.024 P<0.01
V16 0.814 0.028 P<0.01
TME V9 0.755 0.034 P<0.01 0.812
V10 0.817 0.036 P<0.01
Vi2 0.772 0.036 P<0.01
T™J V8 0.784 0.039 P<0.01 0.717
Vi3 0.727 0.056 P<0.01
SUPP V17 0.704 0.074 P<0.01 0.846
V19 0.823 0.043 P<0.01
V20 0.752 0.078 P<0.01
V21 0.759 0.094 P<0.01
V28 0.274 0.113 P<0.01
SUPE V24 0.882 0.031 P<0.01 0.801
V25 0.805 0.035 P<0.01
V26 0.574 0.060 P<0.01
V28 0.503 0.098 P<0.01
SUPJ V18 0.653 0.076 P<0.01 0.679
V23 0.779 0.062 P<0.01
CSC V29 0.808 0.034 P<0.01 0.850
V30 0.731 0.037 P<0.01
V33 0.702 0.081 P<0.01
V34 0.683 0.064 P<0.01
TMSC TMP 0.927 0.032 P<0.01
TME 0.979 0.023 P<0.01
T™J 0.920 0.039 P<0.01
SSC SUPP 0.625 0.075 P<0.01
SUPE 0.974 0.034 P<0.01
SUPJ 0.946 0.054 P<0.01

Note. TMSC: Higher order top management, TMP: Top management safety commitment; TME: Top man-
agement safety empowerment; TMJ: Top management safety justice; SSC: Higher order supervisor, SUP:
Supervisor safety commitment; SUPE: Supervisor safety empowerment; SUPJ: Supervisor safety justice;

CSC: Co-worker safety commitment, SP: Safety participation, SC: Safety compliance.
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