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Introduction: The construction industry has hit a plateau in terms of safety performance. Safety climate is regarded
as a leading indicator of safety performance; however, relatively little safety climate researchhas been done in the
Canadian construction industry. Safety climate may be geographically sensitive, thus it is necessary to examine
how the construct of safety climate is defined and used to improve safety performance in different regions. On
the other hand,more andmore attention has been paid to job related stress in the construction industry. Previous
research proposed that individual resilience may be associated with a better safety performance and may help
employees manage stress. Unfortunately, few empirical research studies have examined this hypothesis. This
paper aims to examine the role of safety climate and individual resilience in safety performance and job stress
in the Canadian construction industry. Method: The research was based on 837 surveys collected in Ontario
between June 2015 and June 2016. Structural equationmodeling (SEM) techniqueswere used to explore the im-
pact of individual resilience and safety climate on physical safety outcomes and on psychological stress among
construction workers. Results: The results show that safety climate not only affected construction workers' safety
performance but also indirectly affected their psychological stress. In addition, it was found that individual
resilience had a direct negative impact on psychological stress but had no impact on physical safety outcomes.
Conclusions: These findings highlight the roles of both organizational and individual factors in individual safety
performance and in psychological well-being. Practical applications: Construction organizations need to not
only monitor employees' safety performance, but also to assess their employees' psychological well-being.
Promoting a positive safety climate together with developing training programs focusing on improving
employees' psychological health — especially post-trauma psychological health — can improve the safety
performance of an organization.
©2017TheAuthors.PublishedbyElsevier LtdonbehalfofNational SafetyCouncil. This is anopenaccessarticleunder

the CCBY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

The construction industry plays an important role in Ontario's eco-
nomic growth and employment. Since 2003, the Ontario government
invested nearly $3 billion in the residential sector, which created
60,000 jobs (Ontario, 2014). However, safety remains one of the biggest
challenges in construction (Becerik-Gerber & Siddiqui, 2014). Over the
10 year period from 2004 to 2013, the construction sector accounted
for 26.6%of allworkplace traumatic fatalities inOntario, thehighest per-
centage of any industry (WSIB, 2013).Meanwhile, the fatality rate in the
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Ontario construction has shown little improvement since the 1990s, as
shown in Fig. 1.

Between 1965 and 1995, there was a steady decrease in the fatality
rate. The decrease was due in part to the enforcement of an increasingly
more comprehensive construction safety act that brought about greater
safety awareness. After 1995, however, the industry continued to expe-
rience approximately 5 fatalities per 100,000 construction workers per
year. The plateau phenomenon in safety performance can be observed
in other jurisdictions as well, such as New Zealand (Guo, Yiu, &
González, 2016) and Australia (Lingard, Cooke, & Blismas, 2010). Simi-
larly, the rate of safety improvement in other countries, such as the
United States, has been slowing (Bureau of Labor Statistics (BLS),
2014; Mendeloff & Staetsky, 2014; National Institute for Occupational
Safety and Health (NIOSH), 2001).

In addition to the physical safety outcomes, herein safety outcomes
refer to unsafe outcomes (e.g., eye injuries and pinch), job related stress
sanopenaccessarticleundertheCCBYlicense(http://creativecommons.org/licenses/by/4.0/).
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Fig. 1. Traumatic fatality rate in Ontario Construction (1965–2013)1,2,3.
1 IHSA, (2008)
2 AWCBC, (2013)
3 Statistics Canada, (2015a)
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in the construction industry is attracting more and more attention. The
relatively dangerous work environment, intense job demand, group
work style, and interpersonal relationships, etc., increase construction
workers' risk for adverse psychological outcomes (Goldenhar, Williams,
& Swanson, 2003). Stress, if not properly managed, affects both
employees' performance and their health (Cattell, Bowen, & Edwards,
2016). The geographical distribution of 46 papers published between
1989 and 2013 about work related stress in the construction industry
(Leung, Chan, & Cooper, 2015) indicated that half of thework onwork re-
lated stresswas fromHong Kong (50%), with the remaining research dis-
tributed between Europe (22%), Australia (15%), Africa (11%), andUnited
States (2%). More research on job stress in North America may identify
local factors that are associated with psychological stress of workers,
and thus may uncover ways to escape the safety plateau.

Safety culture has been shown to improve safety performance. Safety
culture is a set of beliefs, norms, attitudes, roles, and social and technical
practices focused onminimizing the exposure of employees to dangerous
conditions (Pidgeon, 1991; Turner, Pidgeon, Blockley, & Toft, 1989). It is
an abstract phenomenon and therefore challenging tomeasure. One indi-
cator of safety culture is safety climate,which refers to the shared percep-
tion of people toward safety in their work environment (Dov Zohar,
1980).Measuring safety climate gives insight into safety culture in its cur-
rent state (Cox & Cheyne, 2000; Glendon & Stanton, 2000). In addition,
individual resilience is associated with higher coping abilities (Wanberg
& Banas, 2000); thus, it is believed that individual resilience is associated
with lower job stress and better safety performance. The remainder of
Section 1 discusses the dimensions of construction safety climate, defines
individual resilience, and proposes four hypotheses.

1.1. Safety climate dimensions

Safety climate has been widely recognized as a leading indicator of
safety performance, in contrast to lagging indicators, such as lost time in-
jury rates (Flin,Mearns, O'Connor, & Bryden, 2000). Although there is no
agreement on the dimensions of safety climate, management commit-
ment to safety is a widely acknowledged organizational level safety
climate factor that applies to most industries. For example, perceived
management attitudes toward safety was originally proposed as a lead-
ing safety climate factor based on surveys from 20 industrial organiza-
tions (Zohar, 1980). More recent work used four factors to measure
safety climate: management commitment to safety, return to work
policies, post-injury administration, and safety training (Huang, Ho,
Smith, & Chen, 2006). In addition tomanagement commitment to safety
(Cigularov, Lancaster, Chen, Gittleman, & Haile, 2013; Dedobbeleer &
Béland, 1991; Gillen, Baltz, Gassel, Kirsch, & Vaccaro, 2002; Guo et al.,
2016; Hon, Chan, & Yam, 2014; Tholén, Pousette, & Törner, 2013), a set
of dimensions have been proposed for construction, mainly including
work pressure focusing on the balance between production and safety
(Cigularov et al., 2013; Glendon & Litherland, 2001; Guo et al., 2016),
support from supervisors and/or coworkers (Cigularov et al., 2013;
Guo et al., 2016; Kines et al., 2010), and, safety equipment or knowledge
needed to have control over safety (Cigularov et al., 2013; Gillen et al.,
2002; Glendon & Litherland, 2001; Guo et al., 2016). Categorization of
these factors is challenging as two scales with the same name may use
different statements to define them and the same statement may be
used toward different factors. For instance, statements reflecting safety
communications may be included under the scale of management com-
mitment to occupational health and safety (OHS) and employee involve-
ment (Hon et al., 2014),while other researchersmay use a separate scale
of safety communication (Tholén et al., 2013).

1.2. Safety climate and physical safety outcomes

The relationship between safety climate and physical safety
outcomes in construction safety research is evident worldwide. Safety
climate was negatively related to near misses and injuries in the Hong
Kong construction industry (Fang, Chen, & Wong, 2006; Hon et al.,
2014) and positively related to safety behavior in Queensland
(Mohamed, 2002). Safety climate was also found to be inversely related
to underreporting of workplace injuries and illnesses in the United
States (Probst, Brubaker, & Barsotti, 2008). Moreover, safety climate
may be affected by a country culture (Ali, 2006), and decisions on safety
management may be influenced by cultural norms. From this point of
view, aspects of safety climate may vary geographically and there is a
clear value in assessing the safety climate in different regions. Here,
the authors investigate the Canadian construction safety climate and ex-
plore its relationship with physical safety outcomes.

H1. safety climate is negatively related to physical safety outcomes.

1.3. Individual resilience, physical safety outcomes, and psychological stress

Individual resilience (IR) is “the capacity of individuals to cope suc-
cessfully in the face of significant change, adversity, or risk. This capacity
changes over time and is enhanced by protective factors in the individual
and environment” (Stewart, Reid, & Mangham, 1997). It is regarded as
one type of positive psychological capacity for performance improvement
(Luthans, 2002; Youssef & Luthans, 2007). To extend an individual's
physical and psychological resources, IR may help individuals deal with
stressors that are inherent in the work environment but cannot be
changed (e.g., work pressure; Cooper & Cartwright, 1997). Thus, it may
improve employees' performance by reducing counter-productive be-
haviors and help manage their work related stress (Avey, Reichard,
Luthans, & Mhatre, 2011). Several studies found evidence to support its
positive role. For example, IR was found to be directly related to job
satisfaction, work happiness, and organizational commitment (Youssef
& Luthans, 2007). It was associated with less work irritation, and weaker
intentions to quit given that IR is associated with higher change accep-
tance (Wanberg & Banas, 2000). IRwas also negatively related to depres-
sive symptoms of frontline correctional officers (Liu, Hu,Wang, Sui, &Ma,
2013). It is further believed that positive psychological resource capaci-
ties may facilitate safety focused behaviors (Eid, Mearns, Larsson,
Laberg, & Johnsen, 2012). However, the authors were unable to find
any empirical studies that have examined if IR is associated with better
safety performance and lower job stress in the construction industry.

H2. IR is negatively related to physical safety outcomes.

H3. IR is negatively related to psychological stress.

1.4. Injuries and psychological stress

Serious injuries, exposure to actual or threatened death, and other
traumatic experiences may result in post-traumatic stress disorder



Table 1
Demographics of respondents.

Demographic factors Response
range

Mean or
percent

Median

Gender Male/female 98% male –
Age 16 to 67 37.11 36.00
Years in construction 0.01 to 46 14.30 11.00
Years with the current employer 0.01 to 45 6.30 3.70
Number of construction employers
in previous 3 yrs

1 to 100 2.33 1.00

Number of projects worked in
previous 3 yrs

1 to 300 9.85 5.00

Average hours worked per week in 9 to 100 44.24 42.00
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(PTSD) (Ontario Centre for Suicide Prevention, 2015). A study of 41male
constructionworkers in China found thatworkers exposed to a fatal acci-
dent had significantly higher symptoms of depression, such as insomnia
and decreased interest in work and other activities (Hu, Liang, Hu, Long,
& Ge, 2000). In turn, individuals under high psychological stress tend to
have higher accident rates (Siu, Phillips, & Leung, 2004) and unsafe
behaviors (Leung, Liang, & Olomolaiye, 2016). This is a vicious spiral.
Findingways to help employeesmanage job related stress may help pre-
vent this downward spiral of disintegrating performance. It is reasonable
to expect that injuries and job stress are positively correlated.

H4. Physical safety outcomes are positively associated with job stress.

previous month

Did respondent have any job-related
safety training

Yes or no 97.7% yes –

Was respondent ever a safety
committee member

Yes or no 38.1% yes –

Was respondent a member of a union Yes or no 60.7% yes –
Job position Supervisor 31.3% –

Journeyman 50.5% –
Apprentice 18.2% –

Table 2
Data representativeness.

Category Our sample Verification dataa,b

2011–2015

Gender distribution
Male 98.0% 88.9%
Female 2.0% 11.1%

Age distribution
15–24 years 14.7% 11.9%
25–54 years 75.8% 71.6%
55 years & over 9.4% 16.5%

Employee distribution by employer size
Micro (1–4 employees) 5.1% 16.6%
Small (5–99 employees) 55.7% 57.4%
Medium (100–499 employees) 25.7% 13.8%
Large (500+ employees) 13.5% 12.3%

a Statistics Canada (2015c).
b Statistics Canada (2015b).
2. Methods

2.1. Data collection procedures

2.1.1. Survey instrument
This research used a self-administered questionnaire adapted from

previous research (McCabe, Loughlin, Munteanu, Tucker, & Lam,
2008).Modifications to the survey questionsweremade, such as adding
individual resilience questions. The self-administered questionnaires
comprised three sections: demographics, attitude statements, and
incident reporting. The demographics section included questions, such
as age and job tenure with the current employer of a participant. In
the attitudinal section, respondents indicated the degree to which
they agree with the statements using a Likert scale between 1 (strongly
disagree) and 5 (strongly agree). In the incident reporting part, the re-
spondents were asked how frequently they experienced incidents on
the job in the 3 months previous to the survey. There are three catego-
ries of incidents: physical symptoms, unsafe events, and psychological
stress symptoms. Physical symptoms and unsafe events are regarded
as physical safety outcomes. Psychological stress symptoms describe
job related stresses. Physical symptoms, such as respiratory injuries,
may be associated with certain jobs in the construction industry. Safety
events comprise events that respondentsmay have experiencedwithout
necessarily resulting in an injury, such as “slip/trip/fall on same level.”
One example of psychological stress symptoms is “lost sleep due to
work-related worries.”

2.1.2. Data collection
A multi-site data collection strategy was employed. In total, 837

surveys were collected from 112 construction sites between July 2015
and July 2016. For each site, at least two research assistants were avail-
able to distribute surveys to workers on site. They provided immediate
responses to any questions from the participants, which improved the
reliability and completeness of the data. No follow-up was undertaken
and thequestionnaireswere strictly anonymous. The number of surveys
collected from each site ranged from 1 to 42, with an average of about 8.
Each survey required approximately 4 person-hours of research effort
to find sites, communicate with corporate employees and site superin-
tendents, travel to site, and collect the data. This is consistent with
previous findings (Chen, Alderman, & McCabe, 2015).

2.1.3. Demographics of the respondents
The respondents were from the high-rise residential, low-rise resi-

dential, heavy civil, institutional, and commercial sectors of the con-
struction industry. Among the respondents, 69.3% were from
construction sites in the Greater Toronto Area (GTA) with the remain-
der from areas outside the GTA but inside Ontario (safety is regulated
provincially in Canada), extending from Ottawa to Thunder Bay.
Table 1 shows demographic information of the respondents. The mean
age of the respondents was 37 years (SD = 12) and 98% were male;
69% of workers were journeymen or apprentices. The respondents had
been working for their current employers for just over 6 years on
average, but half of them had worked for their employers less than
4 years. Respondents reported relatively high mobility between pro-
jects, as expected in construction. The weekly working hours of the re-
spondents were approximately 44 h, and 37.8% worked more than
44 h, which is considered overtime (Ontario Ministry of Labour,
2015). The respondents also reported a very high safety training per-
centage (97.7%) and 38.1% reported that they had the experience of
being a safety committee member. Approximately 61% of the respon-
dents were union members.

Our data were compared to Statistics Canada's Ontario construction
workforce data on gender, age, and employee distribution by company
size from 2011 to 2015, as shown in Table 2. Age distribution is reason-
ably similar, while our data had a lower percentage of female workers
and a lower percentage of workers from micro-sized companies. One
possible reason for fewer female respondents is that our data are site fo-
cused while the government data may include administration em-
ployees in site offices. It is very challenging to capture the employees
of micro-sized companies as they are typically less motivated to partic-
ipate in any activities that distract them from their work, including
research.
2.1.4. Incidents
Incident reporting responses were discrete choices of ‘never,’ ‘once,’

‘two to three times,’ ‘four to five times,’ and ‘more than 5 times’ in the
previous 3 months. For each of the incident questions, these were tran-
scribed as 0, 1, 2, 4, and 5 respectively. As such, incident counts reported



Table 3
Frequency of physical safety outcomes.

Report at least one
occurrence in previous
3 months (%)

Physical symptoms 80.6
Cut/puncture 53.4
Headache/dizziness 52.8
Strains/sprains 50.8
Persistent fatigue 47.7
Skin rash/burn 24.7
Eye injury 11.8
Respiratory injuries 10.7
Temporary loss of hearing 8.9
Electrical shock 6.7
Dislocated/fractured bone 4.3
Hernia 4.0

Unsafe events 66.7
Overexertion while handling/lifting/carrying 41.9
Slip/trip/fall on same level 34.5
Pinch 34.3
Exposure to chemicals 33.6
Struck against something stationary 8.8
Struck by falling/flying objects 8.4
Fall from height 5.5
Contact with moving machinery 3.1
Struck by moving vehicle 2.9
Trapped by something collapsing/caving/overturning 2.3
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herein are conservative. Then, for each of the three incident categories,
namely, physical symptoms, unsafe events, and psychological stress
symptoms, the incident counts were summed for each respondent.

Table 3 shows the frequency of physical safety outcomes. In total,
80.6% and 66.7% of the respondents reported at least one occurrence
of physical symptoms and unsafe events in the previous 3 months.
This number is not surprising, because the aggregated value of physical
symptoms and unsafe events included incidents like cuts that are not
severe but have very high occurrences. Cut or puncture, headache/dizzi-
ness, strains or sprains, and persistent fatigue are the most frequently
experienced physical symptoms and approximately 50% of the partici-
pants experienced at least one of these four symptoms in the previous
3 months. In terms of unsafe events, 42% of the respondents experi-
enced overexertion, and approximately 34% experienced slip/trip/fall
on the same level, pinch, and exposure to chemicals at least once in
the previous 3 months. With regard to the more severe incidents, such
as dislocated or fractured bone and fall from height, it is very surprising
that 30 to 40 respondents experienced these incidents recently.

Table 4 shows the frequency of stress symptoms. More than a half of
the respondents reported at least one occurrence of stress symptoms,
and 29% to 37% of the respondents reported that they were unable to
enjoy daily activities, unable to concentrate onwork tasks, felt constant-
ly under strain, and lost sleep because of the work related worries. Rel-
atively fewer incidents of feeling incapable of making decisions and
losing confidence were reported (16% and 15%, respectively).
Table 4
Frequency of job stress symptoms.

Report at least one
occurrence in previous
3 months (%)

Job stress symptoms 55.2
Lost sleep due to work-related worries 36.7
Felt constantly under strain 30.1
Unable to concentrate on work tasks 28.8
Unable to enjoy day-to-day activities 28.6
Felt incapable of making decisions 16.1
losing confidence in self 15.0
2.2. Measures

2.2.1. Individual resilience
Six statements were used to measure IR. Three statements were

adapted from a self-efficacy scale (Schwarzer & Jerusalem, 1995);
an example statement is “I am confident that I could deal efficiently
with unexpected events.” The remaining three statements (Connor
& Davidson, 2003) focus on a person's tolerance of negative impacts,
and positive acceptance of change. An example statement from this
category is “I am able to adapt to changes.” The coefficient alpha of
the scale is 0.84.

2.2.2. Safety climate
Management commitment to safety examines the priority that man-

agement puts on safety, especially when it conflicts with production.
Six statements were used. Three were adapted from the previous re-
search (Hayes, Perander, Smecko, & Trask, 1998). An example is “our
management provides enough safety training programs.” Two state-
ments were adapted from Zohar & Luria (2005); an example is “our
management is strict about safety when we are behind schedule.” The
final statement is “after an accident, our management focuses on how
to solve problems and improve safety rather than pinningblame on spe-
cific individuals” (Carthey, de Leval, & Reason, 2001). The coefficient
alpha of the scale is 0.87.

Supervisor safety perception is the workers' perception about wheth-
er their supervisors commit to safety. Six statements were used (Hayes
et al., 1998). An example statement is: “my supervisor behaves in a way
that displays a commitment to a safe workplace.” The coefficient alpha
of the scale is 0.86.

Coworker safety perception is one's perceptions about whether their
coworkers have good safety behaviors. Four statements were used
(Hayes et al., 1998). One example is: “my coworker ignores safety
rules.” The coefficient alpha of the scale is 0.72.

Role overload examines whether a worker feels that there is more
work than can be accomplished in the time frame available in one's
job. Two statements were adapted to measure role overload (Barling,
Loughlin, & Kelloway, 2002). One example statement is: “I am so busy
one the job that I cannot take normal breaks.” The coefficient alpha of
the scale is 0.62.

Work pressure is one's perceptions of whether there is excessive
pressure to complete work faster, thereby reducing the amount of
time available to plan and carry out work. Two statements were
adapted from Glendon and Litherland (2001) to measure it. One exam-
ple statement is: “there are enough workers to carry out the required
work.” These two statements were reversed to have a consistent direc-
tion with the meaning of the factor. The coefficient alpha of the scale is
0.65.

Safety knowledge is about whether workers know what to do
confronted with unexpected events. Five statements were extracted
from the safety consciousness factor (Barling et al., 2002). One example
statement is “I knowwhat to do if an emergency occurred onmy shift.”
The coefficient alpha of the scale is 0.79.

The suggested alpha values range from 0.70 to 0.90 (Tavakol &
Dennick, 2011). Although the alpha values of work pressure and role
overload are less than 0.70, lower alpha values can be accepted
(Loewenthal, 2001).

2.3. Data analysis

2.3.1. Data screening
Before performing any analysis, some datamanagementwas under-

taken. Fifty-four cases were removed because a high proportion of data
were missing (N10%). Thus, 783 cases were used for the analysis (672
surveys complete and 111 with on average 5% missing information).
Four statement responses were reversed to have the same perception
direction as other statements in the same scale. For example, “My
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coworkers ignore safety rules” was reversed to be directionally consis-
tent with “My coworkers encourage others to be safe.” Finally, missing
values of one variable were replaced with the mean value of that vari-
able across all subjects.

Regarding the univariate normality of all the variables, none of the
observed variableswere significantly skewed or highly kurtotic. The ab-
solute values of the skewness of the variables were less than or equal to
2 and the kurtosis was less than or equal to 7 (Kim, 2013). However, the
original data had multivariate non-normality and outlier issues, hence,
variable transformations using log10 function were attempted based
on their distributions (Tabachnick & Fidell, 2007). For example, one var-
iable “I always wear the protective equipment or clothing required on
my job” was transformed using log10 function because it had substan-
tial negative skewness. Although there was a slight improvement after
variable transformations, multivariate non-normality and outliers still
existed. One hundred cases with extreme values were reported via
Mahalanobis distance detection. Thus, data transformations were not
considered for the following analysis. After examination, it is believed
that the outliers are the natural variation of the data, thus, the cases
with extreme values were kept.

2.3.2. Analysis procedure
The statistical analyses were performed using IBM SPSS Statistics

and Amos (Windows version 23). The first step was to determine
whether the proposed six dimensions of safety climate were conceptu-
ally distinct. Considering that the measures used in the present study
were adapted from the research completed 10 years ago (McCabe
et al., 2008), a set of confirmatory factor analyses were used to assess
the adequacy of the previously mentioned scales. Robust maximum
likelihood estimation technique was used to handle the multivariate
non-normality (Brown, 2015; Byrne, 2001a). In Amos, the robust esti-
mation was achieved by a bootstrapping procedure (10,000 bootstrap
samples and 95% confidence intervals). The key idea underlying
bootstrapping is that it creates multiple subsamples from an original
data set and the bootstrapping sampling distribution is rendered free
from normality assumptions (Byrne, 2001b). Internal-consistency reli-
ability tests were conducted to show how well the individual scale
statements reflected a common, underlying construct. Then descriptive
statistics and correlations of the studied variables were analyzed. Final-
ly, structural equation modeling (SEM) techniques were used to exam-
ine IR and the six hypothesized safety climate factors in relation to
physical safety outcomes and job stress.

2.3.3. Model fit indices
There is no consensus aboutwhich indices to use, but reporting a va-

riety of indices reflects different aspects ofmodelfit (Hooper, Couglan, &
Mullen, 2008). The fit indices used for SEM included an overall fit statis-
tic χ2, the relative χ2 (i.e. χ2/degrees of freedom), root mean square
error of approximate (RMSEA), standardized root mean square residual
(SRMR), comparative fit index (CFI), and the parsimonious normed fit
Index (PNFI).

Although χ2 value is very sensitive to sample size, it should be re-
ported along with its degree of freedom and associated p value (Kline,
2005). The relative χ2 (i.e. χ2/degrees of freedom) (Wheaton, Muthén,
Table 5
Comparisons of the hypothesized six-factor model of safety climate with selected alternative m

Model χ2 d.f.

Hypothesized six factor model of safety climate 778.37 252
Alternative model 1: One factor (MC + SS + CS + WP + RO + SK) 2119.35 267
Alternative model 2: two-factors (MC + SS + CS + WP + RO, SK) 1818.07 266
Alternative model 3: three-factors (MC, SS + CS + WP + RO, SK) 1451.58 264
Alternative model 4: four-factors (MC, WP + RO, SS + CS, SK) 1241.55 261
Alternative model 5: five-factors (MC, SS, CS, WP + RO, SK) 939.41 257

MC: management commitment to safety; SS: supervisor safety perception; CS: coworker safet
Alwin, & Summers, 1977) can address the sample size limitation, and
thus it was used. A suggested range for this statistic is between 2
(Tabachnick & Fidell, 2007) and 5 (Wheaton et al., 1977). RMSEA is
regarded as one of the most informative fit indices (Byrne, 2001b;
Diamantopoulos & Siguaw, 2000). In a well-fitting model, its range is
suggested to be from 0 to 0.08 (Browne & Cudeck, 1992; Hooper et al.,
2008). The maximum acceptable upper bound of SRMR is 0.08 (Hu &
Bentler, 1999). CFI values greater than 0.95 have been suggested
(Hooper et al., 2008), but CFI values greater than 0.90 are deemed ac-
ceptable. Higher values of PNFI are better, but there is no agreement
about how high PNFI should be. When comparing two models, differ-
ences of 0.06 to 0.09 indicate substantial differences (Ho, 2006;
Williams & Holahan, 1994).
3. Results

3.1. Measurement model

A hypothesized six-factor model was examined, composed of man-
agement commitment to safety, supervisor safety perception, coworker
safety perception, work pressure, role overload, and safety knowledge.
Five alternative competingmodels were also assessed (Table 5), includ-
ing a one-factor model, two-factor model, three-factor model, four-
factor model, and five-factor model.

All of the alternative models are nested in the proposed six-factor
model, so we compared the hypothesized six-factor model with each
of the competingmodels based on the Chi-square difference (χ2 diff) as-
sociated with the models. The χ2 difference also follows a χ2 distribu-
tion. For instance, the χ2 value of the hypnotized six-factor model is
778.37 with a degree of freedom is 252 and the χ2 value of the alterna-
tive one-factormodel is 2119.35with a degree of freedom is 267. The χ2

difference between these two models is 1340.98 with a degree of free-
dom of 15, which is significant. This suggests that the six-factor model
is superior to the one-factor model. The results in Table 5 suggest that
the hypothesized six-factor model performs better than all the alterna-
tive models. The findings also show that the six scales are conceptually
different.

Following these steps, individual resilience in relation to the six pro-
posed factors of safety climate were further examined. In the final mea-
surementmodel (a total of seven factors,MC, SS, CS,WP, RO, SK, and IR),
χ2 (405) = 1124.68, p b 0.01. The fit indices have the following values:
χ2/d.f. = 2.78, RMSEA= 0.048, SRMR= 0.06, CFI = 0.93, PNFI = 0.78.
Overall, the fit indices suggest that thefinalmeasurementmodel fits the
data well.

Table 6 shows the factor loadings and squared multiple correlation
(SMC) of each scale statement. Table 10 shows the detailed scale ques-
tions. All the estimates in Table 6 are significant (p b 0.001). The factor
loadings are the standardized regression weights, ranging from 0.42 to
0.82. In Amos, SMC of a statement variable is the proportion of its vari-
ance that is accounted for by its predictors (Arbuckle, 2012), which is
also known as R2. For example, SMC of statement MC1 is 0.47, i.e. 47%
variance of MC1 was explained by the factor “management commit-
ment to safety.” Lower and upper bound of SMC estimates were also
given based on 10,000 bootstrap sampleswith 95% confidence intervals.
odels.

χ2 diff d.f. diff χ2/d.f. RMSEA SRMR CFI PNFI

3.09 0.05 0.07 0.94 0.76
1340.98 15 7.94 0.09 0.08 0.77 0.66
1039.7 14 6.84 0.09 0.07 0.81 0.69
673.21 12 5.50 0.08 0.06 0.85 0.73
463.18 9 4.76 0.07 0.06 0.88 0.74
161.04 5 3.66 0.06 0.07 0.92 0.76

y perception; WP: work pressure; RO: role overload; SK: safety knowledge.



Table 6
Measurement model: squared multiple correlations (SMCs) and factor loadings.

Scale
statements

SMCs Management
commitment to safety

Supervisor safety
perception

Coworker safety
perception

Work
pressure

Role
overload

Safety
knowledge

Individual
resilience

Estimate 10,000
bootstrapping 95%
C.I.

MC1 0.47 [.39,.56] 0.69
MC2 0.55 [.46,.63] 0.75
MC3 0.58 [.49,.65] 0.76
MC4 0.49 [.39,.58] 0.70
MC5 0.58 [.49,.66] 0.76
MC6 0.48 [.40,.56] 0.69
SS1 0.46 [.38,.54] 0.68
SS2 0.59 [.50,.66] 0.77
SS3 0.68 [.61,.73] 0.82
SS4 0.38 [.31,.44] 0.61
SS5 0.56 [.47,.63] 0.75
SS6 0.48 [.38,.56] 0.69
CS1 0.67 [.58,.76] 0.82
CS2 0.18 [.11,.26] 0.42
CS3 0.56 [.46,.66] 0.75
CS4 0.19 [.12,.27] 0.43
WP1 0.44 [.34,.54] 0.66
WP2 0.52 [.40,.64] 0.72
RO1 0.39 [.28,.51] 0.62
RO2 0.50 [.36,.67] 0.71
SK1 0.29 [.19,.40] 0.54
SK2 0.29 [.18,.42] 0.54
SK3 0.59 [.48,.70] 0.77
SK4 0.47 [.37,.56] 0.68
SK5 0.43 [.34,.53] 0.66
IR1 0.36 [.27,.46] 0.73
IR2 0.53 [.45,.61] 0.72
IR3 0.52 [.43,.61] 0.59
IR4 0.35 [.26,.44] 0.72
IR5 0.52 [.44,.59] 0.69
IR6 0.48 [.38,.57] 0.73

All the factor loadings are significant (p b 0.01).
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On thewhole, SMCs ranged from0.18 to 0.68. Accordingly, the adequacy
of the measurement model was supported.

3.2. Correlations among the variables

Table 7 displays descriptive statistics and the correlations between
the studied variables. In general, management commitment to safety,
supervisor safety perception, coworker safety perception, safety knowl-
edge, and individual resilience had significantly negative correlations
with physical symptoms, unsafe events, and psychological stress
symptoms. Work pressure and role overload were positively related to
physical symptoms, unsafe events, and psychological stress symptoms.
In addition, management commitment to safety, supervisor safety per-
ception, coworker safety perception, safety knowledge, and individual
resilience were positively correlated with each other. Work pressure
was positively related to role overload. Physical symptoms, unsafe
Table 7
Descriptive statistics and correlations.

Number of statements in each scale M S.

1. Physical symptoms – 6.01 6.
2. Unsafe events – 3.59 5.
3. Psychological stress symptoms – 3.62 4.
4. Management commitment to safety 6 3.48 0.
5. Supervisor safety perception 6 2.99 0.
6. Coworker safety perception 4 3.41 0.
7. Work pressure 2 0.57 0.
8. Role overload 2 0.70 0.
9. Safety knowledge 5 3.19 0.
10. Individual resilience 6 3.14 0.

All the correlations are significant (p b 0.01), two tailed; numbers underlined in the diagonal o
events, and psychological stress were positively correlated with each
other. Finally, management commitment to safety and supervisor safety
perception had the strongest negative correlations with physical
symptoms and unsafe events; and coworker safety perception had the
strongest negative correlation with psychological stress symptoms.
Work pressure had the strongest positive correlations with physical
symptoms, unsafe events, and psychological stress.

3.3. Structural model

To examine the impact of safety climate and individual resilience on
physical safety outcomes and psychological stress symptoms, a struc-
tural model was built (model 1 in Fig. 2). The latent construct of safety
climate was indicated by six dimensions: management commitment
to safety, supervisor safety perception, coworker safety perception,
work pressure, role overload, and safety knowledge. The overall model
D. 1 2 3 4 5 6 7 8 9 10

12 – 0.59 0.46 −0.29 −0.29 −0.24 0.35 0.16 −0.18 −0.18
19 – 0.41 −0.23 −0.23 −0.22 0.26 0.14 −0.17 −0.15
56 – −0.19 −0.20 −0.25 0.30 0.26 −0.15 −0.20
54 – 0.87 0.69 0.41 −0.68 −0.25 0.55 0.48
51 0.86 0.42 −0.57 −0.24 0.48 0.44
74 0.72 −0.40 −0.47 0.27 0.23
52 0.65 0.48 −0.34 −0.51
54 0.62 −0.22 −0.32
42 0.79 0.53
37 0.84

f the matrix are the Cronbach's alpha of the scales.
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Fig. 2. Structural equationmodel. Model 1: without non-significant coefficients from individual resilience to physical symptoms and unsafe events. Model 2 shown by dashed line and by
italic numbers: with non-significant coefficients from individual resilience to physical symptoms and unsafe events.
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fit of model 1 was assessed by χ2 (509) = 1459.80, p b 0.01. Because χ2

tends to be affected by sample size, it is advisable to use other fit indices.
In our model, χ2/d.f. = 2.87, RMSEA= 0.049, SRMR= 0.07, CFI = 0.91,
PNFI = 0.79. These fit measures all indicate that the hypothesized
model fits the data well. Further, all structural coefficients were signifi-
cant (p b 0.01).

We also compared the model to one with the non-significant
paths from individual resilience to physical symptoms and unsafe
events, i.e. Model 2 in Fig. 2. The fit indices of model 2 together
with those of model 1 are listed in Table 8. The χ2 difference of
model 1 and model 2 is 4.34 with 2° of freedom, which was not
significant. It suggested that the parsimonious model (i.e. model
1) is the better choice. It is also worth mentioning that other models,
such as a model with direct path from safety climate to psychological
stress symptoms, were also compared. All the findings showed that
model 1 has the best-fit.
Table 8
Comparisons of model 1 and model 2.

Model χ2 d.f. χ2 diff d.f. diff

Model 1 1459.80 509
Model 2 1455.46 507 4.34 2

Table 9
Direct and indirect effect testing of the hypothesized model relationships.

Path R2 contribution

Direct effects
SC → physical symptoms 0.07
SC → unsafe events 0.06
IR → stress symptoms 0.03
Unsafe events → physical symptoms 0.34
Unsafe events → stress symptoms 0.09
Physical symptoms → stress symptoms 0.17
Indirect effects
SC → unsafe events → physical symptoms
SC → (physical symptoms and unsafe events) → stress symptoms

SC → physical symptoms → stress symptoms
SC → unsafe events → stress symptoms
SC → unsafe events → physical symptoms → stress symptoms

Unsafe events- N physical symptoms → stress symptoms

Direct effects, indirect effects, and 95% bootstrapped confidence intervals denoting indirect effe
Path analysis ofmodel 1was conducted to determinewhether safety
climate has indirect effects on stress symptoms. As shown in Table 9, be-
sides the direct effects displayed in Fig. 2, safety climate had significant-
ly indirect negative effects on physical symptoms via unsafe events; and
unsafe events had significantly indirect positive effects on stress symp-
toms via physical symptoms. More interestingly is that safety climate
had a significant indirect negative impact (i.e. −0.16) on stress symp-
toms via both physical symptoms and unsafe events. This indirect effect
was achieved through three paths: SC → physical symptoms → stress
symptoms; SC → unsafe events → stress symptoms; SC → unsafe
events→ physical symptoms→ stress symptoms. Thus, the indirect ef-
fect was decomposed into three parts, −0.07, −0.04, and −0.05, re-
spectively. Because AMOS only reported the total indirect effect from
one variable to another variable, the decomposition of the indirect effect
was conducted manually by the authors; therefore, the corresponding
bootstrapping results were not available here.
χ2/d.f. RMSEA SRMR CFI PNFI

2.87 0.05 0.07 0.91 0.79
2.87 0.05 0.07 0.91 0.79

Direct effects Indirect effects 10,000 bootstrapping 95% C.I.

−0.17
−0.24
−0.11
0.58
0.15
0.39

−0.14 [−0.19, −0.09]
−0.16 [−0.21, −0.11]
−0.07 –
−0.04 –
−0.05 –
0.23 [0.17, 0.29]

cts are significant (p b 0.01).



Table 10
Scale statements.

Management commitment to safety
MC1 Our management provides enough safety training programs
MC2 Our management conducts frequent safety inspections
MC3 Our management provides safe equipment
MC4 Ourmanagement is strict aboutworking safelywhenwork falls behind schedule
MC5 Our management gives safety personnel the power they need to do their job
MC6 After an unsafety event, our management focuses on how to solve problems

and improve safety, rather than seeking to pin blame on specific individuals

Supervisor safety perception
SS1 My supervisor spends time showing me the safest way to do things at work
SS2 My supervisor expresses satisfaction when I perform my job safely
SS3 My supervisor talks about values and beliefs in the importance of safety
SS4 My supervisor makes sure that we receive appropriate rewards for

achieving safety targets on the job
SS5 My supervisor behaves in a way that displays a commitment to a safe workplace
SS6 My supervisor keeps workers informed of safety rules

Coworker safety perception
CS1 My coworkers ignore safety rules (R)
CS2 My coworkers encourage others to be safe
CS3 My coworkers take chances with safety (R)
CS4 My coworkers keep work area clean

Work pressure
WP1 There are enough workers to carry out the required work (R)
WP2 There is sufficient “thinking time” to enable workers to plan and carry out

the required work (R)

Role overload
RO1 I am so busy on the job that I can't take normal breaks.
RO2 There is too much work to do in my job for it all to be done well

Safety knowledge
SK1 I always wear the protective equipment or clothing required on my job
SK2 I do not use equipment that I feel is unsafe
SK3 I inform management of any potential hazards I notice on the job
SK4 I know what procedures to follow if a worker is injured on my shift
SK5 I would know what to do if an emergency occurred on my shift

Individual resilience
IR1 It is so easy for me to stay focused and accomplish my goals
IR2 I am confident that I could deal efficiently with unexpected events
IR3 I remain calm when facing difficulties because I can rely on my coping abilities
IR4 When confronted with a problem, I can usually find several solutions
IR5 I can cope with stress
IR6 I can focus and think clearly when I am under pressure

R: reverse.

174 Y. Chen et al. / Journal of Safety Research 61 (2017) 167–176
Moreover, R2 of unsafe events, physical symptoms, and psychologi-
cal stress symptoms were 0.06, 0.41, and 0.29, respectively. Although
it has been argued that it is difficult to decompose the R2 contribution
of correlated predictors, Dominance Analysis (DA) is a well-known ap-
proach to determining the relative importance of each predictor
(Budescu & V, 1993). The novelty of DA is that “predictors are compared
in a pairwise fashion across all subset models, and a hierarchy of levels
of dominance can be established” (Azen & Budescu, 2006). Table 9 gives
the estimates of the R2 contribution from each predictor based on DA.
Matlab R2015b was used and the code employed was from Broomell,
Lorenz, & Helwig (2010). As displayed, safety climate explained 7%
and 6% variance of physical symptoms and unsafe events, respectively.
IR explained 3% variance of stress symptoms, physical symptoms
contributed 17%, and unsafe events contributed 9%.

4. Discussion

The objective of this study was to examine the impacts of safety
climate and individual resilience on physical safety outcomes and job
stress of construction workers. Six dimensions of safety climate were
adapted from previous research. Each of these dimensions was found
to be significant, and to be important components of the latent con-
struct of safety climate including management commitment to safety
climate, supervisor safety perception, coworker safety perception,
work pressure, role overload, and safety knowledge. Our findings vali-
dated H1 and confirmed that safety climate is a critical factor predicting
the occurrence of physical safety outcomes in the construction industry
(Fang et al., 2006; Hon et al., 2014;Mohamed, 2002). Among the six fac-
tors of safety climate, management commitment to safety, and supervi-
sor safety perception had the strongest positive correlations with safety
climate;work pressure had the strongest negative correlationwith safe-
ty climate. This validated that management commitment to safety and
the balance between safety and production are essential aspects of
workplace safety climate (Flin et al., 2000; Glendon & Litherland,
2001; Huang et al., 2006; Zohar, 2000; Zohar & Luria, 2005).

The current study showed that job related stress is a common phe-
nomenon in the Ontario construction industry. Approximately one
third of the respondents reported experiencing at least four of the six
stress symptoms. The strong correlations between job stress and phys-
ical safety outcomes indicate thatmore attention needs to be paid to the
job related stress in the construction industry. Moreover, we found that
safety climate has the potential to decrease workers' job stress. This
suggests that safety climate can affect not only employees' physical
health but also their psychological health.

Individual resilience had a significantly negative impact on psycho-
logical stress, which validated H3. It explained 3% of the variance of
stress. Individual resilience improvement can be taken as a secondary
preventer of job stress (Cooper & Cartwright, 1997). Hence, organiza-
tions may consider developing training programs, such as awareness
activities (Cooper & Cartwright, 1997), to improve workers' relaxation
techniques, cognitive coping skills, and work/lifestyle modification
skills. Failing our expectation, H2 was not confirmed (i.e., we did not
find that individual resilience was associated with physical safety
outcomes). More research is needed to validate this.

There are several limitations of the current study. First, the study
was based on a cross-sectional design,which prevented us frommaking
definitive causal conclusions. Second, work pressure and role overload
had relatively low internal consistency alpha values, which needs to
be enhanced in the future. Finally, our data were skewed to larger-size
companies, which also needs to be addressed in the future.

5. Conclusions

This study demonstrated that, in addition to injuries and unsafe
events, job related stress is very common in the construction industry.
Safety climate was confirmed to be associated with fewer physical safe-
ty outcomes and with fewer job related stresses. Results also suggest
that individual resilience affects one's ability to manage job-related
stress. These findings highlight the role of organizational factors as
well as individual factors in affecting individual safety performance
and psychological well-being. Given these findings, construction orga-
nizations need to not only monitor employees' safety performance but
also their psychological well-being. Promoting a positive safety climate
together with developing training programs focusing on improving em-
ployees' psychological health, especially post-trauma psychological
health, can improve the organizations' safety performance.
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