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Abstract: Construction safety climates can reflect organizational safety behavior and commitment,
employees’ safety perceptions and attitudes, and the supervisory and support environments. Main-
taining a healthy safety climate can help prevent workers from fatal accidents and illnesses. To
enhance the safety climate and, consequently, improve safety performance at a construction site, it is
very important to analyze the elements that affect the safety climate and are significant for different
types of construction work organizations. Therefore, the main goal of this study was to develop
a multi-spectra perception model to investigate which factors were considered critical from four
key perspectives: managers, superintendents, skilled laborers, and general helpers. To achieve this
goal, a survey questionnaire was conducted to collect empirical data from one commercial building
construction project. Based on a stepwise regression analysis, it was revealed that the most significant
factors enhancing the safety climate are: from the managers’ perspective, a combination of improve-
ment in the support environment and reduction in work pressure; for superintendents and skilled
laborers, increasing worker competence; and for general laborers, increasing worker involvement.
This research contributes to a better understanding of the significant factors and provides a measure
for each important role in enhancing the safety climate at a job site.

Keywords: safety climate; construction safety management; multi-perspective; organizational cul-
ture; user perception

1. Introduction

The construction industry continues to be one of the most dangerous sectors across all
industries. According to the most recent survey conducted by the U.S. Bureau of Labor
Statistics (BLS), 5250 work-related fatalities were reported in 2018 [1]. Of these, 1008 (19.2%)
occurred in construction-related sectors [1]. This high rate of fatal accidents in construction
work zones results in significant costs related to recovering from accidents and injuries [2,3].
The Midwest Economic Policy Institute reported that the average cost from fatal accidents
related to construction as an occupation was approximately $5.0 billion per year [3]. To
combat this problem, the construction industry has tried to improve the safety climate
and culture at the job site, following four different approaches: (1) investing in safety
inspections in accordance with the Occupational Safety and Health Association (OSHA)
rules; (2) increasing the prevailing wages of construction workers; (3) establishing a clear
ordinance that those contractors participating in bids must ensure safety standards; (4) and
avoiding political issues that cause strikes by construction unions [3].
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However, those approaches enforced by legislation cannot fundamentally reduce
construction fatalities, accidents, and injuries because they overlook the intrinsic and
unique features of the construction work environment.

The contractor is responsible for cultivating a safe worksite and providing for construc-
tion workers by ensuring that hazards are eliminated or minimized [4]. This can be done
effectively in an optimistic and positive safety climate at the job site [5]. In this sense, many
recent studies have contributed to quantifying safety climates based on safety indicators
and an evaluation of the effects of each indicator on the greater climate [6-9]. These studies
have suggested recommendations for cultivating a positive safety climate and improving
safety performance at construction projects. Unfortunately, despite the numerous efforts
to enhance construction safety, the construction industry continues to suffer poor safety
performance and a high rate of fatalities, accidents, and injuries. To address this challenge,
some research has focused on certain organizational aspects at the construction worksite
such as relationships between supervisors and workers [10,11], because construction safety
management can be regarded as a means of social communication in this area [12]. Accord-
ing to these studies, the behavior of the supervisor is significant and affects the behavior
of construction workers [10,12,13]. One recent study quantified and compared the safety
climates and behaviors of construction workers and supervisors in order to explore their
effects on safety performance [14]. That effort helped to explain how social interactions on
construction job sites can improve safety performance.

The Center for Construction Research and Training (CPWR) and the National Institute
for Occupational Safety and Health (NIOSH) defined the safety culture and climate for
the construction industry and identified key factors affecting it and barriers hindering
its improvement, in order to bridge the gap between research and practice regarding
construction safety [15]. The CPWR documented key factors and subset components that
can be measured in a safety climate analysis [15]. According to these reports, it is critical to
interact across all levels of an organization at the construction site [15]. Mohamed (2002)
proposed a safety climate model based on ten hypotheses: commitment, communication,
safety rules and procedures, support environment, supervisory environment, worker
involvement, personal appreciation, appraisal of the work environment, work pressure,
competence, and safe work behavior [8].

Previous studies have mainly focused on modeling or measuring the safety climate but
ignored finding the relationships between multiple roles at job site and their perspectives
regarding the critical factors influencing the safety climate. Therefore, the main goal of this
study, as an empirical study;, is to investigate how the different roles in the construction
workspace have different perspectives regarding the safety climate, as well as providing
the comprehensive discussion to enhance the safety climate based on the finding. The
conceptual and theoretical model will be developed based on statistical analysis to describe
their multi-spectra perspectives in enhancing construction safety climate. To achieve the
goal, this study categorized four different levels at the construction job site for investigating
their different perspectives about safety climate: project management and administration,
superintendents, skilled labor, and general workforce labor. Thus, this work provides a
deeper investigation of these four different perspectives and significant factors affecting
the enhancement of safety climates.

Section 2 will provide extensive information and reviews of previous studies in the
construction safety climate and demonstrate the main goal and scope of this study based
on the review. Section 3 mainly describes the research methodology including survey
questionnaire, recruiting samples, the demonstration of samples, and description of job
sites. Section 4 includes the information about the statistical analysis and procedures and
findings of data analysis, as well as the description of the multi-spectra perception model.
Lastly, Section 5 will comprehensively discuss implications, the threat of validity and
limitations, and future studies based on the results.
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2. Literature Review

The concept of the safety climate has been described as workers’ perceptions regarding
job site conditions, environment, and safety [16]. The safety climate can be considered a
subset of the safety culture of the worksite because the climate is reflected and cultivated
by a safe culture at a well-arranged job site [17,18].

In recent decades, there have been numerous studies on the safety climate, explor-
ing and investigating the relationship between safety climate and job performance, the
traumatic record of fatal accidents, and negative social perceptions of the construction
environment. They explored and investigated the relationships between the safety climate,
behavior, and performance [5-9,19-23]. The main group of contributions identified lead-
ing factors affecting the safety climate at a job site. For example, safety behavior related
to workers’ actions in accordance with a safety program or procedure have a positive
relationship with an effective safety climate at the job site [10,13].

Another group of studies measured and assessed the safety climate based on certain
identified factors [6,7,9]. Such work has contributed to a better understanding of the impact
of the safety climate on safety performance [24,25]. The following sections describe the:
(1) concept of construction job site safety climate and the leading indicators affecting it
(Section 2.1); (2) interactions among different organizational levels at a job site (Section 2.2);
and (3) the problem statement based on the information synthesized in current research
(Section 2.3).

2.1. Safety Climate at Construction Job Site

For the construction industry, in particular, Mohamed (2002) proposed a conceptual
model of the construction safety climate based on 10 different determinants in the context
of safety management practices at the job site [8]. The 10 determinants identified were:
(1) commitment, (2) communication, (3) safety procedures, (4) support environment, (5)
supervisory environment, (6) workers’ involvement, (7) personal appreciation of risk, (8)
appraisal of job site and hazards, (9) work pressure, and (10) competence. Choudhry et al.
(2009) addressed two main factors affecting construction safety performance—management
commitment and inappropriate safety procedures—and used them to measure the safety
climate [6]. Glendon and Litherland (2001) analyzed six factors influencing safety climate
and performance at road construction sites. That study identified communication, safety
procedures, work pressure, personal protective equipment, relationships, and safety rules
as important elements [26]. Chen et al. (2017) developed a safety climate resilience model to
predict safety performance at the construction job site. In this model, the authors identified
seven indicators affecting safety performance, including commitment, supervisors’ safety
perceptions, coworkers” perceptions, safety concern reporting, education, anticipation,
and awareness of the job site situation [19]. From the contractor’s perspective, this study
emphasized that commitment from management on the individual level was critical to
improving safety performance, and an awareness of safety features was the most important
element when cultivating an enhanced safety climate at construction worksites [5,19].
Likewise, a high-level safety climate is important for onsite managers, engineers, and
workers [9,10,27].

To maintain a better safety climate on site, project engineers, safety managers, and
superintendents must coordinate to inspect safety-related features, based on the overall
safety management program, including procedures and regulations in accordance with
OSHA [4,28]. To do so, field inspections to secure safety are conducted by the owner,
field manager, and superintendent. These individuals discuss outcomes based on the data
collected during such inspections and document their findings and suggest corrective
action to address any issues threatening safety. However, there are still concerns regarding
safety at the job site because of a lack of communication between the different levels of the
organization involved in the safety management program, such as field management and
superintendents.
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2.2. Interaction of Different Organizations in Construction Safety Climate

A construction project requires significant human resources and management input
throughout a project’s life cycle, and specifically during the construction phase [29,30].
Hence, it is necessary for there to be social communication and interactions between
different levels of the organization [12]. In addition, when executing a safety manage-
ment program during the construction, field management is responsible for cultivating a
high-level safety climate and delivering a safe job site to workers [10,14]. Many studies
have explored the interaction between supervisors and workers in the work environment.
Fang et al. (2015) analyzed the impact of the supervisor on workers’ safety behavior in
construction projects supervisors’ behavior as having a critical impact on workers’ conduct
because the supervisor usually has the most frequent contact with workers [10]. Another
recent study analyzed the effects of the safety climate and behavior on safety performance,
documenting that there are obvious differences in the perceptions of supervisors and work-
ers [14]. This study documented the obvious and different perceptions of safety climate
between supervisors and workers. Supervisors tended to follow safety compliance but had
more stress than workers did at construction worksites [10,13,14].

Some research expanded upon the organizational scope of supervisors and workers
to incorporate company managers [21,26,27]. Hon et al. (2014) compared safety climates
based on the occurrence of injuries among managers, supervisors, and workers in the repair
and maintenance worksite environment [21]. Workers’ positive attitudes were found to be
an important predictor of injury occurrence, and managers with a deeper commitment to
safety were more effective at improving safety performance.

Glendon and Litherland (2001) focused on a subset of construction labor, construction
workers and maintenance crew in the road construction domain [26]. The researchers
argued that construction crews had more frequent interactions with their supervisors than
did regular maintenance workers; however, maintenance crews tended to comply with
safety rules and procedures more often than did construction workers. It is likely that
different types of workers at a construction worksite have a wide variety of perspectives on
the safety climate. Skilled labor requires assistance by and support from general laborers
and helpers [31]. Generally speaking, skilled labor has substantial training in special
trade jobs [32]. In contrast, general labor tends to have less experience than skilled labor
and thus tends to assist skilled laborers [31,32]. In this sense, the two groups likely have
different perspectives on and insights into the construction safety climate. Therefore, this
study has attempted to categorize the two groups at the labor level: specialized labor and
general labor.

2.3. Departure of the Problem and Aims of the Study

The current state of knowledge on the topic of construction safety climates has doc-
umented certain common factors appearing in various studies. Some research has an-
alyzed the safety climate according to two specific workgroups, supervisor and work-
ers [10,11,14]. It is clear that an effective safety climate at the job site will enhance safety
performance [6,24,33,34], and supervisors’ commitment, which in turn will have a positive
impact on workers’ safety [10,13,27]. Such research has contributed to a better understand-
ing of how each indicator affects the safety climate and documented the impact of the
safety climate on safety performance. This study departs from previous research on this
topic by focusing on the interactions among multiple perceptions in construction field op-
erations (rather than simply the worker—supervisor dichotomy), such as construction and
safety management, superintendents, specialty laborers, and general laborers. To identify
the different perceptions regarding safety climate enhancement, this study distributed a
questionnaire survey and collected the social perceptions of these different groups in a
controlled environment. Based on a statistical analysis, this research developed a multi-
spectra perception (MsP) model across a variety of perspectives, identifying these different
perspectives regarding the enhancement of the construction safety climate and enriching
the current state of knowledge and practice of construction safety.
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3. Research Methodology

The safety climate is a construct that captures employees’ perceptions of the role that
safety plays in an organization [16]. It can be useful as a measure of the attitudes regarding
safety in a particular work atmosphere. It is also important to periodically assess the safety
climate to prevent workers from fatal accidents resulting from low safety morale [5,11].
More specifically, the present study investigates the range of perceptions from different
groups regarding the safety climate at the construction workplace. Figure 1 illustrates the
overall research method.

How do the different work groups perceive safety climate on the construction workplace?

1. Survey Questionnaire Design
& Participant Recruitment

2. Statistical Modeling
(Stepwise Regression Analysis)

Survey Questionnaire Design
= Survey design including safety climate
measures and safety climate adopted from
previous study (Mohamed, 2002)
= Three components in survey:
1. Demography questions
2. Ten safety climate indicators and
measures (seven for each indicator) —
5 points Likert scale questionnaire
3. Safety climate (9 points Likert scale
questionnaire)

Participants recruited
= A total 121 participants are recruited and a

total 88 response collected and analyzed
(response rate 72.7%)

= All participants are involved in the same
project — a commercial construction project

(controlled environment)

Multi Perspectives defined (4 groups)
= Four different groups and models

1. Management (MN) — Model 1

2. Superintendents (SP) — Model 2

3. Skilled labor (SL) — Model 3, and

4. general helper/labor (GL) — Model 4

Variables established

= |ndependent variables (IVs) - predictors:
ComT, ComN, SRP, SE, SupE, WI, AR,
AWE, WP, ComP

= Dependent variables (DV): enhancing SC

Stepwise Regression: Selecting significant
indicator (or the combo of multiple indicators)

Mean Score (MS) Value: importance of

measures for each indicator

v

3. A Multi-Spectra

Development

Perspective Model (MsP)

MsP Model

Management level

1 quadrant: MN’s perspective
1

2 quadrant: SP’s perspective

1

3 quadrant: SL’s perspective
1

4 quadrant: GL’s perspective

Worker/Labor level

.

v
Enhancing Safety Climate at

the construction jobsite
Interaction of each quadrant

interact to enhance safety
climate at jobsite

P

Figure 1. Overall research method.

3.1. Scope of Different Perspectives

This section describes the dimensions of the different perspectives at the construc-
tion job site and variables affecting the safety climate, based on a previous study. Four
different dimensions are defined here: managers (e.g., construction or safety supervisors),
construction superintendents, skilled labor (e.g., carpenters or electricians), and general
laborers and helpers. For example, managers include the safety and construction project
managers responsible for a site’s operational control needed to complete and deliver a
project. Specifically, superintendents are in charge of supervising the daily work scope as a
specific part of a project task [35]. They have different roles and management perceptions,
and they are responsible for coordinating all sources in the construction project, such as
material, labor, and equipment [36]. For laborers, skilled labor includes any employee with
a specialty job needed to complete a part of a task, while general labor includes workers
who assist skilled laborers [31,32]. Figure 2 illustrates the scope of the different roles and
perceptions in a construction work environment.



Buildings 2021, 11, 347

6 0f 20

Different Scope of Work Organizations at Construction Jobsite

Management / . Skilled Labor
T e [ Superintendents 1 { (Craftsmen) }
« Overall project management * Supervising a piece of * Involved in specialized
* Facilitates and manages to particular job trade jobs (e.g., carpentry,
complete the project * Daily-basis safety and work electrical) .
- Regularly safety and work progress check » Well trained in the/_r special
progress check « Communicating with labors work areas (experienced)
» communicating with and management

superintendents

Construction Field Operational

General Labor
(Helper)

* Helps and assists skilled
labors to complete the
specialized jobs

Environment (Workplace)

Figure 2. Scope of the different perceptions at the construction worksite.

3.2. Survey Questionnaire and Participants

This study employed a survey questionnaire to collect empirical data from the con-
struction industry. The questions were developed by referencing the determinants iden-
tified in a previous study [8]. Based on this research, a total of ten different variables
impacting the safety climate were documented: commitment, communication, safety rules
and procedures, support environment, supervisory environment, workers” involvement,
personal appreciation of risk, appraisal of the work environment and hazards, work pres-
sure, and competence [8]. This questionnaire contains three elements about demographics,
ten indicators affecting the safety climate, and the safety climate measure. For the demo-
graphics description, participants were asked their age, gender, years of experience in
construction, and job classification. Mohamed (2002) documented seven sub-statements for
each safety climate indicator and 10 sub-statements measuring the safety climate [8]. Thus,
a total 80 questions were asked to quantify the safety climate indicators and measure the
safety climate. The questions regarding indicators influencing the safety climate employed
a five-point Likert scale (1 = strongly disagree or not effective, 3 = neither disagree/not
effective nor agree/effective, and 5 = strongly agree or effective). For the measure of safety
climate, the participants also indicated the safety at their current workplace (the same job
site) based on a nine-point Likert scale (9 = very strong endorsement). To identify the
statistical relationship between the indicator and safety climate, the means score (MS) of
the seven sub-questions for each indicator was computed. Based on the MS, a statistical
analysis was conducted to document the independent variable (IV) most significant to the
dependent variable (DV), which was safety climate. Table 1 includes a description of each
indicator and an acronym for each variable.
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Table 1. Description of Variables (Applied from Mohamed, 2002 [8]).

Type of Variables Variable Descriptions ! Acronym
Commitment (x1) ComT
Communication (x2) ComN
Safety rules and procedures (x3) SRP
Supportive Environment (x4) SE
Supervisory Environment (x5) SupE
Independent Variables (IV) Workers’ Involvement (x6) WI
Appreciation of Risk (x7) AR
Appraisal of Physical Work AWE
Environment and Hazards (x8)
Work Pressure (x9) WP
Competence (x10) ComP
Dependent Variable (DV) Safety Climate SC

I Variables refer to Mohamed (2002).

A total 121 participants, all industry professionals from construction job sites, were
asked to measure each indicator and the safety climate. All participants were recruited
from the same construction job site and company because it was important to obtain
perceptions from the same physical work environment and culture. A commercial con-
struction project in the greater Atlanta area was employed (see Figure 3). Among the total,
88 respondents (72.70%) were selected after filtering out 33 inapplicable questionnaires. A
total of 29 management-level personnel (32.95%), 16 superintendents (18.18%), 24 skilled
laborers (27.27%), and 19 general helpers or laborers (21.60%) were classified. The average
experience in the construction industry was 11.2 years, and the average experience in the
current safety climate at the present company was 4.7 years across all job classifications.
Specifically, skilled labor had the largest average number of years of experience in the
construction industry and with the current company (12.5 years and 5.1 years, respectively).
Table 2 describes the demographics of the survey respondents.

Table 2. Demographic of Survey Participants.

Job Professions

Ave. Experience in Ave. Experience in Current

Number of Participants

Construction (Years) Company (Years)
Management (MN) 29 (33.0%) 8.7 3.0
Superintendent (SP) 16 (18.2%) 79 4.1
Skilled labor (SL) 24 (27.3%) 125 5.1
General labor/helper (GL) 19 (21.5%) 5.1 2.1
Total 88 11.2 4.7
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Figure 3. Construction workplace environment for survey questionnaire data collection (taken by Authors—Dr. Sungjin

Kim and Dr. Javier Irizarry).

4. Statistical Analysis and Modeling

Based on the established hypothesis, this study analyzed various perspectives from
different job professions on the safety climate at a construction site. Each participant
was asked about their perceptions as they related to the study variables. Based on the
responses, this work developed a stepwise regression model for each organization on the
construction project. Section 4.1 explains the stepwise regression analysis and procedures
used to enhance the safety climate, as identified in the present study.

4.1. Stepwise Regression Analysis

A stepwise regression analysis was employed to quantify the weighted impact of
each variable. A stepwise regression is an iterative process in which the correlation of
independent variables (IVs) with the dependent variable (DV) is assessed. During the
running of the model, independent variables with the highest correlation were entered
into the regression equation at each iteration. The regression analysis ended when all vari-
ables were selected or the correlation between the remaining IVs and DV was considered
insignificant. All variables in the stepwise regression model were checked for significance
if they were below a specific tolerance level. If insignificant variables were found, they
were removed from the model. The test was adjusted for the significant variables selected
in the regression model.

This study had a set of predictors (IVs) to test the significance of one DV. To find
the subset of IVs that was most realistic, this research included all IVs in the model via
stepwise regression [37,38]. This model decreased irrelevant predictors and achieved the
computation of more precise coefficients and predicted values. By using the stepwise
regression, the data analysis process struck a balance between the simplicity of selecting
effective IVs and fit of the data to the model. In this study, all IVs entered into the regression
model were deemed significant at a correlation coefficient of 0.05. The probability of the
F-value was used as a criterion for selecting and removing the IVs affecting the DV during
the development of each regression model, as follows:

if(Probability of F_value < 0.050), then IV selected 1)
if(Probability of F_value > 0.100), then IV removed ()

4.2. Results

Based on the stepwise regression analysis, the correlations among IVs and DV were
collected. The scope of this study was to analyze the indicators (IVs) and safety climate
(DV) for different groups at the construction job site. Therefore, the values of the Pearson
correlations (r-values) among IVs were ignored. The significance between each IV and
DV was computed at a confidence level of 0.05. Table 3 describes r-value and associated
p-value of each IV. The color blocked in the table indicates that IV was significant to DV
with the associated r-value. For example, SE had a very significant relationship with SC,
with a 0.696 correlation coefficient from the MN perspective. Conversely, WI was very
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significant to SC, with a 0.674 correlation coefficient from the GL perspective. ComP was a
critical indicator, enhancing the safety climate from all the organizational perspectives in
the construction work task environment.

Table 3. Pearson Correlation (r-value) and Significance of IVs (p-value) by Group.

Group v ComT ComN SRP SE SupE WI AR AWE WP ComP
MN 0.631 0.559 0.287 0.696 0.569 0.589 0.146 —0.095 —0.503 0.534
*0.000 *0.001 0.066 *0.000 0.001 *0.000 0.226 0.311 *0.003 *0.001
op 0.574 0.520 0.215 0.424 0.508 0.256 0.038 -0.187  —0.363 0.667
*0.010 *0.020 0.211 0.051 *0.022 0.169 0.444 0.244 0.087 *0.002
- 0.114 0.437 0.500 0.234 0.239 0.240 0.118 0.223 —0.198 0.516
0.298 *0.016 *0.006 0.135 0.130 0.129 0.292 0.148 0.177 *0.005
oL 0.178 0.562 0.260 0.598 0.212 674 0.510 0.448 —0.151 0.646
0.233 *0.006 0.141 *0.003 0.192 *0.001 *0.013 *0.027 0.268 *0.001
DV: Safety Climate (SC) * IVs are significant at the confidence level of 0.05.
Next, four stepwise regression models were designed across the four perspectives.
Individual IVs were selected or excluded based on the criteria defined in Equations (1)
and (2). For Model 1, three IVs (i.e., SRP, SE, and WP) were initially entered at the first
step; SRP was removed in the next step. Therefore, only two IVs (i.e., SE and WP) were
selected for Model 1. The combination of SE and WP were significant to SC. AWE and
ComP were included in In Model 2. Based on the information criteria, one IV was finally
selected, ComP, as affecting the DV. Model 3 selected SRP and ComP in the first step and
removed SRP in the next step. Model 4 only selected WI through the stepwise regression
analysis. Table 4 reports the results of the stepwise regression models.
Table 4. Stepwise Regression Models.
R . Final Selected Effects
egression 2 .
R F-Value (sig) Unstandardized Standardized
Model " nstandardize andardize . .
oces Ivs Coefficient Beta Coefficient Beta t-Value S18
Model 1 1558 16.403 SE 1.672 0.592 4.236 0.000
(MN) ' (0.000) WP —0.709 —0.290 —2.077 0.048
Model 2 11.242
(SP) 0.445 (0.005) ComP 3.579 0.667 3.353 0.005
Model 3 7.995
(SL) 0.267 (0.010) Comp 0.939 0.332 2.828 0.010
Model 4 14.176
(GL) 0.455 (0.002) WI 1.313 0.674 3.765 0.020

DV: Safety Climate (SC) * Predictors (IV): SE and WP in Model 1, ComP in Model 2 and 3, and WIin Model 3.

4.2.1. Model 1—Management Perspective (MN)

The first regression, Model 1, indicated that management on the construction worksite
had ideas regarding enhancing the safety climate. Two IVs (i.e., SE and WP) were the final
variables selected as affecting the safety climate from the perspective of managers (e.g.,
construction managers, safety managers). According to Table 4, this model had R? value of
0.558, indicating that 55.8% of the variance in safety climate could be predicted from SE
and WP. This model yielded F-value (F = 16.403), and the p-value associated was computed
as 0.000, meaning that IV could reliably predict DV. The combination of SE and WP was
very significant to predicting enhancement of the safety climate. Specifically, based on the
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unstandardized coefficient beta value and constant computed, the safety climate from the
perspective of management (Model 1) could be predicted through Equation (3), as follows:

SC(model 1) : 39.86 + 1.672 x (x4) + (—0.709) x (x9) ®)

Each unstandardized coefficient beta of each IV indicated the relationship between
the IV and DV. Assuming the quantified values for the IVs and DV increasing one point for
SE, the score for SC was predicted to be higher by 1.672 points, if holding another variable
(i.e., WP) constant. Since Model 1 included two IVs (i.e., SE and WP), the score for SC
was determined by combining the values for SE and WP and holding constant values. By
standardizing the IV, the magnitude of the coefficient could be compared based on the
absolute value of the standardized coefficient beta. In Model 1, SE (0.592) had a more
significant effect on SC than WP (0.290). For each IV in Model 1, the coefficients for SE
(1.672) and WP (—0.709) were statistically significantly important because their p-values
were 0.000 and 0.048, respectively, which are smaller than 0.05. From the management
perspective, the most important factor affecting the enhancement of the safety climate
was cultivating a supportive job site environment (SE). Reducing work pressure (WP) at
the job site was another factor important to delivering an enhanced safety climate at the
construction worksite. Table 5 shows the measurements of each effective predictor and
their MS-values in Model 1. The most important measures were SE03 (MS-value = 4.586
out of 5.000) and WP01 (MS-value = 3.138) for each IV selected for the stepwise regression
analysis.

Table 5. Measurements of Selected Indicators in Model 1 (Adopted from Mohamed, 2002 [8]).
IVs Measurement ! MS-Value (max = 5.000) S.D.
SE01: Not blaming each other for unsafe behavior 3391 0.753
SE02: Communication ensuring safe work for one another 4.241 0.689
SE03: Clear goal development for maintaining a safe job site 4.586 0.568
SE SE04: Supporting each other in performing jobs safely 4517 0.574
SE05: No work in risky or hazardous conditions 4310 0.604
SE06: Maintenance of good working relationships 4.448 0.736
SE07: Reasonable workload balance 3.966 0.823
WPO01: Working under a great deal of tension (pressure) 3138 0.953
WP02: Not enough time to perform jobs safely 2138 0.639
WPO03: Safety requirements for production’s sake 1.690 0.761
WP WPO04: In conflict with some safety measures 241 0.951
WPO05: Shortcuts at the expense of safety 1.586 0.628
WPO06: Toleration of minor unsafe behaviors 2172 0.966
WPO07: Unacceptable to delay periodic inspections 3.138 1.529

1 Variables refer to Mohamed (2002).

However, Model 1 was composed of a combination of SE and WP (as combined IVs) that
helped to reliably predict DV, according to Equation (3). Based on the seven measurements
for each IV, a total of 49 combinations (SE, WPﬁ, where1 < a <7,1 < B <7)between SE
and WP were developed; the combination that had the most significant impact on SC in this
model was then explored. Based on Equation (3), it was possible to calculate the predicted
value of SC based on MS-value of each measurement. Table 6 lists the measured predicted
SE values in Model 1. Among them, seven combinations (e.g., SE3WP;, SE3WPy) were
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higher than 46.000, as shown in the orange block. They were relatively more important
in terms of the impact on SC. The values in the blue color are located between 45.000 and
46.000 (e.g., SE{WP;, SE;WP;). If the value was less than 45.000, it is indicated as a yellow
block (e.g., SEyWP;, SE;WP;), meaning that they were relatively less important to SC from
the management perspective.

Table 6. Predicted SE Values from Combined SE and WP Measurements in Model 1.

Measures SEO01 SE02 SE03 SE04 SE05 SE06 SE07
WP01 44.208 44.727 45.303 45.188 44.842 45.073 44.266
WP02 44917 45.436 46.012 45.897 45.551 45.782 44975
WP03 45.235 45.754 46.330 46.215 45.869 46.100 45.292
WP04 44.844 45.362 45.939 45.824 45.478 45.708 44901
WP05 45.308 45.827 46.404 46.288 45.942 46.173 45.366
WP06 44.892 45411 45.988 45.873 45.527 45.757 44.950
WP07 44.208 44727 45.303 45.188 44.842 45.073 44.266

4.2.2. Model 2—Superintendent Perspective (SP)

As seen in Table 4, Model 2 demonstrated the perspective of superintendents regarding
the safety climate at the construction worksite. As a result of the stepwise regression, only
one IV (i.e., ComP) was entered into the model with R? value (0.445). With the F-value
(11.242) and associated p-value (0.005), the IV was a reliable predictor for the DV in Model 2.
Based on the parameter estimates computed, Model 2 predicted the SC based on the linear
relationship with ComP described in Equation (4), as follows:

SC(model 2) : —39.031 + 3.579 x (x10) 4)

The coefficient for ComP (3.579) was statistically significant because its p-value was
0.0005, which is smaller than 0.05. From the superintendents’ perspective, the most impor-
tant factor affecting enhancement of the safety climate was competence at the job site (i.e.,
ComP). Superintendents considered worker competence to be the most important factor
for enhancing the safety climate. In Model 2, the most important measurement affecting
SC was ComP07 (MS-value: 4.625). Table 7 shows the importance of the measurement of
ComP in Model 2.

Table 7. Importance of ComP Measurement in Model 2 (Adopted from Mohamed, 2002 [8]).

ComP Measurements in Model 21 MS-Value (max = 5.000) S.D.
. ComP01: Received training adequate to perform job safely 4313 1.1014
. ComP02: Made aware of relevant safety procedures through training 4.563 0.629
. ComP03: Fully understand relevant legislation 4.125 0.806
] ComP04: Capable of avoiding workplace hazards 4.375 0.500
. ComP05: Capable of identifying potentially hazardous situations 4.375 0.500
. ComP06: Proactive in removing workplace safety hazards 4.438 0.629
. ComP07: Uses protective equipment 4.625 0.500

1 Variables refer to Mohamed (2002).
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4.2.3. Model 3—Skilled Labor Perspective (SL)

Model 3 shows results similar to those of Model 2. One IV (i.e., ComP) was entered
into the model with R? value (0.267). Compared with the R? value of Model 2, Model 3
indicated a larger variance (i.e., was less stable) in terms of the safety climate predicted by
ComP, the same IV as in Model 2. Therefore, Model 3 showed a lower F-value (7.995) and a
higher associated p-value (0.010). However, IV was still significant for predicting the DV
in Model 3. Based on the unstandardized parameter value, it was possible to predict SC
under a linear relationship with ComP, as shown in Equation (5), as follows:

SC(model 3) : 51.941 + 0.939 x (x10) ®)

The coefficient of ComP (0.939) was statistically significant to SC because its p-value
was 0.010, which is smaller than 0.05. From the skilled labor perspective, it was revealed
that the same factor was critical to enhancing the safety climate. The most important
measurement affecting SC in Model 3 was Comp07 (MS-value: 4.667), the same as in
Model 2. However, the other ComP measurements in Models 2 and 3 had different results
regarding importance. Therefore, superintendents and skilled laborers still had slightly
different perspectives on enhancing the safety climate. Table 8 lists the importance of each
ComP measurement from the skilled laborer perspective.

Table 8. Importance of ComP Measurements in Model 3 (Adopted from Mohamed, 2002 [8]).

ComP Measurements in Model 3 ! MS-Value (max = 5.000) S.D.
. ComP01: Received training adequate to perform job safely 4097 0.859
. ComP02: Made aware of relevant safety procedures through training 4.208 0.833
. ComP03: Fully understand relevant legislation 4.092 0.690
. ComP04: Capable of avoiding workplace hazards 4.092 0.690
. ComP05: Capable of identifying potentially hazardous situations 4.208 0.721
. ComP06: Proactive in removing workplace safety hazards 4.417 0.654
. ComP07: Uses protective equipment 4.667 0.482

1 Variables refer to Mohamed (2002).

4.2.4. Model 4—General Labor or Helper (GL)

From the stepwise regression analysis, WI was selected as the only one IV affecting SC
in Model 4 from the general laborers’ or helpers’ perspective. Based on the value computed,
Equation (6) was defined as predicting the DV (i.e., SC) based on the IV (i.e., WI), as follows:

SC(model 4) : 42.645 + 0.1.313 x (x6) 6)

In Model 4, the F-value was computed as 14.176 with p-value of 0.002. In this sense, WI
could reliably predict SC in this model. The coefficient (1.313) was statistically significant
because its p-value of 0.020 is less than 0.050. Workers’ involvement in the environment
was linearly related to enhancing the safety climate. General laborers or workers con-
sidered their involvement to be very important to improving the safety climate in the
construction task environment. From the general helper’s perspective, the most important
measurements were WI04 and WI05, with MS-value of 4.316 (as shown in Table 9).
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Table 9. Importance of WI Measurements in Model 4 (adopted from Mohamed, 2002 [8]).

WI Measurements in Model 4 1 MS-Value (max = 5.000) S.D.
. WIO1: Achieving a high level of safety performance 4.263 1.098
. WI02: Active role in identifying site hazards 4211 1.134
. WI03: Reporting accidents, incidents, and hazardous situations 4211 1.134
. WI04: Participating in safety planning/compliance with safety policy 4316 0.885
. WIO05: Responsible for reflecting upon safety practices 4316 0.885
. WI06: Not involved in accident investigations 3.053 1.545
. WI07: Contributing to job safety analysis 4211 0.855

1 Variables refer to Mohamed (2002).

4.3. Multi-Spectra Perception Model

Based on the stepwise regression analysis, the present research successfully identified
the combination of IVs most significant to achieving a high-level safety climate at the con-
struction job site. A remarkable aspect of this study is its documentation of each model per
the different perspectives within the job site organization: management, superintendents,
skilled laborers, and general laborers. This research developed an MsP model to enhance
the safety climate in the construction work environment. The MsP model consisted of
quadrants indicating the four different perspectives (see Figure 4). It was found that there
were common variables affecting the safety climate (i.e., ComN and ComP), based on the
r-value. Two of the three perspectives had a common sense of what variables affected the

safety climate.

Multi-Spectra Perspective Model
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Figure 4. Multi-spectra perspective model.

However, it seems that the groups had different perceptions on the significance of
combined variables influencing safety. The first quadrant indicates the perspective of
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management, including the safety and construction managers in charge of overall project
management and completing a project on time. They considered many individual variables
as enhancing the construction safety climate. Based on the stepwise regression, they tended
to consider the combined variable of SE and WP (SE,W Pg) as the most significant in terms
of impact. The second quadrant describes the perspectives of superintendents at the job
site. These individuals are responsible for daily inspection and management of specific
onsite tasks. They also regularly do their own safety inspections. Their perspective was
similar to that of management and skilled labor; however, they focused on ComP for the
safety climate.

Skilled laborers (i.e., the third quadrant) considered ComP to be the most significant
factor affecting the safety climate. These individuals generally have significant work
experience and training in their specialties. Therefore, it was also important to explore how
they perceived worksite safety. Finally, general laborers and helpers are very important
because they are essential to completing skilled laborers’ tasks at the job site. However,
they may not have the experience and training that skilled laborers do. In addition, their
perceptions regarding the safety climate may affect the overall safety in the construction
work environment, and those perceptions were quite different from those of the other
groups. They considered WI to have the most critical impact on the safety climate.

5. Discussion

This section provides a comprehensive overview of the four perspectives on enhancing
the safety climate at construction worksites. In this section, all variables are described
in detail to provide a better understanding of their implications. Section 5.1 includes
a summary of the findings of the study. Section 5.2 comprehensively documents the
theoretical and practical implications of the findings. This study employed a survey-
based instrument to quantify and evaluate the indicators of the safety climate in the
construction work environment. Section 5.3 lists potential threats to this work’s validity
and the limitations of this study.

5.1. Summary of Findings

This study was designed to investigate how individuals with different job classifica-
tions perceive factors affecting improvement of the safety climate at their worksite. Thus,
this research employed a survey questionnaire to collect the opinions of four different and
important groups of construction professionals: management, superintendents, skilled
labor, and general labor; all individuals queried worked at the same project site. A stepwise
regression analysis documented the most important factor combinations for each perspec-
tive; an MsP model was also developed (see Figure 4). Each perspective was found to have
different perceptions of how best to enhance the safety climate at their construction job site.
On the whole, four noteworthy findings can be summarized, as follows.

e  First, as individuals responsible for overall project management, managers tended to
consider factors different from those of other respondents. Management considered
individual safety climate indicators such as commitment, communication, the support
and supervisory environment, workers” involvement, work pressure, and competence.
The most critical indicator was the combination of support environment and work
pressure. Work pressure had a negative relationship with the safety climate, and the
support environment had a significant positive relationship with the safety climate.
The combination of the two had the most significant effect on enhancing the safety
climate from the perspective of management personnel. Based on the specific measures
outlined in Table 5 and their importance described in Table 6, it can be seen that all
groups at the site wanted to establish a goal of maintaining a safe workplace as a
priority, but were pressured to: (1) perform tasks in a short period of time, (2) complete
safety requirements for production’s sake, and (3) take shortcuts at the expense of
safety. In addition, managers thought improving the support environment would
assist with performing tasks safely, as well as receiving less pressure to complete the
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work at the expense of safety. They also wanted to focus on improving the working
relationships among groups by reducing the pressure to complete work at the expense
of safety. In summary, managers were most focused on reducing the requirements
and cost related to safety, as well as providing a supportive environment to enhance
the safety climate.

e  Superintendents had attitudes similar to those of managers. As the supervisory
level, they highlighted communication and commitment, providing an enhanced
supervisory environment, and workers” competence as essential to improving the
safety climate at the job site. Superintendents believed increasing worker competence
was the most important indicator. Among the seven measures evaluated here, the top
three related to increasing worker competence were: (1) using protective equipment
(MS-value = 4.625), (2) increasing awareness of relevant safety procedures through
training (4.563), and (3) encouraging being proactive in removing safety hazards
from the workplace (4.438). From the superintendents’ perspective, it was essential
to address how to efficiently improve workers’ behaviors in accordance with safety
procedures, as well as their ability to prevent onsite accidents, in order to enhance the
safety climate.

e  Third, skilled laborers had slightly different perceptions from those of superinten-
dents with regards to individual safety climate factors. Based on their significant
training and experience in special trades for which they are responsible, their primary
considerations were communication, safety rules and procedures, and workers’ com-
petence. Surprisingly, they did share one impression with superintendents in what
they considered the most significant factors affecting the safety climate. At both the
supervisor and worker levels, all respondents emphasized worker competence as
critical. Two measures were commonly highlighted as a priority affecting workers’
competence: (1) using protective equipment (MS-value = 4.677) and (2) being proactive
in eliminating potential hazards (MS-value = 4.417). Though the groups had different
duties related to the construction project, they tended to manage the project itself or
special trade jobs; hence, they were likely to be aware of the importance of worker
competence and its direct impact on improving the safety climate.

e  Fourth, general helpers considered various factors directly related to their safety and
the likelihood of fatalities. Based on the correlation coefficient of each factor, laborers
considered communication with management, managers’ support, appreciation of
risk, appraisal of the work environment and possible hazards, workers’” involvement in
safety (including skilled labor), and competence to be essential. Among these factors,
they most often highlighted the importance of their involvement in the safety climate.
They felt that they best understood the importance of involvement in construction
safety, underscoring the necessity of their participation in developing safety plans
complying with general safety policy (MS-value = 4.316). Establishment of a safety
plan and program generally involves the participation of management. Laborers tend
to be active participants in the overall safety management program, enhancing the
safety climate and performance at the worksite.

5.2. Theoretical and Practical Implications

The findings of the present study significantly strengthen and broaden the current
state of the literature related to the construction safety climate. Recent studies have doc-
umented safety climate indicators and the relationships among them, including climate,
behavior, and performance [6,7,17,24]. Recent work has also addressed the social aspects
at particular construction job sites because of their unique organizational and social cul-
tures [12]. Thus, researchers have described the current safety culture, its level of maturity,
and the interrelationship between supervisors and workers [5,10,14,25]. The impact of
supervisors is significant to workers’ safety behavior, and they have important effects on
establishing a safe workplace for one another.
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However, the construction environment is composed of multiple job classifications,
such as managers, superintendents, skilled laborers, and general helpers. They have
different responsibilities and perspectives on cultivating a safe workplace during the
construction phase. Therefore, this research established a pipeline for linking multiple
individual perspectives regarding enhancement of the construction safety climate, ulti-
mately improving safety management and reducing work-related fatalities. Four root
questions gleaned from the previous literature were asked for the present research: (1) How
did respondents perceive the safety climate at the job site? (2) Which safety factors were
most significant to enhancing the safety climate for different workgroups? (3) Among the
documented factors, which were most critical, both individually and in combination? and
(4) How could participants best interact to enhance the safety climate onsite?

In answering these questions, this study provides a substantial contribution to the
construction industry. The main contribution is enriching the group-level safety climate
based on the MsP model. Multiple interactions among these groups are critical to enhancing
the safety climate because their different perspectives consider various safety climate
factors and measures of improvement to safety. Although respondents were at different
organizational levels, some had very similar perspectives on their current safety climate.
For example, superintendents are regarded as being at supervisor-level, yet believed worker
competence to be the most important factor affecting the safety climate; skilled laborers
felt similarly. This study offers a profound understanding of the multiple perspectives
(i.e.,, managers, superintendents, skilled laborers, and general helpers) across two different
organizational levels (i.e., management and workers). Based on the MsP model developed,
it was revealed that social and organizational interactions across multiple occupations
were considered critical to safety in the construction work environment. This study will
support additional research describing how construction professionals can interact with
one another to enhance the safety climate and general behavior (at both the group and
individual levels), ultimately improving safety performance in the construction industry.

In practice, this frontline study will enrich current safety management and planning
procedures. The most significant measures and factors have been documented for each
job profession at the construction site, based on the empirical links between the theoretical
models and practical views. In turn, practitioners can now compensate for defects in the
current safety management process. Managers should encourage maintaining goals (SE03),
a supportive environment that allows for jobs to be performed safely (SE04), and good
relationships between workers and supervisors (SE06). However, this might impose work
pressure on both skilled and general workers if the safety planning and management pro-
gram continues in the current form (WP02, WP03, and WP05). Superintendents and skilled
laborers have very similar perspectives; for example, both would consider it critical to using
protective equipment at the job site (ComP07). At the management level, superintendents
tend to encourage worker awareness and familiarity with safety procedures (ComP(2). In
contrast, skilled laborers (at the worker level) preferred to consider the ability to proactively
recognize and eliminate safety hazards as essential to enhancing safety (ComP06).

The results of the stepwise regression analysis emphasized that general labor would
prefer to participate in the design and development of safety planning procedures and
programs (WI04). Recommended future practices include: (1) encouraging workers’ partic-
ipation in safety program development, in order to reflect their experience and practice and
(2) investing in safety training to enhance workers’ and managers’ situational awareness
to increase their chance of identifying and eliminating safety hazards. These approaches
will help to increase competence and relieve work pressure for workers, consequently
enhancing safety and task performance at the job site. The findings of this study provide a
better understanding and greater insight to construction project and safety practitioners,
contributing to an enhancement of the safety climate. Also, this study can serve as a
guideline for those seeking to develop more reliable and efficient safety planning pro-
grams in coordination with all levels of the work organization and safety training program
professionals.
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5.3. Threats to Validity and Limitations

The main goal of this empirical study was to develop an MsP model for four different
perspectives related to the enhancement of the safety climate on a construction worksite. To
develop this model, this study employed a questionnaire survey administered to industry
professionals and a stepwise regression analysis based on the respondents. During the
data collection and analysis process, this work considered data and its validity in order
to prevent potential threats to the reliability and trustworthiness of this research. Each
group has less than 30 participants (a relatively low number). The numbers were different
for the four groups. This might affect confidence in the experiment design, a potential
threat to internal validity [39,40]. To address this concern, all participants were randomly
recruited at the construction job site to avoid a sampling bias. Another concern was the
threat to the external validity of this study because the survey responses were from a single
commercial construction project managed by one general contractor. This might affect
the generalizability of the findings (i.e., the external validity) because the safety climate
might be quite different at other construction job sites. Also, they might be subjective
and relying on their behavior in the workplace. However, this study can still provide the
overview of different perspectives per job occupation related to the safety climate in a
current project environment under controlled conditions (i.e., the same work atmosphere
and job site for all respondents) since the construction projects might have a common
fundamental understanding of key work groups (i.e., managers, superintendents, and
skilled and general workers), as well as safety management programs. Therefore, the
findings of this study make a substantial contribution to the current literature and general
construction industry by providing a better understanding of how to enhance the overall
safety climate.

5.4. Future Research

This study evaluated the most significant factors for four workgroups, including
management, superintendents, skilled labor, and general workers through the survey
questionnaire with construction professionals, and proposed a conceptual model empir-
ically explaining which factors are more critical to enhance the safety climate for each
different groups in the construction project. Based on the MsP model proposed, this study
successfully tested which factors are significant to enhance the safety climate and which are
not. It is currently undetermined whether social and psychological interactions between
different groups are necessary to enhance safety, based on the documented factors.

Future research should investigate the direction of the interaction between two or
multiple groups via objective approaches such as statistical analysis and simulation. Since
all are important factors affecting the safety climate across groups, it is possible to formulize
the relationships among these variables and measures. To strengthen the generalizability of
the findings, further studies on this topic may be able to recruit a larger number of survey
respondents from different groups (e.g., general contractors, sub-contractors, and labor)
from different types of construction projects (e.g., road, bridge, airport, residential, and
commercial projects). This can increase the level of confidence in the validity of multi-
perspectives to the construction safety climate. In addition, further studies might be able to
design a new research method to observe the behaviors of the different groups to enhance
safety climate by considering the significant factors identified in this study, in order to
validate the conceptual model in a real environment. Though the findings of future work
may yield conclusions different from the current study, this work is important in that it
provides an overview of the various perspectives on how best to enhance the construction
safety climate.

6. Conclusions

The safety climate at organizations or companies has a direct impact on overall
safety performance and productivity because its immense impact is critical to overall
project success. The current body of research has made substantial contributions to the
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safety climate at construction workplaces; however thus far there has been a gap in how
different job groups (i.e., managers, superintendents, skilled laborers, and general helpers)
perceive the current safety climate, as represented by practitioners in the construction
work environment. This is an important topic because these individuals have different
responsibilities and scopes for completing a project successfully and safely. Therefore,
this research scientifically identified and quantified critical factors and measures that
have a significant impact on the overall safety climate from those four perspectives. A
survey questionnaire was employed to collect construction professionals’ perceptions, and
a stepwise regression analysis was conducted to weigh the impacts of certain variables.

Based on the regression results, this works documented correlations among 10 deter-
minants of the safety climate and the most significant factors or combinations of factors
identified by these different groups. As a result, this study proposed an MsP model for
enhancing the safety climate at construction worksites, providing an overview of significant
factors affecting the safety climate from multiple perspectives. Management was found to
have a wide range of considerations when managing safety at the job site. A combined
factor of enhancing the support environment and reducing work pressure was considered
the top priority. Specifically, maintaining good work relationships across workgroups and
enacting clear safety goals in order to provide a more supportive environment were consid-
ered as primary, because these were perceived as necessary to decreasing the pressure to
finish tasks in a short period of time.

Superintendents and skilled labors considered increasing workers’ competence as the
most significant factor in enhancing the safety climate. They emphasized the importance
of using protective equipment properly and the ability to proactively identify and remove
potential hazards in the workplace. General helpers hoped to have a deeper involvement
and greater participation in safety management programs and planning the development
process, as well as a more substantial contribution to safety practices and analysis at the
job site. This study makes a substantial contribution to both the practice and knowledge
related to developing and improving safety management program on construction job sites,
as well as continuous improvement in construction safety.

Author Contributions: S.S., D.K,, S.L. and ].IL; Investigation, S.L. and J.I.; Methodology, S.K., S.S. and
D.L.; Project administration, S.K. and ].I; Supervision, S.K.; Visualization, S.K. and D.L.; Writing—
original draft, S.K.; Writing—review and editing, S.S., D.L., D.K,, S.L. and J.I. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not Applicable.
Informed Consent Statement: Not Applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. U.S. Bureau of Labor Statistics (BLS). National Census of Fatal Occupational Injuries in 2017 (Industry by Private Setor). Available
online: https://www.bls.gov /iif /oshwc/cfoi/cfch0016.pdf (accessed on 23 August 2019).

2. Eusevio, D. 25 Construction Safety Statistics and Trends for 2019 (BigRentz). Available online: https:/ /www.bigrentz.com/blog/
construction-safety-statistics (accessed on 18 February 2020).

3. Manzo, J. The $5 Billion Cost of Construction Fatalities in the United States: A 50 State Comparision; Midwest Economic Policy Institute:
St. Paul, MN, USA, 2017.

4. O’Toole, M. The relationship between employees’ perceptions of safety and organizational culture. J. Safety Res. 2002, 33, 231-243.
[CrossRef]

5. Chen, Y,; McCabe, B.; Hyatt, D. A resilience safety climate model predicting construction safety performance. Saf. Sci. 2018, 109,
434-445. [CrossRef]

6.  Choudhry, RM.; Fang, D.; Lingard, H. Measuring safety climate of a construction company. J. Constr. Eng. Manag. 2009, 135,

890-899. [CrossRef]


https://www.bls.gov/iif/oshwc/cfoi/cfch0016.pdf
https://www.bigrentz.com/blog/construction-safety-statistics
https://www.bigrentz.com/blog/construction-safety-statistics
http://doi.org/10.1016/S0022-4375(02)00014-2
http://doi.org/10.1016/j.ssci.2018.07.003
http://doi.org/10.1061/(ASCE)CO.1943-7862.0000063

Buildings 2021, 11, 347 19 of 20

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

Flin, R.; Mearns, K.; O’Connor, P; Bryden, R. Measuring safety climate: Identifying the common features. Saf. Sci. 2000, 34,
177-192. [CrossRef]

Mohamed, S. Safety climate in construction site environments. J. Constr. Eng. Manag. 2002, 128, 375-384. [CrossRef]

Zhang, R.P; Lingard, H.; Nevin, S. Development and validation of a multilevel safety climate measurement tool in the construction
industry. Constr. Manag. Econ. 2015, 33, 818-839. [CrossRef]

Fang, D.; Wu, C.; Wu, H. Impact of the supervisor on worker safety behavior in construction projects. J. Manag. Eng. 2015, 31,
4015001. [CrossRef]

Hon, CK.H.; Hinze, ].; Chan, A.P.C. Safety climate and injury occurrence of repair, maintenance, minor alteration and addition
works. Facilities 2014, 32, 188-207. [CrossRef]

Abowitz, D.A.; Toole, TM. Mixed method research: Fundamental issues of design, validity, and reliability in construction research.
J. Constr. Eng. Manag. 2010, 136, 108-116. [CrossRef]

Zhang, P; Li, N,; Fang, D.; Wu, H. Supervisor-focused behavior-based safety method for the construction industry: Case study in
Hong Kong. J. Constr. Eng. Manag. 2017, 143, 5017009. [CrossRef]

He, C.; McCabe, B.; Jia, G.; Sun, ]. Effects of Safety Climate and Safety Behavior on Safety Outcomes between Supervisors and
Construction Workers. J. Constr. Eng. Manag. 2020, 146, 4019092. [CrossRef]

Center for Cosntruction Reserach and Traning. Worksheets and a Rating Tool to Help You Strengthen Jobsite Safety Climate; Center for
Cosntruction Reserach and Traning: Silver Spring, MD, USA, 2018.

Zohar, D. Safety climate in industrial organizations: Theoretical and applied implications. J. Appl. Psychol. 1980, 65, 96. [CrossRef]
Cooper, D. Towards a model of safety culture. Saf. Sci. 2000, 36, 111-136. [CrossRef]

Neal, A.; Griffin, M.A.; Hart, PM. The impact of organizational climate on safety climate and individual behavior. Saf. Sci. 2000,
36, 99-109. [CrossRef]

Chen, Y.; McCabe, B.; Hyatt, D. Impact of individual resilience and safety climate on safety performance and psychological stress
of construction workers: A case study of the Ontario construction industry. J. Safety Res. 2017, 61, 167-176. [CrossRef] [PubMed]
Choudhry, R-M.; Dongping, E.; Sherif, M. Developing a model of construction safety culture. J. Manag. Eng. 2007, 23, 207-212.
[CrossRef]

Hon, CK.H.; Chan, A.P.C.; Yam, M.C.H. Relationships between safety climate and safety performance of building repair,
maintenance, minor alteration, and addition (RMAA) works. Saf. Sci. 2014, 65, 10-19. [CrossRef]

Siu, O,; Phillips, D.R.; Leung, T. Safety climate and safety performance among construction workers in Hong Kong: The role of
psychological strains as mediators. Accid. Anal. Prev. 2004, 36, 359-366. [CrossRef]

Zahoor, H.; Chan, A.P.C.; Utama, W.P; Gao, R; Zafar, I. Modeling the relationship between safety climate and safety performance
in a developing construction industry: A cross-cultural validation study. Inf. J. Environ. Res. Public Health 2017, 14, 351. [CrossRef]
[PubMed]

Hinze, J.; Thurman, S.; Wehle, A. Leading indicators of construction safety performance. Saf. Sci. 2013, 51, 23-28. [CrossRef]
Kapp, E.A. The influence of supervisor leadership practices and perceived group safety climate on employee safety performance.
Saf. Sci. 2012, 50, 1119-1124. [CrossRef]

Glendon, A.L; Litherland, D.K. Safety climate factors, group differences and safety behaviour in road construction. Saf. Sci. 2001,
39, 157-188. [CrossRef]

Saunders, L.W.; Kleiner, B.M.; McCoy, A.P,; Ellis, K.P.; Smith-Jackson, T.; Wernz, C. Developing an inter-organizational safety
climate instrument for the construction industry. Saf. Sci. 2017, 98, 17-24. [CrossRef]

Occupational Safety and Health Administration. Recommended Practices for Safety and Health Progrmas in Construction; Occupational
Safety and Health Administration: Washington, DC, USA, 2016.

Brandenburg, S.G.; Haas, C.T.; Byrom, K. Strategic management of human resources in construction. J. Manag. Eng. 2006, 22,
89-96. [CrossRef]

Sheppeck, M. A ; Militello, J. Strategic HR configurations and organizational performance. Hum. Resour. Manag. 2000, 39, 5-16.
[CrossRef]

Kim, S.; Chang, S.; Castro-Lacouture, D. Dynamic Modeling for Analyzing Impacts of Skilled Labor Shortage on Construction
Project Management. . Manag. Eng. 2020, 36, 4019035. [CrossRef]

Olsen, D.; Tatum, M.; Defnall, C. How industrial contractors are handling skilled labor shortages in the United States. In
Proceedings of the 48th ASC Annual International Conference Proceedings, Associated Schools of Construction, Birmingham,
UK, 11-14 April 2012.

Fernandez-Muiiiz, B.; Montes-Pedn, ].M.; Vazquez-Ordas, C.J. Safety leadership, risk management and safety performance in
Spanish firms. Saf. Sci. 2014, 70, 295-307. [CrossRef]

Pin-Chao, L.; Guangpu, L.; JiaWei, X.; Dongping, F. Influence of Person-Organizational Fit on Construction Safety Climate. |.
Manag. Eng. 2015, 31, 4014049. [CrossRef]

Schaufelberger, ].; Holm, L. Management of Construction Projects: A Constructor’s Perspective, 2nd ed.; Routledge: London, UK, 2002;
ISBN 113869391X.

Mincks, W.R.; Johnston, H. Construction Jobsite Management, 4th ed.; Cengage Learning: Boston, MA, USA, 2010; ISBN 130508179X.
Birth, G.S. Evaluation of correlation coefficients obtained with a stepwise regression analysis. Appl. Spectrosc. 1985, 39, 729-732.
[CrossRef]


http://doi.org/10.1016/S0925-7535(00)00012-6
http://doi.org/10.1061/(ASCE)0733-9364(2002)128:5(375)
http://doi.org/10.1080/01446193.2015.1108451
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000355
http://doi.org/10.1108/F-09-2011-0066
http://doi.org/10.1061/(ASCE)CO.1943-7862.0000026
http://doi.org/10.1061/(ASCE)CO.1943-7862.0001294
http://doi.org/10.1061/(ASCE)CO.1943-7862.0001735
http://doi.org/10.1037/0021-9010.65.1.96
http://doi.org/10.1016/S0925-7535(00)00035-7
http://doi.org/10.1016/S0925-7535(00)00008-4
http://doi.org/10.1016/j.jsr.2017.02.014
http://www.ncbi.nlm.nih.gov/pubmed/28454862
http://doi.org/10.1061/(ASCE)0742-597X(2007)23:4(207)
http://doi.org/10.1016/j.ssci.2013.12.012
http://doi.org/10.1016/S0001-4575(03)00016-2
http://doi.org/10.3390/ijerph14040351
http://www.ncbi.nlm.nih.gov/pubmed/28350366
http://doi.org/10.1016/j.ssci.2012.05.016
http://doi.org/10.1016/j.ssci.2011.11.011
http://doi.org/10.1016/S0925-7535(01)00006-6
http://doi.org/10.1016/j.ssci.2017.04.003
http://doi.org/10.1061/(ASCE)0742-597X(2006)22:2(89)
http://doi.org/10.1002/(SICI)1099-050X(200021)39:1&lt;5::AID-HRM2&gt;3.0.CO;2-I
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000720
http://doi.org/10.1016/j.ssci.2014.07.010
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000257
http://doi.org/10.1366/0003702854250031

Buildings 2021, 11, 347 20 of 20

38. Thompson, B. Stepwise Regression and Stepwise Discriminant Analysis Need Not Apply here: A Guidelines Editorial. Educ.
Psychol. Meas. 1995, 55, 525-534. [CrossRef]

39. Marques, A.B.; Rodrigues, R.; Conte, T. Systematic literature reviews in distributed software development: A tertiary study. In
Proceedings of the 2012 IEEE Seventh International Conference on Global Software Engineering, Porto Alegre, Brazil, 27-30
August 2012; pp. 134-143.

40. Rusanov, A.; Weiskopf, N.G.; Wang, S.; Weng, C. Hidden in plain sight: Bias towards sick patients when sampling patients with
sufficient electronic health record data for research. BMC Med. Inform. Decis. Mak. 2014, 14, 51. [CrossRef] [PubMed]


http://doi.org/10.1177/0013164495055004001
http://doi.org/10.1186/1472-6947-14-51
http://www.ncbi.nlm.nih.gov/pubmed/24916006

	Introduction 
	Literature Review 
	Safety Climate at Construction Job Site 
	Interaction of Different Organizations in Construction Safety Climate 
	Departure of the Problem and Aims of the Study 

	Research Methodology 
	Scope of Different Perspectives 
	Survey Questionnaire and Participants 

	Statistical Analysis and Modeling 
	Stepwise Regression Analysis 
	Results 
	Model 1—Management Perspective (MN) 
	Model 2—Superintendent Perspective (SP) 
	Model 3—Skilled Labor Perspective (SL) 
	Model 4—General Labor or Helper (GL) 

	Multi-Spectra Perception Model 

	Discussion 
	Summary of Findings 
	Theoretical and Practical Implications 
	Threats to Validity and Limitations 
	Future Research 

	Conclusions 
	References

