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ABSTRACT

Promoting awareness among construction workers about safety practices helps reduce occupational injuries.
Therefore, the aims of this study are: First, to know which factors affect significantly the satisfaction level in each
SC dimension using regression models. Second, to sort the factors in each dimension based on their significant
effect on the satisfaction level. Third, to rank the dimensions based on their correlation with the overall satisfaction
regarding safety. In the current study, 296 construction workers participated. The value of the Cronbach’s alpha for
all dimensions was 70%, and for each one it was between 71% and 86%, which indicates suitable level of reliability.
According to the results, the sequence of the most significant dimensions were: The safety priorities and capabilities
of management, management empowerment in safety, peer trust, trust in safety systems, and employees’ safety
commitment. The outcomes of this study will assist safety managers and decision makers in allocating resources on
the most significant factors in the construction sector.
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INTRODUCTION

In most countries, the construction sector is regarded as one of the most important economic pillars and as one of the
most rapidly growing industries particularly in the developing countries. Unfortunately, with the importance of this
sector, the number of accidents has increased. According to the Health and Safety Executive, 25% in the United
Kingdom, 50% in Ireland, and 40% in Japan of all accidents occur on construction sites (Bomel 2001). In Saudi
Avrabia, with over than 12,000 accidents, the construction industry remained one of the most dangerous ones, in 2021
(Saudi Contractors Authority 2022). According to records, there were 199,100 workplace injuries in the US
construction sector in 2018 (BLS. 2018). Furthermore, in the U.K., From 2016 to 2019, the annual number of
occupational injuries in the construction sector was 54,000 (HSE 2020). Thus, most firms prioritize obtaining high
levels of occupational safety. Consequently, there is a need to deconstruct and thoroughly examine the aspects
influencing safety in this sector.

Construction is considered as labor-intensive industries that rely heavily on human workers. Safety is an essential
element to run a construction work successfully. Therefore, reducing injuries in construction sector is an area of
great importance. Safety practices help reduce injuries and fatalities in construction sector. There are various factors
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that alter the safety performance of construction personnel. Therefore, one of the most relevant topics in safety
engineering that evaluate several safety factors is safety climate (SC). To enhance workplace safety performance,
SC has been extensively explored (Cooper and Phillips 2004; Glendon and Litherland 2001; Griffin and Neal 2000;
Neal, Griffin, and Hart 2000). The term SC is defined as perceptions of policies, procedures, and practices relating
to safety in the workplace (Choudhry and Fang 2008). The assessment of SC has been regarded as an important
evaluation tool, because its evaluation is viewed as a technique of gathering knowledge regarding safety issues
practically before they cause worker accidents (Bamel, Pandey, and Gupta 2020; Fugas, Silva, and Melia 2012).
Additionally, SC investigations can show cultural and organizational variables that cause accidents (Seo et al. 2004).
The key advantage of analyzing workers' SC is its relationship with safety measures, accidents, and risky behaviors.
As a result, the SC evaluation gives information on workers' perceptions of safety in the workplace, resulting in an
efficient tool for assessing their safety performance in a given scenario (Gao et al. 2016; Pinion et al. 2018; Zahoor
et al. 2017). Therefore, it is believed that researching SC is an important aspect in the avoidance of accidents and the
enhancement of workplace safety (Wu et al. 2019). In fact, a low SC correlates to a poor degree of danger detection
as well as safety risk perception (Pandit et al. 2019). As a result, numerous techniques of assessing SC have been
presented (Marin et al. 2019), which are primarily based on Zohar's research of the various aspects of SC (Zohar
2010). Given the necessity of emphasizing human-centered methods for enhancing safety management, various
research have looked into SC in various industries, such as, the construction industry (Kim et al. 2019; Mosly and
Makki 2020), oil and mining industry (Jiskani et al. 2020; Kvalheim and Dahl 2016), healthcare (Lin, Lin, and Lou
2017), fire department (Taylor et al. 2019), and aviation sector (O’Connor et al. 2011).

Measuring SC provides an assessment of the general safety perception in an occupational settings. However,
evaluating SC by itself is not enough. There is a need to dissect in detail to find out what the major and minor
factors that could affect the level of SC. Therefore, researchers have used different mathematical models to predict
the association of safety measures associated with the level of SC. These models provide a map for safety managers
and decision makers to make accurate interventions to improve safety level. Regression models have been
developed to understand and promote safety in construction sector. These models were powerful approaches in
identifying practices that promote safety. Table 1 below summarizes the major studies that used different regression
models to identify the major elements influencing SC.

Table 1. Summary of previous studies that applied regression models in assessing SC
and determining the significant factors.

Authors Statistical Tool Sector Significant factors
(Cooper and Multiple regression - Safety training
Phillips 2004) Analysis Manufacturing Safety behavior.
(Saraih et al. Regression Analysis Manufacturin Practices for safety management.
2021) Y Adherence to safety standards.
Supervision, guidance, and inspection.
. Health-care coverage.
(Makki and Mosly Logistic regression Construction Management's dedication to safety.
2021) A
Safety justice of management.
Impact of coworkers.
Reporting of incidents.
(Brubakk et al. Linear and logistic Health care Teamwork.
2021) regression models. A work environment that is patient-centered.
Staff dedication.
(Choudhry and Multiple regression . Management commitment.
. Construction S
Fang 2008) analysis Employee participation.
(Bosak, Cpetsee, Hierarchical regression ) Management dedlgatl_on to safety.
and Cullinane analvses manufacturing Safety priority.
2013) y Production pressure.
(Tsung-Chih Multiple regression laboratories Managers’ commitment.
2006) analysis Action to safety.
(Choosong et al. Multiple regression . -, . .
2022) analysis manufacturing A positive perception regarding safety engagement.
(Geczik et al Management Commitment
' Regression analyses fire department Safety behavior.
2022) -
Organizational outcomes, and safety outcomes.
Safety experience and skill.
(Fang, Chen, and Logistic regression construction Management competence.
Wong 2006) L .
Individual safety attitude.
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However, according to the literature, none of the previous research examined and sorted the dimensions and the
critical items affecting SC in the construction sector, particularly in Saudi Arabia. Thus, the research questions that
would be answered by the current study are:

e Ineach dimension, what are the most significant aspect that affect safety?

e What are the significant dimensions that significantly affect SC?

e  On which factors and dimensions should the safety managers or decision-makers focus on?
Therefore, the aims of this research are; First, to know which factors affect significantly the satisfaction level in each
SC dimension. Second, to sort the factors in each dimension based on their significant effect on the satisfaction
level. Third, to rank the dimensions based in their importance.

MATERIAL AND METHOD

Methodology

The ultimate objective of the current research is to identify and rank the most important dimensions and items that
significantly affect the SC. This will help managers and decision makers to allocate their resources in the most
crucial elements that will improve the overall safety level in their organization. The framework of the current study
starts by designing and distributing a questionnaire that evaluate the safety level in the construction sector. After
collecting the data, a multiple regression model was developed for each dimension in the questionnaire. Tthese
models predict the satisfaction level in each dimension based on the significant factors. Moreover, the correlation of
the SC score in each dimension with the overall satisfaction level was calculated in order to rank the most important
dimension that affect the overall satisfaction. Figure 1 below summarizes the framework of the study.

D1:S priorities and capabilities of management. D2: Safety Empowerment of Management D5: Trust in safety systems

11 | 1.2 I 1.3 | 14 L5 I L6 2.1 I 22 I 2.3 5.1 | 52 I 5.3

Overall satisfaction regarding SC

-

D3: Employees’ Safety
commitment

3.1 I 32 4.1 I 4.2

1|

SL SL

D4: peer trust

4.3 I 4.4 |4.5

Figure 1. The framework of the current study. A regression equation was developed for each dimension to predict
the satisfaction level (SL). Moreover, the correlation between the score dimensions and the overall satisfaction was
calculated to sort the dimensions based in their importance.

Safety Climate Survey

A survey was constructed and distributed to the construction employees in Saudi Arabia. The survey consisted of 5
dimensions. Each dimension consisted of several items to assess the level of the SC. Moreover, the satisfaction level
in each dimension was measured. At the end of the survey, an overall satisfaction level of the entire SC was
evaluated. The survey consists of 19 questions distributed in five dimensions. Each question has a Likert scale rating
of 1: strongly disagree, 2: disagree, 3: agree, and 4: strongly agree. One question evaluating overall satisfaction with
regard to that dimension is added in each one. Briefly, the purpose of the questionnaire is to diagnose the SC and the
satisfaction levels in each dimension, and to evaluate the overall satisfaction level for the SC. The dimensions of the
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survey are: Dimension 1, safety priorities and capabilities of management. If managers are believed to be devoted to
safety and to prioritize safety over other goals, safe conduct is expected to be rewarded and therefore perpetuated.
Dimension 2, Management empowerment in safety, which assesses how employees perceive management
empowerment and support for their engagement in safety decision making. Dimension 3, employees’ safety
commitment, which analyzes how employees react to workplace safety by displaying a commitment to safety, active
safety promotion, and concern for one another's safety. Dimension 4, peer trust, which assesses how employees trust
and communicate with one another. Dimension 5, trust in safety systems, which assesses how workers assess their
safety systems, such as safety objectives, training programs and safety rounds. Table 1 below depicts the SC
dimensions and the questions (items) in each one.

Table 2. Safety Climate (SC) dimensions, with their questions.

11 Management places a premium on safety.
% 1.2 Safety information is communicated by management.
%) —
= a é 13 Management makes stringent decisions on safety problems.
SEg
s = g 14 Management is committed to following safety regulations.
29 38
& 8 E 15 Management immediately takes remedial action.
n o
a 1.6 Safety objectives
SL Your Satisfaction level in D1.
2 c 21 Management expertise in developing effective safety regulations.
[T
%) é . 2.2 Employees are involved in policies affecting their safety.
S = @
§ R 2.3 Management emphasizes worker competence in safety.
=3
a 5 SL Your Satisfaction level in D2.
v = 3.1 Workers share responsibilities for a well-organized workplace.
= .
o [<F)
22k 32 Workers deal with newly identified dangers.
g“a IS
s E o )
“ 8 SL Your Satisfaction level in D3.
A
4.1 When a danger occurs, workers attempt to find a remedy.
- 4.2 When employees work together, they feel safe.
w
>
s 43 Workers have faith in one another's abilities.
(<5
(5]
= 4.4 Workers consider each other's safety advice.
<
o .
4.5 Workers are free to discuss safety concerns.
SL Your Satisfaction level in D4.
c 2 51 The importance of safety managers
- Q
3 % 52 The importance of safety checkups.
>
Ra 53 The importance of training.
©
“ SL Your Satisfaction level in D5.

Please state your overall satisfaction level to the SC in your organization

Participants

Data was gathered from a number of Saudi construction firms. The questionnaires were distributed to 337 workers
on significant projects. Participants might withdraw at any moment, and secrecy was guaranteed. Around 41 replies
were excluded from the analysis due to missing or inaccurate data or exceeding the response time limit.
At construction sites, safety managers and supervisors explained the survey to participants. Table 3 displays the
recorded demographic statistics. Workers were not obliged to provide any personal information.
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Table 3. Demographic Statistics of the participants.

Demographic Information Participants (n = 296)
20-30 78
o 31-40 119
£ 41-50 72
51-60 21
>60 6
s Below primary education 12
g Primary education 147
3 High-school education 92
. Higher education 45
<3 59
3
x5 3-5 97
25 6-10 78
=£
5 -5 32
>15 30

Statistical Analysis

First, Cronbach’s alpha was calculated to test the dimensions’ reliability, globally (across all the dimensions), and
individually for each dimension. Second, a regression equation model was developed for each dimension in order to
find the significant factors affecting the satisfaction level inside each dimension. These models will be used to rand
the factors that affect the satisfaction level in each dimension based on their weights (coefficients). Third, a
correlation between the SC score in each dimension with the overall satisfaction level was calculated in order to
rank the dimensions based on their importance. In all significance tests, p-value of 0.05 was applied. Moreover,
SPSS was used for all statistical calculations.

Cronbach’s alpha

Cronbach's alpha was utilized to assess the reliability of the study's dimensions and factors. Cronbach's alpha is a
reliability coefficient measure that may be used to assess the internal consistency of tests, measurements, or survey
items. This statistical method is used to test if a set of items consistently evaluates the same attribute. Cronbach's
alpha, in other words, quantifies the degree of agreement. The reliability of Likert scale surveys was evaluated using
Cronbach's alpha tests. Cronbach’s alpha is calculated using the following equation:

_Is,
K—1 52
Where,

K is the number of questions.

Z s is the sum of variance of the answers in each question.

sZ is the variance of the total scores for all respondents.

Multiple Linear Regression Model

Linear regression analysis was applied in this study to examine the association between the SC's satisfaction level
and the key items. The regression analysis model is applied to find how the satisfaction level of the SC may be
predicted using the safety items and it is defined as:

Y= BU+ Ble+ 82X2+33X3++ Ban

Where,
Y is the satisfaction level (Dependent variable)

X{,..., X, the items in each dimension, (independent variables)
By, ..., B, are the regression coefficients.

Pearson’s Correlation (p)
Pearson’s Correlation (p) is a metric for calculating the linear correlation between two groups of data.
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It is the ratio between the covariance and the product of standard deviations of two variables. Thus, it is a
normalized measurement of the covariance, and it always varies between —1 and 1. Pearson’s Correlation is
calculated as follows:

cov(X,Y)
Ox Ty

Where,
cov(X ,¥) is the covariance of group X with group Y.
gy and g, is the standard deviation of X, and Y, respectively.

RESULTS

For each dimension, the coefficients of the regression equations model, the Cronbach’s alpha, and the correlation of
the scores in each dimension with the overall satisfaction are illustrated in Table 4. The value of the Cronbach’s
alpha for all dimensions was 70%, and for each dimension the value varied between 71% and 86%, which represents
suitable reliability level (Chung et al. 1998).

Table 4. the coefficients of the regression equations model, the Cronbach’s alpha, and the correlation
between the score of each dimension with the overall satisfaction.

D1 D2 D3 D4 D5
Question
1 0.19* 0.521** 0.769** 0.4** 0.241*
g 2 0.3** 0.121* 0.649** 0.53** 0.073*
% 3 0.227** 0.37** - 0.877** 0.574**
g 4 0.378** - - 0.751%*
5 0.152* - - 0.14*
6 1.04** - - -
R? 0.79 0.743 0.606 0.814 0.724
Cronbach's o 0.77 0.86 0.72 0.73 0.75
Correlation (p) with OS 0.681 0.629 0.48 0.541 0.519

** P-value < 0.01
* P-value < 0.05

Discussion

Construction sector is considered one of the most hazardous industries because of the use of advanced, and heavy
tools and machines. Promoting awareness among construction workers about safety practices helps reduce injuries.
The main objective of this study are: to determine the weights of each item in each dimension, sort these items based
on their weights, and rank the dimensions based on their correlation with the overall satisfaction level. According to
the correlation between the scores in each dimension with the overall satisfaction of the workers, the ranking of
dimension was as follow: The safety priorities and capabilities of management, management empowerment in
safety, peer trust, trust in safety systems, and employees’ safety commitment. Therefore, companies should focus on
allocating resources based on the sequence mentioned in order to improve overall safety level with significant effect.
Dimension 1: safety priorities and capabilities of management, which defines how managements are prioritizing
safety over there work, and what their competencies in safety management are. This dimension was ranked the 1%
position according to the correlation tables. Clearly, when management prohibits risk taking even if their schedule is
tight, workers will perceive that their top management are appreciating their important assets, i.e., workers.
Moreover, when the management is competent in safety, they will have enough knowledge and experience to assure
their project and workers comply with safety standards, provide sufficient PPE, training session, and most
importantly take immediate corrective action when risks are detected. When compared to workers, supervisors have
a significantly better SC view (Mosly and Makki 2020). In this dimension the item that was ranked the 1% position
was item 1.6, which was safety objectives. Specifying clear and direct safety objectives will give the workers, from
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their first days at work, how the company understands safety and how they are protecting their workers.
Furthermore, participants responded that setting specific safety goals is highly essential to them since it
demonstrates the firms' commitment to safety. Furthermore, it demonstrates managerial expertise in terms of
workplace safety (Alamoudi 2022). The 2" item was 1.4: Management is committed to following safety regulations.
Another important attribute, in addition to safety objectives, is how the company is translating and delivering these
objectives in terms of training, experienced safety managers, PPE, and frequent maintenance of their equipment. The
3 jtem was 1. 2, how management communicate safety information. Companies should deliver and convey safety
information in a clear, easy, and understandable way to all workers regardless of their background and their
education level. The 4" most important item was 1.3: strict judgment. This item means that companies are
investigating the reasons of the risks or accidents without blaming workers to prevent its occurrence in the near
future.

The dimension that was ranked the 2" place was the D2: Management safety empowerment, which shows how
companies are emphasizing and elaborating safe environment to their workers. Clearly, workers' perceptions of
management empowerment and support for safety decisions involvement, will increase safety levels. Item 2.1 was
ranked the 1% position in this dimension. According to the regression model, designing safety rules by itself is not
enough, but the creation of effective safety directory, guidelines, and instructions will reduce risks and accidents
probabilities. The 2" most crucial item in this dimension was 2.3: management emphasized worker competence in
safety. Workers say that to enhance the safety level, manager should ensure that all workers must be experienced
and well trained on how to deal with risks and hazards. According to the participants, the least important item was
2.2: Employees are involved in policies affecting their safety. The reason behind that might be management do not
listen to the workers either because of the language barrier, or they might think that workers may not have enough
experience and knowledge in safety. However, field workers are considered the first line soldiers who face dangers
directly during their work every day. Therefore, management should always listen to their workers and apply what
they think is important and appropriate.

Communication, learning, and trust among peers the (D4) was on the 3" position according to the workers’ rating.
This dimension indicates how workers are trusting, communicating, and learning from each other at their workplace.
If team members communicate well with one another, the SC may have a significant influence on the project's safety
level (Zamani, Banihashemi, and Abbasi 2020). A research that investigated the association between safety and
quality using information and communication technology discovered that this technology might lead to a 90%
reduction in risky behaviors (Shohet et al. 2019). Maintaining high levels of safety through communication can have
synergistic benefits among workers (Rani et al. 2022). Communication between management and workers on safety
is critical for improving safety performance (Alsamadani et al. 2013; Chan et al. 2014). In terms of items, workers
competence was the 1% one. Of course, working with expert people will give the workers the confidence in terms of
safety and facing dangers. Previous research has revealed that more experienced workers had more trustworthy
views (Han et al. 2019). Furthermore, item 4.2, which indicates that workers feel safe when working together, was
on the 2" position. According to one study, workers who worked in a positive coworker SC, were able to change
their negative effect of risk perception into a positive effect of motivation and behavior (Xia et al. 2020). On the 3
position, item 4.4 was ranked. Workers usually listen to each other when getting instructions regarding safety,
because as mentioned earlier workers are the first people who face dangers together. This result confirms the result
of the previous one that workers feel confident when working with well-trained people. On the final position, item
4.5 was positioned. This item shows if workers talk freely about safety or not. The reason behind this positioning
could be that management do not listen to workers about safety recommendations, because they might think that
workers do not have enough experience in safety or because of the language barrier as mentioned earlier.

On the 4™ position, D5: trust in safety system, was positioned. This dimension indicates the importance of safety
supervisors and managers, safety checkups, and training session in risk prevention. In terms of items, the most
important one was safety training sessions. Several studies have examined the association of SC with safety training
programs. A study conducted in Hong Kong and China, discovered that safety training programs can enhance the
safety atmosphere of construction employees (Patel and Jha 2016). In addition, It was discovered that certain
construction workers did not obtain adequate formal safety training, which was linked to poor SC and safety
outcomes (Meng et al. 2021). Safety manager was the 2" important one. Clearly, the presence of competent safety
manager will assure that all workers follow safety rules, and strategies. Top management in construction sites, such
as project managers, have an important role in deciding site safety. Safety managers must perform the necessary
remedial steps to decrease the likelihood of accidents caused by personnel’ risky work conduct (Meng et al. 2021).
Moreover, expert managers will provide adequate training sessions for the workers. This result confirms item 1.1
outcome. Item 5.3: safety checkups, was ranked as the 3rd position. Safety checkup rounds conducted by expert
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safety managers, or supervisors enable the discovery of risk and hazards before its occurrence, which may prevent
serious accidents in the future.

Dimension 3 was ranked the 5" position. This dimension measures the workers’ commitment to safety in their
workplace. Item 3.3 was ranked the 1% position. This item indicates workers’ responsibility towards their colleagues
in terms of safety assurance. Workers are sharing safety responsibility, because they are sharing workplaces, tools,
and equipment as well. Moreover, when workers are competent in safety, trusting each other, and sharing
responsibility, they will strive to reach high level of safety. Furthermore, a study that assessed workplace SC
discovered that supervisors who perceived a safe environment and employees who are devoted to safety interrelate
to build an effective and safe workplace system (Stackhouse and Turner 2019). On the 2" position item 3.4 was
located. It indicates if workers are addressing newly recognized threats or not. The reason behind this position could
be that workers might fear sanctions from their top management or the language differences that does not allow
them to express and explain their suggestions (Roelofs et al. 2011). Nevertheless, Preventing near-miss incidents
may save lives in the future (Hawkins and Fuller 1996).

CONCLUSIONS

Because of the rapid pace and usage of complex and heavy tools and machines, construction is considered as one of
the most hazardous industries. Promoting awareness among construction workers about safety practices helps reduce
injuries. Therefore, the aims of this study are: First, to know which factors affect significantly the satisfaction level
in each SC dimension. Second, to sort the factors in each dimension based on their weights on the satisfaction level.
Third, to rank the dimensions based on their importance. The outcomes of this research will provide decision makers
and managers on which aspect they should focus and allocate their resources on. In summary, according to the
results of D1: safety priorities and capabilities of management, the most important item was specifying clear and
understandable safety objectives. In D2: management safety empowerment, the most crucial item was management
competence in designing safety rules. In D4: communication, learning, and trust among peer, the most vital item was
workers’ competence in dealing with risks and hazards. In D5: workers’ trust in safety systems, the most essential
item was training session on how to mitigate risks and improve safety level. In D3: and employees’ safety
commitment, the most critical item was workers” common responsibility in safety. The study's limitations should be
mentioned. To begin with, only field employees took part in the study; There were no office employees or
supervisors included, and they may see the SC differently from field employees. As a result, future research might
use the suggested approach to assess and compare SC across different levels of the workforce, and to identify the
precise differences in each dimension of the SC. Second, the survey used evaluated the SC subjectively.
Nevertheless, incorporating objective assessments, such as the number of injuries or accidents, may help to
eliminate personal biases. Furthermore, future study might use the suggested technique in a comparative between
existing and enhanced SC in a certain industry.
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