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The vast majority of accidents in construction are generated by unsafe behaviors. Some researches also ﬁnd that the behaviors
could be inﬂuenced by the awareness and safety climate. The safety behavior and awareness belong to individual levels, while the
safety climate belongs to the organization level. Previous studies mainly focus on the relationships between safety climate, safety
awareness, and safety behavior without considering their diﬀerent respective levels and the interaction between levels. This study
establishes a hierarchical linear model (HLM) of safety climate, individual safety awareness, and safety behavior to examine the
multilevel relationships between them. Data were collected using questionnaire from workers in diﬀerent teams on the construction site in China. The results indicate that organizational safety climates aﬀect individual safety behavior and safety
awareness. In addition, there is a positive correlation between individual safety awareness and safety behavior, and the safety
climates have a positive moderating eﬀect on the relationship between them. The ﬁnal conclusion oﬀers a path for the current
practice of safety management in the construction industry.

1. Introduction
Statistics show that the construction industry is still facing
safety problems, which is well worth studying. Figure 1
shows the number of construction accidents and deaths
declining respectively since 2004 according to MOHURD
(Ministry of Housing and Urban-Rural Development) statistics in China. This shows that the number of the construction accidents and the annual death toll has decreased
year by year; nevertheless, there are still many accidents
which have led to tremendous losses. Therefore, the situation
is still serious and needs to improve.
An analysis of the causes of construction accidents in
China shows that unreasonable management, illegal operations, and labor indiscipline are responsible for more than
70% of the total number of accidents. It reveals that the vast
majority of accidents are caused by people, which means that
the risk of accidents and injuries can be reduced by safety

behavior [1, 2]. Meanwhile, the individual safety behavior
could be improved by increasing the self-awareness of safety
[3]. Niskanen [4] points out that attributing accidents solely
exaggerates the inﬂuence of personal factors, underestimates
the eﬀect of environmental factors on individual behavior,
and makes a scapegoat of anyone associated with the accident. In other words, the behavior of individuals may be
the result of certain environmental factors in the organization, such as safety climate. Therefore, in order to reduce
the construction accidents, both individual factors and organizational factors should be taken into consideration.
This paper focuses on the safety management in construction, aiming to improve the current situation. From
the individual and organizational perspective, it is significant to analyze the relationship between safety climate,
safety awareness, and safety behavior. The hierarchical
linear model (HLM) is used to explore the inﬂuences that
the safety climate has on safety awareness and safety
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Figure 1: Construction accident statistics in China from 2003 to 2016.

behavior. Suggestions are put forward to improve safety
management.

2. Materials and Methods
2.1. Safety Climate. In the construction industry, safety climate is often described as the organizational members’
perceptions of the value placed on safety by management
[5] and is regarded as a manifestation of safety culture in
the behavior and expressed attitude of employees [6]. Safety
climate comes from a bottom-up perceptional approach,
concerned with worker perceptions of safety in the workplace
[7]. Fang et al. [8] provide that the safety climate is a perception of the state of safety at a particular time and closely
concerned with intangible issues such as environmental and
situational factors. Furthermore, the safety climate is a reliable
indicator among a variety of quantitative and qualitative data
collection tools to measure the safety culture [9] and is
concerned with the shared perceptions and beliefs that
workers hold regarding safety in their workplace [10], including both physical and psychosocial safety climate [11, 12].
The safety climate has diﬀerent ways of division on its
dimensions according to the previous studies. Bosak et al.
[13] put forward that safety climate has three dimensions,
that is, management commitment to safety, priority of
safety, and pressure for production, while Li et al. [14]
believe that safety climate has six dimensions, that is,
workers’ self-perception of safety, workers’ involvement in
safety, co-workers’ interaction, safety environment, safety
management involvement, and safety personnel support.
Other research identiﬁes ﬁve critical dimensions of safety
climate, which are management’s commitment, safety behavior and employee involvement, incentives and rewards
systems, communication and information systems, and
work pressure [15].
The measurement items for safety climate varied in
previous studies. As such, there is no consensus about the

factor structure of the safety climate [7, 16]. Zohar and
Luria’s [17] organizational-level safety climate scale consisted of a quantitative measure of employees’ global perceptions, and the survey with 6-item is about how safety
is managed and addressed within their organization. Flin
and Mearns [16] deﬁned the “big ﬁve” themes of safety
climate: management, safety system, risk, work pressure,
and competence. Glendon and Litherland [18] examined
the safety climate in a road construction organization and
found six factors: communication and support, adequacy of
procedures, work pressure, personal protective equipment,
relationships, and safety rules. Similarly, two other related
studies [8] identiﬁed 10 similar items of safety climate on
construction sites. These cover the broad areas of organizational context, social environment, individual appreciation, and work environment.
According to the reviews of previous studies and the
actual situation, this paper takes the deﬁnition that safety
climate refers only to the workers’ perception on the value of
safety in the work environment, which is at the level of
organization. The safety climate in this paper is mainly
divided into three dimensions, including managers’ attention, project safety environment, and safety supervision with
seven items.
2.2. Research Hypotheses. The organizational safety climate
deﬁnes the perception of the value of safety in the work
environment, which in turn aﬀects individual behavior. In
order to address the eﬀect that the safety climate at the
organizational level has on the individual awareness and
behavior, and the relationship between them, the following
hypotheses are developed.
Safety awareness refers to an “individual’s own awareness of safety issues” [19]. This awareness works on both
a cognitive and behavioral level. Cognitively, safety awareness means being mentally aware of safety in one’s work
and recognizing what behaviors foster operational safety.
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Behaviorally, safety awareness encourages the behavior that
fosters operational safety. Therefore, safety behavior is the
employee’s immediate emotional response of the awareness.
The present study has examined the relationship between
safe behavior and safety awareness. Choi et al. [3] believe
that increased self-awareness could improve construction
workers’ safety behavior. The analysis results of the investigation by Sun et al. [20] indicate that safety awareness has
direct and positive inﬂuence on the safety behavior. The
inﬂuence of awareness on behavior is mainly based on “the
attitude-behavior theory,” and Mills [21] pointed out that
what really impacts the behavior of the individual is not
the objective-speciﬁc conditions or events, but the way in
which information is being interpreted and processed by
the individual. Speciﬁcally, it could be concluded that one’s
attitude will aﬀect one’s behaviors; that is, the safety
awareness could aﬀect the safety behavior. This leads to
Hypothesis 1.
2.2.1. Hypothesis 1. Safety awareness has a signiﬁcant
positive eﬀect on safety behavior.
(1) The Safety Climate and Safety Behavior. Previous research
revealed a positive association between safety climate and
seafarers’ safety behavior [22–24]. Some research proved
that safety climate is positively and signiﬁcantly associated
with safety behaviors [25–27]. Seo et al. [28] pointed that
safety climate had a signiﬁcant direct eﬀect on safety behavior.
Bronkhorst [11] takes the same opinion that strengthening the
safety climate within an organization can increase employees’
safety behavior. Fang et al. [8] point out that safety climate can
play an important part in increasing safety behavior. Individual perceptions of safety climate exerted a causal eﬀect on
individual safety behavior [29], and safety climate was
assessed as relating to individual workers’ reported safety
behavior [30]. Kapp [31] pointed out that under positive
group safety climate conditions, employee safety compliance
behavior improves. Other research held the opinion that the
organizational safety climate can act as an indirect predictor
of proactive and compliance safety behaviors [32]. There is
relatively little existing research, however, into the mechanisms by which safety climate aﬀects safety behavior. This
leads to Hypothesis 2.
2.2.2. Hypothesis 2. Safety climate has a signiﬁcant positive
eﬀect on safety behavior.
(1) The Safety Climate and Safety Awareness. In the literature
of psychology, however, the empirical research that examined safety awareness is not suﬃcient. Safety climate
concerns worker perception of safety as related to the
organizational environment, whereas safety awareness
concerns worker perception of safety as related to individual. Safety climate exists at a higher level and has an
impact on safety awareness. In some research, the safety
awareness is included in the safety climate as one dimension named the workers’ self-perception of safety [14].
The promotion of employees’ safety awareness primarily
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depends on whether there exists a positive safety climate
within the construction company [33]. The safety climate
(which includes the physical working environment and
social inﬂuence) is one of the most signiﬁcant factors affecting safety awareness [18]. A study of safety climate in
Serbian industrial workplace presented that safety climate
involves safety awareness and competency [34]. This
therefore leads to Hypothesis 3.
2.2.3. Hypothesis 3. Safety climate has a signiﬁcant positive
eﬀect on safety awareness.
(1) The Moderating Eﬀect of Safety Climate on Safety
Awareness and Safety Behavior. Workers’ safety behavior is
inﬂuenced by perceived management norm, perceived
workgroup norm, and personal attitude [3]. Under a positive
climate of safety, the employees develop site safety awareness
and accept that the ﬁrst priority during any site operation is
safety. Thus, they will take the initiative to adopt practices
that will inevitably reduce the violation of safety rules [33].
Safety climate could aﬀect the safety behavior positively
through the working environment and safety awareness
[20]. In other words, safety climate has a moderating eﬀect
on the relationship between safety awareness and safety
behavior, that is, when the safety climate in an organization
is higher, the safety awareness has a more signiﬁcant positive
eﬀect on safety behavior. So this leads to Hypothesis 4.
2.2.4. Hypothesis 4. Safety climate has a positive moderating
eﬀect on the relationship between individual safety awareness and safety behavior, such that the relationship between
safety awareness and safety behavior will be stronger when
the safety climate is positive.
Finally, it creates a hierarchical-layer linear model that
includes safety climate, safety awareness, and safety behavior. The individual level includes construction worker
safety awareness and safety behavior as two variables. The
organizational level includes the safety climate variable.
The research model is shown in Figure 2 and provides an
overview of these hypotheses.
2.3. Questionnaire. The survey instructions for the questionnaire were designed to ensure all employees, regardless of education level, understood the questions. It
comprised four parts: personal information, safety climate, safety awareness, and safety behavior. The scales are
constructed using a Likert ﬁve-point scaling technique
with the survey respondents selecting a number from 1
to 5 as appropriate. The 1–5 scale represents “strongly
disagree, little disagree, agree, little agree, and strongly
agree,” respectively.
Brondino et al. [35] developed Co-workers’ Safety Climate (CSC) scale to measure safety climate. The questionnaire developed by Sun et al. [20] is based on the safety
climate survey questionnaire of Health and Safety Climate
Survey Tool of HSE, United Kingdom. Mearns et al. [7] used
the Oﬀshore Safety Questionnaire (OSQ) to conduct the
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Figure 2: Research model and hypotheses.

2.4. Sample. For this research, a formal survey was conducted by questionnaire from April 15, 2016 to May 18, 2016
among construction workers. In total, 164 questionnaires
were received from 15 construction teams, respectively, and
96 of them were valid. Among the 96 respondents, 74 were
common workers, 16 were construction team managers, and
6 were temporary workers. Because of the generally low
cultural level of construction workers and the need to
guarantee the authenticity and accuracy of results, a face-toface survey form was selected for data collection.
The average age of the respondents was 42. The standard
deviation was 7.621 (n � 96), showing a large diﬀerence in
age and pointing to the universality of the research conclusions. Of the respondents, it revealed from the trend line
in Figure 3 that a majority (62.0%) of construction worker
respondents were between 35 and 50 years old.
The respondents’ educational attainment was mainly
at middle school (86.0%) and high school (14.0%) levels.
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safety climate survey. The questionnaire items were adapted
from the research of Brown and Holmes [36], Sun et al. [20],
and Mearns et al. [7], combining with the results of investigation at construction site. This paper used three dimensions to measure safety climate, that is, addressed
managers’ attention, project safety environment, and safety
supervision, which included seven questions.
According to the reviews on the safety awareness, this
paper adopted it into three dimensions in the items design of
questionnaire [19], including individual safety cognition,
safety attitude, and safety participation, which included eight
questions.
Neal and Griﬃn [37] developed safety behavior scale to
measure safety behavior, comprising two factors, safety
compliance and safety participation. Zhou and Fang [38],
Hahn and Murphy [39], Zhang and Zhang [40], and so on
adopted safety measures, safety handling, employee safety
protection, safety speciﬁcation observed, and accident rate as
measuring variables of safety behavior. The research in this
paper mainly focuses on the performance of the safety
behavior, which is adopted into two dimensions including
the self-reported accident rate and safety speciﬁcation observation, to design the questionnaire with three questions in
total.
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Figure 3: Age of participants in the sample.

The above data show that today’s construction workers in
China have a generally low cultural status.
Respondents having worked from 5 to 10 years
accounted for 14.0% of the total. From 10 to 15 years, it was
4.0%; from 15 to 20 years, 12.0%; from 20 to 25 years, 36.0%;
from 25 to 30 years, 18.0%; and more than 30 years, 16.0%. A
36.0% majority of construction workers had been in the
industry between 20 and 25 years.
According to the analysis of worker personal factors
analysis on the construction industry’s safety climate, it
found that the age, position, cultural status, and years of
experience of workers will have a certain inﬂuence on
the construction safety climate. Analysis pointed out that
the perception of a construction site environment for
temporary workers is lower than that for regular workers.
When construction worker educational attainment is
higher, the perception of climate is stronger. Safety
awareness is lowest for a 35- to 45-year-old worker. For
workers less than 35 years old and above the age of 45, it is
higher. Progressively, after the age of 40, it rises. The
number of years at work and the safety climate are positively related to the safety awareness and behavior. With
the number of years at work being more than 20, the safety
environment perception increases.
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Table 1: The scores of safety climate, safety awareness, and safety
behavior.
N Min Max Average Standard deviation
Safety climate
96 16
22
19.94
1.86
Safety awareness 96 24
33
28.82
2.83
Safety behavior 96 5
13
8.55
2.44

3. Results and Discussion
3.1. Results. The respondents’ scores of safety climate,
safety awareness, and safety behavior are illustrated in
Table 1. The scale of safety climate is 35 points (7 questions, each counting for 5 points). The highest and lowest
scores are 22 and 16, respectively. The overall average
score is 19.94 points with a standard deviation of 1.86.
According to data in Table 1, the perception of safety
climate among construction workers is not high. Furthermore, signiﬁcant diﬀerences exist among workers. In
a word, the construction industry needs to improve its
safety climate further.
The scale of safety awareness is 40 points (8 questions,
each counting for 5 points). The highest and lowest scores
are 33 and 24, respectively. The overall average score is
28.82 points with a standard deviation of 2.83. Data in
Table 1 show that construction workers have a relatively
strong sense of safety awareness, but a standard deviation
greater than 2 indicates a disparate level of safety awareness
among workers in the construction industry.
The total score of construction worker safety behavior is
15 points. Data from Table 1 show that safety behavior
among construction workers scored an average of 8.55, the
highest being 13 and the lowest 5. Low safety behavior scores
mean unsafe behavior is common in construction teams. At
the same time, the standard deviation is 2.44. This shows
signiﬁcant variations in safety behavior among construction
workers.
3.2. Empirical Research. The collected quantitative data were
further analyzed using HLM, which is also referred to as
multilevel analysis or random coeﬃcient models [41, 42]. It
is a means of handling nested data statistics. By deﬁning
diﬀerent levels (layers) of model, the random variation is
decomposed into two parts. One is the error from the ﬁrst
level individual diﬀerences. The other is from the second
level organizational diﬀerences. HLM has a complete model
containing predictor variables in the ﬁrst layer and prediction variables in second layer. They explain in theory how
the entire dependent variable mutation can be aﬀected by the
factors in layer 1 and layer 2. They also explain how other
models like the null model, random eﬀects model, regression
model, and development model are derived from research
carried out on the full model.
3.2.1. Null Model. This research ﬁrstly established a null
model to run the variance component analysis mainly
used to observe dependent variables in construction at
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Table 2: Null model.
Standard Variance
d.f.
χ2
P value
deviation component
INTRCPT1, u0 2.06982
4.28415
14 213.98111 <0.001
Level 1, r
1.38250
1.91132
Random eﬀect

organization level and check for any statistically signiﬁcant
diﬀerence. The model is built in two levels:
Level 1: SBij � β0j + rij ,
Level 2: β0j � c00 + U0j ,

(1)

where SB � safety behavior, β0j � the mean value in safety
climate for group j, c00 � the total mean value in safety climate,
variance (rij ) � within-group variance in safety climate, and
variance (U0j ) � between-group variance in safety climate.
The results of null model analysis are shown in Table 2.
The standard deviation and corresponding chi-square of
estimate results all reached the signiﬁcant level (P < 0.001) as
seen in Table 2. The construction organization variation can
explain 67% of the total variation in the level of construction
worker safety behavior problems. So it is very necessary to
build a HLM model.
3.2.2. Hypothesis Testing Using HLM. To ﬁnd the relationship between safety climate, safety awareness, and safety
behavior, we build four models based on the hypotheses
using HLM.
(1) Testing of Hypothesis 1. In order to test Hypothesis 1,
introduce the variable of safety awareness (SAij ) into Level 1
and then build the model.
Level 1: SBij � β0j + β1j SAij  + rij ,
Level 2: β0j � c00 + U0j ,

(2)

β1j � c10 + U1j ,
where SA � safety awareness, β0j � the intercept value for
group j, β1j � the regression slope for group j, c00 � mean
of the intercepts across groups, c10 � mean of the slopes
across groups (Hypothesis 1), variance (rij ) � Level 1 residual variance, variance (U0j ) � variance in intercepts, and
variance (U1j ) � variance in slopes.
In this model, c00 and c10 represent the average coeﬃcient
of β0j and β1j in Level 1, respectively, and c10 represents
the relationship between safety awareness and safety behavior
across construction groups, which can be used to test
Hypothesis 1. Analysis results are as follows: c10 � 0.48,
P < 0.1. This shows that safety awareness for construction
workers has a positive inﬂuence on safety behavior. The
t-test results reach a statistically signiﬁcant level, so Hypothesis 1 is supported.
(2) Testing of Hypothesis 2. In order to test Hypothesis 2,
introduce the variable of safety climate (SCj ) into Level 2
and then build the model.
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Table 3: HLM test on hypotheses.

Hypothesis 1

Hypothesis 2

Hypothesis 3

Hypothesis 4

Fixed eﬀect

Coeﬃcient

INTRCPT2, c00

8.576128

INTRCPT2, c10

0.483790

INTRCPT2, c00
SC, c01

8.576055
0.669771

INTRCPT2, c10

0.048379

INTRCPT2, c00
SC, c01

28.848258
0.630526

INTRCPT2, c00
SC, c01

8.576139
0.669715

INTRCPT2, c10
SC, c11

0.192960
0.150996

P value

16.058

<0.001

1.334

0.074

18.408
2.587

<0.001
0.023

0.576

0.057

53.281
2.095

<0.001
0.056

18.407
2.587

<0.001
0.023

1.852
-2.249

0.068
0.027

(3)
(4) Testing of Hypothesis 4. Model building for Hypothesis 4.

β1j � c10 + U1j ,
where SC � safety climate, c00 � intercept of Level 2 regression predicting β0j , c01 � slope of Level 2 regression
predicting β0j (Hypothesis 2), c10 � intercept of Level 2
regression predicting β1j , variance (rij ) � variance in Level 1
residual, variance (U0j ) � variance in Level 2 residual for
models predicting β0j , and variance (U1j ) � variance in Level
2 residual for models predicting β1j ;
In the above model, the relationship between safety
climate and safety behavior across construction teams
by controlling safety awareness in Level 1 is represented.
A t-test on c01 is used to test hypothesis 2. The analysis
results are as follows: c10 � 0.67, P < 0.1. This shows that
the safety climate for construction workers has a significant positive inﬂuence on safety behavior. The t-test
results reach a statistically signiﬁcant level, so Hypothesis 2 is supported.
(3) Testing of Hypothesis 3. Model building for Hypothesis 3.
Level 1: SAij � β0j + rij ,

t-ratio

awareness. The t-test results reach a statistically signiﬁcant
level, so Hypothesis 3 is supported.

Level 1: SBij � β0j + β1j SAij  + rij ,
Level 2: β0j � c00 + c01 SCj  + U0j ,

Standard error
For INTRCPT1, β0
0.534080
For SCI slope, β1
0.144753
For INTRCPT1, β0
0.465875
0.258886
For SCI slope, β1
0.084009
For INTRCPT1, β0
0.541441
0.300937
For INTRCPT1, β0
0.465916
0.258900
For SCI slope, β1
0.104170
0.067154

Level 1: SBij � β0j + β1j SAij  + rij ,
Level 2: β0j � c00 + c01 SCj  + U0j ,

(5)

β1j � c10 + c11 SCj  + U1j ,
where c00 � intercept of Level 2 regression predicting
β0j , c01 � slope of Level 2 regression predicting β0j , c10 �
intercept of Level 2 regression predicting β1j , c11 � slope
of Level 2 regression predicting β1j (Hypothesis 4), variance
(U0j ) � variance in Level 2 residual for models predicting
β0j , and variance (U1j ) � variance in Level 2 residual for
models predicting β1j .
In the above model, c11 represents the estimate of interaction between safety climate and safety awareness, and
the t-test on c11 can be used to test hypothesis 4. Analysis
results are as follows: c11 � 0.15, P < 0.1. This shows that
safety climate positively adjusts the inﬂuence of the safety
awareness of safety behavior. Furthermore, t-test results
reach a statistically signiﬁcant level, so Hypothesis 4 is
supported.

(4)

Level 2: β0j � c00 + c01 SCj  + U0j ,
where c00 � intercept of Level 2 regression predicting β0j ,
c01 � slope of Level 2 regression predicting β0j (Hypothesis 3), variance (rij ) � variance in Level 1 residual,
and variance (U0j ) � variance in Level 2 residual for
models predicting β0j .
In the above model, the t-test can be used to test
Hypothesis 3. Analysis results are as follows: c10 � 0.63,
P < 0.1. This shows that the safety climate for construction workers has a signiﬁcant positive inﬂuence on safety

3.2.3. HLM Test on Hypotheses. The parameters of each
model are shown in Table 3; based on the analyses above, it
can be conclude that the four hypotheses are all supported.

4. Discussion and Conclusion
From the analysis of hypotheses above, it is obvious that the
safety climate of construction workers has a signiﬁcant
positive inﬂuence on safety behavior as inﬂuence coeﬃcient
is 0.67. And the safety climate also has a positive inﬂuence on
safety awareness as inﬂuence coeﬃcient is 0.63. It can be
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analyzed that the factor at organizational level can inﬂuence
the factors at the individual level.
At the individual level, it is analyzed that the safety
awareness of construction workers has a positive inﬂuence
on safety behavior, with an inﬂuence coeﬃcient of 0.48.
What is more, a positive safety climate could strengthen the
eﬀect of construction worker safety awareness on safety
behavior with an inﬂuence coeﬃcient of 0.15. The safety
behavior scores 8.55 points out of 15 on average, which
indicates that the present safety level of construction worker
behavior is unsatisﬁed. Therefore, strengthening the construction safety climate and safety awareness becomes
a priority in the eﬀort to reduce unsafe behavior among
construction workers.
In conclusion, according to the results of hierarchical
linear analysis, the four hypotheses are all supported,
which means improving the individual safety awareness
and the organizational safety climate could ultimately reduce
unsafe behavior and accordingly make contribution to safety
management in construction. A positive safety climate
will make contribution to the individual safety awareness
and behavior and then strengthen the relationship between
them. As a result, it can be concluded that the safety
management should not only concentrate on the individual
behavior and awareness but also take safety climate into
consideration. For instance, strengthening the leaders’ attention to safety, improving the construction project’s safety
environment and the project safety supervision mechanism,
and training and cultivating safety attitudes and participation are also helpful to reducing unsafe behavior of workers.
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