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Assessing Health Climate in Building Construction Projects: Theory 

andPractice 

Ming Shan1, Siyi Li2, Zhao Zhai3, Yanxin Du4 

Abstract: The poor health of construction practitioners significantly affects the 
stable and healthy development of the construction industry. Although a large 
number of researchers have investigated the occupational health of construction 
practitioners, few have examined the assessment of the health climate in building 
construction projects. To bridge the knowledge gap, this study develops a fuzzy 
approach, namely Construction Health Climate Assessment (C-HCA), that can help 
assess health climate in building construction projects. First, health climate 
indicators spanning three dimensions were identified through a literature review 
and semi-structured interviews conducted with experienced experts. The 
Pythagorean fuzzy analytic hierarchy process was then utilized to quantify the 
importance of each health climate indicator, and a fuzzy comprehensive 
evaluation method was used to assess the level of health climate in construction 
projects. This approach was validated by a real-life project in China. This study 
contributes to the current body of knowledge by developing a construction health 
climate assessment approach. This approach is useful to practice as well because it 
can help industry practitioners gauge the level of the construction health climate in 
building construction projects, thereby recommending improvement accordingly. 

Keywords: Health climate; construction projects; assessment; Pythagorean fuzzy 
AHP; China. 

INTRODUCTION 

It is well recognized that people working in the construction industry are more 
exposed to health hazards than those working in other industries, as the 
construction industry normally has heavier workloads and harsher conditions at 
project sites (Sousa et al., 2014; Umer, 2022). According to an epidemiological 

 

1 Department of Engineering Management, School of Civil Engineering, Central South University, Hunan, CHINA 
2 Department of Engineering Management, School of Civil Engineering, Central South University, Hunan, CHINA 
3 Department of Engineering Management, School of Traffic & Transportation Engineering, Changsha University 
of Science & Technology, Hunan, CHINA  
4 Department of Engineering Management, School of Civil Engineering, Central South University, Hunan, CHINA 



Health Climate Assessment 

2 

survey conducted by Dong et al. (2020), approximately 80% of construction workers 
worldwide suffer from musculoskeletal disorders. Jacobsen et al. (2013) conducted 
a cross-sectional mental health assessment of a convenience sample of 
construction workers and found that 16% of workers experienced substantial mental 
stress. In addition to musculoskeletal disorders and mental illness, pneumoconiosis, 
contact dermatitis, arm vibration syndrome, and hearing loss are also common 
occupational diseases for people working in the construction industry (Chen et al., 
2021; Cheriyan and Choi, 2020; Dabirian et al., 2020; Kurtz et al., 2012; Sharma et al., 
2014). Poor health conditions in the construction industries worldwide not only cause 
individuals bodily and emotional anguish, but also result in massive economic losses 
(Gibb et al., 2018; Kamardeen, 2019). Thus, in recent years, an increasing number of 
scholars have shifted their attention to the occupational health management of 
the construction industry (Chan et al., 2016b; Yasmeen et al., 2020).  

Referring to the comprehensive literature review conducted by Liang and Shi 
(2021), the prevailing research themes of construction health management are 
disclosed to be specific health hazards, health data statistics, the status of health 
practices in the construction industry, and the evaluation of the efficacy of health 
programs. In contrast, limited work has been done to assess the health climate in 
building construction projects, which is a key aspect of resolving construction 
practitioners’ health issues. Therefore, the aim of this study is to fill the knowledge 
gap by developing a systematic approach that can be used to assess the health 
climate in an ongoing building construction project.  

The context of this study is the construction industry in China. In China, the 
construction industry is a cornerstone of national economic growth and a major 
sector of labor employment (Ministry of Housing and Urban-Rural Development of 
the People's Republic of China, 2022). In 2021, the Chinese construction industry 
contributed more than RMB 7,874 billion (approximately USD 1,141 billion) to the 
economy, accounting for around 6.9% of the total gross domestic product (GDP), 
and the number of construction practitioners was 52,829,000, contributing 6.7% of 
the total labor force (National Bureau of Statistics of China, 2022). However, the 
occupational hazards in China’s construction industry are extremely serious, and 
the incidence of occupational diseases in the Chinese construction industry is the 
third highest among all sectors, second only to mining and manufacturing. 
According to statistics released by National Health Commission of the People's 
Republic of China (2022), roughly 40% of practitioners in the industry are exposed to 
occupational disease hazards. Thus, it is imperative for China to raise the health 
level of its construction industry.  

The remaining parts of this paper are arranged as follows. First, a 
comprehensive literature review of extant construction health research is presented. 
Then, the details of the research methods are recorded. After that, indicators for 
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construction health climate assessment are identified, and a fuzzy approach that 
can be used to assess health climate in an ongoing building construction project is 
developed. Lastly, the developed approach is applied in a real-world case in 
China, and the assessment results are fully discussed and interpreted. 

LITERATURE REVIEW  

Extant Research on the Health of Construction Practitioners 

In recent years, research studies on the health issues of construction practitioners 
have been conducted from many angles, such as occupational health and safety 
management systems, influencing factors of occupational health status of 
construction practitioners, strategies to improve the health of construction 
practitioners, and mental health issues, etc. (Fang et al., 2021; Nnaji and Karakhan, 
2020; Wang et al., 2020; Wang et al., 2022). Okonkwo Patrick and Wium (2020) 
investigated health and safety management systems found within medium-to-large 
construction contractor organizations in South Africa. Fuller et al. (2022) examined 
the factors influencing the design and delivery of health promotion programs 
implemented by construction organizations to educate workers and promote a 
healthy lifestyle. Lingard and Turner (2017) explored factors affecting the healthy 
behaviors of construction professionals in Australia. Through an in-depth review of 
occupational health and safety management in the construction industry, Jaafar 
et al. (2018) identified four main factors contributing to occupational accidents 
and diseases: human, workplace, management, and external. Bowen et al. (2022) 
investigated the association between alcohol use and HIV-related health behaviors 
in construction.  

Some researchers have looked into strategies to improve the health of 
construction practitioners. For example, Chan et al. (2016a) identified various 
strategies that can help improve the health of ethnic minority workers from Asian 
countries. Nwaogu et al. (2022) evaluated the measures that can be adopted to 
promote the good mental health of construction personnel. Simpeh and Amoah 
(2023) investigated measures put in place at construction project sites to curb the 
spread of COVID-19 among construction site workers. Loudoun and Townsend 
(2017) identified possible agents and levers to trigger the development and 
implementation of workplace health promotion programs in the Australian 
construction industry.  

With respect to mental health, Chan et al. (2020) systematically reviewed the 
existing body of knowledge on mental health in the construction industry. Nwaogu 
et al. (2020) conducted a scientometric review of mental health research in the 
construction industry. Tijani et al. (2021) developed a multi-level mental health 
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management framework for project management practitioners in architecture, 
engineering, and construction project organizations through organizational design 
theories. Scott-Young et al. (2020) explored sex differences in mental health and 
resilience in the early career pipeline of emerging built environment professionals. 
Kotera et al. (2020) explored the relationships among work-life balance, mental 
health, attitudes toward mental health problems, and work schedules. Turner and 
Lingard (2020) explored musculoskeletal bodily pain and its impact on construction 
workers’ mental health.  

Construction Health Climate and Assessment  

The health climate represents the perceptions of organizational members of health 
management behaviors and phenomena within the organization (Schneider, 1975). 
Zweber et al. (2016) defined the health climate as “Employee perceptions of active 
support from upper management as well as supervisors and coworkers for the 
physical and psychological well-being of employees, including organizational 
norms and values, employee attitudes, social support, and environmental 
condition.” Currently, there is no universally accepted definition of health climate in 
construction. This study interprets the construction health climate as employees’ 
perceptions of the organization’s health management system, including policies, 
practices, and procedures that indicate how health is maintained and improved in 
the construction site environment. The health climate is a significant environmental 
factor that boosts practitioners’ occupational health (Basen-Engquist et al., 1998). A 
favorable health climate is a necessary condition for better health, as potential 
health risks can be easily identified by evaluating the health climate; thus, effective 
health-improvement strategies could be formulated and implemented.  

METHODS 

The research process of this study consisted of four steps. First, a group of indicators 
of the health climate at building construction sites was identified in the literature 
review. Then, semi-structured interviews were conducted to verify the identified 
indicators. After that, based on the identified indicators, a fuzzy approach that can 
assess the health climate at building construction sites was developed. The 
approach was devised on the grounds of the Pythagorean fuzzy analytic hierarchy 
process (PHAHP) and the fuzzy comprehensive evaluation method, following the 
practices of Ilbahar et al. (2018) and Oppong Goodenough et al. (2021). Lastly, the 
approach was applied in a building construction project carried out in Hunan 
Province, China. A flowchart of the research process is shown in Figure 1. 
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Figure. 1. Flowchart of research process 

IDENTIFICATION OF INDICATORS OF CONSTRUCTION HEALTH CLIMATE  

To identify indicators of construction health climate, the keywords “health climate” 
and “construction projects” were searched in the well-known Web of Science Core 
Collection database. Additionally, to include more informative literature, books 
related to occupational health and climate were included in the literature search. 
Lastly, nine journal articles and two books highly related to the construction health 
climate were identified, as shown in Table 1. After going through this literature, 15 
indicators of construction health climate were identified, as shown in Table 1. 
Referring to Li et al. (2023), these 15 indicators were categorized into three 
dimensions: management commitment, employee involvement, and supportive 
environment. To check the applicability of the 15 indicators to building construction 
projects in China, semi-structured interviews were conducted with 13 highly 
experienced experts from March to April 2022. During the interviews, experts were 
invited to assess the 15 indicators using a five-point rating scale: 1 = strongly 
unsuitable, 2 = unsuitable, 3 = neutral, 4 = suitable, and 5 = strongly suitable. The 
mean scores of experts’ evaluations of the 15 indicators were calculated, and a 
threshold of 2.5 points was used to screen indicators suitable for the building 
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construction sector in China, following the advice of Hsueh et al. (2009). According 
to the results shown in Table 1, three indicators received mean scores lower than 2.5 
and were thus removed from the list. Finally, 12 indicators were finalized and used to 
assess the construction health climate in Chinese building construction projects. 
Table 2 presents the background information of the experts. 
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Table 1. Indicators of construction health climate 1 

Target Dimensions Code Indicators 

Source Applicabilit
y 

evaluation A B C D E F G H I J K 

Health 
Climate 

Management 
Commitment 

(U1) 

U11 Management can actively take 
measures to eliminate workplace 
health hazards for employees. 

X 

 

X X 

 

X 

 

X 

  

 4.38 

 U12 Management places a high value on 
employee health and works quickly to 
prevent violations. 

  

X 

  

X 

    

 4.54 

 U13 Management can invest a lot of 
energy in construction health training. 

X 

  

X 

   

X 

  

 3.62 

 U14 The company organizes occupational 
health examinations regularly. 

X 

   

X 

  

X 

  

 4.15 

 Employee 
Involvement 

U21 Employees are fully aware of the 
health risks associated with their work. 

 

X X 

  

X 

  

X X X 4.00 



Health Climate Assessment 

8 

Target Dimensions Code Indicators 

Source Applicabilit
y 

evaluation A B C D E F G H I J K 

 
(U2) 

U22 Employees can give opinions when 
developing or reviewing health 
procedures/instructions/rules. 

 

X X 

     

X 

 

 3.69 

 U23 Employees can wear personal 
protective equipment to protect 
personal health as required. 

 

X 

 

X 

    

X 

 

 4.62 

 U24 Employees can always observe health 
regulations during the work process. 

 

X 

        

 4.38 

 U25 Health issues are frequently discussed 
among colleagues throughout the 
work week. 

 

X X 

       

 
 

 Supportive 
Environment 

U31 Management can provide all health 
equipment required by occupational 
health regulations.  

X       X X   3.92 
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Target Dimensions Code Indicators 

Source Applicabilit
y 

evaluation A B C D E F G H I J K 

 
(U3) 

 

 

U32 Management can listen carefully and 
adopt effective suggestions from 
employees to improve construction 
health. 

X X X X   X X  X  4.46 

 U33 Colleagues can monitor and correct 
one other's infractions of construction 
health regulations. 

 X 

 

X 

 

X 

  

X 

 

 4.38 

 U34 Colleagues can understand and 
support each other's leave of absence 
due to health reasons and help with 
work. 

 

  

X 

  

X 

   

 4.38 

 U35 Most of the health training provided 
by the company is effective. 

 X 

 

X 

 

X 

  

X X  
 

 U36 Health training can cover all health  

 

X 

  

X 
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aA = Zohar and Luria (2005); B = Choudhry Rafiq et al. (2009); C = Mohamed (2002); D = Brondino et al. (2012); E = 2 
Damman et al. (2015); F = Health and Safety Executive (HSE) (2002); G = Zweber et al. (2016); H = Cheung and Zhang 3 
(2020); I = Zhou et al. (2011); J = Hon et al. (2012); K = Lin et al. (2008). 4 

bU25, U35 andU36 were dropped with an evaluation score lower than 2.5 points in the interview.5 

Target Dimensions Code Indicators 

Source Applicabilit
y 

evaluation A B C D E F G H I J K 

risks associated with employees' work. 
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Table 2. Backgrounds of interviewed experts 6 

DEVELOPMENT OF CONSTRUCTION HEALTH CLIMATE ASSESSMENGT (C-HCA)  7 

Based on the indicators refined by interview experts, a construction health 8 
climate assessment (C-HCA), a fuzzy approach that can assess the 9 
construction health climate at a given project site, was developed. The 10 
approach was designed using a two-level fuzzy comprehensive assessment 11 

Number Employer Position Experience Geographic location 

1 Consultant Engineer 15 Eastern China 

2 Consultant Engineer 17 Central China 

3 Designer Business manager 17 Central China 

4 Owner Director 17 Central China 

5 Owner Project manager 12 Central China 

6 Owner Business manager 17 Central China 

7 Owner Project manager 15 Central China 

8 Contractor Business manager 17 Eastern China 

9 Contractor Engineer 12 Eastern China 

10 Contractor Engineer 12 Eastern China 

11 Contractor Engineer 12 Eastern China 

12 Contractor Project manager 17 Central China 

13 Contractor Director 17 Eastern China 
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method. The following are specific steps for the development of C-HCA.  12 

Establishing the Assessment Indictor Set U 13 

The indicators in the health climate assessment index system for construction 14 
projects are used as the assessment objects to develop the assessment 15 
indicator set }{ 1, 2 , ,= … MU U U U . Since there were 3 dimensions and 12 second-16 

level indictors in this study, the assessment indicator set }{ 1 2 3, ,=U U U U , where 17 

{ }1 11 12 13 14  , , ,=U U U U U , { }2 21 22 23 24  , , ,=U U U U U , { }3 31 32 33 34  , , ,=U U U U U . 18 

Establishing the Judgment Set V 19 

V stands for the judgment set in the comprehensive assessment, 20 
}{ 1 2,, ,= … nV V V V , where n=number of judgment grades. In this study, a five-21 

level assessment was carried out on the implementation degree of each 22 
indicator of the health climate assessment indicator system for construction 23 
projects through questionnaire survey, thus the judgment set }{ 1 2, 3 4 5, , ,= V V V V V  24 
was established as shown in Table 3. 25 

Table 3. Judgment set 26 

Establishing Indicator Weight Vector W  27 

W reflects the assessment indictor’s relative degree of importance, and it is 28 
mostly used for weighting R. The set of indicator weights is denoted as 29 

}{ 1 2, , ,= … mW W W W , and the weight of each indicator must satisfy the condition 30 

1

1, 0, 1, 2, ,
=

= ≥ = …∑
m

i i
i

w w i m . Many methods can be used to calculate indicator 31 

weights. The indicator weight vector of this study was obtained by adopting 32 
PFAHP.  33 

PYTHAGOREAN FUZZY AHP 34 

Zadeh developed fuzzy set theory in mathematics in 1965, a method used to 35 
describe fuzzy phenomena that can represent inaccurate, ambiguous, and 36 
undependable knowledge (Gunduz et al., 2015; Zadeh, 1965). Fuzzy set 37 
theory is based on the linguistic terms and membership functions of distinct 38 
grades. It permits the construction of formidable instruments for judging 39 
ambiguity and provides the chance to represent significant fuzzy 40 

Judgement Set  Very high High Medium Low Very low 

Graded 5 4 3 2 1 
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conceptions articulated in natural language (Gunduz et al., 2015; Shan et al., 41 
2015). Thus far, various fuzzy sets have been developed through various forms 42 
of extension. Zadeh (1975) proposed type-n fuzzy sets to describe the 43 
unsureness of membership functions. Subsequently, Atanassov (1986) 44 
proposed a new version of fuzzy sets, namely intuitionistic fuzzy sets, to 45 
address the issue of non-membership degree distribution. Later, Yager (2013) 46 
broadened the scope of intuitionistic fuzzy sets by introducing Pythagorean 47 
fuzzy sets, a new type of non-standard fuzzy subset. Compared with fuzzy sets 48 
and intuitionistic fuzzy sets, Pythagorean fuzzy sets can deal with uncertainty 49 
and ambiguity in decision-making processes more powerfully and flexibly by 50 
allowing experts to voice their opinions more freely on uncertainty and 51 
ambiguity in decision-making situations (Yager and Abbasov, 2013). Therefore, 52 
it is more reliable to figure out uncertainty problems (Ilbahar et al., 2018; 53 
Mohd and Abdullah, 2017).  54 

The analytic hierarchy process (AHP) is a systematic decision-making 55 
analysis method that comprehensively considers both subjective and 56 
objective factors (Dey, 2010). It is simple, practical, and appropriate for 57 
solving complex problems that are difficult to quantify completely, and it is 58 
broadly used in the measurement of subjective parameters in various fields 59 
(Saaty, 1980). However, the rating difference in the importance of different 60 
indicators is based on personal experience, so there is a certain error in the 61 
final indicator weights (Cheung and Zhang, 2020). Owing to the limitations of 62 
AHP, it is generally necessary to use it in combination with fuzzy sets to lower 63 
the subjectivity of weight ranking and improve its credibility. Given that 64 
respondents’ perceptions of evaluation indicators are commonly subjective 65 
and imprecise, this study decided to use PFAHP to establish an evaluation 66 
model. PFAHP, similar to other fuzzy AHP assessment methods, requires the 67 
creation of a comparison matrix; 0 displays the categories, descriptions, and 68 
weight values for various importance.  69 

Some definitions must be explained before understanding the PFAHP 70 
(Yager, 2016). The sum of membership and non-membership degrees 71 
assigned by experts in Pythagorean fuzzy sets may be more than 1, but the 72 
sum of squares is less than or equal to 1 in some practical applications 73 
(Ilbahar et al., 2018; Peng and Yang, 2015; Yucesan and Kahraman, 2019). 74 
The contents described above is indicated in Definition 1. 75 

Definition 1. Assuming that X represents a domain of discourses. A 76 
Pythagorean fuzzy set Q in X is made up of objects with the form (Yager, 2016; 77 
Zhang and Xu, 2014): 78 

}{ , |= < µ ( ),ν ( ) > ∈Q QQ x x x x X    (1) 79 

Where the function ( ) [ ]: 0,1µ ∈Q x X  represents the degree of membership of 80 
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the element  ∈x X  to the set Q, the function ( ) [ ]: 0,1∈Qv x X  represents the 81 
degree of non-membership of the element  ∈x X  to the set Q, and for any 82 
∈x X , it satisfies: 83 

( ) ( )2 20 1µ≤ + ≤Q Qx v x   (2) 84 

For any Pythagorean fuzzy sets Q and ∈x X , ( ) ( ) ( )2 21π µ= − −Q Q Qx x v x  is 85 
regarded as the degree of hesitation of x to Q.  86 

Definition 2. Assuming that ( )1 11 ,γ γγ µ= Q v , ( )2 22 ,γ γγ µ= Q v  are two Pythagorean 87 

fuzzy numbers and ( )0δ > ∈R , then the definition of mathematical operations 88 
on these two numbers is as below (Zeng et al., 2015; Zhang and Xu, 2014): 89 

( )1 2 1 2 1 2

2 2 2 2
1 2  ,γ γ γ γ γ γγ γ µ µ µ µ⊕ = + −Q v v   (3) 90 

( )1 2 1 2 1 2

2 2 2 2
1 2 ,γ γ γ γ γ γγ γ µ µ⊗ = + −Q v v v v   (4) 91 

( ) ( )1 1

2
1 1 1 , ,  0

δ δ

γ γδγ µ δ = − − > 
 

Q v   (5) 92 

( ) ( )1 1

2
1 , 1 1 , 0

δ δδ
γ γγ µ δ = − − > 

 
Q v   (6) 93 

( ) ( )2 2

2
2 Q 1 1 , , 0

δ δ

γ γδγ µ δ = − − > 
 

v   (7) 94 

( ) ( )2 2

2
2 , 1 1 , 0

δ δδ
γ γγ µ δ = − − > 

 
Q v   (8) 95 

Definition 3. Assuming that ( ) ( )1 1 1, , 1, 2, ,γ µ= = …
i i i

v i n  is a collection of 96 

Pythagorean fuzzy numbers, then the Pythagorean fuzzy weighted power 97 
geometric(PFWPG) operator defined by Yager and Abbasov (2013) is as 98 
below: 99 

( ) ( ) ( )1 2

1/2 1/2
2 2

1 , 1 , 1 1 1
1 1

, 1 1 , 1 1γ γ γ µ
= =

    
 … = − − − −        

∏ ∏ ii

n i

n n ww

i
i i

PFWPG v   (9) 100 

Where n represents the number of experts who assess the indictors, and 101 

( )1 2, , ,= … T
nw w w w  represents the weight vector of 1γ i

, ( )1,2, ,= …i n  with 
1

1
=

=∑
n

i
i

w  102 

(Yager and Abbasov, 2013). 103 
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STEPS OF PYTHAGOREAN FUZZY AHP 104 

The specific steps of the PFAHP method are described below. 105 

Step 1: The compromised pairwise comparison matrix ( ) ×
= ik m m

C c  is established 106 
in view of experts’ language evaluation (see Table 4). The weighting scale of 107 
the interval-valued PFAHP used in expert evaluation is shown in Table 5, which 108 
was given by (Ilbahar et al., 2018).  109 

Table 4. Evaluation in matrix form 110 

 111 

Table 5. Weighting scale of the interval-valued PFAHP method 112 

Linguistic terms 

 

Grad
es 

Pythagorean Fuzzy Numbers 
equivalents 

Interval-Valued Pythagorean Fuzzy 
numbers 

    

Certainly Low Importance 
(CLI) 

1 0.00 0.00 0.90 1.00 

Very Low Importance (VLI) 2 0.10 0.20 0.80 0.90 

Low Importance (LI) 3 0.20 0.35 0.65 0.80 

  
 

… 
 

  

…   

⋮ ⋮ ⋱ ⋮ 

 

  … 
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Below Average Importance 
(BAI) 

4 0.35 0.45 0.55 0.65 

Average Importance （AI） 5 0.45 0.55 0.45 0.55 

Above Average Importance 
（AAI） 

6 0.55 0.65 0.35 0.45 

High Importance（HI） 7 0.65 0.80 0.20 0.35 

Very High Importance（VHI） 8 0.80 0.90 0.10 0.20 

Certainly High Importance
（CHI） 

9 0.90 1.0 0.00 0.00 

Exactly Equal（EE） / 0.1965 0.1965 0.1965 0.1965 

Step 2: The difference matrices ( ) ×
= ik m m

D d  between lower and upper values 113 
of the membership and non-membership functions are computed using Eqs. 114 
(10) and (11): 115 

2 2µ= −
A A Bik ik ikd v   (10) 116 

2 2µ= −
B B Aik ik ikd v   (11) 117 

Step 3: Interval multiplicative matrix ( ) ×
=ik ik m m

G g  is calculated using Eq. (12) 118 
and (13): 119 

1000= A

A

d
ikG   (12) 120 

1000= B

B

d
ikG   (13) 121 

Step 4: The determinacy value ( ) ×
∆ = ∆ik m m

 is computed using Eq. (14): 122 

( ) ( )2 2 2 21 µ µ∆ = − − − −
A B A Bik ik ik ik ikv v   (14) 123 

Step 5: The determinacy degrees are multiplied with ( ) ×
=ik ik m m

G g  matrix for 124 
obtaining the matrix of weight, ( ) ×

= ik m m
Z z ,  before normalization using Eq. 125 

(15): 126 
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2
+ 

= ∆ 
 

A Bik ik
ik ik

G G
z   (15) 127 

Step 6: The normalized priority weights iw  is computed using Eq. (16): 128 

1

1 1

=

= =

= ∑
∑ ∑

m
ikk

i m m
iki k

z
w

z
  (16) 129 

 Establishing Fuzzy Matrix R 130 

R is a membership matrix, which indicates the degree of membership of an 131 
evaluation indicator in the evaluation indicator set U to a certain judgment 132 

grade in the judgment set V, 
11 1

1

 
 =  
  



  



n

m mn

r r
R

r r
, where ijr  stands for the degree 133 

of membership of the indicator I owned by the grade J. This study 134 
constructed and standardized the membership degree matrix based on the 135 
questionnaire survey findings of the health climate assessment indicators for 136 
construction projects, yielding three first-level fuzzy evaluation matrices and 137 
one second-level fuzzy evaluation matrix. 138 

Establishing a Fuzzy Comprehensive Assessment Model  139 

The fuzzy comprehensive method is used to construct the fuzzy assessment 140 

matrix ( ) ( )
11 1

1 2 1 2

1

· , , , , ,
 
 = = … • = … 
  



  



n

M n

m mn

r r
B W R WW W B B B

r r
, where B represents 141 

the assessment consequence of each indicator of the indicator set U. The 142 
adoption of the M (·, ⊕) operator is to calculate all kinds of assessment 143 
consequences in this study. 144 

CASE STUDY AND DISCUSSION 145 

Fifth Xiangya Hospital is a representative building construction project being 146 
constructed in Hunan Province, central part of China. The hospital was 147 
designed to provide a new world-class model for the delivery of healthcare in 148 
China, accommodating over 100,000 patients a day and housing over 2,500 149 
patient rooms. Taking Fifth Xiangya Hospital as an example, this study 150 
assessed the health climate of this project using the assessment indicators 151 
and approaches mentioned above. Based on the semi-structured interview 152 
results, two questionnaire documents were developed in this study to obtain 153 
perception-based data on health climate assessment indicators from two 154 
perspectives. In September 2022, the first questionnaire was distributed to 13 155 
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construction industry experts, the same as those interviewed in the semi-156 
structured interviews, to determine the weight of each assessment indicator. 157 
The second questionnaire was sent to practitioners of the Fifth Xiangya 158 
Hospital project to obtain scores for each assessment indicator. The 159 
questionnaire employed a five-point Likert scale to rate the implementation 160 
of the 12 assessment indicators of health climate: 5 = very high, 4 = high, 3 = 161 
medium, 2 = low, and 1 = very low. The electronic version of this questionnaire 162 
was delivered online to practitioners in this project between April and May 163 
2022. To increase the dependability of the questionnaire data, the 164 
questionnaire was anonymous and self-administered. Finally, 33 valid 165 
questionnaires were received. The calculation process for the construction 166 
health climate of this project is shown below. 167 

First, using the PFAHP to determine the weight of each dimension and 168 
each indicator of the health climate assessment was proposed in this study. 169 
The 13 experts with experience in the field of construction were requested to 170 
compare pairwise the relative importance of each dimension and each 171 
indicator of the health climate assessment using the linguistic terms in Table 4 172 
and then convert the linguistic terms into interval-valued Pythagorean fuzzy 173 
numbers. Next, using the PFWFG operator of Eq. (9), the converted interval-174 
valued Pythagorean fuzzy numbers were aggregated. Tables 6 and 7 175 
summarize the aggregated pairwise comparison matrix of the dimensions 176 
and the aggregated pairwise comparison matrix of the indicators, 177 
respectively.  178 



 

19 

Table 6. Pairwise comparisons matrix of the dimensions 179 

Criteria of  

Health Climate 

Pythagorean fuzzy numbers:  

U1 U2 U3 

U1 
   

U2 
   

U3 
   

Table 7. Pairwise comparisons matrix of the indicators 180 

Criteria of 

 U1 

Pythagorean fuzzy numbers:  

U11 U12 U13 U14 

U11 
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U12 
 

 

 
  

U13 
  

 

 
 

U14 
   

 

 

Criteria of 

 U2 

Pythagorean fuzzy numbers:  

U21 U22 U23 U24 

U21 
 

 
   

U22 
 

 

 
  

U23 
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U24 
   

 

 

Criteria of 

 U3 

Pythagorean fuzzy numbers:  

U31 U32 U33 U34 

U31 
 

 
   

U32 
 

 

 
  

U33 
  

 

 
 

U34 
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Tables 8 and 9 display the difference matrix D of the dimensions and the 181 
difference matrix D of the indicators calculated from the data in Tables 6 and 182 
7, respectively. 183 

Table 8. Difference matrix of the dimensions 184 

Criteria of 

Health Climate 
U1 U2 U3 

U1 
   

U2 
   

U3 
   

Table 9. Difference matrix of the indicators 185 

Criteria of U1 U11 U12 U13 U14 

U11 
    

U12     

U13     

U14     

Criteria of U2 U21 U22 U23 U24 

U21 
    

U22     

U23     
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U24     

Criteria of U3 U31 U32 U33 U34 

U31     

U32     

U33     

U34     

The interval multiplicative matrix G of the dimensions and the interval 186 
multiplicative matrix G of the indicators are also shown in Tables 10 and 11, 187 
respectively. 188 

Table 10. Interval multiplicative matrix of the dimensions 189 

Table 11. Interval multiplicative matrix of the indicators 190 

Criteria of U1 U11 U12 U13 U14 

U11 
    

U12     

Criteria of 

Health Climate 
U1 U2 U3 

U1 
   

U2 
   

U3 
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U13     

U14     

Criteria of U2 U21 U22 U23 U24 

U21 
    

U22     

U23     

U24     

Criteria of U3 U31 U32 U33 U34 

U31     

U32     

U33     

U34     

Tables 12 and 14 show the determinacy value matrix ∆  of the dimensions, as 191 
well as the weight matrix before normalization. Similarly, Tables 13 and 15 192 
represent the indicator determinacy value matrix and the weight matrix 193 
before normalization, respectively. 194 

Table 12. Determinacy value matrix (∆ ) of the dimensions 195 

  U1 U2 SE 

U1 1.00 0.82 0.89 
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U2 0.82 1.00 0.79 

SE 0.89 0.79 1.00 

Table 13. Determinacy value matrix (∆ ) of the indicators 196 

 

U11 U12 U13 U14 

U11 1.00 0.88 0.83 0.87 

U12 0.88 1.00 0.80 0.82 

U13 0.83 0.80 1.00 0.88 

U14 0.87 0.82 0.88 1.00 

 

U21 U22 U23 U24 

U21 1.00 0.85 0.83 0.83 

U22 0.85 1.00 0.86 0.82 

U23 0.83 0.86 1.00 0.89 

U24 0.83 0.82 0.89 1.00 

 

U31 U32 U33 U34 

U31 1.00 0.87 0.85 0.86 

U32 0.87 1.00 0.88 0.83 

U33 0.85 0.88 1.00 0.89 
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U34 0.86 0.85 0.89 1.00 

Table 14. Weight matrix of the dimensions before normalization 197 

 

U1 U2 U3 

U1 7.56 7.76 7.74 

U2 3.17 3.07 3.38 

U3 1.52 1.46 1.59 

Table 15. Weight matrix of the indicators before normalization 198 

 

U11 U12 U13 U14 

U11 8.24 8.11 8.51 8.64 

U12 4.74 4.64 4.90 4.96 

U13 2.60 2.52 2.69 2.73 

U14 2.20 2.13 2.24 2.30 

 

U21 U22 U23 U24 

U21 5.78 5.88 6.02 6.11 

U22 3.49 3.51 3.55 3.55 

U23 4.06 4.10 4.22 4.28 

U24 2.29 2.30 2.33 2.37 
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U31 U32 U33 U34 

U31 8.54 8.65 8.93 9.11 

U32 5.15 5.25 5.43 5.49 

U33 3.03 3.07 0.76 3.24 

U34 1.74 1.77 1.83 1.87 

Table 16. Importance weights of dimensions and indicators 199 

Target layer 
Dimensions 

layer 

Dimensions 
weight 

Indicators 
layer 

Indicators 
weight Total weight 

Health 
Climate 

Manageme
nt  

Commitme
nt 

(U1) 

0.6191 U11 0.4643 0.2874 

 U12 0.2666 0.1650 

 U13 0.1461 0.0905 

 U14 0.1230 0.0762 

Employee 

 
Involvement 

(U2) 

0.2582 U21 0.3726 0.0962 

 U22 0.2209 0.0570 

 U23 0.2610 0.0674 

 U24 0.1455 0.0376 

Supportive 

 

0.1227 U31 0.4770 0.0585 

 U32 0.2887 0.0354 
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Environment 

(U3) 
 U33 0.1366 0.0168 

 U34 0.0977 0.0120 

The obtained dimension weights and indicator weights are summarized in 200 
Table 16. The weight vectors of each dimension and indicator were 201 
expressed as follows: 202 

( )0.6191,0.2582,0.1227=HCW  203 

( )1 0.4643,0.2666,0.1461,0.1230=W  204 

( )2 0.3726,0.2209,0.2610,0.1455=W  205 

( )3 0.4770,0.2887,0.1366,0.0977=W  206 

As shown in Table 16, management commitment (U1) was the critical 207 
dimension of health climate assessment, employee involvement (U2) was the 208 
second most important dimension of health climate assessment, and the third 209 
most important dimension of health climate assessment was the supportive 210 
environment (U3). In the dimension of management commitment (U1), the 211 
order of weighting of the indicators was U11 > U12 > U13 > U14. In the 212 
dimension of employee involvement (U2), the weight order of the indicators 213 
was U21 > U23 > U22 > U24. In the dimension of supportive environment (U3), 214 
the indicators were weighted in the following order: U31 > U32 > U33 > U34.  215 

Then, the degree of membership was determined using the 216 
percentage technique based on the scoring results of the construction 217 
practitioners in this project on each assessment indicator acquired by the 218 
questionnaire survey, and the fuzzy matrix R of each dimension was 219 
generated. The fuzzy matrices of dimensions, namely management 220 
commitment (U1), employee involvement (U2), and supportive environment 221 
(U3), were as follows: 222 

 223 

Finally, fuzzy comprehensive assessment results were computed using the 224 
formula ·=B W R . The following was the assessment result of the dimension of 225 
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management commitment (U1): 226 

( ) ( )1 1 1

0.54 0.39 0.05 0.02 0.00
0.5

1
5 0.37 0.05 0.03 0.00

0.22 0.43 0.22
,

0.09 0.04
0.44 0.44 0.08

,

0.03 0

0.4643 0.2666

1

,0.1461,0.1230 0.48,0.40,0.0 0

.0

8,0. 3 0.0

 
 
 = = =
 
 
 

B W R227 

In the same way, the assessment results of employee involvement (U2) and 228 
supportive environments (U3) dimensions were calculated as follows: 229 

( )2 2 2 0.32,0.45,0.15,0.05,0.02= =B W R  230 

( )3 3 3 0.30,0.46,0.17,0.05,0.01= =B W R  231 

The dimensions scores were derived by combining the comprehensive 232 
assessment results and scoring standards: 1 2 34.31, 4.01, 4.00= = =B B B  233 

Comparing the scoring results and scoring standards, the score of 234 
management commitment was the highest among the dimensions of health 235 
climate assessment, 4.31, which fell between the two adjacent ranges of 236 
“high” and “very high,” indicating that management commitment to this 237 
building construction project was above the high level. The score of 238 
employee involvement (4.01) ranked second in the dimensions of health 239 
climate assessment, which was between “high” and “very high,” showing 240 
that employee involvement in this building construction project was also 241 
above the high level. Supportive environments received the third ranking, 242 
with a score of 4.00 among the dimensions of health climate assessment, and 243 
the score corresponded to a high level. 244 

The weight vector HCW  was obtained according to the weight of the 245 
dimensions in 0, and then the assessment results of the dimensions were 246 
integrated into a fuzzy matrix HCR  to acquire the final assessment findings of 247 
the health climate of construction projects. 248 

( )0.6191,0.2582,0.1227=HCW  249 

0.48 0.40 0.08 0.03 0.01
0.32 0.45 0.15 0.05 0.02
0.30 0.46 0.17 0.05 0.01

 
 =  
 
 

HCR  250 

( ) ( )
0.48 0.40 0.08 0.03 0.01

0.6191,0.2582,0.1227 0.32 0.45 0.15 0.05 0.02 0.42,0.42,0.11,0.04,0.11
0.30 0.46 0.17 0.05 0.01

 
 = = = 
 
 

 HC HC HCB W R  251 

Combining the assessment results and scoring criteria, the score of the 252 
construction health climate of this building construction project in China was 253 
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4.20=HCB , which fell into the two adjacent regions of “high” and “very high,” 254 
showing that the level of construction health climate of this building 255 
construction project is relatively high. 256 

Overall, the project Fifth Xiangya Hospital showed a good construction 257 
health climate performance. A management commitment (U1) score of 4.31 258 
indicated that employees were satisfied with the health commitment made 259 
by management. An employee involvement (U2) score of 4.01 showed that 260 
employees in this building construction project actively participated in health 261 
work and abode by health regulations. The supportive environment score (U3) 262 
was 4.00, indicating that the behavior of employees in this project was 263 
strongly supported by management and colleagues. According to the 264 
PFAHP results, the two dimensions of management commitment (U1) and 265 
employee involvement (U2) were core ingredients for this building 266 
construction project to form a positive health climate. Management 267 
commitment (U1) was considered the most significant dimension affecting 268 
the level of the construction health climate of this building construction 269 
project. In this dimension, the most important indicator was that 270 
management can actively take measures to eliminate workplace health 271 
hazards for employees. This finding was consistent with Gill et al. (2010) and 272 
Barbosa et al. (2019) that employees’ perception of management’s concern 273 
for health hazards to employees is a key factor in forming a positive health 274 
climate. This dimension also emphasized the importance of management 275 
placing a high value on employee health and taking action quickly to 276 
prevent violations. Cheng (2019) and Dursun (2011) pointed out that 277 
management’s attitude toward the violation of health regulations affects 278 
employees’ perceptions of health regulations, which further influences the 279 
level of health climate. The second significant dimension was employee 280 
involvement (U2), and the most critical indicator in this dimension was how 281 
well employees understood the health risks at work. Zhai et al. (2020) found 282 
that employee’s adequate knowledge of health-related risks is an 283 
indispensable element in forming a positive health climate, which has a 284 
significant impact on occupational health management. Whether 285 
employees could wear personal protective equipment as required was the 286 
second most important indicator under the dimension of employee 287 
involvement, which had a certain impact on the level of the construction 288 
health climate of this building construction project. This finding was supported 289 
by Man et al. (2021) who advocated that the level of the construction health 290 
climate is affected by the utilization of personal health protective equipment 291 
by employees. 292 

CONCLUSION 293 

It is vital to assess the health climate of an ongoing building construction 294 
project because this assessment may assist in recognizing deficiencies in 295 
occupational health management of construction projects, identifying 296 
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prospective health hazards, and developing effective health risk response 297 
strategies in advance. This study developed a comprehensive fuzzy 298 
approach, namely C-HCA, to assess the level of health climate in an ongoing 299 
building construction project in China. First, 12 indicators of the construction 300 
health climate were identified from a comprehensive literature review and 301 
semi-structured interviews with 13 experienced experts. These indicators 302 
cover three dimensions: management commitment, employee involvement, 303 
and supportive environment. Then, the weight of each dimension and 304 
indicator was calculated using PFAHP. Next, each assessment indicator was 305 
assessed by 33 practitioners working in the construction industry of Hunan 306 
Province, China, regarding the degree of implementation of the indicators. 307 
Subsequently, a fuzzy comprehensive assessment method was used to assess 308 
the overall health climate level of the building construction project. This 309 
assessment approach adopts Pythagorean fuzzy sets to solve the issues of 310 
vagueness, subjectivity, and uncertainty in the process of health climate 311 
assessment and digitizes the linguistic terms used for pairwise comparisons 312 
between assessment indicators. Lastly, the assessment approach was used in 313 
a real building construction project in China with an exhaustive application 314 
process, and the results showed that the health climate of the project is high. 315 
In particular, the results show that employees actively participate in health 316 
work, abide by health regulations, and are satisfied with the health 317 
commitment made by management. Moreover, the results show that 318 
management commitment is the most significant dimension affecting the 319 
level of the construction health climate. In this dimension, the most important 320 
indicator is that management can actively take measures to eliminate 321 
workplace health hazards for employees. The second significant dimension 322 
affecting the level of the construction health climate is employee 323 
involvement, and the most critical indicator in this dimension is how well 324 
employees understand the health risks at work. 325 

Although the aim of the study is achieved, there are some limitations. 326 
First, research studies on the assessment of the health climate of building 327 
construction projects are still limited, which undermines the 328 
comprehensiveness of the health climate framework proposed in this study. 329 
Second, the limited number of respondents in this study may have resulted in 330 
biased findings. Lastly, the assessment approach developed in this study is 331 
featured in the context of China, which may have applicability issues when 332 
applied to other countries.  333 

Despite these limitations, this study is valuable. It investigates health 334 
climate assessment in building construction projects, a topic that has rarely 335 
been discussed in the extant literature. Thus, it contributes to the current body 336 
of knowledge. Moreover, the developed approach could be used by 337 
construction practitioners to gauge the level of health climate in the 338 
construction projects they are working on. Hence, this study is beneficial to 339 
the industry as well. For future research, a cross-regional study may be 340 
considered based on the approach developed in this study to check the 341 
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compare and health climate levels of building construction projects in 342 
different areas.  343 

ACKNOWLEDGEMENTS 344 

This study was funded by Natural Science Foundation of Changsha (Grant No. 345 
kq2402229) and Natural Science Foundation of Hunan Province, China 346 
(Grant No. 2023JJ40055). 347 

DATA AVAILABILITY STATEMENT 348 

Some or all data, models, or code that support the findings of this study are 349 
available from the corresponding author upon reasonable request. 350 

REFERENCE 351 

Atanassov, K. T. (1986). Intuitionistic fuzzy sets. Fuzzy Sets and Systems, 20, 87-352 
96. https://doi.org/10.1016/S0165-0114(86)80034-3 353 

Barbosa, C., Azevedo, R. B.&Rodrigues, M. A. (2019). Occupational safety 354 
and health performance indicators in SMEs: A literature review. Work. 355 
https://doi.org/10.3233/wor-192988 356 

Basen-Engquist, K., Hudmon, K. S., Tripp, M.&Chamberlain, R. (1998). Worksite 357 
health and safety climate: scale development and effects of a health 358 
promotion intervention. Preventive medicine, 27, 111-119. 359 
https://doi.org/10.1006/pmed.1997.0253 360 

Bowen, P., Yakubu, K. Y.&Govender, R. (2022). Predictors of moderate to high 361 
risk of alcohol harm among site-based South African construction workers. 362 
Construction Management and Economics, 40, 442 - 458. 363 
https://doi.org/10.1080/01446193.2022.2080241 364 

Brondino, M., Silva, S. A.&Pasini, M. (2012). Multilevel approach to 365 
organizational and group safety climate and safety performance: Co-366 
workers as the missing link. Safety Science, 50, 1847-1856. 367 
https://doi.org/10.1016/j.ssci.2012.04.010 368 

Chan, A. P. C., Javed Arshad, A., Lyu, S., Hon Carol, K. H., et al. (2016a). 369 
Strategies for Improving Safety and Health of Ethnic Minority Construction 370 
Workers. Journal of Construction Engineering and Management, 142, 371 
05016007. https://doi.org/10.1061/(ASCE)CO.1943-7862.0001148 372 

Chan, A. P. C., Nwaogu, J. M.&Naslund, J. A. (2020). Mental Ill-Health Risk 373 
Factors in the Construction Industry: Systematic Review. J Constr Eng 374 
Manag, 146. https://doi.org/10.1061/(ASCE)CO.1943-7862.0001771 375 

Chan, I. Y. S., Leung, M. Y.&Liu, A. M. M. (2016b). Occupational health 376 



Health Climate Assessment 

34 

management system: A study of expatriate construction professionals. 377 
Accident Analysis & Prevention, 93, 280-290. 378 
https://doi.org/10.1016/j.aap.2015.11.003 379 

Chen, J., Wong, C. L., Law, B. M. H., So, W. K. W., et al. (2021). Development of 380 
a multimedia intervention to improve pneumoconiosis prevention in 381 
construction workers using RE-AIM framework. Health Promotion 382 
International, 36, 1439-1449. https://doi.org/10.1093/heapro/daab006 383 

Cheng, Y.-H. (2019). Railway safety climate: a study on organizational 384 
development. International Journal of Occupational Safety and 385 
Ergonomics, 25, 200-216. https://doi.org/10.1080/10803548.2017.1361591 386 

Cheriyan, D.&Choi, J.-h. (2020). Estimation of particulate matter exposure to 387 
construction workers using low-cost dust sensors. Sustainable Cities and 388 
Society, 59, 102197. https://doi.org/10.1016/j.scs.2020.102197 389 

Cheung, C. M.&Zhang, R. P. (2020). How Organizational Support Can 390 
Cultivate a Multilevel Safety Climate in the Construction Industry. Journal 391 
of Management in Engineering, 36, 04020014. 392 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000758 393 

Choudhry Rafiq, M., Fang, D.&Lingard, H. (2009). Measuring Safety Climate of 394 
a Construction Company. Journal of Construction Engineering and 395 
Management, 135, 890-899. https://doi.org/10.1061/(ASCE)CO.1943-396 
7862.0000063 397 

Dabirian, S., Han, S. H.&Lee, J. (2020). Stochastic-based noise exposure 398 
assessment in modular and off-site construction. Journal of Cleaner 399 
Production, 244, 118758. https://doi.org/10.1016/j.jclepro.2019.118758 400 

Damman, O. C., van der Beek, A. J.&Timmermans, D. R. M. (2015). Employees 401 
are ambivalent about health checks in the occupational setting. 402 
Occupational Medicine, 65, 451-458. 403 
https://doi.org/10.1093/occmed/kqv048 404 

Dey, P. K. (2010). Managing project risk using combined analytic hierarchy 405 
process and risk map. Appl. Soft Comput., 10, 990–1000. 406 
https://doi.org/10.1016/j.asoc.2010.03.010 407 

Dong, X. S., Brooks, R. D.&Brown, S. (2020). Musculoskeletal Disorders and 408 
Prescription Opioid Use Among U.S. Construction Workers. Journal of 409 
Occupational and Environmental Medicine, 62, 973-979. 410 
https://doi.org/10.1097/jom.0000000000002017 411 

Dursun, S. (2011). Güvenlik Kültürünün Güvenlik Performansi Üzerine Etkisine 412 
Yönelik Bir Uygulama. Ph.D., Bursa Uludag University (Turkey). 413 

Fang, Z., Tang, T., Zheng, Z., Zhou, X., et al. (2021). Thermal responses of 414 



 

35 

workers during summer: An outdoor investigation of construction sites in 415 
South China. Sustainable Cities and Society, 66, 102705. 416 
https://doi.org/10.1016/j.scs.2020.102705 417 

Fuller, T., Hasan, A.&Kamardeen, I. (2022). A systematic review of factors 418 
influencing the implementation of health promotion programs in the 419 
construction industry. Engineering, Construction and Architectural 420 
Management, 29, 2554-2573. https://doi.org/10.1108/ECAM-03-2021-0257 421 

Gibb, A., Drake, C.&Jones, W. (2018). Costs of occupational ill‐health in 422 
construction.  423 

Gill, A., Fitzgerald, S. P., Bhutani, S., Mand, H. S., et al. (2010). The relationship 424 
between transformational leadership and employee desire for 425 
empowerment. International Journal of Contemporary Hospitality 426 
Management, 22, 263-273. http://dx.doi.org/10.1108/09596111011018223 427 

Gunduz, M., Nielsen, Y.&Ozdemir, M. (2015). Fuzzy Assessment Model to 428 
Estimate the Probability of Delay in Turkish Construction Projects. Journal 429 
of Management in Engineering, 31, 04014055. 430 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000261 431 

Health and Safety Executive (HSE) (2002). Health and Safety Executive (HSE). 432 
Safety climate measurement: User guide and toolkit. 433 

Hon, C. K. H., Chan, A. P. C.&Yam, M. C. H. (2012). Empirical Study to 434 
Investigate the Difficulties of Implementing Safety Practices in the Repair 435 
and Maintenance Sector in Hong Kong. Journal of Construction 436 
Engineering and Management, 138, 877-884. 437 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000497 438 

Hsueh, P.-R., Graybill, J., Playford, G., Watcharananan, S., et al. (2009). 439 
Consensus statement on the management of invasive candidiasis in 440 
Intensive Care Units in the Asia-Pacific Region. International journal of 441 
antimicrobial agents, 34, 205-9. 442 
http://doi.org/10.1016/j.ijantimicag.2009.03.014 443 

Ilbahar, E., Karaşan, A., Cebi, S.&Kahraman, C. (2018). A novel approach to 444 
risk assessment for occupational health and safety using Pythagorean 445 
fuzzy AHP & fuzzy inference system. Safety Science, 103, 124-136. 446 
https://doi.org/10.1016/j.ssci.2017.10.025 447 

Jaafar, M. H., Arifin, K., Aiyub, K., Razman, M. R., et al. (2018). Occupational 448 
safety and health management in the construction industry: a review. 449 
International Journal of Occupational Safety and Ergonomics, 24, 493-506. 450 
https://doi.org/10.1080/10803548.2017.1366129 451 



Health Climate Assessment 

36 

Jacobsen, H. B., Caban-Martinez, A., Onyebeke, L. C., Sorensen, G., et al. 452 
(2013). Construction Workers Struggle With a High Prevalence of Mental 453 
Distress, and This Is Associated With Their Pain and Injuries. Journal of 454 
Occupational and Environmental Medicine, 55, 1197-1204. 455 
http://doi.org/10.1097/JOM.0b013e31829c76b3 456 

Kamardeen, I. (2019). Preventing Workplace Incidents in Construction: Data 457 
Mining and Analytics Applications. 458 

Kotera, Y., Green, P.&Sheffield, D. (2020). Work-life balance of UK construction 459 
workers: relationship with mental health. Construction Management and 460 
Economics, 38, 291-303. https://doi.org/10.1080/01446193.2019.1625417 461 

Kurtz, L. A., Vi, P.&Verma, D. K. (2012). Occupational exposures to hand-arm 462 
vibration, whole-body vibration, and noise among crane operators in 463 
construction: a pilot study. Journal of occupational and environmental 464 
hygiene, 9, D117-22. https://doi.org/10.1080/15459624.2012.683747 465 

Li, S.-Y., Shan, M.&Zhai, Z. (2023). Understanding key determinants of health 466 
climate in building construction projects. Environmental Science and 467 
Pollution Research, 30, 51450-51463. https://doi.org/10.1007/s11356-023-468 
25950-5 469 

Liang, H.&Shi, X. (2021). Exploring the structure and emerging trends of 470 
construction health management: a bibliometric review and content 471 
analysis. Engineering, Construction and Architectural Management, 472 
ahead-of-print. http://doi.org/10.1108/ECAM-01-2021-0080 473 

Lin, S.-H., Tang, W.-J., Miao, J.-Y., Wang, Z.-M., et al. (2008). Safety climate 474 
measurement at workplace in China: A validity and reliability assessment. 475 
Safety Science, 46, 1037-1046. https://doi.org/10.1016/j.ssci.2007.05.001 476 

Lingard, H.&Turner, M. (2017). Promoting construction workers’ health: a multi-477 
level system perspective. Construction Management and Economics, 35, 478 
239-253. https://doi.org/10.1080/01446193.2016.1274828 479 

Loudoun, R.&Townsend, K. (2017). Implementing health promotion programs 480 
in the Australian construction industry. Engineering, Construction and 481 
Architectural Management, 24, 260-274. https://doi.org/10.1108/ECAM-482 
09-2015-0140 483 

Man, S. S., Alabdulkarim, S., Chan, A. H. S.&Zhang, T. (2021). The acceptance 484 
of personal protective equipment among Hong Kong construction 485 
workers: An integration of technology acceptance model and theory of 486 
planned behavior with risk perception and safety climate. J Safety Res, 487 
79, 329-340. http://doi.org/10.1016/j.jsr.2021.09.014 488 

Ministry of Housing and Urban-Rural Development of the People's Republic of 489 
China. (2022). "14th Five-Year" construction industry development plan 490 



 

37 

[Online]. China. Available: 491 
https://www.gov.cn/zhengce/zhengceku/2022-492 
01/27/5670687/files/12d50c613b344165afb21bc596a190fc.pdf [Accessed 493 
29 December 2022]. 494 

Mohamed, S. (2002). Safety Climate in Construction Site Environments. 495 
Journal of Construction Engineering and Management, 128, 375-384. 496 
https://doi.org/10.1061/(ASCE)0733-9364(2002)128:5(375) 497 

Mohd, W. R. W.&Abdullah, L. (2017). Pythagorean fuzzy analytic hierarchy 498 
process to multi-criteria decision making. AIP Conference Proceedings, 499 
1905, 040020. https://doi.org/10.1063/1.5012208 500 

National Bureau of Statistics of China. (2022). National Statistical Yearbook 501 
[Online]. Available: https://data.stats.gov.cn/easyquery.htm?cn=C01 502 
[Accessed 22 February 2023]. 503 

National Health Commission of the People's Republic of China. (2022). 2021 504 
Statistical Bulletin on the Development of China's Health and Wellness 505 
[Online]. Available: http://www.gov.cn/xinwen/2022-506 
07/12/content_5700670.htm [Accessed 12 June 2022]. 507 

Nnaji, C.&Karakhan, A. A. (2020). Technologies for safety and health 508 
management in construction: Current use, implementation benefits and 509 
limitations, and adoption barriers. Journal of Building Engineering, 29, 510 
101212. https://doi.org/10.1016/j.jobe.2020.101212 511 

Nwaogu, J. M., Chan Albert, P. C.&Naslund John, A. (2022). Measures to 512 
Improve the Mental Health of Construction Personnel Based on Expert 513 
Opinions. Journal of Management in Engineering, 38, 04022019. 514 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0001045 515 

Nwaogu, J. M., Chan, A. P. C., Hon, C. K. H.&Darko, A. (2020). Review of 516 
global mental health research in the construction industry. Engineering, 517 
Construction and Architectural Management, 27, 385-410. 518 
https://doi.org/10.1108/ECAM-02-2019-0114 519 

Okonkwo Patrick, N.&Wium, J. (2020). Health and Safety Management 520 
Systems within Construction Contractor Organizations: Case Study of 521 
South Africa. Journal of Construction Engineering and Management, 146, 522 
05020003. https://doi.org/10.1061/(ASCE)CO.1943-7862.0001833 523 

Oppong Goodenough, D., Chan Albert, P. C., Ameyaw Ernest, E., Frimpong, 524 
S., et al. (2021). Fuzzy Evaluation of the Factors Contributing to the 525 
Success of External Stakeholder Management in Construction. Journal of 526 
Construction Engineering and Management, 147, 04021142. 527 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002155 528 



Health Climate Assessment 

38 

Peng, X.&Yang, Y. (2015). Some Results for Pythagorean Fuzzy Sets. 529 
International Journal of Intelligent Systems, 30, 1133-1160. 530 
https://doi.org/10.1002/int.21738 531 

Saaty, T. L. (1980). The analytic hierarchy process : planning, priority setting, 532 
resource allocation. 1980. 533 

Schneider, B. (1975). Organizational Climates: An Essay. Personnel Psychology, 534 
28, 447-479. https://doi.org/10.1111/j.1744-6570.1975.tb01386.x 535 

Scott-Young, C. M., Turner, M.&Holdsworth, S. (2020). Male and female mental 536 
health differences in built environment undergraduates. Construction 537 
Management and Economics, 38, 789-806. 538 
https://doi.org/10.1080/01446193.2020.1748213 539 

Shan, M., Chan Albert, P. C., Le, Y., Xia, B., et al. (2015). Measuring Corruption 540 
in Public Construction Projects in China. Journal of Professional Issues in 541 
Engineering Education and Practice, 141, 05015001. 542 
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000241 543 

Sharma, V., Mahajan, V. K., Mehta, K. S.&Chauhan, P. S. (2014). Occupational 544 
contact dermatitis among construction workers: results of a pilot study. 545 
Indian journal of dermatology, venereology and leprology, 80, 159-161. 546 
https://doi.org/10.4103/0378-6323.129402 547 

Simpeh, F.&Amoah, C. (2023). Assessment of measures instituted to curb the 548 
spread of COVID-19 on construction site. International Journal of 549 
Construction Management, 23, 383-391. 550 
https://doi.org/10.1080/15623599.2021.1874678 551 

Sousa, V., Almeida, N. M.&Dias, L. A. (2014). Risk-based management of 552 
occupational safety and health in the construction industry – Part 1: 553 
Background knowledge. Safety Science, 66, 75-86. 554 
https://doi.org/10.1016/j.ssci.2014.02.008 555 

Tijani, B., Xiaohua, J.&Robert, O.-K. (2021). Theoretical Model for Mental 556 
Health Management of Project Management Practitioners in 557 
Architecture, Engineering and Construction (AEC) Project Organizations. 558 
Engineering Construction & Architectural Management. 559 
https://doi.org/10.1108/ECAM-03-2021-0247 560 

Turner, M.&Lingard, H. (2020). Examining the interaction between bodily pain 561 
and mental health of construction workers. Construction Management 562 
and Economics, 38, 1009-1023. 563 
https://doi.org/10.1080/01446193.2020.1791920 564 

Umer, W. (2022). Simultaneous monitoring of physical and mental stress for 565 
construction tasks using physiological measures. Journal of Building 566 
Engineering, 46, 103777. https://doi.org/10.1016/j.jobe.2021.103777 567 



 

39 

Wang, Y., Chen, H., Liu, B., Yang, M., et al. (2020). A Systematic Review on the 568 
Research Progress and Evolving Trends of Occupational Health and 569 
Safety Management: A Bibliometric Analysis of Mapping Knowledge 570 
Domains. Front Public Health, 8, 81. 571 
http://doi.org/10.3389/fpubh.2020.00081 572 

Wang, Y., Chen, H., Long, R., Jiang, S., et al. (2022). Evaluation of 573 
Occupational Health and Safety Management of Listed Companies in 574 
China’s Energy Industry Based on the Combined Weight-Cloud Model: 575 
From the Perspective of FPE Information Disclosure. International Journal 576 
of Environmental Research and Public Health, 19, 8313. 577 
https://doi.org/10.3390/ijerph19148313 578 

Yager, R. R. (2013). Pythagorean fuzzy subsets.  2013 Joint IFSA World Congress 579 
and NAFIPS Annual Meeting (IFSA/NAFIPS), 24-28 June 2013 2013. 57-61. 580 

Yager, R. R. (2016). Properties and Applications of Pythagorean Fuzzy Sets. In: 581 
ANGELOV, P. ， SOTIROV, S. (eds.) Imprecision and Uncertainty in 582 
Information Representation and Processing: New Tools Based on 583 
Intuitionistic Fuzzy Sets and Generalized Nets. Cham: Springer 584 
International Publishing. 585 

Yager, R. R.&Abbasov, A. M. (2013). Pythagorean Membership Grades, 586 
Complex Numbers, and Decision Making. International Journal of 587 
Intelligent Systems, 28, 436-452. https://doi.org/10.1002/int.21584 588 

Yasmeen, S., Liu, H., Wu, Y.&Li, B. (2020). Physiological responses of 589 
acclimatized construction workers during different work patterns in a hot 590 
and humid subtropical area of China. Journal of Building Engineering, 30, 591 
101281. https://doi.org/10.1016/j.jobe.2020.101281 592 

Yucesan, M.&Kahraman, G. (2019). Risk evaluation and prevention in 593 
hydropower plant operations: A model based on Pythagorean fuzzy AHP. 594 
Energy Policy, 126, 343-351. https://doi.org/10.1016/j.enpol.2018.11.039 595 

Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8, 338-353. 596 
https://doi.org/10.1016/S0019-9958(65)90241-X 597 

Zadeh, L. A. (1975). The concept of a linguistic variable and its application to 598 
approximate reasoning—I. Information Sciences, 8, 199-249. 599 
https://doi.org/10.1016/0020-0255(75)90036-5 600 

Zeng, S., Chen, J.&Li, X. (2015). A Hybrid Method for Pythagorean Fuzzy 601 
Multiple-Criteria Decision Making. International Journal of Information 602 
Technology & Decision Making, 15. 603 
https://doi.org/10.1142/S0219622016500012 604 



Health Climate Assessment 

40 

Zhai, Z., Shan, M.&Le, Y. (2020). Investigating the impact of governmental 605 
governance on megaproject performance: evidence from China. 606 
Technological and Economic Development of Economy, 26, 449-478. 607 
https://doi.org/10.3846/tede.2020.11334 608 

Zhang, X.&Xu, Z. (2014). Extension of TOPSIS to Multiple Criteria Decision 609 
Making with Pythagorean Fuzzy Sets. International Journal of Intelligent 610 
Systems, 29, 1061-1078. https://doi.org/10.1002/int.21676 611 

Zhou, Q., Fang, D.&Mohamed, S. (2011). Safety Climate Improvement: Case 612 
Study in a Chinese Construction Company. Journal of Construction 613 
Engineering and Management, 137, 86-95. 614 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000241 615 

Zohar, D.&Luria, G. (2005). A multilevel model of safety climate: cross-level 616 
relationships between organization and group-level climates. J Appl 617 
Psychol, 90, 616-28. https://doi.org/10.1037/0021-9010.90.4.616 618 

Zweber, Z. M., Henning, R. A.&Magley, V. J. (2016). A practical scale for Multi-619 
Faceted Organizational Health Climate Assessment. J Occup Health 620 
Psychol, 21, 250-9. https://doi.org/10.1037/a0039895 621 

 622 

 623 


	front cover_Assessing Health Climate in Building Construction Projects Theory and Practice
	Assessing Health Climate in Building Construction Projects Theory and Practice
	INTRODUCTION
	LITERATURE REVIEW
	Extant Research on the Health of Construction Practitioners
	Construction Health Climate and Assessment

	METHODS
	IDENTIFICATION OF INDICATORS OF CONSTRUCTION HEALTH CLIMATE
	DEVELOPMENT OF CONSTRUCTION HEALTH CLIMATE ASSESSMENGT (C-HCA)
	Establishing the Assessment Indictor Set U
	Establishing the Judgment Set V
	Establishing Indicator Weight Vector W
	PYTHAGOREAN FUZZY AHP
	STEPS OF PYTHAGOREAN FUZZY AHP
	Establishing Fuzzy Matrix R
	Establishing a Fuzzy Comprehensive Assessment Model

	CASE STUDY AND DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	DATA AVAILABILITY STATEMENT
	REFERENCE


