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[bookmark: OLE_LINK99][bookmark: OLE_LINK14][bookmark: OLE_LINK5]Construction waste presents many challenges for sustainable development and ultimately for China’s goal of a circular economy. Effective construction waste management (CWM) is necessary to tackle these challenges, the success of which depends in large part on the behaviour of workers. Most previous behavioural research relating to CWM focused on reduction or recycling behaviour, with few studies having examined pro-environmental behaviour (PEB) within organisations. This study therefore conducted research into the key determinants of two types of PEB relating to CWM. A questionnaire survey was conducted on five construction sites in China to identify the critical organisational and personal determinants predicting PEB relating to CWM, including self-enacted PEB and co-worker PEB. One hundred and fifty-two valid questionnaires were collected for data analysis, representing an overall response rate of 30.4%. Results of the analysis reveal that physical stress, environmental awareness, and tedious construction processes are significant predictors of PEB. Based on these results, practical suggestions for enhancing CWM are proposed. The findings of this research could help improve PEB among construction workers and thereby contribute to China’s circular economy.
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1. Introduction

With China's urbanisation and city renewal projects, a large amount of construction waste is generated every year. It is estimated that the amount of construction waste per 10,000 m2 is about 600 t during the construction process (Lu et al., 2017). Given that the area of completed construction projects in China can reach 2 billion (109) m2/year, which is half of the world's total annual construction (Hong et al., 2019), without effective response measures over 1 billion tons of construction waste will be generated each year. Large amounts of construction waste have brought tremendous pressure on China's environment and society and have become a problem that requires urgent attention (Hao et al., 2021); the Covid-19 pandemic has exacerbated the problem and increased the urgency (Fan et al., 2021). Sustainable development has become a priority in China, which can be achieved with the help of a circular economy (Ma et al., 2022). Given that construction waste is a significant contributor to carbon emissions and the Chinese government has promised to take concrete steps toward the goal of achieving peak carbon emissions by 2030 and carbon neutrality by 2060 (Zhao et al., 2022), it is necessary to take measures to lower carbon emissions in the construction sector, by reducing the generation of construction waste at source through effective construction waste management (CWM) (Ma et al., 2022a). Sustainable development has become a priority in China, which can be achieved with the help of a circular economy.
Although the government has released several policies in recent years related to CWM in China, many of them have only short-term benefits without a long-lasting impact on the quantity of construction waste (Yu et al., 2022a). Due to construction workers' direct involvement with the materials, the way they perform on-site significantly impacts the generation of construction waste (Aslam et al., 2020). It is estimated that 50% of construction waste can be prevented if waste source reduction measures are implemented on-site (Liu et al. 2020). Most previous studies of behaviour towards construction waste minimisation and recycling focused on reduction behaviour (Hao et al., 2019), or sorting behaviour (Yang et al., 2020) with only a few investigating pro-environmental behaviours (PEB) towards construction waste within organisations, which is more in line with the circular economy strategies of recovery, recycling, re-use, and refuse (Morseletto, 2020). In fact, PEB is widely adopted in studying different problems including solid waste management (Pierini et al., 2021). By adopting two types of PEB to measure the behaviour of construction workers regarding construction waste, this study can provide a more comprehensive understanding by examining construction workers' behaviour when construction waste is generated and enrich the behavioural research of construction waste management. The study also provides an important reference for contractors to take countermeasures to improve the PEB of construction workers.
In addition, prior studies identified determinants of construction waste-related behaviour only in terms of attitude, intention, and subjective norms (Su, 2020), while omitting personal and organisational factors like stress and tedious construction processes, which have been shown to impact workers' behaviour (Stackhouse and Turner, 2019). The aim of this study is to identify the key personal and organisational influencing determinants of two types of workers' PEB, namely self-enacted PEB and co-worker PEB. The novel contributions of this study are:
(i) Adopting pro-environmental behaviour on the construction site to promote sustainable construction within a circular economy strategy;
(ii) Examining the effect of physical and psychological stress on workers’ pro-environmental behaviour towards construction waste;
(iii) Confirming the significant impact of physical stress and tedious construction processes on both types of PEB; and
(iv) Providing advice to guide construction workers’ performance in relation to minimizing the environmental footprint of construction projects.
This paper is organised as follows. An explanation of the importance of PEB to sustainable development is first provided followed by a comprehensive and systematic analysis of previous studies relating to PEB factors. In the third section, the research methodology is described in terms of research design, research instrument sampling, and data collection. The results of descriptive statistical analysis, factor analysis, Pearson's correlation analysis, and multiple linear regression analysis are then presented. The paper concludes with several suggestions for construction company stakeholders concerning actions they can initiate in their organisations to support successful PEB.

2. Literature Review

[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK3]The concept of a circular economy has become increasingly important in recent years, and is seen as instrumental in solving the construction waste problem (López Ruiz et al., 2020). The circular economy aims to improve the utilization rate of resources and obtain the maximum economic output with as little environmental cost as possible, including minimum resource consumption and minimum waste generation (Palafox-Alcantar et al., 2020). In a circular economy, more attention is paid to maximizing the usefulness and utility of resources. However, circular strategies seeking to boost the efficiency of construction materials will not succeed without the participation of construction workers who are directly involved in two important phases: construction materials use, and waste disposal (Bakshan et al., 2017). Construction workers' behaviour and decision making in the two phases not only directly affect the circular economy in the preferred option of success in (reduction, reuse, and waste separation at source), but also have a direct impact on the subsequent construction waste recovery (and recycling).
[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK36][bookmark: OLE_LINK37]An increasing number of scholars are focusing on behavioural research in effective CWM towards a circular economy, including contractor's CWM behaviour and construction contractor employees' waste reduction behaviour (Li et al., 2018), attitudes towards construction waste recycling (Yuan et al., 2022), and separation behaviour (Mak et al., 2019). However, these studies focused on one specific aspect of construction waste behaviour only while omitting the workers' behaviour toward minimisation and recycling of construction waste. Furthermore, previous studies focused on workers' individual personal behaviour toward construction waste in terms of waste management behaviour (Wu et al., 2017) and waste reduction behaviour (Yang et al., 2020), with little attention paid to co-workers' behaviour. The PEB of employees refers to the individual's behaviour to improve the structure of the ecosystem by reducing or eliminating the negative impact of their own activities on the environment (Coelho et al., 2017). Its essence is to achieve environmental improvement by effectively alleviating environmental problems (Ansari et al., 2021). The main purpose of CWM is to reduce the negative impact of construction activity on the environment (Wang et al., 2019). The adoption of PEB in this study helps to combine CWM and environmental protection together and make the behavioural study of construction waste more comprehensive; PEB focuses on actions that help reduce the environmental impact of construction waste, rather than a single reduction of construction waste. Therefore, PEB towards CWM can be a solution to the dilemma of studying unilateral behaviour toward construction waste.	Comment by Author: Missing in the RL.
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]PEB was proposed to measure workplace individual pro-environmental behaviour  (Robertson and Barling, 2017), which has attracted much interest in recent years. Researchers adopted PEB to study workplace pro-environmental issues in the manufacturing industry (Rasheed et al., 2020), tourism (Yoon et al., 2021), and education sector (Ojedokun, 2018). Boiral and Paillé (2012) proposed three types of PEB, eco-initiatives, eco-civic engagement, and eco-helping, but they did not provide an assessment of the content and validity of the three types of PEB. Robertson and Barling (2017) developed and validated a new measure of PEB, which comprised three levels: the self-enacted level, the co-worker level, and the organisational level. Organizational PEB mainly refers to the individual behaviour of helping organizations to carry out more effective environmental management without compensation, including promoting enterprises to improve existing environmental protection initiatives and making environmental protection related suggestions to leaders of the organization (Mi et al., 2019). In China, labour subcontracting is quite common in most construction projects: the general contractor subcontracts the labour part of the contracted project to the labour subcontractors with the corresponding qualifications (Xie et al., 2022). This means that the construction worker has no direct or long-term contractual relationship with the construction contractor, and as the project ends, the construction worker joins another contractor's construction project. CTherefore, construction workers do not have a high sense of organizational belonging to construction contractors (Wang et al., 2020). Moreover, the tense construction schedule and high-intensity work also make construction workers have few opportunities to communicate with the project management team (Xing et al., 2021). This means that the construction worker has no direct or long-term contractual relationship with the construction contractor, and as the project ends, the construction worker joins another contractor's construction project. Construction workers' self-enacted PEB and co-worker PEB relating to CWM are adopted in this study. 
[bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK6][bookmark: OLE_LINK7]The major personal determinants of PEB are revealed in previous literature, including environmental awareness, sense of responsibility, personal value, physical stress, and psychological stress (Gkargkavouzi et al., 2019). The association between environmental awareness and PEB has been reported in various sections (Fu et al., 2020). Moreover, environmental awareness has been identified as one of the significant determinants affecting the recycling of waste in China (Jiang et al., 2020). A sense of responsibility helps pro-environmental behaviour by activating a sense of moral obligation toward the environment (Afsar et al., 2016). Moreover, it is argued that employees' PEB can be encouraged by strengthening their sense of responsibility (Neessen et al., 2021). Personal value plays a significant role in shaping one's behaviour and is regarded as a key predictor and determinant of PEB (Bhattacharyya et al., 2020). All these findings tend to support the need for research into the association between personal determinants and workers' PEB. In recent years, greater attention has been paid to the individual determinants related to reducing construction waste (Bakshan et al., 2017). Physical stress refers to all kinds of physical symptoms caused by excessive physical consumption (Leung et al., 2016). The intensity and long hours involved in construction work induce physical stress amongst workers (Zhao et al., 2018), which is also associated with anti-social behaviour, insomnia, and injuries (Jebelli et al., 2019). Psychological stress is the physiological change and mood fluctuation caused by a change of the external environment and the internal state of the body (Anwer et al., 2021). The psychological stress of workers, usually manifested as exhaustion and breakdown, is also widely reported in the construction industry. It is associated with low job satisfaction, poor work performance, and a high level of intention to leave the construction industry (Lim et al., 2017). These findings indicate the significant impact of physical and psychological stress on construction workers. The connection between stress and pro-environmental behaviour has been identified in the literature (Clercq and Belausteguigoitia, 2020). However, evidence of an association between stress and pro-environmental behaviour toward construction waste is few and far between.	Comment by Author: 2016 or 2017?
The organisational factors of individual PEB are also reported in the literature, including site management (Ajayi et al., 2017), tedious construction process (Bølviken and Koskela, 2016), and training (Li et al., 2018). Although construction waste adversely impacts the natural environment, many construction contractors seem to be oblivious to it (Wu et al., 2022). Poor site management was a significant factor in the generation of construction waste (Magalhães et al., 2017). The performance of the construction workers is dependent on the quality of site management, such that workers would take PEB seriously and exhibit construction ) waste minimisation behaviour when the site management is strict and efficient  (Ma et al., 2022b(Wu et al., 2019). Another contributor to construction waste generation is tedious construction processes. Despite the fact that much effort goes into disposing of construction waste by applying technical measures (Davis et al., 2021), little attention is given to avoiding the generation of construction waste by improving construction processes. Furthermore, lack of training is regarded as one of the major causes of construction waste (Li et al., 2018), and it is claimed that effective training is a good way to overcome difficulties of PEB relating to CWM and decrease the generation of construction waste (Park and Tucker, 2017). To encourage PEB of workers on-site, it is necessary to first identify the organisational determinants that affect it.	Comment by Author: Missing in the RL
The foregoing studies show that personal and organisational factors greatly impact workers' behaviour and construction waste minimisation. However, empirical evidence of the association between personal and organisational factors and workers' PEB relating to CWM is lacking. CWM scholars have paid little attention to these factors, and thus we have limited knowledge concerning their effects on employees' PEB. This study addresses a significant knowledge gap by examining the association between PEB and personal and organisational factors. The conceptual model of this study is depicted in Figure 1.


Figure 1. Conceptual model of the PEBs and their personal and organisational variables

3. [bookmark: OLE_LINK19][bookmark: OLE_LINK20]Methodology

3.1 Research design
To identify the determinants influencing workers' PEB relating to CWM, a literature review and a questionnaire survey were employed. Based on the literature review, eight potential factors were identified. A structured questionnaire was then developed for data collection. Questionnaire respondents were all full-time workers on five selected construction sites. Statistical analyses were then carried out on the collected data. 
3.2 Research instrument
[bookmark: OLE_LINK21]A questionnaire was designed to investigate the impact of personal and organisational factors on PEB for workers. To ensure the content validity of the questionnaire, the variables were adapted from previous studies, as depicted in Table 1. The detailed information about the questionnaire measurement items and their references can be found in Appendix 1. These items were modified to make them consistent within the context of effective CWM and the circular economy.
[bookmark: OLE_LINK22]Table 1. Variables adopted in the questionnaire and their sources 
	Variables
	No. of questions  
	Key references 

	Personal values
	3
	Chan et al., 2014; Li et al., 2022; Lu et al., 2015; Valle et al., 2005

	Environmental awareness
	4
	Chang et al., 2016; Esa et al., 2017; Guo et al., 2022; Poon et al., 2013; Rahman et al., 2014; Severo et al., 2021; Valle et al., 2005

	Sense of responsibility
	3
	Bao et al., 2020; Corvellec, 2019; Li et al., 2022; Valle et al., 2005

	Site management
	3
	Bakshan et al., 2017; Hao et al., 2020a; Hwang and Yang, 2014; Liu et al., 2022; Yang et al., 2020; Yap et al., 2021

	Tedious construction process
	3
	Ajayi et al., 2017; Allwood, 2014; Newaz et al., 2020; Salgin et al., 2017

	Training
	2	Comment by Author: Delete the extra space 
	 Li et al., 2018; Liu et al., 2019; Tam and Hao, 2019

	Physical stress
	3
	Jebelli et al., 2019; Leung et al., 2017, 2012

	Psychological stress
	3
	Anwer et al., 2021; Lazarus, 2020; Leung et al., 2017; Olanrewaju et al., 2017

	Pro-environmental behaviours
	5
	Hao et al., 2020b; Paillé and Boiral, 2013; Robertson and Barling, 2017



The questionnaire was divided into two parts. The first part was designed to collect demographic information, including gender, age, education level, working years, and type of work, and the second part focused on the organisational factors and personal factors of PEB. Respondents were asked to answer 29 questions using a 5-point Likert scale ranging from "extremely disagree" (1) to "extremely agree" (5). The mode for each element was further strengthened by examining the maximum, the minimum, the mean, and standard deviation as the value for the most substantial probable Likert score value for the element.
3.3 Sampling and data collection 
Five hundred questionnaires were distributed via WeChat, QQ and in-person to construction workers on five construction sites in Yunfu City, Guangdong Province, China, with potential respondents given the assurance that the survey was anonymous. Guangdong is the most economically powerful and populous province in China, with a GDP of 1243.70 billion yuan and a population of 126.84 million (Statistics Bureau of Guangdong Province, 2022). The construction industry of Guangdong province is highly developed, and the construction management level ranks among the highest in China. Since Guangdong province started CWM very early on, it has accumulated rich practical experience and achieved remarkable results. Therefore, the questionnaire survey conducted at construction sites in Guangdong province not only has a high reference value for developed provinces to realize efficient CWM, but also accumulates practical experience for exploring the application of PEB in CWM. The details of the five construction sites are described in Table 2. Respondents were invited to choose the response that best described their level of agreement with the statements in the questionnaire. To ensure the validity and reliability of the questionnaire survey, the following screening criteria were adopted: (1) If a returned questionnaire had more than five unanswered questions, it was marked as invalid; (2) If there were apparent regularities in a returned questionnaire it was marked as invalid; and (3) If there was more than one answer to a question, the questionnaire was marked as invalid. The well-trained questionnaire investigator firstly explained the questionnaire information to the construction workers before the team meeting and sent the questionnaire weblink to the construction workers through WeChat and QQ with the help of the team leader. Among the 250 sent questionnaires, 46 were returned, and 20 valid questionnaires were finally collected after eliminating the invalid ones. Hard copies of the questionnaire were distributed to project office workers during their lunch break and after the regular evening meeting, and construction workers were randomly approached at the construction site and asked to complete a questionnaire. All these measures largely guarantee the validity and authenticity of the collected data. Of the 500 surveys distributed, 152 completed valid questionnaires were finally collected, representing a response rate of 30.4%. Of the collected questionnaires, 86.8% are traditional pen-and-paper questionnaires (n=132) completed in person, and 13.2% are online questionnaires (n=20) via WeChat and QQ.
Table 2. Construction sites surveyed in this study
	No. of construction cite
	No. of employees
	Project type

	1
	138
	Residential building

	2
	53
	Industrial plant

	3
	45
	Municipal project

	4
	168
	Commercial building

	5
	96
	Residential building


SPSS25.0 was employed to analyse the collected data. The Cronbach's Alpha coefficient of the questionnaire was 0.8, indicating a good internal consistency of the whole questionnaire (Abu-Bader, 2021). The questionnaire data were then analysed through descriptive statistical analysis, factor analysis, reliability analysis, Pearson's correlation analysis, and stepwise multiple linear regression analysis.

4. Results

4.1 Descriptive statistical analysis
Descriptive statistical analysis was conducted to analyse the detailed demographic factors. The result, including the frequency and percentage of each item, is presented in Table 3. Among the respondents, there were 146 male and 6 female workers, accounting for 96.1% and 3.9% respectively.
Table 3. Detailed information of questionnaire respondents
	[bookmark: _Hlk85545162]Items
	Category 
	Frequency
	Percentage (%)

	Gender 
	Male
	146
	96.1

	
	Female
	6
	3.9

	Age (Years old)
	≤20 
	2
	1.3

	
	[bookmark: OLE_LINK84][bookmark: OLE_LINK85]21–30 
	55
	36.2

	
	31– 40 
	59
	38.8

	
	41– 50 
	30
	19.7

	
	51– 60 
	6
	3.9

	Education
	Elementary school
	3
	2.0

	
	Junior middle school
	19
	12.5

	
	Senior middle school
	46
	30.3

	
	Technical secondary school
	76
	50.0

	
	Bachelor and above
	8
	5.3

	Job type
	Steelworker
	41
	27.0

	
	Concrete worker
	20
	13.2

	
	Masonry worker
	30
	19.7

	
	[bookmark: OLE_LINK90][bookmark: OLE_LINK91]Carpentry
	4
	2.6

	[bookmark: _Hlk80730130]
	Water-electric worker
	13
	3.9

	
	Plasterer 
	4
	2.6

	
	Electric welder
	6
	3.9

	
	Painter
	4
	2.6

	
	General worker
	30
	19.7

	Working period (Years)
	1–5 
	58
	38.2

	
	6 – 10 
	57
	37.5

	
	11 – 15 
	24
	15.8

	
	≥16 
	13
	8.6


The majority (94.7%) of the participants were in the 21-50 years age group, and 94.8% of the respondents did not have a university education. Respondents were distributed into 9 job types, with 58 respondents having worked on construction sites for 1 to 5 years, representing 38.2%, and 57 respondents having worked on-site for 6-10 years, accounting for 37.5%. Respondents with experience on site of 11-15 years and over 15 years represent 15.8% and 8.6% respectively

4.2 Factor analysis
Factor analysis was conducted to reduce the items into distinct factors using statistical analysis. The principal component method was adopted to extract the factors, and the eigenvalue should be over 1 (Kline, 2014). Varimax rotation was used to obtain a clear association between the variables and the factors (Hinton et al., 2014). The sampling sufficiency test predicts whether the data are likely to have good factors based on correlation and partial correlation, and KMO measures greater than 0.6 are considered acceptable (Hair et al., 2018). The value of factor loading should be equal to or larger than 0.6 (Pallant, 2020). By conducting factor analysis, twenty-six variables were finally grouped into nine factors.
(1) Validity analysis
Validity analysis showed that values of the KMO measure of sampling adequacy test (0.760) and Bartlett’s test of sphericity (0.000) were acceptable and the data appropriate for factor analysis. Three factors were identified from eight items of organisational factors in the factor analysis, accounting for 75.296% of the total variance. The three identified factors were Site Management (O1), Tedious Construction Process (O2), and Training (O3), as shown in Table 4. All the factor loadings are larger than 0.6, which is acceptable. The Cronbach's Alpha for variables O1, O2, and O3 are 0.810, 0.746, and 0.728, which at more than 0.7 indicates good internal consistency. 
Table 4. Factor analysis of organisational factors for workers
	Factors
	Items
	Statement
	Factor Loading
	Cronbach's Alpha

	O1 - Site Management
	1
	The company has relevant supervision and management systems to reduce CW.
	0.920
	0.810

	
	2
	Intentionally generation of construction waste will be punished.
	0.848
	

	
	3
	The management team provided adequate supervision at work.
	0.780
	

	O2 -Tedious Construction Process
	1
	The habit of traditional construction methods and practices makes me waste materials unconsciously.
	0.887
	0.746

	
	2
	Repeating the same process operation during work (such as tying steel bars) makes it easier for me to overuse materials.
	0.851
	

	
	3
	The complicated construction process makes me very tired.
	0.679
	

	O3 - Training
	1
	I lack training in knowledge and skills related to waste reduction.
	0.885
	0.728

	
	2
	I didn't receive any training before I started.
	0.871
	


The KMO measure of sampling adequacy test (0.739) and Bartlett’s test of sphericity (0.000) indicate that the data are appropriate for factor analysis. Three factors were identified from ten personal items in the factor analysis, accounting for 69.974% of the total variance. The two identified factors were Environmental Awareness (P1) and Sense of Responsibility (P2), as shown in Table 5. Personal Values (P3) were excluded due to the low level of factor loadings. The Cronbach's Alpha for variables P1 and P2 are 0.829 and 0.792, which at more than 0.7 indicates good internal consistency. 
Table 5. Factor analysis of personal factors for workers
	Factors
	Items
	Statement
	Factor Loading
	Cronbach's Alpha

	P1 - Environmental Awareness 
	1
	Reducing construction waste can reduce pollution.
	0.890
	0.829

	
	2
	I think the generation of construction waste is related to environmental awareness.
	0.782
	

	
	3
	I often pay attention to environmental issues.
	0.737
	

	
	4
	Reducing construction waste will contribute to the environment.
	0.704
	

	P2 - Sense of Responsibility
	1
	If I produce CW, I will feel very guilty.
	0.915
	0.792

	
	2
	I feel guilty when wasting construction materials.
	0.743
	

	
	3
	It is my duty to reduce CW.
	0.702
	

	P3* - Personal Values 
	1
	I am happy to help others.
	0.891
	0.669

	
	2
	I'm happy with the behaviour that helps change the environment
	0.535
	

	
	3
	I'll be happy to reduce waste
	0.518
	


Note: * – Personal Values (P3) were deleted due to low factor loadings

[bookmark: _Hlk104739927]The KMO measure of sampling adequacy test (0.819) and Bartlett’s test of sphericity (0.000) indicate that the data are appropriate for factor analysis. Three factors were identified from six stress items during the data analysis, accounting for 73.050% of the total variance. The two identified factors were Psychological Stress (S1) and Physical Stress (S2), as shown in Table 6. The Cronbach's Alpha for variables S1 and S2 are 0.842 and 0.758, which at more than 0.7 indicates good internal consistency. 
[bookmark: OLE_LINK26]Table 6. Factor analysis of construction worker stress
	Factors
	Items
	Statement
	Factor Loading
	Cronbach's Alpha

	S1 -Psychological Stress
	1
	I feel like I am about to break down at work.
	0.861
	0.842

	
	2
	I am tired of my current job.
	0.835
	

	
	3
	Work makes me feel tired physically and mentally.
	0.831
	

	S2 - Physical Stress
	1
	I am suffering from body aches and other diseases due to long hours of work.
	0.900
	0.758

	
	2
	Work makes me have a bad appetite and decreased appetite.
	0.758
	

	
	3
	I think that the intensity of my work greatly affects my health.
	0.676
	


The KMO measure of sampling adequacy test (0.771) and Bartlett’s test of sphericity (0.000) indicate that the data are appropriate for factor analysis. Two factors were identified from five items of PEB factors during the data analysis, accounting for 74.271% of the total variance. The two identified factors were Co-worker PEB (B1) and Self-enacted PEB (B2), as shown in Table 7. The Cronbach's Alpha for variables B1 and B2 are 0.784 and 0.756, which at more than 0.7 indicates good internal consistency.
Table 7. Factor analysis of PEB for workers
	Factors
	Items
	Statement
	Factor Loading
	Cronbach's Alpha

	B1 - Co-worker PEB
	1
	I encourage co-workers to take more environmentally friendly measures toward construction waste.
	0.830
	0.784

	
	2
	I encourage co-workers to express their opinions on issues related to waste minimisation and recycling.
	0.824
	

	
	3
	I will actively take the time to help workers take waste minimisation and recycling activities into consideration at work.
	0.750
	

	B2 - Self-enacted PEB
	1
	I voluntarily participate in the organisation's activities of construction waste minimisation and recycling.
	0.874
	0.756

	
	2
	I usually sort construction waste on-site.
	0.848
	



[bookmark: OLE_LINK18][bookmark: OLE_LINK1]Based on the factor analysis and reliability analysis, all the composite variables were obtained by calculating the unweighted average of the items under each latent variable (Torlak and Kuzey, 2019). The descriptive statistics of PEB personal and organisational constructs are shown in Table 8. The results show that the highest mean value is Environmental Awareness, which is 3.83±0.50, while the second-highest mean value is Training at 3.54±0.71. Psychological Stress and Tedious Construction Process got the lowest mean value at 2.67±0.65 and 2.79±0.64. The results indicate a relatively high level of environmental awareness and a low level of psychological stress.
(2) Reliability analysis
Reliability analysis was conducted to check whether the subject has absolute stability and consistency or not. Reliability can be divided into intrinsic reliability and external reliability (Knight et al., 2010): inherent reliability is the test of whether a set of projects can continuously measure the same concept. Inherent reliability was adopted in this study to estimate the internal consistency of the factors, and the Cronbach coefficient (Cronbach's Alpha) was used as the criterion. The threshold of Cronbach's Alpha is 0.6, which means the variable is reliable to represent a set of items (Comrey and Lee, 2013). The reliability analysis showed that all the factors were reliable in this study.
Table 8. Comparison between reliability and Cronbach's Alpha coefficient (Fayers and Machin, 2015)
	Cronbach's Alpha 
	Reliability

	α＜0.5
	Not ideal, very inappropriate

	0.5≤α＜0.6
	Acceptable 

	0.6≤α＜0.7
	Good

	0.7≤α＜0.8
	Quite good 

	0.8≤α＜0.9
	Ideal

	0.9≤α
	Perfect


The Cronbach’s alpha values of the 29-item questions was 0.807 and of each domain ranged from 0.669 to 0.842 which is acceptable.

4.3 Pearson's correlation analysis
Pearson's correlation analysis was conducted to evaluate the association's strength between two continuous variables, and the Pearson correlation coefficient was adopted as the threshold (Cohen et al., 2013). The results of the correlation analysis, as shown in Table 9, indicate that a significant relationship can be established between PEB and its antecedents, including stress and personal and organisational factors. Co-worker PEB (B1) is positively and significantly correlated with Self-enacted PEB (B2: 0.537), Environmental Awareness (P1: 0.323), Sense of Responsibility (P2: 0.298), and Site Management (O1: 0.435); while negatively and significantly correlated with Physical Stress (S2: -0.246) and Tedious Construction Process (O2: -0.207). Self-enacted PEB (B2) is found to have a positive correlation with Environmental Awareness (P1: 0.369), Sense of Responsibility (P2: 0.272), and Site Management (O1: 0.214); while negatively and significantly correlated with Physical Stress (S2: -0.383) and Tedious Construction Process (O2: -0.258).
Table 9. Results of descriptive statistical analysis and correlation analysis among variables
	Variables
	Mean
	Std. Deviation
	B1
	B2
	S1
	S2

	B1 - Co-worker PEB
	3.20
	0.57
	1.000**
	-
	-
	-

	B2 - Self-enacted PEB
	3.09
	0.64
	0.537**
	1.000**
	-
	-

	S1 - Psychological Stress
	2.67
	0.65
	0.099
	-0.022
	1.000**
	-

	S2 - Physical Stress
	3.16
	0.67
	-0.246**
	-0.383**
	0.517**
	1.000**

	P1 - Environmental Awareness
	3.83
	0.5
	0.323**
	0.369**
	-0.293**
	-0.274**

	P2 - Sense of Responsibility
	3.51
	0.53
	0.298**
	0.272**
	-0.229**
	-0.271**

	O1 - Site Management
	3.36
	0.61
	0.435**
	0.214**
	-0.271**
	-0.190**

	O2 - Tedious Construction Process
	2.79
	0.64
	-0.207**
	-0.258**
	0.314**
	0.435**

	O3 - Training
	3.54
	0.71
	0.138*
	0.061
	0.038
	-0.086


Note: N=152; *- p＜0.10; **- p＜0.05.

Likewise, Psychological Stress (S1) has correlations with Physical Stress (S2: 0.517), Environmental Awareness (P1: -0.293), Sense of Responsibility (P2: -0.229), Site Management (O1: -0.271) and Tedious Construction Process (O2: 0.314). Finally, Physical Stress (S2) correlates to Environmental Awareness (P1: -0.274), Sense of Responsibility (P2: -0.271), Site Management (O1: -0.190), and Tedious Construction Process (O2: 0.435).

4.4 Multiple linear regression analysis
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Multiple linear regression analysis was conducted to explore the causal factors of PEB (Denis, 2021). The stepwise method was used in the regression analysis, and several essential parameters were adopted to ensure the reliability of the regression model, including p-value, variance inflation factor (VIF) (Montgomery et al., 2021), and R2 (Seber and Lee, 2012). The criteria for entry and removal of variables in this study were based on the likelihood ratio test and the entry and removal limits were set at p < 0.05 and p > 0.10. P-values less than 0.05 threshold were considered as statistically significant. The VIF value of each model was acceptable when it was less than 10. In Model I, co-worker PEB was selected as the dependent variable and eight individual and organisational factors were put into the model as the independent variables. Model II examined the impact of eight individual and organisational factors on self-enacted PEB by setting eight factors as independent variables and self-enacted PEB as dependent variable. Two models were finally identified, Model I and Model II as summarised in Table 10 and Table 11 respectively. All the factors p-value (<0.05) and VIF (less than 10) value were acceptable (Keith, 2019), indicating the positive qualification of the two models. 
Meanwhile, in line with the recommendation of Pallant (2011, 2020), the normal probability plot (P-P) of the regression standardised residual and scatter plot were examined. The normal P-P Plot in Figure 2 and Figure 4 show points that reasonably lie on a straight diagonal line from bottom left to top right, indicating an absence of major deviations from normality. The scatterplots in Figure 3 and Figure 5, on the other hand, depict that the residuals are rectangularly distributed with most of the scores concentrated at the centre (along with the 0 point), which indicates that the assumptions are not violated.	Comment by Author: 2011or 2020
In Model I, Co-worker PEB (B1) is positively associated with Site Management (O1), Psychological Stress (S1), Environmental Awareness (P1), and Training (O3), while negatively related to Physical Stress (S2) and Tedious Construction Process (O2), accounting for 4542.2% of the variance. The result of the multiple linear regression equation for Model I is expressed as Eq. (1):
     Eq. (1)
Table 10. Regression analysis of Co-worker PEB and its antecedents
	Model I
	B
	Std. Error
	t
	Sig.
	VIF
	R
	R²
	Sig (ANOVA)

	(Constant)
	0.340 
	0.382 
	0.890 
	0.374 
	
	0.649
	0.422
	0.000

	O1-Site Management
	0.390 
	0.047 
	8.326 
	0.000 
	1.266 
	
	
	

	S1 -Psychological Stress
	0.402 
	0.047 
	8.495 
	0.000 
	1.472 
	
	
	

	S2 - Physical Stress
	-0.216 
	0.048 
	-4.538 
	0.000 
	1.590 
	
	
	

	O2-Tedious Construction Process
	-0.141 
	0.045 
	-3.125 
	0.002 
	1.294 
	
	
	

	P1-Environmental Awareness
	0.276 
	0.061 
	4.538 
	0.000 
	1.468 
	
	
	

	O3 - Training
	0.142 
	0.039 
	3.671 
	0.000 
	1.178 
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	Figure 2. Normal P-P plot regression standardized residual of Co-worker PEB
	Figure 3. Scatter plot of Co-worker PEB



In Model II, Self-enacted PEB (B2) is positively predicted by Environmental Awareness (P1), Psychological Stress (S1), Training (O3) and Sense of Responsibility (P2), while negatively associated with Physical Stress (S2) and Tedious Construction Process (O2), explaining 32.6% of the variance. The multiple linear regression equation for Model II is expressed as Eq. (2):
   Eq. (2)

Table 11. Regression analysis of Self-enacted PEB and its antecedents
	Model II
	B
	Std. Error
	t
	Sig.
	VIF
	R
	R²
	Sig (ANOVA)

	(Constant)
	1.293 
	0.470 
	2.752 
	0.006 
	
	0.571
	0.326
	0.000

	S2 - Physical Stress
	-0.347 
	0.059 
	-5.880 
	0.000 
	1.653 
	
	
	

	P1-Environmental Awareness
	0.417 
	0.073 
	5.711 
	0.000 
	1.443 
	
	
	

	S1 -Psychological Stress
	0.333 
	0.057 
	5.828 
	0.000 
	1.461 
	
	
	

	O3 - Training
	0.109 
	0.047 
	2.322 
	0.021 
	1.173 
	
	
	

	O2-Tedious Construction
 Process
	-0.148 
	0.057 
	-2.610 
	0.010 
	1.390 
	
	
	

	P2-Sense of Responsibility
	0.132
	0.058
	2.266
	0.024
	1.387
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	Figure 4. Normal P-P plot regression standardized residual of Self-enacted PEB
	Figure 5. Scatter plot of Self-enacted PEB



The results of correlation and regression analysis relating to PEB are summarised in Table 12. The result shows the impact of organisational and personal factors on PEB for workers. Two personal factors and one organisational factor, namely, physical stress (S2), Environmental Awareness (P1), and Tedious Construction Process (O2), were revealed in correlation and regression analysis to be associated with two PEB factors. A significant relationship between Site Management (O1) and Co-worker PEB (B1) was also shown in correlation and regression analysis. Similarly, Sense of Responsibility (P2) was significantly associated with Self-enacted PEB (B2) revealed in both correlation and regression analysis. In addition, although Psychological Stress (S1) and Training (O3) were not correlated with the two types of PEB, they were all significantly associated with both PEB types in regression analysis.
[bookmark: OLE_LINK27]Table 12. Summary of the results of correlation and regression analysis relating to PEB
	Factors
	Co-worker PEB (B1)
	
	Self-enacted PEB (B2)

	
	Correlation
	Regression
	
	Correlation
	Regression

	S1 - Psychological Stress
	×
	√
	
	×
	√

	S2 - Physical Stress
	√
	√
	
	√
	√

	P1 - Environmental Awareness
	√
	√
	
	√
	√

	[bookmark: OLE_LINK39]P2 - Sense of Responsibility
	√
	×
	
	√
	√

	O1 - Site Management
	√
	√
	
	√
	[bookmark: OLE_LINK38]×

	O2 - Tedious Construction Process
	√
	√
	
	√
	√

	O3 - Training
	×
	√
	
	×
	√


Note: √-significant relationship was found; ×- no significant relationship was found.


5. Discussion
The results of this study show that the proportion of male construction workers is 96.1%. The main reason for this result is that construction work requires a lot of physical energy, while also enduring a poor working environment and long working hours, none of which are conducive to women's physiological characteristics. Previous studies relating to construction workers, which were conducted in Ethiopia (Lette et al., 2018) and Hong Kong (Wong et al., 2020), have also drawn the same conclusions as this study. Moreover, according to a report from the People's Data Research Institute (PDRI, 2022), workers in the construction industry in China are predominantly male, accounting for 89%.
Previous research has shown that behavioural dimension is one of the main obstacles to the adoption of circular economy in construction waste management (Mahpour, 2018). In this study, the two types of PEB cover the main strategies of circular economy, namely waste reduction, reuse, recycling, as well as construction waste sorting. Encouraging PEBs on workplace with in construction project helps to implement the concept of circular economy and effectively reduce the generation and discharge of construction waste during construction. It is suggested that encouraging behaviour change can help realize the circular economy (Patwa et al., 2021), and encouraging the adoption of PEBs on construction site can help achieve this goal.
[bookmark: OLE_LINK25]This study has found that there is a significant impact of physical stress on PEB. Due to the heavy workload and tight schedule of construction projects, workers usually must focus all their energy on the work at hand, and therefore often feel exhausted and suffer physical stress (Liang et al., 2018). Since physical stress is caused by high energy expenditure, workers are less likely to fully concentrate on PEB activities (Umer et al., 2022). Moreover, PEB activities are not compulsory on construction sites, and the criterion for performance is based entirely on the degree to which they fulfil the work allocated to them. Construction workers must prioritise completing their specific construction task, be it tying steel rods or pouring concrete. This is consistent with former findings regarding stress and PEB (Clercq and Belausteguigoitia, 2020). After all, completing the construction project according to the contract is the most crucial issue for the construction team. 	Comment by Author: Missing in the RL.
Construction workers’ environmental awareness score is the highest, indicating that in their opinion, construction waste tends to increase the environmental burden and should be avoided. Evidence shows that people with high environmental awareness easily behave in an environmentally friendly manner (Sekhokoane et al., 2017). This suggests that workers will actively take self-enacted PEB to reduce the negative impact of their own work on the environment and society. This is consistent with previous studies regarding the significant impact of environmental awareness on individual behaviour, including green consumption behaviour and environmental behaviour (Rustam et al., 2020). Also, environmental awareness can trigger voluntary actions  and promote pro-environmental behaviour among friends and colleagues (Syed-Abdullah, 2020). Construction workers with better environmental awareness will tend to conduct co-worker PEB, such as encouraging their co-workers to save construction materials and recycle construction waste.
A construction project consists of many complicated, tedious, and strenuous construction processes, which workers need to put a lot of effort into conducting. Their performance on site has a significant impact on what is characteristically a tight schedule under tough conditions (Al Nahyan et al., 2019). Construction workers are generally too busy to spare time on PEB, which does not contribute to schedule and quality requirements. Since any construction schedule delays will lead to penalties according to the contract (Ahmadisheykhsarmast and Sonmez, 2020), workers are unlikely to focus on self-enacted PEB and co-worker PEB, not because they are not willing to do so but because they have no time.
Interestingly, between the two types of PEB, only co-worker PEB was found to have a significant relationship with site management. Considering these observations, it is reasonable to speculate that co-worker PEB will be more obvious in terms of attitude and action in connection with construction waste environmental issues, such as reduction and recycling. Perhaps, under strict site management, performing co-worker PEB is a more effective way to show they are capable and have the right attitude toward the construction tasks they are assigned to. 
Normally, workers need to focus on their work, and are not obliged to engage in environmental activities (Yuriev et al., 2018). However, since the large amount of construction waste generated by construction activities can place a heavy burden on society and the environment, the actual  of construction workers on construction site is particularly important. The sense of responsibility of construction workers is considered as one of the important factors contributing to the construction waste management (Vilventhan et al., 2019). When workers lack a sense of responsibility for environmental protection, they will have little incentive to implement environmental behaviour because they believe that any attempt to affect environmental results is futile (Kalamas et al., 2014). In fact, workers' sense of responsibility for the environmental protection inspires their ethical obligations and personal enthusiasm for the environment and motivates them to actively participate in PEB which is self-enacted PEB (Afsar et al., 2020), while doing so also brings them pride (Venhoeven et al., 2016), and positive self-affirmation (Thiermann and Sheate, 2020). In this case, the greater the sense of responsibility of construction workers, the more they will take the initiative to take self-enacted PEB on the construction site to avoid damaging environment.behaviours
[bookmark: OLE_LINK40][bookmark: _Hlk108896074]Although significant correlations between psychological stress and two types of PEB were not found in this study, Itit is surprising that a significant association between psychological stress is positively and significantly associated with PEBthem was revealed types in regression analysis. The correlation analysis in this study is to analyse the correlated relationship between two variables, without considering the influence of other variables (Fan et al., 2020). While regression analysis is to test the effect of a group of independent variables on the dependent variable (Stockemer, 2019). The relationship between dependent variable and independent variable is impacted by other variables which could be mediators or moderators (Darlington and Hayes, 2016). In this study, the associations between psychological stress and two types of PEB may be impacted by other independent variables.  The workers suffering psychological stress can hardly get involved in their jobs (Lin et al., 2020). However, they will be financially punished due to the strict site management when they do nothing in the workplace. Therefore, they usually make an effort to look busy by taking ‘slack off’ strategies (Rhee and Kim, 2016). Perhaps, compared with the heavy-duty construction work, it would be relatively cushy for these psychologically stressed construction workers to engage in PEB like construction waste sorting or encouraging co-workers to reduce and recycle construction waste. 
Normally, workers need to focus on their work, and are not obliged to engage in environmental activities (Yuriev et al., 2018). However, since the large amount of construction waste generated by construction activities can place a heavy burden on society and the environment, the actual behaviors of construction workers on construction site is particularly important. The sense of responsibility of construction workers is considered as one of the important factors contributing to the construction waste management (Vilventhan et al., 2019). When workers lack a sense of responsibility for environmental protection, they will have little incentive to implement environmental behaviour because they believe that any attempt to affect environmental results is futile (Kalamas et al., 2014). In fact, workers' sense of responsibility for the environmental protection inspires their ethical obligations and personal enthusiasm for the environment and motivates them to actively participate in PEB which is self-enacted PEB (Afsar et al., 2020), while doing so also brings them pride (Venhoeven et al., 2016), and positive self-affirmation (Thiermann and Sheate, 2020). In this case, the greater the sense of responsibility of construction workers, the more they will take the initiative to take self-enacted PEB on the construction site to avoid damaging environment.

Different from previous behavioural research on construction waste, this study adopts two types of PEB relating to CWM. This approach enriches the research on construction waste management by providing a more comprehensive understanding of the PEB and associated determinants relating to CWM. This study also reveals the negative impact of physical stress on PEB, which is a strong indication that the industry and academia need to pay more attention to the stress experienced by construction workers. The results show that the determinants of the two types of PEB are not the same, which can help the industry to formulate more targeted measures to encourage positive PEB towards CWM.

6. Conclusions and Implications
This study investigated the impact of key organisational and personal determinants of workers' PEB through a questionnaire survey. Based on the analysed results, conclusions can be drawn that: (i) physical healthstress, environmental awareness, and tedious construction processes are the three determinants significantly associated with co-worker and self-enacted PEB; (ii) site management positively predicts co-worker PEB; and (iii) among all the determinants, environmental awareness received the highest score, while psychological stress received the lowest score.
The study also provides sustainable construction and circular economy implications for construction contractors and the government. To realize the circular economy and sustainable development, construction contractors need to take a series of measures to ensure that construction waste reduction, reuse, and recycling. Encouraging PEBs on construction site will help to achieve this goal. An effective way is to improve organizational and personal factors which have important impact on PEBs. Since the study shows that workers' physical stress plays a negative role in their PEB performance, it is suggested that they be given regular rest periods throughout their workday so that they are not so physically stressed and have more energy with which to fulfil their tasks. The findings indicate that PEB could be encouraged by promoting environmental awareness among workers and improving tedious construction processes. The descriptive statistical analysis results showed that the mean score of 3.83 for environmental awareness in this study was higher than the mean score of 3.2 for co-worker PEB and 3.09 for self-enacted PEB. This may reflect the dilemma between construction project goals (schedule, cost, quality) and pro-environmental practices. In the interest of reducing carbon emissions, the performance of pro-environmental procedures on construction sites will be greatly improved if pro-environmental actions are mandated by the government for all construction projects. This will encourage construction contractors to take measures to encourage PEB among their workers, which could be done by introducing a bonus for pro-environmental activities. It is also suggested that advanced construction techniques and machines should be used for tedious construction processes wherever possible to optimise workers' tasks, which will reduce their physical stress and allow them to devote more energy to PEB activities. 
Given the remarkable effect of system dynamics on CWM, further related research could adopt a systematic dynamics approach to assessing the output of construction waste and the impact on the economic and social benefits of construction contractors in several scenarios, including PEB and common behaviour. It is also suggested to simulate the effectiveness of different management measures and workers' responses through an agent-based model. Salary was not considered in this study, which may have an impact on construction workers' PEB relating to CWM. It is suggested that future studies examine the relationship between different levels of income and the two types of PEB examined in this study.
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