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Abstract: Research directly related to safety violations among Hong Kong construction workers is
limited. This study aims to fill a gap in existing research and provides insight into the current safety
violation phenomenon. A meaningful contribution can be made by examining the causes of safety
violations. A mixed-method strategy is adopted for this study. The quantitative questionnaire survey,
with 365 valid responses, examined the relationships by adapting the framework of the Theory of
Planned Behaviour. Thirty-seven qualitative semi-structured interviews were then conducted to
explore the phenomenon. The results suggest that the intention of Hong Kong construction workers
is positively linked to safety violations and compliance. Two proximal factors, perceived behavioural
control and attitude, significantly influence the intention of construction workers. Perceived
behavioural control is the most significant factor. High Reliability Organising is the distal factor
contributing to perceived behavioural control, attitude, and descriptive norms. Relevant
interventions can be developed to improve workers’ intention through perceived behavioural control
and attitude, which in turn would enhance their safety compliance. Training should be tailor-made
to align with distinctive features exhibited by young and elder workers. The institutional contributors
reveal the reality that all stakeholders should collaborate and improve workers’ safety engagement.

Keywords: safety violations; safety compliance; theory of planned behaviour; high-reliability
organising; engagement; training; safety management

1. Introduction

Despite much emphasis on construction safety, the reduction in accident rates has plateaued in
recent years. This condition exists all over the world, including Hong Kong. Errors and violations are
two major forms of human failure [1]. Their key is intention: violations refer to people not following
the rules intentionally whereas errors are not intentional [2]. The concept of violations attracted much
attention after the occurrence of the Chernobyl nuclear plant disaster that resulted from human
actions and deliberate deviations from written rules and instructions (violations) rather than errors
of judgement [3]. Violations are more specifically related to safety rules and procedures since safety
violations occur because rules exist [4]. In contrast, safety compliance is explained as general safety
behaviour in Hayes et al. [5].

The factors affecting safety violations have been investigated to understand why violations
happen. However, the causes of safety violations are inconclusive from the literature as there is still
little consensus on what variables cause violations [6]. The complexity of reality is depicted well by
the concept of “socio-technical systems” based on the interactive influences of work relations and
technological factors [7]. Despite this complexity, some studies have attempted to categorise the
factors affecting safety violations more systematically, and the factors range from micro (individual),
meso (group) and macro (organisational) (e.g., [5,6,8]).

Safety violations are much less obvious than other risk behaviours and the effects are also more
complex and still far from well-established in previous studies. Their effects are unclear for the
following reasons: (1) there is not a well-established link with unwanted outcomes, (2) violations do
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not always lead to unwanted outcomes; and (3) not all violations are wrong [6]. Some studies have
applied the Theory of Planned Behaviour (TPB) for explaining different violation behaviours such as
road violations [9-11] and drinking problems [12,13].

1.1. Theory of Planned Behaviour (TPB)

Social psychologists originally developed the Theory of Reasoned Action (TRA) to predict and
explain human behaviour in specific contexts [14]. The TPB was extended from the TRA, which
assumes people have full volitional control over behaviour by including control beliefs and perceived
behavioural control [15]. According to the TPB [14], intention is the most proximal predictor of
human behaviour which refers to the willingness of people to perform a specific behaviour. Intention
is affected by three cognitive determinants (attitude, norms and perceived behaviour control).
Attitude can be understood as the value of that behaviour. Norms refer to how closely others think
about that behaviour (subjective norms) and whether they would engage in it (descriptive norms).
The original TPB only includes subjective norms. Some recent studies, such as Fugas, Silva and Melia
[16], examine both aspects of norms of coworkers and supervisors separately. Perceived behavioural
control refers to people’s perceived ability to perform. Haslam et al. [17] illustrate that workers do
not always have complete volitional control of their safety behaviours as there are interactions among
work teams, workplace, materials, and equipment. The TPB has been widely adopted in various
research fields in recent years, such as the studies related to the construction industry, e.g., an
integrated training approach to first aid [18]. Although the TPB has been well examined, it has not
been adapted to provide a lens for explaining safety violations for Hong Kong construction workers.

1.2. Perceived Quality of Safety Rules and Procedures

Also, rules are not always good and applied well in every context [19]. Cox and Cheyne [20]
suggest that safety level is affected by the extent to which workers perceive safety rules and
procedures. Perceived quality of safety rules and procedures refers to how workers think about the
safety rules and procedures, i.e., whether the objectives are clear and the applications are appropriate.

1.3. High Reliability Organising (HRO)

Harvey et al. [21] advocate that construction organisations can become more resilient by
incorporating employee-level with respect to the “Adaptive” age of safety. The study aligns with the
HRO perspective analysed by Xu et al. [22] that construction companies should look into current
weaknesses of safety training while improving and developing a mindful safety culture to become
high-reliability organisations. HRO refers to the organisation’s ability to anticipate and control
unexpected safety events [23]. There are five principles of HRO. The first three principles, i.e.,
preoccupation with failure, reluctance to simplify and sensitivity to operations, can be categorised as
the principles of anticipation, which focuses on the prevention of disruptive unexpected events,
whereas mindful attention shifts to practices of containment, i.e., commitment to resilience and
deference to expertise when unexpected events continue to develop [23]. The HRO was originated to
explain other high-risk industries. Harvey et al. [24] discuss barriers and opportunities of applying
HRO and resilience engineering in construction and urge such application under the current adaptive
safety age. Therefore, The HRO concept can be viewed as the distal, organisational-level factor
affecting safety violations of Hong Kong construction workers.

This research aims to fill the existing research gaps. Due to the limited number of studies on
safety violations among construction workers in Hong Kong, this research aims to provide insight
into the current phenomenon of safety violations. Examining the causes of safety violations would
therefore be the first research objective. In addition to examining the research framework, another
research objective is to explore the dynamics of safety violations and construction workers in Hong
Kong in depth. Workers’ open views need to be understood to achieve this objective. By adopting a
mixed-methods strategy, the findings substantiate the adaptation of the TPB in this context, which
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examines different levels of factors affecting construction workers’ safety violations, ranging from
micro to meso and macro factors. The significance of intention, perceived behavioural control,
attitude, and HRO was identified. The interview also revealed the workforce dynamics, current safety
training weaknesses, institutional issues, and some unique phenomena in the Hong Kong
construction industry.

2. Materials and Methods
2.1. Research Model

This study uses socio-technical system thinking to discuss the root causes of the current
condition from micro to macro levels. Based on the literature review, it is reasonable to suggest that
after considering the unique context and careful interpretation of the findings, the TPB can be
developed as a clear framework for understanding safety violations of Hong Kong construction
workers. The original TPB has been adapted by incorporating (1) descriptive norms with subjective
norms, (2) perceived quality of safety rules and procedures, and (3) HRO in the research model. This
study also examines safety compliance and safety participation. The research model and the
hypotheses developed are shown in Figure 1 and Table 1 respectively.

Theory of Planned Behaviour (TPB)

Cognitive .
Determinants Safety Behaviours

New Constructs
Attitude Compliance

High Reliability

Organising —
jective and .
Descriptive Norms — Intention —
Perceived Quality

of Rules and
Procedures Perce.ived
Behavioural Participation
\ Control /

Figure 1. Research model adapted from the TPB.

Table 1. Hypotheses.

Construct Description Hypothesis

H1la: Intention (of safety
violations) has negative
impacts on safety compliance.
Intention can be affected by three proximal factors H1b: Intention (of safety
Intention (attitude, norms, and perceived behavioural control) violations) has positive
and two distal factors (perceived quality of safety impacts on safety violations.
rules and procedures and HRO). (Hypotheses 2 to 6) H1c: Intention (of safety
violations) has negative
impacts on safety
participation.
H2: Attitude (of safety

Construction workers have a higher intention of safety . = . e
violations) has positive

Attitude  violations if they think that following safety rules and . . .
. impacts on intention of safety

procedures are of negative value. o
violations.

Construction workers would have a higher intention

H3: f saf
Subjective and of safety violations when their coworkers and 3: Norms (of safety

L . . violations) has positive
descriptive supervisors are less determined for safety, and they ) has p

norms  are perceived as not always following the safety rules
and procedures.

impacts on intention of safety
violations.
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H4: Perceived behavioural
control (of safety violations)
has positive impacts on
intention of safety violations.

Perceived Measures the workers’ perception of their ability and
behavioural resources available for following safety rules and
control  procedures.

Hb5a / H5b / H5¢:
Perceived Perceived quality of safet
erc?lve When construction workers perceive the safety rules erceived quality of safety
quality of ) ) rules and procedures has
and procedures are of higher quality, they have more e .
safety rules . . . . positive impacts on attitude
positive attitude, norms, and perceived behavioural
and . (H5a) / norms (H5b) /
control on safety compliance. . B
procedures perceived behavioural control
(H5c) of safety compliance.
Construction workers have more positive attitude, Hé6a / H6b / Hébc:
norms, and perceived behavioural control of safety =~ HRO has positive impacts on
HRO compliance when they perceive that their attitude (Hé6a) / norms (Héb) /
organisations have a higher level of HRO perceived behavioural control
characteristics. (H6c¢) of safety compliance.

2.2. Mixed Methods Strategy

The research problem determines the choice of a research design [25]. A mixed methods strategy,
consisting of quantitative and qualitative inquiry strategies, was adopted to achieve the research
objectives. For instance, Alper and Karsh [6] recommend using multiple methods for understanding
safety violations since it is simple to count them but difficult to analyse their causes via observations.
For the quantitative approach, the hypotheses were developed based on the adapted TPB model and
then tested through a questionnaire survey. Statistical analysis was used to examine the relationships
of the variables in the research model and provide generalised findings.

After completing the questionnaire survey, interviews were conducted to obtain the benefit of
the qualitative strategy. The qualitative approach helps consider all possible variables, their degree
of influence, and the combination effects of those variables [26], understand complex issues, explain
linkages in theories and models [27]. Rhodes [28] also urges using a qualitative strategy for
questioning and complementing dominant scientific constructions in the study of risk behaviour. The
interviews disclose the construction workers’ views openly. The interview results aid interpretation
of the questionnaire results and provide a rich context for understanding the current phenomenon of
safety violations of Hong Kong construction workers.

2.3. Data Collection Method

The questionnaire survey took 20-30 minutes to complete. The measurement items adopted the
seven-point Likert style as Ajzen [29] and Francis et al. [30] suggest it for the TPB questionnaires, and
most TPB studies adopt this scale. The variables’ measures were adapted from the existing literature
to fit the context of the Hong Kong construction industry. 23 nos. of the pilot survey were conducted,
and several minor changes were made. Table 2 summarises the measures of variables. Demographic
variables were developed from Barrientos-Gutierrez et al. [31], which include gender, age, race,
education, religiosity, marital status, living with children, job nature, working level, and working
location. Different construction companies were invited to participate in the main survey.
Questionnaires were distributed to the respondents for completion at the training centres. Random
sampling was adopted to obtain the data. A total of 795 questionnaires were received, with 365 valid
and complete responses for analysing the safety violations of the construction workers in Hong Kong.

After analysing the quantitative results, 37 semi-structured interviews were conducted, each
lasting 20-30 minutes. Several open-ended questions were asked during the interviews, allowing
respondents to express their views on relevant issues and ideas freely. The respondents were first
invited to introduce themselves, including their trade, work experience, and how they work with
others. Options were provided for them to facilitate brainstorming and guide them with a framework
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for sharing their opinions on safety performance: (a) elder workers are better; (b) young workers are
better; (c) not much difference; and (d) unable to tell. They were then asked to comment on the
questionnaire results. After the respondents were encouraged to speak out, the researcher invited
them to elaborate further on their opinions, provide reasons with examples.

The focus is on several major awareness perspectives that have been raised in recent years. First,
the issue of an aging workforce highlights the importance of investigating various aspects of workers,
including their types, work styles, and why they work in such a way. Second, the current nature and
methods of safety promotion, and what factors affect safety compliance, could be meaningful for
understanding the problems of violations. All quotes were translated as the workers stated them in
non-standard English. NVivo, a qualitative data analysis software, was used to conduct content
analysis for the interview scripts.

Table 2. Measures of variables.

Construct Description of measurement items Source(s)

H1. We have a good “map” of each person’s talents and skills.

H2. We talk about mistakes and ways to learn from them.

H3. We discuss our unique skills with each other so that we know who has
relevant specialized skills and knowledge.

H4. We discuss alternatives as to how to go about our normal work activities.
H5. When discussing emerging problems with coworkers, we usually discuss

HRO what to look out for.

(© items?) H6. When attempting to resolve a problem, we take advantage of the unique  [23]

skills of our colleagues.

H7. We spend time identifying activities we do not want to go wrong.

HS8. When errors happen, we discuss how we could have prevented them.
H9. When a crisis occurs, we rapidly pool our collective expertise to attempt
to resolve it.

Q1. The rules do not always describe the best way of working.
Q2. Schedules seldom allow enough time to do the job according to the rules.
Q3. There are some rules that would make the job less efficient.
Perceived Q4. Some rules are impossible or extremely difficult to apply.
quality of Q5. Rules commonly refer to other rules.
safety rules Q6. Some rules are factually incorrect.
and Q7. Sometimes the operating limits prescribed in rules are too restrictive.
procedures Q8. Some rules do not need to be followed to get the job done safely.
(12 items?) Q9. Some rules are only of value to protect management’s back.

(32]

Q10. There is no efficient procedure to monitor that rules are kept to.
Q11. Working to the rules removes skills.
Q12. I have rules for tasks I will never have to do.
Attitude on
safety  Al. Strictly following rules and procedures is good.

violations A2. Strictly following rules and procedures is worthwhile.

(2 items?)
Subjective norms

[29,30,32]

N1. Supervisor recognises that deviations from rules are unavoidable.

N2. Coworker and workgroup recognise that deviations from rules are
Norms on

safety
violations
(6 items?)

unavoidable.

Descriptive norms [29,30,32]
N3. Supervisor sometimes pressure people to break rules.

N4. Supervisors seldom discipline workers who break rules.

N5. Coworker and workgroup sometimes pressure people to break rules.

N6. Coworker and workgroup adopt different safety standards.
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Perceived . ., .
P1. Sometimes conditions at the workplace stop me working to the rules.

P2. I have found better ways of doing my job than those given in the rules.

P3. 1 can get the job done quicker by ignoring some rules. [29,30,32]
P4. Insufficient resources sometimes result in rules being broken to get the

job done.

behavioural
control
on safety
violations
(4 items?)

I1. I am prepared to take risks, other than those inherent in my job, to get a

) task done.
Intention on

safety
violations
(4 items?)

I2. T am prepared to take shortcuts to get a task done.

I3. It is necessary for me to take risks, other than those inherent in my job, to [33]
get a task done.

I4.1 am prepared to undertake a task a better way if I consider the approved

or process to be overly cautious or inefficient.

I1. I am prepared to take risks, other than those inherent in my job, to get a
Intention on task done.
12. T am prepared to take shortcuts to get a task done.
safety . . . . .
s I3. It is necessary for me to take risks, other than those inherent in my job, to
violations
(4 items?) get a task done. [33]
I4. 1 am prepared to undertake a task a better way if I consider the approved
or process to be overly cautious or inefficient.

SV1. When given a task, I ensure that approved procedures are followed.

Safety ~ SV2.Ihave performed a familiar task with referring to the safety manual or
violations other approved documentation. [33]
(3 itemsb) SV3. Even with a view to completing a task on time, I would not deliberately

“bend” formal procedures.

SP1. I put in extra effort to improve the safety of workplace.
Safety  SP2.1help my co-works when they are working under risky or hazardous
participationconditions. [34]
(3 itemsb) SP3. 1 voluntarily carry out tasks or activities that help improve work place
safety.

2 The scale of the measure is as follows: 1 = strongly disagree; 2 = disagree; 3 = sometimes disagree; 4 = neither
disagree nor agree; 5 = sometimes agree; 6 = agree; 7 = strongly agree. b The scale of the measure is as follows: 1

=never; 2 = rarely; 3 = occasionally; 4 = sometimes; 5 = frequently; 6 = usually; 7 = always.

3. Results
3.1. Quantitative Results and Analysis

Major respondents of the questionnaire survey worked for main contractors (49.3%) and
subcontractors (40.9%). Most (94.6%) worked at construction sites, and only 5.4% worked in offices,
including site offices. 93.9% of the respondents were male, and only 6.1% were female. Over half of
them (54.0%) were within the age group of 25-34 and 35-44, whereas about one-third (35.5%) were
within the age group of 45-54 and 55 and over, representing elder construction practitioners. The
remaining respondents (10.5%) were in the youngest age group of 18-24. The education levels of the
respondents were mainly secondary school level (53.9%) and above secondary school level (26.2%).
More than two-thirds of them (69.0%) were married, and 64.8% lived with their children. Chinese
(84.3%) was the main race, followed by Nepalese (12.4%), and they constituted the major proportion
(95.7%).

Statistical Package for the Social Sciences (SPSS) was used to calculate reliability and conduct
factor analysis. Analysis of Moment Structures (AMOS) was used to carry out Structural Equation
Modelling (SEM). The reliability and validity of the questionnaire were assessed. Reliability is the
level that the questionnaire produces stable and consistent results where validity refers to how well
the questionnaire measures what is purported to measure [35]. All the items reflected acceptable
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reliability that their Cronbach’s alpha is higher than the cut-off value of 0.7 (Nunnally, 1978, as cited
in [36], pp. 709) with the exception of the alpha value of safety participation (SP) was 0.689 so SP was
excluded from further analyses. Factor analysis helps understand the structure of a set of variables
[36]. Principal components analysis (PCA) was adopted for each construct in this study to reduce a
large set of variables to a smaller set [37].

SEM was then carried out, and there are two components within a model: the measurement
model prescribes which measured variables are indicators of a latent variable (factor), whereas the
structural model defines the relationship among latent variables [38]. Although SEM can anlayse
direct and indirect relationships among latent and observed variables simultaneously [39], Anderson
and Gerbing [40] advocate a two-step approach to model testing. The Confirmatory Factor Analysis
(CFA), model fit, and convergent validity of each construct were analysed first. The model fit, and
discriminant validity of the overall measurement model were then analysed. After that, the structural
model was tested. In terms of model fit, global fit measures are used to assess if the theoretical model
adequately fits the sample data. Model modification is required for individual constructs if the model
cannot achieve the acceptable fitness indices [39]. First, the items were removed to improve the model
fit if the standard estimate of the items was less than the required 0.50 level. Second, the modification
indices (MI) for the covariances were referred to covary error terms that are part of the same factor,
and the largest modification indices were addressed first [41]. Similar to the measurement model, the
fitness of the structural model needed to be examined first. The modified structural model fitness
indices were: Chi-square/df=2.687 <3, p-value = 0.000, Tucker-Lewis Index (TLI)=.819, Comparative
Fit Index (CFI)=.836, RMSEA (Root Mean Squared Error of Approximation)=.068. The x2/degrees of
freedom (CMIN/DF) showed acceptable fit, and TLL CFI, and RMSEA achieved marginal fit, so the
construct was not modified further. Figure 2 shows the results of standardised estimates and model
fit indices for the modified structural model. Table 3 summarises the results of the tested hypotheses,
and Figure 3 highlights the significant results of the questionnaire survey.

Table 3. Results of the tested hypotheses.

Hypothesis Result Regression weight
Hla: Intention (of safety violations) has negative impacts on Significantly
safety Com}?liance o o Confirmed for Hla and different from zero
H1b: Intention (of safety violations) has positive impacts on Hib at 0.001 level (two-
safety violations tailed)
. S . (H1c was excluded)
Hlc: Intention (of safety violations) has negative impacts on Hla: -0.52
safety participation H1b: +0.56
H2: Attitude (of safety violati h itive i t
. : itude (of sa e. y v1.o ations) has positive impacts on Confirmed 12: +0.10
intention of safety violations
HC’;: NF)rms (of safety vio}ations) have positive impacts on Refuted Not applicable
intention of safety violations
H4:.P.erc?ived behav}oura? control (of sa.fety .Violations) has Confirmed 14: +0.91
positive impacts on intention of safety violations
HS5: Perceived quality of safety rules and procedures has positive
impacts on:-
- attitude of safety compliance (Hb5a) Refuted Not applicable
- norms of safety compliance (H5b)
perceived behavioural control of safety compliance (H5c)
H6: HRO has positive impacts on:-
- attitude of safety compliance (Hé6a) Confirmed for H6a and Héa: -0.34
- norms of safety compliance (H6b) Héc (H6b was refuted) Héc: -0.21

- perceived behavioural control of safety compliance (Hé6c)
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Theory of Planned Behaviour (TPB)

67 New Constructs Cognitive Intention Safety
) Determinants Behaviours

Legend:
H-HRO P — Perceived behavioural control
Qu - Perceived quality of rules and procedures I - Intention
A - Attitude SC - Safety compliance
DN - Descriptive norms SV - Safety violations

SC - Subjective norms

Figure 2. Standardized Parameter Estimates of Modified Structural Model (Chi-square/df=2.687, p-value = 0.000,
TLI=.819, CFI=.836, RMSEA=.068).
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Figure 3. Results of the study. The significant results are indicated with three asterisks.

3.2. Qualitative Results and Analysis

In Hong Kong, people describe older workers with more experience as Sih-Fus (fififéf). However,
there are no well-established definitions for Sih-Fus (Eifif#). It is just a generic term, and people tend
to use working experience for classification. In order to establish a rapport with the respondents,
workers who have been working for more than ten years were called Sih-Fus (£fif#)through the
interviews. Those Sih-Fus (Efif#) generally accepted this title, and young workers also did not have
any adverse comments on this classification. The interviews revealed deep insight into Sih-Fus (Eifif#
) and young workers’ self-perceived safety performance. The distinctive features of Sih-Fus (fififf)
and young workers can be described in terms of ability and adaptability. Interestingly, the
weaknesses of Sih-Fus (Fififf) can be considered as the strengths of young workers. For instance, Sih-
Fus (Ffif#) have more experience, so they are more able to spot the dangers at sites, whereas Sih-Fus
(BT{#) might also be over-confident in their own ability.

Young workers think that Sih-Fus (£ifif) deserve respect for being a “master” for young workers
since they have better workmanship and much experience in safety and all aspects of their work.
However, most Sih-Fus (ffifff) do not acknowledge such responsibility. In reality, they focus on
productivity. Their low safety engagement in training young workers may be explained by their
perceived age similarity with others [42]. Sih-Fus (Fifif#) may not develop a close relationship with
young workers easily due to their generation gap. This phenomenon may result from the daily wage
system and high mobility of Hong Kong construction industry workers.

Regarding who is important in promoting safety, a number of workers recognised the
importance of all stakeholders, including themselves. Some middle managers suggested that the
management of construction companies has started to recognise the importance of safety
engagement. Although managers and supervisors expect changes in workers’ attitudes, they do not
engage effectively in promoting the desired changes [43]. In addition, there is low safety engagement
of construction workers. The findings can be explained by the top-down approach suggested by
Rasmussen [44] that the construction industry comprises multiple levels. Regarding policy
establishment, the rules and procedures are set by the top level, i.e., the head office. Lower levels then
execute the rules and procedures. Sih-Fus of subcontractors usually are the “followers” of those rules
and procedures. There are no bottom-up mechanisms for reflecting their views and communicating
their difficulties with upper levels. Eventually, they have little communication about safety with their
coworkers and supervisors. Most of them think that they only have to comply with the rules and
procedures. The interviewees also recognised that more safety training opportunities should be
provided at construction sites to address safety issues. The current training content also does not
consider the uniqueness of every work trade and dynamic changes at sites.

The finding of perceived behavioural control being the most significant factor affecting
construction workers’ intention on safety compliance was reinforced by the interviews that over half
of the respondents highlighted work progress and working environment as the key factors affecting
safety compliance. Sih-Fus (Efif#) believed that they had sufficient safety knowledge and knew how
to work safely. However, they were too pressurized to complete the work quickly, so they sometimes
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decided to work without following the safety rules and procedures. The working environment can
also be interpreted as an element of perceived behavioural control. First, it relates to the physical
working environment in which sufficient space is required to carry out the safety measures. Second,
the safety standard varies among different main contractors. The standard would be higher for
government jobs. Third, monitoring levels affect safety compliance.

Attitude also significantly affected the intention, but its effect was much weaker. Nevertheless,
over one-third of the respondents reaffirmed this finding. When compared to the term “attitude”,
“self-awareness” was much more frequently mentioned by many respondents. Self-awareness
reflects the concept of mindfulness in HRO. Mindfulness refers to HRO having “a mental orientation
and a rich awareness of discriminatory detail, i.e., when people act, they are aware of context, of ways
in that details differ, and of deviations from their expectations” [23] (pp. 88 and 32).

Surprisingly, some of them admitted that they have low safety awareness. They would be more
aware of safety if they and other workers had accidents before or were afraid of being punished.
Frontline workers generally have lower safety awareness. They may only concentrate on their own
task. For instance, the workers who wash site vehicles may ignore lifting work. Self-awareness
depends on workers’ perception of whether safety or “earning money” is important. The relevant
importance of their own lives may be related to their personality. Using personal protective
equipment as an example, workers are the ones who choose to use it or not. It may be difficult to
ensure that they use it. If workers have high safety awareness, they would review the environment
and work only if it is safe. In their opinions, their self-awareness is affected by other factors, such as
the mindset of “catch up on progress”, inspection (punishment) and monetary reward.

Some Sih-Fus (fififff) and young workers suggested that self-awareness, which refers to safety
and communication awareness, is more important than norms since safety compliance depends on
whether you are willing to get injured yourself. Nevertheless, some respondents suggested that
normes is still important. Norms represent the overall atmosphere in the working environment and it
is created by people working there. The respondents’ feedback indicated that Sih-Fus (ffif#) may be
a bad model for young workers. For instance, young workers may listen to their instructions during
work. If Sih-Fus (Fififf) ask them to cut corners to catch up on the progress, they may simply ignore
the safety rules.

In line with the research model, the quality of safety rules and procedures was explained by
several respondents as a meso factor. The objectives of the safety rules and procedures seem unclear
to some Sih-Fus (Efif#). Both Sih-Fus (Efif#) and young workers shared their difficulties in complying
with different sets of safety rules established by different main contractors and clients. The intention
in safety compliance is adversely affected by inconsistent safety standard of construction companies.
The inconsistent safety standard would adversely affect the construction workers’ self-awareness in
return.

Respondents also shared a number of macro factors affecting construction workers’ safety
compliance. They are institutional contributors that include (1) subcontracting and salary system; and
(2) competitive tendering. These macro factors may not directly affect safety compliance but
negatively impact meso and micro factors aforesaid. The high mobility resulting from adopting the
subcontracting system adversely affects the grasp of safety knowledge and incentives to teach young
workers. In addition to the daily rate, the Cau-Ga ({)5%) system commonly exists in plastering, tiling
and scaffolding. The nature is similar to the subcontracting system but on a smaller scale.
Subcontractors further “subcontract” part of the works, such as by floor or area, to Cau-Gas (¥)%),
which are comprised of gangs of experienced Sih-Fus (Ffiffi). Interestingly, those Sih-Fus (£ifif#) are
usually daily workers. At the same time, they complete those urgent tasks for an extra bonus. This
type of incentive is used for projects with tight schedules. Consequently, Cau-Gas (¥/57) would focus
more on productivity, so they seldom interact with inexperienced workers. The high popularity of
Cau-Gas (¥/57) in construction projects also reaffirms the reality that site progress is always the top
priority. The respondents also suggested that all stakeholders, including government, developers,
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main contractors, subcontractors, and workers, should be involved in construction safety from the
outset, from the procurement method (competitive tendering) to safety culture in the industry.

4. Discussion

In the research model, Hla and H1b were confirmed. Mediocre coefficients were found which
supported the stipulation in the TPB that intention is the most proximal predictor of human
behaviours. Construction workers would be the key to safety as they have control over their safety
behaviours. Although previous studies have different views on the human role in accident causation,
the finding substantiates the importance of workers themselves for safety compliance and violations
and highlights human factors.

There are three proximal factors and two distal factors affecting workers” intention of safety
violations in this adapted TPB model. The factors affecting workers’ safety compliance range from
micro, meso to macro factors [45]. The three proximal factors can be viewed as micro factors, whereas
the two distal factors can be viewed as meso factors. They might result from the institutional
contributors pinpointed by the interviewees that can be viewed as macro factors. The underlying
institutional issues composing the current phenomenon of Hong Kong construction workers’ safety
violations can be explained in terms of the “socio-technical systems” view. Considering the definition
by Noy et al. [7] in this context, the workers’ safety compliance is shaped by the interactive influences
of work relations (socio subsystem) and technology (technical subsystem). Therefore, the research
model provides a framework for examining safety violations, but the existence of other possible
factors and their interactions should also be considered.

Among the three cognitive determinants in the TPB, perceived behavioural control was found
to be the strongest factor affecting intention. H4 was confirmed to support the development of the
TPB from the TRA with perceived behavioural control incorporated. Behaviours are not always
under people’s complete control, i.e., safety violations in this research. In terms of ability, it refers to
the workers” own workmanship and experience, i.e., how the workers can complete the work
with/without complying with safety rules and procedures. The workers’ perceived ability would also
be affected by the external influence.

Regarding attitude, H2 was confirmed but the effect of attitude was much weaker than perceived
behavioural control. Attitude refers to how workers value safety, i.e., whether they would place
safety over other concerns, such as site progress. Many interviewees referred to attitude as self-
awareness. Workers who are more aware of safety during work would be more willing to comply
with safety rules and procedures. Self-awareness of individual workers reflects how well
construction companies apply the concept of mindfulness in HRO.

The original TPB only examines the subjective norms on intention and recent studies further
develop the theory by including descriptive norms. H3 was refuted as insignificant negative impacts
of both subjective and descriptive norms on intention were found. On one hand, the findings may be
explained by the identity level discussed in Choi and Lee [46]. When the workers do not identify with
the reference group, i.e., their coworkers and supervisors, group norms do not influence their safety
behaviours. On the other hand, their self-awareness (own attitude) would be more important than
coworkers and supervisors’ behaviour and pressure from them. Norms may indirectly affect
intention via perceived behavioural control and attitude. Since the behaviours and pressure on safety
violations may not be obvious, the mindset of “catch up on progress” may be accumulated and
instilled in the workers” mind from their coworkers and supervisors’ daily behaviours and social
pressure.

Hé6a and Hé6c were confirmed. HRO affects the perceived behavioural control and attitude
significantly. The result sheds light on the importance of HRO since it originates in the proximal
factors that consequently affect the intention of safety compliance. High reliability organisations refer
to construction companies that are able to maintain their sites at low accident rates. To achieve such
a target, construction companies need to demonstrate the five principles of anticipation and
containment of unexpected events. The findings align with the proposition in Rowlinson et al. [47]
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that the maturity of organisations is one of the aspects where new initiatives need to be developed in
the Hong Kong construction industry. H6b was refuted. Nevertheless, a significant negative impact
was found in HRO on descriptive norms. This may be explained by the rationale of HRO that it does
not refer to strict safety compliance but requires a sense of reflectiveness for ongoing improvement
on safety rules and procedures.

Instead of strict compliance, HROs can be viewed as “Model 2” of safety rules management that
blame culture should not be maintained for safety violations and a translation process and adaption
to any situation is required [48]. Heedfulness of the surrounding environment is important for
managing uncontrollable risk in HROs and such heedfulness may cause violations of safety rules
[49]. As suggested by Gudela and Weichbrodt [50], in addition to a mindful culture, construction
companies should carefully assess their safety rules and procedures since they affect the stability and
flexibility of organisational processes for being HROs successfully. In Hong Kong, there are
prescriptive and performance-based safety legislation that contractors need to comply with and
employ proactive safety management approaches to satisfy different stakeholders’ requirements
simultaneously [51]. The dichotomy does not fit well for HRO.

Regarding perceived quality of safety rules and procedures, H5 was refuted. Factor Q2 and Q1
have contradictory results; only the former showed a significant impact as hypothesised. Although it
did not demonstrate consistent results, the interviewees’ responses provided some insights regarding
the current condition. Safety rules and procedures may be adequate for professional management,
but they are not for workers due to the subcontracting system. The rules’ level should be applied
according to users’ circumstances and capabilities [48]. However, the head office of construction
companies establishes the safety guidelines, rules and procedures and then site offices are requested
to implement them in Hong Kong. The workers are usually not engaged in safety management.

In addition to improving current safety trainings that adopt classroom and traditional paper-
based examination, the interviews support the proposition of Shen et al. [52] that workers, in
particular Sih-Fus (Efif#), who are more likely to be influenced by entrenched working habits, should
be repeatedly reminded about safety on the job even construction companies with a positive safety
climate. Weaknesses in safety management should also be addressed. For instance, using
retrospective data, e.g., accident rate, for assessing safety performance is passive. An active approach,
such as behavioural monitoring of workers” actions for providing immediate feedback, would be
desirable. The interventions will be effective only if the safety management system is well-developed
[43].

5. Conclusions

This research has thoroughly explored workers’ current context and safety violations in the
Hong Kong construction industry. The distinctive characteristics of Sih-Fus (Bfif#) and Cau-Gas (}
%) were identified from the interviews, and they further intensify the issue of safety violations. This
research substantiates the use of the TPB in this context, which examines different levels of factors
affecting construction workers’ safety violations, ranging from micro, meso, and macro factors. In
particular, this study has innovatively applied the HRO measurement instrument to Hong Kong
construction organisations. This study applied socio-technical system thinking. Construction
workers’ safety violations and compliance are affected by their network of work relationships and
the work process and techniques [7]. The interviewees highlighted the institutional contributions that
explain the poor performance at the work face level and the weakness of management in not being
mindful of these issues.

It should be acknowledged that every research has its own limitations. For the quantitative
results of this research, safety compliance and violations were self-reported by the construction
workers. To relieve the social desirability issue that may exist in their responses, anonymity and
confidentiality were emphasised and clearly explained to the respondents. For the qualitative results,
the researcher may have bias during organising and analysing the data, so the qualitative data
analysis computer software NVivo was used to conduct the content analysis more systematically.
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Due to the complex dimensionality of safety violations, an ethnographic study is suggested to
observe and explore construction workers’” social interactions and behaviours during their daily
work. The other factors identified from the interviews and the outcomes of safety behaviours, such
as injury rate, absenteeism, etc. can be further incorporated into the research model to provide a
comprehensive insight into the safety behaviours. When more time is allowed, a longitudinal study
can be conducted to examine the changes in safety behaviours and the factors’ impact over time. The
interviewees strongly emphasised the issue of the workers’ low safety engagement. The construct of
safety engagement can also be examined to reveal different perspectives of safety behaviours in
future research.

Although the research focuses on construction workers, all stakeholders should be responsible
for the workers’ safety behaviours. This is the essence of HRO that the whole construction
organisation should be mindful. Safety compliance of Hong Kong construction workers should be
viewed as an institutional issue and consists of numerous interactions as a whole so all stakeholders
should get involved. It should be acknowledged that recurring problems exist throughout the whole
system. Safety engagement is an essential next step for safety management in the Hong Kong
construction industry.

Policy-makers can develop relevant interventions based on the relationships established in the
findings: workers’ perceived behavioural control and attitude affect their intention, which in turn
improves their safety compliance. Perceived behavioural control can be explained from different
perspectives. In addition to construction workers’ own perceived ability, the interviewees
highlighted the impact of external influences (work progress and working environment) on
perceived behavioural control. All stakeholders have their responsibilities for improving work
progress and working environment. For example, clients and consultants should establish a
reasonable construction period and minimise late design changes during the construction stage to
alleviate the pressure on work progress. Meanwhile, main contractors should provide adequate
working space and have effective project planning and resourcing to ensure smooth project
execution.

Training should be tailor-made and provided for the construction workers to tally with
distinctive features exhibited by Sih-Fus (Efi{#) and by young workers. For example, the training for
young workers can be more focused on enhancing their capability, i.e., the rationale and significance
of the safety rules and procedures, whereas Sih-Fus (fifif#) should be reminded about the potential
risks and the importance of self-awareness emphasised. Existing habits of Sih-Fus (Efif#) should be
changed and new habits (i.e., good practice) should be developed in the long term since habits
represent Sih-Fus’ (fififf) beliefs of what behaviours are correct.

The institutional contributors reveal the reality that the government, developers, consultants,
main contractors and subcontractors should collaborate. For instance, the government can provide
subsidies to subcontractors for providing training opportunities and subsidise the income of their
workers attending training courses. Although the research focuses on construction workers, all the
stakeholders involved should have a role in the workers’ safety behaviours.
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CFI Comparative Fit Index
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HRO High Reliability Organising
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TLI Tucker-Lewis Index

TPB Theory of Planned Behaviour
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