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Abstract

An unsafe act is a type of work that involves some risk. Since more than a decade,

unsafe act has accounted as a foremost cause of work-related accident, especially in

the field of construction. Several attempts have been made to reduce the causes of

unsafe acts; however, shortcut, which is a notable type of unsafe act, has received

little attention in previous works, even though some of causal effects have been

attributed to this habit. This paper aims to reveal an unexplained proportion that

can be explained by different underlying causes of motivational problems to

shortcuts rather than by habit. Accordingly, two structural models have been

proposed based on quantitative and qualitative data from previous reviews

associated with the effects on negative feeling and thinking on risk management.

These models were tested using on Exploratory Factor analysis (EFA) and

Confirmatory Factor Analysis (CFA) on data collected from a cross-section

survey conducted at construction sites in largest cities within the Kingdom of

Saudi Arabia (KSA), where large number of accidents in these cities occurred.
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Data of 204 respondents of the mailed questionnaires were analyzed after screening

all responses. Statistical Package for Social Sciences (SPSS) (version 22) was used

to test for Structural Equation Model (SEM) assumptions. The developed

hypotheses were tested and model with the best fit was identified. Findings

revealed that 45%e55% of the motivational problems to shortcuts were explained

by the selected structural model.

Keywords: Psychology, Safety engineering, Sociology

1. Introduction

The literature provides a useful account of how the rate of accidents resulting from

unsafe acts has remained unchanged for more than a decade. In that period, several

researchers have sought to determine the severity of unsafe acts by focusing on hu-

man errors. They have reported that human errors cause about 70%e90% of

accident-related work injuries (Steve et al., 1995; Berek et al., 2017). One recent

publication emphasized the need to focus on the human errors associated with the

most common type of accidents that occur at construction sites (Nadhim et al.,

2016). They found several reasons for unsafe acts led for construction accidents. In-

dividual characteristics, knowledge, skill, attitude, physical work environment, site

conditions, the usability of tools and equipment, training and education, risk expo-

sure, and enhancement of safe work instructions at sites were highlighted as the main

causes of human errors. However, the authors stated that the associations between

human errors and foremost cause of unsafe acts have not received enough attention

in previous works.

A shortcut is an intended act, which is either a routine violation or an expected viola-

tion by the performer (Steve et al., 1995; Seo, 2005; Watson et al., 2005; Zin and

Ismail, 2012; Yi et al., 2014; Morrow et al., 2014; Oswald et al., 2015). The former

constitutes a larger proportion of total unsafe acts, contributing to about 63% of total

industrial accidents (Reyes et al., 2015) and about 77% in construction accidents

(Darvishi et al., 2015) whereas the latter is rarer (Steve et al., 1995). The habit,

worker culture and unavailability of safety equipment were highlighted as the

main causes of unsafe behaviors at construction workplace (Darvishi et al., 2015).

Continuous training and monitoring were suggested to increase the risk perception

toward unsafe behaviors. Risk communication (Moura et al., 2017a,b) and work

environment (Jones et al., 2018) were also associated with unsafe behaviors. How-

ever, shortcuts-based motivational problems have been highlighted as forefront type

of routine violations till today (Steve et al., 1995; Moura et al., 2017a,b; Jones et al.,

2018) and the related associations (safety training, follow-up, risk communication

and work environment) were not hypnotically and statistically addressed in the those

studies.
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Hereby, the objective of this paper was to seek to consolidate different measurable

indicators of underlying causes to take shortcuts by analyzing quantitative and qual-

itative data from articles published in the past 10 years as main foundation for con-

structing the theoretical model. The focus was exclusively on the possible factors

associated with the tendency to take shortcuts that could be transmitted through

routine perception-based errors. The purpose of this paper was extended to discov-

ering whether the sizes of the causal effects of a mediator could be influenced when

stress-based tension moderated the effect of mediation. However, the outputs from

this paper cover the unexplained proportion of different underlying factors to the

motivational problems to take shortcuts. The proposed models have been confirmed

based on evidences collected from participants at construction sites in three major

cities within Saudi Arabia.
2. Background

2.1. Influence of safety training on risk management

Research and speculation on causes of unsafe acts have grown rapidly to identify the

relationships between these causes and the probability of unsafe acts. Various

studies have highlighted causes such as task complexity, safety practice, safety

climate, safety learning, risks perception, safety leadership, and other factors.

More than a decade ago, the relationships of safety attitudes with accident rates,

risk behaviors and safety climates received attention in addition to the classification

of unsafe acts (Siu et al., 2004; Watson et al., 2005). Subsequently, until recently,

similar concepts were studied (Darvishi et al., 2015; Remawi et al., 2010; Wang

and Sun, 2012; Wachter and Yorio, 2014; Ghahramani and Khalkhali, 2015). In

many studies, safety training has been recognized as a vital factor with reference

to different aspects of risk management whereas the statistical study of safety

training dimensions on risk management has not received sufficient attention.

The safety learn is one of safety training dimensions to gain knowledge, skill and

attitude as reported in many researches. More recently, leadership safety training

has been reported as a moderator in the relationship between leadership knowledge

and risk management (Von Thiele Schwarz et al., 2016) and it was considered as

way to prevent construction accidents (Skeepers and Charles, 2015). On the other

hand, lack of leadership knowledge on risk management was reported as the reason

for the wrong decision made by workers (Ganguly, 2011; Borys, 2012; Amorim and

Pereira, 2015). In the field of construction, safety training is highly recommended

across different levels of employees toward unsafe acts minimization and safety

practice improvement (Garrett and Teizer, 2009; Charehzehi and Ahankoob,

2012; Darvishi et al., 2015).
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The reaction and behaviour are two safety training dimensions that have been clearly

demonstrated in different researches. The debate about risk perception has gained

fresh prominence with many arguing that both understanding and acknowledgment

of safe behaviors are subjected to the level of the perception (Agwu, 2012;

Amundrud and Aven, 2015). The strength of risk perception can minimize unsafe

acts, and it can be achieved by delivering effective safety training to leaders and their

followers (Santiago, 2007; Borys, 2012; Leung et al., 2016). When the safety

training reflects the life of workers and the reality of their work with reference to

the risks they are exposed, it will increase their knowledge about those risks

(Floyd and Landis Floyd, 2014; Vasconcelos and Junior, 2015; Biassoni et al.,

2015; Ricketts, 2015; Moura et al., 2017a,b). Moreover, it enhances their hazard

recognition or risk perception, which in turn, can improve their decision making

(Amorim and Pereira, 2015; Skeepers and Charles, 2015; Leung et al., 2016).

When the workers receive sufficient amount of safety training, they can complete

the assigned work safely (Embrey, 2005) and with minimum errors (Seong et al.,

2013). In contrast, poor training was highlighted as one of the significant causes

of accidents at construction sites (Garrett and Teizer, 2009; Charehzehi and

Ahankoob, 2012), especially when new employees are not trained regarding safe

practices (Ganguly, 2011). Hereby, the above findings indicate that both reaction

(feeling about risk from the given training program) and behaviour (thinking-based

risk management) influence the effectiveness of safety training on risk management.

Safety behavior was reported as the function of perceptions regarding risk manage-

ment (Zhou and Jiang, 2015).

Other researchers highlighted different training dimensions, such as, topic coverage,

organizational coverage, and training frequency to identify training as a way to ac-

quire knowledge, skills, and appropriate attitudes (Yi et al., 2014). Training fre-

quency was also reported as another dimension that increases the effectiveness of

a given safety training program (Darvishi et al., 2015). The evidence for the need

of assessing the effectiveness of safety training to maintain low risk was highlighted

by Yi et al. (2014). The safety training is essential for a wide range of safe operations

whereas resource constraints and lack of knowledge about training needs are still the

major reasons for inadequate training. However, the effectiveness of safety training

was evaluated by four aspects, namely, reaction, learning, behavior, and outcomes

(Moldovan, 2016). From the above findings, it is evident that there are associations

between the effectiveness of safety training and risk management, according to the

different levels of employees, which affect their feelings and thoughts about taking

risks or managing those risks in a safe manner. In this paper, five indicators have

been used based on above findings to infer about the effectiveness of safety training

on risk management. Frequency, coverage, reaction, learn and behavior were used to

indicate about safety training effectiveness in order to examine the statistical influ-

ence on both feeling and thinking toward risk management. Unlike other studies,
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this paper intends to examine the effect of safety training statistically through a

maximum possible indicators.
2.2. Influence of stress-based tension on risk management

Despite the importance of tension in the work environment, there remains a lack of

statistical evidence on its association with the motivational problem of taking short-

cuts. It was emphasized that rules and procedures would not lead to risk management

because of the weak safety perception while communicating their contents

(Sheridan, 2008; Shi and Inoue, 2012; Moura et al., 2017a,b; Liang et al., 2018).

In a recent publication, the lack of ability to transfer knowledge into effective actions

was highlighted (Moreno and Cavazotte, 2015; Jepson et al., 2017; Moura et al.,

2017a,b; Liang et al., 2018; Oah et al., 2018). The authors also recommended that

knowledge management is a necessary factor to support employees’ decision mak-

ing while performing their tasks. The visual-based design of safety signboards or

posters as communication media to recognize the surrounding hazard and perceive

the degree of risk consequence (Amorim and Pereira, 2015). Moreover, the same

advice was highlighted in a more recent study on information design (Yoon et al.,

2016). The above authors emphasize the importance of communication as a source

of maintaining proper risk management and acknowledge that it could be a source of

tension if it is not rational (Jepson et al., 2017; Oah et al., 2018).

Researchers have paid attention to the physical work environment by focusing on the

commitment to keeping safety as the first priority. The normal working condition

was significantly associated with the level of safety compliance. The latter was

affected when the former interacted with issues related to inappropriate physical en-

vironments (Leung et al., 2010; Moura et al., 2017a,b; Techera et al., 2018). It was a

result of unavailability of risk management procedure to control those effects in the

earlier stage (Bowen et al., 2014; Leung et al., 2016). The ability to complete a task,

positive expectation, self-learning to achieve a task, and ability to manage work-

related risks were identified as factors that were positively associated with the

perception of the physical work environment (Bergheim et al., 2015; Moura et al.,

2017a,b). The work environment increases the possibility of misunderstandings

related to safety perception (Ganguly, 2011; Blazsin and Guldenmund, 2015;

Liang et al., 2018). The above evidences emphasizes the negative aspects of the

physical work environment that can act as another source of tension.

Few studies aimed to understand the constraints on workers’ capabilities and their

needs based on the conditions of their work environment (Report et al., 2001;

Jaffar and Lop, 2011a,b; Moura et al., 2017a,b; Techera et al., 2018). Another

study indicated that the effect of safety compliance on safe work practices was pre-

dicted by the effects of both workload and extra rules (Mohammed et al., 2016;

Leung et al., 2016). These studies confirmed the need to address the margin of
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a personal lifetime to serve the important life-issues and minimize the associated

tension. Duration of work was reported as a source of risk when it causes tensions

(Hobbs and Williamson, 2003; Leung et al., 2016). Additional evidence for main-

taining enough margin of a personal lifetime was explained when tight schedule

contributed to taking shortcuts (Zhou and Jiang, 2015). The work procedure

was indicated as a source of risk when it was not developed appropriately based

on the available resources in the physical work environment (Praino and Joseph,

2016). The risk management was also addressed for the available time when it

was less than that required for completing the work. However, risk communica-

tion, physical work environment and the margin of a personal lifetime were

used in this paper as new subject to infer about the statistical influence of the

stress-based tension as a predictor for both feeling and thinking toward risk

management.
2.3. Influence of routine perception-based errors on risk
management

Several studies have explored different factors influencing the safety perception.

More recently, the lack of hazard recognition or risk perception was reported as

the reason for the wrong decisions of workers (Amorim and Pereira, 2015; Ozmec

et al., 2015; Moura et al., 2017a,b). Risk assessment is used to increase risk percep-

tion (Agwu, 2012) if the risk is understood, recognized (Rasmussen and Lundell,

2012; Amundrud and Aven, 2015), and ultimately controlled (Sheridan, 2008;

Leung et al., 2016). Specifically, safety commitment/communication, safety

involvement/training, positive safety practice, safety competency, safety procedure,

responsibility, supportive environment, and safety prioritization were statistically

associated with the routine safety perception (Ghahramani and Khalkhali, 2015;

Moura et al., 2017a,b). Thus, feelings about stimuli experienced at the workplace

will affect the thoughts pertaining to risk management.

Safety behavior significantly affected the safety perception in the construction field

when both work environment and workers’ needs existed (Pecquet, 2013; Liu and

Song, 2014). The interactions between work behaviour and capability were affected

the risk management and consequently led to unsafe decision (Mitropoulos et al.,

2010). When the task does not fit with individual, the likelihood of routine safety

violation will increase (Jaffar and Lop, 2011a,b) and mostly taking shortcuts

(Jones et al., 2018). Emotional risk perception can be achieved when risk communi-

cation, proper safety program, good work environment, minimum workload are

controlled (Oah et al., 2018). The above publications indicate different issues asso-

ciated with feeling-based risks and thinking-based risks. Unlike other publications,

those issues were statistically examined to infer about routine perception-based

errors.
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Risk communication can improve safety perception and minimize unsafe acts (Zhou

and Jiang, 2015). Further, the perception of role clarity, career commitment, and job

performance was statistically predicted by risk communication (Borys, 2012;

Kalkavan and Katrinli, 2014; Moura et al., 2017a,b). The perception of near misses

is one of the essential practices in risk communication to minimize the unsafe acts/

conditions. An attention statistically mediated the relationship between safety

behavior and the combination of attitude, personal norms, and perceived control

(Watson et al., 2005; Santiago, 2007). The above findings support the importance

of the role of feelings and thoughts regarding risk management in the incidence of

routine perception-based errors.
2.4. Motivational problem of taking shortcuts

Researchers have paid significantly less attention to the factors contributing to the

motivational problem of taking shortcuts. Safety rule violations were associated

with time pressure (Hobbs and Williamson, 2003). The issue of time pressure has

been a controversial and much-disputed subject within the field of safety violation.

Hence, the relationship between task complexity, experience, time availability, and

time pressure were studied as predictors of the probability of human error

(Nummenmaa et al., 2014). The systematic understanding of how the time pressure

contributes to the motivational problem of taking shortcuts can be inferred by the

margin of a personal lifetime, which is considered as one of measurable indicators

of stress-based tension in this paper.

The risk of taking shortcut can be increased when workers seek for positive value by

ignoring safety regulations (Zhou and Jiang, 2015). The effect of emotional risk

communication can make positive changing on the worker’s behavior (Kalkavan

and Katrinli, 2014; Bowen et al., 2014; Hayes, 2015; Jepson et al., 2017; Oah

et al., 2018). Different fatigue-related issues were highlighted in construction sites

as incomplete recovery or lack of sufficient time after work, workload, work environ-

ment and social environment (Techera et al., 2018). They found those issues have a

strong association with the construction accidents. Risk knowledge was highlighted

as a way to have proper decision (Aven, 2016) and it can be achieved through safety

training (Jepson et al., 2017). The above findings support three indicators (saving

time, reducing effort, and gaining value) that contribute to the motivational problem

of taking shortcuts as newly represented by this paper.
2.5. Anticipated theory on the motivational problem of taking
shortcuts

Safety training effectiveness is an exogenous factor that can be inferred by different

indicators (frequency, coverage, reaction, learning, and behavior) that combined

from the previous reviews (Santiago, 2007; Garrett and Teizer, 2009; Ganguly,
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2011; Agwu, 2012; Charehzehi and Ahankoob, 2012; Borys, 2012; Moldovan,

2016; Floyd and Landis Floyd, 2014; Liu and Song, 2014; Amorim and Pereira,

2015; Vasconcelos and Junior, 2015; Darvishi et al., 2015; Zhou and Jiang, 2015;

Biassoni et al., 2015; Ricketts, 2015; Skeepers and Charles, 2015; Amundrud and

Aven, 2015; Leung et al., 2016; Von Thiele Schwarz et al., 2016; Moura et al.,

2017a,b).

Stress-based tension is another exogenous factor. It is affected by communication,

physical work environment, and margin of a personal lifetime based on the evi-

dences summarized in the literature section (Report et al., 2001; Hobbs and

Williamson, 2003; Sheridan, 2008; Leung et al., 2010; Jaffar and Lop, 2011a,b;

Ganguly, 2011; Shi and Inoue, 2012; Bowen et al., 2014; Amorim and Pereira,

2015; Blazsin and Guldenmund, 2015; Zhou and Jiang, 2015; Bergheim et al.,

2015; Moreno and Cavazotte, 2015; Praino and Joseph, 2016; Leung et al., 2016;

Mohammed et al., 2016; Yoon et al., 2016; Jepson et al., 2017; Moura et al.,

2017a,b; Liang et al., 2018; Oah et al., 2018; Techera et al., 2018).

Routine perception-based error is an endogenous factor that is inferred from the

feeling-based and thinking-based risks about stimuli experienced at the work-

place and the subsequent actions taken (Watson et al., 2005; Santiago, 2007;

Sheridan, 2008; Mitropoulos et al., 2010; Jaffar and Lop, 2011a,b; Borys,

2012; Pecquet, 2013; Liu and Song, 2014; Kalkavan and Katrinli, 2014;

Ghahramani and Khalkhali, 2015; Amorim and Pereira, 2015; Zhou and Jiang,

2015; Ozmec et al., 2015; Leung et al., 2016; Moura et al., 2017a,b; Oah

et al., 2018). The cycle of routine perception-based error begins from feeling

to understand the consequence of the observed risk. Then, the cycle continuous

to evaluate the risk and take the action. The action will be perceived by another

person and the same cycle is repeated. This fact was concluded based on evi-

dences in the literature (Agwu, 2012; Rasmussen and Lundell, 2012;

Amundrud and Aven, 2015).

The motivational problem of taking shortcuts is the main endogenous factor in the

present study. It was inferred by three issues, namely, saving time, reducing effort,

and gaining value that were identified from the collected evidences (Hobbs and

Williamson, 2003; Nummenmaa et al., 2014; Kalkavan and Katrinli, 2014;

Bowen et al., 2014; Zhou and Jiang, 2015; Hayes, 2015; Aven, 2016; Jepson

et al., 2017; Oah et al., 2018; Techera et al., 2018). Hereby, the literature was

used as a foundation for constructing the planned theory can be expressed as a func-

tion of safety training effectiveness, stress-based tension, and routine perception-

based errors that motivate the use of shortcuts, as shown in Fig. 1 and in details

as shown in Fig. 2.
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2.6. Specifications of the theorized basic structural model

The aforementioned exogenous factors (safety training effectiveness and stress-

based tension) were assessed as independent effects in the basic structural model pre-

sented in this study. In the proposed theory, these exogenous factors are associated

with routine perception-based errors, which in turn, cause the motivational problem

of taking shortcuts. Each factor is subjected to different measurable indicators as pre-

sented in Fig. 2.
2.7. Specifications of the theorized alternative structural model

Based on the above literature, communication and poor work environment are

considered to increase the possibility of misunderstanding safety perceptions

(Ganguly, 2011; Blazsin and Guldenmund, 2015; Liang et al., 2018). These findings
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indicate the effect of stress-based tension that can moderate the relationship between

the effectiveness of safety training and the motivational problem of taking shortcuts

via routine perception-based errors. The theorized moderating effect was employed

to examine the strong influences of the relationship in the mediating effect, called as

the moderated mediation effect (Pezeshki et al., 2017) and it can be represented as

shown in Fig. 3.
2.8. Hypotheses of the theorized structural models

The previous reviews were support the development of two models as shown in Figs.

2 and 3, hereinbefore. In those figures, there are eight different hypotheses were ex-

pressed. Safety training effectiveness (STE) enhances the feelings and thoughts

regarding right safety practices and minimizes the chances of being at risk. The

routine perception-based error (RPBE) accommodates both positive feelings and

thoughts to understand the received stimuli and acknowledge the decided action.

Therefore, the following hypotheses were proposed:

H1: STE has a direct positive impact on RPBE.

H2: STE has a direct negative impact on the motivational problem to shortcut

(MPS).

H3: RPBE has a direct negative impact on MPS.

H4: The effect of the causal path between STE and MPS is transmitted through

RPBE.

Stress-based tension (SBT) is a negative or a positive stimulus received from the

workplace from the nature of the communication and physical environment at the

workplace, and the existence of necessary life-issues. Therefore, the following hy-

potheses were proposed:
Fig. 3. The alternative conceptual model having moderated mediation effects.
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H5: SBT has a direct negative impact on RPBE.

H6: SBT has a direct positive impact on MPS.

H7: The effect of the causal path between SBT and MPS is transmitted through

RPBE.

The alternative model demonstrates that stress-based tension can act as a moderator

instead of an independent factor. Hence, it was hypothesized that:

H8: The causal path between STE and MPS via RPBE could be influenced by a

change SBT.
3. Materials and methods

Different search engines were employed in search process, such as, Safety Science,

Reliability of Engineering and System Safety, Accident Analysis and Prevention,

Safety and Health at Work, Human Factors and Ergonomics Society, International

Journal of Environmental Research and Public Health, Journal of Construction En-

gineering and Management, Journal of Management in engineering and Procedia

Engineering. Moreover, there are different search terms were used for selection pro-

cess, such as, unsafe acts, intention unsafe acts management, effective safety training

to shortcuts, risk perception, risk management, worker tension and accidents and

violation-based accident. Based on the scope of this paper, 368 publications were

identified (322 articles, 8 theses, 4 conferences, 7 books, and 28 post-notes). The

post-notes were published on a professional safety website. Two filter techniques

were used to collect all the information relevant to the objective of this paper. The

first filter was carried out based on the contents of abstracts, while the second filter

was conducted after reviewing the contents of the whole document. The first filter

yielded 204 publications (182 articles, 3 theses, 2 conferences, 4 books, and 13

post-notes), while the second led to 170 articles, 1 thesis, 4 books, 2 conferences,

and 6 post-notes). During summarizing the collected pieces of evidence from the

main body of each research, the final number of articles was fixed at 58 articles in

addition to other types of publications that met the research criteria. The findings

from this stage were analyzed to configure the main foundation for constructing

the proposed structural models.

Previous studies have provided evidence for the theory proposed in this paper and

they supplied sufficient information to design the research instrument since the

required data were not available. Hence, a mailed questionnaire was designed accord-

ing to specifications, in study made by Nadhim et al. (2016), to assess all measurable

indicators in the theorized model. The developed mailed questionnaire contains items

that are rated on a 5-point Likert scale. For further details, see the questionnaire in
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supplementary material file. The appropriateness of the tool was confirmed through a

pretest survey and pilot test conducted in the most high-risk sectors in KSA.

First, the pretest survey was conducted, with a response rate of 73.33% (42.86% ac-

ademics and 100% consultants). After modifying the mailed questionnaire based on

the feedback received through the pretest survey, the validity assessment was pro-

ceeded according to procedures documented by Ghahramani and Khalkhali (2015)

as well as Pezeshki et al. (2017). The validity was assessed in two ways; using the

response on content validity (CVR) and the content validity index (CVI). The criteria

used for assessing the validity it this paper were CVI� 0.75 and CVR similar to table

reported by Colin and Andrew in 2014. Four aspects were assessed in the pretest sur-

vey (relevance, clarity, simplicity, and smoothness of contents and necessity) to adapt

and adopt the validity assessment based on the pretest feedback. The criteria used for

assessing the reliability (a) was a > 0.7, as adopted by most researchers. Both val-

idity and reliability assessments were confirmed using these criteria.

The collected data was limited to construction sites (which accounted for 46% of the

total accidents in KSA) in the largest cities (Riyadh, Dammam, and Jeddah) in which

43% of the total accidents had occurred according to the updated accidents records in

2016 (information supplied from open data in General Organization of Social Insur-

ance as listed in reference). In total, 47 construction companies within these cities

responded to the mailed questionnaire. The pilot test survey was then conducted

with candidates from the main sample in this paper (a group of employees from con-

struction sites within Riyadh, Dammam, and Jeddah). The planned sample was 70,

which was higher than the recommended sample range of 30e50 according to guide-

lines presented by Nadhim et al. (2016), for a pilot test. However, the response rate

was 87.14% (52.46% respondents worked at different construction sites in Riyadh,

36.07% respondents were from Dammam, and 11.47% respondents were from Jed-

dah). Most participants were aged 30e42 years, and most of them had an educa-

tional level of less than a diploma (high school, intermediate school, and primary

school). Few participants (17%) had more than 10 years’ experience in the construc-

tion field and most of them had less than 5 years. A reliability assessment was con-

ducted to verify the consistency of responses between respondents and it was

confirmed based on the criterion mentioned earlier (a > 0.7).

After assessing the validity and reliability of research instrument through the pretest

and pilot test procedures, the mailed questionnaire was sent to 280 workers at the 47

construction sites. This sample is greater than the recommended sample size that

was calculated according to a free statistics online calculator (link of free online calcu-

lator is available in references list). Though the response rate was 97.2%, the effective

response rate was 82.4% after applying a horizontal analysis for every individual

groups to identify missing responses and the unengaged respondents. Previous studies

have often reported a response rate of 44.5% (Morrow et al., 2014) and 48% (Schreiber
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et al., 2006) when using the same SEM technique in the same environmental field.

However, the characteristics of the respondents in themain survey validate the random-

ness of sampling of participants from different clusters (Riyadh, Dammam, and Jed-

dah). Most of the participants were aged from 30 to 42 year. Their experience levels

varied greatly, and surprisingly, older participants tended to have an experience of

less than ten years. Further, 41% of the respondents had an experience of over 5 years

and 45% had an experience of 1e5 years. Few of the workers were new (14% of the

total participants), and their responses were also taken into consideration. Most partic-

ipants fell under the job category of “workers” (89%), and this job category was one of

themajor focus areas in this paper as theyworked at the site for the longest. The remain-

ing participants were site supervisors (5%) and site safety inspectors (6%) who worked

in the same environment and dealt with accidents records. Moreover, few participants

had qualifications higher than a diploma certificate (11%), while majority of them

(64%) had an educational level lower than a diploma. This indicates the need for safety

training for construction workers, as highlighted in the existing literature. For further

information to questionnaire and data, please see Supplemental File.

The collected data were tabulated in SPSS (version 22) for checking the assumptions

of structural modeling (SEM), and explained in the next section. An Exploratory

Factor analysis (EFA) and Confirmatory Factor Analysis (CFA) was conducted by

applying the criteria of model fit indices and modification strategy as highlighted

by Schumacker et al. (2010) as well as Howard, 2013. Then, the Maximum Likeli-

hood (ML) estimation was carried out in AMOS (Analysis of Moment Structures;

version 25) to examine both structural models and to confirm the hypotheses. The

mediating effects between the casual paths of latent factors were examined using

the common procedure mentioned by Che et al. (2017), in addition to the Sobel

test statistic (Z-score) for testing the significant mediation, conducted using a free

statistics online calculator. The significant moderator was also confirmed through

the available worksheet for plotting interaction terms as well as a free statistics on-

line calculator for examining the significant moderator.

This research was approved by the ethics committee of King Saud University in

March 2016. Each participant received a questionnaire with cover page that contains

the rights, the purpose of the study, the procedures, the potential risks and benefits of

participation. At the end of questionnaire, he asked to check a designated box on the

questionnaire for the value of the study to him.
4. Results

4.1. Hypotheses verification

The conceptual models were subjected considerable hypotheses as aforementioned.

The direct casual paths and mediations were verified to confirm the developed
on.2019.e01220

ors. Published by Elsevier Ltd. This is an open access article under the CC BY license

censes/by/4.0/).

https://doi.org/10.1016/j.heliyon.2019.e01220
http://creativecommons.org/licenses/by/4.0/


14 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01220
hypothesis based on the procedure used by Che et al. (2017) and moderated medi-

ation verification as represented by Awang (2012). Unstandardized regression out-

puts were used to report estimated values and significant level for each causal

path as shown in Table 1, heretofore. The results of hypotheses verification explain

in the same table.
4.2. Model confirmation

Screening data were employed in SPSS to verify the assumptions for using structural

equation modeling (SEM). Model specifications were assessed using an Exploratory

Factor Analysis (EFA) after confirming the SEM assumptions. The EFA was used to

confirm the number of factors in different observations (measurable indicators). The

outputs of the rotated factor matrix have been summarized in Table 2, which also

shows the number of factors and their loading indicators.

AMOS was used to confirm these validities by connecting each latent factor to every

other latent factor by a covariance (or correlation) pathway prior analysis, as shown

in Fig. 4. This figure also shows the final measurement model after reaching good fit

indices (GFI ¼ 0.94, NFI ¼ 0.96, CFI ¼ 0.99, and RMSEA ¼ 0.7). These indices

were reasonably accepted. Frequency and margin of personal lifetime were excluded

to achieve a good fit in the measurement models.
Table 1. Hypotheses verifications.

Path Estimate P-value Result of Hypothesis (H)

STE / RPBE 0.64 Sig. Positive association and H1 significantly
confirmed the direct causal path.

STE / MPS -0.356 Sig. Negative association and H2 significantly
confirmed the direct causal path.

RPBE / MPS -0.087 Sig. Negative association and H3 significantly
confirmed the direct causal path.

STE / MPS
STE / RPBE
RPBE / MPS

-0.531
0.641
0.279

Sig.
Sig.
Sig.

All causal paths were still significant after
adding RPBE as mediator and direct causal
path was slightly improved. It confirmed
partial mediation and H4 was considered
valid.

SBT / RPBE -0.727 Sig. Negative association and H5 significantly
confirmed the direct causal path.

SBT / MPS 0.355 Sig. Positive association and H6 significantly
confirmed the direct causal path.

SBT / MPS
SBT / RPBE
RPBE / MPS

0.365
-0.728
0.28

Sig.
Sig.
Not Sig.

Causal paths were significant after adding
RPBE as mediator except on path. Hence, H7
was not supported.

STE / RPBE
RPBE / MPS

0.388
0.233

Sig.
Sig.

The moderated mediation confirmed since
the size of indirect effects were changed with
different level of SBT.
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Table 2. Rotated factor matrix of the Exploratory Factor Analysis.

Indicators Factors and Related Loading Indicators

STE SBT RPBE MPS

STEF .625

STEC .837

STER .820

STEL .821

STEB .786

SBTC .919

SBTE .930

SBTP .636

RPBEF .882

RBPET .900

MPSST .924

MPSRE .923

MPSGV .910

Fig. 4. Development of the basic model for the Confirmatory Factor Analysis.
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4.3. Estimation of the basic model and testing the related
hypotheses

Maximum Likelihood (ML) estimation was carried out in AMOS to examine the

basic structural model after connecting the casual paths of latent factors and adding

disturbances. Fig. 5 presents the outputs after running ML for the unstandardized es-

timates to assess the significant prediction between latent factors. However, GFI
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(0.94), CFI (0.99), NFI (0.96), and RMSEA (0.07) were found same as previous in-

dications of CFA assessment for goodness of fit. From ML outputs, all causal paths

between the latent factors were significantly estimated at a 95% confidence level

based on the observed indicators represented in the structural model. The standard-

ized residual covariances were found within the acceptable range of standard devi-

ations (�2). The sub-models were used to test the hypotheses of direct causal paths.

Unstandardized regression outputs were used to report the estimated value and sig-

nificance of each causal path. The standardized regression outputs were used to

report the statistical proportion of variance explained by exogenous factor. Table

3 shows the output of the estimated direct causal paths.

From Table 3, the developed hypotheses of the direct causal paths were tested and

summarized as follows:
Table 3. Outputs of the estimated direct causal paths in the model.

Path Estimate P-value R2 GFI NFI CFI RMESA

STE / RPBE 0.541 Sig. 32% 0.976 0.991 0.994 0.089

STE / MPS -0.495 Sig. 73% 0.967 0.987 0.993 0.081

SBT / RPBE -0.353 Sig. 5% 0.999 1.0 1.0 0.0

SBT / MPS 0.220 Sig. 5% 0.985 0.993 0.997 0.071

RPBE / MPS 0.323 Sig. 29% 0.992 0.996 1.0 0.022
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� It was confirmed that STE significantly and positively affected RPBE and the

latter was statistically explained by 32% of the change in one unit of the standard

deviation of the former. The results supported the related hypothesis and showed

a good model fit of the hypothesized direct causal path.

� It was also confirmed that STE significantly and negatively affected MPS and it

statistically explained 73% of the change in the latter. These results also sup-

ported the related hypothesis and shown a good model fit.

� It was confirmed that SBT significantly and negatively affected RPBE and ex-

plained 5% of the variation in the latter. These results supported the related hy-

pothesis with a good model fit.

� It was also confirmed that SBT significantly and positively affected MPS and ex-

plained 5% of the variation in the latter. These results supported the related hy-

pothesis with a good model fit.

� Finally, it was confirmed that RPBE significantly and positively affected MPS

and explained 29% of the variance in the latter. These results supported the

related hypothesis with opposite direction and the direct causal path was a

good fit.

However, the proportion of variance was affected by the size of each factor (number

of measurable indicators and both macro and micro, intra-indicator and inter-

indicator variations). Based on the common procedure for testing a mediator, the

following was confirmed:

� Both STE and SBT had significant direct effects on MPS before adding RPBE as

a mediator. After adding RPBE, the direct causal paths (STE/MPS and

SBT/MPS) were statistically significant and the values listed in Table 2

reduced to -0.495 and 0.22, respectively. Hence, RPBE was partially mediated

the direct causal paths. Surprisingly, RPBE was significantly and partially medi-

ated the causal path between SBT and MPS when the full model was tested un-

like previous result in hypotheses verification.

� Both STE and SBT had a significant direct effect on RPBE.

� RPBE had a significant direct effect on MPS.

The above investigations of RPBE as a mediator between STE, SBT, and MPS were

theoretically verified by comparing the calculated Z-test score with the critical con-

dition (-1.96< Z< 1.96). A free statistics online calculator was used and a value of

5.70 was obtained when RPBE mediated the casual path between STE and MPS. It

was -3.32 when the effect of the casual path between SBT and MPS was mediated

by RPBE, but these Z-scores were out of the aforementioned critical condition.

Therefore, the Sobel test statistic was used to confirm that RPBE significantly medi-

ated the causal relationship between STE and MPS, as well as that between SBT

and MPS.
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4.4. Estimation of the alternative model and testing the related
hypotheses

The estimation process of the moderating effects based on a continuous latent factor

was assessed based on the significant difference between the slopes of two interact-

ing terms. In this situation, the interactions between SBT and STE that affected the

causal paths between STE and MPS via RPBE were examined. Data were primarily

prepared in SPSS by computing the interacted indicators and saved as standardized

interaction terms. Then, these indicators were uploaded into AMOS as members of

the new family (new exogenous factor) and ultimately regressed with both RPBE

and MPS. Additional, the related exogenous factor (SBT) was also connected

with a regression line to the same endogenous factors (RPBE and MPS) as shown

in Fig. 6. ML estimation was also performed to examine the alternative structural

model with interaction (SBT � STE). The interaction was statistically significant

with RPBE and nonsignificant with MPS (0.058 marginally exceeded the p-value

cutoff of 0.05).

Additional investigation was carried out by using the available online worksheet that

was designed to plot the two-way interaction effects for unstandardized regression

weights. Fig. 7 shows that both lines show a good sign of interaction in the causal

path between STE and RPBE, whereas the collected data was not supported another

interaction. Moreover, an online Free Statistics Calculator was used to prove the ex-

istence of significant moderator in the causal paths. The calculated t-values were sta-

tistically significant for both casual paths. However, GFI (0.77), CFI (0.84), NFI
Fig. 6. Graphical representation of model with interacted latent factor.
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(0.83), and RMSEA (0.195) remained unchanged. Hereby, the alternative structural

model did not exhibit adequate fit.

The last objective of this paper is to discover whether the casual effects of STE on

MPS via RPBE differ based on the effect of SBT. Based on specifications of Hayes,

the moderated mediation occurs when one of the following three approaches exists:

the nature of mediation, size of indirect effects, or direction of indirect paths should

exist during assessing both mediators before and after adding a moderator. The com-

parisons between both situations with reference to these three angles have been pre-

sented in Table 4. The overall results observed unchanged with reference to the

nature of mediation and the direction of indirect paths. However, the size of the in-

direct effects was changed after adding the moderator. Specifically, the size of the

indirect effects reduced, which confirms the existence of the moderated mediation

model. These findings support the validity of the last hypothesis. However, the unfit

indices were considered as problems with this model.
5. Discussion

The present paper successfully attributed about 50%e55% of the variance in the

motivational problem of taking shortcuts was statistically and significantly explained

by the combined effects of safety training effectiveness and stress-based tension

when these factors are transmitted through routine perception-based errors. Fig. 8
Table 4. Evaluation of the moderated mediation model.

Mediator Path Indirect Path Size of Effect (b) Observed Natural

Before After Before After

STE / RPBE / MPS STE / RPBE 0.541 0.476 Significant
Partial Mediation

Significant
Partial MediationRPBE / MPS 0.323 0.245

SBT / RPBE / MPS SBT / RPBE -0.353 -0.431 Significant
Partial Mediation

Significant
Partial Mediation

RPBE / MPS 0.323 0.245
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is a graphic representation of the standardized estimates and proportion of variance

for the confirmed basic structural model. Moreover, 48% of the variance in feeling

and thinking about risk management was significantly explained by the same exog-

enous factors.

On the other hand, the same range of proportion of variance was observed in the

alternative model when stress-based tension was moderated the causal path between

safety training effectiveness and motivational problem of taking shortcuts. Unlike

the first model, 73% of the variance in feeling and thinking about risk management

was significantly explained in the alternative model. These findings were obtained

when safety training effectiveness was influenced by the effects of a combination

of different indicators such as coverage, reaction, learning, and behavior, which

significantly explained 88%, 92%, 93%, and 83% of the variance, respectively, ac-

cording to a cross-sectional study within three major cities in KSA.

Safety training improved 36.2% of safety perception (Pecquet, 2013) and 27.56% as

reported by Von Thiele Schwarz et al. (2016). In the present paper, it could improve

about 48%e73% when the work stressors are also under control. About 31.5% of the

safety perceptions were explained up to 94% by feeling-based risks and 90% by

thinking-based risks. The behavior explained 32% of safety perceptions as reported

by Pecquet (2013), while it significantly explained 47.7% in the present study. The

learning from safety training explained 22% of safety perception as highlighted by

Bergheim et al. (2015), while 52.1% of the same was explained in the present study.

However, the highlighted four dimensions of safety training have been statistically
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proved as vital issues in safety training effectiveness, which was not statistically clar-

ified in previous studies.

Risk communication and physical work environment are main issues that contribute

to work if they are based on rational logic. The effect of risk communication on

safety perception explained 44.3% of the variance as reported by Hobbs and

Williamson (2003), and the same significantly and negatively explained 22.54%

of the variance in the routine perception-based error as presented in this paper.

This indicates the current training programs in the selected construction sites were

not covered the risk perception toward the risks associated with shortcuts.

Ghahramani and Khalkhali (2015), highlighted 22.12% of the variance in safety

perception was statistically explained by a combination of safety communication

and supportive environment. In the present study, the same criterion explained

72.3% of the variance in the routine perception-based error. This confirms the effect

of current work environment in the selected sites on perceiving the management

risks.

However, the goodness fit indices in the alternative model were not supported by the

present cross-sectional study in the scope of the selected environment and large sam-

ple size is required to confirm the model fit. Nevertheless, six independent indicators

were identified in the theorized basic model, namely, coverage (skill, knowledge,

and attitude), reaction (degree of interest or favorably to learn), learn (degree of

acquiring appropriate skills, knowledge, and attitudes), behavior (degree of applying

trained subjects), communication (degree of involvement and consumption of

communication contents), and physical work environment (quality of the work envi-

ronment, including hazards/controls). The first four indicators have been used to

infer about the exogenous factor of safety training effectiveness. The remaining three

indicators have been used to deduce about stress-based tension, another exogenous

factor. Those two factors independently act and conversely affect the motivational

problem of taking shortcuts (saving time, reducing effort, and gaining value) and

they are partially transmitted through routine perception-based errors (feeling-based

risks and thinking-based risks).
6. Conclusions

45%e55% of the total effects on risks associated with taking shortcuts were ex-

plained in the present study. Effectiveness of safety training and stress-based ten-

sion significantly explained a proportion of the variance when these exogenous

factors were significantly and partially transmitted through routine perception-

based errors. The significantly moderated mediation did not sustain the overall

fit of the theorized alternative model. This can be considered as a recommended

area for future work.
on.2019.e01220

ors. Published by Elsevier Ltd. This is an open access article under the CC BY license

censes/by/4.0/).

https://doi.org/10.1016/j.heliyon.2019.e01220
http://creativecommons.org/licenses/by/4.0/


22 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01220
Declarations

Author contribution statement

Adel M. Al-Shayea, Mohamed Z. Ramadan, Khalid H. Al-Yami: Conceived and de-

signed the experiments; Performed the experiments; Analyzed and interpreted the

data; Contributed reagents, materials, analysis tools or data; Wrote the paper.
Funding statement

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.
Competing interest statement

The authors declare no conflict of interest.
Additional information

Supplementary content related to this article has been published online at https://doi.

org/10.1016/j.heliyon.2019.e01220.
Acknowledgements

The authors would like to thank all participants in research instruments from the

selected construction companies for continual support, guidance, inspiration and

patience that have led us through this research experience for better achievements.

They would also like to express their deepest gratitude to GOSI staff for their

continual support and encouragement to research topic. Moreover, they would

like to thank Mr. Aseef, Mr. Sujeer, Mr. Surajudeen and Eng. Hamad for brightening

us during their assistance on tabulating and reviewing the collected data. The authors

would like to acknowledge the support provided by the Deanship of Scientific

Research at King Saud University.
References

Agwu, M., 2012. The effects of risk assessment (Hirarc) on organisational perfor-

mance in selected construction companies in Nigeria. Br. J. Econ. Manag. Trade 2

(3), 212e224.

Amorim, Ana Gabriella, Pereira, Claudio M.N.A., 2015. Improvisation at work-

place and accident causation - an exploratory study. Proc. Manuf. 3, 1804e1811.

Elsevier B.V.
on.2019.e01220

ors. Published by Elsevier Ltd. This is an open access article under the CC BY license

censes/by/4.0/).

https://doi.org/10.1016/j.heliyon.2019.e01220
https://doi.org/10.1016/j.heliyon.2019.e01220
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref1
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref1
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref1
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref1
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref3
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref3
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref3
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref3
https://doi.org/10.1016/j.heliyon.2019.e01220
http://creativecommons.org/licenses/by/4.0/


23 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01220
Amundrud, Oystein, Aven, Terje, 2015. On how to understand and acknowledge

risk. Reliab. Eng. Syst. Saf. 142, 42e47. Elsevier.

Aven, T., 2016. Risk assessment and risk management : review of recent advances

on their foundation. Eur. J. Oper. Res. 253 (1), 1e13.

Awang, Z., 2012. Analyzing the moderating variable in a model. A Handb SEM X,

117e143.

Ayre, Colin, Scally, Andrew John, 2014. “Critical values for Lawshe’s content val-

idity ratio: revisiting the original methods of calculation. Meas. Eval. Counsel. Dev.

47 (1), 79e86.

Berek, Noorce Christiani, et al., 2017. Internal factors that influence unsafe acts on

construction workers. Dama Int. J. Res. 878 (3), 2343e6743. www.damaacademia.

Com.

Bergheim, Kjersti, et al., 2015. The relationship between psychological capital, job

satisfaction, and safety perceptions in the maritime industry. In: Safety Science, 74,

pp. 27e36. Elsevier Ltd.

Biassoni, Federica, et al., 2015. The contribution of safe driving training in

educating drivers to risk perception. In: Procedia Manufacturing, 3,

pp. 3333e3338. Elsevier B.V.

Borys, D., 2012. The role of safe work method statements in the Australian con-

struction industry. Saf. Sci. 50 (2), 210e220.

Bowen, P., Edwards, P., Lingard, H., Cattell, K., 2014. Workplace stress, stress ef-

fects, and coping mechanisms in the. Constr. Ind. 140 (2), 1e15.

Blazsin, H., Guldenmund, F., 2015. The social construction of safety : comparing

three realities. Saf. Sci. 71, 16e27.

Che, Wan Mohamed Radzi, et al., 2017. “Family food security and children’s envi-

ronment: a comprehensive analysis with structural equation modeling. Sustainabil-

ity 9 (7), 1220.

Charehzehi, Aref, Ahankoob, Alireza, 2012. Enhancement of safety performance at

construction site. Int. J. Adv. Eng. Technol. 5 (1), 303e312.

Darvishi, Ebrahim, et al., 2015. Effect of STOP technique on safety climate in a

construction company. J. Res. Health Sci. 15 (2), 109e112.

Embrey, David., 2005. Understanding Human Behaviour and Error, pp. 1e10.

http://zonecours.hec.ca/documents/A2007-1-1399575.UnderstandingHuman

BehaviourandError.pdf.
on.2019.e01220

ors. Published by Elsevier Ltd. This is an open access article under the CC BY license

censes/by/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36062-6/sref4
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref4
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref4
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref5
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref5
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref5
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref81
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref81
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref81
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref6
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref6
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref6
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref6
http://www.damaacademia.Com
http://www.damaacademia.Com
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref8
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref8
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref8
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref8
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref9
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref9
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref9
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref9
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref10
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref10
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref10
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref11
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref11
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref11
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref12
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref12
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref12
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref13
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref13
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref13
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref14
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref14
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref14
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref17
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref17
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref17
http://zonecours.hec.ca/documents/A2007-1-1399575.UnderstandingHumanBehaviourandError.pdf
http://zonecours.hec.ca/documents/A2007-1-1399575.UnderstandingHumanBehaviourandError.pdf
https://doi.org/10.1016/j.heliyon.2019.e01220
http://creativecommons.org/licenses/by/4.0/


24 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01220
Floyd, Anna H.L., Landis Floyd, H., 2014. The value of vulnerability: Helping

workers perceive personal risk. Prof. Saf. 59 (4), 32e37. http://search.proquest.

com/docview/1517910198.

Free Statistics Calculator. Version 4. [cited 2018 Feb 22]. Available from: https://

www.danielsoper.com/statcalc/default.aspx.

Ganguly, Soumen, 2011. Human error vs. Work place management in modern or-

ganizations. Int. J. Res. Manag. Technol. 1 (1), 13e17.

Ghahramani, Abolfazl, Khalkhali, Hamid R., 2015. Development and validation

of a safety climate scale for manufacturing industry. Saf. Health Work 6 (2),

97e103.

Garrett, J.W., Teizer, Jochen, 2009. Human factors analysis classification System

relating to human error awareness taxonomy in construction safety. J. Construct.

Eng. Manag.

Hayes, Andrew F., 2015. An index and test of linear moderated mediation. Multi-

variate Behav. Res. 50 (1), 37e41.

Hobbs, Alan, Williamson, Ann, 2003. “Associations between errors and contrib-

uting factors in aircraft maintenance. Hum. Factors J. Human Factors Ergon.

Soc. 45 (2), 186e201.

Howard, Andrea L., Apr. 2013. Handbook of structural equation modeling. Struct.

Equ. Model. Multidiscip. J. 20 (2), 354e360. Routledge.

Jaffar, N., Lop, N.S., 2011a. Procedia engineering ergonomic risk controls in con-

struction industry- a literature review. Proc.Eng. 20, 80e88.

Jaffar, N., Lop, N.S., 2011b. Procedia engineering the 2 nd international building

control conference 2011 a literature review of Ergonomics risk factors in construc-

tion industry. Proc. Eng. 20, 89e97.

Jepson, J.M., Kirytopoulos, K., London, K., 2017. Exploring project managers ’

perception of stress when working in increasingly complex construction projects,

17 (3), 47e67.

Jones, C.E.L., Phipps, D.L., Ashcroft, D.M., 2018. Understanding procedural vio-

lations using Safety-I and Safety-II : the case of community pharmacies. Saf. Sci.

105 (February), 114e120.

Kalkavan, Selma, Katrinli, Alev, 2014. The effects of managerial coaching behav-

iors on the employees’ perception of job satisfaction, organisational commitment,

and job performance: case study on insurance industry in Turkey. Proc. Soc. Behav.

Sci. 150, 1137e1147.
on.2019.e01220

ors. Published by Elsevier Ltd. This is an open access article under the CC BY license

censes/by/4.0/).

http://search.proquest.com/docview/1517910198
http://search.proquest.com/docview/1517910198
https://www.danielsoper.com/statcalc/default.aspx
https://www.danielsoper.com/statcalc/default.aspx
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref21
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref21
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref21
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref22
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref22
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref22
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref22
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref23
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref23
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref23
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref24
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref24
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref24
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref25
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref25
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref25
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref25
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref26
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref26
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref26
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref27
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref27
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref27
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref28
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref28
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref28
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref28
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref29
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref29
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref29
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref29
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref30
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref30
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref30
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref30
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref31
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref31
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref31
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref31
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref31
https://doi.org/10.1016/j.heliyon.2019.e01220
http://creativecommons.org/licenses/by/4.0/


25 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01220
Leung, M., Chan, Y., Yuen, K., 2010. Impacts of stressors and stress on the injury

incidents of construction workers in Hong Kong, 136 (October), 1093e1103.

Leung, M., Liang, Q., Olomolaiye, P., Stressors, J., 2016. Impact of job stressors

and stress on the safety behavior and accidents of construction workers. J. Manag.

Eng. 32 (1), 1e10.

Liu, Jianhua, Song, Xiaoyan, 2014. Countermeasures of mine safety management

based on behavior safetymode. Proc. Eng. 84 (3142014127), 144e150. Elsevier B.V.

Liang, Q., Leung, M., Cooper, C., 2018. Focus group study to explore critical fac-

tors for managing stress of. Constr. Work. 144 (5), 1e13.

Mitropoulos, P., Cupido, G., Namboodiri, M., 2010. Cognitive approach to con-

struction Safety : task demand-capability model, 135 (9), 881e889.

Mohammed, Mouda, et al., 2016. Proposal for an evaluation method for the perfor-

mance of work procedures. Saf. Health Work 7 (4), 299e306. Elsevier Ltd.

Moldovan, Liviu, 2016. Training outcome evaluation model. Proc. Technol. 22

(October 2015), 1184e1190. Elsevier B.V.

Moreno, Valter, Cavazotte, Flavia, 2015. Using information systems to leverage

knowledge management processes: the role of work context, job characteristics

and task-technology fit. Proc. Comput. Sci. 55, 360e369. Elsevier Masson SAS.

Morrow, Stephanie L., et al., 2014. Exploring the relationship between safety cul-

ture and safety performance in U.S. Nuclear power operations. Saf. Sci. 69, 37e47.

Elsevier Ltd.

Moura, R., Beer, M., Patelli, E., Lewis, J., 2017a. Learning from major accidents :

Graphical representation and analysis of multi-attribute events to enhance risk

communication. Saf. Sci. 99, 58e70.

Moura, R., Beer, M., Patelli, E., Lewis, J., Knoll, F., 2017b. Learning from acci-

dents : interactions between human factors , technology and organisations as a cen-

tral element to validate risk studies. Saf. Sci. 99, 196e214.

Nadhim, Evan A., et al., 2016. Falls from Height in the construction industry: a crit-

ical review of the scientific literature. Int. J. Environ. Res. Public Health 13 (7).

Nummenmaa, Lauri, et al., 2014. Emotional speech synchronizes brains across lis-

teners and engages large-scale dynamic brain networks. Neuroimage 102,

498e509. Elsevier B.V.

Oah, S., Na, R., Moon, K., 2018. The influence of safety climate, safety leadership,

workload, and accident experiences on risk Perception : a study of Korean

manufacturing workers. Saf. Health Work.
on.2019.e01220

ors. Published by Elsevier Ltd. This is an open access article under the CC BY license

censes/by/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36062-6/sref32
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref32
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref32
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref33
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref33
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref33
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref33
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref34
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref34
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref34
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref37
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref37
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref37
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref38
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref38
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref38
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref39
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref39
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref39
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref40
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref40
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref40
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref41
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref41
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref41
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref41
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref42
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref42
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref42
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref42
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref43
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref43
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref43
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref43
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref44
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref44
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref44
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref44
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref45
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref45
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref46
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref46
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref46
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref46
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref47
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref47
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref47
https://doi.org/10.1016/j.heliyon.2019.e01220
http://creativecommons.org/licenses/by/4.0/


26 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01220
Oswald, David, et al., 2015. Accident investigation on a large construction project:

an ethnographic case study. Proc. Manuf. 3, 1788e1795. Elsevier B.V.

Ozmec, M.N., Karlsen, I.L., Kines, P., Andersen, L.P.S., Nielsen, K.J., 2015. Nego-

tiating safety practice in small construction companies. Saf. Sci. 71, 275e281.

Pecquet, Charles Francis, May, 2013. Measuring Safety Climate as an Effective

Safety and Health Programs in the Construction Industry, pp. 1e114.

Pezeshki, Mohammad Zakaria, et al., 2017. Validity and reliability of the question-

naire for assessing women’s reproductive history in azar cohort study. Tabriz Univ.

Med. Sci. 6 (2), 183e186.

Praino, Gregory, Joseph, Sharit, 2016. Written work procedures: identifying and

understanding their risks and a proposed framework for modeling procedure risk.

Saf. Sci. 82, 382e392. Elsevier Ltd.

Rasmussen, J., Lundell, �A.K., 2012. Understanding ‘“communication gaps”’

among personnel in high-risk workplaces from a dialogical perspective. Saf. Sci.

50 (1), 39e47.

Remawi, H., Dix, I., Bates, P., 2010. The relationship between the implementation

of safety management systems and attitudes towards unsafe acts in aviation. In: Pro-

ceedings of the 29th Conference of the European Association for Aviation Psychol-

ogy. Griffith University, Brisbane, Australia.

Report, Cullen, et al., 2001. Addressing Human Error Limitations of Human

Behaviour.

Reyes, Rosa Maria, et al., 2015. Association between human error and occupational

accidents’ contributing factors for hand injuries in the automotive manufacturing

industry. Proc. Manuf. 3, 6498e6504. Elsevier B.V.

Ricketts, Mitch, 2015. Using Stories to Teach Safety Practical, Research-Based

Tips. American Society of Safety Engineers.

Safety and Health Office, 2017. Accidents Related Work’s Injuries from

2005 to 2016 [Internet]. General Organization of Social Insurance, Saudi Arabia

[cited 2017 Dec 10]. Available from: http://www.gosi.gov.sa/portal/web/guest/

opendata.

Santiago, Axel A., 2007. Why employees do not follow procedures. Inter Metro

Business J. 3 (2), 15e49. https://docs.google.com/a/wmu.se/file/d/0B2lfx_

f4ofuXUGp6QXJNNENieXc/edit?usp¼sharing.

Schreiber, James B., et al., 2006. Reporting structural equation modeling and

confirmatory factor Analysis Results : a review. J. Educ. Res. 99 (6), 232e338.
on.2019.e01220

ors. Published by Elsevier Ltd. This is an open access article under the CC BY license

censes/by/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36062-6/sref48
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref48
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref48
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref49
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref49
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref49
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref50
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref50
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref50
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref51
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref51
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref51
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref51
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref52
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref52
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref52
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref52
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref53
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref53
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref53
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref53
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref53
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref54
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref54
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref54
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref54
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref55
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref55
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref56
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref56
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref56
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref56
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref57
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref57
http://www.gosi.gov.sa/portal/web/guest/opendata
http://www.gosi.gov.sa/portal/web/guest/opendata
https://docs.google.com/a/wmu.se/file/d/0B2lfx_f4ofuXUGp6QXJNNENieXc/edit?usp=sharing
https://docs.google.com/a/wmu.se/file/d/0B2lfx_f4ofuXUGp6QXJNNENieXc/edit?usp=sharing
https://docs.google.com/a/wmu.se/file/d/0B2lfx_f4ofuXUGp6QXJNNENieXc/edit?usp=sharing
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref60
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref60
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref60
https://doi.org/10.1016/j.heliyon.2019.e01220
http://creativecommons.org/licenses/by/4.0/


27 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01220
Schumacker, R.E., Lomax, R.G., Group, F., 2010. Structural Equation Modeling,

third ed.

Seo, Dong Chul, 2005. An explicative model of unsafe work behavior. Saf. Sci. 43

(3), 187e211.

Seong, Poong Hyun, et al., 2013. Advanced MMIS toward substantial reduction in

human errors in NPPs. Nucl. Eng. Technol. 45 (2), 125e140. Korean Nuclear

Society.

Sheridan, Thomas B., 2008. Risk, human error, and System resilience: fundamental

ideas. Hum. Factor. J. Human Factor. Ergon. Soc. 50 (3), 418e426.

Shi, Guirong, Inoue, Shiichiro, 2012. Study on the strategies for developing a safety

culture in industrial organizations. Proc. Eng. 43, 535e541.

Siu, Oi Ling, et al., 2004. Safety climate and safety performance among construc-

tion workers in Hong Kong: the role of psychological strains as mediators. Accid.

Anal. Prev.

Skeepers, Natalie C., Charles, Mbohwa., 2015. A study on the leadership behav-

iour, safety leadership and safety performance in the construction industry in South

Africa. Proc. Manuf. 4 (Iess), 10e16. Elsevier B.V.

Steve, M., Becky, L., Vicki, T., Helen, R., Peter, A., 1995. Improving Compliance

with Safety Procedures - Reducing Industrial Violations.

Techera, U., Asce, M., Hallowell, M., et al., 2018. Measuring and predicting fatigue

in Construction . Empir. Field Stud. 144 (8), 1e9.

Vasconcelos, Bianca, Junior, B�eda Barkok�ebas, 2015. The causes of work place ac-

cidents and their relation to construction equipment design. Proc. Manuf. 3 (Ahfe),

4392e4399. Elsevier B.V.

Von Thiele Schwarz, Ulrica, et al., 2016. Special issue article: learn & train for

safety: leadership training as an occupational Health intervention: improved safety

and sustained productivity. Saf. Sci. 81, 35e45. Learning and Training in Safety

and Health.

Wachter, Jan K., Yorio, Patrick L., 2014. A System of safety management practices

and worker engagement for reducing and preventing accidents: an empirical and

theoretical investigation. Accid. Anal. Prev. 68, 117e130. Elsevier Ltd.

Wang, Lei, Sun, Ruishan, 2012. The development of a new safety culture evalua-

tion index System. Proc. Eng. 43, 331e337.

Watson, George W., et al., 2005. Dimensions of interpersonal relationships and

safety in the steel industry. J. Bus. Psychol. 19 (3), 303e318.
on.2019.e01220

ors. Published by Elsevier Ltd. This is an open access article under the CC BY license

censes/by/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36062-6/sref61
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref61
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref62
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref62
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref62
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref63
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref63
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref63
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref63
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref65
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref65
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref65
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref66
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref66
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref66
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref67
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref67
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref67
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref68
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref68
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref68
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref68
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref69
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref69
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref70
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref70
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref70
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref72
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref72
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref72
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref72
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref72
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref72
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref73
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref73
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref73
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref73
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref73
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref74
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref74
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref74
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref74
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref75
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref75
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref75
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref76
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref76
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref76
https://doi.org/10.1016/j.heliyon.2019.e01220
http://creativecommons.org/licenses/by/4.0/


28 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01220
Yi, Lu, et al., 2014. Conceptual modeling of training and organizational risk dy-

namics. Proc. Eng. 80, 313e328.

Yoon, Young Sik, et al., 2016. Application of activity theory to analysis of human-

related accidents: method and case studies. Reliab. Eng. Syst. Saf. 150, 22e34.

Elsevier.

Zhou, Fan, Jiang, Chunping, 2015. Leader-member exchange and employees’

safety behavior: the moderating effect of safety climate. Proc. Manuf. 3,

5014e5021. Elsevier B.V.

Zin, Sulastre Mat, Ismail, Faridah, 2012. Employers’ behavioral safety compliance

factors toward occupational, safety and Health improvement in the construction in-

dustry. Proc. Soc. Behav. Sci. 36, 742e751. June 2011.
on.2019.e01220

ors. Published by Elsevier Ltd. This is an open access article under the CC BY license

censes/by/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36062-6/sref77
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref77
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref77
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref78
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref78
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref78
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref78
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref79
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref79
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref79
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref79
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref80
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref80
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref80
http://refhub.elsevier.com/S2405-8440(18)36062-6/sref80
https://doi.org/10.1016/j.heliyon.2019.e01220
http://creativecommons.org/licenses/by/4.0/

	Structural model of factors contributing to the motivational problem of taking shortcuts at construction workplaces in the  ...
	1. Introduction
	2. Background
	2.1. Influence of safety training on risk management
	2.2. Influence of stress-based tension on risk management
	2.3. Influence of routine perception-based errors on risk management
	2.4. Motivational problem of taking shortcuts
	2.5. Anticipated theory on the motivational problem of taking shortcuts
	2.6. Specifications of the theorized basic structural model
	2.7. Specifications of the theorized alternative structural model
	2.8. Hypotheses of the theorized structural models

	3. Materials and methods
	4. Results
	4.1. Hypotheses verification
	4.2. Model confirmation
	4.3. Estimation of the basic model and testing the related hypotheses
	4.4. Estimation of the alternative model and testing the related hypotheses

	5. Discussion
	6. Conclusions
	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	Acknowledgements
	References


