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Abstract. Most construction workers’ behaviors are shaped by task objective constraints 
and their capability during the operation. This research describes the construction workers’ 
behaviors are an interaction between the task demand and the worker capability. The 
relative factors that influence construction workers’ behaviors have been determined 
through the Delphi process and Analytical Hierarchical Process (AHP). The panel 
participated in these processes was represented by 9 safety experts who were specialized in 
high-rise building construction. Results of the analysis showed that 23 task demand factors 
and 12 worker capability factors were determined by 2 rounds of the Delphi process under 
the expert’s consensus. The weights of these factors were determined by utilizing the AHP. 
The most weighted factor of the task demand was the Societal and Environmental Impact 
Awareness Factor. The Foreman’s Communication Ability Factor was the dominant 
weighted factor of the capability. The factors and their relative weights can guide 
practitioners to manage the project resources safely and efficiently. 
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1. Introduction 
 
Construction work involves a lot of work processes which are subjected to change according to project-
specific requirements and contexts. The work environment is also changed abruptly as a dynamic condition. 
These changes create many chances of accidents and the raised statistical number of construction trade 
occupational injuries [1,2] and their consequences are loss of many lives, property damages, and a large 
amount of compensations. 

Results from Haslam et al. [3] research showed that the main causal factors in construction accidents 
were problems arising from workers and bring into consideration of workers’ behaviors while performing 
their tasks. Health and Safety Executives [4] research report also concluded that worker behavior is the 
main contributing factor in approximately 80% of the accidents. Moreover, the results from Kaila [5] study 
found that 80-95% of all accidents are due to unsafe behaviors and actions. Workers tend to overestimate 
their ability to control or prevent an accident, and this leads to an under-estimation of the risk and behaving 
unsafely intentionally [6]. It is usual that workers have to adjust their behaviors because of the production 
pressure for a faster work pace. These circumstances can cause a conflict between safety and productivity 
which in the short term are usually resolved in favor of production [7].  

Accordingly, Rasmussen [8] proposed a descriptive model of work behavior which explains how the 
workers’ behaviors tend to migrate closer to the boundary of functionally acceptable performance. These 
behaviors are caused by two primary pressures: the management pressures for increased efficiency of 
production and the tendency for less effort which is a response to an increased workload. During the 
adaptive search the workers have ample opportunities to identify ‘an effort gradient’ and management will 
normally supply an effective ‘cost gradient’. The result will be likely to be a systematic migration toward the 
boundary of functionally acceptable performance and, if crossing the boundary is irreversible, an error or 
an accident may occur [8]. 

Rasmussen’s principle is grounded in Cognitive System Engineering (CSE) which is concerned with the 
characteristics of the work system that influence the decisions, behaviors, and the possibility of errors and 
failures. [9] Cognition emphasizes that work performance depends on interacting between the workers and 
the characteristic of work system [10]. Cognitive theories can explain not only individual’s behaviors but 
also the other impact factors from outside environment [11]. Most applications of CSE to safety 
management are related to high-risk operations in complex systems, such as aviation, health care, nuclear 
and chemical plants. In the area of construction safety, Saurin et al. [12] have implemented and examined 
site safety practices from the cognitive perspective. They also suggested research opportunities for devising 
innovative construction safety management systems which were based on three core principles of CSE, 
namely flexibility, learning, and awareness. 

Construction is a loosely coupled work system and leaves many degrees of freedom for the worker 
crew [13]. It is only a suggested workflow but is not required to follow all the steps which leave some 
spaces for the workforce to consider an appropriate choice of working decisions under dynamic situations 
[12]. These situations make the workers’ behaviors migrate closer to the boundary of functionally 
acceptable performance and working in the boundary of error margin.  

The implementation of safety rules and a safety campaign in the construction trade is mostly prescribed 
“safe behaviors” to keep workers’ behaviors away from the boundary of functionally acceptable 
performance [14]. However, the applied pressures are still pushing workers toward that boundary. This 
normative approach of construction safety focuses on prescribing and enforcing the safety rules, and 
defends workers’ exposure to hazards. Under this perspective, accidents still occur due to lack of safety 
knowledge and/or commitment. Moreover, the development of construction technology and construction 
safety has been improved, [15] thus human adaptation compensates for these safety improvements and tries 
to get closer to the boundary of functionally acceptable performance again. This phenomenon has been 
observed in traffic research and explains why technological safety improvements have not generated the 
expected improvement outcomes in safety [9]. 

The characteristics of traffic change all the time [16]. This dynamic circumstance is similar to the 
changes in construction. With regard to traffic accidents, the Task Demand-Capability Interface (TCI) 
model [9] provides a new conceptualization of the process by which collisions occur. At the heart of the 
TCI model is the relationship between the task demand and the capability applied to achieve a safe 
outcome while driving a vehicle. When the task demand is less than the capability, the driver has a control 
of the situation. When the task demand is greater than the applied capability, the result is loss of control. 
This situation may result in a crash or may not, if there is a compensatory action by others. Thus, to 
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maintain the control, it is necessary that the driver anticipate the task demand and match it with the suitable 
capability.  

The TCI model is based on the cognitive perspective and linked with the Rasmussen principle of the 
workers’ behaviors. The task demand can be interpreted as the management pressures that try to succeed 
with the goals under limited conditions. For capability, it is derived to worker’s effort gradient which 
depends on physical and mental attributes.  

The feasibility of applying the TCI principle in construction safety research has been demonstrated by 
Mitropuolos and Cupido [10] research. They synthesized a new safety model which displayed an interface 
between the demand of task and the capability applied during working. The model showed the relationship 
between task demands and applied capabilities that shaping the workers’ behaviors and then the likelihood 
of accidents. From this view, it can be drawn that the unsafe behaviors of construction workers are initiated 
by the attributes of task demand and capability. Hence, a research gap is addressed on the actual 
combination of task demand and worker capability which contribute to unsafe actions and consequent 
accidents, and the relationships among these factors.   

The previous research has revealed that workers’ behaviors systemically migrate to the risk condition all 
the time by attributes of the task demand and capability. The forthcoming model should be considered for 
the attributes that crate the workers’ behaviors in a dynamic environment. The existing construction safety 
models seem to be insufficient. They are mostly based on the normative approach which ignores how the 
characteristics of the task and the worker capability influence the possibility of errors and accidents. The 
task demand and the worker capability are being highlighted as the initial causes of unsafe actions. The 
objectives of this paper are to determine task demand and capability attributes that influence workers’ 
behaviors and then to determine the relative weights of these attributes which contribute to the likelihood 
of an accident in construction trade. 
 

2. Materials and Methods  
 
2.1. Framework for Model Development  
 
Worker’s behaviors tend to getting close to the error margin all the time. The cognitive theory has ability to 
describe worker’s behaviors in the proper way. All the unsafe actions are generalized by two main attributes. 
The first one is management pressure as we know as the Task Demand (TD). The second one is the 
tendency for least effort which namely as Capability (C). Whereas TD is defined as the difficulties in 
completing the task according to its target, C is defined as the worker’s abilities to handle the task demands. 
It would be worthwhile to develop a practical model from task demand and capability attributes that can 
forecast an accident. The combination of model components must be investigated along with finding the 
relative weight of each component. This procedure is detailed in this paper as phase 1 of the research 
framework. 

The Delphi process has been applied to determine the model components or factors. Safety is one of 
the subjective research topics whose data collection is mostly relied on opinion survey and group-
brainstorming techniques. All substantial involving bias must be recognized and minimized [17]. The 
advantage of the Delphi process is to decrease the variability of the responses and achieve group consensus 
about the correct value. Consensus is built by using a series of questionnaires administered in various 
rounds [18]. Four key features of the Delphi process are anonymity, iteration, controlled feedback, and the 
statistical aggregation of group response [19]. The Delphi process is intended for use in judgment and 
forecasting situations in which pure model-based statistical methods are neither practical nor possible [20]. 
The Delphi process which is proposed in this study offers the opportunity to control dominant biases 
through anonymity, and elicit practical data that really reflected on the current construction safety situation. 
It requires a moderator and a panel of experts who are qualified and approved. The experts are anonymous 
and participated individually in two or more rounds of the structured questioning. 

Also, this research implemented AHP which is initiated by Saaty’s [21] to find the relative weights of 
these model factors. These weights express a degree of importance of each factor relative to the others [22]. 
The overall index of these factors can be computed accordingly that will objectively and realistically reflect 
the level of ongoing safety [23]. The major advantage of AHP is its capability to check and reduce the 
inconsistency of expert judgments. While reducing bias in the decision making process, this method 
provides group decision making through the consensus [24]. 
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Phase 2 of the research is to analyze the relationships between these factors and the likelihood of an 
accident using Multiple Linear Regression (MLR) and Artificial Neural Network (ANN) methods. Finally, a 
construction workers’ behaviors model for accident prediction will be developed as shown in Fig. 1. 
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Fig. 1. The research framework of model development. 
 
2.2. Components of Proposed Model  
 
The proposed model consists of two main parts TD and C. TD includes physical demands and cognitive 
demands which push workers into the risk condition. TD can be divided into three groups, namely Task 
Factors, Environmental Factors, and Work Behavior Factors. All these groups are further broken down 
into a total of 23 factors. For the other part, C can be divided into four groups, namely Competence 
Factors, Human Factors, Attention Factors, and Foreman Factors which are further decomposed into a 
total of 12 factors. All these 35 factors are extracted and drawn on the existing literature in [3, 10, 25], and 
they are also resulted from the pilot survey by 9 safety experts in high-rise building construction projects. 
The 9 experts involved with this stage certified as either professional safety or administrational safety with a 
lowest of 6 to a highest of 23 years of construction safety experiences. The pilot survey was conducted 
consisting of open-ended questionnaire about what are the relative factors of TD and C. This questionnaire 
is provided the guideline of 17TDs and 9Cs factors which derived from the underlying prior literatures. 
Figure 2 shows the category of all factors of the proposed model which 6TDs and 3Cs factors are resulted 
from the pilot survey. 

A group of Task Factors includes characteristics of the assigned task. They consist of the following 
factors.  

o Task Complexity (TD1): It describes the complexity of the task and the level of workers’ skills 

required. 
o Transportation of Material (TD2): It describes the requirement of moving materials from the 

storage location to the working place and the involvement of machine or equipment for this 
transportation.  

o Work Coordination (TD3): It describes the coordination among different trades required in the 
task. If more trades are involved, the task becomes more difficult. 

o Required Working Space (TD4): It describes the adequacy of the available working space compared 
to the requirements.  

o Type of Main Material (TD5): This factor accounts for the type of main materials which are used in 
the task. It can affect the workability of the task. For instance, low slump concrete is required for 
casting a shear wall. In this situation, the type of main materials creates a more difficult task when 
compared to typical specifications. 

o Machines/Equipment (TD6): This factor accounts for the requirements of complicated or heavy 
machines and/or equipment for the task. 

o Tools (TD7): Similarly to the former factor, this factor accounts for the requirements of specials 
personal tools for the task. A task which requires many special tools is implied to be more difficult 
than the ordinary. 

o Building Design (TD8): The design of the building can account for the difficulty of the overall 
project and so the task. 

o Construction Methods (TD9): Not only the design, the construction methods used can also impact 
the difficulty of the task. The worker works uneasily with the unfamiliar methods.   
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o Engineering Tolerances (TD10): This factor describes the allowable tolerances applied to the task. 
The acceptable deviations in measured values, dimensions, or properties of the work can affect the 
difficulty of the task. 

o Finishing-Work Quality (TD11): It accounts for the acceptable qualities of architectural works and 
the finishing-work. Whether or not the task requires a higher or lower quality than a typical one. 
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Fig. 2. Elements of task demand and capability. (*Factors added from the pilot survey.) 
 

A group of Environmental Factors refers to the site conditions that workers are confronted with. 
These conditions are various and can impact the task demands.  

o Weather Conditions (TD12): This factor describes the weather conditions during the task 
execution. Uncomfortable weather conditions such as windy, rainy, humid, and hot can increase 
the task difficulty.   

o Physical Site Conditions (TD13): This factor describes the physical site conditions including noise, 
lighting and ventilation inherent during the task operation. Inappropriate levels of these physical 
conditions can discomfort workers. 

o Site Tidiness, Cleanliness and Sanitation (TD14): This factor describes the quality or condition of 
being neat in construction site, along with adequate sanitation. The poor conditions increase the 
difficulty of the task and the potential for errors. 

o Work Obstacle Conditions (TD15): This factor accounts for the interference of some other works 

nearby which sometimes require workers’ attention or response and can increase the difficulty of 

the task. 
o Site Welfare (TD16): This factor accounts for the sufficiency of the welfare provided on site such 

as drinking water, toilets and rest area. This welfare can help comfort and refresh workers when 
needed.  

o Societal and Environmental Impact Awareness (TD17): This factor describes the awareness of 

societal and environmental impact on the neighborhood. The workers’ attentions are required to 

minimize this impact especially when the project site is situated at a sensitive area. 
A group of Work Behavior Factors is related to pattern of actions and interactions of the members that 

affects its effectiveness. It consists of these factors. 
o Work Pacing (TD18): This factor depends on the available time to complete the task. If the project 

is delayed, the catch-up plan has to be implemented and the task becomes more difficult. 
o Safety Rules Strictness (TD19): This factor depends on how safety rules are applied in the site. All 

workers must comply with the safety rules and guidelines, and should not do anything to endanger 
themselves and other persons. If all the safety rules are not enforced strictly and rigorously, the task 
would be difficult. 
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o Crew Size (TD20): This factor refers to a proper number of workers that are required to perform 
the task. If insufficient workers are assigned, the task becomes difficult. 

o Restricted Working Hours (TD21): This factor refers to the period of time that can be spent at the 
construction project. The limited number of working hours made the task more difficult because 
the workers try to finish their work within a limited time. 

o Number of Commanders (TD22): This factor accounts for number of headman who assigns 
workers. More than one headman can cause workers confused and the task gets harder to perform. 

o Abrupt Changes of Working Method (TD23): This factor refers to unexpectedly sudden changes in 
working method. These changes can also cause task difficulty. 

A group of Competence Factors is related to the overall workers’ competence which includes work 
experience, job training and health conditions. 

o Work Experience (C1): This factor describes the level of work experience of a worker that is 
related to the current task. It directly affects on his/her capability. 

o Job Training (C2): This factor describes the level of job training or educating of a worker through 
which his/her competence can be developed. 

o Health Conditions (C3): This factor accounts for workers’ health conditions such as chronic 

condition, sickness and substance abuse which can decrease capability.  
A group of Human Factors which expresses five key states of mind of workers including haste, fatigue, 

frustration, job satisfaction and working relationship. 

o Hasty Behavior (C4): This factor describes the hastiness of workers’ behaviors. The hasty or 

sluggish behavior while operating the task can vary the capability. 
o Fatigue (C5): This factor refers to the extremely tiredness, typically resulting from mental or 

physical exertion or illness. Fatigue can be caused by the exceeding working hours and it continues 
for several days. 

o Frustration (C6): This factor is related to the feeling of being upset or annoyed. Workers could get 
frustrated from the job or personal matters. If workers get frustrated with both matters, their 
capability can decrease. 

o Job Satisfaction (C7): This factor refers to the feeling and the pleasure derived from job. Job 
satisfaction and job attitude can increase or decrease capability. 

o Working Relationship (C8): This factor describes the state of being connected with the co-worker. 
Since construction work involves several workers, the coordination between co-workers is essential 
for better performance. 

A group of Attention Factors is related to workers’ attention and awareness. Attention is an interest 
and carefulness that workers show in their work.  It is a limited resource, and it can be reduced as workers 
perform multiple tasks; 

o Work Attention (C9): Loss of attention to work brings worker to the risk condition due to 
capability being decreased. Working under unconscious conditions is not recommended. 

o Safety Awareness (C10): If workers are aware of all safety practices and measures during their work 
execution, capability can be increased. Keep vigilant all the time is recommended. 

A group of Foreman Factors is related to the foreman’s work experience and communication ability. 
Foremen play a main role to support their crew capability. Subsequently, capabilities of a worker are 
influenced by these factors. 

o Foreman’s Work Experience (C11): This factor accounts for the work experience of the foreman. 
An experienced and competent foreman can effectively train and guide his/her crew. The more 

work experiences the foreman has, the more workers’ capability can be increased. 

o Foreman’s Communication Ability (C12): This factor describes the ability of communication of the 
foreman which is necessary for making a successful interaction with his crew. The communication 
ability also ensures that all instructions are well understood. This factor is very important in case of 
the migrated workforces. 

 
2.3. Expert Panel 
 
The panelists participated in the Delphi and AHP consists of 9 construction safety experts who are highly 
experienced on high-rise building construction. One of the main advantages of the Delphi technique is that 
there is no requirement for a minimum number of panelists in the survey. However, it should be adequate 
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to draw an acceptable conclusion at the end of the process [26]. Rowe and Wright [20] indicated that the 
size of a Delphi panel has ranged from a low of 3 to a high of 80 members. The specific number of 
panelists should be dictated by the characteristics of the study such as the number of available experts, the 
desired geographic representation, and the capability of the facilitator [17]. Therefore, the decision-making 
group probably should not be too large, i.e. a minimum of 5 to a maximum of about 50 [27], the Delphi 
technique work group of 5 to 9 members are sufficient [28]. In addition, there is no minimum number of 
experts in the AHP. The AHP is meant to help an individual to organize his thinking and deal with many 
decisions. The process allows him to experiment with different criteria and different judgments [29]. Some 
research studies applied a combined Delphi and AHP and utilized the same panel of experts for both 
processes [30, 31]. The Delphi was employed at the preliminary stage in order to shortlist and identify the 
prominent variables. The AHP was then employed at the subsequent stage to determine the relative weights 
of the selected variables [32].  

Therefore, this study invited 9 experts to participate for both processes. These experts are not the same 
group as recruited in the pilot survey. The validity of the proposed factors heavily depends on the 
qualifications of this expert panel. The expert qualifications are summarized in Table 1. 
 
Table 1. Expert qualifications. 
 

Work Position 

 Two of them held project director position and committee of safety and 

health at work promotion association (Thailand). 

 Four experts occupied as a safety manager and another three experts  

held position as senior safety officer. 

Safety 
Certification 

 Eight of them certified as professional safety and six of them certified as  

administrational safety. 

Education 
 Education level of eight experts started from bachelor to master degree and   

one expert graduated from higher vocational certificate.  

Experience 
 These nine safety experts had a cumulative 140 years of construction safety 

 work experience.  

Training  Totally more than 1,700 hours of safety training courses. 

Instructor 
 Eight of them are safety at work instructors for their company and two  

 of them have been invited as instructor for external agencies. 

Author 
 Eight of them are author of safety management handbook for their  

companies and two of them are committee of department of labour protection and  

welfare who issued a construction safety manual. 

 
2.4. Factors Determination by the Delphi Process 
 
The Delphi process helps identify and validate the significance of all proposed TD and C factors. The 
insignificant factors will be removed from the final lists through the experts’ consensus. The experts were 
asked to rate the significant level of the proposed factors in a 5-point scale. The values 1, 2, 3, 4 and 5 
represented the linguistic terms as least, less, moderate, high and highest significances, respectively. At the 
beginning of the next round, the moderator provides an anonymous summary of the experts’ responses 
from the previous round. Then, the experts are encouraged to revise their own previous responses 
according to the revealed group’s result. The revision keeps continue on the next round and so on. The 
criterion for terminating the process is the group interquartile range (IQR). When the group interquartile 
ranges of all factors are less than or equal to 1.50, the group consensus is achieved and the Delphi process 
can be ended. Any factors which receive a group median less than 3.00 are considered as insignificant and 
must be removed. The other factors receiving a group median more than or equal to 3.00 are included in 
the final list because the experts consentaneously consider them at least as a moderate significant level 
factor.  

The Delphi procedures are displayed as Fig. 3 and can be detailed as following lists;  
1. A five-point scale was coded to define the significance of all proposed TD and C factors. 
2. The obtained responses were analyzed using median and IQR refer to Eq. (1), (2), and (3). These 

results and some feedbacks (if necessary) were declared at the end of each round.  



DOI:10.4186/ej.2017.21.5.257 

264 ENGINEERING JOURNAL Volume 21 Issue 5, ISSN 0125-8281 (http://www.engj.org/) 

3. All IQR of each factor required must be ≤ 1.50 to achieve the group consensus. Otherwise, 
another round of the process is needed. 

4. After the group consensus is reached, the median values are considered. The factors that occupied 
group median of more than or equal to 3.00 will be integrated in the final list, and the rest factors 
will be removed as the insignificant factors of proposed model. 
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Fig. 3. The procedure of Delphi process for determining the significant factors. 
 
The median and interquartile ranges are calculated by using the following equations [33]: 

Median  

                          (1) 
 

where     = lower class limit of the interval that contains median 

   = total frequency 

      = the cumulative frequencies before the median class 

    = frequency of the class interval containing the median 

   = interval width 
 

Interquartile range (IQR) 
 
 IQR = Q3 – Q1 (2) 
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 Q1, Q3 calculates by,   
 

                                    (3) 

 

where   =the  th quartile 

      = lower class limit of the interval that contains  th quartile median 

   = total frequency 

      = the cumulative frequencies before the  th quartile median class 

     = frequency of the class interval containing the  th quartile median 

   = interval width 
 
2.5. Weighting Factor by AHP  
 
The same panel was also participated in AHP including 9 construction safety experts. The extracted data 
from surveying have been analyzed by three processes: pair-wise comparison, relative weight computation 
and consistency ratio calculation. The details of each process are described as follows. 

The first process is the pair-wise comparison. All attributes are listed in both rows and columns to 
form a comparison matrix. These attributes are then pair-wise compared. During the comparing process, 
the participants must answer two questions 1) which of the two attributes in the set is more important or 
has a greater influence on the attribute located one level above in the hierarchy? And 2) what is the intensity 
of that difference in terms of importance or contribution? The verbal assessments are interpreted into 
quantitative scale referring to AHP 1-9 scale (e.g., 1 = equal importance, 3 = moderate importance, 5 = 
strong importance, 7 = very strong importance, and 9 = extreme importance). Integers in the comparison 
matrix that is greater than 1 means that the attribute in the row has a higher degree of importance than the 
attribute in the column  

The second process is the relative weight computation. The Saaty’s core theorem states that the 
eigenvector of the comparison matrix is a local priority vector of the attributes compared. There are several 

approximation methods used to compute the eigenvector (  ⃗⃗⃗   , of which the average of normalized 

columns (ANC) method is the most accurate [34].    is the relative weight of the attribute in row   and it is 

an element of the eigenvector  ⃗⃗⃗   for a reciprocal       matrix. The ANC computation of    is as follows: 
 

     ∑    
 
        (4) 

 

where     = the element located in row   and column   of the normalized-column matrix. 

The third process is the consistency ratio calculation. The consistency ratio: CR is a measure for 
controlling the consistency of the pair-wise comparisons [35]. Saaty [34] introduced a formula to compute 
CR. The CR value should not be more than 0.10; otherwise, the pair-wise comparison or the hierarchy of 
the structure has to be revised. The acceptable CR does not guarantee that the values of attribute weights 
are correct. Instead, it ensures that no intolerable conflicts exist in the comparison process or the relative 
weights are logically sound and not a result of random prioritization.  

Table 2 is illustrated an example of above computation procedure and can be detailed as follows. 
There are three factors to be compared with respect to “Task Demand”. The three factors are TF = 

Task Factor, EF = Environmental Factor, and WF = Work Behavior Factor. The matrix 3 by 3 is crated as 
it has three sets of attributes to be compared. The diagonal elements of the matrix are always 1, and it only 
needs to fill up the upper triangular matrix. The upper triangular matrix needs to fill by the actual judgment 
values on the left side of 1. To fill the lower triangular matrix, just use the reciprocal values of the upper 
diagonal. For example, a comparison between Environment Factor: EF and Work Behavior Factor: WF 
(EF/WF) was given as 7. It meant that EF had more influence on Task Demand than WF with very strong 
importance intensity. Also, it was implied that WF/EF was equal to 1/7. Then sum each column of the 
comparison matrix.  

Each element of the matrix is divided with the sum of its column, then we have normalized-column 
matrix. The sum of each column is 1. The relative weights of each factor are displayed as eigenvectors. The 
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eigenvectors are calculated by Eq. (5). Hereby, the relative weight of TF, EF, and WF with regard to the 
Task Demand are 0.283, 0.643, and 0.074 respectively. 
 
Table 2. The example of comparison matrix and normalized-column matrix according to “Task Demand”. 
 

Com 
parison 

TF EF WF 
 

Normalized
-Column 

TF EF WF 
Row 
sum 

Eigen 
vector 

TF 1.00 1/3 5.00 
 

TF 0.24 0.23 0.38 0.85 0.283 

EF 3.00 1.00 7.00 
 

EF 0.71 0.68 0.54 1.93 0.643 

WF 1/5 1/7 1.00 
 

WF 0.05 0.10 0.08 0.22 0.074 

Column 
sum 

4.20 1.48 13.00 
 

Column sum 1.00 1.00 1.00 3.00 1.000 

Eigenvalue (λmax) = 3.0655 

Consistency Index (CI) = 0.0328 

Ramdom Index (RI) = 0.5800 

Consistency Ratio (CR) = 0.0565 

 
Aside from the relative weight, the consistency of the results is verified.  The eigenvalue (λmax) is obtained 
from the summation of products between each element of eigenvector and the sum of columns of the 
comparison matrix. The consistency index (CI), random index (RI) and consistency ratio (CR) are 
calculated refer to Saaty [34]’s formula. The consistency ratio is 0.0565 which less than 0.10, and implied 
that no intolerance conflicts exist during the comparison process.   
 

3. Results and Discussion 
 
After comprehensive analysis, the results of this research are divided into 2 main parts as follows. 
 
3.1. Results of the Delphi Process  
 
The procedure of the Delphi process and the definition of all 35 proposed factors were thoroughly 
explained to the expert panel.  The experts were asked to rate the relevance of each factor by using the five-
point scale. The Delphi process was actually finished in two rounds. The detailed results of the Delphi 
process are shown in Table 3 and 4. 

For TD Factors, in the first round of the Delphi process, all group medians were higher than 1.50. The 
8 factors had IQRs more than 1.50 so that the group consensus did not achieve yet and the second round 
was required. In the second round, all group medians were still higher than 1.50 and all IQRs were under 
1.50. The group consensus was reached and the process was ended. The final results were that none of the 
23 factors (TD1-TD23) were removed. The highest group median was TD2-Transportation of Material 
Factor with 4.75. The lowest group medians were both TD16-Site Welfare Factor and TD21-Restricted 
Working Hours Factor with 3.00. 
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Table 3. Determination results of task demand factors by the Delphi process and weighted factors by 
AHP. 
 

Delphi AHP 

Categorised 
Factor 

Factor 
Round 1 Round 2 

Weighted 
Median IQR Median IQR 

Task 
Factors 

3
5
%

 

TD1 Task Complexity 3.75 1.69 4.00 1.50 3% 

TD2 Transportation of Material 3.75 3.13 4.75 0.88 3% 

TD3 Work Coordination 3.60 1.13 3.86 0.64 2% 

TD4 Required Working Space 3.13 1.69 3.38 1.27 3% 

TD5 Type of Main Material 2.88 2.19 3.75 1.00 2% 

TD6 Machines/Equipment 4.40 0.99 4.06 0.56 2% 

TD7 Tools 4.33 1.35 4.40 0.99 2% 

TD8 Building Design 3.88 1.69 4.38 1.13 5% 

TD9 Construction Methods 3.88 1.31 4.20 1.00 8% 

TD10 Engineering Tolerances 3.38 1.94 3.60 0.99 3% 

TD11 Finishing-Work Quality 3.13 1.31 3.60 0.99 2% 

Environ
ment 
Factors 

3
5
%

 

TD12 Weather Conditions 3.60 1.43 3.75 0.88 5% 

TD13 Physical Site Conditions 3.80 1.50 4.08 0.75 6% 

TD14 
Site Tidiness, Cleanliness and 
Sanitation 

4.60 1.13 4.60 0.99 8% 

TD15 Work Obstacle Conditions 4.60 2.13 4.25 0.88 4% 

TD16 Site Welfare 3.00 0.90 3.00 0.50 2% 

TD17 
Societal and Environmental 
Impact Awareness 

4.25 2.19 4.33 1.35 10% 

Work 
Behaviou
r Factors 

2
9
%

 

TD18 Work Pacing 4.20 1.00 4.40 0.99 7% 

TD19 Safety Rules Strictness 4.00 0.90 4.40 0.99 6% 

TD20 Crew Size 3.25 1.00 3.25 0.88 3% 

TD21 Restricted Working Hours 2.80 1.50 3.00 1.50 4% 

TD22 Number of Commanders 3.08 0.75 3.25 0.88 4% 

TD23 
Abrupt Changes of Working 
Method 

3.40 1.43 3.94 0.56 6% 

 
For C Factors, in the first round of the Delphi process, all group medians were higher than 1.50. The 

three factors had IQRs of more than 1.50, so that the group consensus did not achieve yet and the next 
round continued. In the second round, all group medians were still higher than 1.50 and all IQRs were 
under 1.50. The group consensus was reached and the process was ended. The final results were that none 
of the 12 factors (C1-C12) were removed. The highest group median was C2-Job Training Factor with 
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group median 4.40. The lowest were C4-Hasty Behavior Factor, C8-Working Relationship Factor, and C9-
Work Attention Factor with the same group medians 3.40. 

For both TD and C grouped factor, the Delphi process was ended by two rounds and reached the 
consensus with IQR under 1.5 and without any feedbacks. This finding further reinforced the consensus 
within two rounds of survey among the group of expert. This finding is consistent with the previous studies 
that have shown that generally 2-3 iterations are enough to specify the results [18, 36, 35].  

The results indicated that none of the 35 proposed TD and C factors were removed The reason was 
that all these 35 factors were carefully pre-selected from the literature reviews and the authors’ self-
preliminary surveys of construction projects in Bangkok, Thailand. These pre-surveys resulted in a 
developed questionnaire with the proof of validation.  
 
3.2. Results of AHP  
 
AHP was implemented to find the relative weights of those 35 factors. It helped evaluate the degree to 
which each factor affecting the proposed model and identify the major contributing factors. The same 
expert panel was asked to do pair-wise comparisons using a 1-9 scale on those factors. The results have 
been analyzed and were tabulated in Tables 3 and 4. 
 
Table 4. Determination results of capability factors by the Delphi process and weighted factors by AHP. 
 

Delphi AHP 

Categorised 
Factor 

Factor 
Round 1 Round 2 

Weighted 
Median IQR Median IQR 

Competence 
Factors 

2
1
%

 

C1 Work Experience 3.80 1.00 3.94 0.56 7% 

C2 Job Training 4.40 0.99 4.40 0.99 7% 

C3 Health Conditions 3.67 1.35 3.80 1.00 7% 

Human 
Factors 

3
6
%

 

C4 Hasty Behaviour 3.33 1.50 3.40 0.99 7% 

C5 Fatigue 3.75 1.38 3.94 0.56 7% 

C6 Frustration 4.00 1.63 4.20 1.00 6% 

C7 Job Satisfaction 3.38 1.27 3.60 0.99 9% 

C8 Working Relationship 3.33 1.50 3.40 0.99 7% 

Attention 
Factors 

2
2
%

 

C9 Work Attention 3.13 1.19 3.40 0.99 11% 

C10 Safety Awareness 4.00 2.02 4.00 1.50 11% 

Foreman 
Factors 

2
1
%

 

C11 
Foreman's Work 
Experience 

3.80 1.00 3.86 0.64 9% 

C12 
Foreman's 
Communication Ability 

3.88 1.69 4.10 0.80 12% 

 
For the relative weights of TD factors, the top 3 highest relative weights were as follows: 

TD17-Societal and Environmental Impact Awareness Factor received the relative weight with 10%. 
The experts pointed out that all high-rise building construction projects had to get Environmental Impact 
Assessment (EIA) approval before project is started. This requirement increased TD. Additionally, some 
activities might create environmental impacts during the construction process, such as dust or noise 
pollution to neighborhood. These environmental impacts increased the difficulty in completing the project. 
Based on Rajendran et al. [38] research, that has been studied of the impact of green building design and 
construction practices on construction worker safety and health. The results have shown little or no 
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difference between green and non-green projects in terms of safety performance and a question arises as 
whether Leadership in Energy and Environmental Design (LEED) buildings should be labeled as 
sustainable buildings or not.  

TD9-Construction Methods Factor was realized that it could increase TD. For instance, a method 
which involves working in the confined space might create more TD or more difficulty to perform the task. 
This factor came up with 8% of the relative weight. This finding corroborates the Everett [15] research that 
has emphasized the overexertion injuries in construction are caused by the prescribed tools and work 
methods. 

TD14-Site Tidiness, Cleanliness and Sanitation Factor occupied 8% of the relative weight. An unclean 
or untidy work environment is a source of dangers and creates hazards to workers. This result is supported 
by Sawacha et al. [39] study that found a tidy site and well layout site were more likely to provide a high 
level of safety performance.  

The least weighted factor nominated to TD11-Finishing-Work Quality Factor with 2% of the relative 
weight. The experts suggested that the high-rise building construction projects were highly competitive and 
they required quite similar standards of finishing work quality. This factor consequently did not influence 
TD much. 

For the relative weights of C factors, the top 3 highest relative weights are C12-Foreman's 
Communication Ability Factor, C10-Safety Awareness Factor, and C9-Work Attention Factor with 12%, 
11%, and 11% of the relative weights, respectively. The experts indicated that the C12-Foreman's 
Communication Ability Factor was the major factor affecting C and corresponding to the finding of 
Loushine et al. [40] study which observed communications as the second most frequently studied success 
factor in the previous literature. The communication contributes to successful quality and safety programs 
in construction. Most construction projects used a lot of foreign workers to operate the tasks. 
Communication abilities of foremen are really needed to supervise them. Moreover, the effectiveness of 
communication helped transfer foremen’ instructions and knowledge to their workers precisely and 
completely. 

The experts pointed out that the C10-Safety Awareness Factor was very important. Construction work 
is very dangerous. Workers must be aware of all safety practices and measures and remind themselves of 
any dangers all the time and do not taking any risks. Risk-taking behavior leads workers to be considerably 
more accident prone [41]. This safety awareness could strongly contribute to the increase in C. 

C9-Work Attention Factor highly influenced worker’s capability because the attention of a worker is a 
limited resource. Multiple tasks, teases, or other distractions grab workers’ work attention and reduce C. 
Hinze’s distraction theory [42] detailed how the concentrate on the production task can act as a distraction 
from the hazard. 

The least effect factor on C is C6-Frustration Factor with 6% of the relative weight. The experts 
realized that frustration during the task has little influence on C. 
 

4. Conclusions  
 
Recent research argues that workers’ behaviors are always getting close to the risk condition. Despite 
having the necessary improvement of safety condition or safety technology, workers frequently choose to 
violate safety rules, procedures or not use protective equipment for their own proposes [43]. Therefore, it is 
wise to discover the influencing factors of these workers’ behaviors which consequentially result in unsafe 
actions and potentially lead to an accident. This study applied the Delphi process and AHP to discover the 
task demand (TD) and capability (C) factors and their relative weights that influencing workers’ behaviors. 
The 9 safety experts of high-rise building construction in Thailand were recruited in both processes. After 
reaching the consensus among the expert’s opinions of two rounds of the Delphi process, the results 
indicated that all 35 proposed factors received the group median over 3.0 and they were absolutely 
inevitable to model components. These factors could be generalized for high-rise building construction 
projects but the other scenarios could be applied with more or fewer factors. The results from AHP 
showed the relative weights of these factors which indicated their significance levels. Furthermore, they 
could be used to prioritize the management’s concerns and plan an effective strategy. Project managers can 
concentrate on certain factors instead of handling all the factors to succeed the project safely and efficiently. 
The future research is necessary to better understand a link between these factors and the likelihood of an 
accident which can be proved through the empirical data. The construction workers’ behaviors model for 
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the accident prediction will be further developed in phase 2 and the soundness of the model must be 
validated. 
 

References 
 
[1] Social Security Office. (2015). Record of occupational injuries classified by severity and type of firm 

on year 2015 [Online]. Available: http://www.sso.go.th/wpr/uploads/uploadImages/file/ 
AnnualReportBook2558.pdf [Accessed: 20 December 2016]. 

[2] Bureau of Labor Statistics. (2015). Census of Fatal Occupational Injuries (CFOI) – Current and 
Revised Data [Online]. Available: https://www.bls.gov/iif/oshwc/cfoi/cfch0014.pdf [Accessed: 20 
December 2016]. 

[3] R. A. Haslam, S. A. Hide, A. G. F. Gibb, D. E. Gyi, T. Pavitt, S. Atkinson, and A. R. Duff, 
“Contributing factors in construction accidents,” Appl Ergon, vol.36, no.4, pp. 401-415, 2005. 

[4] Health and Safety Executive (HSE), “Strategies to promote safe behaviour as part of a health and 
safety management system,” Contract Research Report 430/2002, Suffolk, UK, 2002.  

[5] H. L. Kaila, “Behaviour based safety management,” Indian J Occup Environ Med, vol. 10, no. 3, pp. 102-
106, 2006. 

[6] S. Lichtenstein, P. Slovic, B. Fischhoff, and B. Combs, “Judged frequency of lethal events,” J Exp 
Psychol Human Learning and Memory, vol.4, pp. 551-578, 1978. 

[7] J. T. Reason, Human Error. New York: Cambridge University Press, 1990.  
[8] J. Rasmussen, “Risk management in a dynamic society: A modeling problem,” Safety Sci, vol. 27, no. 2, 

pp. 183-213, 1997. 
[9] R. Fuller, “Towards a general theory of driver behavior,” Accident Anal and Prev, vol. 37, no. 3, pp. 461-

472, 1997. 
[10] P. T. Mitropoulos and G. Cupido, “The role of production and teamwork practices in construction 

safety: A cognitive model and an empirical case study,” J Safety Res, vol. 40, no. 4, pp. 265-275, 2009. 
[11] D. Fang, C. Zhao, and M. A. Zhang, “Cognitive model of construction workers’ unsafe behaviors,” J 

Constr Eng M, vol. 142, no. 9, pp. 04016039, 2016. 
[12] T. A. Saurin, C. T. Formoso, and F. B. Cambraia, “An analysis of construction safety best practices 

from a cognitive systems engineering perspective,” Safety Sci, vol. 46, no. 8, pp. 1169-1183, 2008. 
[13] P. Mitropoulos, G. Cupido, and M. Namboodiri, “Cognitive approach to construction safety: Task 

demand-capability model,” J Constr Eng M, vol. 135, no. 9, pp. 881-889, 2009. 
[14] P. Mitropoulos, T. Abdelhamid, and G. Howell, “Systems model of construction accident causation,” 

J Constr Eng M, vol. 131, no. 7, pp. 816-825, 2005. 
[15] J. Everett, “Overexertion injuries in construction,” J Constr Eng M, vol. 125, no. 2, pp. 109-114, 1999. 
[16] O. Somchainuck, P. Taneerananon, and S. Jaritngam, “An in-depth investigation of roadside crashes 

on Thai National Highways,” Engineering Journal, vol. 17, no. 2, pp. 63-74, 2012. 
[17] M. Hallowell and J. Gambatese, “Qualitative research: Application of the Delphi method to CEM 

research,” J Constr Eng M, vol. 136, no. 1, pp. 99-107, 2010. 
[18] A. A. Raheem and R. R. Issa, “Safety implementation framework for Pakistani construction industry,” 

Safety Sci, vol. 82, pp. 301-314, 2016. 
[19] G. Rowe and G. Wright, “The Delphi technique as a forecasting tool: issues and analysis,” Int J 

Forecasting, vol. 15, no. 4, pp. 353-375, 1999. 
[20] G. Wright, M. J. Lawrence, and F. Collopy, “The role and validity of judgment in forecasting,” Int J 

Forecasting, vol. 12, no. 1, pp. 1-8, 1996. 
[21] T. L. Saaty, “Decision making with the analytic hierarchy process,” Int J Services Sciences, vol. 1, no. 1, 

pp. 83-98, 2008. 
[22] E. A. L. Teo and F. Y. Y. Ling, “Developing a model to measure the effectiveness of safety 

management systems of construction sites,” Build Environ, vol. 41, no. 11, pp. 1584-1592, 2006. 
[23] A. Shapira and M. Goldenberg, “AHP-based equipment selection model for construction projects,” J 

Constr Eng M, vol. 131, no. 12, pp. 1263-1273, 2005. 
[24] S. Aminbakhsh, M. Gunduz, and R. Sonmez, “Safety risk assessment using analytic hierarchy process 

(AHP) during planning and budgeting of construction projects,” J Safety Res, vol. 46, pp. 99-105, 2013. 
[25] Loughborough University and UMIST, “Causal factors in construction accidents,” HSE Research 

Report 156, Suffolk, UK, 2003.  



DOI:10.4186/ej.2017.21.5.257 

ENGINEERING JOURNAL Volume 21 Issue 5, ISSN 0125-8281 (http://www.engj.org/) 271 

[26] A. M. Arof, “The application of a combined Delphi-AHP method in maritime transport research—A 
review,” Asian Soc Sci, vol. 11, no. 23, pp. 73, 2015. 

[27] S. P. Robbins, Management. New Jersey: Prentice Hall, 1994. 
[28] A. L. Delbecq, A. H. Van de Ven, and D. H. Gustafson, Group Techniques for Program Planning: A Guide 

to Nominal Group and Delphi Processes. Glenview, IL: Scott, Foresman, 1975. 
[29] T. L. Saaty, “How to make and justify a decision: The analytic hierarchy process,” System Research and 

Information Technologies, vol. 1, pp. 95-108, 2002. 
[30] A. Moradi, A. Etebarian, A. Shirvani, I. Soltani, “Development of a fuzzy model for Iranian marine 

casualties management,” Fuzzy Set Val. Anal, vol. 2014, pp. 1-17, 2014. 
[31] P. F. Hsu and B. Y. Chen, “Developing and implementing a selection model for bedding chain retail 

store franchisee using Delphi and fuzzy AHP,” QUAL QUANT, vol. 41, no. 2, pp. 275-290, 2007. 
[32] M. R. P. Da Cruz, J. J. Ferreira, and S. G. Azevedo, “Key factors of seaport competitiveness based on 

the stakeholder perspective: An analytic hierarchy process (AHP) model,” MARIT ECON LOGIST, 
vol. 15, no. 4, pp. 416-443, 2013. 

[33] R. Ott, M. Longnecker, An Introduction to Statistical Methods and Data Analysis, 6th ed. California, USA: 
Brooks/Cole, 2008.  

[34] T. L. Saaty, The Analytic Hierarchy Process. London: McGraw-Hill, 1980.  
[35] A. Shapira and M. Simcha, “AHP-based weighting of factors affecting safety on construction sites 

with tower cranes,” J Constr Eng M, vol. 135, no. 4, pp. 307-318, 2009. 
[36] B. Ludwig, “Predicting the future: Have you considered using the Delphi methodology,” Journal of 

extension, vol. 35, no. 5, pp. 1-4, 1997. 
[37] R. L. Custer, J. A. Scarcella, and B. R. Stewart, “The modified Delphi technique—A rotational 

modification,” J. Vocat. Tech. Edu, vol. 15, no. 2, 1999. 
[38] S. Rajendran, J. A. Gambatese, and M. G. Behm, “Impact of green building design and construction 

on worker safety and health,” J Constr Eng M, vol. 135, no. 10, pp. 1058-1066, 2009. 
[39] E. Sawacha, S. Naoum, and D. Fong, “Factors affecting safety performance on construction sites,” Int 

J Pro Man, vol. 17, no. 5, pp. 309-315, 1999. 
[40] W. T. Loushine, P. L. T. Hoonakker, P. Carayon, and M. J. Smith, “Development Quality safety 

management in construction,” Total Qual. Manage, vol. 17, no. 9, pp. 1171–1212, 2006. 
[41] J. Maiti, S. Chatterjee, and S. I. Bangdiwala, “Determinants of work injury—An application of 

structural equation modeling,” Inj. Control Saf. Promotion, vol. 11, no. 1, pp. 29–37, 2004. 
[42] J. Hinze, “The distraction theory of accident causation,” in Proceedings of the International Conference On 

Implementation of Safety and Health on Construction Sites, "CIB Working Commission W99: Safety and Health on 
Construction Sites, Balkema, Rotterdam, The Netherlands, 1996, pp. 357-384. 

[43] A. Hale and D. Borys, “Working to rule, or working safely? Part 1: A state of the art review,” Safety Sci, 
vol. 55, pp. 207-221, 2013. 

 
 
 
 


