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Abstract: Human errors are one of the major causes of accidents in the construction industry. Human
errors can be caused by various factors across diverse types of projects. Hence, this research study
seeks to determine the major factors influencing human errors associated with the urban construction
industry (UCI). To achieve this, three rounds of Delphi survey were conducted with 17 experts
engaged in construction site safety management. The Delphi panel members were determined using
a targeted snowball sampling method. According to the results of the Delphi survey, 35 significant
factors leading to the incidence of human errors in the UCI were identified and collated. Then,
an empirical questionnaire was developed based on a five-point Likert measurement scale and
distributed among construction experts to evaluate the impact level of each identified human error in
the UCI. The questionnaire included 35 effective factors pertaining to human errors classified into
five main groups of environmental factors, information systems/technological factors, individual
factors (permanently related), individual factors (temporarily related), and organizational factors.
Findings indicate that all evaluated factors are at a higher-than-average level and can be considered
as the significant factors leading to the occurrence of site accidents attributed to human errors in the
UCI. In addition, the top five most significant factors include improper work and safety culture, low
level of technology deployed for equipment and safety protection, violation of safety regulations,
rushing to do work, and lack of a proper education system in the organization. The results of this
study can be useful for producing better-informed decisions by various major industrial practitioners
and site safety managers.
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1. Introduction

The construction industry has always been one of the largest industries in the world,
requiring the support of a great percentage of each country’s annual income. Some develop-
ing countries spend more than 70% of their total annual income to expand construction and
infrastructure projects [1]. Construction projects are allocated a high percentage of financial
resources but they usually are completed beyond the cost estimated and time planned. This
issue has caused construction project management to become much more complex and
difficult [2]. Likewise, the development of construction infrastructure projects has become
much more complex and difficult to manage [3]. One example of this complexity is the in-
terdependencies of stakeholders in various projects (e.g., financing institutions, authorities,
architects, engineers, contractors, and suppliers of construction projects) [4,5]. The evidence
shows that diverse workforces are employed in the construction industry. Therefore, human
resource management is challenging in the construction industry. Human resources are the
most significant factor in achieving success in any construction project; however, due to
low labor costs compared which other resources, such as materials and machinery, they do
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not receive much attention. Nowadays, human resources are the most important source of
competitive advantage in any company and project. Investigating the interaction between
the transformed work environment and variable and adaptable workforces, one must con-
sider different ways to control human behavior depending on knowledge and familiarity
with the system and its features [6]. When confronted with a new system, environment,
or complex machine, every human shows a series of features and characteristics which
are called human factors. Facing new and unfamiliar situations, previous experiences are
sometimes not useful, there are no specific rules to follow, and human factors may lead to
mistakes [7]. Reason [8] subdivided errors into two further categories: knowledge-based
errors and rule-based errors. Primarily, errors pertain to the implementation of a defective
plan. Knowledge-based errors are those that arise when a situation is misunderstood or the
proper judgment is not made. This is due to the lack of information or experience required
to comprehend the issue, resulting in the emergence of ambiguity. Rule-based errors are
made confidently, but a different process is selected due to a lack of situational analysis,
or the wrong action was selected. These two subcategories of errors are comparable to
Rasmussen’s [9] “skill, rule, and knowledge” (SRK)-based approach.

Researchers have found that hidden costs can affect the final cost of a project in
addition to the main project cost, which has direct impacts. Costs incurred by accidents
due to human errors in the work process account for a large part of these hidden expenses,
and failure to consider these risks and improper management of human errors threaten a
project’s long-term success [10].

Workers are often exposed to various hazards and accidents in industrial environments
because of different machinery and tools. With the development of technology and the
increasing use of machines in production, the probability of hazards and accidents in
such environments increases [11]. Construction projects face many risks throughout the
project life cycle, especially the construction phase, including non-observance of safety tips
by personnel, machinery hazards, geographical location of the area, workload, etc. [12].
Human errors can occur in all human activities throughout an organization, including at the
managerial, conceptual, or technical levels [13]. Errors in construction projects can be due
to various factors, including errors related to investors, users, suppliers, etc. Other factors
that can affect individual decisions, leading to errors, include the quality of education,
working experience under pressure, workload, fatigue, workplace ergonomics, working
hours, social climate, etc. Errors can be considered as a chain of events, including causes,
human errors, defects, consequences, etc. [14]. Some human errors in the project include
errors in civil and architectural design, errors by consulting companies and their employees,
and errors related to construction plans, building supervision, construction operations,
contractor’s office, construction materials, construction equipment, and regulations [15,16].

Therefore, manpower can suffer human errors under stressful conditions. Previous
studies on human errors have reported their occurrence in more than 80% of accidents [17].
For example, damage from health, safety, and environmental hazards in industries such
as construction impose high costs on companies [18]. Hence, identifying human errors in
all stages of construction projects is a necessity for project success and the survival of the
entire organization [19]. Accidents in any form and degree impose numerous economic,
social, and health problems on society. Since the consequences of accidents can go beyond
the boundaries of the project and affect more extensive dimensions, measures are required
to prevent the occurrence of similar incidents using previous experiences and lessons [20].
According to research, one of the most practical methods available to prevent and reduce
the occurrence of human errors is the use of appropriate techniques to predict and identify
types of human errors, investigate the root causes of errors, and find appropriate solutions
for control [21]. There have been many efforts in recent years to identify the causes of
accidents in various industries. It is believed that most accidents are caused by human error
due to carelessness or inadequacy in performing tasks. However, researchers investigating
accidents have found that it is possible to prevent accidents by identifying their causes [22].
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Over the past two decades, the development of urbanization and the consequent
increase in demand for welfare and a safe and secure living environment have been accom-
panied by an increase in demand for housing and the number of construction projects [1].
Successful urban development is tied to the successful development of the necessary
projects and infrastructure to a great extent, highlighting the importance of higher reliabil-
ity in projects that always face crises. The project environment is significantly affected by
uncertainty, which is more acute for large projects. On the other hand, establishing and
monitoring site safety performance is an important and necessary condition for starting,
conducting, terminating, and operating in the life cycle of projects. Despite the special
contribution of this factor to the project’s success, little attention is paid to this category,
especially in developing countries, due to the impact of various cultural, social, economic,
and technical factors. Various accidents and numerous human and financial losses can
be the result of this lack of attention [23]. Urban projects face many uncertainties due
to their special conditions; hence, detecting human errors in the construction of urban
projects can significantly reduce the costs incurred by the poor quality of construction [24].
Accordingly, this research aims to identify and evaluate the factors affecting the occurrence
of accidents in urban construction projects to contribute to the success of these projects.
Hence, a comprehensive literature review was initially conducted to identify the effective
factors in the occurrence of accidents. Then, three rounds of the Delphi technique were
implemented to screen the identified factors, which were finally evaluated. The results of
this study can be used as a decision tool for key stakeholders in urban construction projects.

2. Review of Previous Research Work

Incidents like Bhopal in India have shown that, despite advances in technologies and
the use of automation in different industries, as well as the reduction of the human role in
the workplace, human error can still lead to unfortunate human and financial disasters [25].
This is because, on the one hand, human duties in the workplace are associated with an
increase in the psychological burden and complexity of work, which increases the likelihood
of error; and on the other hand, as the burden of responsibility increases, the consequences
of human error will increase [26]. Human error is one of the most significant human factors
and includes those occurrences when people make a mistake when faced with a system and
a machine [27]. It is human decision and behavior that determines in which direction the
system moves. Errors occur due to a lack of awareness, limited human function, incorrect
attitude, inappropriate methods, tools, and working environment conditions [28].

An error is an unintentional failure to perform a purposeful action, individually or as
part of a planned chain of actions, to achieve the expected result within the permissible limit
of the action or its consequence [29]. Errors can be considered as a chain of events, including
reasons, human error, defects, consequences, etc. Most corrective actions of these chains
involve repeated loops, meaning that there are several human errors and defects that occur
before diagnosis [30]. According to Kohn [31], human error is a general term and includes
all events during which the planned chain of mental or physical activities does not achieve
the expected result and these defects cannot be attributed to chance. According to this
definition, an error may occur because of incorrect planning or execution. Crowl [32] also
stated that an error is an unauthorized action when the permitted performance limits are
defined by the system. Errors are unintentional actions including slips, forgetfulness, and
mistake. Violations are classified as a group of intentional acts [33]. Reason [8] distinguished
between mistakes and violations, both of which are errors of intent—mistakes are the
consequence of unsuitable intents or inaccurate diagnoses of situations, whereas violations
are the result of bad actions.

According to Boal and Meckler [34], conditions for mistakes and misbehavior exist in
all operational domains and can negatively impact the performance of a person or a group.
OSHA also suggests that a good study of occupational safety may avoid a number of accidents
and illnesses, and identified the technical and managerial control measures, training needs,
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personal protective equipment necessary, and executive instructions for each activity. This
approach is suggested for use in all industries and at all phases of system life [35].

There have been more accidents in the construction industry with the increase of
urbanization in developing countries over the past two decades and the consequent increase
in the demand for urban housing and infrastructure. Many researchers have considered this
issue and sought to assess such events. For example, as stated by [36], with the expansion
of construction projects in Turkey, the mortality rates of workers also increased. They noted
that staff and worker awareness significantly reduced risks and accidents in these projects,
and workers who received safety training were at lower risk. They also mentioned factors
such as experience, equipment, and working conditions as other effective parameters.
In another study, Kumar et al. [37] referred to the undeniable role of human factors in
causing accidents in construction projects. They introduced factors such as mechanization,
technology, machine automation, and increased safety as other effective parameters for
the productivity of construction projects. In another study, Hameed et al. [38] presented a
method based on the estimation of the risk caused by human factors to determine the time
interval between machinery repair and shutdown. Their proposed method included three
stages of equipment selection according to the sensitivity of operations, modeling system
failure considering human error, and an inspection to estimate the time interval between
machinery repair and shutdown to reduce errors caused by human factors.

There have been many different theoretical approaches and conceptual frameworks
suggested for investigating accidents. The human factors analysis categorization system
(HFACS) is one example of a theoretical framework that contributes to a better understand-
ing of the complex nature of accidents. For instance, Shappell and Wiegmann [39] created
HFACS as a tool for evaluating human mistakes based on Reason’s [8] model of latent and
active failures. This model was used as the foundation for the development of HFACS.
Additionally, the cognitive reliability and analysis approach is a categorization system
that is founded on a theory that enables the analysis and prediction of mistakes. This
method was developed by Hollnagel [40]. On the basis of HFACS, Garrett and Teizer [41]
recommended the development of a new error analysis instructional and categorization
tool for use in the construction sector to improve worker safety. They discussed numerous
different arguments for why their behavior was risky. In addition to this, they found a
number of elements that contributed to the problem and separated them into the following
four categories: culture, operations, resource management, and executive management
(policy). In addition, Xia and colleagues [42] developed a causality framework that makes
use of HFACS for the purpose of studying the underlying elements that influence construc-
tion safety performance. This framework for determining causes includes 18 risk factors
that come from organizational, environmental, and human aspects. These risk factors are
organized into five levels, which are as follows: unsafe acts of workers, preconditions for
unsafe acts, unsafe supervision and monitoring, adverse organizational influences, and
adverse environmental influences. In a separate line of research, a safety preventive and
control system that was based on HFACS was created [43]. The prevention and control
strategies to prevent the incidence of accidents have also been offered from four different
perspectives: the external environment, the organizational variables, the conditions for
triggering accidents, and risky leadership behaviors.

Construction research institutes have made extensive efforts to investigate the causes
of building and construction defects [44,45]. Bentley [46] examined 27 construction projects
and identified the causes of construction defects in seven categories of lack of skill, failure
in maintenance, lack of knowledge and awareness in executive workshops, complexity
and difficulty of the structure, poor design quality and project information, weakness
and ambiguity of project, and some aspects of project/design information. Investigations
revealed incomplete and ambiguous project information as the most mentioned cause of the
deficiencies. In the meantime, scientific studies indicate that human errors have a dominant
and more significant role in the occurrence of various structural defects. These errors can
lead to work duplication, higher costs, delays in scheduling, and environmental insecurity,
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affecting project performance. Design errors also threaten the success of construction
projects, the main source of which is human error [47].

Various studies have confirmed the direct relationship between safety performance
and a positive safety climate in construction projects [48]. For example, studies have shown
that employees reporting workplace insecurity are less motivated to perform tasks safely
or follow safety guidelines, which in turn leads to human error and, consequently, a higher
level of injury and loss at work [49]. According to Griffin and Neal [50], safety researchers
are interested in those studies seeking mediators in safety research. Previous studies have
identified personal characteristics, perspectives, and organizational variables as mediators.
A review of the literature shows a relatively large number of efforts to identify the causes
of accidents in construction projects. In the meantime, many factors have been identified
and placed in different categories, one of which represents human-related factors. These
factors may be different in a variety of situations and projects and impose various effects.
For example, previous studies have widely considered the occurrence of human errors in
various projects such as road projects, dam construction, power plant construction, and
industrial projects. However, some other types of projects, including urban construction
projects, have received less attention. Therefore, this study seeks to identify and evaluate
the effective factors for the occurrence of human errors in the UCI to take a step to fill the
gap in the literature.

3. Research Methodology

The main objective of this study is to determine the significant contributing factors
affecting the occurrence of human errors in UCI based in Iran. Since the effective factors
contributing to the occurrence of human errors are multitudinous and various in each
country and region, it was essential to develop a new questionnaire focused on the context
of the studied country of Iran. To this end, firstly, a comprehensive and detailed review
of the previous literature was conducted. Then, 3 rounds of the Delphi survey were
implemented to monitor the influential factors identified in the relevant literature. During
the 3 rounds of the Delphi survey, 17 experts in the field of study were invited to comment
on and rate the level of importance of the identified human error factors based on a 5-point
Likert scale. Various previous studies have manifested that the reliability and validity of
2- or 3-point scales are lower compared to higher-point scales, and the level of reliability
and validity in scales with points higher than 7 also decreases to some extent. Therefore, in
most cases, the designer of the questionnaire will adopt a range of 5 to 7 scaling numbers
for delineating the measurement. Furthermore, the 5-point Likert scale has been widely
used in other related research studies before, e.g., [1,7,12]. This stage selected only factors
that had the importance of >3. Fink et al. [51] proposed this method to facilitate members
reaching a consensus regarding different items and their selection or removal. There is
no robust or explicit rule for the selection of Delphi panel experts; however, the quality
of experts is more important than their number [52]. Hence, the Delphi panel members
are experts and critics with sufficient knowledge and experience in a similar field and
effective communication skills, who also have enough time to participate in the study [53].
The number of experts is usually <50 and often from 10 to 20 [54]. The number of experts
depends on factors such as sample homogeneity, Delphi goals, the scope of difficulty,
quality of decision making, research team abilities, internal and external reliability, data
collection time, and available resources. Finally, the empirical questionnaire was developed
based on a 5-point Likert scale of measurement and distributed among the experts. This
study adopted a purposive sampling method to select the Delphi panel members, which
was performed by other researchers for similar research questions [55]. Figure 1 illustrates
the entire research process of the study.
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Figure 1. The overall research design for the study.

The Delphi survey method was used to monitor and screen the identified factors
from the research literature. Accordingly, the questionnaire of the first Delphi round was
developed based on the previous studies and initial surveys of researchers, including
58 effective factors on the occurrence of human errors in five groups of environmental fac-
tors, information systems/technological factors and equipment and machinery, individual
factors (permanently related), individual factors (temporarily related), and organizational
factors. A total of 17 experts were asked to comment to determine whether the identified
factors could be regarded as effective factors in the occurrence of accidents caused by
human error in the UCI. Table 1 provides the demographic information of the Delphi
panel experts participating in the study. The Delphi panel members were determined
using a targeted snowball sampling method. The targeted snowball sampling approach
is a method extensively used for recruiting experts in research. It is a process in which
a qualified participant invites similar experts who fulfil the requirements needed for the
study [56]. For this study, experts that were aware and knowledgeable of the UCI and
site safety management (faculty members, project managers, construction manager, safety
managers, site engineers, and other related professionals in the AECO industry) were
invited for participation. According to the results of the first round, out of 58 factors, some
factors were integrated, deleted, or corrected, in terms of expression. The experts also
suggested dividing the group of information systems/technological factors and equipment
and machinery into two separate groups. Therefore, a new questionnaire with 37 factors
categorized into 6 groups was dispatched to Delphi panel members in the 2nd round,
leading to integrating or eliminating some factors. It is noteworthy that all questions were
removed in the new group of equipment and machinery because of a mean of <3. However,
before data analysis in this round, it was suggested to transfer the factor of operational
barriers caused by construction machinery to the group of environmental factors. Therefore,
although this question scored <3, it was transferred to environmental factors (the score
may have been obtained because the selected group was not suitable for the item). It
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was also suggested to add a new factor referred to as low level of technology deployed
for equipment and safety protection (traditional repair and maintenance systems, lack of
necessary tools and equipment, and lack of knowledge of required resources) to the group
of information systems/technological factors. Some factors had to be corrected in terms
of grammar or writing in this round. Thus, a new questionnaire with 35 factors classified
into 5 different groups was forwarded again to the experts in the 3rd round. In this round,
the Delphi panel members concluded that all the 35 identified factors were effective in
the occurrence of site accidents caused by human errors in the UCI. The opinions of some
respondents were used to evaluate the face validity of the questionnaire.

Table 1. Demographic information of the Delphi study’s experts.

Feature Code Number (%)
Men 4 (23.5)
Gend
ender Women 13 (76.5)
<30 years old 1 (5.95)
Age 30-50 years old 12 (69.55)
>50 years old 4(23.5)
Bachelor’s degree 4(23.5)
Educational level Master’s degree 11 (64.7)
PhD degree 2 (11.8)
<10 years 4(23.5)
Tenure in the construction sector 10-20 years 9 (53.0)
>20 years 4(23.5)
<10 years 9 (53.0)
Tenure in safety management 10-20 years 6 (35.3)
>20 years 2 (11.7)
Client 2 (11.7)
Role Consultant 10 (58.8)
Contractor 5(29.5)
Architect 1 (5.95)
Engineer—Civil, Electrical, and Mechanical 3(17.6)
Safety Manager 4(23.5)
Job position General Manager—Procurement and Contracts 3(17.6)
Project Manager 2(11.8)
Senior Project Manager 3(17.6)
University Professor 1 (5.95)

Content validity was confirmed using a Delphi panel consisting of 17 experts, based on
3 Delphi rounds, Lawshe content validity, and Kendall’s coefficient of concordance [57]. The
Kendall coefficient of concordance shows that people sort several categories according to
their use of the same criteria to judge the importance of each category and reach consensus
in this regard [58]. In addition, Cronbach’s alpha coefficient was calculated using the
SPSS software program to evaluate the reliability of the questionnaire. Given that the
total reliability of the questionnaire was 0.978, the questionnaire had high reliability for
performing any further statistical tests.

4. Illustration of Survey Results

During the three rounds of the Delphi survey, 35 different effective factors leading to
the occurrence of site accidents attributed by human errors in the UCI were identified. Ac-
cordingly, the 35 identified factors were classified into five main groups: (1) environmental,
(2) information systems/technological factors, (3) individual factors (permanently related),
(4) individual factors (temporarily related), and (5) organizational factors. Table 2 portrays
the overall results after the completion of the third round of the Delphi survey.



Buildings 2022, 12, 1858 8 of 17

Table 2. The overall results after completion of the third round of the Delphi survey.

No. Group Human Error Factors Leading to the Occurrence of Site Accidents in the UCI Mean Result Source

1 Poor ergonomics and geometry of the project workplace 3.47 Confirmed [59]
T é Adverse enVironmentaéfg;gEj&r;z,(;:llltlistz;e(),r‘i;;);t;aelrx;issrilgivlj;y, noise, odor, ambient 358 Confirmed [60]
T % Social pressures 3.23 Confirmed [61]
z g Accessibility problems (improper workplace arrangement, etc.) 3.41 Confirmed [62]

§ Improper work and safety culture (related to the workers’ attitudes and perceptions

5 E including safety understanding and perceptions of personnel, nationality and 4.05 Confirmed [48]

&3 culture, religion, fatalism, and optimism)
T Operational barriers because of construction machinery 3.47 Confirmed [28]

7 g O formance diversity, high information volume, ety 317 Confirmed (03]
8 }‘3 Defects in details and information and lack of design dynamics 3.41 Confirmed [64]
7 E‘J Errors in instructions (incorrectrierzlfsfil;:éﬁtgs,,iztccc??plete information, insufficient 358 Confirmed [47]
10 é Software defects 3.35 Confirmed [60]
T % Excessive trust in technology 3.17 Confirmed [60]

12 g (differencggizelaléir;;}; g;ﬁ;i?;ﬁfihg:slfggi mindset) 329 Confirmed (271
— )

13 '-% (informatior{) g(())lli;?tfi?)ifl?c{le(::iﬁjziaoﬁrgﬁgtevaluation). 3.35 Confirmed 651
o g Low level of technology deployed for equipment and safety protection (traditional

14 = repair and maintenance systems, lack of necessary tools and equipment, and lack of 3.76 Confirmed  Interview

knowledge of required resources)

15 = Individual-job physical and mental incompatibility 3.52 Confirmed [66]
? E" é = Violation of safety regulations (drug use, etc.) 417 Confirmed [37]
7 g g g F‘% Job dissatisfaction 3.52 Confirmed [67]
TS E JL‘: g‘;@ Job habits and dailiness 341 Confirmed [67]

19 % Physical conditions (fatigue, illness, weight) 3.64 Confirmed [67]

0 F 0 Toormyilegalondiion e pative by poo menoy peren e 30 Conmed 1)
E T§ Poor awareness and understanding of the situation in error detection 3.94 Confirmed [28]
Z é‘ Inadequate understanding of information and plan recognition in error detection 3.64 Confirmed [47]
- L : -

2 g (omission of an ac?gsr:rfgﬁios%aeldu;i?\fffi}tia:stin the project, etc.) 382 Confirmed (371
ﬂ :% False beliefs and attitudes towards the effects of error 3.76 Confirmed [28]
- <

55 ifirent arens (misundetstanding of some general supects of ystem periormance) 3% Confirmed (29
76 E Haste in doing work (due to lack of time or irregular working hours) 4.05 Confirmed [65]

27 Failure to address the error-causing problem 3.64 Confirmed [61]
28 Failure to manage changes during project implementation 3.41 Confirmed [28]
29 5 Lack of proper communication among project stakeholders 3.29 Confirmed [61]
30 § Unavailability of a proper educational system in the organization 4 Confirmed [67]
H _é Failure to accurately predict work risks by the project management department 3.76 Confirmed [46]
E :‘g Poor project planning 3.47 Confirmed [61]

33 go Lack of organization and improper task assignment 3.58 Confirmed [61]
34 © Poor supervisory inspection 3.88 Confirmed [65]

35 Improper quality control 3.58 Confirmed [65]
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This study’s descriptive and inferential statistical analyses were conducted using the
SPSS software package. In the descriptive statistics section, statistical parameters such as
frequency, percentage, mean, and standard deviation were calculated. The Shapiro-Wilk
test, one-sample f-test, and Friedman test were used in the inferential statistics section.
The normal distribution of variables is the prerequisite for parametric tests. In general,
parametric tests are based on mean and standard deviation, but the correct interpretation
of the results is not possible if the population distribution is not normal. Therefore, this
test shows a normal distribution if the significance level (Sig.) is zero. The Shapiro-Wilk
test was performed in this research to verify the normality of the main research variable.
Table 3 shows the hypothesis testing, the results of which indicated a significance level of
>0.05 in the overall questionnaire and the groups of environmental factors, information
systems/technological factors, individual factors (permanently related), individual factors
(temporarily related), and organizational factors. Therefore, the null hypothesis was
confirmed and accepted at a 95% confidence level, and the data distribution followed a
normal distribution in the research variable. Hence, parametric tests were used to examine
the survey data collected from the Delphi panel.

Table 3. Normality evaluation of research data using the Shapiro-Wilk test.

Main Variable Sig. Statistics Error Hypothesis Confirmation Normal Distribution
Environmental factors 0.237 0.932 0.05 Hy! Yes
Information systems/technological factors 0.141 0.919 0.05 Hy Yes
Individual factors (permanently related) 0.282 0.937 0.05 Hy Yes
Individual factors (temporarily related) 0.328 0.941 0.05 Hy Yes
Organizational factors 0.400 0.946 0.05 Hj Yes
All constituent factors 0.610 0.959 0.05 Hyp Yes

Hp!: The data of the research questionnaire have a normal distribution. Hp: The data of the research questionnaire
do not have a normal distribution.

4.1. What Factors Are Effective in Contributing to Site Accidents Caused by Human Errors in the UCI?

According to Table 4, the groups of environmental factors, information systems/technological
factors, individual factors (permanently related), individual factors (temporarily related), and
organizational factors in the main research variable (human errors in the UCI) were 3.539, 3.389,
3.661, 3.801, and 3.627, respectively, and the mean of the overall questionnaire was 3.601. Since
the p-value in the above groups and the overall questionnaire were <0.05, the difference with the
test value (i.e., 3) was significant and above average. On the other hand, considering the positive
values of the upper and lower limits of the confidence interval, all factors and groups under study
could be considered “strong” human error factors leading to site accidents in the UCL On the
other hand, the p-value in the group of information systems/technological factors was >0.05; thus,
it was not significantly different from the test value (i.e., three). In addition, the upper and lower
limits of the confidence interval were positive and negative, respectively, indicating the average
state of the group of information systems/technological factors.

Table 4. Results of one-sample ¢-test for human error factors in the UCL

Test Value =3

Variable No. Mean SD Lower Limit Upper Limit
t df p-Value
Environmental factors 17 3.539 0.936 2.374 16 0.030 0.057 1.020
Information systems/Technological factors 17 3.389 0.916 1.754 16 0.099 —0.081 0.860
Individual factors (permanently related) 17 3.661 0.896 3.043 16 0.008 0.200 1.122
Individual factors (temporarily related) 17 3.801 0.837 3.946 16 0.001 0.370 1.232
Organizational factors 17 3.627 0.872 2.966 16 0.009 0.179 1.075
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4.2. What Is the Importance of Effective Factors in Contributing to Site Accidents Caused by
Human Errors in the UCI?

The Friedman test was used to prioritize the groups of environmental factors, infor-
mation systems/technological factors, individual factors (permanently related), individual
factors (temporarily related), and organizational factors for the variable of human errors
in the UCI. This test is used for two-way analysis of variance by the ranking method. In
addition, the above test can be used to compare the mean ranking of different groups. Ac-
cording to the results of Table 5, the significance level of groups and factors of human errors
in the UCI was less than the threshold (0.05) (p <0.05). Therefore, there was a significant
difference between the groups of environmental factors, information systems/technological
factors), individual factors (permanently related), individual factors (temporarily related),
and organizational factors and human error factors in the UCIL

Table 5. Results of Friedman test (Significance of groups and factors affecting human errors in UCI).

Chi-square Df Sig. Result
Groups 12.072 4 0.017 Rejection of Hy!
Factors 77.577 34 0.000 Rejection of Hy

Hp!: The groups/factors have equal mean ranks. Hy: The groups/factors do not have equal mean ranks.

Based on the results of Table 6, concerning the Friedman test ranking, individual
factors (temporarily related), individual factors (permanently related), environmental
factors, organizational factors, and information systems/technological factors ranked from
first to fifth, respectively, in terms of contributing to human errors in the UCI, with mean
scores of 3.76, 3.24, 3.03, 2.58, and 2.12, respectively.

Table 6. Results of Friedman test (mean ranking of groups/factors affecting human errors in the UCI).

Mean

No. Group Rank Human Error Factors Leading to the Occurrence of Site Accidents in the UCI Rank Rank
1 Poor ergonomics and geometry of the project workplace 16.24 23
A Adverse environmental conditions (dust, horizontal visibility, noise, odor, ambient
2 S . 17.68 18
5 temperature, altitude, weather, snow)
1
= Social pressures 13.15 33
4 é) Accessibility problems (improper workplace arrangement, etc.) 16.03 25
§ Improper work and safety culture (related to the workers’ attitudes and perceptions
5 = including safety understanding and perceptions of personnel, nationality and 24.00 2
;_5 culture, religion, fatalism, and optimism)
6 Operational barriers because of construction machinery 16.26 22
The complexity of work activities due to new technologies (for example,
7 o T . 13.32 32
5 performance diversity, high information volume, etc.)
8 & Defects in details and information and lack of design dynamics 16.50 20
.§ Errors in instructions (incorrect information, incomplete information, insufficient
9 50 . 17.88 17
Ke) requirements, etc.)
5
10 £ Software defects 15.15 29
o
11 é Excessive trust in technology 12.88 34
12}
1 _;53 Unfamiliarity with new technologies 14.47 30
2} (difference between the operator and designer mindset) '
v
i . .
13 & ) ) Poor 1nf.0rm.at10n.r¥1an.agement ) 15.59 o8
£ (information collection, identification, and evaluation).
g Low level of technology deployed for equipment and safety protection (traditional
14 = repair and maintenance systems, lack of necessary tools and equipment, and lack of 20.68 8

knowledge of required resources)
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Table 6. Cont.

No. Group Mean Rank Human Error Factors Leading to the Occurrence of Site Accidents in the UCI Mean Rank
Rank Rank
15 > Individual-job physical and mental incompatibility 15.76 27
16 Tg § Violation of safety regulations (drug use, etc.) 24.26 1
T g 85 324 2
7 FEETS Job dissatisfaction 18.00 16
T 0 o8

18 R Job habits and dailiness 15.82 2

19 @ Physical conditions (fatigue, illness, weight) 18.32 14
= Poor psychological conditions (stress, repetitive jobs, poor memory, personal life

20 & . 22.06 5
o problems, allergies, constant alertness, etc.)

21 .g Poor awareness and understanding of the situation in error detection 21.56 6
S

22 g* Inadequate understanding of information and plan recognition in error detection 18.68 13
[
= Unintentional unsafe acts

z g 3.76 1 (omission of an act or unfinished activities in the project, etc.) 20.38 ?

24 E False beliefs and attitudes towards the effects of error 19.71 10
5 Misunderstanding due to simultaneous working with several software systems and

25 ! . ) . 18.06 15
5 different areas (misunderstanding of some general aspects of system performance)

26 E Haste in doing work (due to lack of time or irregular working hours) 2291 4

27 Failure to address the error-causing problem 18.74 12

28 Failure to manage changes during project implementation 16.44 21
[l

29 3 Lack of proper communication among project stakeholders 14.38 31
9

30 ﬁ Unavailability of a proper education system in the organization 23.26 3
<

31 .5 2.85 4 Failure to accurately predict work risks by the project management department 19.62 11

32 ,g Poor project planning 16.12 24

33 5o Lack of organization and improper task assignment 16.85 19
S

34 Poor supervisory inspection 21.35 7

35 Improper quality control 17.88 17

In addition, violation of safety regulations (drug use, etc.) (mean rank = 24.26), im-
proper work and safety culture (related to the workers’ attitudes and perceptions including
safety understanding and perceptions of personnel, nationality and culture, religion, fatal-
ism, and optimism) (mean rank = 24.00), unavailability of proper educational system in the
organization (mean rank = 23.26), haste in doing work (due to lack of time or irregular work-
ing hours) (mean rank = 22.91), poor psychological conditions (stress, repetitive jobs, poor
memory, personal life problems, allergies, constant alertness, etc.) (mean rank = 22.06), poor
awareness and understanding of the situation in error detection (mean rank = 21.26), poor
supervisory inspection (mean rank = 21.35), low level of technology deployed for equip-
ment and safety protection (traditional repair and maintenance systems, lack of necessary
tools and equipment, and lack of knowledge of required resources) (mean rank = 20.68),
unintentional unsafe acts (omission of act or unfinished activities in the project, etc.) (mean
rank = 20.38), false beliefs and attitudes towards the effects of error (mean rank = 19.71),
failure to accurately predict work risks by the project management department (mean
rank = 19.62), failure to address the error-causing problem (mean rank = 18.74), inadequate
understanding of information and plan recognition in error detection (mean rank = 18.68),
physical conditions (fatigue, illness, weight) (mean rank = 18.32), misunderstanding due to
simultaneous working with several software systems and different areas (misunderstand-
ing of some general aspects of system performance) (mean rank = 18.06), job dissatisfaction
(mean rank = 18.00), errors in instructions (incorrect information, incomplete information,
insufficient requirements, etc.) and poor quality control (mean rank = 17.88), adverse
environmental conditions (dust, horizontal visibility, noise, odor, ambient temperature,
altitude, weather, snow) (mean rank = 17.68), lack of organization and improper task assign-
ment (mean rank = 16.85), defects in details and information and lack of design dynamics
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(mean rank = 16.50), failure to manage changes during project implementation (mean
rank = 16.44), operational barriers because of construction machinery (mean rank = 16.26),
poor ergonomics and geometry of the project workplace (mean rank = 16.24), poor project
planning (mean rank = 16.12), accessibility problems (improper workplace arrangement,
etc.) (mean rank = 16.03), job habit and dailiness (mean rank = 15.82), individual-job
physical and mental incompatibility (mean rank = 15.76), poor information management
(information collection, identification, and evaluation) (mean rank = 15.59), software defects
(15.15), unfamiliarity with new technologies (difference between the operator and designer
mindset) (mean rank = 14.47), lack of proper communication among project stakeholders
(mean rank = 14.38), the complexity of work activities due to new technologies (for example,
performance diversity, high information volume, etc.) (mean rank = 13.32), social pressure
(mean rank = 13.15), and excessive trust in technology (mean rank = 12.88), were ranked
first to thirty-fifth, respectively, in the ranking of human error factors in the UCL

5. Discussion of Analytical Results

The overall findings of this study (portrayed in Figure 2) align with those of earlier
research. For example, Kumar et al. [37] referred to the undeniable contribution of human
factors to accidents in construction projects. They also introduced factors such as mechaniza-
tion, technology, machine automation, and increased safety as key parameters that increase
the productivity of construction projects. In another study, Giircanli et al. [36] examined
civil project risks in Turkey and introduced safety training, experience, equipment, working
conditions, and other project-related parameters as the influencing factors in the reduction
of human error. The results of this study showed the importance of parameters such as
safety training and working with a guide, indicating that workers who received safety
training were at lower risk. Barbaranelli et al. [48] and Zou and Sunindijo [49] observed
that employees who reported workplace insecurity were less motivated to perform tasks
safely and less willing to follow safety instructions, leading to a higher level of work-related
injuries and losses. As mentioned, project safety status is measured by a parameter called
safety performance. Many studies have confirmed the direct relationship between the safe
performance of construction projects and a positive safety climate in projects. He et al. [68]
highlighted the impact of a lack of operational prognosis based on operational risks for the
system in construction projects.

. . . Individual factors .. . ..
Environmental factors Information systems / Technological factors Individual factors (temporarily related) Organizational factors
(permanently related)
212 2.85
162 17.7 132 16 16.3 | 13.3 165 17.9 152 129 145 15.6 15.8 18 15.8 | 18.3 18.7 18.1 18.7 16.4 144 16.1 16.9 17.9
g 8 & H H H : H 3 2 : ) H 3 g =3 ] 8 B : B B H : H H 8 g ) o0 % = i}
3 g o g g 8 i H 5} 2 : 8 8 g S @ g 3 3 E : : : : & 3 E 1 ) o
— k| @ @ 3 o A I B = 2 d g g . @ 5 e} & s | £
TIE|E|E|ElE|E|2le|s|2|s|E| || E|E|E|ele|le|ple|l 8| 2|k &|8|E |58 |E|S|%|¢E
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Figure 2. Heatmap delineating the levels of impact of various human error factors leading to the
occurrence of site accidents in the UCI of Iran measured by mean ranks (the significance of the factors
decline from red to yellow).
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Soualhi et al. [63] also pointed to the impact of lack of intelligence in complex situ-
ations in construction industry projects. Dong et al. [65] referred to the effects of poor
real-time monitoring and accurate prediction of machine failure in maintenance decisions.
Zhang et al. [69] highlighted the lack of a centralized method for finding acceptable so-
lutions in construction industry projects. Adamson et al. [70] indicated the impact of
cognitive processes, judgment, selection, segregation, and traditional maintenance methods
and repairs on construction industry projects. Kumar et al. [37] also highlighted the effects
of unintentional unsafe practices, violation of safety regulations, sensory and memory
impairment, inaccuracy of manpower, and non-compliance with workplace safety rules
and regulations in construction projects. In a study, Morais et al. [67] referred to the impact
of lack of pre-work prediction in construction industry projects.

Considering the findings of previous studies as well as those obtained in the current
study, researchers have put in a lot of work over the past few years to increase awareness
and introduce effective factors for the occurrence of human errors in the construction
industry. For example, we can refer to the model provided by Shappell and Wiegmann [39],
which was developed for investigating human errors, or the cognitive reliability and anal-
ysis method of Hollnagel [40]. In addition, Garrett and Teizer [41] proposed a new error
analysis educational and classification tool that categorizes the contributing factors into
four groups: culture, operations, resource management, and executive management (pol-
icy). The suggested HFACS by Xia et al. [42] includes five levels: unsafe acts of workers,
preconditions for unsafe acts, unsafe supervision and monitoring, adverse organizational
influences, and adverse environmental influences. The prevention and control of accidents
may be broken down into four categories: external environment, organizational factors,
prerequisites for triggering accidents, and unsafe leadership [43] However, employers,
contractors, and other major stakeholders in construction projects still confront a great deal
of ambiguity and difficulties in the construction sector when it comes to the detection, pre-
diction, and management of human mistakes. At the same time, the detection, prediction,
and management of human mistakes in the construction industry is a crucial problem in
the growth of the construction industry. This is because human error is the most common
cause of accidents in the construction industry. As a result, it is very necessary to conduct a
comprehensive research of human mistakes and the variables that contribute to them, par-
ticularly in emerging nations. As a result, putting more emphasis on environmental factors,
information systems and technological factors, individual factors (permanently related),
individual factors (temporarily related), and organizational factors can be an effective way
to reduce the number of human errors and the factors that effectively contribute to those
errors in the construction industry.

As the results of the present study show, improper work and safety culture (related to
the workers’ attitudes and perceptions, including safety understanding and perceptions of
personnel, nationality and culture, religion, fatalism, and optimism) had the highest rank
in the group of environmental factors. Low level of technology deployed for equipment
and safety protection (traditional repair and maintenance systems, lack of necessary tools
and equipment, and lack of knowledge of required resources) had the highest rank in the
group of information systems/technological factors. Violation of safety regulations (drug
use, etc.) had the highest rank in the group of individual factors (permanently related).
Haste in doing work (due to lack of time or irregular working hours) had the highest
rank in the group of individual factors (temporarily related). Finally, the unavailability
of a proper educational system in the organization had the highest rank in the group of
organizational factors. Therefore, managers and experts active in the construction industry
of developing countries, including Iran, should try to combat the effective factors leading to
the occurrence of site accidents caused by human errors with the help of systemic thinking
and coherent management.

The survey results advocate that improper work and safety culture (related to the
workers’ attitudes and perceptions including safety understanding and perceptions of
personnel, nationality and culture, religion, fatalism, and optimism) is one of the critical
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factors in the occurrence of site accidents caused by construction human errors. In this
connection, previous studies opine that management has a greater influence on safety
culture in the organization compared to workers [66]. Weak safety culture has generated
an increase in stress and anxiety, which in turn hinders the performance of employees and
causes employees not to have the necessary ability to respond effectively to the potential
risks at the job site. On the other hand, employees who report on the insecurity of their
work environment have less motivation to perform tasks safely and have less desire to
follow the promulgated safety instructions, which in turn leads to a higher level of work
injuries and fatalities [71]. This issue can be attributed to factors such as the unavailability
of a proper educational system in the organization, and/or haste in doing work on site.
Numerous extant studies have confirmed the existence of a direct relationship between the
safe operation of construction projects and the existence of a proper safety training system
in the organization [48]. Accident reports in the construction industry also confirm the
importance of these cases [7]. The construction industry safety reports advocate that the
incidents have resulted in significant financial losses, and at the same time, there have been
fatal consequences, including death and serious injuries. Investigating all these serious
accidents and their underlying major reasons can be an effective measure in determining
the causes of an accident, the consequences of the accident, the evaluation of existing
control measures, and, ultimately, in mitigating or avoiding their occurrence in the future
construction industry for achieving excellence in site safety performance.

6. Conclusions and Practical Implications of the Study

This study aimed to identify and investigate the effective factors conducive to the occur-
rence of site accidents caused by human errors in the Iranian urban construction industry.
Accordingly, the effective factors for the occurrence of human errors in the UCI were extracted
from the research literature and then monitored through three rounds of the Delphi survey.
Finally, 35 important factors were identified, based on which a researcher-produced question-
naire was developed under five main groups, including environmental factors, information
systems/technological factors, individual factors (permanently related), individual factors
(temporarily related), and organizational factors, on a five-point Likert scale of measurement.
Then, the questionnaire was distributed among 17 construction experts based in Iran. SPSS
software program was used to analyze the gleaned data after collecting the returned ques-
tionnaires. The findings of the study indicated that the effective factors on the occurrence
of human errors in the Iranian construction industry were assessed as above average, and
all the identified effective factors could be considered “strong”, in terms of influencing on
occurrence of human errors in Iranian UCL. In addition to the group ranking, individual
factors (temporarily related), individual factors (permanently related), environmental factors,
organizational factors, and information systems/technological factors held the first rank to
the fifth rank, with mean ranks of 3.76, 3.24, 3.03, 2.85, and 2.12, respectively.

Concerning the practical implications of the study, organizations are recommended to
determine the relevant influencing factors well in advance and to set industry standards
and protocols for organizations first to diminish human errors in the construction industry.
A structured definition of safety management significantly increases the chance of reducing
and controlling human errors in the construction industry.

In terms of the study’s theoretical implications, the identification of the effective
key factors leading to the occurrence of site accidents due to human errors in the UCI
aids in the improvement of site safety management in construction, whereas no previous
quantitative research studies have been conducted in this area. Particularly, the supervision
of the activities of persons and equipment, as well as the correct planning of processes,
enables construction organizations to increase their safety management effectiveness and
productivity. To succeed in site safety management, construction enterprises require
effective organization, regulation of individual operations, improvement of environmental
conditions, organization modernization in terms of technology deployment, and expansion
of rescue facilities and equipment. Consequently, the followings are some prospective
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future research study paths for expanding and using the derived findings in practice:
What management and environmental competencies will help construction businesses
to improve their site safety performance? How might technological advancement help
construction businesses to improve site safety? What are the suggested measures for
construction businesses to implement in order to reduce human-induced errors and thus
uplift construction site safety performance?

This study focuses heavily on the personal opinions and practical experiences of the
17 managers and academics involved in the Delphi survey to analyze the identified human
error elements in Iran’s urban building construction sector. Given this primary restriction,
future research can augment the generalizability of the analytical survey results produced
from a comparable study by analyzing the quality of UCI accident reports and covering
a larger spectrum of construction specialists. However, Sarvari et al. [55] recommended
evaluating the variables effective in the incidence of human mistakes based on the level
and rate of development of the nations under investigation (developed vs. developing)
in order to detect any parallels and differences. In conclusion, the findings of this study
can aid different senior industrial stakeholders and site safety managers in their roles as
decision facilitators in controlling, preventing, and minimizing human mistakes inherent
with building projects that may result in site accidents.
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