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ABSTRACT

Introduction: Unsafe acts are one of the main causes of workplace accidents. Given the critical role of
the steel industry in our country, and the limited research on human factors, and the importance of
identifying the contributors to accidents, this study was conducted with the aim of identifying human
factors influencing accidents and unsafe behaviors using the Human Factors Analysis and Classification
System (HFACS). The identified factors were then prioritized using the Decision-Making Trial and Evaluation
Laboratory (DEMATEL) and Analytic Network Process (ANP) methods. Based on the results, appropriate
recommendations were proposed for the prevention of accidents and the reduction of unsafe acts.

Material and Methods: This descriptive-analytical study was carried out in the rebar production unit of a
steel manufacturing plant. Among 35 recorded accidents over the past two years, 28 were related to the
rebar production unit. Data were collected through review of accident reports, seven on-site observations
during high-risk shifts, and interviews with employees. After analyzing the occupational accidents, the
rebar production process in the rolling unit was identified as a high-risk area. The HFACS checklist was used
to assess this process and classify the human factors contributing to accidents. Subsequently, DEMATEL
and ANP methods were applied to determine causal relationships and prioritize the factors.

Results: The HFACS analysis identified 236 human factors, among which the preconditions for unsafe acts
and organizational factors had the highest frequency (24.57% each), while external factors had the lowest
(8.47%). According to DEMATEL results, organizational influences exerted the greatest impact on other
levels, whereas external factors had the least effect. In terms of being influenced by other levels, unsafe
acts showed the highest level of susceptibility, whereas unsafe supervision had the lowest levels. Based
on ANP findings, the preconditions for unsafe acts had the highest importance, while unsafe supervision
had the lowest in contributing to unsafe acts.

Conclusion: The findings of this study suggest that improving safety culture, improving organizational
regulations, implementing targeted training programs, and updating equipment can play a significant
role in reducing accidents caused by unsafe acts. The results provide practical insights for managers and
policymakers and can serve as a useful tool for decision-making in occupational health and safety within
the steel industry.
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1. INTRODUCTION

The advancement of industrial work systems
has been accompanied by a rise in occupational
accidents, presenting a major challenge to modern
societies through significant human and economic
costs. Addressing these incidents requires a
focused effort on improving workplace conditions
by applying safety and ergonomic principles,
specifically by understanding and mitigating
unsafe acts. Identifying human factors is therefore a
fundamental step in job optimization, productivity
enhancement, and accident prevention.

The Human Factors Analysis and Classification
System (HFACS) is one of the most practical
models for this purpose. The HFACS roots in
Reason’s Swiss cheese model and provides a
structured method for analyzing the human errors
behind industrial accidents. However, a primary
drawback of HFACS is its qualitative nature, as it
depends on expert judgment and lacks the ability
to quantify the influence of different factors. To
address this, Multi-Criteria Decision-Making
(MCDM) techniques such as the Decision-Making
Trial and Evaluation Laboratory (DEMATEL)
and Analytic Network Process (ANP) methods
can be integrated with HFACS. These methods
use pairwise comparisons to analyze the complex
causal relationships between factors and assign
them quantitative weights. This hybrid model is
especially suited to hazardous environments like
the steel industry, where a precise understanding
of human factors is crucial for preventing accidents
with  potentially irreparable consequences.
Accordingly, this study was conducted with the
aim of identifying human factors influencing
accidents and unsafe behaviors using the Human
Factors Analysis and Classification System
(HFACS) in a rebar production unit of a steel
manufacturing company. The identified factors
were then prioritized using the Decision-Making
Trial and Evaluation Laboratory (DEMATEL) and
Analytic Network Process (ANP) methods. Based
on the results, appropriate recommendations were
proposed for the prevention of accidents and the
reduction of unsafe acts.

2. MATERIAL AND METHODS

This study began by forming a survey team
comprising safety and health experts, technical
inspectors, and supervisors. In consultation with
this team, we reviewed accident reports from the
last two years (2023-2024). From a total of 35
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recorded incidents, 28 were linked to the rebar
production process, leading to the selection of the
rolling unit’s rebar production for further analysis.

Data was collected through seven structured
observations of the afternoon rebar production
shift—a period with the highest accident
frequency—as well as interviews conducted with
workers, supervisors, and engineers. The human
factors contributing to these accidents were then
identified and classified using the HFACS checklist.
While HFACS is based on expert judgment, its key
limitation is an inability to quantify the influence
of these factors. This drawback was addressed by
employing MCDM methods.

This study utilized the DEMATEL and ANP
methods to quantify the factors identified in the
HFACS checklist. The DEMATEL technique
was first applied to model the complex causal
relationships between the five HFACS-level
indicators. A questionnaire capturing these
relationships through pairwise comparisons was
completed by a panel of six experts. The ANP
method was then used to establish weightings for
the factors, reflecting their relative importance and
internal correlations. A second questionnaire was
developed based on the HFACS structure (levels
and sub-levels) and distributed to ten experts. The
data from this questionnaire were analyzed using
Super Decision software to perform the ANP
calculations and determine the final weights.

3. RESULTS AND DISCUSSION

As noted in this study, 28 incidents associated
with the rebar production process were analyzed.
Of these, 13 occurred during the evening shift
and 7 during the night shift. In terms of location,
10 incidents took place in the roughing section
and another 10 during the rebar packaging stage.
Carelessness was identified as the most common
cause. Through seven observational sessions and
repeated discussions with workers, supervisors, and
engineers, 236 contributing factors were identified
and classified using the HFACS framework. An
initial frequency analysis of these errors revealed
the following order of impact on human accidents
and error occurrence: organizational factors and
preconditions for unsafe acts (24.57%), unsafe
acts (24.15%), unsafe supervision (18.22%), and
external factors (8.47%) (See Table 1 for details).

The application of the DEMATEL method
provided further insight into the causal relationships
between these levels. The results of the DEMATEL
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Table 1: Frequency and percentage of human factors in various activities based on the HFACS method

LEvEls Percentage SUBIEVELS Percentage
Skill-based errors 5.50
Decision errors 4.6
Perceptual errors 2.50
Unsafe acts 24.15 Routine violations 3.81
Situational violations 3/38
Exceptional violations 4.20
Adverse mental state 7.20
Adverse physiological state 2.90
Physical and mental limitation 3.38
Crew resource management 0.84
24.57
Preconditions for unsafe acts ermell meilinsss 0L
Physical environment 4.60
Technological environment 4.60
Inadequate supervision 4.60
Planned inappropriate operations 6.35
Unsafe supervision 18.22 Failed to correct problem 2.11
Supervisory violations 5.08
Resource management 6.35
Organizational climate 6.35
Organizational factors w7 Organizational processes 8.47
Change Management 3.38
Regulatory regulations 6.77
External factors 8.47 Economic/political/social/legal environment 1.69

Table 2: Determining the hierarchy of human factors based on the DEMATEL method

Criteria name

Unsafe acts 0.76
Preconditions for unsafe acts 1.14
Unsafe supervision 1.30
Organizational factors 1.37
External factors 0.36

analysis revealed that the organizational factors
had the greatest causal influence on other levels
(R-J = 0.66). In contrast, the level of external factors
exhibited the least influence on other levels, while
the level of unsafe acts was the most susceptible to
influence from other levels (R+] = 2.63) (Table 2).
The final weighted rankings from the ANP
analysis revealed that the main indicators

Journal of Health and Safety at Work 2025; 15(3)

1.87 2.63 -1.11
1.18 2.32 -0.04
1.09 2.93 0.21
0.71 2.08 0.66
0.08 0.45 0.28

contributing to unsafe acts, in descending order
of importance, were: preconditions for unsafe
acts, unsafe acts themselves, external factors,
organizational factors, and supervisory factors.
Furthermore, the analysis of the 23 sub-indices
showed that supervision regulations held the
highest priority, whereas exceptional violations had
the lowest (Table 3).
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Table 3: Weighted ranking of main criteria and sub- criteria in HFACS based on the ANP method

rank Criteria Weight

Preconditions for unsafe
acts 0.28

Unsafe acts

2 0.20
3 External factors 0.18
4 Organizational factors 0.17
5 Unsaft isi

nsafe supervision 016

The analysis using the HFACS framework
identified the preconditions for unsafe acts level as
critically important in the occurrence of accidents
and unsafeacts. Within thislayer, Individual States—
shaped by factors like insufficient motivation, skill
gaps, mismatched job assignments, excessive work
pressure, and occupational illnesses (e.g., hearing
loss, musculoskeletal disorders)—were found to be
the most significant contributors.

These individual states were themselves
influenced by higher-level organizational factors
and inadequate supervision, such as weak
management, disregard for employee capacity, poor
enforcement of PPE use, and an underdeveloped
safety culture. For these reasons, expert assessment
via the ANP method confirmed this level’s
paramount importance.

Similarly, the organizational factors layer
was also determined to play a fundamental role.
As the deepest and most influential level in the
HFACS model, it encompasses organizational
processes, resource management, culture, and
change management. organizational processes—
particularly the use of outdated instructions,
unrealistic time pressures, and ill-defined goals—
were the most critical factors here. This sub-level
was influenced by supervisory failures and, in turn,
directly affected the preconditions for occurrence
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Sub-Criteria scale

Adverse mental state 0.18
Physical and mental limitation 0.15
Technological environment 0.14
Adverse physiological state 0.14
Crew resource management 0.13
Physical environment 0.12
Personal readiness 0.12
Skill-based errors 0.20
Situational violations 0.18
Decision errors 0.18
Routine violations 0.15
Perceptual errors 0.14
Exceptional violations 0.13
Regulatory regulations 0.80
Economic/political/social/legal environment 0.20
Resource management 0.34
Organizational processes 0.23
Organizational climate 0.21
Change Management 0.20
Supervisory violations 0.31
Failed to correct problem 0.24
Planned inappropriate operations 0.23
Inadequate supervision 0.22

of accidents.

The DEMATEL method confirmed that
organizational factors exerted the strongest
influence on all other HFACS levels, thereby
indirectly driving the incidence of accidents.
To mitigate this effect, it is recommended
to strengthen the safety culture, redesign
management and operational procedures, adopt
modern technologies, and integrate organizational
€rgonomics.

4. CONCLUSIONS

This study applied an integrated HFACS-
DEMATEL-ANP framework to analyze the
human factors behind incidents in a steel mill’s
rolling unit. Based on the findings, several key
measures can significantly enhance workplace
safety. Revising and strengthening supervisory
structures by developing clear guidelines and
consistently implementing inspection systems
is vital for preventing incidents and reducing
unsafe acts. Additionally, implementing targeted
training programs, especially those using practical
simulations, can greatly improve employees
perceptual and decision-making skills during high-
risk shifts.

Reinforcing organizational and safety culture is
also essential. This can be achieved by establishing
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motivational ~ systems, reforming inefficient
processes, and fostering a non-punitive reporting
culture. The adoption of smart warning and
behavior-monitoring systems leveraging Internet of
Things (IoT) technology further offers an effective
means to predict and prevent high-risk behaviors.
Ultimately, applying this integrated methodology
to other industrial units could provide valuable
insights into the human factors contributing to
accidents within high-risk processes.
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