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Abstract

Background and Objective: Human errors are a significant issue in various
work environments, including industry and mining. The present study
aimed to assess occupational accidents in a large industrial mining
company using the human factors analysis and classification system
(HFACS) method.

Materials and Methods: This study conducted a retrospective longitudinal
analysis of 253 mining industrial accidents from 2011 to 2019 using the
HFACS. Descriptive statistics, such as frequency and percentage of
subgroups at each level, were calculated using the HFACS method and
SPSS software. Inferential statistics, including analysis of variance, t-
tests, and chi-square tests, were performed with a significance level of
0.05.

Results: The type of accident was related to throwing/collision or
contact with a foreign object, which resulted in a total of 232 injuries
and one death. Statistical analysis demonstrated no significant link
between the accident type and the educational levels of those
involved, as indicated by a P-value greater than 0.05. Still, it pointed to
a significant relationship with three other demographic variables: age,
marital status, and work experience (P<0.05). The highest frequency
and percentage of the causes of accidents were also due to
organizational effects and unsafe practices.

Conclusion: As evidenced by the obtained results, the frequency of
human errors in the levels of unsafe supervision and unsafe practices
significantly contributed to the occurrence of occupational accidents
in the company. Analyzing accidents and understanding the
relationship between causal factors at the four levels of the HFACS
method is vital for implementing effective strategies to reduce
accidents.
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Extended Abstract

Background and Objective

Industry and mining are among the main driving
forces of Iran's economy. Many minerals are
extracted through surface and underground
methods, which involve a wide range of hazards
[1]. However, due to the high frequency of
occupational accidents, this sector is considered
one of the most dangerous industries in Iran [2].
Although Iran's health system has defined
protocols and training for responding to natural
disasters, it does not apply to industrial and
human-made disasters [3]. The evaluation of
performance and the optimization of safety
factors is a vital necessity for almost all industries.
This need is particularly highlighted in critical
industries such as the mining industry [4].
Human error is one of the main causes of
occupational accidents across various industrial
and mining activities. Effective accident
prevention requires the integration of human
factors into accident analysis models [5, 6].
Given the complex work operations, various
processing equipment, and related
organizational factors in industrial-mining
systems, these are considered complex and
high-risk systems [7-11]. The nature of these
accidents is multi-faceted, and it is likely that a
combination of many technological,
organizational, personal, situational, and
environmental factors contributed to their
occurrence. Among the factors influencing
accidents, human and organizational factors
often play a crucial role [12].

Understanding the extent of error or
probabilities is essential for prioritizing them
and is a prerequisite for designing human error
control measures to enhance system safety [13].
Traditional approaches estimate the rate of
human error based on expert judgment, which
is subject to the inherent uncertainty of human
judgment [14-21]. This study proposes a method
for estimating the human error rate based on a
retrospective analysis of accident reports using
the HFACS method. The proposed approach
utilizes the accident reports from a large
industrial-mining company to assess the rate of
human error and also suggests some error-
reduction strategies in accidents.

Materials and Methods

The present study is a retrospective longitudinal
type conducted in 2023 (1402 in the Persian
calendar) to examine occupational accidents
using the HFACS method in a specialized
industrial-mining  holding company. The
company's subsidiary projects were located in
seven provinces: Isfahan, Yazd, Kerman, Sistan
and Baluchestan, East Azerbaijan, West
Azerbaijan, and Zanjan. The accident reports
used in this analysis were extracted from the
safety, health, environment, and security system
database of the specialized industrial-mining

holding company (underground and open-pit
mines and industrial plants), covering the period
from 2020 to 2022 (1399 to 1401). These reports
included adverse outcomes such as fatalities
and disabling injuries. Only the complete texts
of the accident reports were included in the
study, and any reports with incomplete details
were excluded.

With the increasing number of models and
analytical methods, studies were conducted to
group analysis methods to facilitate the
selection and implementation of the most
relevant ones for use in accident/incident
investigations. Based on James Reason's Swiss
Cheese Model [22], the HFACS method is a
general approach for investigating human error
[23]. In the Swiss Cheese Model, which forms
the foundation of HFACS, events leading to
accidents are classified into four distinct levels.
For coding the factors identified as contributing
to each accident, a committee of six safety
experts (decision-makers) carried out the
identification and classification of accident
causes.

A systematic database was created using
Microsoft Excel, tabulating accident data in a
textual format. This database included
components such as the date and time of the
accidents, the location, type and nature of the
incidents, the severity of the accidents, as well as
the number of fatalities, injuries, and accident
causes. The coding process was divided into two
stages: conceptual analysis and classification
analysis. The frequency of each error at every
level was determined and recorded in the Excel
worksheet. Subsequently, using SPSS software
version 20, descriptive statistics, including
frequency and percentage of subgroups at each
HFACS level, were calculated. Inferential
statistics included ANOVA tests, t-tests, and chi-
square tests, with the significance level set at
0.05.

Results

The results of the study showed that over a
period of three years, from 2020 to 2022 (1399-
1401 in the Persian calendar), a total of 253
human and machinery-related accidents
occurred in the holding company of an
industrial-mining firm.

The findings indicated that age, marital status,
and work experience of the victims had a
significant relationship with the type of accident
(P-value = 0.001). However, no significant
relationship was observed between the victims'
educational level and the type of accident (P-
value = 0.08). The frequency and percentage
values were calculated based on four levels
(organizational influences, unsafe supervision,
preconditions for unsafe acts, and unsafe acts)
and 19 causal factors, as reported in Table 1.
Perceptual errors, with a frequency of 106 (41%),
were the most common causes of accidents,
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while task suitability, with a frequency of 4 (1%),
was the least common cause in the specialized
industrial-mining holding company.

Discussion

Studies indicate that human errors account for a
significant proportion of the factors causing
accidents. The occurrence of occupational
accidents highlights the fact that human errors
are not limited to carelessness, negligence,
inattention, or the incompetence of individuals
involved in the incident. In fact, human errors
stem from organizational and structural
deficiencies. The findings showed that the most
common type of accident was due to being
struck by, or coming into contact with, foreign
objects, resulting in a total of 232 injured victims
and 1 fatality.

Len and colleagues, in a study titled " A Systemic
Approach to the Causes of Accidents in Mining
Using the HFACS Method," found that the
majority of accidents in operations were related
to the use of mobile surface equipment (38%)
and working at heights (21%) [24]. Ebrahimiabadi
and colleagues, in a study analyzing
occupational accidents using the HFACS
method in a copper mine, identified the causes
of accidents as perceptual error (64.4%), physical
environment (29.5%), inadequate and
ineffective supervision (59.6%), and
organizational processes (65.6%) [25]. The
results of both studies clearly show the high
prevalence of perceptual errors among workers
in mining environments.

In a study by Aliabadi and colleagues, which
examined the relationship between human
factors influencing mining accidents using a
systemic approach, skill-based errors (46 cases),
inadequate  supervision (80 cases), and
operational processes (29 cases) played a
significant role in causing accidents, which is
consistent with the findings of Aliabadi et al.'s
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study [26]. Different forms of human error require
various types of interventions. Knowing the most
common forms of error enables safety experts to
develop targeted interventions [27].

The study titled "Risk Assessment of Human
Factors in Open-Pit Mining Using the Analytical
Hierarchy Process" showed that organizational
climate, poor defect correction performance,
resource management, and decision-making
errors are the most prominent factors leading to
occupational accidents in mines [28]. At level
one, in the error category, the subgroup
"perceptual error" had the highest frequency. At
level two, the subgroup "human resource
management" stood out, while at levels three,
four, and five, the highest percentages were
found in the categories of "inadequate
supervision," "safety culture," and "regulatory
framework," respectively [29], which aligns with
the results of the present study.

For future studies, the integration of robust
quantitative tools, which allow for amore logical
and impartial assessment, is suggested to
enhance the capability of the HFACS method.

Conclusion

Accidents can be prevented by correctly
analyzing and inferring employees' ability to
perceive real situations, accurately interpret
information, and retain work-related
information that aids in understanding issues.
Additionally, employing qualified supervisors,
providing accurate project data, adhering to
organizational rules and regulations during
supervisory missions, allowing sufficient time
for work-rest systems, offering specialized
guidance and general training, continuous
leadership and supervision, and conducting
daily and periodic inspections of work fronts at
job sites can help achieve the ideal goal of
reducing occupational accidents in the
industrial and mining sectors.
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