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ABSTRACT: Identifying the patterns and root causes of errors is an important approach to understanding and improving safety man-
agement in industries. This study aims to investigate the external and internal factors influencing human errors using the Human Factor
Analysis and Classification System-GI (HFACS-GI) method in the National Iranian Gas Company. The study was conducted using the
HFACS-GI method, based on the HFACS framework, in the National Iranian Gas Company. In this study, all fatal accidents over an
8-year period were analyzed. To study external factors, three subgroups — governmental supervision, legal, and economic factors — were
added to the main HFACS framework. For external factors, a questionnaire was prepared according to the opinion of the expert group
(Cronbach's alpha of 0.981). Each questionnaire was completed by the HSE officers of the companies and gas refineries based on the
documentation of related accidents and projects. In the final stage, the developed classification (HFACS-GI) was completed in 5 levels,
and SPSS software was used to determine the frequency and percentage of subgroups for each of the 5 levels of this framework. The
results of human error analysis based on HFACS-GI framework showed that among intra-organizational factors, 34.2% of causes were
related to the unsafe acts, 26.3% to unsafe monitoring, 22.4% to the preconditions for unsafe acts, and 17.1% to organizational influ-
ences. The maximum and minimum external organizational factors influencing human error were related to governmental supervision
(68.32%) and legal factors (14.6%), respectively. This study demonstrated that the HFACS-GI method can be used systematically to
identify human errors and their occurrence according to external and internal organizational causes, thereby introducing effective and
targeted safety interventions in the oil and gas industry.

Key words: human error, Human Factor Analysis and Classification System (HFACS), internal organizational factors, external organi-
zational factors.

STRESZCZENIE: Identyfikacja wzorcow i pierwotnych przyczyn btedéw stanowi podstawe do skuteczniejszego zarzadzania bezpie-
czenstwem w przemysle. Niniejsze badanie ma na celu przeanalizowanie zewnetrznych i wewnetrznych czynnikéw wptywajacych na
btedy ludzkie przy uzyciu systemu analizy i klasyfikacji wptywu czynnika ludzkiego na przyczyny wypadkow (Human Factor Analysis
and Classification System-GI, HFACS-GI) w panstwowej spolce gazowej Iranu — National Iranian Gas Company. Badanie zostato
przeprowadzone przy uzyciu metody HFACS-GI, opartej na strukturze HFACS, w National Iranian Gas Company. W badaniu przeana-
lizowano wszystkie wypadki $§miertelne w okresie 8 lat. W celu zbadania czynnikéw zewnetrznych do gtownych ram HFACS dodano
trzy podgrupy — nadzor rzadowy, czynniki prawne i ekonomiczne. Do oceny czynnikéw zewnetrznych przygotowano kwestionariusz
oparty na opinii grupy ekspertow (wspotczynnik alfa Cronbacha na poziomie 0,981). Kazdy kwestionariusz zostat wypetiony przez
specjalistow ds. BHP w spoltkach i rafineriach gazowych w oparciu o dokumentacj¢ powigzanych wypadkow i projektow. W koncowym
etapie opracowano klasyfikacj¢ (HFACS-GI) na 5 poziomach oraz uzyto oprogramowania SPSS do okreslenia cze¢stotliwosci i procentu
podgrup dla kazdego z 5 pozioméw tej klasyfikacji. Wyniki analizy btedow ludzkich w oparciu o ramy HFACS-GI wykazaty, ze wsrod
czynnikéw wewnatrzorganizacyjnych 34,2% przyczyn bylo zwigzanych z niebezpiecznymi dziataniami, 26,3% z monitorowaniem
niebezpiecznych dziatan, 22,4% z okoliczno$ciami poprzedzajacymi niebezpieczne dziatania, a 17,1% z wplywami organizacyjnymi.
Sposrod czynnikéw zewnetrznych najwigkszy wptyw na btedy ludzkie miaty czynniki zwigzane z nadzorem rzagdowym (68,32%),
a najmniejszy — czynniki prawne (14,6%). Badanie wykazalo, ze metoda HFACS-GI moze by¢ systematycznie wykorzystywana do
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identyfikacji bledow ludzkich i ich wystepowania w kontekscie przyczyn wewnatrzorganizacyjnych i zewngtrznych, co umozliwia
wprowadzenie skutecznych i ukierunkowanych dziatan poprawiajacych bezpieczenstwo w przemysle naftowym i gazowym.

Stowa kluczowe: btad ludzki, system analizy i klasyfikacji wptywu czynnika ludzkiego (HFACS), wewngtrzne czynniki organizacyjne,

zewngtrzne czynniki organizacyjne.

Introduction

The human factor plays the most critical role in the oc-
currence of accidents, with 60 to 90 percent of industrial ac-
cidents attributed to human errors (Jensen, 2019). In the oil
and gas industry, most human errors arise from deficiencies
in the design of equipment, management systems, or work
processes. Therefore, identifying the conditions that lead to
errors and addressing them through appropriate interventions
can reduce the likelihood of human error (Azhdari et al., 2017).
However, it is important to note that no single factor can be
solely considered as the primary cause of human error and its
consequences. Instead, human error results from a combination
of various factors such as ethical, individual, managerial and
organizational factors, task complexity, environmental condi-
tions, equipment design, training methods, monitoring, and the
presence or absence of work instructions (Feyer et al., 1997).
Some studies have shown that, in addition to intra-organiza-
tional factors, external factors such as government regulations
and policies, performance of governors and legislators, eco-
nomic and societal issues can affect the safety and health in
an organization, and in some cases lead to unsafe conditions
and acts and eventually can cause human errors (Shirali et al.,
2013; Omole and Walker, 2015). Given a wide range of ele-
ments contributing to human errors, including organizational,
environmental, and external, conducting a root cause analysis
of human errors seems to be necessary to prevent accidents
(Reinach and Viale, 2006; Wiegmann and Shappell, 2017).

One of the most recognized methods for analyzing human er-
ror risk factors is the Human Factor Analysis and Classification
System (HFACS) technique, which is renowned for its ability
to classify potential failures (Zheng et al., 2024). The HFACS
method is highly flexible and capable of investigating the causal
effects of accidents and human errors. Moreover, this method
increases the probability of successful intervention strategies
(Chauvin et al., 2013; Soltanzadeh et al., 2016). Dekker em-
phasized that HFACS serves as a powerful tool for analyzing
human factors in accidents (Fam et al., 2008; Chan and Li,
2023). This method has been widely applied to investigate and
analyze accidents across various domains, including military
operations, marine and terrestrial transportation, mining, pet-
rochemical industries, and error detection in clinical trials, to
enhance system safety (Chauvin et al., 2013; Gong and Fan,
2016). Its hierarchical structure categorizes causal factors into
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four levels: unsafe acts, unsafe preconditions, unsafe supervi-
sion, and organizational influences, encompassing 19 specific
classes of errors and potential defects (Shappell and Wiegmann,
2001). Zhan et al. showed the utility of the HFACS-RAs frame-
work for railway accidents is a convenient analysis tool for
incidents and accidents with different complexities (Zhan
et al., 2017). In addition, Madigan et al. further demonstrated
the utility of HFACS in the railway industry by successfully
applying it to provide a retrospective analysis of minor incident
investigations in the railway industry (Madigan et al., 2016).
Theophilus et al. proposed the HFACS-OGI framework and
applied it in the oil and gas industry (Theophilus et al., 2017).
Studies have also shown that the HFACS framework is capable
of identifying human error causes beyond the organizational
level (Rasmussen, 1982; Azadeh et al., 2013; Mohammadfam
et al., 2022). Its flexibility allows this method to be applied
for investigating external organizational factors alongside
internal factors.

Incident research in the petrochemical industries has re-
vealed that 20% of all accidents are due to human factors
(Behari, 2019; Gholamizadeh et al., 2023). Consequently, this
study aims to identify the external and internal factors influenc-
ing human errors in the National Iranian Gas Company using
the HFACS-GI method.

Method

The present study was conducted using the HFACS-GI
method, which is based on the HFACS framework
(Theophilus et al., 2017). All fatal accidents in the National
Iranian Gas Company over an 8-year period were analyzed.
The initial assessment of incidents features and HFACS
data was performed using the frequency of accidents.
Subsequently, actual errors and potential defects were clas-
sified into four levels according to the hierarchical structure
of this method. First, the data were collected and recorded
using a specifically designed worksheet. The HFACS levels
include: unsafe acts directly contributing to accidents, catego-
rized into subgroups of skill-based errors, decision-making
errors, cognitive errors, routine infractions, and exceptional
infractions; preconditions for unsafe acts such as psychologi-
cal and physical factors influencing first-level errors, catego-
rized into subgroups of undesirable mental state, undesirable



physiological state, physical constraints, mismanagement
of human resources, individual preparedness, physical and
technological environments; unsafe monitoring categorized
into subgroups of inadequate monitoring, inappropriate
planning of operations, failure to correct known problems,
and regulatory infractions; organizational impacts covering
organizational culture, organizational processes, and resource
management (Ghasemi et al., 2017). Then, considering the
versatility of this method, which makes it applicable across
various industries and activities, as well as its adaptability
based on the conditions in which it is used, including air
traffic and military operations (Reinach and Viale, 2006),
necessary modifications were made, while retaining the
core structure, for the purpose of evaluating the external
factors (level 5 of the HFACS) at the National Iranian Gas
Company. The questionnaire on external factors affecting the
occurrence of errors was evaluated based on opinions of an
expert group in three sectors: government supervision, legal
factors, and the impact of customers or consumers, along
with their subdivisions. A 20-question questionnaire was
developed, including 6 questions on government monitor-
ing structures, seven on rules and regulations, and seven on
the impact of customers/consumers (7 questions) structures.

Tabe 1. The HFACS-GI framework
Tabela 1. Struktura HFACS-GI
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The questionnaire was designed by a group of experts using
a Likert scale. The content validity index was 0.76, and the
Cronbach's alpha for this questionnaire was 0.981 (Tavakol
and Dennick, 2011). Each questionnaire was completed
based on documentation of accidents and related projects
by the HSE officers of the companies and gas refineries at
the accident sites. In the final stage, the new classification
(HFACS-GI) was completed in 5 levels (Table 1). The ini-
tial assessment of incident features and HFACS data was
performed using accident frequency. SPSS software was
employed to calculate the frequency and percentage of
subgroups for each level of the HFACS framework.

Results

In this study, based on the HFACS-GI framework, 228 hu-
man errors were identified at the level of internal factors. The
initial results, based on the number of errors, revealed that the
unsafe acts of the operator unsafe acts (first level) accounted
for 78 errors (34.2%), representing the highest contributor to
accidents resulting in fatalities. These errors were present in
87.2% of the accidents. Unsafe monitoring and supervision

Error level | Error cause Error cause ID

Skill-based error AE100

F:I;)(ET)O] Decision-making error AE200

Unsafe act Cognitive error AE300
Infractions Routine infractions AV100

[AV000] Exceptional infractions AV200

Environmental factor Physical environment PE100

[PE000] Technological environment PE200

Precondition for unsafe act Operator conditions Undesirable mental state PC100
[PC000] Undesirable physical state PC200

Individual factors Mismanagement of human sources PC300

[PP000] Individual preparedness PP100

Inadequate monitoring PP200

Unsafe monitoring Inappropriate planning of operations SI1000
Failure to correct the problem SP000

Regulatory infractions SF000

Resource management SV000

Organizational impacts Organizational culture OR000
Organizational process 0C000

Government supervision OP000

External factors Economic factors EG000
Legal factors ECO000
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(third level) followed with 60 errors (26.3%), while precon-
ditions for unsafe acts (second level) accounted for 51 errors
(22.4%). Organizational impacts (fourth level) contributed to
39 errors (17.1%). These findings highlight the distribution
of human error causes among the intra-organizational factors.

As shown in Table 2, the most frequent unsafe acts at the
first level were skill-based errors, followed by decision-making
errors, infractions, and cognitive errors. At the second level,
individual factors and environmental factors, such as the tech-
nological environment, were the most common preconditions

Table 2. Frequency percentage of errors and their causes related to internal factors at each level

Tabela 2. Procentowy wskaznik wystepowania btedow i ich przyczyn zwiazanych z czynnikami wewnetrznymi dla kazdego poziomu

Error level Frequency [%] Error cause Frequency [%]
First level Unsafe acts 342 Skill-based error 32.1
Second level Pre-conditions for unsafe acts 224 Individual preparedness 25.5
Third level Unsafe monitoring 26.3 Inappropriate planning of operations 40.0
Fourth level Organizational impacts 17.1 Resource management 38.5
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Table 3. Frequency and percentage of subgroups of causes of fatal accidents based on the 5 levels of the HFACS

framework

Tabela 3. Czestotliwos¢ i odsetek podgrup przyczyn wypadkow $miertelnych w oparciu o 5 pozioméw ram HFACS

HFACS-GI sub-groups Frequency Percentage
Intra-organizational factors
First level
Skill-based error 25 61.0
Decision-making error 17 41.5
Cognitive error 9 22.0
Routine infractions 17 41.5
Exceptional infractions 10 24.4
Second level
Physical environment 2 4.9
Technological environment 13 31.7
undesirable physical status 73
undesirable mental status 14.6
Mental/physical limitations 9.8
Management of human resources 10 24.4
Individual preparedness 13 31.7
Third level
Inadequate monitoring 20 48.8
Inappropriate planning of operations 24 58.5
Failure to correct the problem 5 12.2
Regulatory infractions 11 26.8
Fourth level
Resource management 20 48.8
Organizational culture 4 9.8
Organizational process 15 36.6
Extra-organizational factors
Fifth level
Government supervision 28 68.3
Legal factors 6 14.6
Economic factors 18 43.9




for accidents. At the third level, inappropriate planning of
operations had the highest frequency, followed by inadequate
monitoring and supervision, and regulatory infractions from
the unsafe monitoring group. At the fourth level, resource
management was identified as the most significant contribu-
tor within the organizational impacts subgroup, followed by
organizational processes.

The frequency and percentage of subgroups of causes of
fatal accidents based on the 5 levels of the HFACS framework
are shown in Table 3. At the level of external factors influ-
encing the occurrence of unsafe situations and errors within
the organization, government supervision was identified as
the most significant contributor to fatal accidents in the gas
industry, with a frequency of 21 (68.3%). This was followed
by economic factors, with a frequency of 14 (43.9%) and
legal factors, with a frequency of 8 (14.6%). These findings
underscore the substantial role of external factors in creating
the unsafe situations and the occurrence of errors within the
organization.

Discussion

At the first level, the most common unsafe acts, also known
as active errors, are skill-based errors. Following these are
decision-making errors, infractions, and cognitive errors, re-
spectively, as the most frequent categories in the HFACS-GI
framework. In the second level, the most commonly identified
preconditions for accidents are individual factors and environ-
mental factors, such as the technological environment. At the
third level, in the unsafe monitoring and supervision group,
the subgroup of inappropriate planning of operations, ranks
highest, followed by inadequate monitoring and regulatory
infractions. At the fourth level, resource management emerges
as the most significant contributor, comprising a substantial
proportion of potential defects within the organizational impacts
group. Organizational processes follow as the second-ranked
subgroup at this level.

The most frequently observed errors at the first level were
skill-based errors (61%), which are also mentioned in similar
studies (Baysari et al., 2009; Chan and Li, 2023). These errors in
the gas industry are often due to a lack of procedural principles,
deficiencies in the implementation of guidelines, and the adop-
tion of inappropriate methods to facilitate work without know-
ing the dangerous consequences of these events. At the second
level, individual preparedness (31.7%) and mismanagement of
resources (24.4%) were the most impactful subgroups. These
issues frequently stem from inadequate training and communi-
cation as well as poor coordination among staff. In case of the
subgroup of individual factors, Azadeh et al. (2007) identified
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inappropriate organization in planning and management pro-
cesses as a critical factor in preconditions for unsafe acts, which
often lead to accidents. Mohammadfam et al. (2021) emphasized
that employee failures in the performance of duties assigned
to them are due to their lack of understanding about why they
should observe the principles and regulations and how to carry
their tasks properly. Therefore, proper employee training can
reduce errors at this level (Mohammadfam et al., 2021). At the
third level, inappropriate planning of operations (85.5%) and
inadequate monitoring (48.8%) were the most significant sub-
groups contributing to errors. Common issues included a lack
of risk management, failure to identify and evaluate hazards,
unsafe working conditions, and poor monitoring of procedures
for issuing work permits and practices of individuals. Lenné
et al. (2012) also found that inappropriate planning (33%) is
the most influential factor in unsafe monitoring and supervi-
sion group when it comes to the occurrence of errors leading
to accidents, followed by other deficiencies such as poor com-
munication between supervisors, management and staff, lack
of employee-supervisor interaction, and excessive supervisor
workload. The high percentage of unsafe monitoring factors in
the results of the present study suggests the need for a greater
focus and a more accurate assessment of the classification of
supervision. The efficiency and effectiveness of organizational
oversight are key factors in ensuring system safety and per-
formance. Permanent and direct oversight by supervisors on
enforcement activities plays a crucial role in meeting safety
requirements and ensuring full compliance with the guidelines
and procedures. Resource management was found to be the
most effective factor in the organizational impacts group, ac-
counting to 48.8% at the fourth level (organizational impacts).
Similarly, the results of Li and Harris’s study on 523 accidents
in the Chinese Air Force using the HFACS framework showed
that resource management, at 35%, was the most common type
of error at level four (Li and Harris, 2006). The results of the
fifth level survey (external factors influencing unsafe acts and
unsafe conditions) showed the involvement of government
supervision in 68.3%, economic aspects in 43.9%, and legal
factors in 16.6% of accidents resulting in fatalities due to human
error. These findings point to a lack of effective government
audits of the organization's practices concerning contractor
safety and performance, the lack of strict regulations regarding
obtaining contractor safety certifications, economic instability
caused by reduced production and demand, and international
sanctions. Consequently, these factors contribute to reduced
educational and retraining programs, disproportionate work-
loads and salaries, and low employee motivation. The study
by Omole and Walker, using the developed HFACS-HE frame-
work for offshore transportation accidents in Nigeria and the
United Kingdom, also highlighted that external factors such
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as government influence, laws and regulations, political and
social impacts significantly contribute to the creation of unsafe
conditions and consequent errors within organizations (Omole
and Walker, 2015).

Overall, the findings of this study, utilizing the developed
HFACS-GI framework at the National Iranian Gas Company,
demonstrate that errors, infractions, and inadequate supervi-
sion at the level of intra-organizational factors, along with
inadequate government supervision at the level of external
factors, are the primary causes of accidents resulting from
human error. Therefore, the participation of competent authori-
ties and organizations in investigating accidents and providing
appropriate solutions, providing training, organizing national
and international conferences, forming a safe industry com-
mittee to institutionalize safety in industries, and identifying
injury patterns in critical industries in terms of their severity
and the frequency, and effective planning of prevention strat-
egies and permanent monitoring of programs by competent
authorities, the identification of specific educational strategies
to raise the level of awareness of managers in organizations,
seems necessary.

Conclusions

The results of this study showed that most human errors
were caused by a combination of various factors, such as
inadequate monitoring, incomplete implementation of instruc-
tions, and inappropriate planning of operations. Therefore, to
prevent the recurrence of the identified errors and mitigate
their consequences, improvements in employee training pro-
grams, permanent governmental monitoring of contractors
and organizations performance, direct oversight of supervisors
over executive activities and adherence to safety requirements,
as well full compliance with guidelines are essential. These
measures will play an important role in reducing incidents
resulting from the human error in the company. Additionally,
the developed HFACS-GI method can be systematically ap-
plied to identify human errors and their causes, enabling the
implementation of effective and targeted safety interventions
based on the identified weaknesses in the oil and gas industry.
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