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Abstract
Background and aims: This study is a descriptive-analytical cross-sectional Keywords
study conducted on the firefighting occupation, with the participation of Human error probability
12 tf}1lrecf11ghters, using the fuzzy logic technique with the HEART and SLIM Risk assessment
methods.

Emergency situations
Methods: This study is cross-sectional and descriptive-analytical. The fuzzy 52

HEART method was based on the tables, and the fuzzy SLIM method was Fuzzy Logic
based on the judgment of the firefighters. Thirty-nine sub-tasks were studied Fuzzy SLIM

in 4 phases (Awareness, Evaluation, Egress, and Recovery).
Fuzzy HEART
Results: Excel software was used to perform error probability calculations,

and statistical tests of correlation and Kappa were used to analyze the data.
In 35.9% of the sub-tasks, the human error probability and risk classification
were identical. However, in 82.5% of the sub-tasks, the risk level assessed by the
two methods was the same. The correlation coefficient of error probabilities
between the two methods was 0.091, indicating a weak correlation. The Kappa
statistical test results on the assessed risk levels showed a high agreement
between fuzzy HEART and fuzzy SLIM (p-value < 0.05).

Conclusion: The results of this study showed that there is a weak correlation

between the outcomes of the two methods in assessing the probability of human Received: 2025/07/17
error, while a significant agreement exists at the level of human error risk. The Accepted : 2025/12/10
findings obtained from these two approaches are, in a way, complementary to

each other and provide different aspects of human error assessment.

Conflicts of interest: None

Funding: None


https://orcid.org/0000-0003-4499-5153
http://ioh.iums.ac.ir
http://dx.doi.org/10.66224/ioh.23.1.2
https://ioh.iums.ac.ir/article-1-3766-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-09-16 ]

[ DOI: 10.66224/i0h.23.1.2 ]

EXTENDED ABSTRACT

INTRODUCTION

The occurrence of any error by humans in the
workplace often leads to irreparable accidents.
Despite a quantitative reduction in human presence,
it is estimated that between 68% and 98% of industrial
accidents are attributed to human errors. Statistics
show that human error accounts for more than 88% of
accidents in the chemical and petrochemical industries.
An example of such an incident is the explosion and fire
at Texaco Refinery in 1994, which resulted in 26 fatalities
and damage amounting to 48,000,000 GBP, caused
by human error. Almost all major global disasters,
such as the Bhopal Pesticide Factory explosion, the
Hillsborough Football Stadium disaster, the Paddington
and Southall train crashes, the Chernobyl and Three
Mile Island disasters, and the Challenger space shuttle
catastrophe, bear traces of human error. In Iran,
evidence indicates the significant role of human error in
accident occurrence, with reports suggesting that 70%
to 90% of these incidents are due to human mistakes.
Various factors influence human error, one of which
is emergency situations. In emergencies, the reduced
response time increases cognitive load on individuals,
thereby increasing the probability of human errors.
Among different occupations, firefighting is particularly
noteworthy because firefighters are frequently placed in
various emergency and operational situations that are
prone to human error. One of the main control strategies
for human errors in these occupations, alongside
planning to minimize the consequences of human
mistakes, is to strive to reduce the probability of their
occurrence. Identifying and controlling performance-
shaping factors (PSFs) is key to managing the rate of
human errors. Rasmussen argues that not only can
human error not be completely eliminated, but doing
so is also counterproductive to science and humanity,
as much of human knowledge is acquired through trial
and error. Reducing the probability of human errors
in work systems increases the reliability of the human
component of the system. Hollnagel defines reliability
as the absence of unwanted discrepancies in an
individual’s performance, while others define reliability
as measuring performance without failure over time.
Human reliability assessment (HRA) refers to the
classification of methods and models used to predict the
occurrence of human errors. It serves as a method for
assessing the risk of human errors and reducing system
vulnerability. The main functions of HRA include the
identification of human errors and determination of
their probability of occurrence. When appropriate
control measures are implemented effectively, this
process can lead to increased human reliability and a
reduction in the probability of human errors.

Given the statistics on fires and accidents, there has
been a concerning number of injuries and fatalities
among firefightersinrecent years, as firefighters operate

in high-risk environments, including explosions,
making them highly vulnerable. Additionally, the
occupational hazards faced by firefighters manifest
in various physical and psychological health issues.
Consequently, firefighters are typically exposed to
several adverse effects during each mission, including
those arising from stress during driving and traffic
conditions, the effects of smoke and toxic gases at
incident sites, noise from sirens and loudspeakers, the
body’s defensive hormone secretion and preparedness
against incidents, effects from heat at fire scenes,
contact or absorption of chemicals through the skin,
physical injuries while on duty, and exposure to
ionizing radiation and radioactivity. Moreover, while
conducting rescue and aid operations, firefighters
encounter additional stressors, such as witnessing
distressing and painful scenes, the consequences
of explosions at the incident site, ergonomic issues
related to equipment and machinery, challenges
associated with shift work, improper nutrition
related to their occupation, post-traumatic stress, and
risks associated with working in contaminated and
humid environments. It is common for firefighters to
encounter at least ten harmful factors per incident.
Furthermore, throughout their service, firefighters
face all these hazardous factors during operational and
rescue activities. Based on statistics from 1997 to 2001
regarding the casualties and injuries from firefighting
operations, the highest number of injuries during fire
and rescue operations occurred in 2001, with 63 fire
injuries and 12 rescue-related injuries reported.

Past studies have compared different methods for
evaluating the probability of human error or assessing
human error risk. The goal was to determine the
advantages and disadvantages of each method, as well
as their suitability for different occupation and task
situations, to facilitate better selection of appropriate
methods. Among the existing methods, SLIM and
HEART were chosen by the research team due to their
similarities (task-based evaluation and classification
as first-generation methods). The fuzzy SLIM method
is specifically designed for evaluating the probability
of human error in emergency situations, while
HEART can be used for various tasks in different
contexts. In recent years, fuzzy logic-based versions
of both methods have been introduced. In both
methods, several quantities or states are evaluated
based on expert opinion. If fuzzy HEART is applicable
for evaluating the probability of human error in
emergency situations, it might be a good alternative for
fuzzy SLIM due to the lengthiness of the fuzzy SLIM
process. Fuzzy HEART could potentially allow for
evaluation in a shorter time and with less complexity
in operational settings. Therefore, this study initially
obtained the probability of human error using both
methods. The resulting numbers from the two
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methods were then compared to determine whether
the two methods would lead to the same or similar
evaluations or estimates, or if the obtained values
were different. Accordingly, the present study was
designed to comparatively evaluate human error risk
using the fuzzy HEART and fuzzy SLIM methods for
emergency-related tasks in Tabriz Fire Department.

METHODOLOGY

The present study was a descriptive-analytical,
cross-sectional study. The target population being
studied consisted of firefighters from the main fire
station No. 4 in Tabriz, who had extensive work
experience and were skilled in handling emergency
situations. The study focused on the occupation of
firefighting to examine the risks of human error
during firefighting operations. The main part of the
study was based on the judgment of firefighters, and
individuals participating in the study were selected
from firefighters, shift commanders, and driver-
firefighters who met the inclusion criteria. In this
regard, all 12 eligible individuals (with over 10 years
of experience) from four occupational groups (3
shift officers, 2 shift officer substitutes, 3 firefighter-
drivers, and 4 firefighters) were recruited through
purposive and convenient sampling methods from
the mentioned station to evaluate and collect data.
All necessary information was gathered from Tabriz
Fire Department. The study utilized observational,
self-report, and documentation review methods. The
focus of the study was on using two techniques, fuzzy
SLIM and fuzzy HEART. During these techniques,
a combination of observation, self-reporting, and
document review was employed using tools such
as tables, interviews, forms, and others for data
collection and recording. After the firefighters
completed the drill, the researcher observed all tasks
and collaborated with all firefighters, conducting
interviews with each participant to extract the
factors influencing task performance and subtasks.
Based on the extracted subtasks, the relevant forms
were prepared and distributed to all the firefighters.
Subsequently, the necessary training was provided on
how to complete and score the forms. The objective of
the direct observations in this study was to understand
the firefighters’ duties and analyze the subtasks related
to the firefighting occupation. In the fuzzy HEART
method, error types and error-producing conditions
(EPC) were determined using tables, and only in
the evaluation stage of determining the impact ratio
was fuzzy logic employed based on the firefighters’
judgments. In the fuzzy SLIM method, all the stages
were based on firefighters’ judgments, and fuzzy logic
was used only in the PSF weight determination stage,
studying 39 subtasks across four phases (awareness,
evaluation, exit, and recovery). This method examined

performance-shaping factors (PSF), which included
task complexity, event factor, stress, environmental
conditions, degree of need for teamwork, process
needs, experience, and individual factors. Using
reference charts, data for weight and rating of PSF were
provided, and these data were ultimately processed
using the SLIM method to calculate the probability of
success for operational activities from the initiation
of firefighting operations (hearing the alarm sound)
to the completion of operations (getting into the
vehicle and moving toward the station). The studied
system was evaluated, and the areas where firefighters
operated were identified. In this study, the scenario
was designed as a fire drill in a residential area within
an alley, on the third floor during the daytime, without
wind or rain. After executing the drill (hearing
the alarm sound), the firefighters were prepared to
conduct firefighting operations. The SLIM method
focuses on predicting the probability of human error
during operations under emergency conditions (such
as firefighting operations).

FUZZY SLIM METHOD
Determining Rate and Weight of PSFs Using Fuzzy
SLIM

In this stage, each of the 12 firefighters was assigned
a score between 1 and 9 for the determined PSFs.

Determining the weight of PSFs
In this stage, fuzzy logic was used to determine the
weight of PSFs.

Determining the weight of PSFs using fuzzy logic

The expert team members were graded based
on their organizational position, work experience,
and academic degree, and the weight factor was
also obtained using these variables. The steps for
determining the weight of PSFs using fuzzy logic
were as follows, which are detailed in previous
studies:

Destructibility

To calculate the probability when the final rankings
are fuzzy numbers, destructibility should be assessed
according to the following steps:

Determining SLI

SLI is derived from the sum of the products of two
numbers obtained from the rate and weight of the
factors influencing performance (17, 18).

SLI=3% rw, ~ 0<SLI<I
n: Number of PSF

7;: PSF rate

W, . PSF weight
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FUZZY HEART METHOD
Selection of General Task Type

The nominal error probabilities for human actions
for 39 subtasks, based on observations and feedback
from firefighters and in accordance with the task
under review, are presented in Table 1. (19)

Identifying Error Producing Conditions:
Twelve firefighters identified the error producing
conditions, which are presented in Table 2.

Evaluating APLVi Impact Ratio for Each EPC (Using
Fuzzy Logic)

Each EPC contributes to the probability of human
error. It is essential to determine the impact ratio
for each choice. APLVi was obtained as a qualitative
linguistic variable with the collaboration of 12
firefighters. In this stage, this number of experts used
seven linguistic variables for scoring, which included
very high (VH), high (H), relatively high (RH),
medium (M), relatively low (RL), low (L), and very
low (VL) (16).

Destructibility

To calculate the probability when the final
ranking consists of fuzzy numbers, fragility must
be assessed, which follows the following steps:

R,; =CC(E,)*R, +CC(E,)*R, +...+ CC(E, )*R,,

Estimated Impact Assessment per EPC

The impact of each selected EPC was assessed
using the following formula:

‘Estimated Impact = (EPC Coefficient-EPC+1)*
Assessment Ratio

Determining the risk number using the risk matrix

After calculating the probability of human error, in
order to calculate the level of risk in the analyzed job,
DiMattia’s table was used first to obtain the severity of
the consequence

RESULTS

Comparison of the results from the hierarchical
analysis of subtasks revealed that there are 49 error-
producing conditions (EPC). In the fuzzy HEART
method, the EPC corresponding to each of the
39 subtasks has been extracted, thus making the
calculation of human error probability with this
method less lengthy and yielding more reliable results.
In the fuzzy SLIM method, 49 PSFs are categorized
into 8 groups, including task complexity, event factor,
stress, environmental conditions, degree of need for
teamwork, process needs, experience, and individual
factors. During the calculation of human error
probability in this method, the rates and weights for

these 8 groups are obtained separately, summarized,
and ultimately multiplied together. Therefore, since
there is no need to apply these 8 groups to each of the
subtasks, applying the conditions causing errors based
on the type of sub-task is sufficient. This renders the
calculation of human error probability using the fuzzy
HEART method quicker, requires less time, is simpler,
and provides more reliable results than the fuzzy SLIM
method.

The estimated risk levels from both methods reveal
a high agreement between the fuzzy HEART and
fuzzy SLIM methods (p-value < 0.05), suggesting that
in most cases, a high risk level evaluated by the fuzzy
HEART method also corresponds to a high risk level
in the fuzzy SLIM method. Overall, based on the table,
out of 39 subtasks, 14 subtasks (35.9%) had the same
classification for human errors and were consistent,
while the classifications for 25 subtasks (64.1%)
differed between the two methods. Meanwhile, the
quantitative analysis of human error probability using
correlation tests revealed a correlation coefficient
of 0.091 between the error probabilities of the two
methods, indicating weak correlation in this regard.
Therefore, based on the study’s results, the fuzzy
HEART method cannot substitute for the fuzzy SLIM
method in estimating human error probability unless
further studies contribute to more reliable analyses
in this regard. It appears that if the fuzzy HEART
method were used instead of the fuzzy SLIM method,
it could only report the estimated risk level. Hence,
considering the time-consuming nature of the fuzzy
SLIM method, utilizing the fuzzy HEART method for
risk level reporting offers a time advantage.

The findings of this study suggest that
implementing a comparative risk assessment method
for human errors among firefighters who are exposed
to high occupational risks can help identify the type
and quantitative measures of errors, as well as the risk
levels arising from these errors, from the onset of a fire
until the completion of operations. Given that many
human errors result in fatal and financial consequences
and irreversible accidents, the study’s results can guide
the categorization of tasks and subtasks concerning
error risk levels, and the formulation of preventive
strategies to mitigate these risks.

CONCLUSIONS

The results of this study showed that there is a
weak correlation between the outcomes of the two
methods in assessing the probability of human error,
while a significant agreement exists at the level of
human error risk. The findings obtained from these
two approaches are, in a way, complementary to each
other and provide different aspects of human error
assessment, which can be utilized in appropriate
interventions and corrective actions. It can be inferred
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that this comparison does not necessarily lead to
similar results.
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