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ABSTRACT

Introduction: The accurate evaluation of error probability and risk is important. Accordingly, this
Comparative study was conducted to evaluate the risk of human error in emergency situations using SLIM
and Fuzzy SLIM techniques in fierfighting tasks.

Material and Methods: This cross-sectional and descriptive-analytical study was conducted among 12,
using Fuzzy SLIM and SLIM techniques. 39 sub-tasks were studied in 4 phases (Awareness, Evaluation,
Egress and Recovery). Considering the advantages of the Fuzzy SLIM method, fuzzy logic was used in
weighting of performance shaping factors (PSF). Excel software was used to calculate the probability of
error. Also, correlation and kappa statistical tests were used for data analysis in SPSS software.

Results: The mean and standard deviation of human error probability in different sub-tasks of firefighting
in SLIM and Fuzzy SLIM methods were 0.095357 + 0.026193 and 0.06490 + 0.051748, respectivly. In 48.7
percent of the sub-tasks, the probability category of human error and the assessed risk were the same;
however, in 89.7 percent of the sub-tasks, the estimated level of risk was the same in both methods.
Correlation test showed that the correlation coefficient of error probability values between the two
methods was 0.32, which indicated a moderate correlation in this regard. Additionally, the results of kappa
statistical test for the estimated level of risk showed that there is a high agreement between Fuzzy SLIM
and SLIM (P value <0.05).

Conclusion: The results of the study indicated meaningful agreement and a moderate correlation between
Fuzzy SLIM and SLIM. Therefore, due to the relatively high accuracy of Fuzzy logic methods, and also the
long steps of implementing the SLIM method, the Fuzzy SLIM method can be a good alternative to this
method.
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1. INTRODUCTION

Any human error in the work environment
often leads to irreparable accidents. Almost all
major global disasters, such as the Bhopal pesticide
factory explosion, the Hillsborough football
stadium disaster, the Paddington and South Hall
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train crashes, the Chernobyl and Three Mile Island
disasters, and the Challenger space shuttle disaster,
had traces of human error.

In Iran, the evidence shows the high importance
of human error in the occurrence of accidents.
According to the statistics provided, the cause
of 70 to 90 percent of these accidents is human
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error. There are various factors leading to human
error, one of which is emergency situation. In
an emergency situation, due to the fact that the
response time of a person to the situation is limited,
the amount of mental load on the person increases
as well as the possibility of human error. The job
of a firefighter can be considered in terms of the
placement of a firefighter in various emergency
situations and operations and the resulting human
error.

One of the main ways to control human errors
in these jobs, along with planning to reduce the
consequences of human errors, is to try to reduce
the probability of their occurrence. Accordingly,
identifying and controlling performance shaping
factors (PSES) is the key to controlling the rate of
human errors. Rasmussen believes that not only
human error cannot be completely eliminated,
but also this is not good for science and mankind,
because much of what humans learn is obtained
through trial and error. Reducing the probability
of human error in work systems increases the
reliability of the human component of the system.
Human reliability assessment is a common term
for classifying methods and models that are used
to predict the occurrence of human errors. In fact,
it is a method to assess the risk of human errors
and reduce the vulnerability of systems. The main
functions of evaluating human reliability (HRA)
include identifying human error and determining
the probability of its occurrence, which if
appropriate control measures are implemented, will
lead to increasing human reliability and reducing
the probability of human error.

Among the existing methods, the SLIM method
(first-generation methods) was noticed by the
research team. The SLIM method is specifically
introduced to evaluate the possibility of human
error in emergency situations. In recent years, an
evaluative version of this method based on fuzzy
logic has been presented, in which a number of
quantities or situations are evaluated based on
the expert’s opinion and diagnosis. In assessing
the possibility of human error, the SLIM method
only shows the minimum range, while the Fuzzy
SLIM method shows the minimum, middle and
maximum values. Considering the differences
between the two methods, it seemed that during
a study, these two methods can be compared in
terms of the accuracy of the evaluation, the ability
to implement and the complexity of the process
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as well as the time required for implementation.
Based on this, the present study was designed and
implemented in order to evaluate the comparative
risk of human error using the two methods SLIM
and Fuzzy SLIM in tasks related to emergency
situations in the firefighting job.

2. MATERIAL AND METHODS

The present descriptive-analytical study was
conducted as a cross-sectional study among
firefighters of Mother Station No. 4 in Tabriz city,
who had considerable experience in dealing with
emergency situations. The study was carried out
on the job of firefighting and to investigate the risk
of human error during firefighting operations. The
main part of the study was based on the judgment
of the firemen. The sample for the study was
selected from the firemen, shift commanders and
drivers (firemen-drivers) if they met the criteria
for entering the study. Based on this, 12 people
from 4 job groups including (3 shift officers, 2
substitute shift officers, 3 firemen-drivers and 4
firemen) participated in this study. In this study,
observational, self-report and document review
methods were used.

The focus of this study was the use of Fuzzy
SLIM and SLIM methods with the help of tools
such as tables, forms and other items to collect
and record data. The purpose of conducting
objective observations in this study was to get
an understanding of the duties of firefighters and
analyze the sub-tasks related to the firefighting
job. In both Fuzzy SLIM and SLIM methods, all
evaluation stages were based on the judgment of
the firefighters, but in Fuzzy SLIM method, fuzzy
logic is used only in the PSF weight determination
stage, and a total of 39 subtasks in 4 phases
(awareness, evaluation, exit and recovery) were
studied. In this way, by using reference charts,
data was provided for weighting and rating the
performance shaping factors, and finally, these
data were calculated using the SLIM method to
calculate the probability of success for the entire
stages of the fire extinguishing operation, that is,
from the starting point of the operation (hearing
alarms) until the completion of the operation
(boarding the car and moving to the station). In
this study, the desired scenario was staged under
the title of fire drill in the residential area inside
the side alley, third floor during a day without
wind and rain.
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Table 1: Fuzzy linguistic scores in the Fuzzy SLIM method

VL 0
L 0.1
M 0.3
H 0.5
VH 0.7

How to determine the rate and weight of PSF by
SLIM method

Determination of PSF rate: Each of the 12
firefighters provided scores from 0 to 100 for
39 subtasks comprising 8 PSFs. At this stage, the
scenario was fully and partially explained to each
of the firefighters, and the firefighters completed
the relevant table with the self-report method,
regardless of the specified intervals.

Determining the PSF weight: Each of the 12
firefighters provided scores from 0 to 100 for 39
subtasks that had 8 PSFs, according to this table
scoring should be done considering intervals of 10.

How to determine the rate and weight of PSF using
FuzzySLIM method:

Determination of PSF rate: At this stage, each
of the 12 firefighters assigned a score between
1-9 for the determined PSFs, where the number
1 represented the maximum impact and number
9 represented the minimum impact in the study
process.

Determining the PSF weight: In this step, Fuzzy
logic was used to determine the weight of PSE, so
that firefighters used the language variables as very
high (VH), high (H), medium (M)., low (L) and
very low (VL) for this purpose.

Determining PSF weights 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.

Collecting linguistic assessment opinions of experts:
Fuzzification: Thefuzzylinguisticscores(Table1)
obtained from this step were used in the next steps
to obtain the final result.
Summary of grades: Each of the linguistic terms
collected from the firefighters’ comments can be
converted into the corresponding fuzzy numbers.

[DO!

0.15 0.3
0.3 0.5
0.5 0.7
0.7 0.9

0.85 1

Destructibility: which is according to the following
steps:

Determination SLI
Determining the probability of human error: human
error probability (HEP) is calculated for each
aggregation activity.

Log kappa] =Log POS = aSLI+ b SLI a: The
highest value of SLI b: The lowest value of SLI

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.

3. RESULTS AND DISCUSSION

The general comparison of human error
between the two methods showed that the human
error probability score is lower in the Fuzzy SLIM
method. The results of the error evaluation between
the two methods showed that the error evaluation
was very different only under task 21, which can
be due to the mistakes in the evaluation stages,
errors in the data recording, incorrect scoring of a
firefighter, which a small percentage of it included
tasks (0.0025) and can be ignored; as a result, it
seems that the Fuzzy SLIM method is more reliable
than the SLIM method due to the low human error
probability score. The correlation coefficient of
error probability values between the two methods
was equal to 0.320722, which shows the correlation
coeflicient between the two methods is average, so
the Fuzzy SLIM method can be used instead of the
SLIM method to evaluate the probability of human
error. Also, the qualitative variable analysis of the
risk level using the Kappa test showed that there
is a significant relationship between the risk level
of the two methods, and the high risk level in the
SLIM method is also evaluated as high in the Fuzzy
SLIM method, and therefore, by using Fuzzy SLIM
method instead of SLIM method, it is possible to
report human error probability and risk level.
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4. CONCLUSIONS

This study showed that the average probability
of human error in the Fuzzy SLIM method is
generally lower than SLIM method. The correlation
test showed moderate correlation between the two
methods. Also, the results of the Kappa statistical
test showed that there is significant agreement
between SLIM and Fuzzy SLIM methods. Therefore,
due to the relativity high accuracy of the Fuzzy logic
methods and also the long steps of implementing
the SLIM method, which may cause firefighters
to get tired and hesitate in choosing numbers, the
Fuzzy SLIM method, which uses fuzzy logic instead
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of numbers (low, medium and high), may be a good
alternative, and it is possible to estimate a small
amount of the probability of human error and risk
assessment with higher accuracy in a shorter time
and with a lower degree of complexity in different
operating conditions.
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