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Background and Objectives: Firefighting is a difficult and dangerous job. This
job requires decision-making and speed in action in critical situations. Such
conditions increase the probability of human error in the firefighting activities.
Setting up fire operators as the first step of emergency response is associated with
high criticality. The purpose of this study is identification and assessment of the risk
of human error while setting up and operating fire operators.

Methods: This descriptive cross-sectional study was performed in 2019. Tasks
related to the operation of industrial firefighting operators were studied and analyzed
by Hierarchical Task Analysis. Then, human errors in the operation of fire operators
were identified and analyzed using the systematic human error reduction and
prediction approach (SHERPA). Finally, appropriate prevention solutions were
proposed to reduce the risk of errors.

Results: A total of 480 errors were detected for 130 tasks as 49.58% of them
were action errors, 39.17% check type, 10.42% communication and 0.83% were
selective errors and no retried error was observed. According to the results of risk
assessment, 8.33% of the errors were unacceptable, 24.17% were undesirable, and
48.33% were acceptable risks but needed to be revised and 19.17% were acceptable
without the need for revision.

Conclusion: The process of operating fire operators can be associated with
human errors and prevent successful firefighting operations. Therefore, these errors
should be identified and controlled using appropriate methods.

Keywords: Human error, Hierarchical tasks analysis (HTA) Systematic human
error reduction and prediction approach (SHERPA), Fire operators, Emergency
situation
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Extended Abstract

Introduction Methods

Firefighting is a difficult and dangerous job. This This descriptive cross-sectional study was
job requires decision-making and speed in action in performed in 2019. Tasks related to the operation
critical situations. Such conditions increase the of industrial firefighting operators were studied and
probability of human error in the firefighting analyzed by Hierarchical Task Analysis. Then,
activities. Setting up fire operators as the first step human errors in the operation of fire operators were
of emergency response is associated with high identified and analyzed using the systematic human
criticality. The purpose of this study is error reduction and prediction approach
identification and assessment of the risk of human (SHERPA). Finally, appropriate prevention
error while setting up and operating fire operators. solutions were proposed to reduce the risk of errors.

Table 1. Remedy analysis

Danger intensity Disastrous Critical Minor
Probability of occurrence 1 2 4
Frequent A Al A2 A3 Al
Probable B B1 B2 B3 B4
Occasional C C1 C2 C3 C4
Very low D D1 D2 D3 D4
Unlikely D El E2 E3 E4

Unacceptable: A3,B2,C1,B 1, Al; Undesirable: C3, B3, D2, C2, D1;
Acceptable need for revision: B4, A4, E3, D3, E2, E1; Acceptable without revision: E4, D4, C4

Results

A total of 480 errors were detected for 130 tasks as of the errors were unacceptable, 24.17% were
49.58% of them were action errors, 39.17% check undesirable, and 48.33% were acceptable risks but
type, 10.42% communication and 0.83% were needed to be revised and 19.17% were acceptable
selective errors and no retried error was observed. without the need for revision.

According to the results of risk assessment, 8.33%

Table 2. General status and frequency of errors

Total
Operational investigation Recovery Communicational Optional number of
errors

Commissioning and
1 decommissioning of a 16 3810 19 4524 O 0 7 16.67 O 0 42 18.42
Benz truck water pump
Commissioning and
2 decommissioning of a 37 50.00 28 37.84 0 0 7 9.46 2 270 74 3246
Benz truck foam pump
Commissioning and
decommissioning of a
3 Benz truck monitor 16 40.00 19 4750 O 0 5 1250 O 0 40 17.54
(water extinguishing
agent)
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Total
Duty Operational investigation Recovery Communicational Optional number of

Job Dut
ST y errors

Commissioning and
decommissioning of a
Benz truck monitor 39 5417 28 38.89 0 0 5 6.94 0 0 72 3158
4 (foam extinguishing
agent)

Total Benz truck errors 108 47.37 94 41.23 0 0 24 1053 2 088 228 100

Commissioning and
decommissioning of a
Volvo truck water
pump
Commissioning and
decommissioning of a
Volvo truck foam
pump
Commissioning and
decommissioning of a
7 Volvo truck monitor 30 5455 19 34.55 0 0 6 1091 O 0 55 2183

(water extinguishing
agent)
Commissioning and
decommissioning of a
Volvo truck monitor 46 5750 28 3500 O 0 6 7.50 0 0 80 3175
8 (foam extinguishing
agent)
Total Volvo truck
errors

20 4348 19 4130 O 0 7 1522 0 0 46 18.25

34 4789 28 3944 O 0 7 98 2 282 71 2817

130 5159 94 3730 O 0 26 1032 2 079 252 100

Total detected errors 238 4958 188 3917 O 0 50 1042 4 0.83 480 100

Types of Errore

70.00
60.00

50.00

40.00
30.00
20.00
10.00
0.00 u u

Benz truck's Benztruck's Benztruck's Benztruck's Volvo truck's Volvo truck's Volvo truck's Benz truck's

water pump  foam pump monitor  monitor (foam water pump foam pump monitor monitor foam
(water pump) pump (water pump) pump)
W Operational M Investigation Recovery Communicational H Optional

Figure 1. Types of errors detected for operations
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Level of risk

60
50
4
3
2
1

o o o o

Benz truck
foam pump

Benz truck  Volvo truck
water pump  water pump

B Unacceptable  ® Undesireable

Volvo truck
foam pump

H Acceptable with revision

i |I| II| II| II| II| II| II| |I|

Benz truck  Volvotruck  Benztruck  Volvo truck
monitor monitor  monitor (foam monitor (foam
(water pump) (water pump) pump) pump)

Acceptable with no need for revision_

Figure 2. Frequency of error risk level for operations

Level of risk

100.00
80.00
60.00
40.00
20.00

0.00
Unacceptable

B Using Benz as a fire truck

H Using Volvo as a fire truck

Un desireable

Acceptable with no need
for revision

Acceptable with revision

B Not using Benz as a fire truck

Not using Volvo as a fire truck

Figure 3. Frequency of risk level of "commissioning™ and "decommissioning" errors

Discussion

In the present study, human errors in the operation
of fire trucks were identified and classified.
According to the results of this study, most of the
operational errors of firefighting vehicles were in
the group of performance errors and inspection.
The nature of the firefighting job requires
firefighters to go through the process with great
speed and to observe the gauges continuously and
very carefully. This seems to be the reason for the
large number of performance and review errors.
These findings are consistent with similar studies;
including a study by Borgheipour et al. conducted

88

in 2020 which assessed human error among tower
crane operators [21].

According to the results of the risk assessment, the
acceptable level of risk that needed to be
reconsidered for the four critical tasks of both
vehicles was most frequent. In the study of Azarnia
Ghavam et al., which was conducted in 2019 with
the aim of identifying human errors in activities
related to the operation of power facilities, the
highest percentage of low-pressure maneuvering
errors were at an acceptable risk level but needed
to be revised and then at an undesirable level. Also,
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most of the identified errors were functional and
review, which is consistent with the results of the

present study [28].

The results showed that the commissioning errors
were more than the decommissioning errors. Also,
commissioning tasks were more risky than
decommissioning tasks. Simultaneous activities are
one of the characteristics and requirements of
emergencies. Work and time stress is more at the
beginning of the operation than at the end of the
operation. This seems to be due to the higher
number of errors detected and the level of risk.

Due to the identified human errors, it seems that to
reduce operational errors in emergencies,
operational trainings such as maneuvers, training
courses using simulation systems, the use of
experienced human resources and the development
of standard instructions can be recommended. In
order to reduce errors caused due to forgetting,
checklists should be prepared for inspection and
monitoring of equipment. In addition, it is essential
to develop programs to reduce stress and to monitor
and supervise more error-prone startup operations.
It goes without saying that continuous monitoring
of tasks is of particular importance to prevent the
level of risk from changing from acceptable to

89

unacceptable. Also, modifications can be applied in
the design of some equipment, such as the use of
sirens, lights and level indicator for gauges, color
separation and numbering labels for valves,
switches and gauges. Due to the identification of
critical communication errors, which can be caused
by the presence of background noise in the
operation scene, more practical wireless or wireless
phones connected to the operator's helmet can be
used.

Conclusion

The process of operating fire operators can be
associated with human errors and prevent
successful firefighting operations. Therefore, these
errors should be identified and controlled using
appropriate methods.
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