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ABSTRACT

Introduction: Human error can occur in many work environments, especially in control rooms. Due to
the vital role of the central railway traffic control room in guiding and controlling all types of trains along
the railway network, any error in this control room can lead to a catastrophic accident. This study aims to
identify and assess human error in the central control room of railway traffic using the HEART technique.

Material and Methods: This descriptive cross-sectional study was performed in 2021. In this research,
tasks and sub-tasks were identified using the hierarchical task analysis (HTA) method. Then, the probability
of human error was assessed using the HEART technique.

Results: Based on the results of the HTA method, 67 main tasks, and 149 sub-tasks were identified. The
study results on the probability of human error using the HEART technique showed that the three main
tasks of the traffic expert (distribution of types of diesel, establishing the freight priority, and planning
the movement of trains) had the highest probability of error. In addition, the most critical factors
influencing human error were “evidence of iliness among employees”, “ inexperience”,

“unfamiliarity”, and “stress”.
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sleep disorder”,

Conclusion: The results of this study indicated that the central railway traffic control room employees are
prone to errors, and if these staff make errors, irreparable accidents will occur. To reduce the probability
of error of these employees, measures should be considered, such as using regular and appropriate shifts,
the use of skilled and competent people, and so on.

Keywords: Human error, Human error assessment and reduction technique, Central railway traffic control
room; Train scheduling
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1. INTRODUCTION

Despite many technological advances, the
workforce is still considered a key factor in
developing work projects. In today’s workplaces,
humans constantly exchange and process
information and make decisions based on that
information. Destructive consequences can be
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seen if people make errors in making decisions
and performing their duties during the work
process. Evidence shows that human error is the
cause of many major industrial accidents, such as
Chernobyl (1986), Bhopal (1984), and Three Mile
Island (1979). In such cases, the final decision of the
operators has been difficult due to the complexity of
the system and the bombardment of information.
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The railway industry is no exception to this rule
due to human factors, and in recent years there have
been incidents such as the collision of passenger
trains in London (1988) and the explosion of the
Neishabour train (2004). It should be noted that rail
transportation is one of the most important means
of public transportation and is always committed to
meeting the needs of many passengers and moving
large quantities of goods. Therefore, the occurrence of
an accident in this industry, in addition to the serious
financial and human damage that follows, can have a
great impact on society and public opinion.

Throughout history, the railway industry has been
affected by many accidents, and the role of human
error in such accidents can be considered. Studies
show that human error is the cause of more than three-
quarters of fatal rail accidents. It is worth noting that
human error is possible in many industries, including
the railway industry. Therefore, investigating the
causes of human error in such industries to prevent
unwanted events is recommended.

Many researchers do probability estimation,
assessment, and classification of human error
factors through different techniques. Among these
techniques, there is widespread interest in using the
human error assessment and reduction technique
(HEART) as an effective tool for estimating the
human error probability (HEP) in many work
environments. This technique is commonly used to
quantify HEP due to its structured approach and
rapid and easy application in many studies.

In the railway industry, one of the most critical
areas in which human error can lead to accidents is
the railway traffic control rooms. Among the railway
traffic control rooms, the central railway traffic
control room is of particular importance in human
error due to the broader area of the controlled
area and, consequently, the more fantastic range
of work activities. The occurrence of human error
by employees working in the central railway traffic
control room can cause irreparable disasters at the
national level. However, from the point of view of
human error, this issue has received less attention.
Therefore, the present study used the HEART
technique to re-examine the tasks and conditions
causing the error to identify and determine the
probability of human error in each task among the
central railway traffic control room staff.

2. MATERIAL AND METHODS

The present study is a descriptive cross-
sectional study conducted to investigate the HEP of
the central railway traffic control room staff, using
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the HEART technique for two months in 2021. In
order to conduct the research, a brief explanation
of the purpose of the study was given to the staff.
These individuals were selected by sampling
method, determining the sample size by the census,
and entering the study. Then, the duties of each
employee of the central railway traffic control room
consist of the boss, deputy manager, supervisor,
communication expert, ATC expert, line expert,
signal expert, traffic expert, suburban train expert,
passenger expert, traction expert, and wagon expert
were analyzed by hierarchical task analysis (HTA),
and by using the HEART method, the probability
of human error for each task was quantified.

2.1 The process under study

Railway traffic control rooms are responsible
for tasks such as overseeing the trains and other
vehicles on railways, overseeing the reception and
dispatch, crossing, overtaking, and other issues
related to trains, planning and distributing wagons,
and overseeing the unloading and loading of
these wagons. These control rooms are constantly
in touch with all relevant stations by telephone-
grammes and other communication systems and
exchange information. The central railway traffic
control room is also one of these control rooms. In
addition to the tasks mentioned above, the central
railway traffic control room is also coordinating the
railway traffic control chambers located in different
parts of the country.

2.2 HEART technique

In this research, the HEART method was
implemented for each of the job positions according
to the following steps:

I Performing HTA

To implement the HTA method, the tasks
under analysis were identified for each job position
and the purpose of the analysis of these tasks. The
required information for each task was collected
using data collection methods (observation,
interview, and review of records). Then, the main
tasks and sub-tasks were identified hierarchically
using experts’ opinions and consulting with them.

II. Choosing the generic task type (GTT) and general
error probability (GEP)

After observing some job duties and
interviewing each employee during the shift, GTT
and GEP related to the main job positions were
identified.
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Fig. 1. Frequency of tasks, sub-tasks, and EPCs in each job position of the staff of the central railway traffic control room

III. Selecting the error-producing conditions (EPCs):
For this purpose, a table consisting of 38
items (EPCs) was presented to each of the people
working in the job positions, and they were asked
to determine the conditions that caused the error.

IV. Assessing the impact ratio of each EPC

At this stage, people with expertise in each of
the various job positions were asked to express
their opinion about the impact ratio of each EPC
on the main tasks in the form of a number (0-1).

V. Calculating the assessed impact of EPC

Using Eq. (1), the evaluated impact of each EPC
on each main task for different job positions was
estimated.

The assessed impact of EPC = [(The coefficient of each
EPCs-1) x (The impact ratio of each EPC)] + 1 Eq. (1)

VI. Calculating the HEP:
Using Eq. (2), HEP was calculated.

HEP = GEP x Impact ratio of EPC, x Eq. (2)

«Impact ratio of EPC, x...x Impact ratio of EPC_
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3. RESULTS AND DISCUSSION

Based on the HTA method, between 3 to 8 main
tasks and 2 to 21 sub-tasks were determined for the
job positions in the central railway traffic control
room, which are depicted in Fig. 1. In addition,
an example of an HTA for the job of a suburban
train expert is shown in Fig. 2. Also, using the
HEART method, the probability of human error
for each of the main tasks was obtained (Table
1). Among the job positions, the highest HEP
belonged to the duties of a traffic expert. Factors
such as “provide information beyond capacity”,
“operator and design model mismatch”, and “lack
of mastery of work technology” have led to higher
HEDP for traffic experts than in other positions. For
this purpose, more experienced and skilled people
should be used in this job position than in other job
positions. In addition to employing these people,
standard tools appropriate to the anthropometric
dimensions of employees should be used.

Also, among the 18 identified factors affecting
human error, five factors, “evidence of disease
among employees”, “sleep disorders”, “inexperience’,
“unfamiliarity”, and “stress’, significantly affect
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the performance of employees working in the
central railway traffic control room (Fig. 3). ATC,
communication, and traffic expert job positions
were more influenced by the factors causing the
error than other job positions. To reduce the
impact of these factors, it is recommended to
do activities like providing new and standard
ergonomic equipment, using experienced and
skilled operators, holding retraining courses, using
regular and appropriate shift programs, toolbox
meetings, and so on.

4. CONCLUSION

According to the study’s findings, the central
railway traffic control room staff are prone to errors.
In order to provide better working conditions

Journal of Health and Safety at Work 2022; 12(3): 595-616

and reduce human error, it is recommended to
pay attention to the socio-economic aspects of
employees, such as the use of experienced and
qualified personnel, the use of advanced and
appropriate standard equipment for employees,
and content retraining course.
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