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Abstract

Keywords

Background and aims: Major accidents in many industries, including railway
industries, are caused by human errors. Several factors contribute to the Control room
occurrence of such errors. Oneé’s sleep quality may influence the likelihood of

i i ) Pittsburgh questionnaire
human error. A study was conducted to investigate the impact of sleep quality

on the likelihood of human error among employees in railway traffic control Probability of human error
rooms. Sleep quality
Methods: A cross-sectional descriptive-analytical study was conducted Theftn

in 2021 involving 115 male employees working in railway traffic controls.
Each participant completed the General Health Questionnaire (GHQ), the
Pittsburgh Sleep Quality Index (PSQI), the Epworth Sleepiness Scale (ESS), and
the Self-report of Human Error Probability Questionnaire (SHEPQ). Data were
analyzed using Spearman and Independent T-Test.

Results: The study results showed that the mean age + (Standard Deviation

(SD)) and work experience + (SD) of the participants were 36.57 + (5.22) and

10.09 * (5.66), respectively. 36.5%, 49.6%, 18% and, 21.7% of participants had 23

<GHQx< 40, PSQI> 5, ESS>13 and SHEPQ> 50, respectively. Also, a significant

relationship was found between PSQIScore and ESSScore, with the likelihood Received: 2022/08/28
of human error (P<0.001, Correlation Coefficient (CC) = 0.399, P<0.001, CC Accepted : 2023/03/1
= 0.412, respectively). Additionally, a significant relationship was observed

between the mean error scores in the sleep quality subgroups (P<0.001).

Conclusion: The findings of this study suggest that poor sleep quality is a
significant factor in the occurrence of human error.
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EXTENDED ABSTRACT

INTRODUCTION

In many work processes, employees working in
different departments as the primary and critical
elements lead the processes and make meaningful and
final decisions. However, these individuals possess a
series of negative characteristics which can affect their
job performance and decision-making. One of these
characteristics is the propensity for “error-making” or
“human error” that occurs frequently during people’s
daily and work life. Human errors are a type of error
caused by people’s lack of understanding and correct
recognition of the conditions of the components in
the work environment.

These errors can cause many accidents in various
industries, especially complex industries, in different
ways. Events that annually cause significant damage to
the Gross National Product (GDP) of many countries,
including Iran. By examining the causes of accidents
in many complex industries, including the railway
industry, significant clues about the existence of
human errors can be obtained. In the railway industry,
accidents such as the Haftkhan train accident (Iran,
2016), the Neyshabour train accident (Iran, 2004) and
the London train collision accident (England, 1999)
due to human errors indicate the high contribution
of human errors in the occurrence of catastrophic
accidents in these industries.

Railway traffic control rooms are one of the most
critical parts of the railway industry, where human
errors can lead to catastrophic accidents. The operators
of these control rooms continuously receive, process
and send a large amount of information during
their shifts. In addition, factors such as “evidence
of illness among employees”, “sleep disorders” and
“inexperience” have caused these employees to be
more prone to errors.

On the other hand, in many jobs, including control
room operators, many job characteristics, including
intensive and long working hours, little rest time,
and shift work have caused many characteristics of
employees to be overshadowed, including the quality
of their sleep).

Sleep quality is commonly used to refer to a set
of sleep measures such as sleep duration, latency,
fragmentation, total wake time, sleep efficiency, and
sometimes sleep disturbances. A wide range of factors
such as age, circadian rhythm, work schedule and the
degree of flexibility of sleep habits can affect sleep
quality and cause the emergence or exacerbation of
inappropriate sleep quality.

In addition to having adverse effects on people’s
lives, improper sleep quality in work environments
has also caused or exacerbated employee problems
by affecting many physiological and psychological
parameters related to the workplace, including
poor memory, accidents, health complaints and
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absenteeism.

On the other hand, considering factors such as
the lack of systems to prevent human errors, the
ineffectiveness of the laws and regulations provided by
regulatory institutions in preventing the occurrence of
human error, and the payment of irreparable financial
and life losses following the occurrence of human error
by control room employees, it becomes mandatory
to investigate the factors affecting the human errors
of control room employees, including railway traffic
control rooms.

Therefore, according to the cases mentioned above
and also the possibility of influencing the quality of
sleep on the human error of employees of railway
traffic control rooms, this study, for the first time, by
designing and validating a self-report questionnaire
of human error, is conducted to investigate the effect
of sleep quality on the probability of human errors in
employees of railway traffic control rooms.

METHODOLOGY

This cross-sectional descriptive-analytical study
was conducted in 2021 with the participation of 115
male employees working in traffic controls of Tehran,
Arak, Shahroud, Yazd, and Tehran central control
room.

The process under study

Railway traffic control rooms are established in
different regions of the country and perform various
tasks such as ensuring the safety of trains and other
vehicles along the railway lines, monitoring how
to plan the movement, distribution, unloading and
loading of different trains and following up on various
train problems. In these control rooms, operators
under different job positions monitor, review and
exchange information with each other regularly and
continuously using various communication tools,
including graphs and telephone grammes. The central
railway traffic control room is also one of these control
rooms, which, in addition to the duties mentioned
above, is also responsible for establishing coordination
between railway traffic control rooms located in
different regions of the country. In this control room,
operators work under different job titles.

Research tools

The Persian version of Goldberg and Hillier’s (1979)
general health questionnaire was used to measure
the health status of employees. In addition, in order
to measure monthly sleep quality, daily sleep quality,
and the probability of human error, respectively, the
Persian version of the Pittsburgh Sleep Quality Index
(PSQI), the Persian version of the Epworth Sleep
Scale (ESS) and the self-report of the Human Error
Probability Questionnaire (SHEPQ) were used.
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Due to the lack of a tool to measure the probability
of monthly human error in this study, the SHEPQ
questionnaire was designed. Two methods of face
validity and content validity were used to determine
the validity of this questionnaire. The weighted kappa
coefficient was also used to determine the reliability of
this questionnaire.

The face validity of the questionnaire was accepted
in both quantitative and qualitative ways. To obtain
the content validity of the SHEPQ questionnaire, two
criteria, Content Validity Ratio (CVR) and Content
Validity Index (CVI), were used. The CVR of the
SHEPQ questionnaire was equal to 0.87 and the
CVI values of the questionnaire regarding simplicity,
relevance and clarity were equal (Min = 0.8, Max
=1, Aver = 0.9), (Min = 0.8, Max = 1, Aver = 0.9)
and (Min = 0.8, Max = 1, Aver = 0.92), respectively.
Furthermore, using the weighted kappa coefficient in
Stata software version 13, the minimum agreement
percentage among 67 questions was 73.71%, and the
maximum was 87.14%. Also, the mean agreement in
all questionnaire questions was 80.31%.

The Effect of Sleep Quality on the Probability of Human ...

Data analysis

After the completion of the questionnaires by
individuals, the collected data were entered into
SPSS software version 22. The Kolmogorov-Smirnov
statistical test was used to check whether the data
were normal or abnormal. Spearman’s nonparametric
test was used to analyze the data and investigate
the relationship between sleep quality ratings and
error scores in individuals due to abnormal data. In
addition, the Independent T-Test was used to compare
the mean error scores in the sleep quality subgroups.

RESULTS

The study involved 115 participants, all of whom
were male. Their mean age + standard deviation (SD)
was 36.57 £ 5.22, and their work experience + SD was
10.09 + 5.66. Of these, 32 individuals (27.8%) were
employed in the central railway traffic control room,
and 83 individuals (72.2%) were employed in the
control rooms of Tehran, Arak, Shahroud, and Yazd
districts. The majority of these employees worked in the
central railway traffic control room and the Shahroud

Table 1. Demographic characteristics of the participants in the study (N: 115)

Characteristic Number (%)
Gender
Female 0(0%)
Male 115 (100%)
Age (years)
<30 7 (6.1%)
30-40 83 (72.2%)
> 40 25 (21.7%)
Work experience (years)
<5 15 (13%)
5-10 58 (50.4%)
> 10 42 (36.5%)
Marital status
Married 101 (87.8%)
Single 14 (12.2%)

Education status
Diploma
Associate’s Degree
Bachelor’s degree
Master’s Degree

Service location

2 (1.7%)
12 (10.4%)
82 (71.3%)
19 (16.5%)

Central control room 32 (27.8%)
Tehran

Tehran control room 20 (17.4%)
Shahroud 23 (20%)
Arak 21 (18.3%)
Yazd 19 (16.5%)
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district control room. Most of the participants in
this study were married (101 employees, 87.8%) and
held a bachelor’s degree (82 employees, 71.3%). The
demographic characteristics of the participants are
presented in Table 1.

Results of GHQ questionnaire

The results indicated that the participants fell into two
categories regarding general health and GHQ criteria:
‘no or minimal problem’ and ‘mild problems’ (Figure 1).
According to the overall score of this questionnaire, 73
employees (63.5%) had ‘no or minimal problems, and 42
employees (36.5%) had mild health problems. The mean
+ standard deviation (SD) of the scores obtained from
this questionnaire was 20.79 £ 5 (58.5). The lowest GHQ
score was 7, and the highest was 37.

Results of PSQI questionnaire

The results indicated that 58 employees (50.4%)
had good sleep quality (PSQI . < 5), while the
remaining 57 employees (49.6%) had poor sleep
quality (PSQI . > 5). The mean + standard deviation

Score
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(SD) of the scores obtained from this questionnaire
was 5.53 * 2.19. The lowest PSQI score was 2, and the
highest was 11. The results of the investigation into
the seven subscales of this questionnaire are shown in
Figure 2.

Results of the ESS questionnaire

The results indicated that the majority of
participants in this study (57 employees, 49.6%) had
normal sleep quality (Figure 3). The mean + standard
deviation (SD) of the scores obtained from this
questionnaire was 8.70 + 3.79. The lowest ESS score
was zero, and the highest was 17. The lowest score on
this questionnaire was 18.2, and the highest was 73.3.

Results of the SHEPQ questionnaire

The results indicated that the majority of subjects
(82 employees, 71.3%) had a medium probability of
error (Figure 3). Additionally, the mean + standard
deviation (SD) of the scores obtained from this
questionnaire was 41.79 + 12.52. The lowest score on
this questionnaire was 18.2, and the highest was 73.3.
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Fig. 3. A. Quality status of daily drowsiness of employees by percentage and B. Status The probability of human error of em-
ployees by percentage.

Table 2. Correlations between sleep quality scales and human error probability

The first variable The s.econd The corre?Iation p Relationship
variable coefficient status

Variables related to the PSQI questionnaire
Mental quality of sleep HEP 0.506 <0.001 Significant
Delay in falling asleep HEP 0.448 <0.001 Significant
Sleep duration HEP 0.226 0.015 Significant
Sleep efficiency HEP 0.313 0.001 Significant
Sleep disorders HEP 0.012 0.897 Not significant
Dosage of sleeping drugs HEP 0.279 0.003 Significant
Daily functional disorders HEP 0.116 0.218 Not significant
Overall Sleep Quality HEP 0.399 <0.001 Significant
(PSQI)
Variable related to ESS questionnaire
Quality of daily sleep HEP 0.412 <0.001 Significant

Note: PSQI = the Pittsburgh Sleep Quality Index; ESS = the Epworth Sleepiness Scale; HEP = Human Error Probability.

Determining the relationship between sleep quality
ratings and human error score

Spearman’s non-parametric test was used to
investigate the relationship between the overall
score of sleep quality and the probability of human
error in employees. The results showed a significant
relationship between employees’ monthly sleep
quality and the probability of their human error (P
<0.001, Table 2). Also, using the Spearman test, it was
found that there is a significant relationship between
the quality of daily sleep and the probability of human
error (P <0.001, Table 2). In addition, the Independent
T-Test was used to compare the mean error scores in
the sleep quality subgroups. The results of this test
showed that there is a significant relationship between
the mean error scores in the sleep quality subgroups
(P<0.001).

CONCLUSION
The present study, like other studies, has some

Iy

limitations, such as the lack of biological evaluation
of employees’ sleep, the lack of evaluation of their
nutritional status and physical fitness and the
possibility of bias due to the use of questionnaire
tools. The interference of the time of completing the
questionnaires with the employees’ working time
was another limitation of this research. The present
study showed that 49.6% of employees working in
railway traffic control rooms had poor sleep quality,
about 0.9% had severe daytime sleepiness, and
71.3% had a moderate probability of human error.
In addition, it was found that there was a significant
relationship between monthly sleep quality and
daily sleep quality with the probability of human
error of railway traffic control room employees
(P<0.001 and P<0.001). Therefore, according to
these results, it is recommended to take necessary
measures, such as using appropriate shift work
programs, to improve control room employees’
sleep status.
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Also, the results of this study stated that the
designed SHEPQ questionnaire with appropriate
validity and reliability was able to be used as an
efficient tool to estimate the probability of human
error and was used to investigate and determine the
relationship with sleep quality variables. Therefore, it
is recommended to use this tool to investigate other
influencing factors on the possibility of human errors
in control room employees.
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1 The Pittsburgh Sleep Quality Index
2 The Epworth Sleepiness Scale
3 The Self-report of Human Error Probability Questionnaire
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