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Abstract. The purpose of this study was to investigate the causes of fatigue
among rail staff by analysing qualitative data and conducting an online diary
study. It had a closer look at the experience of fatigue among rail staff and
brought a more detailed blueprint picture of fatigue and its causes in the rail
staff’s real-life. Study 1 analysed 133 responses of qualitative data from rail
staff, and Study 2 was a diary study examining fatigue and its related risk
factors before and after work, on the first and the last day of a working week in
19 rail staff. The findings from the two studies, using different methodologies,
showed similar results that fatigue was a result of heavy workload, long
working hours, shift-work, and insufficient rest and sleep. Fatigue before work
mainly resulted from sleep quality, length of sleep, and the time spent on
commute, while fatigue after work resulted from the workload and shift type.
Evidence has demonstrated that overtime work, specific shift patterns,
insufficient rest days between opposed shifts, and poor timing of breaks during
work were also associated with fatigue.

Keywords: Workload, occupational fatigue, rail staff, qualitative analysis,
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1 Introduction

Occupational fatigue is a daily experience among working people. It is also a well-
established occupational hazard which has been identified as a contributing factor for
incident and accident, for injuries and death, in a wide range of occupational settings
(e.g., transport, hospital, construction), with implications on cognitive performance.
Although the implications for fatigue in transport are well documented, the amount of
research in rail fatigue was limited as this field was historically smaller than road and
aviation fatigue [1, 2]. In the railway industry, fatigue is a risk for both train and
human safety because the majority of jobs in this industry are safety-critical.

Evidence for fatigue in rail staff has been found in many existing studies. Train
drivers and signallers (i.e., railway controller) were the most investigated samples in
fatigue studies [3], as fatigue-related human error in these roles could, obviously,
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result in serious safety consequences. However, the other job roles in this industry
were also safety-critical, including the conductor, engineer, and even station worker.
Although some of these job roles do not involve the train operation, their duties are
designed for ensuring the train, the rail track, the passenger, and the station are
secured. An engineer, for example, working in the event of emergencies to resolve
any faults that might occur in the railway infrastructure, was found to suffer from
fatigue problems and the unpredictability of the call-out duties prevented relaxation
which then further cumulated in fatigue [4]. A large-scale survey among UK train
staff covering all the job roles [5] indicated that issues of fatigue were apparent in any
job roles mentioned, even including the station workers who carry out the duties of
selling and checking tickets, making sure that passengers get on and off the train
safely, and signalling the conductors or driver to depart.

Failure to manage rail staff fatigue would result in serious consequences. In
general, the after-effect of fatigue includes impairments in attention, memory,
information processing, decision-making, perception, and work performance [6, 7], as
well as the decreased response of cells, tissues, or organs after excessive stress or
activity [8]. It has also been found to have a negative association with mood, well-
being, physical and mental health, and personal safety [9, 10, 11, 12]. Fatigue and its
impact on safety-critical performance increased the risk of human error and was
suggested as a key issue in the rail industry [13]. In train accident and incident reports,
staff fatigue is considered to be a causal factor [14, 15, 16, 17, 18]. By reviewing 98
rail investigation reports found in the SPARK, an organised library of researches and
reports within the international rail community, Fan and Smith [3] found 23 of the
reports identified fatigue as one of the contributory causes of the train incident or
accident.

Rail staff fatigue is subject to general stressors of occupational fatigue and
industry-specific factors. Smith [19] reviewed fatigue in different transport sectors
and indicated that that the fatigue problem between sectors is similar, while the
features between them are different. He suggested that the scientific approach to
defining fatigue should apply to all of these sectors, but a “one size fits all” approach
to regulating fatigue may be inappropriate to all. The amount of related fatigue studies
in the rail industry, however, is very limited just as Anund et al. suggested [2], and the
causes of rail staff fatigue required further studying. Section 1.1 and section 1.2
review literature of the causes of fatigue in general, and in the railway industry. Then,
the rationales and objectives of current studies are introduced in Section 1.3.

1.1  Causes of Occupational Fatigue in General

In general, the causes of occupational fatigue are varied, including generic causes not
specific to the workplace (e.g., duration of the task, sleep loss), and work-related
causes (e.g., job demands and control); it is also affected by individual differences
and combined effects. Stress is the starting point of fatigue, and long-term stress
results in fatigue. Cameron [20] stated that the term fatigue is synonymous with a
generalised stress response over time, which suggests that the risk factors of
occupational stress will also result in fatigue. The work-related causes of fatigue,
therefore, could be the stressor of occupational stress, including work demands, lack



of control and support, and individual differences. The causes could also be the
working environment, shift work and the combined effects of these factors [5, 21].

The most prominent cause of fatigue is the time spent on tasks. Length of time-on-
task leads to fatigue and a decrement in cognitive performance. Time-on-task refers to
the length of time spent involved in a task. Cameron [20] pointed out that time is
probably the most relevant variable which is uniquely associated with fatigue. In the
course of prolonged tasks, it generally becomes increasingly difficult to maintain
performance, which seems to reflect a cumulative increase in the effort required to
deploy cognitive resources. In such cases, performance is impaired and fatigue
accumulates over time. The range of studies on the time on task effect involved
periods of a few minutes in duration [22] to several weeks of 8-hour days’ continuous
time [23]. The effect is particularly noticeable in tasks requiring sustained attention,
with longer reaction times and/or greater numbers of errors [24]. Gilbertova and
Glivicky [25] stated that this effect is amplified by monotony or boredom, while it
may be suppressed in more interesting tasks. In addition, breaks (e.g. task switching)
and rests provide fatigue recovery from such an effect [26].

Sleep loss is one of the main factors that can lead to fatigue. Many of the fatigue
studies involve sleep-related risk factors, including sleep quality, duration, and
deprivation [27, 28, 29]. Most people experience the feeling of fatigue after spending
one or more nights without sleep. Technically, sleep loss is associated with significant
declines in global metabolic activity within the brain, especially the pre-frontal
inhibitory and thalamic information-processing system [30]. That is, alertness and
attention decrease, and the probability of brief attentional lapses increases. Sleep
deprivation also disrupts the normal functioning of the emotional-cognitive
integration system, resulting in increased negative emotion [31] and impaired
decision-making [32]. Additionally, May and Baldwin [33] noted that active and
passive fatigue can impair the performance, either directly through task effects, or
indirectly by worsening sleep-related fatigue.

In the workplace, job demands were considered to result in occupational fatigue
[34, 35]. Job demands refer to physical or mental workload, and the effects of some
demands that continue beyond the demand itself are known as the after-effects.
Although job demands are not necessarily negative, they may turn into stressors if
meeting them requires high levels of effort. These stressors are, therefore, costly and
are associated with negative responses such as depression, anxiety, and fatigue.
Besides, Karasek [36] found that job control (i.e., the personal ability to control work
activities) is a major moderator between high job demands and high strain. In the job
demands-control model (JDC) he proposed, it is the combination of high job demands
and low job control that is associated with high job strain. Results of the studies
focusing on job control support its moderating effect on the relationship between high
job demands and fatigue [37, 38]. Van Yperen and Hagedoorn [39] stated that as job
demands increase, the high job control needed to limit fatigue also increases. In the
1980s, a social support dimension was added to the JDC model, resulting in the job
demand-control social (JDCS) model [40]. The new element, social support at work,
was defined as the overall levels of helpful social interaction available on the job from
co-workers or supervisors [41]. This JDCS model indicated that high job demands
combined with low control and low social support results in feelings of isolation and
leads to higher levels of fatigue and strain.



Research on occupational fatigue has also focused on the effects of irregular hours
of work (i.e., shiftwork). Humans have important physiological requirements for sleep
and a stable biological clock, but in many industries, the jobs of humans are designed
to operate on a 24/7 basis. When people lose sleep or have their internal clock
disrupted, they usually begin to feel fatigued. Previous studies have identified the start
time [42, 43], shift work, and its duration [44], as potential causes of fatigue. Shift
work, especially the early morning shift and the night shift, disrupts the sleep-wake
cycle [45] and deprives workers of sleep [46], which in turn reduces performance [47].
Shift workers may have little time to recover when working certain shift hours, which
makes them more likely to suffer from chronic fatigue. When reviewing the literature
on shift systems, Folkard, Lombardi, and Tucker [48] highlighted that the risk of an
accident increases over a series of work shifts, especially at night, and also increases
as the total shift length increases over 8 hours (in any 24-hour period).

Individual differences play a role in fatigue as well. Many individual factors have
been studied, including personality [27, 49], coping type [50], health-related
behaviours (e.g., smoking [51]; drinking excessive amounts of alcohol [52, 53]; eating
habit [54]), and even clock genes [55]. The important role of individual differences
(such as coping styles) on fatigue is indicated in the Demands, Resources, and
Individual Effects model (DRIVE model) [56]. DRIVE model is an occupational
fatigue model which demonstrates not only the effects of job demands and job
resources (support and control), but also the impact of individual differences on work
fatigue and health outcomes. Parkes [27, 49] stated that individual differences in
personality and coping can play important roles in the processes by which work
conditions influence fatigue and health outcomes. Karasek [36] noted that individuals
can manage their job demands effectively in a controllable situation. In other words,
the effect of job demands somehow depends on how individuals appraise stressors
and act in response [35]. As for clock genes (also called clock circadian regulators),
although the investigation of polymorphisms in occupational fatigue is in its infancy,
some polymorphisms have already been identified, such as diurnal preference, an
intrinsic period, responses to sleep deprivation and night shifts [55, 57, 58, 59]. Van
Dongen and Belenky [60] suggested that the selection of individuals with a specific
diurnal preference or those who are relatively little affected by sleep loss or circadian
effects for specific tasks (e.g., night shifts or early morning shifts) can help to
improve productivity, reduce errors, and decrease incidents and accidents. Although
clock genes provide an interesting angle to understand the individual difference in
perceived fatigue, the research presented in this paper does not study fatigue at the
gene level yet.

1.2  Causes of fatigue in rail industry

Just like the workers in any other industries, rail staff are subject to general stressors
of occupational fatigue. Other than that, they are also exposed to industry-specific
factors which could associate with fatigue, such as sustained vigilance works, shift-
work, and harsh working environments [61, 62]. With systematically reviewing the
causes of rail staff fatigue, Fan and Smith [3] summarised that the factors contributing
to rail staff fatigue included long working hours, heavy workload, shift work,



insufficient sleep, poor working environment, as well as individual differences. In



(i.e., physical, mental, and emotional fatigue)[63], workload plays an important role
resulting in fatigue in all its three dimensions. Prolonged work and insufficient rest
resulted in physical fatigue, while the poor shift pattern was more related to mental
and emotional fatigue [64]. Darwent et al. [65] found that fatigue was generally
associated with insufficient sleep obtained before shifts, but there were individual
differences in fatigue resistance. Although the environmental factors were found to
affect rail staff fatigue [66, 67], such effects seemed to appear in particular job roles.
For example, noise and vibration were more influential in train drivers and conductors
and associated with their fatigue, while fumes seemed to affect more engineers but
were not found to contribute to fatigue [5].

1.3  Rationale of present research

Recent research has addressed the topic of work fatigue in the rail industry. Much of
this has been concerned with the potential consequence and general causes of fatigue
and there has been less research about the detailed causes of fatigue closely to rail
staff members' real-life setting. There is limited evidence about cumulated fatigue in
this industry and the understanding of the effect of current shift work on fatigue is not
enough. Therefore, research is needed to explore the causes of rail staff fatigue in
more detail using qualitative data. A diary study is also better for understanding
cumulative fatigue. Diary studies have been used with fleet staff (i.e., engineer) in the
railway industry [68], whereby fatigue and fatigue-related risk factors were assessed
at the start and end of the first and the last day of their working week, with similar
reliability and validity to an everyday diary. Considering the real-life setting, a simple
measure and an “online” method is required so that the diary can be easily used in the
workplace among rail staff. One reason is because an online single-item scale is as
reliable as the offline version of it and longer scales [5, 64, 68].The other is because
such measures are able to measure fatigue without interrupting or changing staff
members’ work behaviour.

The main aim of the current research described in this paper is to investigate the
causes of rail staff fatigue using two different methods including either qualitative
data or a diary. The present research attempts to have a closer look at the fatigue
experienced among rail staff and to have a more detailed blueprint picture of fatigue
and its causes in the rail staff’s real-life. Considering the effect of individual
differences that has been mentioned in previous studies, the DRIVE model is used as
the research framework in this paper as it has such elements and has been applied to
workload and fatigue. The first study described in Section 2 uses qualitative data to
investigate the causes of rail staff fatigue. The second study, a diary study, described
in Section 3 assesses their fatigue and its risk factors in a real-life setting, at the start
and end of the first and last day of a working week.



insufficient sleep, poor working environment, as well as individual differences. In

2  Study 1 - Qualitative Data

2.1  Methods

Participant. A total of 133 participants provided the qualitative data in the online
survey. The majority of these participants were male (N = 104, 78.2%), with a mean
age of 44.53 years (SD = 9.773, minimum 20.5yr, maximum 62.92yr). There were
63.9% of them who worked in South Wales, UK, while the rest worked in North
Wales. The main occupations in the sample were train drivers (23.3%, N=31),
conductors (21.8%, N=29), administrators (17.3%, N=23), and engineers (15.8%,
N=21), followed by managers (15.0%, N=20) and station workers (6.0%, N=8). One
participant had missing job type data. The School of Psychology Research Ethics
Committee at Cardiff University reviewed and approved this online study.

Materials. This study uses qualitative data to investigate the causes of rail staff
fatigue. The material used in this study was an online questionnaire investigating
causes of rail staff fatigue. This questionnaire contains thirty-eight 10-point questions
and one open-ended survey question, “Do you have any comments on your working
hours? (e.g. how they could be improved).” The current paper mainly reports the
results of the qualitative data of the survey (e.g., the responses of the open-end
question), and the quantitative data was report in one of our previous paper [64].

Data analysis was carried out using SPSS 23. The thematic analysis strategy [69]
was employed to analyse the qualitative data. The comments were read several times,
and the themes listed above were identified and highlighted by coloured pens. Some
text involved two or more theme.

2.2 Results - Thematic Analysis (Opening Question)

There were 133 responses to this question. The answers to this open-end question,
“Do you have any comments on your working hours? (e.g. how they could be
improved)”, demonstrated that the factor of working hours is not the only risk factor
of fatigue. The themes of these responses included job demands/overtime work,
length of shift, timing to work, break/rest, flexibility of working pattern, and job
support and control. Timing to work was the most popular theme, followed by length
of shift, job demands/overtime work, break/rest, and flexibility of working pattern.
The frequency of these themes is shown in Fig.1
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Fig. 1. Number of comments on each theme.

Theme 1. Timing of work. The first topic described was timing of work, the most
popular theme being mentioned by 41 comments. Participants generally claimed that
less shift-work would decrease the fatigue problem.
Participant 81 (engineer): “...Shift-work and early shift start times affect me with
fatigue.”
Participant 115 (engineer): “More day working, shorter night shifts.”
Participant 90 (train driver): “If the shifts were better balanced instead of
booking on at 03.27 in the morning and working through on night shift, | feel this
would help.”

Participants described how the irregular hours of shift-work affected their work-life
balance, and how difficult it was to recover from a series of night shifts when an early
morning shift was scheduled immediately after.

Participant 94 (administrator): “Too many late shifts, too many weekends, have
no enough family time. Work/life balance heavily depends on work and changes
on shifts always make things worse never better.”

Participant 28 (conductor): “Spare shift which can be moved three hrs either way
and it only advised 48hrs before, messing up the healthy lifestyle, sleep and
society activities. This should be reduced to an hour.”

Participant 69 (manager): “We have to work during the nights. Sometimes
working from the day shift on the previous day, then back to a morning start
after minimal rest, which can be tiring.”

Participant 107 (conductor): “Poor rostering is the main issue. One issue is
finishing at 02.30 Sunday morning. Having Sunday off then in 03.43 starts
Monday morning. How am | supposed to prepare my body for that?”

Participants believed that having a more consistent time to work would reduce
fatigue, especially within the same working week. A varied and too changeable start
time resulted in their fatigue.



Participant 19 (train driver): “l try to regulate my shift pattern by having a
permanent swap with one of my colleagues so that | always do early shifts and
he always does late shifts. | find that the change back and forth between early
and late (shifts) is the largest contributory factor that influences my fatigue.”
Participant 109 (conductor): “A similar start time all week would help
enormously, e.g. if on earlies shifts starting around the same time all day, and
not varying between 03.43-07.01 like one week in my link currently does.”

This participant mentioned that personal preference of time of day could help with

coping with specific shift-work.

Participant 25 (train driver): “I try to swap for the late turns as | find they suit me
better. On early shift, | would say that | lose about a night sleep over the four
shifts. | generally struggle to get to sleep early, even when I'm tired, though I do
manage to get up OK.”

Theme 2. Length of Shift. The second theme highlighted the length of shift-work
that the train crew took which was mentioned by 38 comments. Participants reported
that current working hours were too long, that the length of each turn should be
limited, and that the number of maximum working hours should be reduced.

Participant 9 (conductor): “(Working hours) could bring in a maximum 9.5-hour

day with having a maximum of 4 hours on a train at any given time.”

Participant 76 (engineer): “Working hour should less 12 hours and average 10-

hour shifts throughout the month.”

Participant 111 (engineer): “I think 10 hours should be maximum shift length

when working on safety critical work.”

Participants also suggested a reduction in the length of early morning and night

shifts.

Participant 75 (train driver): “The jobs that start very early in the morning

(before 6am) should not be allowed to be much longer than 6-7 hours long in

turn length.”

Participant 87 (engineer): “Reduce 12 hours to 10 hours or even 8 hours,

especially on nights.”

Theme 3. Job Demands/Overtime Work. The third theme described the demands
that were placed on the train crew and the overtime work that they take. With regards
to job demands, participants described how the job demands were high.
Participant 40 (administrator): “It's not the length of shifts that make me feel
fatigued, but the constant questions, and the concentration needed to check
tickets, make sure that people don't get stuck in the ticket barriers etc.”
Participant 85 (train driver): “The commitment to covering on-call requirements
and being called out in addition to normal daily hours, massively impinges on
my fatigue and well-being.”
Participant 105 (train driver): “... the problem comes with the intensity of work
within the turn.”
More specifically, participants reported that the nature of their work can be
mentally or emotionally demanding and that their fatigue is often more emotional or
mental.



over the same route multiple times, e.g. City line - mentally exhausting.”
Participant 128 (manager): “I have a mentally challenging job.”
Participant 63 (station worker): “...it's more emotional and mental fatigue that
affect how | feel after a working day.”

Overtime work was frequently mentioned, and participants described how their

overtime work had high demands.

Participant 84 (manager): “l work 12 hrs shift. Every shift | work overtime for
approximately 40 minutes (20 minutes at the start and 20 minutes after the shift
finishes) to allow for a shift handover.”
Participant 50 (manager): “The overtime mentioned is event working. It is
expected in some departments that staff who volunteer for events complete their
full shift before volunteering to work an event for payment. This can lead to staff
working in excess of 12 hours. A member of the resources team recently worked
a 15-hour shift; this is dangerous given that staff are managing large crowds
and have to make safety decisions, which is difficult to do when tired. When
finishing evening events, staff can finish as late as 01.30 but are expected to
return to work for their normal shifts with very little rest.”
Participant 84 (manager): “The commitment to covering on-call requirements
and being called out in addition to normal daily hours, which massively
impinges on my fatigue and well-being.”

Participants specifically pointed out that the reason for their high job demands and

overtime work was insufficient staffing.

Participant 68 (conductor): “There are not enough people to complete all the
tasks that need completing. Many people within the function are doing two jobs
and working in the evenings/weekends.”
Participant 56 (manager): “Roster has insufficient staff for the number of hours
required (i.e., the roster should have 7 to cover properly but only has 5).
Overtime unavoidable at times as job mandatory to cover.”
Participant 106 (administrator): “... the biggest issue is the amount of time we
spend single manned (i.e. on our own with no backup or support at the station).
This has increased in recent months due to staff cuts.”

Theme 4. Break/Rest. The fourth theme described was breaks during work and rest
after work. Insufficient rest and break were reported to lead to fatigue, as well as
increase risks to the safety.
Participant 105 (train driver): “...the breaks are too infrequent and often too
short.  Too much time spent without a break leading to fatigue.”
Participant 122 (train driver): “Breaks are very tight, and if we are late, we feel
under pressure to take subsequent trains on time... (Break) sometimes was split
into two rushed breaks. This means it is very difficult to eat a hot meal or to shut
off for 5 mins, which is not great in a safety critical environment.”
Participants mainly complained that the timing of rest during the shift was poorly
placed, either too early or too late, and needed to be more thoughtful.
Participant 8 (conductor): “The breaks are in the wrong place. Right at the start
or right at the end.”



Participant 74 (train driver): “Repetition of work, i.e. 4 hours of constant driving

Participant 10 (conductor): “...Could we please have breaks in the middle of a

shift and not after 30 minutes of starting a ten-hour shift or at the end of one?”
Participants also suggested to have more rest days and to arrange them more

strategically, especially between opposing shifts.

Participant 37 (administrator): “More recovery time. More occasions of

consecutive rest days (1 occasion every six weeks at present).”

Participant 54 (train driver): “More rest between opposing shifts. Sometimes

there is only 26 hours between late afternoons and early mornings.”

Theme 5. Flexibility of Working Pattern. Flexibility of working pattern was
frequently mentioned in the comments. Participants described how a flexible working
pattern could benefit their work-life balance and suggested to increase flexibility of
working time and working place.
Participant 5 (administrator): “Flexible working would assist people to manage
their day and improve work-life balance. For example, you can choose to come
in at 7 knowing that you can leave at 3 and enjoy time with family or enjoy
sunshine etc. Also, you can accrue flexible days.”
Participant 86 (manager): “More flexible approach to start and finish times. l.e.,
if you work over one day, you should be able to finish early the next day for
example. Come in later and go home later on some days or the other way around
and more working from home where the job allows.”

Theme 6. Job Support and Control. Participants reported low levels of job support
and control, mainly including lack of support from the manager or other colleagues
and unfair arrangement of working time due to their younger age.
Participant 18 (manager): “There is little concern from management or unions
about the amount of work and length of turn for jobs starting during the late
night. The reality of these shifts regardless of attempts to manage those means
that almost all drivers working these shifts experience moments and incidents of
micro-sleeps and concentration loss during them.”
Participant 36 (train driver): “I am in the bottom link (rota) in work as I'm junior.
We have ALL the very early starts and ALL the late starts. As you progress (10
years roughly), you move up the links and get easier start times. This should be
spread out fairly and not left to the same 35 men.”

2.3  Summary

This study used qualitative data to investigate the causes of rail staff fatigue. The
themes of the responses included job demands/overtime work, length of shift, timing
to work, break/rest, flexibility of working pattern, and job support and control. In
which, participants mainly reported that irregular timing of work and impaired work-
life balance led to fatigue and that recovering from opposed shifts was extremely
difficult. Participants also reported high job demands, especially mental and
emotional demands, overtime work, and long length of shift-work. The amount of rest
and break were reported as insufficient, while it was suggested that the timing of



breaks during work could be better arranged. A flexible work pattern was believed to
improve work-life balance. Participants also raised concerns about the lack of job
support and control. These comments provided important insights into the nature of
jobs in the railway industry and inspired the following diary study, described in
Section 3.

3  Study 2 — A Diary Study

3.1  Overview (Links between study 1 & 2)

Study 1 showed that workload, overtime prolonged shift work, insufficient rest during
work, and poorly arranged shift patterns were reported to be the essential causes of
fatigue among rail staff. A diary study was the next logical step in this research in
order to closely assess the rail staff's shift patterns and daily work lives. It would be
useful to investigate occupational fatigue as it provided a record of subjective feelings
and work experiences related to fatigue in context.

The present study is a diary study where individuals were required to record their
fatigue before and after work, rest and breaks, their workload, and their shift pattern
within one working week. The goal of this study was to demonstrate a relationship
between fatigue workload, working hours and explore other risk factors mentioned in
Study 1 described in Section 2, such as shift pattern, overtime work, sleep quality, and
breaks during work. The experimental hypothesis for this study predicted that high
workload, long working time, irregular shift time, and insufficient breaks will
increase fatigue. Reported fatigue will be higher at the end of a workday and at the
end of workweek due to the effect of workload.



3.2  Methods

Participant. Participants were recruited from volunteers from a train company in the
UK (N = 19, mean (xSD) age = 41.86%9.89 yr.; 74% male). The main job types
reported were managers, conductors, drivers, station workers, engineers and
administrators.

Materials. The diary consisted of 15 questions (shown in Table 1), including six
questions to be answered before work and nine questions to be answered after work. It
was designed based on the material used in Smith and Smith’s [68] diary studies. The
diary was completed immediately before starting work and immediately after
finishing work on the first and the last day of a working week (4 days). The questions
in the pre-work diary covered sleep duration and quality, time taken to travel to work,
fatigue due to the commute, general health status, and alertness before starting work.
The questions in the post-work diary recorded workload, effort, fatigue, stress, break
duration, work duration, the time they finished work, and level of distraction during
work. There were extra questions in the post-work diary on the last day which asked
whether participants worked the same time every workday in the working week.

Table 1. Questions in the Diary.

Before-work Diary
1. How many hours sleep did you get last night?

This question asks about your recent sleep experience, no matter it was at
daytime or at night.

hours minutes
2. How was the quality of your sleep?

Not at all good Very good

1 2 3 4 5 6 7 8 9 10
3. How long did it take you to travel to work?

hours minutes
4. How fatigued did you feel from your commute?

Not at all Very fatigue

1 2 3 4 5 6 7 8 9 10
5. How well are you feeling now?

Not at all well Very well

1 2 3 4 5 6 7 8 9 10
6. How alert do you feel now?

Not at all Very alert
1 2 3 4 5 6 7 8 9 10



After-work Diary

1. How was your workload today?
Very low Very high

1 2 3 4 5 6 7 8 9 10
2. How much effort did you have to put into your job today?

Very little A great deal

1 2 3 4 5 6 7 8 9 10
3. How fatigued do you feel now?

Not at all Very fatigue

1 2 3 4 5 6 7 8 9 10
4. How stressed do you feel now?

Not at all Very stressed

1 2 3 4 5 6 7 8 9 10
5. What was the total length of your breaks today?

hours minutes
6. What was the total length of your work today?

hours minutes
6.1. What time did you start work today? (e.g. Hour: 23 Minute: 30)

hours minutes
6.2. What time did you finish work today?

hours minutes
7. During your work today, to what extent were you thinking about other
things rather than work?

Not at all Very much so

1 2 3 4 5 6 7 8 9 10
8*. Did you work at the same time on other days of this week? (start time, end
time, and length)

Yes No

8.1* If no, which day(s) did you work at a different time? And what was the
total length of your work on that day(s)? (hours, minutes)

8.2* What time did you start and finish work on each of those days? For
example, Day 2 - 6.30 am

* The question only asked in the after-work diary on the last day.



Procedure. An invitation e-mail attached with information about the study and an
informed consent form was sent to potential participants. After participants signed
and returned the forms, they were asked to provide the start date of their next working
week. Then, the introduction of the diary and the links of the four test sections were
sent to them. On the testing day(s), participants were asked to complete the online
diary immediately before starting work and immediately after finishing work via a
computer or mobile phone. Subjects were free to withdraw from the survey at any
point. This study was reviewed and approved by the School of Psychology Research
Ethics Committee at Cardiff University.

Analysis. Data analysis was carried out using SPSS 23. Data were analysed using a
variety of tests, including Pearson correlation (one-tailed) and one-way ANOVA. The
variables tested included subjective fatigue, workload, length of sleep, quality of sleep,
time taken to travel to work, alertness, effort, stress, working hours, length of breaks,
level of distraction, and time starting work (e.g., shift type).

3.3 Results

Descriptive. Overall, 19 participants fully completed the diary and 73.7% of them
were male. The most common job types reported were managers (26.3%), followed
by train drivers, conductors, engineers, station workers (all 15.8%), and
administrators (10.5%). 31.6% of participants did night shifts or early morning shifts,
while others did daytime shifts. During the testing week (4 working days), 43.1% of
participants worked two or more different shift times. Table 2 below shows the
difference in fatigue and other variables between the first and last workdays. As is
shown, self-reported fatigue increased after work and over the workweek. Quality of
sleep and alertness decreased during the week while work stress increased.

The variable of time starting work was classified in to four shift type groups,
including 1) the morning shift starting from 7:00 to 12:59, 2) the afternoon shift
starting from 13:00 to 18:59, 3) the night shift starting from 19:00 to 00:59, and 4) the
early morning shift starting from 1:00 to 6:59. In the first day, 47.4% of participant
worked the morning shift, 15.8% of them worked the night shift, and 15.8% of them
worked the early morning shift. In the last day, participants working morning shifts
decreased to 36.8%, participants working night shifts slightly decreased to 10.5%, and
those who worked early morning shifts slightly increased to 21.1%. The maximum
working hours in both days was 12 hours, and 21.1% of participants worked over 10
hours every day during the week, this was mainly reported by engineers and drivers.
The minimum working hours was 5.5 hours on the first day and 5.75 hours on the last
day, reported from a station worker.



Table 2. Descriptive Statistics for Mean of Variables.

Variables FirstDay Last Day
Mean S.D Mean S.D
Before Work Length of Sleep (hour) 718 137 708 131
Quality of Sleep 6.05 212 584 265
Time Taken to Travel to Work 050 0.37 0.44 0.26
(hour)
Fatigue before Work 216 121 247 161
General Health Status (i.e, 7.47 150 6.58 2.12
feeling well)
Alertness 711 152 658 2.34
After Work  Subjective Workload 579 218 542 243
Effort 7.16 2.01 6.37 2.63
Fatigue after Work 6.42 212 7.11 2.00
Stress 3.79 230 4.58 2.09
Length of Breaks (hour) 090 0.69 0.87 051
Working Hours (hour) 848 165 875 1.63
Distraction during Work 511 258 532 265

Analysis in Each Diary Session. A one-tailed Pearson correlation was run to
investigate the association between fatigue and other risk factors in each diary. There
were four diary sessions, before and after work on the first and last days of the work
week.

In session 1, the first day before the work session, fatigue before work was
associated with time spent travelling to work (r (19) =.752, p< .01), with more time
spent on the commute being associated with higher fatigue ratings. Fatigue was also
negatively correlated with general health status (r (19) = -.469, p< .05), and alertness
(r (19) = -.430, p<.05) at a significant level. High sleep quality was significantly
associated with longer length of sleep (r (19) = .428), better general health status (r
(19) = .601), and more alertness (r (19) = .462), which were all p< .05.

In session 2, the first day after work session, high fatigue after work showed a
considerable trend toward significance to correlate with higher distraction (r (19)
= .358, p=.066). High workload was found to be associated with more effort (r (19)
= .606), high stress (r (19) =.491) but lower distraction (r (19) =-.471) significantly,
and high workload was also associated with shift type approaching conventional
significance level (p = 0.056). High stress was found to be associated with less rest
and breaks (r (19) = -.454), all p’s < .05.

In session 3, the last day before work session, fatigue was significantly correlated
with length of sleep (r (19) = .513), while the length of sleep was significant
correlated with alertness (r (19) = .478), both p< .05. Alertness was also correlated
with sleep quality (r (19) = .533, p< .01) and highly correlated with general health
status (r (19) = .826, p < .001). In addition, sleep quality was correlated with general
health status (r (19) =.750, p < .001) in this session.

In the session 4, the last day after work session, high fatigue after work was
associated with high workload, more effort, and longer length of work, r from .400
to .550, all p< .05. Fatigue also on the very borderline of significance correlated with



shift type (r (19) = .374, p=.057), stress (r (19) = .371, p=.059), and distraction (r (19)
=.361, p=.064).

Analyses for Each Day. The before-after work difference scores for fatigue scores
were calculated using the post-work scores minus the pre-work scores. The positive
score of change in fatigue shows the participants were more fatigued after work. The
one-way ANOVA was also run to analyse the effect of shift type on change of fatigue.

In the first day, change in fatigue shows the direction heading towards significance
to be associated with break time during work (p = 0.10). Longer length of sleep was
positively associated with a later time starting work (r (19) = .502) and negatively
associated with a later time finishing work (r (19) = -.498), both p’s<.05. Good sleep
quality was significant associated with less distraction (r (19) = -.458, p< 0.05). No
significant effect of shift type found on this day.

In the last day, greater change in fatigue showed a significant positive correlation
with more distraction during work (r (19) = .485, p< .05). It was also close to the
boundary of significance to correlate with the shorter length of sleep (p = .68), higher
workload (p = .78), and worse quality of sleep (p = .85). A one-way analysis of
variance showed that the effect of shift type was significant on fatigue changing,
F(3,15)= 5.27, p = .011. Post hoc LSD test indicated that the average change on
fatigue in morning shift (M = 3.29, S.D = 2.29) and night shift (M = 1.00, S.D = 2.83)
groups were significantly different from either afternoon shift (M = 6.33, S.D = 1.37)
or early morning shift (M = 6.25, S.D = 2.21) groups. These showed that the before-
after fatigue for those who worked afternoon shift and early morning shift was change
significantly greater than those who worked the morning shift and night shift. To be
noticed that, there are only two participants in the night shift group on the last day
thus the results about mean fatigue change of this group could be biased.

3.4  Summary

The present diary study aimed to examine the associations between fatigue, workload,
working hours, and shift work in realistic situations, and also to explore the effects of
other risk factors on fatigue mentioned in Study 1. It used the online diary to assess
fatigue and fatigue-related risk factors before and after work, on the first day and the
last day of a working week. The hypothesis for this study predicted that high
workload, long working time, irregular shift time, and insufficient breaks would be
associated with increased fatigue. It also predicted that reported fatigue would be
higher at the end of the workday due to the workload effect. As expected, the effects
of workload and working hours on fatigue were found in this study, with high
workload or longer working hours leading to increased feelings of fatigue after work.
Fatigue before work could be caused by commuting, poor quality or insufficient
duration of sleep, while fatigue after work could result from workload, length of work,
and shift type. The greater increased fatigue was found in the afternoon and early
morning shift than in the normal morning shift. It was also found to be associated
with less alertness and more distraction at work which would bring risk to work. Due
to the limited sample size, the effects of insufficient breaks on fatigue were not found
clearly in this study. Overall, this hypothesis was partially accepted.



4  Discussion

This research investigated the causes of rail staff fatigue using qualitative data (Study
1) and a diary (Study 2). The findings from these two studies, using different
methodologies, showed similar results. In both studies, fatigue was found to be due to
a heavy workload, long working time, shift-work, and insufficient rest and sleep,
which was in line with previous studies [3, 5, 61, 70]. In Study 1, mental and
emotional job demands were mentioned to be one of the causes of fatigue, which was
consistent with previous research [64, 71] that reported workload in the modern
railway industry to impose more cognitive demands rather than physical demands.
The effect of workload on rail staff fatigue was found in both studies and a high
workload would further increase fatigue as previous study suggested [5]. It was found
that staff members who regularly started work in the morning were less fatigued than
those who took the irregular shift work, especially the late afternoon or early morning
shift. Poor sleep quality, insufficient length of sleep resulted in greater fatigue feeling,
which was in line with previous studies either in the general fatigue field [27] or in
the occupational fatigue field [70]. In addition, fatigue cumulated and increased the
end of the week, suggesting an effect of cumulative work fatigue on the outcomes
during a working week. It was very similar to fatigue among seafarers, that the
occupational fatigue increased day by day, and cumulated at work and on leave [72].

It was found that fatigue before work was mainly associated with sleep quality,
length of sleep, and the time spent on commute, while fatigue after work was
associated with the workload and shift type. The effect of sleep on fatigue have been
studied in previous papers which report that sleep loss results in the subjective feeling
of fatigue, resulting in increased negative emotion and impaired decision-making ([27,
29, 31, 32]. Meanwhile, sleep deprivation could be influenced by shift-work, resulting
in fatigue at work [73]. Such effect of sleep was found in current research,
additionally, the buffering effect of rest and breaks during work on fatigue as reported
in Study 1. It was reported that insufficient rest and break lead to fatigue, as well as
increased risks to safety, and vice versa. Participants suggested having more rest time
or days allowed them to recover from fatigue. The length of breaks during work,
however, was not clearly associated with change in fatigue in the diary study, which
might be because of the poorly placed timing of rest during the shift. It was reported
that the breaks during work were placed at the very beginning of the shift or nearly at
the end of it. The arrangement of breaks needed to be more thoughtful, otherwise the
buffering effect of it on fatigue was wasted.

As for time spent on commute, it reflected the time spend on the commute task.
According to Cameron [20], time is one of the most relevant variables which is
associated with fatigue. Overtime work was frequently mentioned to result in fatigue,
and prolonged time of the work task usually came with high job demands and resulted
in fatigue. The maximum working hours found in Study 2 was 12 hours and the
engineer (i.e., fleet) and train driver were the main job role that worked over 10 hours.
These two job types were indicated to be the high fatigue risk job in a large-scale
study [5], and had been focused on in previous studies [3]. Although the result of the
diary study showed the workload mainly resulted in fatigue rather than the length of
work, the high workload and long working hours were associated with each other.



The influences of working hours and job demands (i.e., workload) on fatigue were
found and consistent with previous research [35].

As suggested by previous studies [44, 70], shift work and its duration were
contributed to fatigue and impaired worker's wellbeing. Participants in Study 1
described how the irregular hours of shift-work affected their work-life balance, and
how difficult it was to recover from a series of night shifts when an early morning
shift was scheduled immediately after. Then in Study 2, shift work, especially early
morning shift work was found to result in greater increases in fatigue. Although it was
also commented in Study 1 that recovering from opposed shifts was extremely
difficult, the shift pattern and its effect was not observed in the diary study due to the
limited sample size.

The influence of individual differences was mentioned in Study 1, that personal
preference of time of day could help with coping with specific shift-work. Such
personal preference of time of day could be explained by the clock circadian regulator.
As reviewed earlier in this paper, some polymorphisms of this regulator have already
been identified, such as diurnal preference, an intrinsic period, responses to sleep
deprivation and night shifts [55, 57, 58, 59]. Van Dongen and Belenky [60] suggested
that the selection of individuals with a specific diurnal preference (e.g., night
preference) to take specific shifts, especially night shift of early morning shift, can
help to improve productivity, reduce errors, and decrease incidents and accidents.
Such selections, however, should be done judiciously within ethically and legally
acceptable boundaries and avoid discriminating based on genetic information.

4.1 Limitations

In the present diary study (Study 2), only one working week per staff was analysed,
which might not comprehensively reflect the complete shift patterns in each
individual or a single job role. The aim of our research was to investigate the causes
of fatigue among rail staff, and the current literature covering different types of job
that all may be susceptible to fatigue. The nature of different job roles varied to the
extent that a few job roles were in highly sedentary working conditions (e.g., train
driver) or in on-call work status (e.g., engineer), while others were not. Indeed, the
results show that the occupational fatigue of our participants was influenced by
workload, length of work, and shift type, and the subjective measurement of workload
and the recording of start/end of work time were fair among all staff, reducing
confounding effects. It is also important to consider that; the online diary study is less
controlled than laboratory experiments. While the online diary is an advanced method
for assessing fatigue closely in the context of daily work life, reminder texts or e-
mails are needed to ensure that participants fill in each diary on time.

4.2 Implication for Future Research
Anund et al. [2] suggested that the amount of related fatigue studies in the rail

industry is very limited. This research, therefore, enhances the knowledge of the
causes of rail staff fatigue by analysing qualitative data and conducting an online



diary study. It had a closer look at the fatigue experience among rail staff and brought
a more detailed blueprint picture of fatigue and its causes in the rail staff’s real-life.
Similar results were found from these two studies using different methodologies, that
fatigue among rail staff was a result of heavy workload, long working hours, shift-
work, and insufficient rest and sleep. Besides, the qualitative data provide new angles
for future study. In the future, the relationships between breaks, shift pattern, fatigue
can be further studied, as well as the diurnal preference and strategies of sleep and
rest between opposed shifts. Future research could investigate the timing of rest and
breaks during work. This was frequently mentioned and complained about in Study 1
but was not assessed in Study 2 due to the limited sample. As part of the shift pattern,
the record of duration and timing of breaks would be complex, and the required
amount of data could be overwhelming. Therefore, to measure and analyse this factor,
further data and a larger sample will be needed.

5 Conclusion

This research investigated the causes of fatigue among rail staff using qualitative data
and diary. The findings from the two studies, using different methodologies, showed
similar results that fatigue among rail staff was a result of heavy workload, long
working hours, shift-work, and insufficient rest and sleep. Fatigue before work was
mainly a result of sleep quality, length of sleep, and the time spent on commute, while
fatigue after work resulted from the workload and shift type. Evidence has been
provided that demonstrates how overtime work, specific shift pattern, insufficient rest
day between opposed shifts, poor timing of breaks during work were also associated
with fatigue, which could be further studied in the future.
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