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Train drivers work long hours on 24 h schedules and many factors impact their fatigue risk at work,
creating a clear imperative for good rostering practice. Adopting a systems approach, this study
investigated the relationship between multiple interrelated factors (train drivers’ schedule, sleep,
wellbeing, and fatigue) and the perceived influence of these factors on train driving performance and
safety using an online survey distributed in Australia and New Zealand. In addition to demographics
and work schedule, passenger and freight train drivers (n = 751) answered questions about: (1) Sleep
duration; (2) wellbeing, including physical and mental health, the extent to which shiftwork causes
sleep, social, domestic, and work problems, and (3) the extent to which ten fatigue, health and
wellbeing factors in the work and home environment negatively impact their driving performance.
The key factor that emerged from analyses, with the largest and most consistent negative effects
(and controlling for other factors) was schedule irregularity. Approved rosters were ranked as having
the most important impact on day-to-day driving performance, followed by physical and mental
health, and outside work factors. Results also suggested that schedule irregularity may amplify the
negative impacts of the roster, impaired physical and mental health, and outside work factors on
driving performance. As shift variability and schedule irregularity are often poorly represented in
existing industry guidance, these results provide evidence for increased reflection on current fatigue
management guidelines for train drivers and suggest a need for greater focus on schedule irregularity
through the lens of a systems approach.

The work of a train driver is demanding, requiring the prolonged exertion of mental effort and concentration
in often monotonous, yet highly time pressured, environments'=. This combination of sustained vigilance,
task demands and pressure represents a high risk for fatigue*® particularly as drivers work long hours on 24 h
schedules. This contributes to fatigue risk by negatively impacting hours of restorative sleep’, extended periods
of wakefulness and disrupting circadian rhythms®®, and can lead to further difficulties such as falling asleep and
drowsiness at work'®. Shift schedules in rail are also frequently irregular and unpredictable, including early morn-
ing and night shifts with relatively short between-shift intervals. These factors are reported to further exacerbate
sleep and circadian rhythm issues in drivers!>'2.

The issues associated with shift-work induced fatigue ultimately impact driving performance and safety
For example, high workload and high levels of driver fatigue have been linked to cognitive disengagement from
the driving task, leading to an increased accident risk'*. Similarly, a range of studies have demonstrated perfor-
mance deficits and impairment in relation to lowered alertness and deterioration in attention, reduced reaction
time, poor decision making, and risk of microsleeping at work!"!>1°, Fatigue and performance issues may also
be differentially impacted depending on the rail mode. For example, passenger systems, typically characterised
by shorter travel distances and single driver operations, are considered more tactical in that driving requires
enhanced diagnosis and error detection skills'”. In contrast, freight systems typically travel much further dis-
tances (especially in countries such as Australia and New Zealand, where population densities are much lower
than in the USA or Europe), feature differences in roster design, and can involve two-driver/relay operations®.
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The elevated requirements for vigilance and attention under such conditions are likely to render the train driv-
ing task more sensitive to the negative impacts of fatigue>*%!*. In the US, freight drivers are found to have the
highest fatigue risk due to more unpredictable and night shifts and longer hours'.

In addition to fatigue and scheduling, evidence from the transport literature shows a number of other factors
that can impact negatively on driver performance and safety. These include physical health and mental health
factors including substance use’®-?!.. Another important but rarely considered factor that may be associated
with driver performance is work-life balance and home-work commute time. Qualitative research in Austral-
ian rail**=** suggests that outside work factors play a large role in the mental health and fatigue of drivers, and
interviews from the UK suggest that rail employees consider these factors to be associated with safety risk?.

As well as having a direct impact on driving performance and safety, it is likely that the factors outlined above
may also have an indirect impact through their interaction with other factors. For example, Chapman et al.?
published novel data showing that the risk posed to safety through train drivers physical health may be mitigated
by compensatory non-workday sleep. However, most studies to date have tended to focus on factors separately,
rather than examining their relative impacts. This is important to gain a comprehensive picture of the range of
contributory influences, consistent with a systems framework?. Furthermore, while a large body of research
has been directed towards impacts on driving performance in passenger transport generally, there has been less
research effort directed at rail*®?, representing a significant gap in the literature.

This paper therefore takes a systems perspective by examining driver scheduling, fatigue, and multiple other
potential contributing and interrelated factors, to assess their impact on driving performance and safety. The
data are drawn from a large representative survey of train drivers in Australia and New Zealand, gaining the
perspectives of the drivers directly, which is aligned with current practice in the rail safety literature?>*>%. Inves-
tigating these issues in context with one another, with critical driver input, will facilitate targeted interventions
to improve rail driver performance and safety in the areas they are most needed.

In light of the above, the research aims of the current paper were twofold: First, to examine the relationship
between train drivers’ schedules and sleep, wellbeing, and fatigue; and second, to determine the extent to which
these factors are perceived to influence train driving performance and safety.

Methods

The online survey was accessed by 1146 and completed by 751 (66%) train drivers, employed in Australia or
New Zealand. The survey was co-designed with a national Australasian rail safety group®', including more than
twenty rail organisations. Group members and their networks supported survey piloting (# = 31) and administra-
tion. Participants were recruited through employing organisations and online (Facebook, reddit, and Railpage.
com.au). This study was approved by the Central Queensland University Human Research Ethics Committee
(Approval no. 0000021339). All research was performed in accordance with relevant guidelines and regulations,
we only recruited adults (18+ years), and in responding to the anonymous survey, participants indicated their
informed consent.

Measures. Inaddition to demographics, age (in years) and gender (1 = male, 2 = female, 3 = other, 4 = prefer
not to say), and a series of questions relating to signals passed at danger (SPADs—an incident where the train
exceeds the limit of its movement authority and attracts collision risk)*>*, respondents completed questions
relating to work, sleep, wellbeing, and the impact of these factors on their driving performance.

Work. Participants responded to questions relating to driving experience (years), days worked per week (days),
shift length (hours), rail mode (1 = freight, 2 = passenger), and shift pattern (1 = permanent day or evening; 2 =
permanent night or other including night; 3 = day and evening; 4 = day and night; 5 = day, evening, and night).
Participants also responded to a question relating to the degree of perceived pattern regularity, “In general, how
regular, or irregular, is your shift system?” (1 = very regular or regular; 2 = sometimes regular, sometimes irregu-
lar; 3 = irregular; 4 = very irregular), which was an adapted, simplified question from the Standard Shiftwork
Index (SSI)*. The descriptions of these concepts from the SSI state that a regular shift system may be “a fixed
roster which is repeated when the cycle of shifts finishes, even if occasional variations occur to meet special
requests” (SSI, question 1.29°%). This compares to an irregular roster, where “the duty roster does not cycle or
repeat in any regular manner and individual preferences are not taken into account” (SSI, question 1.29*%).

Sleep.  Questions included amount of sleep per 24 h period (hours) and sleep quality (10-point scale, higher =
better quality) on workdays and days off, and ratings of satisfaction (“How do you feel about the amount of sleep
you usually get?” from the Standard Shiftwork Index®*, 1 = nowhere near enough; 2 = could do with a lot more;
3 = could do with a bit more; 4 = get the right amount; 5 = get plenty).

Wellbeing.  Participants rated their frequency of tiredness in the past 12 months (1 = almost never; 2 = some-
times; 3 = rarely; 4 = frequently; 5 = almost always, adapted from the Standard Shiftwork Index*), and rated
symptoms of psychological wellbeing on an adapted four-item version of the Patient Health Questionnaire
(PHQ-4)*. Questions asked how frequently the respondent was bothered by a series of symptoms (e.g. “little
interest or pleasure in doing things,” 1 = never, 2 = rarely, 3 = sometimes, 4 = often, 5 = very often) associated
with mental wellbeing. Internal consistency for the PHQ-4 was high in this dataset (o« = 0.88), with inter-item

correlations ranging from r = 0.55 to r = 0.72.
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Factors impacting on train driving. The perceived extent to which a series of factors negatively impacted
respondents’ personal driving performance was assessed using an adapted version®? of the 56-item scale devel-
oped from the RSSB incident factor framework™. There were ten items relating to individual fatigue, health and
wellbeing. Respondents were asked, “To what extent do factors related to fatigue, health and wellbeing negatively
impact your driving performance, on a day-to-day basis?” Items included physical health, mental or emotional
health, medication (prescribed or over the counter), other substances (e.g. alcohol, recreational or illegal drugs),
not complying with medical requirements or treatments (e.g. not wearing glasses when required, not attending
medicals), a shift/roster pattern approved by the organisation contributing to fatigue (e.g. long hours, inadequate
or poorly timed rest breaks, difficulty getting enough sleep due to shift pattern), a shift/roster pattern which was
NOT approved by the organisation contributing to fatigue (e.g. unofficial shift swap), commute (long journey
to/from work), factors outside of work contributing to fatigue (e.g. sleepy because of noisy neighbours affecting
sleep), other well-being issues (e.g. unhealthy lifestyle, thirst, hunger). Participants responded to each item on
a 5-point scale (1 = no extent, 2 = little extent, 3 = some extent, 4 = moderate extent, 5 = great extent). Internal
consistency for the ten fatigue, health, and wellbeing items was high in this dataset (¢ = 0.92), with inter-item
correlations ranging from r = 0.30 to r = 0.80.

Data processing and analysis. Analyses were conducted using STATA 15.0 (StataCorp TX, 2017) and
jamovi 1.2 (The jamovi project, 2020). Since only 1% of the sample responded to the gender question as “other”
or “prefer not to say;” gender is only represented by a binary variable (male/female) in the analyses presented.
Independent samples t-tests were used to compare age and driving experience between rail modes (passen-
ger/freight) and to compare sleep duration and quality on workdays compared to days off. A series of models
specified covariates of age (years), gender (male/female), days worked per week (days), shift length (hours),
rail mode (freight/passenger), regularity rating (regular/sometimes/irregular/very irregular), and shift pattern
(permanent day or evening/permanent night or other including night/day and evening/day and night/day, even-
ing, and night). Specifically, (a) analysis of covariance (ANCOVA) models specified hours of sleep per 24 h and
sleep quality ratings on workdays and days off as dependent variables; (b) ordinal regression models specified
sleep satisfaction and tiredness ratings as dependent variables; (c) ANCOVA specified average PHQ-4 score as
a dependent variable; and (d) multivariate analysis of covariance (MANCOVA) models specified the perceived
impact on driving performance scores for the ten fatigue, health, and wellbeing factors, as dependent variables.
Post-model ANOVA with Tukey HSD post-hocs were conducted for the significant covariates identified in the
MANCOVA.

Results

Sample description. Broadly representative of the average profile of train drivers in Australia¥’, the mean
age of respondents was 46.2 (+ 10.8) years and the majority of drivers were male (87%), with 12% female, and
1% reporting as other, or indicating that they prefer not to say. The majority worked in Australia (88%), and the
remainder in New Zealand, with 17.3 (+ 14.9) years driving experience, working 5.4 (+ 0.9) days per week. Driv-
ers were from freight (47%) and passenger (53%) modes. Most freight drivers worked in heavy haul (67%, coal,
iron ore) and 30% in intermodal environments. The majority of passenger drivers worked in urban environ-
ments (11% regional). While drivers in freight and passenger rail modes had equivalent distributions for gender
and country of work, there were other demographic differences. Freight drivers were older (48.7 £ 0.6 years)
than passenger drivers (44.0 £ 0.5 years, t749 = 6.1, p < 0.001), and had a longer history of driving experience
(freight = 19.8 + 14.6 years, passenger = 15.0 + 14.8 years, t;49 = 4.4,p < 0.001).

Nearly all passenger drivers (95%) reported working 8 h shifts, compared to 26% of freight drivers. One third
of freight drivers reported working 12 h shifts, with 44% working shifts of varied lengths. Drivers rated their
schedules as regular (19%), sometimes regular (22%) irregular (23%), or very irregular (36%). Schedules for
freight drivers were more irregular than for passenger drivers (Fig. 1). The majority of drivers were on a schedule
that included a combination of morning, evening, and night shifts. Three quarters of freight drivers and half
of passenger drivers worked this combination. A larger number of passenger drivers were on permanent shift
arrangements (Fig. 1).

Sleep length and quality. On average, drivers reported fewer hours of sleep per 24 h on workdays com-
pared to days off (Fig. 2), upper panel), with an average of 7.7 (+ 1.1) hours workdays, compared to 8.7 (+ 1.2)
hours on days off. This 1 h difference in sleep duration was significant (t73; = 24.3,p < 0.001). Drivers reported
lower sleep quality on workdays (6.2 £ 1.7) compared to days off (7.4 + 1.4, t747 = 22.0,p < 0.001), representing
a one-point difference on the 10-point scale.

Results of ANCOVA examining differences in sleep duration and quality on workdays and days off are dis-
played in Table 1. Older age was associated with lower sleep quality ratings on workdays (p = 0.001), and lower
sleep duration on days oft (p < 0.001). Males reported significantly lower sleep duration on days off (p = 0.003).
Longer shift lengths were associated with lower sleep quality ratings on workdays and days off (p < 0.05).

Increasing schedule irregularity was associated with workday sleep durations that were shorter on average,
and also more variable (Fig. 2, lower panel). Controlling for age, gender, rail mode, shift length, and days worked
per week, there was a significant effect of regularity on workday sleep duration (p < 0.001), such that on average,
those on very regular schedules reported significantly higher amounts of sleep than those on irregular, or very
irregular schedules (p < 0.05). Controlling for the contribution of other factors, the only predictor with a large
effect size for the relationship with sleep on workdays was schedule regularity (n* = 0.349).

Shift pattern was also associated with workday sleep durations, such that durations were more variable on
patterns that consisted of a mixture of days, evenings, and night shifts (Fig. 2, lower panel). Those who worked
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Figure 1. Jitter matrix showing proportion drivers in each Rail Mode across Shift Pattern and levels of Schedule
Irregularity.

Sleep duration Sleep quality

Work Off Work Off
Predictory; . 4f F0 | P n? Fr0 |p n? Fr30 | p n? Fo |p n?
Age; < 0.1 00916 < 0.001 |10.6 |0.001 |0.015 12.3 0.001 0.017 0.8 0.361 | 0.001
Gender; < 0.1 |0.876 < 0.001 |8.8 0.003 |0.012 < 0.1 |0.856 < 0.001 |3.1 0.080 | 0.004
Days per week 3.1 0.077 0.004 0.3 0.578 | < 0.001 | 0.5 0.484 < 0.001 | 1.1 0.293 | 0.002
Shift length, 0.7 0.413 < 0.001 |0.1 0.754 | < 0.001 | 4.9 0.027 0.007 6.5 0.011 | 0.009
Mode; 0.1 0.768 < 0.001 |0.2 0.676 | < 0.001 |3.3 0.072 0.004 0.6 0.455 | 0.001
Regularitys 8.7 < 0.001 |0.349 3.1 0.025 |0.013 13.5 < 0.001 |0.052 1.1 0.334 | 0.005
Shift patterny 2.4 0.049 0.013 0.8 0.525 | 0.004 0.2 0.951 < 0.001 | 1.1 0.351 | 0.006

Table 1. ANCOVA for sleep duration and quality on workdays and days off, controlling for age, gender,

and number of days per week worked. Post-hocs for gender—days off sleep (F > M), Post-hocs for regularity
(regular = 1, somewhat = 2, irregular = 3, very irregular = 4)—workday sleep (1 > 3, 4), day off sleep (4 > 3),
workday sleep quality (1, 2, 3 > 4); post-hocs for shift pattern (permanent day or evening = 1, permanent night
or other including night = 2, day and evening = 3, day and night = 4, day, evening, and night = 5)—workday
sleep (1, 3 > 2); 1° effect size—small = 0.01, medium = 0.06, large = 0.14°.

day and/or evening shifts reported significantly longer sleep duration than those on permanent nights or other
shift schedules including nights (p = 0.049).

Satisfaction with sleep amount, tiredness, and wellbeing. Approximately one in five drivers
reported that they got plenty, or the right amount of sleep. The majority of drivers reported that they “could do
with a bit more” sleep (56%), nearly one in four reported that they “could do with a lot more” (23%), and 2%
reported that they got “nowhere near enough.” Just over one in ten drivers reported that they almost never or
rarely felt tired (12%). Nearly half of drivers reported that they felt tired sometimes (47%), 36% reported that
they felt tired frequently, and 5% that they almost always felt tired (Fig. 3).

Results of ordinal regression to investigate differences in satisfaction with sleep amount and frequency of
tiredness are shown in Table 2. Age was a significant predictor of sleep amount satisfaction (p = 0.034) and
tiredness (p < 0.001), such that older drivers formed a greater proportion of those who reported higher ratings
of sleep satisfaction and lower ratings of tiredness. These effects were small (changes in odds for every year of
age were 1-2%). There were no sex differences in sleep satisfaction, but there were for tiredness (p = 0.003),
such that females accounted for a higher proportion of those reporting higher tiredness. The effect was small,
representing a 3% change in odds. Increasing shift length was associated with decreasing satisfaction with sleep
amount (p = 0.001), with a 1-h increase in shift length accounting for a 26% change in odds.
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Figure 2. Adapted raincloud plots for sleep on days off compared to workdays (upper) and sleep on workdays

split by schedule regularity and by shift pattern (lower).

Controlling for the other factors, decreasing schedule regularity was significantly associated with decreased
sleep amount satisfaction and increased tiredness (Fig. 3). These effects of schedule regularity were the largest
effects in the models, resulting in a 69% change in odds across sleep satisfaction, and a 117% change in odds
across tiredness for very irregular compared to regular schedules. There were no significant effects of shift pattern.

Average score on the 5-point PHQ scale (1 = never experiencing symptoms of reduced psychologi-
cal wellbeing, 5 = always) was 1.9 (+ 0.8). Results of ANCOVA indicated that scores decreased (improved)
with age (Fj730 = 20.2,p < 0.001, n? =0.027) and that females reported significantly higher (worse)
scores than males (Fj 73 = 11.9,p < 0.001, 7% = 0.016). There was a significant effect of schedule reg-
ularity (F3730 = 4.8,p = 0.003, 7> = 0.019), such that those on very irregular schedules had signifi-
cantly higher (worse) scores than those on irregular, or very regular schedules. The effects for days per
week (Fp730 = 11.9,p < 0.001, % = 0.027), shift length (F)73 = 0.4,p = 0.511,7% = 0.001), rail mode,
(F1,730 = 0.4,p = 0.554,1% < 0.001), and shift pattern (Fy73 = 0.8, p = 0.537, 1> = 0.004) were not signifi-

cant. Mean values were near 2 (Fig. 4), and all of the effects (n?) are small at most.
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Age 1.01 |0.01 |2.1 0.034 0.98 |0.01 |—29 |0.004
Gender (male) Female 0.75 |0.17 — 1.3 |0.200 197 |0.44 3.0 0.003
Days per week 0.98 |0.07 —0.3 |0.764 0.89 | 0.06 — 1.7 ]0.088
Shift length 0.74 |0.07 |—3.3 |0.001 1.10 |0.10 |11 0.252
Mode (freight) Passenger 0.88 [0.18 |[—0.6 |0.530 088 [0.18 |[—0.6 |0.529
Sometimes 0.83 |0.19 —0.8 |0.406 0.76 |0.18 —1.2 ]0.236
Regularity (regular) Irregular 0.57 |0.13 |—24 |0.015 1.01 023 |0.1 0.956
Very irregular 031 [0.07 |—51 |<0.001 |217 |0.49 3.5 < 0.001
Perm. or other night | 1.09 | 0.42 0.2 0.818 1.71 | 0.64 14 0.154
Shift pattern (perm. days or evenings) Day and evening 1.08 033 0.3 0.787 120 [ 036 |0.6 0.555
Day and night 1.03 |0.37 |0.1 0.923 161 |057 |13 0.181
Day, evening, night 1.10 |0.29 0.3 0.733 1.50 | 0.40 1.5 0.132

Table 2. Ordinal regression for perception of sleep satisfaction (1 = nowhere near enough) and tiredness (1
= almost never) controlling for age, gender, and number of days per week worked. Post-hocs for regularity
(regular = 1, somewhat = 2, irregular = 3, very irregular = 4)—sleep satisfaction (1 > 2 > 3 > 4), tiredness (1, 2,

3 < 4); perm. permanent.
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ranks by rail mode relative to overall

Rail mode Regularity

Factors affecting driving Fi743 P 2 F3743 P 2

Physical health 0.8 0.371 0.001 2.7 0.047 0.011
Mental health 2.5 0.111 0.003 4.1 0.007 0.016
Medication 0.3 0.614 <0.001 0.9 0.431 0.004
Other substances 0.4 0.538 <0.001 0.2 0.907 <0.001
Treatment non-compliance 1.8 0.180 0.002 0.4 0.792 0.001
Approved roster 3.1 0.078 0.004 37.0 <0.001 0.132
Not approved roster 0.8 0.363 0.001 0.2 0.929 <0.001
Commute 5.4 0.021 0.007 0.8 0.519 0.003
Outside work factors 1.1 0.304 0.001 4.3 0.005 0.017
Other wellbeing issues 0.4 0.547 <0.001 1.5 0.202 0.006

Table 3. MANCOVA post-hoc investigation of rail mode and regularity, controlling for age, gender, days per
week, shift length, and shift pattern. Comparisons for mode (freight = f, passenger = p)—commute (p > f);
Comparisons for regularity (regular = 1, somewhat = 2, irregular = 3, very irregular = 4)—physical health (4 >
1), mental health (4 > 1), approved roster (4 > 3 > 2 > 1), outside work factors (4 > 1).

factors impacting on train driving by rail mode and schedule regularity

relative ranks ranked mean scores
overall freight passenger freight passenger
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Figure 5. Bump Chart (left) displays ranking (according to mean rating on each scale, top = highest) of each of
the fatigue, health, and wellbeing factors impacting on driving performance shown overall, and split by driving
mode (upper) and regularity (lower). Plot matrix (right) display means (whiskers = sem) for each of the factors,
ranked by mean rating, split by schedule regularity (rows), and rail mode (columns).
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Impact of fatigue, health and wellbeing factors on driving performance. Of the ten factors, driv-
ers ranked their approved roster as the factor with the strongest negative impact on their day-to-day driving per-
formance, with a mean of 4.1 (£ 1.1) on the 5-point scale (where 5 = driving is impacted to a great extent). Sec-
ond was mental health (3.1 + 1.4), followed closely by outside work fatigue factors (3.1 + 1.3), and physical health
(2.8 £ 1.3). Ratings for the other factors ranged from 2.6 + 1.3 to 1.9 + 1.2. Overall rankings for each of the ten
factors are shown in the bump plots in Fig. 5. The rankings reflect the mean ratings, shown for freight and pas-
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senger modes (columns) and for schedule regularity (rows) on the right of the figure. Rankings for freight and
passenger drivers were similar, outside work fatigue factors and non-approved roster factors featuring higher
in the rankings for freight drivers, and mental health and commute factors featuring higher in the rankings for
passenger drivers. The lower panel shows that rankings across different rated levels of schedule regularity are also
relatively consistent. For those on very irregular schedules, non-approved roster factors featured more highly in
their ranking, and the commute was lower on the ranking.

Results of MANCOVA investigating differences across all ten factors gender (Model
Fia56182 = 3.11,p < 0.001,4A = 0.61), indicated that there were significant overall effects of
age (Fi743 =2.5,p=0.007,A=0.97), mode (F;743 =3.3,p=0.002,1=096), and regularity
(F3,743 = 4.8,p < 0.001, 4 = 0.82), which had the largest effect, explaining 18% of the variance. The effects
for gender (F,743 = 1.6,p = 0.108, 1 = 0.98), days per week (Fj 743 = 1.4,p = 0.187, 4 = 0.98), shift length
(F1,743 = 1.3,p = 0.233, 1 = 0.98), and shift pattern (F4743 = 1.2,p = 0.159, 4 = 0.94) were not significant.

Post-hoc models for the effects of rail mode and schedule regularity are shown in Table 3. Ratings for the
impact of the commute on driving performance were significantly higher (p = 0.021) for passenger drivers
(mean = 1.91 + 0.79) than for freight drivers (mean = 1.89 + 0.76). This was a small effect (7% = 0.007). There
were significant effects of regularity for the impact of physical health (p = 0.047), mental health (p = 0.003),
approved roster (p < 0.001), and outside work factors (p < 0.001) on driving performance. The largest effect was
for approved roster, representing a medium effect size (7% = 0.132). Those on very irregular schedules reported
significantly higher ratings than those on regular schedules (p < 0.05) for the impact of mental health and out-
side work factors on driving performance. Those with more irregular schedules gave higher ratings for the impact
of approved roster on driving performance, with significant differences between all levels of schedule regularity.

Discussion

Results from this large survey of train drivers from Australia and New Zealand reinforce previous research
indicating that fatigue is a workplace hazard in rail®, as in other industries*>*!. One in four drivers in the survey
reported that they could do with a lot more sleep, or got nowhere near enough sleep and approximately 40%
reported that they frequently or almost always felt tired. With train driving requiring a high degree of attention
and concentration**®, and a well-established relationship between fatigue and ability to maintain attention''>1¢,
these results emphasize the extent of the threat posed by fatigue in the rail sector. In examining the relationship
between schedules, sleep, wellbeing, and fatigue, a key factor that emerged, with the largest and most consistent
negative effects (and controlling for other factors) was schedule irregularity. While drivers perceived the roster
as the most important factor impacting on their driving performance, mental health, physical health, and outside
work factors were also among the highest ranks.

The results highlight the role of rostering in generating fatigue, and in particular the perceived impact on
driving performance. Consistent with other research, sleep durations were more variable for shift patterns that
consisted of a mixture of shifts (days, evenings, nights), and longer hours were associated with lower sleep quality
ratings and a reduction in satisfaction with sleep amount'®*2. Approved rosters were ranked as having the most
important impact on day-to-day driving performance, and this was consistent across rail mode (freight and pas-
senger drivers), and categories of identified schedule irregularity. Following approved roster, the highest-ranked
perceived impacts on driving performance came from physical and mental health, and outside work factors.
Research has identified reciprocal relationships between work factors (e.g. roster, task characteristics such as
sedentary work), non-work factors (domestic/caring responsibilities, level of physical activity, sleep, physical
health, mental health), and performance and safety in shiftworkers, including train drivers?>?263043-47 Thjg js
reflected in driver perceptions in this study, and reinforces, not only the reciprocal employee-employer duty of
care’®*, but also the need to consider train drivers within interacting inside- and outside- work systems®***, in
order to appropriately approach fatigue management.

The results also highlight the impact of irregularity in rostering. Schedules are typically referred to as irregular
if the hours (amount and/or timing) are variable over a roster period (e.g., a week, a month), and irregularity is
often used in tandem with concepts of predictability, insufficient notice of work, and “on-call” work, connected
in the literature with poorer sleep, performance, health, and safety®'->¢. Irregular work is generally considered
to present particular challenges for fatigue risk management through, as an example, difficulties in estimating
likely sleep amounts and related fatigue®>-*. In this study, schedule irregularity was associated with shorter and
more variable sleep duration, and also had the biggest effect size for workday sleep duration, larger than age,
gender, number of days worked per week, shift length, and shift pattern. The results also suggested that schedule
irregularity may amplify the negative impacts of the roster, impaired physical and mental health, and outside work
factors on driving performance (as indicated by the strength of the effect size for irregularity in the model). In
this study, irregularity was measured using a single, four-point, ordinal scale, with no definitions or descriptions
provided for the participant (unlike the Standard Shiftwork Index*, which provides descriptions). A notable
limitation of this study is the limited way in which irregularity was captured, which did not include more specific
schedule information such as variation in time-off between shifts (e.g., caused by short shift intervals®’, some-
times referred to as ‘quick returns’). This would have provided more context to responses to our subjective ques-
tions. Indeed, given the overlap in the literature and guidelines between irregularity and related concepts such
as predictability, notice, and “on-call,” future research investigating the concept of schedule irregularity would
be highly beneficial. Importantly, qualitative research to delve into how train drivers understand irregularity in
their work context, with work towards identification of key concepts, definitions, and methods of measurement
would be of great value. Combining these methods with more objective measurements, such as operational roster
and payroll records, would provide critical converging evidence, as such studies have identified relationships
between roster irregularity, short shift intervals, and absences due to illness®”*,
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Alongside the negative impacts arising from the schedule, there was evidence that train drivers engaged in
compensatory behaviours, including sleeping for longer on days off. Consistent with previous research, (e.g.,
Refs.!%46>?) train drivers averaged approximately one hour less sleep on workdays compared to days off. Sleep
was also reportedly of higher quality on days off compared to workdays. In comparison, the effects of factors
related to the individual, such as gender and age, had relatively small and more mixed effects. For gender, females
accounted for a higher proportion of those reporting higher tiredness and lower psychological wellbeing, and
males reported lower sleep duration on days off. Sex differences in sleep have been identified in the literature,
perhaps most consistently explained by differences in the circadian system®. Whether there is an objective dif-
ference in sleep per se, as opposed to reflections of circadian differences in addition to differences in reporting,
is less clear®!. While increasing age was associated with lower sleep duration on days off, and reduced sleep qual-
ity on workdays, older drivers reported lower tiredness, higher sleep satisfaction, and increased psychological
wellbeing. This is consistent with research showing that while there are sleep changes associated with ageing,
they are not consistent, nor are they clearly related to deficits in wellbeing or performance*®$>®. An important
consideration in relation to interpreting the age effects is the possible influence of the “healthy survivor effect”
for shiftwork*®*4¢°, This is the phenomenon whereby, as shiftworkers age, those who are more vulnerable to the
negative impacts of shiftwork may, if they are able, choose to reduce their exposure to shiftwork, either partially,
or entirely. This results in an older shiftworker cohort who may cope with shiftwork particularly well, and who
are therefore healthier and safer. This presents a limitation for the current study since the cross-sectional survey
design only allows us to test (and control) for the current age of respondents. Without a longitudinal design, we
are unable to separate the effects of aging and selection out of shiftwork. Studies that have done so have suggested
that those who opt out of shiftwork have less healthy profiles than those who remain, the bifurcation becoming
more apparent as age progresses (e.g., Ref.®).

Interestingly, there was little difference between freight and passenger drivers, with rankings relatively consist-
ent across measures of fatigue, health, and wellbeing. However, rankings on the impact of the commute to and
from work were significantly higher for passenger drivers, indicating that the commute might be a key factor
impacting driving performance in urban environments. Commute impacts have been identified as important
in shiftworking industries®®-®, and are treated highly inconsistently across workplaces and industries in fatigue
risk management considerations, with some guidelines using ‘door-to-door’ scheduling (i.e., including travel
time from and back to home in work hours).

Rostering principles to manage fatigue risk are available for application in rail operations (e.g. Ref.*!) but
these focus on specific areas such as shift length, breaks between shifts, numbers of consecutive shifts and rota-
tion of shift patterns. This research supported existing good roster practices, however, the strongest influences
identified in this study were shift variability and schedule irregularity, and these concepts are often poorly
represented in existing industry guidance. Drivers also identified physical and mental health alongside roster
practices as strong contributors to their driving performance. These results provide evidence for reflection on
current fatigue management guidelines for train drivers, suggesting a focus on schedule irregularity, and under-
scoring the importance of a systems approach!®#4$50, recognising the multiple, interrelated factors that impact
on performance and safety.

Received: 28 October 2021; Accepted: 21 February 2022
Published online: 10 March 2022

References
1. Phillips, R. O. & Sagberg, F. Helping Train Drivers Pass Signals Safely: Lessons from Ten Case Studies (Transportokonomisk institutt,
2010).
2. Filtness, A. & Naweed, A. Causes, consequences and countermeasures to driver fatigue in the rail industry: The train driver per-
spective. Appl. Ergon. 60, 12-21 (2017).
3. Naweed, A., Balakrishnan, G. & Dorrian, J. Going solo: Hierarchical task analysis of the second driver in two-up (multi-person)
freight rail operations. Appl. Ergon. 70, 202-231 (2018).
4. Dorrian, J., Roach, G. D,, Fletcher, A. & Dawson, D. The effects of fatigue on train handling during speed restrictions. Transport.
Res. F: Traffic Psychol. Behav. 9, 243-257 (2006).
5. Naweed, A. & Rainbird, S. Recovering time or chasing rainbows? Exploring time perception, conceptualization of time recovery,
and time pressure mitigation in train driving. IIE Trans. Occup. Ergon. Hum. Factors 3, 91-104 (2015).
6. Dorrian, J. & Naweed, A. Evaluating Your Train Simulator Part II: The Task Environment (Ashgate, 2013).
7. Hossain, J., Reinish, L., Kayumov, L., Bhuiya, P. & Shapiro, C. Underlying sleep pathology may cause chronic high fatigue in shift-
workers. J. Sleep Res. 12, 223-230 (2003).
. Akerstedt, T. Shift work and sleep disturbances. In Sleep and health risk (Springer, 1991).
9. Pilcher, J. J. & Coplen, M. K. Work/rest cycles in railroad operations: Effects of shorter than 24-h shift work schedules and on-call
schedules on sleep. Ergonomics 43, 573-588 (2000).
10. Akerstedt, T. Shift work and disturbed sleep/wakefulness. Occup. Med. (Oxford, England) 53, 89-94 (2003).
11. Hirmi, M, Sallinen, M., Ranta, R., Mutanen, P. & Miiller, K. The effect of an irregular shift system on sleepiness at work in train
drivers and railway traffic controllers. J. Sleep Res. 11, 141-151 (2002).
12. Sack, R. L. et al. Circadian rhythm sleep disorders: Part I, advanced sleep phase disorder, delayed sleep phase disorder, free-running
disorder, and irregular sleep-wake rhythm. Sleep 30, 1484-1501 (2007).
13. Williamson, A. et al. The link between fatigue and safety. Accid. Anal. Prev. 43, 498-515 (2011).
14. Dorrian, J., Hussey, F. & Dawson, D. Train driving efficiency and safety: Examining the cost of fatigue. . Sleep Res. 16, 1-11 (2007).
15. Cabon, P,, Coblentz, A., Mollard, R. & Fouillot, ]. Human vigilance in railway and long-haul flight operation. Ergonomics 36,
1019-1033 (1993).
16. Dawson, D. & McCulloch, K. Managing fatigue: It’s about sleep. Sleep Med. Rev. 9, 365-380 (2005).
17. Naweed, A. & Balakrishnan, G. Understanding the visual skills and strategies of train drivers in the urban rail environment. Work
47,339-352 (2014).
18. Gertler, J., DiFiore, A. & Raslear, T. Fatigue status of the US railroad industry. Tech. Rep., US Department of Transportation, Federal
Railroad Administration. Office of Research and Development, Washington DC (2013).

o=l

Scientific Reports |

(2022) 12:3956 | https://doi.org/10.1038/s41598-022-07627-0 nature portfolio



www.nature.com/scientificreports/

19. Hilton, M. E, Staddon, Z., Sheridan, J. & Whiteford, H. A. The impact of mental health symptoms on heavy goods vehicle drivers’
performance. Accid. Anal. Prev. 41, 453-461 (2009).

20. Lauber, J. K. & Kayten, P. J. Fatigue, alcohol and drug involvement in transportation system accidents. Alcohol Drugs Driv. 5,
173-184 (1989).

21. Taylor, A. H. & Dorn, L. Stress, fatigue, health, and risk of road traffic accidents among professional drivers: The contribution of
physical inactivity. Annu. Rev. Public Health 27, 371-391 (2006).

22. Naweed, A., Chapman, J., Allan, M. & Trigg, J. It comes with the job: Work organizational, job design, and self-regulatory barriers
to improving the health status of train drivers. J. Occup. Environ. Med. 59, 264-273 (2017).

23. Naweed, A., Chapman, J. & Trigg, J. Tell them what they want to hear and get back to work: Insights into the utility of current
occupational health assessments from the perspectives of train drivers. Transport. Res. Part A Policy Pract. 118, 234-244 (2018).

24. Chapman, J. & Naweed, A. Health initiatives to target obesity in surface transport industries: Review and implications for action.
Evid. Base J. Evid. Rev. Key Policy Areas 2, 1-32 (2015).

25. Morgan, J. L, Abbott, R., Furness, P. & Ramsay, J. UK rail workers’ perceptions of accident risk factors: An exploratory study. Int.
J. Ind. Ergon. 55, 103-113 (2016).

26. Chapman, J., Naweed, A., Wilson, C. & Dorrian, J. Sleep for heart health: Investigating the relationship between work day sleep,
days off sleep, and cardiovascular risk in Australian train drivers. Ind. Health 57, 691-700 (2019).

27. Checkland, P. Systems Thinking, Systems Practice (Wiley, 1981).

28. Phillips, R. O. What is fatigue and how does it affect the safety performance of human transport operators. In Fatigue in Transport
Report I1(2014).

29. Anund, A., Fors, C., Kecklund, G., Leeuwen, W. V. & Akerstedt, T. Countermeasures for fatigue in transportation: A review of
existing methods for drivers on road, rail, sea and in aviation. Swedish National Road and Transport Research Institute (VTT).
Rapport 852A. Retrieved from DiVAportal (2015). Accessed 3 March 2022.

30. Naweed, A., Trigg, J., Allan, M. & Chapman, J. Working around it: rail drivers’ views on the barriers and enablers to managing
workplace health. Int. J. Workplace Health Manag. 10, 475-490 (2017).

31. Rail Industry Safety Standards Board (RISSB). SPAD/LRTAE working group. https://www.rissb.com.au/safety-tools/spad-worki
ng-group/ (2021). Accessed 3 March 2022.

32. Naweed, A., Balfe, N., Bowditch, L., Chapman, J. & Dorrian, J. System precursors to signals passed at danger (SPADs): An explora-
tory comparison of SPAD history and rail environment. In 12th World Congress on Railway Research: Railway Research to Enhance
the Customer Experience (2019).

33. Naweed, A., Trigg, J., Cloete, S., Allan, P. & Bentley, T. Throwing good money after SPAD? Exploring the cost of signal passed at
danger (SPAD) incidents to Australasian rail organisations. Saf. Sci. 109, 157-164 (2018).

34. Barton, J. et al. The standard shiftwork index: A battery of questionnaires for assessing shiftwork-related problems. Work Stress 9,
4-30(1995).

35. Kroenke, K., Spitzer, R. L., Williams, J. B. & Léwe, B. An ultra-brief screening scale for anxiety and depression: The PHQ-4. Psy-
chosomatics 50, 613-621 (2009).

36. Rail Safety Standards Board (RSSB). Rail Industry Standard for Accident and Incident Investigation, RIS-3119-TOM-Iss-22, https://
www.rssb.co.uk (2019). Accessed 3 March 2022.

37. National Skills Commission (NSC), Australian Government, Job Outlook, Train and Tram Drivers. https://joboutlook.gov.au/
occupations/drivers-train-and-tram?occupationCode=7313 (2021). Accessed 3 March 2022.

38. Lakens, D. Calculating and reporting effect sizes to facilitate cumulative science: A practical primer for t-tests and ANOVAs. Front.
Psychol. 4(863), 1-12 (2013).

39. Dorrian, J., Baulk, S. D. & Dawson, D. Work hours, workload, sleep and fatigue in Australian rail industry employees. Appl. Ergon.
42,202-209 (2011).

40. Lerman, S. E. et al. Fatigue risk management in the workplace. J. Occup. Environ. Med. 54, 231-258 (2012).

41. Gander, P. et al. Fatigue risk management: Organizational factors at the regulatory and industry/company level. Accid. Anal. Prev.
43, 573-590 (2011).

42. Lambert, B.]. et al. Differential effects of permanent and rotating shifts on self-report sleep length: A meta-analytic review. Sleep
23, 155-163 (2000).

43. Van Der Heijden, B. I, Demerouti, E. & Bakker, A. B. coordinated by Hans-Martin Hasselhorn, N. S. G. Work-home interference
among nurses: Reciprocal relationships with job demands and health.. J. Adv. Nurs. 62, 572-584 (2008).

44. Gupta, C. C,, Coates, A. M., Dorrian, J. & Banks, S. The factors influencing the eating behaviour of shiftworkers: What, when,
where and why. Ind. Health 57, 419-453 (2019).

45. Brown, J. P. et al. Mental health consequences of shift work: An updated review. Curr. Psychiatry Rep. 22, 1-7 (2020).

46. Dorrian, J., Centofanti, S., Smith, A. & McDermott, K. D. Self-regulation and social behavior during sleep deprivation. Prog. Brain
Res. 246, 73-110 (2019).

47. Harrington, J. M. Health effects of shift work and extended hours of work. Occup. Environ. Med. 58, 68-72 (2001).

48. Zaslona, J. L., O’Keeffe, K. M., Signal, T. L. & Gander, P. H. Shared responsibility for managing fatigue: Hearing the pilots. PLoS
One 13, €0195530 (2018).

49. Dorrian, J. et al. How much is left in your sleep tank? Proof of concept for a simple model for sleep history feedback. Accid. Anal.
Prev. 126, 177-183 (2019).

50. Gander, P. H. et al. Fatigue risk management systems. In Principles and Practice of Sleep Medicine, 6th ed. 697-707 (Elsevier, 2016).

51. Golden, L. Irregular Work Scheduling and Its Consequences (Economic Policy Institute Briefing Paper, 2015).

52. Golden, L. & Kim, J. Irregular work shifts, work schedule flexibility and associations with work-family conflict and work stress
in the us. In Sarah De Groof et al.“ Work-Life Balance in the Modern Workplace. Interdisciplinary Perspectives from Work-Family
Research, Law and Policy”(2017) (2017).

53. Vincent, G. E, Kinchin, I, Ferguson, S. A. & Jay, S. M. The cost of inadequate sleep among on-call workers in Australia: A workplace
perspective. Int. J. Environ. Res. Public Health 15, 398 (2018).

54. Sprajcer, M. et al. Uncertain call likelihood negatively affects sleep and next-day cognitive performance while on-call in a labora-
tory environment. Chronobiol. Int. 35, 838-848 (2018).

55. Dorrian, J., Grant, C. & Banks, S. An industry case study of stand-up and sleepover night shifts in disability support: Residential
support worker perspectives. Appl. Ergon. 58, 110-118 (2017).

56. Kolmodin-Hedman, B. & Swensson, A. Problems related to shift work: A field study of Swedish railroad workers with irregular
work hours. Scand. J. Work Environ. Health 1, 254-262 (1975).

57. Shiri, R., Hakola, T., Hirm&, M. & Ropponen, A. The associations of working hour characteristics with short sickness absence
among part-and full-time retail workers. Scand. . Work Environ. Health 47, 268 (2021).

58. Rosenstrom, T. et al. Patterns of working hour characteristics and risk of sickness absence among shift-working hospital employees:
A data-mining cohort study. Scand. J. Work Environ. Health 47, 395-403 (2021).

59. Dorrian, J. et al. Sleep, stress and compensatory behaviors in Australian nurses and midwives. Rev. Saude Publica 45, 922-930
(2011).

60. Kervezee, L., Shechter, A. & Boivin, D. B. Impact of shift work on the circadian timing system and health in women. Sleep Med.
Clin. 13, 295-306 (2018).

Scientific Reports | (2022) 12:3956 | https://doi.org/10.1038/s41598-022-07627-0 nature portfolio


https://www.diva-portal.org/smash/record.jsf?pid=diva2%3A807456&dswid=-153
https://www.rissb.com.au/safety-tools/spad-working-group/
https://www.rissb.com.au/safety-tools/spad-working-group/
https://www.rssb.co.uk/standards-catalogue/CatalogueItem/RIS-3119-TOM-Iss-22
https://www.rssb.co.uk/standards-catalogue/CatalogueItem/RIS-3119-TOM-Iss-22
https://joboutlook.gov.au/occupations/drivers-train-and-tram?occupationCode=7313
https://joboutlook.gov.au/occupations/drivers-train-and-tram?occupationCode=7313

www.nature.com/scientificreports/

61. Bixler, E. O. et al. Women sleep objectively better than men and the sleep of young women is more resilient to external stressors:
Effects of age and menopause. . Sleep Res. 18, 221-228 (2009).

62. Bonnefond, A. et al. Interaction of age with shift-related sleep-wakefulness, sleepiness, performance, and social life. Exp. Aging
Res. 32, 185-208 (2006).

63. Hirma, M. Ageing, physical fitness and shiftwork tolerance. Appl. Ergon. 27, 25-29 (1996).

64. Harmd, M., Gustavsson, P. & Kolstad, H. A. Shift work and cardiovascular disease-do the new studies add to our knowledge?.
Scand. ]. Work Environ. Health 44, 225-228 (2018).

65. Bourdouxhe, A. & Yvon Queinnec, A. D. G.R. H.B.S. C. G.P.R. M. M. L. E. L. L. M. Aging and shiftwork: The effects of 20 years
of rotating 12-hour shifts among petroleum refinery operators. Exp. Aging Res. 25, 323-329 (1999).

66. Smith, A., McDonald, A. D. & Sasangohar, F. The impact of commutes, work schedules, and sleep on near-crashes during nurses’
post shift-work commutes: A naturalistic driving study. In IISE Transactions on Occupational Ergonomics and Human Factors 1-12
(2021).

67. Dorrian, . et al. Sleep and errors in a group of Australian hospital nurses at work and during the commute. Appl. Ergon. 39, 605-613
(2008).

68. Hilditch, C. ., Dorrian, J., Centofanti, S. A., Van Dongen, H. P. & Banks, S. Sleep inertia associated with a 10-min nap before the
commute home following a night shift: A laboratory simulation study. Accid. Anal. Prev. 99, 411-415 (2017).

69. Knauth, P. Extended work periods. Ind. Health 45, 125-136 (2007).

Acknowledgements

The authors are grateful to contacts at the participating organisations for their valuable support and involvement
in this research. This study was supported by funding from the Australian Research Council (DE160101137)
and funding contributions from rail organisations coordinated by the Rail Industry Safety and Standards Board
and the Australasian Railway Association (RSH/4455).

Author contributions

The study was designed by A.N., J.C., and J.D. Recruitment and data collection were conducted by L.B., and A.N.
Data processing and analyses were conducted by ].D., ].C., L.B. Data interpretation by ].D., J.C., L.B., N.B., and
AN. The manuscript was written by J.D. with initial review by A.N. and development of specific sections by J.C.,
L.B. and N.B. Further critical revision and final approval was from all authors.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.D.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:3956 | https://doi.org/10.1038/s41598-022-07627-0 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A survey of train driver schedules, sleep, wellbeing, and driving performance in Australia and New Zealand
	Methods
	Measures. 
	Work. 
	Sleep. 
	Wellbeing. 
	Factors impacting on train driving. 

	Data processing and analysis. 

	Results
	Sample description. 
	Sleep length and quality. 
	Satisfaction with sleep amount, tiredness, and wellbeing. 
	Impact of fatigue, health and wellbeing factors on driving performance. 

	Discussion
	References
	Acknowledgements


