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Management through

understanding underlying

fatigue factors

James McColgan, from Fatigue Management Solutions,
Calgary, Canada is an industry expert in fatigue manage-
ment and roster design. In this issue of Red Alert, James
outlines his thoughts on how effective fatigue management
can reduce SPADs.

The Effect of Sleep on Alertness

Like food and water, sleep s essential to health and sunvval and
necessary 1o sustain alertness and performance. Alertness is 3
state of wakefulness when we are best able to process
information and be responsive to our external environment
Most adults require seven to eight-and-a-half hours of night
sieep 1o restore and sustain alertness. Having less sleep than is
needed for optimum alertness results in a sieep debt. An
example of this is an individual requiring eight hours sleep, but
receiving five willincur a sleep debt of three hours. Sleep debt
impairs alertness leading to degraded judgment, cognitive
processing, slowed reaction time, reduced concentration and
perception, typically called fatigue. Repeated over several
nights, the sieep debt accumulates and the negative effects
become compounded.

Research has shown
that even moderate
levels of fatigue can
impair perception,
judgment and react-

fon time to an
extent equivalent to
or greater than
current legal thresh-
olds for alcohol
impairment.

Virtually al physiological functions, including temperature and
alertness, oscillte having a peak and low point in a twenty-four
hour cycle, referred to as circadian rhythms. The circadian
system programmes maximum sleepiness at night and
maximum wakefulness during the day. Thus, it is more difficult
o fall asleep or maintain alertness at some times than others
Consequently, sustaining alertness during the night time can be
alosing battl. Night time, 1100 p.m. 10 06.00 a.m. is a natural
sleep zone with maximum sleepiness occurring roughly betuween
3 am. to 5 am. Early aftemoon, 3 p.m. 5 p.m., is another
period of naturally occurring sleepiness. Extemal time cues
including changes from daylight to darkness, work and social
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activiies help set the internal circadian clock which regulates
these cycles

‘When these cues are shifted, as in the case of transmeridian air
travel, or when moving to a different work schedule, circadian
desynchronisation can occur causing effects similar o sleep loss.
When both occur together, the adverse results can be
compounded. Shift workers routinely experience circadian
disruption and sleep loss as a result of periodic shift changes.
This can result in chronic fatigue and degraded job performance,
which can contribute to errors and accidents.

Fatigue and Industrial Accident Patterns

In work environments requiring sustainedattentiveness,
accident data shows incident/accident potential increases with
the tendency to be fatigued. The poorest job performance
occurs during night work. The highest rate of industrial
accdents occurs in shift work populations.

Worldwide, industrial accidents/errors peak in patterns
corresponding 1o times when employee performance can be
fatigue impaired. Typically accidents happen:

© On shift starting before 7:30 a.m.
® Within the fist few hours of shift starts
©0n the 1st & 2nd shifts back from days off
® 0n the 1st and 2nd night shifts

® Between 2 am. and 6am

® When activity i very high or very fow.

Research of UK SPAD patterns also indicate very similar pattern

Sleep, Circadian Issues and SPAD Events
Driving is a high vigilance task requiring full alertness and
attantiveness. Momentary attention lapses can adversely affect
safety. Driver micro sieep events (5-30 second involuntary skeep
episodes), @ manifestation of fatigue, have been recorded in
various feld stuies such s the Canadian Aletness Programme,
and a Swedish Driver Alertness study.

Loss of one or two hours sleep can increase error and accident
probability in the periods of highest vulnerabilty to sieep
episodes. On rest days, people tend 1o sleep longer than on
workdays, thus resetting their biological clocks for subsequent
later awakenings. Reverting to day work schedules, they may
ise earlier losing a few hours sieep and creating a sleep debt.
(Over 50% of shift workers do not sleep on the day of their return
0 night work.
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IDENTIFYING AND MANAGING HUMAN FACTOR SPAD PRECURSORS TO ADVANCE SAFETY

[image: image4.jpg]Evidence has demonstrated a correlation between numerous
ostering variables including:

@ speed and direction of work rotation

@ timing and length of the work day and consecutive

work blocks

® recovery periods (days off)

® compression of rest days, and,

@ on-theqjob performance and productivity

® alertness, attentiveness and vigilance

Driver Candidate Selection
Sleep disorders can lead 1o significant daytime drowsiness
affecting work performance, with apnoea sufferers having a 7.3
times

accidents.

ncreased potential of being involved in multiple

lhu

Whilst UK rail companies’ selection tests evaluate aptitude
motivation and health, these processes may benefit from
inciuding sleep disorder screening fo assist in identifying those
candidates having the potential to adapt to, and manage the
demands of shift work.

Shift Work Lifestyle Training

ilst shift workers have a fundamental ol in ensuring they
sleep and rest, they must understand sleep
requirements to ensure alertness.

obtain proper

Shift work lifestyle education for managers and safety critical
employees covering the causes and consequences of fatigue can
help shift workers cope with and understand shift work effects.
it can also nformed choices about fifestyle
adjustments to enhance alertness and performance. Fitness for
duty monitoring by management primarly evaluates drug and
alcohol impairment. Management fatigue education can assist
in fatigue monitoring and prevention.

help with

Conclusions and The Way Forward

Scientificresearch has confirmed that fatigue can impair perform.

ance and as technology becomes more reiable, human factors are
now the leading cause of industrial accidents. Worldwide accdent
and error peaks indicate fatigue to be a factor in these events and
many driver work conditionsidesign can contrbute 1o fatigue,
which can lead to accidents, incuding SPADS

Taking into account that working unsocial hours s an essential part
of the rail business, effective fatigue management including shift
work education, alertness enhancing roster design, sleep disorder
and shiftwork adaptabilty screening can help advance safety.

For further information on this subject contact James McColgan,
Fatigue Management Solutions Ltd,

6910 Christe Estate Bivd. Calgary. AB, Canada, T3H 282
Phone 001-403-217-7715 fax 001-403-249-5890
keepalert@iprimus.ca www fatiguemgmt.ca

The next issue of Red Alert will provide results on work James
McColgan is currently undertaking within Thames Tains.
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Have you ever ended a car journey not recalling the drive?  You are not alone.  Sustaining attentiveness and situational awareness is a challenge confronting transport operators from pilots to train drivers.  Sedentary and routine work causing monotony compounded by shift work fatigue can compromise vigilance.  These can have safety implications for train drivers, who require highly developed cognitive skills and constant attentiveness to monitor immediate conditions and plan ahead.  Momentary inattentiveness can result in a SPAD.

Research shows that long-term task adaptation, long periods remaining sedentary in a stable environment, routine and repetitive tasks/workload can induce monotony, reducing attentiveness.  Vehicle drivers in a stable environment become accustomed to a condition similar to habituation to inspection tasks, leading to automatic response impairing job concentration.   (Schwab, 1957; Yoss, 1969)

Train drivers can also habituate to the repetitive nature of routine driving; becoming system monitors, all of which increases inattentiveness risk. In practical terms, following initial skills development, train driving becomes routine. 

Driving experience increases confidence and competency and autopilot driving can result, whilst low workload, and repetitive tasks result in drivers’ attention not being fully engaged. Under such circumstances mental arousal (task focus/concentration) levels drop, monitoring checks are made less frequently, lapses in attention occur and the opportunity for skill-based human errors increases.  One study found that inattention was implicated in 70% of all train accidents and near-misses. (Edkins and Pollock, 1997)

Shift work based fatigue compounds inattentiveness risk. Humans are poor at sustaining attentiveness when monotonous tasks coincide with fatigue zones. In work environments requiring sustained vigilance and attentiveness, accident and error levels increase with fatigue levels. (Dinges, 1989, 1992) 

In the context of train driving, accidents or near accidents due to inattentiveness, leading to increased propensity for microsleep events, are not unusual. (Hashimoto, 1968; Hildebrandt et al., 1974)  Swedish research of over 1,000 drivers found night and early morning shifts associated with shortened sleep (approximately 4-5 hours), causing extreme fatigue and on-duty microsleeps.  (Åkerstedt et al, 1995)

Train driver research confirms the interaction of monotony and fatigue on attentiveness including:

· Japanese study analysing near-accidents/accidents found 17% were fatigue related, 79% of which occurred between midnight and 6 a.m. and occurred while driving along monotonous stretches of track.  (Kogi & Ohta, 1975)

· Australian study of 100 accidents/near-accidents concluded the most significant causal factor was lack of alertness related to a high degree of monotony.  (Edkins & Pollock, 1997)

Work environment and shift design are core elements of inattentiveness and human factor based SPAD precursor risk.

Conducting world-wide railway human factors work, the writer has interviewed hundreds of drivers.  All advised situations of not recalling the last signal passed.  Inattentiveness is real, requiring our ‘attention’.

Current ‘vigilance’ technology, including deadman’s controls, or even AWS, do not detect physiologically based attentiveness or alertness lapses.  Drivers can deactivate these devices, responding to their audible warning alarms at extremely high levels of drowsiness and pre-empting their activation even when they have lost situational awareness of operating conditions and signals.  (Howarth, Regan & Larson, 2000)

To fight monotony and drowsiness the writer has found drivers manipulate environmental stimulus levels through non-job focused activities including: standing, playing mental games, even singing. Absence organisational strategies to manage inattentiveness and fatigue, drivers apply ad hoc coping strategies.  These only temporarily alleviate symptoms without addressing root causes and can exacerbate distraction, increasing SPAD risk.

Technical interventions have progressively reduced SPADs.  A distinct pattern has now emerged – SPADs occurring early in the shift – including in early starts.  Early shifts shorten sleep, increasing fatigue risk that, combined with monotony, can cause driver inattentiveness, while morning traffic levels increase the probability of encountering restrictive signals.  This convergence of risk factors can increase SPAD risk.

SPAD management is about addressing driver risk of missing signals. Yet SPAD risk is not resolved solely at an individual level.  Effective SPAD management must include review of: work organisation/environment; work scheduling; safety culture, and integration of human-centred practices promoting attentiveness and reducing fatigue.  This may include: bio-roster design, applying roster design principles protecting alertness, operational needs, and promoting enhanced driver quality of life to proactively manage fatigue and human factor SPAD risk.
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