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 A physiological state of diminished mental and physical performance capacity caused 

by acute or chronic sleep deprivation or incomplete recovery from prior work
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An extensive body of scientific research has established that multiple factors interact to determine the state of physiological alertness of an individual at any given moment in time, such as when a workplace accident occurs-All controllers are limited by the bounds of human physiology with respect to fatiguePrior Sleep Wake History Quality of sleep, duration of recent consolidated sleep period, cumulative effect** Review each and see if it is worth putting in?



Defining Fatigue 
 A physiological state of diminished mental and physical performance capacity caused 

by acute or chronic sleep deprivation or incomplete recovery from prior work

Disproportionately high amount of workplace accidents
 ~ 2x the provincial injury rate1

 Overexertion and strain 45% of FF injuries1

 Fatigue 7-10% globally and $35B in lost productivity3

An extensive body of scientific research has established that multiple factors interact to determine the state of physiological alertness of an individual at any given moment in time, such as when a workplace accident occurs-All controllers are limited by the bounds of human physiology with respect to fatiguePrior Sleep Wake History Quality of sleep, duration of recent consolidated sleep period, cumulative effect** Review each and see if it is worth putting in?



Study Objectives

Understand fatigue and sleep in firefighters

Investigate impact of current schedule

Build on current fatigue risk management plan

1

2

3

1) Also been shown to correlate with accident rates as well.2) One persons fatigue may not be anothers, age and experience have also shown to counter fatigue - Firefighting involves ability to maintain attention, retain info, recognize and process hazards.Need to use a battery of tests psychomotor testsMost important in occupational studies, especially firefighting is reaction time, sustain attention



Project Design

Recruited 40 Participants (30 WF, 10 MT)

Testing occurred prior to and immediately after 

each shift for full work cycle

 Measured objective and subjective levels of:
1. Fatigue

2. Sleep

3. Alertness

4. Performance

1

Should I have data on who they are ??/Not sure



Measurements

1) Fatigue:

 Objective reaction time tests of performance

 5 min Psychomotor vigilance test (PVT) (ms)

 Median RT (ms)

 Lapses (>355 ms)

 Daily subjective questionnaires

 Visual Analogue Scales (0-10)

2) Sleep:

 Actigraph and sleep logs

 Total Sleep Time (TST)

 Efficiency (%)

 Subjective sleepiness and quality questionnaires

1

- One of the gold standards for measuring fatigue in the field is performance on cognitive tests, speed. Information processing. A fatigued brain is not a bad brain but there is variability in reaction time and information processing. Consider flow of information like that of a pipe, sleep deprivation and lack of sleep slows that process which is dangerous when it comes to maintaining attention, hazard recognition. Used to estimate likelihood of an error. Tests relay on stimulus detection, sustained attention, decision-making. We did other cognitive tests but Simple Reaction time correlated to other cognitive testsFirefighting involves ability to maintain attention, retain info, recognize and process hazards.PVT is gold standard in occupational health related and correlated with accidents, instability, requires sustained attention and delays may signal errors in decision making, information processingCognitive performance involves a number of processes from stimulus detection, information processingLose sleep, lose performance** What do you do on the test is important



225

235

245

255

265

275

285

295

1 2 3 4 5 6 7 8 9 10 11 12 13 14

P
V

T
 R

e
a

ct
io

n
 T

im
e

 (
m

s)

Work Day

PVT Median Across a 14 Day Rotation

Results: Objective Cognitive Performance

” A Fatigued Brain is not a bad Brain”Range of Performance that decreasesInteresting seeing that trends of poor performance at the beginning, indicative of Performance is reduced and becomes variable, sleep deprivation puts you in an unstable cognitive stateAverage time is 250 ms. Explain Drive in and what potentially may cause this
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” A Fatigued Brain is not a bad Brain”Range of Performance that decreasesInteresting seeing that trends of poor performance at the beginning, indicative of Performance is reduced and becomes variable, sleep deprivation puts you in an unstable cognitive stateAverage time is 250 ms. Explain Drive in and what potentially may cause this



225

235

245

255

265

275

285

295

1 2 3 4 5 6 7 8 9 10 11 12 13 14

P
V

T
 R

e
a

ct
io

n
 T

im
e

 (
m

s)

Work Day

PVT Median Across a 14 Day Rotation

Results: Objective Cognitive Performance

M= 271.64ms ± 38.4ms 

” A Fatigued Brain is not a bad Brain”Range of Performance that decreasesInteresting seeing that trends of poor performance at the beginning, indicative of Performance is reduced and becomes variable, sleep deprivation puts you in an unstable cognitive stateAverage time is 250 ms. Explain Drive in and what potentially may cause this



Results: Objective Cognitive Performance
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Consider a lapse to be over 355 ms.Even if it is milliseconds puts you in a dangerous position
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Results: Subjective Fatigue

M=4.92 M=5.49

Although there is variability between people in their responses to longer and nighttime work hours, fatigue affects everybody, affects everything we do, and is potentially dangerous: we are often unaware of how tired we are and how much fatigue is affecting our thinking
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Results: Objective Sleep

Sleep is a complex biological process required by all humans, did you know that we spent 1/3 of our lives asleep, nearly 33 years. 17 hours without sleep is dangerous not just -average adult needs between 7-9 hours, but really is on a bell curve, some need only 5 some need 10. Whats important is that crucial for cognitive function, go without sleep for weeks you can die. Body is asleep for 30 odd years. Even 16-7 hours of wakefulness is same performance as someone that is legally drunk. Important because even restriction of 4-5 hours a night may have cumulative effect on sleep- Although total sleep time looks okay, hours of sleep were concerning
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Results: Objective Sleep

M= 6.98 hrs. ± 1.51

Sleep is a complex biological process required by all humans, did you know that we spent 1/3 of our lives asleep, nearly 33 years. 17 hours without sleep is dangerous not just -average adult needs between 7-9 hours, but really is on a bell curve, some need only 5 some need 10. Whats important is that crucial for cognitive function, go without sleep for weeks you can die. Body is asleep for 30 odd years. Even 16-7 hours of wakefulness is same performance as someone that is legally drunk. Important because even restriction of 4-5 hours a night may have cumulative effect on sleep- Although total sleep time looks okay, hours of sleep were concerning
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Results: Objective Sleep

M= 6.6 hrs. ± 0.81 

M= 6.98 hrs. ± 1.51

Sleep is a complex biological process required by all humans, did you know that we spent 1/3 of our lives asleep, nearly 33 years. 17 hours without sleep is dangerous not just -average adult needs between 7-9 hours, but really is on a bell curve, some need only 5 some need 10. Whats important is that crucial for cognitive function, go without sleep for weeks you can die. Body is asleep for 30 odd years. Even 16-7 hours of wakefulness is same performance as someone that is legally drunk. Important because even restriction of 4-5 hours a night may have cumulative effect on sleep- Although total sleep time looks okay, hours of sleep were concerning
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Results: Subjective Sleepiness & Quality

M=5.00 M=3.29

- Firefighting involves ability to maintain attention, retain info, recognize and process hazards.- Fatigued Workers are really bad at identifying as fatigued, they make riskier and more dangerous decisions, perceived sleepiness and sleep quality with 5 being good 



Bio-Mathematical Fatigue Risk 
Assessment

1) Circadian Alertness Simulator- CAS
 CAS converts schedule and sleep data into three fatigue levels:

1. Green Zone- Low Fatigue Risk 0-30

2. Yellow Zone- Average Fatigue Risk 31-60

3. Red Zone- High Fatigue Risk 61-100

2

Homoeostatic 
Factors

Circadian 
Factors

Sleep Inertia

homeostatic factors (build up of sleepiness during wakefulness and dissipation during sleep), circadian factors (the phase of the human biological clock and its adjustment to time zones or night work) and sleep inertia (the transitory impairment of alertness on arousal from sleep depending on circadian phase, length of sleep and level of prior sleep deprivation) The fatigue risk assessment was conducted using CIRCADIAN proprietary software Circadian Alertness Simulator (CAS). CAS is based on the laws of circadian and sleep physiology and provides an overall fatigue risk score as well as a continuous alertness evaluation. CAS was used to evaluate both the core schedules (without overtime, absences, etc) and the actual schedule worked by the volunteers. Models should not be used to predict an individuals fatigue or likelihood of an accident, far to many factors that come into play, however, offer valuable insight into current schedule, potential risk ratio and predictive/preventable measure to identify at risk individualsWhy use CASPrediction of risk for a given scheduleGuidance for effective fatigue countermeasuresTo inform and educate for understanding of fatigue and its consequencesHowever should not be used to manage fatigue, not good at predicting injury in a work, correlation not causationModelling is good to predicted fatigue scores from a certain schedule, to inform educate and highlight those at risk, as well as predict risk not for predicting risk of certain individual



CAS Fatigue Index Score= 29.4

Fatigue Index
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Biomathematical models of human fatigue provide a means of incorporating aspects of fatigue science into scheduling to reduce fatigue-related risk �Biomathematical fatigue models are particularly well suited for performing comparisons of alternative work schedules because the strongest scientific basis of fatigue models is that they capture important fatigue trends, rather than predicting absolute values of error or accident probabilities. �The models typically provide an estimate of fatigue risk over time, which may be examined to identify periods of high risk and to compare and evaluate different scheduling options (Rangan & Van Dongen, 2013). Schedules can then be varied to optimise different criteria to maximise overall efficiency while reducing risk exposure due to fatigue biomathematical fatigue models can help evaluate the safety risk of a flight schedule or crew roster that falls outside of prescriptive FTL against a scientifically based standard 



Fatigue Score= 40.28

2) Sleepiness Risk on Duty

1) Total Work Hours

Have the individual slide here



CAS Modelling- Identifying Schedule Features

Distribution Of Duty Duration

Duration in Hours
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

F
re

q
u

e
n

c
y

160

140

120

100

80

60

40

20

0

Have the length of shift slide and maybe alertness- Average only 10 but that’s because of 8 hour resets



CAS Modelling- Identifying Schedule Features

Absolute Minimum

- Why that is important is that it’s a camp job



Recommendations & Future Directions3

1) Strong safety management policies on schedule and shift practices

 Time between shifts

 Night shift crews

 Driving and sleep environments

2) Bench mark fatigue

 Identify high risk groups

 Record schedule deviations

4) Training and Education

 Techniques and strategies to improve sleep 

 Fatigue mitigation tips

 Signs and tips to recognize and prevent fatigue

3) Conduct fatigue root cause investigation

 Annual accident, near misses, injury reports

Notice that there is little time between when they are up and start workBreaksBiggest thing for education is to acknowledge the risks and promote a culture change.Ensure that there are mechanisms in place to detect fatigue Aim for 36 hours notice for nightshift crews, or 12 hours (same day), do not work same day even if 8 hour break metReview current standards for driving following Day 14 and lodging during fireBench mark fatigue- Record distribution of shift lengths (e.g. %<12 hours, %12-14 hours, %>14 hours)--> For the % greater than 14 hours, rationale? Commuting, emergency etc.Identify high fatigue risk populations within WMB, this may include those that work night shift, have off site daily commutes and have shifts > 12.5 hours in length--> We will want to educate, evaluate and ensure steps in place so that these populations are safeHave report of annual accident, near misses, and injuries that may be attributed to fatigueBy including fatigue accident investigation protocol and reporting we will enable the WMB to know true cost and impact of fatigue during fire seasonConduct a fatigue root cause assessment of all firefighter accidents/incidents, near missesCalculate or investigate the probability that the person was impaired by fatigue at the time of an accident Consider factors such as time of day, firefighting task (amount of mental stimulation), previous work schedule, duration of last sleep episode, environment, historyOne of the keys to a successful comprehensive fatigue risk management plan is scientific based, data driven investigationOne of the goals of this project was to assist the WMB in understanding fatigue and ensuring a safer work environment for firefighters. Hit some of the key features of an FRMS science based, data driven, cooperative, and hopefully integrated. The data and results can be translated into recommendations to several of the elements of a FRMS Plan



One of the keys to a successful comprehensive fatigue risk management plan is scientific based, data driven investigation



Conclusions

1) Poor performance at beginning of shift

2) Gradual increase in fatigue and sleepiness

 Appears rest period not utilized to fully recover

3) Total sleep time was 6.6 hours over 17 days 

 Consistent with studies

4) Schedule had low/moderate CAS fatigue risk

 Upper limit of duty hours

 Maintain comprehensive fatigue plan 

A key focus in managing fatigue risk in operational contexts is education, specifically, education about the effects of fatigue, the causes of fatigue, the importance of effective sleep and good sleep habits, and the appropriate use of fatigue countermeasures Caldwell et al (2009) argue that all aviation industry personnel, including supervisors, crewmembers and scheduling staff, should be provided with education on these topics under an effective Fatigue Risk Management System (FRMS). 
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