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Sleep, Activity, Fatigue and Task Effectiveness (SAFTE) Model

Fatigue Avoidance Scheduling Tool (FASTTM)

The Sleep, Activity, Fatigue and Task Effectiveness (SAFTE) model integrates quantitative information about (1) circadian rhythms in metabolic rate, (2) cognitive performance recovery rates associated with sleep, and cognitive performance decay rates associated with wakefulness, and (3) cognitive performance effects associated with sleep inertia to produce a 3-process model of human cognitive effectiveness.  

· The SAFTE model has been under development by Dr. Steven Hursh for more than a decade.  Dr. Hursh, formerly a research scientist with the Army, is employed by SAIC and Johns Hopkins University and is currently under contract to the WFC R&D Group and NTI, Inc. to modify and expand the model.  

· The general architecture of the SAFTE model is shown in Figure 1.  A circadian process influences both cognitive effectiveness and sleep regulation.  Sleep regulation is dependent upon hours of sleep, hours of wakefulness, current sleep debt, the circadian process and sleep fragmentation (awakenings during a sleep period).  Cognitive effectiveness is dependent upon the current balance of the sleep regulation process, the circadian process, and sleep inertia. 
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Figure 1.

· SAFTE has been validated against group mean data from a Canadian laboratory that were not used in the model’s development (Hursh et al., in review).  Additional   laboratory and field validation studies are underway and the model has begun the USAF Verification, Validation and Accreditation (VV&A) process.

· The model does not incorporate the effects of pharmacological alertness aids; chronic fatigue (motivational exhaustion); chronic fatigue syndrome; fatiguing physiological factors such as exercise, hypoxia or acceleration; sleep disorders; or the fatiguing effects of infection.

The SAFTE Model has a number of essential features that distinguish it from other attempts to model sleep and fatigue (Table 1).  Together, these features of the model allow it to make very accurate predictions of performance under a variety of work schedules and levels of sleep deprivation.

Table 1.  SAFTE model essential features.

	Key Features
	Advantages

	Model is homeostatic.  Gradual decreases in sleep debt decrease sleep intensity.  Progressive increases in sleep debt produced by extended periods of less than optimal levels of sleep lead to increased sleep intensity.
	Predicts the normal decline in sleep intensity during the sleep period.

Predicts the normal equilibrium of performance under less than optimal schedules of sleep.



	Model delays sleep accumulation at the start of each sleep period.
	Predicts the detrimental effects of sleep fragmentation and multiple interruptions in sleep.

	Model incorporates a multi-oscillator circadian process.
	Predicts the asymmetrical cycle of performance around the clock. 

	Circadian process and Sleep-Wake Cycle are additive to predict variations in performance.
	Predicts the mid-afternoon dip in performance, as well as the more predominant nadir in performance that occurs in the early morning.

	Model modulates the intensity of sleep according to the time of day. 
	Predicts circadian variations in sleep quality.

Predicts limits on performance under schedules that arrange daytime sleep.

	Model includes a factor to account for the initial lag in performance upon awakening.
	Predicts sleep inertia that is proportional to sleep debt.

	Model incorporates adjustment to new time zones or shift schedules
	Predicts temporary “jet lag” effects and adjustment to shift work


The Fatigue Avoidance Scheduling Tool (FASTTM) is based upon the SAFTE model.  FASTTM, developed by NTI, Inc. as an AF SBIR product, is a Windows( program that allows planners and schedulers to estimate the average effects of various schedules on human performance.  It allows work and sleep data entry in graphic and text formats.  A work schedule comprised of three 36-hr missions each separated by 12 hours is shown as red bands on the time line across the bottom of the graphic presentation format in Figure 2.  Average performance effectiveness for work periods may be extracted and printed as shown in the table below the figure.  
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	36-Hr MSN No meds -- 03/30/2002

	Awake

	Work


	   Start 
Duration
Mean

Day - Hr
(Minutes)
Effectiveness
	   Start 
Duration
Mean

Day - Hr
(Minutes)
Effectiveness

	0 - 06:00
300
98.97

	0 - 20:00
1079
81.14

	0 - 14:00
2580
76.42

	1 - 14:00
1080
63.97

	2 - 17:00
2400
64.78

	2 - 20:00
1079
71.23

	4 - 18:00
2340
64.58

	3 - 14:00
1080
54.51

	6 - 19:00
1741
72.23

	4 - 20:00
1079
72.00

	
	5 - 14:00
1080
54.92


Figure 2.  Sample FASTTM display.  The triangles represent waypoint changes that control the amount of light available at awakening and during various phases of the circadian rhythm.  The table shows the mission split into two work intervals, first half and second half.

· Sleep periods are shown as blue bands across the time line, below the red bands.  

· The vertical axis of the diagram represents composite human performance on a number of associated cognitive tasks.  The axis is scaled from zero to 100%.  The oscillating line in the diagram represents expected group average performance on these tasks as determined by time of day, biological rhythms, time spent awake, and amount of sleep.  We would expect the predicted performance of half of the people in a group to fall below this line.

· The green area on the chart ends at the time for normal sleep, ~90% effectiveness.

· The yellow indicates caution.

· The area from the dotted line to the red area represents performance level during the nadir and during a 2nd day without sleep.

· The red area represents performance effectiveness after 2 days and a night of sleep deprivation.

The expected level of performance effectiveness is based upon the detailed analysis of data from participants engaged in the performance of cognitive tasks during several sleep deprivation studies conducted by the Army, Air Force and Canadian researchers.  The algorithm that creates the predictions has been under development for two decades and represents the most advanced information available at this time.
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