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Learning Objectives 
 
Upon successful completion of this course, you will be able to: 
 
 Define and discuss what is meant by “sleep inertia” 
 
 Explain its symptoms, epidemiology, frequency of occurrence 
 
 List the potential treatments and preventive actions that can be taken regarding sleep inertia 
 
 
In January 2006, the media began commenting on something commonly referred to as Sleep Inertia, 
and this CEU offers you a brief review of what is being said, and some facts about the phenomenon. 
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Sleep Inertia May Be More Debilitating Than Sleep Deprivation 
 

BOULDER, Colo., Jan. 10 - While a sleep-deprived medical resident's cognitive impairment may be 
similar to that of an uncoordinated drunk, the impairment of a resident who is shaken awake from a 
nap may be even worse, researchers here said.  

But the cognitive effects of so-called sleep inertia-the state of grogginess and disorientation commonly 
experienced on waking-only last for minutes, said Kenneth P. Wright Jr. Ph.D., of the Sleep and 
Chronobiology Lab at the University of Colorado here.  

Still, sleep inertia may sometimes affect the performance of doctors, emergency medical technicians, 
and firefighters, Dr. Wright and colleagues reported in a research letter published in the Jan. 11 issue 
of the Journal of the American Medical Association.  

The study involved eight men and one woman, all paid volunteers from 20 to 41 years old. They were 
free of medications, alcohol, nicotine, recreational drugs, and caffeine for three weeks before the study, 
verified by toxologic analysis. The volunteers' professions were not disclosed.  

For six nights, the volunteers got a good night's sleep (about eight hours) in the lab. On the morning 
after the sixth night, they were awakened and immediately given a cognitive performance test 
involving adding randomly generated, two-digit numbers.  

Volunteers were given the test at 20-minute intervals in the morning and hourly intervals for the rest of 
the day and night. They were deprived of sleep for the next 26 hours, being tested all the while, so the 
researches could compare the effects of sleep deprivation to those of sleep inertia the volunteers 
experienced in the morning.  

On average over the 26-hour study period, the volunteers scored 23 correct answers on a 28-question 
test. Immediately after waking, however, the average score was at a rock-bottom of 17. Twenty 
minutes later, the score rose to 23.  

The score climbed to 25 four hours later and leveled off during the day, with a dip in the afternoon, and 
sank again after one night of sleep deprivation to 21-still much better than the average score 
immediately upon waking, the researchers noted. "This is the first time anyone has quantified the 
effects of sleep inertia," Dr. Wright said. "For a short period, at least, the effects of sleep inertia may be 
as bad as or worse than being legally drunk." 

The study has implications for medical professionals who are often called on to tend patients in crisis 
on a moment's notice, often at odd hours, Dr. Wright said. Medical residents, for example, who may 
work 80 hours or more per week and who catnap at times, could be prone to make simple math 
mistakes when calculating dosages of medicine during bouts of sleep inertia, he said.  

"The present results may have important implications for occupations in which sleep-deprived 
personnel are expected to perform immediately on awakening from deep sleep, including physicians, 
truck drivers and pilots arising from on-board sleeper berths, and public safety and military personnel," 
the study authors concluded. 
 
 

 

Sleep Deprivation in Adults 
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Background 

Studies on the effects of sleep loss on neurobehavioral functions, especially neurocognitive 
performance, have two primary emphases: (a) specification of the properties of tasks (e.g., cognitive 
versus physical; long versus short duration) that make them sensitive to sleep loss; and (b) 
specification of the aspects of performance (e.g., cognitive processing speed versus accuracy, 
declarative versus implicit memory processes) that are impacted by sleep loss. Underlying this research 
has been controversy regarding the likely nature of sleep loss-induced performance deficits (e.g., 
whether they reflect true deficits in physiological function of the brain, a motivational effect reflecting 
reprioritization of the reinforcement hierarchy, an initiation of sleep onset mechanisms in the face of 
waking performance, or some combination of these processes). This controversy has not been resolved 
due to lack of a basic understanding of the function(s) of sleep, the physiological processes affecting 
recuperation during sleep, and the neurobiology of sleepiness.  

Implicit in this research has been the assumption that total and partial sleep deprivation produce 
qualitatively similar decrements in brain function and/or motivation levels that differ only in degree. 
As a result, the overwhelming majority of studies in which the relationship between sleep and 
performance have been explored have utilized the more efficient total sleep deprivation procedures, 
and very few studies have examined the effects of chronic sleep restriction. Further, of these few 
studies only a very small subset have included adequate and objective verification of compliance with 
the sleep restriction regimen being studied.  

Nevertheless, partial sleep deprivation is more pervasive than total sleep deprivation. Epidemiological 
studies suggest that mean sleep duration has decreased substantially as proportionally more people are 
awake more of the time. These decreases are due, in part, to expanded possibilities for nighttime 
activities that accompanied the introduction of electric light and other technologies, and to the more 
recent trend toward expansion of both manufacturing and service sectors to 24 hour-per-day 
operations. Sleep restriction appears to be an almost inevitable consequence of nighttime shift work.  

Because of the scarcity of chronic sleep restriction experiments despite a wealth of total sleep 
deprivation/performance studies, theoretical and practical questions remain: (a) What are the 
physiological processes mediating neurobehavioral performance deficits resulting from sleep loss? (b) 
What accounts for the wide individual differences that emerge in the ability to maintain performance 
during sleep loss? (c) Do the physiological and neurobehavioral responses to chronic partial sleep loss 
differ from those resulting from total sleep loss? (d) Relative to the adverse neurocognitive and 
physiological effects of sleep loss, is there habituation/adaptation or potentiation/sensitization to 
repeated exposure to sleep loss? (e) Are there physiological and/or behavioral adaptations or 
dysfunctions in sleep or circadian physiology in response to chronic sleep restriction (e.g., a change in 
sleep itself or the brain's recovery response to chronically inadequate sleep)? (f) Are the 
neurobehavioral and physiological effects of chronic partial sleep loss different at different circadian 
phases? (g) What are the physiological processes that affect restoration of cognitive performance 
capacity during recovery sleep, and are these processes reflected in any currently measured sleep 
parameters? (h) How much recovery sleep is required following chronic partial sleep loss vs. total 
sleep deprivation? (i) What are the effects on neurobehavioral functions of long term (weeks, months, 
years) exposure to a typical work or school schedule of 5 or more days of sleep restriction followed by 
2 days of recovery?  

Research on sleep loss countermeasures in healthy adults, including pharmacological and non-
pharmacological interventions such as napping strategies, is also of increasing practical and theoretical 
relevance. There is a need for experiments on the efficacy, long-term effectiveness, and safety of 
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repeated use of traditional stimulants (e.g., caffeine, d-amphetamine, methylphenidate) and novel 
wake-promoting agents (e.g., modafinil) for maintenance of performance in healthy adults engaged in 
emergency and/or continuous operations. Complementary studies of sleep-inducing and/or phase-
shifting drugs (e.g., benzodiazepine agonists, melatonin) to enhance sleep and subsequent 
alertness/performance (e.g., for those engaged in shift work, transmeridian travel, or recovery from 
continuous operations) will likewise continue to expand from the clinical to the operational realm.  

Napping strategies and sleep scheduling will constitute at least part of any comprehensive strategy to 
maintain alertness and performance during extended continuous operations. Cell phones, beepers, and 
other communication devices can put some workers in a perpetual "on-call" status in which sleep 
might be interrupted by need for rapid decisions and/or other duty-related tasks. Studies of sleep 
inertia (and sleep inertia countermeasures), therefore, will be of increasing relevance and 
importance. Finally, the physiological effects of acute and chronic sleep loss in vital organ systems 
other than the brain have only just begun to be explored.  

 

 

Facts about Sleep and Fatigue 
 
Circadian Rhythm 

Circadian rhythms are physiological cycles that follow a daily pattern. We are "programmed" by our 
circadian rhythms to sleep at night and to be awake during the day. 

During nighttime hours and to a lesser extent during afternoon "siesta" hours, most types of human 
performance are significantly impaired, including our ability to drive. Problems occur if we disrupt our 
natural sleep cycles (e.g. by staying awake during the night), do not get enough sleep, or get poor 
quality sleep. 

Circadian rhythms cannot be reversed. Even if you have been working nightshifts for many years, your 
body will still be programmed to sleep at night. 

 
Sleep Debt 

The human body requires a certain amount of sleep each night to function effectively. The average 
amount of sleep a person needs is 8 hours. When we reduce the number of hours we sleep at night we 
start to accumulate what is called a 'sleep debt'. 

Sleep debt is defined as the difference between the hours of sleep a person needs and the hours of sleep 
a person actually gets. For example, if a person needs 8 hours of sleep per night but only gets 6 hours 
of sleep one night, they have a sleep debt of two hours. These lost hours of sleep need to be replaced. 

When we have sleep debt, our tendency to fall asleep the next day increases. The larger the sleep debt, 
the stronger the tendency to fall asleep. Sleep debt does not go away by itself. Sleeping is the only way 
to reduce your sleep debt. 

 
Sleep Inertia 

Sleep inertia is the feeling of grogginess after awakening and temporarily reduces your ability to 
perform even simple tasks. 
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Sleep inertia can last from 1 minute to 4 hours, but typically lasts 15-30 minutes. 

The severity of sleep inertia is dependent on how long you have been asleep and the stage of sleep at 
awakening. Effects can be severe if a person is very sleep deprived or has been woken from a deep 
sleep stage. However, sleep inertia can usually be reversed within 15 minutes by activity and noise. 

Sleep inertia can cause impairment of motor and cognitive functions and can affect a person's ability to 
drive safely. Sleep inertia can be very dangerous for people who drive in the early morning hours and 
shortly after waking up from a sleep. 

 
Microsleeps 

Microsleeps are brief, unintended episodes of loss of attention associated with events such as blank 
stare, head snapping, prolonged eye closure, etc., which may occur when a person is fatigued but 
trying to stay awake to perform a monotonous task like driving a car or watching a computer screen. 

Microsleep episodes last from a few seconds to several minutes, and often the person is not aware that 
a microsleep has occurred. In fact, microsleeps often occur when a person's eyes are open. 

While in a microsleep, a person fails to respond to outside information. A person will not see a red 
signal light or notice that the road has taken a curve. 

Microsleeps are most likely to occur at certain times of the day, such as pre-dawn hours and mid-
afternoon hours when the body is "programmed" to sleep. 

Microsleeps increase with cumulative sleep debt. In other words, the more sleep deprived a person is, 
the greater the chance a microsleep episode will occur. 

In one study of microsleep, participants were asked to press a button when a strobe light was flashed 
directly in their eyes every few seconds. During a microsleep they did not notice the light and were not 
even aware that they had been asleep. 

.The Morning Battleground: Why Bipolar Kids Can't Get Up and Get Going 

Does this sound familiar? 

Yesterday morning it took an hour-and-a-half attempting to get him up. We kept 
shaking him, beseeching, threatening, beseeching anxiously.... We even called his cell 
phone thinking he might pick it up for a friend's call. He simply growled, muttered 
something we would have preferred not to hear, and turned over and went back to sleep. 

We finally did see him rise from the bed and we ran the shower thinking that might 
wake him up. Ten minutes later we found him in the bathroom curled up on the bath 
mat, sound asleep. 

A father detailed his family's three-stage morning routine with their six-year-old daughter: 

I carry her downstairs to the living room sofa. I leave the room and my wife pulls off 
her pajamas and dresses her while she's still asleep (that's stage one). Stage two: We 
help her into the kitchen, although she's still very groggy, sit her in a chair, and give her 
an "injection of breakfast" by shooting a GoGurt (yogurt in a squeezable tube) in her 
mouth. Stage 3: We carry her to the bathroom and help her brush her teeth, etc. Then we 
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put on her coat and go outside and wait for the bus (or shall we say, the bus waits for 
us). Sometimes. 

Every morning, in America and abroad, many parents of bipolar children wake up and experience 
dread as they prepare to get their children up for school. Contrary to cheery television commercials 
where families gather around quaffing fresh-squeezed orange juice, these parents often forgo that 
fantasy and mount a siege simply to get their children out of bed. 

It's a tall order. While it may seem as if the child or adolescent is behaving in an oppositional manner, 
a great many of these youngsters actually suffer from something called sleep inertia.  

What Is Sleep Inertia? 

Sleep inertia is a transitional state of lowered arousal occurring immediately after awakening from 
sleep and producing a temporary decrement in any subsequent performance. Studies show that sleep 
inertia can last from a few minutes to four hours. Youngsters with bipolar disorder are far closer to the 
latter than the former. One 17-year-old girl described her attempts to get up in the morning this way: 

I feel as though my insides are whining. I will do anything not to get up. Sleep is more 
important than anything in the world. I could sleep until 4:00 in the afternoon.  

I never think about it from my mother's point-of-view. I don't think anything. When I do 
get to school (after much yelling by my mother and me back at her), I have my head on 
the desk until somewhere around 11:00 in the morning. Right before lunch I seem to 
truly get up. 

Several factors are involved in sleep inertia. A child may be depressed and chronically tired, or the 
thought of facing the school day may produce waves of anxiety or panic, forcing the child to choose 
sleep or somatic complaints over the trial of going into the school environment. In many cases, the 
medications may be causing an early-morning sleepiness. 

We do know that children with bipolar disorder have disturbances in the architecture of their sleep—
they have sleep/wake reversals and are activated at night and slowed-down in the morning. There is 
considerable evidence in the adult literature to suggest that several elements of the sleep/wake cycle 
are altered in people suffering with mood disorders. 

The Typical Architecture Of Sleep 

Normally throughout the night a person experiences two kinds of sleep that alternate rhythmically. One 
is called rapid eye movement (REM) sleep, during which most dreaming takes place; the other (not 
surprisingly) is called non-REM. 

Non-REM sleep has a four-stage development plan as revealed by electroencephalogram (EEG) sleep 
studies. Sleep typically begins the night with a light stage 1 sleep where the brain waves are small and 
fast. After approximately 30 minutes, the sleeper slips deeper into sleep as Stages 2, 3, and 4 of non-
REM sleep progress. EEGs of Stage 3 reveal larger and slower brain waves. Stage 4 brain waves are 
large, slow, and regular and this is the deepest period of sleep. 

After approximately 90 minutes, a brief period of REM sleep appears. This is the dreaming state and 
the eyeballs can be observed moving rapidly beneath the eyelids. A 90-minute oscillating pattern 
develops with REM sleep asserting itself for longer periods of time. The first 90-minute cycle might 
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consist of 85 minutes of non-REM sleep and 5 minutes of REM, but by the time the fourth cycle rolls 
around, it might consist of 60 minutes of non-REM and 30 minutes of REM. 

But all is not so regular. As Drs. Mark W. Mahowald and Carlos H. Schenck of the Minnesota 
Regional Sleep Disorders Center at the University of Minnesota Medical School have written: 

The rapid oscillation of states or the inappropriate intrusion of elements of one state into 
another may result in the appearance of parasomnias (night terrors, restless leg 
syndrome, teeth grinding, sleep walking, and confused arousals). Given the large 
number of neural networks, neurotransmitters, and other state-determining substances 
that must be recruited synchronously, and given the frequent transition among the three 
states of being, it is surprising that parasomnias do not occur more often. 

A significant number of children with bipolar disorder do seem to be suffering several of these 
parasomnias, especially night terrors and confused arousals.  

It may be that children and adolescents are being asked to get up and go to school when they are in the 
deepest, slow-wave pattern of sleep. Sleep research has shown that abrupt awakenings during a slow 
wave sleep episode produce more sleep inertia than awakening in stage 1 or 2 when the brain waves 
are small and fast. Awakenings during a REM episode produces some sleep inertia, but not as much as 
awakenings during slow-wave sleep.  

Research is also revealing that sleep inertia is more intense when awakening occurs near the trough—
the low point—of the core body temperature as compared to its peak. Sleep/wake irregularities, as well 
as irregularities of the thermoregulatory system, contribute to sleep inertia. 

 

 

Thermoregulatory Disturbances 

Children with bipolar disorder often have irregularities in their thermoregulatory systems. They are hot 
all the time—even when the ambient temperature feels cold (often very cold) to everyone else. Parents 
struggle constantly to get them to wear jackets in winter. In addition, it is not uncommon to see their 
ears turn beet red. 

Scientists have found that the rapid onset of sleep occurs when the blood vessels in the skin of the 
hands and feet dilate and cause heat loss at the extremities. This causes the core body temperature to 
lower. A group of researchers, Drs. Kurt Krauchi, Christian Cajochen, and Anna Wirz-Justice, noted 
this functional relationship between core body temperature and sleepiness, and hypothesized that the 
opposite would also be true: the constriction of blood vessels would raise the core body temperature 
and the human being would come to a state of wakefulness. (Think colder at night and the onset of 
sleepiness; and warmer in the morning and the onset of wakefulness.) 

The authors write: 

The circadian clock prepares the thermoregulatory system for vasodilation to begin in 
the early evening as sleepiness increases, followed by a drop in core body temperature. 
Even lying down increases sleepiness by redistributing heat in the body from the core to 
the periphery. Turning out the light is a complex cognitive and physiological signal that 
also leads to vasodilation. There is a tight correlation between the timing of the 
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endogenous increase in melatonin in the evening and vasodilation, an effect that is 
mimicked by pharmacological doses of melatonin. Before bedtime, then, many 
overlapping events orchestrate the thermoregulatory overture. 

Could irregularities in the timing of melatonin release—a peptide known to reduce core body 
temperature and induce sleep—be a factor in the increased activity level seen at night and the marked 
sleep inertia seen in the morning? Melatonin, produced in the pineal gland, is secreted into the cerebral 
spinal fluid at dusk and diminishes its effect at dawn.  

The pineal gland is a small reddish-gray structure that sits near the center of the brain. Its name is 
derived from the Latin word for "pine cone" because early viewers glimpsed a resemblance. The pineal 
gland has a story of its own. 

The Pineal Gland 

All vertebrates possess a pineal gland, and in certain reptiles and birds the gland is situated close 
enough to the top of the skull to monitor the intensity of sunlight. This "third eye" appears to help 
animals adjust to changes in the day-light cycles of the yearly seasons. Seventeenth-century 
philosopher Rene Descartes, thought the human pineal to be the seat of the rational soul; early 20th-
century scientists felt that the buried-down-under human pineal had been abandoned by the roadside of 
human evolution. 

Not so. In the mid-sixties, researchers discovered that the pineal gland secretes an important hormone 
called melatonin. As we mentioned above, it is a sleep-inducing hormone thought to have a part in the 
synchronization of circadian (daily) rhythms. In animals, melatonin influences seasonal breeding 
patterns. Its secretion is at the highest levels in winter. 

Today scientists accept that a kind of biological clock in the human organism establishes a 
fundamental daily rhythm for bodily functions such as temperature, the release of cortisol, rest/activity 
cycles, and the secretion of melatonin. But nature has built some flexibility into a human being so that 
the body can adjust to the ever-changing environmental rhythms-such as longer and shorter days in the 
summer and winter. 

Apparently some people do not adjust so easily. Dr. Alfred Lewy, director of the Sleep and Mood 
Disorders Laboratory at Oregon Health and Science University, hypothesized that certain depressed 
people have a desynchronization in their 24-hour internal clock rhythms. For instance, their sleep, 
temperature, and cortisol cycles may be in synchrony with each other, but be out of step with other 24-
hour rhythms, thus causing their internal rhythms to run a few hours behind or ahead of schedule. They 
either start and stop releasing melatonin earlier than usual (leading to evening sleepiness and early-
morning awakening), or start and stop releasing melatonin later than usual (leading to difficulty 
sleeping at night as well as difficulty getting up in the morning). Exactly what is seen so often in 
children with bipolar disorder. 

What Can Be Done About Sleep Inertia? 

A good plan of attack would be to discuss the timing of medications with the treating physician. If one 
or more of the meds is contributing to morning grogginess, than it might help to administer the drug at 
an earlier time the day before. If anxiety is causing school refusal, the doctor or therapist may ease the 
fears of the child by helping him or her deal with the anxiety. Cognitive therapy may be particularly 
helpful. 
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It is important that parents and teachers recognize that many children with bipolar disorder have co-
occurring learning disabilities and executive function deficits, and that these deficits make school 
embarrassing and dispiriting. Rather than get up and go to school and fail, the youngster may prefer to 
sleep. Neuropsychological testing will reveal these problems, and the IEP of the student can 
accommodate these disabilities and make the child or adolescent less anxious. 

Phototherapy, or light treatment, may entrain the rhythms and phase shift the dysregulation many of 
these children have. Some parents have reported that a dawn simulator is helpful in getting their 
children out of bed. 

If the prescribing doctor thinks a trial of melatonin is a good idea, he or she will discuss the timing and 
dosage. In a pilot study, one of the authors of this newsletter (D.F.P.), found that 3-6 mg of melatonin 
given approximately 20 minutes before bedtime, not only enhanced the earlier onset of sleep, but in a 
number of cases abolished sleep-arousal disorders such as night terrors. A more restorative sleep 
ensued. Since melatonin is known to lower core body temperature, this may explain one of its effects 
on the regulation of the sleep/wake cycle. 

Remember the parents who had to squirt GoGurt in their daughter's mouth each morning? They told us 
that they began to give her melatonin each night and she can now get up, get dressed, and eat without 
the aid of her parents (and Gogurt is no longer the only staple of her morning menu).  

Melatonin requires more study, and no one is certain of its long-term effects, nor will it work for 
everyone. Naturally, much depends on the causes of the sleep inertia. 

Until the sleep/wake cycle is regulated (and your child may always be more of an owl than a lark), an 
accommodation in the school day may have to be made. It might help if the student is allowed a later 
start, and it would be wise to schedule all academics later in the morning and in the afternoon when he 
or she would be more cognitively available for learning. 

During the writing of this newsletter, a mother emailed us her philosophy and mantra. She speaks of 
her "during the school-year child" and her "summer vacation child." Because her son has learning 
disabilities, as well as sleep inertia, he feels anxiety, and even has small panic attacks upon arriving at 
school. She wrote: 

Each school morning for me, as a mother, is an adventure. I try not to worry in advance 
because I never know what each morning will bring me from my son. Is it a good 
morning for him, or a bad morning? I only find out when HE finds out. 

I try not to get anxious or too pushy, but of course sometimes I lose control, especially 
if there's a meeting I absolutely can't miss, or if I have a doctor's appointment. 

I need to be aware of myself, my attitude, my temper, even my breathing. I do my best 
to slow down, speak reasonably, and gently, and offer whatever alternatives work. I 
have even been known to offer bribes because I know that once he gets to school, his 
anxiety usually evaporates and I receive reports later about "what a good day he had." I 
need to look at a bad morning as not necessarily a permanent all-day condition. 

She concluded by saying: 

So my Mom mantra for a school day morning is: (1) Greet each day as a new day. (2) 
Prepare for different contingencies. (3) Maintain my calm, no matter what. (4) The 
more agitated my son gets, the calmer, slower, and gentler I get. (5) Take my time: it is 
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more important for him to get to school, than it is important that he get to school on 
time. (6) Learn to cut my losses, and give up on the day if necessary. (If my son gets too 
agitated, I have to learn that it's not the end of the world if he doesn't get to school that 
day.) 

In my opinion, it's hard to give consequences for behavior that is brain-induced or 
slowed down by meds. We just try to impress upon him what we expect from him, what 
the school expects from him. It can be a moment-to-moment experience. 

In Conclusion 

From all of the above, it is easy to surmise that morning alertness is dependent upon a complex set of 
factors: side effects of medications; chemical cascades that affect sleep architecture, thermoregulation, 
and mood; as well as the subjective feelings of the child when that morning alarm rings—anxiety, 
depression, or stress. No one can predict any one factor, several may be contributing, and all must be 
examined in order to find a solution for the child. The school administration and IEP team must 
understand the biological and psychological factors at play and accommodate the morning difficulties 
which, after all, are not volitional or oppositional on the part of the child. 

We hope the above discussion helps parents who dread the split-second timing of a school morning, 
realize that they are not alone, and that they are not inadequate if the morning is tumultuous. For a 
while, at least, it is going to have to be okay if the child goes to school without breakfast, or leaves 
looking like he or she has just rolled out of bed (which he or she probably has).  

Hopefully one of the suggestions above, and an understanding of what may be happening for the child 
at reveille, will result in a less gut-wrenching start to the day. 

 

 

 

Alertness Management: Strategic Naps in Operational Settings 
Rosekind, M. R., Smith, R. M., Miller, D. L., Co, E. L., Gregory, K. B., Webbon, L. L., Gander, P. H., Lebacqz, J.V. (1995). Alertness 

Management: Strategic Naps in Operational Settings. J. Sleep Research Society, 4, 62-66.   

Introduction  

Today, 24-hour operations are necessary to meet the demands of society and the requirements of an 
industrialized global economy. These around-the-clock demands pose unique physiological challenges 
for the humans who remain central to safe and productive operations. Optimal alertness and 
performance are critical factors that are increasingly challenged by unusual, extended, or changing 
work/rest schedules. Technological advancements and automated systems can exacerbate the 
challenges faced by the human factor in these environments. 

Shift work, transportation demands, and continuous operations engender sleep loss and circadian 
disruption. Both of these physiological factors can lead to increased sleepiness, decreased 
performance, and a reduced margin of safety. These factors can increase vulnerability to incidents and 
accidents in operational settings. The consequences can have both societal effects (e.g., major 
destructive accidents such as Three Mile Island, Exxon Valdez, Bhopal) and personal effects (e.g., an 
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accident driving home after a night shift) (US Congress, Office of Technology Assessment 1991; 
National Commission on Sleep Disorders Research 1993). 

Alertness management in operational settings 

Alertness management strategies can minimize the adverse effects of sleep loss and circadian 
disruption and promote optimal alertness and performance in operational settings. Sleep and circadian 
physiology are complex, individuals are different, the task demands of settings are different, and 
schedules are extremely diverse; therefore, no single strategy will fully address the fatigue, sleepiness 
and performance vulnerabilities engendered by 24-hour operational demands. Rather than attempt to 
eliminate fatigue, it may be more useful to consider the critical factors that can promote and optimize 
alertness management. There are at least six critical factors that can be addressed for their role in 
managing fatigue in operational settings. These factors include: hours of service, scheduling, education 
and training, countermeasures, technology, and research. Each of these factors deserves attention to 
determine how scientific findings on fatigue, sleep, and circadian physiology can be incorporated and 
addressed in each area. 

The application of 'strategic countermeasures' involves three components: 

 understanding the physiological principles related to sleep and circadian rhythms;  

 determining the specific alertness and performance requirements of a given operation;  

 taking deliberate actions to apply the physiological principals to meet the operational 
requirements.  

Whenever possible, deliberate actions should be part of a comprehensive plan to manage alertness and 
performance. 

Alertness management strategies can be categorized as preventive and operational strategies. 
Preventive strategies, which are used before a duty or shift period, can address the underlying 
physiological mechanisms associated with sleep and circadian factors. For example, some preventive 
strategies might facilitate circadian adaptation prior to an altered work/rest schedule. These might 
include the use of bright light or melatonin to promote circadian adaptation before beginning a series 
of night shifts. Other preventive strategies might promote sleep quantity and quality before a period of 
sleep loss or disruption. Operational strategies are used during a duty or shift period to maintain 
performance and alertness. These strategies might include strategic caffeine consumption, physical 
activity, or social interaction. These strategies are intended to maintain alertness and performance 
during an operational requirement but may have no, or minimal, effect on underlying physiological 
mechanisms (i.e., sleep loss and circadian disruption). A combination of strategies may provide the 
greatest potential to meet the physiological challenges posed by 24-hour operational demands.  

Strategic naps as an alertness management strategy  

Applying the three components outlined for 'strategic countermeasures', a 'strategic nap' involves : 

 understanding the physiological principles that relate to napping, including the benefits (e.g. 
improved performance and alertness) and potential negative effects (e.g. sleep inertia);  

 determining the operational requirement (e.g. timing of critical phases of operation);  
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 deliberately planning a nap of a specific duration at a specific time to promote performance and 
alertness during the operation.  

Naps are a useful strategy that can be used in both a preventive and an operational manner. As a 
preventive strategy, naps can be used prophylactically to maintain alertness and performance during a 
subsequent period of prolonged wakefulness. A nap can also be used to reduce the hours of continuous 
wakefulness before a shift or duty period and the total hours awake at the end of the subsequent work 
period. For example, a shift worker who awakens at 08.00 hours, reports to a 23.00 hours shift, and 
finishes the shift at 07.00 hours, is returning home in the 24th hour of wakefulness.  

An afternoon nap in the 15.00 hours17.00 hours window of sleepiness will decrease the number of 
continuous hours of wakefulness to 14 (i.e., 17.00 hours-07.00 hours). Naps also can be used as an 
effective operational strategy. Naps used to interrupt sustained periods of wakefulness during a 
continuous operation can help to maintain the level of subsequent performance and alertness. 
Therefore, a nap can be used as an alertness management strategy during operations, such as in shift 
work and transportation environments. 

Beneficial effects of naps 

Naps can maintain or improve subsequent performance, physiological and subjective alertness, and 
mood. Naps can have adverse effects on these factors immediately upon awakening and these will be 
discussed in a later section on sleep inertia. This initial discussion will focus on nap effects that occur 
30 min. or longer after awakening. 

Generally, studies have demonstrated that naps maintain performance compared to baseline conditions 
or improve performance compared to conditions of prolonged wakefulness without naps. One study 
has suggested that 'prophylactic napping,' which is essentially a preventive strategy taken prior to a 
period of sustained wakefulness, helps to maintain performance and alertness by reducing or delaying 
the expected decrement. Others have demonstrated that naps taken during periods of sustained 
wakefulness (an operational strategy), also can reduce or delay the expected decrement. Physiological 
measures of alertness (i.e. MSLT) also have demonstrated improvements following a nap. Generally, 
both subjective alertness and mood ratings are improved following naps. 

 Experiments have examined naps of varying lengths, from 20 min to 8 hr. Generally, there appears to 
be a relative dose-dependent effect: more sleep is associated with greater improvement. For example, 
one study recently showed that an 8 hr "nap" showed more improvement in performance and 
physiological alertness than a 2 or 4 hr. nap . In fact, there was no significant difference in the effects 
of the 2 and 4 hr. nap conditions and these were combined for analysis. However, some studies suggest 
that shorter naps can be more effective than longer ones or show no significant differences in 
performance/ This issue is made complex in that the length and subsequent effects of a nap are related 
to the circadian timing of the nap and the infrastructure of sleep stages. 

An important operational consideration is the duration of the beneficial effects obtained from a nap. 
Studies suggest that a nap can maintain or improve subsequent performance and physiological 
alertness from 2 to 12 hr. following the nap. For example, one study found a beneficial effect on 
performance 10 hr. after a 2-hr. nap, while another found improvement 10 hr. after a 1-hr. nap. Yet 
another study found improved physiological alertness on the MSLT up to 6 hr. after 45-min. naps. 

Potential negative effects of naps 
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There are two potential negative effects of naps that should be considered prior to operational use. The 
first is sleep inertia, the grogginess, disorientation, and sleepiness that can accompany awakening 
from deep sleep. Sleep inertia can be associated with an initial performance decrement immediately 
upon awakening from a nap. Estimates on the duration of sleep inertia effects vary from a few minutes 
to 35 minutes, though most negative residual effects appear to dissipate in about 10-15 minutes. Sleep 
inertia is affected by a variety of factors and therefore, specific predictions of its duration or severity 
can sometimes be difficult. However, two factors seem most related to the severity of effects: duration 
of deep sleep and circadian time of nap. Similar to effects found in nocturnal awakenings, the sleep 
stage (NREM 3 & 4) and duration of SWS will affect subsequent sleep inertia. These can be affected 
by the circadian timing of the nap and the homeostatic drive. 

Sleep inertia is a consideration when naps are used in an operational setting. This factor should be 
considered if an operator is likely to have a nap interrupted by an emergency requiring a quick 
response with a high level of performance. However, the potential for such an emergency response 
must be weighed in relation to the potential benefits of improved alertness and performance following 
a nap during regular operations and the related increase in the safety margin. 

A second potential negative consequence of naps is the effect on subsequent sleep periods. A long nap, 
at certain times of the day, can disrupt the quantity and quality of later sleep periods. The disturbance 
could affect both the duration of the sleep period and its infrastructure. While the nap can improve 
waking alertness and performance, it might increase subsequent sleep loss by disrupting a later sleep 
period.  

No alertness management strategy will address all of the sleepiness and performance decrements 
associated with operational sleep loss and circadian disruption. It is also clear that each strategy will 
present both positive and potentially negative consequences that must be weighed prior to 
implementation. This reinforces the idea that combining strategies provides the best way to optimize 
operational performance and alertness. 

Strategic naps in an operational setting  

The following study is described to demonstrate the effectiveness of a planned nap in maintaining 
alertness and performance during regular operations. Long-haul flight operations can involve multiple 
time-zone changes, long duty periods, and can engender sleep loss and circadian disruption. Anecdotal 
reports, logbook studies, and confidential incident reports to the National Aeronautics and Space 
Administration (NASA) Aviation Safety Reporting System clearly demonstrate that as a consequence, 
flight crews can experience spontaneous and unplanned sleep episodes. A NASA/Federal Aviation 
Administration (FAA) study examined the effectiveness of a planned in-flight nap to maintain 
performance and alertness in long-haul flight operations 

This study involved non-augmented three-person, 747-200 aircraft flying regularly scheduled 
transpacific flights. The trip schedule involved 8 flight legs in 12 days. Each flight was about 9 hours 
in duration with an approximately 25-hour layover between flights. The volunteer flight crewmembers 
were randomly divided into two groups: Rest Group and No-Rest Group. Pilots in the Rest Group were 
provided a 40-min., planned, in-flight nap opportunity during cruise over water. The 40-min. nap 
duration was designed to minimize the opportunity for the occurrence of SWS and its duration. One 
pilot rested while the other two crewmembers maintained the flight. The nap opportunity was spent in 
the cockpit seat.  
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The No-Rest Group had a 40-minute control period identified during cruise, during which they were 
instructed to maintain their usual flight activities. Both groups were evaluated with the same measures. 
Prior to, during, and after the trip schedule, flight crewmembers completed a daily logbook and wore 
an actigraph to estimate 24-hour rest/activity patterns. Two NASA researchers accompanied the crews 
during the four middle legs of the trip schedule for intensive monitoring. This involved continuous 
ambulatory physiological monitoring of brain (EEG) and eye (EOG) activity and vigilance 
performance during flight. 

On 93% of the nap opportunities, Rest Group crewmembers were able to sleep. On average, they fell 
asleep in 5.6 minutes and slept for 25.8 minutes. To determine the effects of this brief nap, subsequent 
performance and physiological sleepiness was compared between groups. The No-Rest Group 
demonstrated reduced performance on night flights compared to days, at the end of flights compared to 
the beginning, and after multiple flight legs. The Rest Group, however, maintained consistent 
performance night and day, at the end of flights, and after multiple flight legs.  

The Rest Group demonstrated vigilance performance improvements from 16% in median reaction time 
to 34% in lapses compared to the No-Rest Group. Physiological sleepiness was examined by analyzing 
changes in EEG (alpha and theta activity) and EOG (SEMs) during the last 90 minutes of flight, 
through descent and landing (Torsvall and Akerstedt 1988; Torsvall et al. 1989). The total number of 
microevents associated with physiological sleepiness that occurred in the No-Rest Group (9 Ss) was 
120, including 22 during the last 30 min. of flight (descent and landing phase). The total number for 
the Rest Group (12 Ss) was 34 microevents, with none occurring in the last 30 min. With appropriate 
statistical transformation, microevents in the No-Rest Group occurred at a rate twice that of the Rest 
Group (p=0.02). 

 The brief, planned, in-flight nap obtained by the Rest Group was associated with better subsequent 
performance and physiological alertness compared to the No-Rest Group. Specific procedural and 
safety guidelines were utilized in the study to facilitate operational implementation. For example, a 20-
min. period was allowed after awakening from the nap to examine potential inertia effects. Partially as 
a result of this study, the FAA convened an aviation industry/government working group to draft 
advisory material to sanction controlled rest on the flight deck. Several non-U.S. air carriers have 
already successfully implemented programs for controlled rest on the flight deck. 

This study also emphasizes the need for empirical evaluation of potential alertness management 
strategies in operational settings. While anecdotal reports suggest that in-flight rest is used to maintain 
alertness and performance by flight crews, it is not currently sanctioned under Federal Aviation 
Regulations. It was critical to provide empirical data obtained during usual operations before 
regulatory action would be considered.  

 

 

Implementation in operational settings  

The following factors should be considered before implementing naps or other alertness management 
strategies in real-world operational settings: 

 An identifiable benefit: an alertness management strategy should provide a clear and 
identifiable benefit to the human operator and the operational environment (e.g., increased 
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safety margin). It should minimize some adverse consequence or promote a particular positive 
outcome;  

 Opportunity: an appropriate opportunity for implementation should be identified. In some 
operational circumstances it may not be appropriate to consider a certain strategy (e.g., napping 
during a shift with high work demand or potential for emergency);  

 Corporate climate/culture: some strategies may be explicitly or implicitly supported, while 
others are actively suppressed;  

 Operational demands: the specific work demands and circumstances of a particular work 
environment may exclude some potential strategies;  

 Safeguards: alertness management strategies are intended to promote safety and productivity. 
Specific safeguards should be employed to ensure that strategies do not negatively affect the 
safety margin.  

Other considerations  

As attention to issues of work hours, sleepiness, and accidents increases, more approaches to address 
the issues will emerge. Therefore, it will be critical that empirical evaluations be used to demonstrate a 
quantifiable positive effect of proposed alertness management strategies. Empirical data will support 
the implementation of approaches that show a worthwhile effect and will expose ineffectual strategies. 
An important aspect of these evaluations is a demonstration of effectiveness in actual operational 
settings. This challenges researchers to take significant and provocative laboratory findings and 
translate them to the complexity of real-world demands. The premature application of strategies that 
are eventually determined to be ineffective may impede the implementation of future approaches. 

Combined strategies should be evaluated to determine the potential emergent effects of combination. 
For example, a comprehensive alertness management approach might utilize bright light or melatonin 
to facilitate circadian adaptation, strategic caffeine consumption during a window of circadian 
sleepiness, and a nap. Guidelines for implementing strategies in a particular environment should be 
developed and clearly stated. 

Defining 'safety' and establishing what constitutes a 'significant performance decrement' are extremely 
difficult but important tasks. These delimitations are essential to determining the effects of work hours, 
sleepiness, and performance degradation on operational incidents and accidents. In turn, evaluating the 
effectiveness of alertness strategies in attenuating these effects relies on the quantitative definition and 
assessment of the effects. Clearly, these can change with the specifics of a work setting, but this area 
remains difficult to quantify. 

Finally, education and training programs provide crucial support to all of these activities  individuals 
involved in all aspects of 24-hour operations must be informed of the fatigue factors that pose 
challenges to human physiology . This includes understanding potential strategies to minimize adverse 
effects and to promote optimal alertness and performance during operations. This information should 
be provided to operators, schedulers, regulatory agencies, accident investigation personnel, and others.  

The physiological and performance capabilities of human operators remain critical to safety, 
performance, and productivity in 24-hr operational settings.  

About naps and sleep inertia 
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Although many astronauts report feeling fully rested after only six hours of sleep, the fact is, 
sleeplessness can cause irritability, forgetfulness and fatigue - none of which astronauts need to deal 
with while piloting complicated 'ships that hurtle through space at tens of thousands of miles per hour. 

The solution seems simple: Take a nap.  

But naps are a double-edged sword. Sometimes napping can leave you feeling even drowsier than 
before. If your body enters a deep sleep, trying to wake after only an hour or so can be very unpleasant, 
and you might remain groggy for some time afterward. This is called "sleep inertia."  

Why do naps sometimes backfire? Researchers don't yet know the physical causes of sleep inertia, but 
they would like to be able to predict, at least, when it's going to strike. This could help doctors 
prescribe naps of the right time and duration for drowsy people in high-risk professions. 

Helping astronauts nap was the goal of a recent series of experiments funded by NASA in cooperation 
with the National Space Biomedical Research Institute. In those experiments, led by David Dinges, a 
professor at the University of Pennsylvania School of Medicine, 91 volunteers spent 10 days living on 
one of 18 different sleep schedules, all in a laboratory setting. The sleep schedules combined various 
amounts of "anchor sleep," ranging from about 4 to 8 hours in length, with daily naps of 0 to 2.5 hours. 

To measure how effective the naps were, the scientists gave the volunteers a battery of tests probing 
memory, alertness, response time, and other cognitive skills throughout the experiment. They also 
measured things like core body temperature and hormone levels in blood and saliva, all of which 
fluctuate in a natural daily cycle known as a person's "biological clock." 

In general, they found, longer naps were better. No surprise there. But they also found that some 
cognitive functions benefited more from napping than others: "To our amazement, working memory 
performance benefited from the naps, [but] vigilance and basic alertness did not benefit very much," 
says Dinges. 

"Working memory," he explains, "involves focusing attention on one task while holding other tasks in 
memory ... and is a fundamental ability critical to performing complex work [like piloting a spaceship]. 
A poor working memory could result in errors." 

For vigilance and alertness, which involve the ability to maintain sustained attention and to notice 
important details, they found that the total amount of sleep during 24 hours remained the most 
important factor.  

Another interesting finding was that naps didn't work as well for volunteers on a nocturnal schedule. 
Sleep schedules for some subjects were flipped, so that anchor sleep occurred when their bodies 
thought it was daytime. The nap, then, fell in the middle of biological nighttime. This simulated what 
might happen when an astronaut's biological clock is out of sync with the mission schedule. 

These out-of-sync volunteers had a very hard time waking from naps, and the grogginess of sleep 
inertia lasted for up to an hour. Some sleep inertia did occur after naps on a normal schedule too, notes 
Dinges, but the inertia after a nighttime nap was much more severe. 

The ultimate goal, says Dinges, is to tie all these data together into a mathematical model of naps. Such 
a model, written as a computer program, could prescribe effective naps compatible with the scheduling 
demands of a mission. Not only astronauts would benefit from such a program, but also doctors, pilots, 
firefighters … the list goes on. 
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Such a program is still in the future. Meanwhile, Dinges notes another finding of their study: Naps are 
a short-term fix, offering only temporary boosts in mental acuity. "They cannot replace adequate 
recovery sleep over many days," he says. 

In the end, there's no substitute for 8 sweet hours of shut-eye. 
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Post-Test 
 
Select the best answer to each of the following items. Mark your responses on the Answer Form.  
 
  
1. Sleep inertia may sometimes affect the performance of doctors, emergency medical technicians, and 
firefighters 
 
a. True 
b. False 
   
 
2. The primary study cited in this course is the first time anyone has quantified the effects of sleep 
inertia. 
 
a. True 
b.  False 
 
   
3. According to the study, sleep inertia has implications for medical professionals who are often called 
on to tend patients in crisis on a moment's notice, often at odd hours. Medical residents, for example, 
who may work 80 hours or more per week and who catnap at times, could be prone to make simple 
math mistakes when calculating dosages of medicine during bouts of sleep inertia. 
 
a. True 
b. False 
 
   
4. The present results may have important implications for occupations in which sleep-deprived 
personnel are expected to perform immediately on awakening from deep sleep, including _______. 
 
a. truck drivers 
b. pilots arising from on-board sleeper berths 
c. public safety and military personnel 
d. All of the above 
 
   
5. Sleep inertia is the feeling of grogginess after awakening and temporarily reduces your ability to 
perform even simple tasks. 
 
a. True 
b. False 
 
6. Sleep inertia can last from 1 minute to 4 hours, but typically lasts _______. 
 
a. 5-10 minutes 
b. 15-30 minutes 
c. 30-60 minutes 
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d. about an hour and a half 
 
   
7. Sleep inertia is a transitional state of lowered arousal occurring immediately after awakening from 
sleep and producing a temporary decrement in any subsequent performance. 
 
a. True 
b. False 
 
 
8. Sleep research has shown that abrupt awakenings during a slow wave sleep episode produce more 
sleep inertia than awakening in stage 1 or 2 when the brain waves are small and fast. 
 
a. True 
b. False 
 
   
9. Research is also revealing that sleep inertia is more intense when awakening occurs near the 
trough—the low point—of the core body temperature as compared to its peak. 
 
a. True 
b. False 
 
   
10. Sleep inertia is affected by a variety of factors and therefore, specific predictions of its duration or 
severity can sometimes be difficult. 
 
a. True 
b. False 
 
   
11. In one study cited here, out-of-sync volunteers had a very hard time waking from naps, and the 
grogginess of sleep inertia lasted for up to an hour. Some sleep inertia did occur after naps on a normal 
schedule too but the inertia after a nighttime nap was much more se 
vere. 
 
a. True 
b. False 
    
12. The severity of sleep inertia is dependent on how long you have been asleep and the stage of sleep 
at awakening. 
 
a. True 
b. False 
  
 
13. Sleep debt is defined as the difference between the hours of sleep a person needs and the hours of 
sleep a person actually gets. 
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a. True 
b. False 
  
   
14. Alertness management strategies can minimize the adverse effects of sleep loss and circadian 
disruption and promote optimal alertness and performance in operational settings. 
 
a. True 
b. False 
  
   
15. As attention to issues of work hours, sleepiness, and accidents increases, more approaches to 
address the issues will emerge. 
 
a. True 
b. False 
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