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Sleep, Dreaming,
& Circadian Rhythms

1. REM Sleep and Dreaming
2. Why Do We Sleep?
3. How Much Sleep Do We Need?

Today

2

Drug Addiction & Brain Reward Systems Pt. 1 (Ch. 15)

Next Class
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• Describe the tools commonly used in sleep research.
• Describe the various stages (including their defining characteristics) of a typical
night of sleep. Is there a problem with the use of sleep stages?
• What are the characteristics of REM sleep?
• How does sleep differ across the lifespan of an individual?
• Discuss dream research. Why do we dream?
• Discuss the evidence for the REM = dreaming equation.
• What is the scanning hypothesis? Is there evidence to support or refute it?
• Discuss four REM-sleep-related mysteries.
• Compare recuperation with adaptation theories of sleep. Provide any relevant
evidence.
• Describe each of the three classes of drugs that affect sleep. Provide one example of each drug type.
• What have studies of sleep deprivation taught us about the function of sleep?
• Describe the default theory of REM sleep.
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• Describe the synaptic homeostasis hypothesis of sleep.
• What has been found related to the ‘glymphatic system’ and sleep?
• How much sleep do we need? Discuss the evidence from sleep deprivation
studies and contrast that with the evidence from sleep reduction studies.
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What is this behaviour we spend so much time on?
Most of us will sleep well over 175,000 hours in our lifetimes. Do we really need
this much? Do we need more?
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6

What is this behaviour we spend so much time on?
Most of us will sleep well over 175,000 hours in our lifetimes. Do we really need
this much? Do we need more?
Think of how much your life would change if you only slept 5 hours per night as
opposed to 8:
You would have an extra 21 hours awake per week, 10,952 hours (> 1 year) each
decade.

Sleep
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REM sleep: Sleep associated with Emergent Stage 1 EEG.

REM Sleep
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Sleep Stage Terminology
REM sleep: Sleep associated with Emergent Stage 1 EEG.
Non-REM (NREM) sleep: Sleep associated Initial Stage 1, Stage 2 and Stage 3.
Slow-wave sleep: Stage 3 (named after the slow delta waves that characterize this
stage).
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9

Early vs. Late NREM

from Tononi & Cirelli (2013)
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Controversy Associated with Classic Sleep Stages
There is opposition to the use of sleep ‘stages’:
“The one thing that is clear is that researchers need to move beyond
the REM-NREM dichotomy and beyond traditional sleep staging. Although staging is useful, it treats brain activity as uniform in space
(only a few electrodes are used) and in time (for 30-s epochs).” (Nir &
Tononi, 2010)
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Characteristics of REM Sleep
Rapid eye movements
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Characteristics of REM Sleep
Rapid eye movements
Loss of muscle tone
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Characteristics of REM Sleep
Rapid eye movements
Loss of muscle tone
Low amplitude, high-frequency EEG (similar to waking)
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Characteristics of REM Sleep
Rapid eye movements
Loss of muscle tone
Low amplitude, high-frequency EEG (similar to waking)
Activity increases to waking levels in many brain structures.
General increase in autonomic nervous system activity.
Some muscle activity.
Some degree of clitoral or penile erection.
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Reticular REM-Sleep Nuclei

REM Sleep
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Characteristics of REM Sleep
Rapid eye movements
Loss of muscle tone
Low amplitude, high-frequency EEG
Activity increases to waking levels in many brain structures.
General increase in autonomic nervous system activity.
Some muscle activity.
Some degree of clitoral or penile erection.
Dreaming

Sleep Basics
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Does REM Sleep = Dreaming?
When REM sleep was characterized by students in the Kleitman lab in 1953, they
immediately saw the potential for it being a physiological correlate of dreaming.
They began waking subjects in the middle of REM episodes and asking them if
they had been dreaming.
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Does REM Sleep = Dreaming?
When REM sleep was characterized by students in the Kleitman lab in 1953, they
immediately saw the potential for it being a physiological correlate of dreaming.
They began waking subjects in the middle of REM episodes and asking them if
they had been dreaming.
The most convincing piece of evidence came from the following observation: In
their studies, 74-80% of REM-sleep awakenings led to dream recall, whereas only
7-9% of NREM-sleep awakenings led to dream recall.
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Does REM Sleep = Dreaming?
When REM sleep was characterized by students in the Kleitman lab in 1953, they
immediately saw the potential for it being a physiological correlate of dreaming.
They began waking subjects in the middle of REM episodes and asking them if
they had been dreaming.
The most convincing piece of evidence came from the following observation: In
their studies, 74-80% of REM-sleep awakenings led to dream recall, whereas only
7-9% of NREM-sleep awakenings led to dream recall.
This relatively strong relationship allowed them to test some common beliefs
about dreaming.

Dreaming
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Some commonly held beliefs about dreaming.
1. Many people believe external stimuli can become incorporated into their
dreams.
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Some commonly held beliefs about dreaming.
1. Many people believe external stimuli can become incorporated into their
dreams.
Spraying water on sleeping subjects caused about half of the subjects to
incorporate the water into their dreams.
“I was walking behind the leading lady when she suddenly
collapsed and water was dripping on her. I ran over to her
and water was dripping on my back and head. The roof was
leaking...” (from Dement & Wolpert, 1958)
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Some commonly held beliefs about dreaming.
1. Many people believe external stimuli can become incorporated into their
dreams.
Spraying water on sleeping subjects caused about half of the subjects to
incorporate the water into their dreams.
“I was walking behind the leading lady when she suddenly
collapsed and water was dripping on her. I ran over to her
and water was dripping on my back and head. The roof was
leaking...” (from Dement & Wolpert, 1958)
However, most stimuli are neither incorporated into dream content nor elicit a
behavioural response. Certain stimuli are more likely to be incorporated: spray of
water, pressure on limbs, and meaningful words.
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Some commonly held beliefs about dreaming.
1. Many people believe external stimuli can become incorporated into their
dreams.
2. Most people believe sleeptalking and sleepwalking (somnambulism) occur
during dreams.
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Some commonly held beliefs about dreaming.
1. Many people believe external stimuli can become incorporated into their
dreams.
2. Most people believe sleeptalking and sleepwalking (somnambulism) occur
during dreams.
Sleepwalking is most frequent during slow wave sleep.
Sleeptalking can occur in any stage of sleep; but often occurs during transitions
to wakefulness.
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Does REM Sleep = Dreaming? Really?
Despite the appeal of a REM = Dreaming equation, it is an oversimplification:
1. NREM dreams exist. You just have to ask the right questions.
In initial stage 1: 80-90% of wake-ups (shorter than REM dreams, hypnagogiclike).
In stages 2 and 3: 50-70% of wake-ups (early in the night: shorter, more thoughtlike, less vivid, less visual, and less conceptual; later in the night: longer and
hallucinatory--generally indistinguishable from REM dreams).
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Does REM Sleep = Dreaming? Really?
Despite the appeal of a REM = Dreaming equation, it is an oversimplification:
1. NREM dreams exist. You just have to ask the right questions.
2. Dreaming and REM sleep can be dissociated:
• forebrain lesions can abolish dreaming but spare REM sleep
• brainstem lesions can eliminate REM sleep, but do not abolish dreams

Dreaming
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Do REMs = Scanning of the Dream Scene?

from Leclair-Visonneau et al., 2010

REM Sleep & Dreaming
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Four REM-related Mysteries
1. How do organisms benefit from this high-energy consuming process?
2. How do organisms benefit from this risky process?
3. Why is it that drugs that suppress REM seem to produce no ill effects?
4. Why do babies display so much REM-like (aka ‘active’) sleep?

REM Sleep & Dreaming
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Sleep Across the Lifespan

from Hobson & Friston, 2012
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Why Do We Dream?
1. It is our brain trying to make sense of it’s own sleep-related activity (Hobson,
1989): Hobson’s (1989) activation synthesis hypothesis.
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Why Do We Dream?
1. It is our brain trying to make sense of it’s own sleep-related activity (Hobson,
1989). During REM sleep, many brainstem cells become active and send random
signals to the cerebral cortex. These signals result in a dream that is the cortex’s
best effort to make sense of them. Like looking at an inkblot:
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Why Do We Dream?
1. It is our brain trying to make sense of it’s own sleep-related activity.
1a. Dreams are simply left overs from a mind designed for a day job (Flanagan,
2001).
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Why Do We Dream?
1. It is our brain trying to make sense of it’s own sleep-related activity.
1a. Dreams are simply left overs from a mind designed for a day job.
2. It is a virtual trainer. The act of dreaming has a major role in early development
(stimulation and simulation) and throughout life (simulation for prediction)
(Hobson, 2009).

Dreaming

from Hobson & Friston, 2012
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Why Do We Dream?
1. It is our brain trying to make sense of it’s own sleep-related activity.
1a. Dreams are simply left overs from a mind designed for a day job.
2. It is a virtual reality trainer. The act of dreaming has a major role in early
development and throughout life.
3. Dreams result from the sleeper’s mind attempting to organize unconsciously
reactivated memories. It organizes those reactivations into a narrative (Foulkes,
1982).
Memory:
Kitchen in My
Family Home

Dreaming

Dream: “My sister dancing in the
kitchen while my dog barks at her.”

Memory:
Dog Barking
In Yard

Memory:
Girl Dancing
On Stage
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Neural Correlates of Dreaming

from Siclari et al, 2017
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Lucid Dreams
Somewhat akin to being “awake” in a dream: The dreamer is aware that they are
dreaming and they can affect the course of the dream.
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Lucid Dreams
Support for their existence has come from studies of sleeping subjects who used
a prearranged signal to communicate with the experimenter from their dreams.
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Lucid Dreams
Support for their existence has come from studies of sleeping subjects who used
a prearranged signal to communicate with the experimenter from their dreams.
For example, in a study by Schatzman et al. (1988) the subject was instructed
to draw large triangles with his right arm as soon as he got into a dream and to
signal the experimenter with eye movements just before he drew the triangle.
EMG activity recorded from his forearm, just after the eye-movement signal was
received, was consistent with a series of movements that one might make to
draw a triangle.
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Lucid Dreams
Support for their existence has come from studies of sleeping subjects who used
a prearranged signal to communicate with the experimenter from their dreams.
In a study by LaBerge, Greenleaf, & Kedzierski (1983), a woman who could
create various positive sexual situations for herself in her dreams was found to
experience physiological orgasms during such dreams.
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Lucid Dreams
Lucid dreamers have contributed significantly to our understanding of dream
content. One interesting example: Some lucid dreamers report being unable to
focus in on the fine grained visual details of certain items in their dreams.
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Lucid Dreams

Dreaming
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Lucid Dreams
In contrast to normal dreaming, lucid dreaming involves increased functional
connectivity between left frontopolar cortex and temporoparietal cortices.

from Baird et al., 2018
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Lucid Dreams

from Payne, 2014;
with reference to Voss et al., 2014
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Two sorts of theories have been proposed:
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Two sorts of theories have been proposed:
1. Recuperation (homeostatic) theories of sleep: Being awake disrupts
your body’s homeostasis; sleep acts to restore it. Sleep fixes the damage/
dysregulation that accumulates when we are awake.
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Two sorts of theories have been proposed:
1. Recuperation (homeostatic) theories of sleep: Being awake disrupts
your body’s homeostasis; sleep acts to restore it. Sleep fixes the damage/
dysregulation that accumulates when we are awake.
2. Adaptation/circadian theories of sleep: Focus on when we sleep. In
these theories: Sleep is the result of an internal timing mechanism--we are
programmed to sleep at night (regardless of what happens to us during the day).
We evolved to sleep at night because it protects us. Sleep keeps us out of trouble
and conserves energy.
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Comparative Analysis of Sleep
1. The fact that many mammals and birds sleep suggests that it serves some
important physiological function.
“All mammals and birds sleep, and their sleep is much like
ours—characterized by high-amplitude, low-frequency EEG
waves punctuated by periods of low-amplitude, high-frequency
waves...Even fish, reptiles,amphibians, and insects go through
periods of inactivity and unresponsiveness that are similar to
mammalian sleep...” (Pinel, 2007)

Why Do We Sleep?

48

Comparative Analysis of Sleep
1. The fact that many mammals and birds sleep suggests that it serves some
important physiological function. Some species risk predation to sleep (e.g.,
antelopes); others have adaptations to allow them to sleep (e.g., some marine
mammals “sleep” with only half their brain).

beluga sleep eeg; from Siegel, 2005

Why Do We Sleep?

49

Comparative Analysis of Sleep
1. The fact that many mammals and birds sleep suggests that it serves some
important physiological function. Some species risk predation to sleep (e.g.,
antelopes); others have adaptations to allow them to sleep (e.g., some marine
mammals “sleep” with only half their brain).
Reality Check: Only about 65 of ~60,000 vertebrate species have been closely
examined for sleep-like behaviour. Of those, some do not meet the standard
criteria for ‘sleep’ at any time in their lives (e.g., harbor porpoise). And some
go for long periods without any evidence of sleep (e.g., some neonatal marine
mammals, migratory birds) or rebounds following such periods of sleeplessness.
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Comparative Analysis of Sleep
1. The fact that many mammals and birds sleep suggests that it serves some
important physiological function.
2. The large between-species differences in sleep time suggests that although
sleep may be essential for survival, it is not necessarily required in large
quantities.
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Comparative Analysis of Sleep
1. The fact that many mammals and birds sleep suggests that it serves some
important physiological function.
2. The large between-species differences in sleep time suggests that although
sleep may be essential for survival, it is not necessarily required in large
quantities.
3. There is no clear relationship between the length of time a particular species
sleeps and its level of activity, body size, etc.
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Comparative Analysis of Sleep
1. The fact that many mammals and birds sleep suggests that it serves some
important physiological function.
2. The large between-species differences in sleep time suggests that although
sleep may be essential for survival, it is not necessarily required in large
quantities.
3. There is no clear relationship between the length of time a particular species
sleeps and its level of activity, body size, etc.
Daily sleep time of a species does seem to be related to how vulnerable they
are. For example, herbivores generally sleep less than omnivores, and omnivores
generally sleep less than carnivores.
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Comparative Analysis of Sleep
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Circadian Sleep Cycles
Our world cycles between light and dark, and most surface dwelling animals have
adapted to this regular change by developing a variety of circadian rhythms; the
cues that can entrain those rhythms are called zeitgebers (“time givers”).
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Circadian Sleep Cycles
Our world cycles between light and dark, and most surface dwelling animals have
adapted to this regular change by developing a variety of circadian rhythms; the
cues that can entrain those rhythms are called zeitgebers (“time givers”).
In the absence of all zeitgebers, we have free-running rhythms that last about 25
hours.
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Circadian Sleep Cycles
Our world cycles between light and dark, and most surface dwelling animals have
adapted to this regular change by developing a variety of circadian rhythms; the
cues that can entrain those rhythms are called zeitgebers (“time givers”).
In the absence of all zeitgebers, we have free-running rhythms that last about 25
hours.
The fact that we have regular free-running regulation of sleep, provides support
for the dominance of circadian factors over recuperative factors in the regulation
of sleep.
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Circadian Sleep Cycles

from Hickie & Rogers, 2011
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Drugs that Affect Sleep
1. Hypnotic drugs (aka Soporifics).
2. Antihypnotic drugs.
3. Chronobiotics (e.g., melatonin).

Why Do We Sleep?
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Sleep Deprivation
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Sleep Deprivation
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Sleep Deprivation: Human Case Studies
Case Study 1: Randy Gardner
As part of a science fair project in 1965, a then 17-year-old Randy Gardner tried to
break the previous world record of 260 hours of consecutive wakefulness. Randy
did not sleep for 264 hours and 12 minutes. There have been mixed reports of the
symptoms he experienced.
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Sleep Deprivation: Human Case Studies
Case Study 2: Tony Wright
In May of 2007, 42-year-old Tony Wright beat Randy Gardner’s record. Tony didn’t
sleep for 266 hours.
There is a blog site that documented the entire experience.
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Sleep Deprivation: Human Experiments
Moderate amounts of sleep deprivation--3-4 hours in one night--have been
found to have 3 consistent effects:
1. Subjects display an increase in sleepiness: They report feeling sleepier and fall
asleep quickly if given the chance.
2. They display disturbances on written tests of mood.
3. They perform poorly on tasks that require sustained attention.

Why Do We Sleep?

64

Sleep Deprivation: Human Experiments
If you sleep deprive someone for 2-3 days, they start to experience microsleeps:
brief periods of sleep (2-3 s) during which their eyelids droop and they become
less responsive to external stimuli. These can occur even while they are standing.
There is also evidence of psychomotor and cognitive slowing, and deficits on
tests of working memory and executive function (e.g., assimilating changing
information, updating plans, innovative thinking; though there is disagreement
about this sort of impairment--see below).
Other higher order cognitive functions can also be affected, but this is likely
mediated by the deficits in sustaining wakefulness, alertness, attention, and
response times.
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Sleep Deprivation: Human Experiments
A variety of physiological consequences have also been found. Some examples:
• decreases in body temperature
• increases in blood pressure
• decreases in certain aspects of immune function (e.g., participants who sleep
less than 6 hours per night show an increased risk of developing a cold if they are
exposed to a cold virus).
• hormonal changes
• metabolic changes
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REM-Sleep Deprivation
Sleep researchers have specifically deprived people of REM sleep by waking them
up each time a bout of REM sleep begins.
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REM-Sleep Deprivation
REM-sleep deprivation has two consistent effects:
1. With each successive night of REM deprivation, there is a greater tendency for
the person to initiate REM (they have to be woken more and more frequently).
2. Following REM deprivation, a person will have a greater than normal amount
of REM sleep during subsequent nights of sleep.
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REM-Sleep Deprivation
So numerous theories have been proposed for the function of REM sleep, for
example:
(1) Those that say REM sleep is important for one’s mental health.
(2) Those that say REM sleep is necessary for the processing of memories.
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REM-Sleep Deprivation
So numerous theories have been proposed for the function of REM sleep, for
example:
(1) Those that say REM sleep is important for one’s mental health.
(2) Those that say REM sleep is necessary for the processing of memories.
These theories share one problem: Explaining why certain antidepressant drugs
are not debilitating since they selectively block REM sleep; patients taking these
drugs in sufficient doses might not have any REM sleep for months or years.
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Default Theory of REM Sleep
According to this theory, it is difficult or dangerous to stay continuously in NREM sleep, so the brain periodically switches to one of the other
states (e.g., REM):
1. REM is a break between bouts of NREM sleep.
2. REM maintains a certain level of alertness that would not be possible
in continuous NREM (REM keeps you alert to external stimuli).
3. REM prepares us for wakefulness (hence the prominence of REM towards the end of a night’s sleep).
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Sleep Deprivation Increases the Efficiency of Sleep
Important effect of sleep deprivation: Individuals who are sleep deprived become
more “efficient” sleepers. They display more slow-wave sleep (SWS) and more
intense SWS. Accordingly, many believe that SWS is the restorative factor.
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Sleep Deprivation Increases the Efficiency of Sleep
Important effect of sleep deprivation: Individuals who are sleep deprived become
more “efficient” sleepers. They display more slow-wave sleep (SWS) and more
intense SWS. Accordingly, many believe that SWS is the restorative factor.
1. Sleep regained following deprivation is primarily SWS.
2. Short sleepers get as much SWS as long sleepers.
3. People who reduce their sleep, get less stage 1/2 sleep, but their SWS stays
about the same.
4. Waking people during SWS has major effects on sleepiness.
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Sleep Deprivation Increases the Efficiency of Sleep
Important effect of sleep deprivation: Individuals who are sleep deprived become
more “efficient” sleepers. They display more slow-wave sleep (SWS) and more
intense SWS. Accordingly, many believe that SWS is the restorative factor.
1. Sleep regained following deprivation is primarily SWS.
2. Short sleepers get as much SWS as long sleepers.
3. People who reduce their sleep, get less stage 1/2 sleep, but their SWS stays
about the same.
4. Waking people during SWS has major effects on sleepiness.
If sleep becomes more efficient in people who sleep less, this means that
conventional sleep-deprivation experiments are not the ideal way of determining
how much sleep humans need.
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Synaptic Homeostasis Hypothesis
Tononi & Cirelli (2014) have proposed that “the fundamental
function of sleep is the restoration of synaptic homeostasis,
which is challenged by synaptic strengthening and synaptogenesis triggered by learning while we are awake.”
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Synaptic Homeostasis Hypothesis

from Tononi & Cirelli, 2018
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Synaptic Homeostasis Hypothesis
“Sleep is the price we pay for plasticity” (Tononi & Cirelli, 2003)

Why Do We Sleep?

from Tononi & Cirelli (2013)
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Synaptic Homeostasis Hypothesis
Five basic tenets:
1. Most learning should happen primarily by synaptic potentiation (rather than depression).
2. Synaptic potentiation should occur primarily when the organism is awake and
interacting with its environment.
3. Renormalization of synaptic strength should happen primarily during sleep,
when the brain is spontaneously active but largely disconnected from the environment.
4. Spontaneous activity during sleep permits a sampling of the brain’s knowledge
of the environment, including both old and new memories.
5. Only those synapses belonging to the “fittest circuits” (i.e., “those that were
strengthened while awake and/or are better integrated with older memories”) will
survive a bout of sleep.
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Synaptic Homeostasis Hypothesis

from Tononi & Cirelli (2014)
In humans, learning tasks that rely on a particular cortical area (e.g., right parietal
cortex) results in a local increase in slow-wave activity (SWA) during subsequent
sleep .
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Memory Replay During Sleep

from Chen & Wilson, 2017
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“Glymphatic” System

from Herculanos-Houzel, 2013;
with reference to Xie et al., 2013
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Long-Term Sleep Reduction
There have been two sorts of studies on long-term sleep reduction:
1. Studies in which subjects sleep nightly (monophasic).
2. Studies in which subjects only nap (polyphasic).
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Gradual Long-Term Reduction
In a study by Friedman et al. (1977), subjects reduced nightly sleep by 30 min
every 2 weeks until they reached 6.5 h/night; then by 30 min every 3 weeks until
they reached 5 h/night; then by 30 min every 4 weeks. Once a subject indicated
a lack of desire to reduce sleep further, they slept for 1 month at their shortest
duration, then for 2 months at the shortest duration plus 30 min; then for a year
at whatever duration they wanted.
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Gradual Long-Term Reduction
In a study by Friedman et al. (1977), subjects reduced nightly sleep by 30 min
every 2 weeks until they reached 6.5 h/night; then by 30 min every 3 weeks until
they reached 5 h/night; then by 30 min every 4 weeks. Once a subject indicated
a lack of desire to reduce sleep further, they slept for 1 month at their shortest
duration, then for 2 months at the shortest duration plus 30 min; then for a year
at whatever duration they wanted.
Durations achieved: 5.5 h (n=2) 5 h (n=4), 4.5 h (n=2)
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Gradual Long-Term Reduction
In a study by Friedman et al. (1977), subjects reduced nightly sleep by 30 min
every 2 weeks until they reached 6.5 h/night; then by 30 min every 3 weeks until
they reached 5 h/night; then by 30 min every 4 weeks. Once a subject indicated
a lack of desire to reduce sleep further, they slept for 1 month at their shortest
duration, then for 2 months at the shortest duration plus 30 min; then for a year
at whatever duration they wanted.
All subjects experienced increases in daytime sleepiness after they reduced their
sleep below 6 h/night; but there were no notable changes in mood, physical
health, or performance on tasks of vigilance or memory.
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Gradual Long-Term Reduction
In a study by Friedman et al. (1977), subjects reduced nightly sleep by 30 min
every 2 weeks until they reached 6.5 h/night; then by 30 min every 3 weeks until
they reached 5 h/night; then by 30 min every 4 weeks. Once a subject indicated
a lack of desire to reduce sleep further, they slept for 1 month at their shortest
duration, then for 2 months at the shortest duration plus 30 min; then for a year
at whatever duration they wanted.
After 1 year, all subjects had reduced their sleep duration by between 1-2.5 h/
night with no excessive sleepiness.
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Gradual Long-Term Reduction
Subjective responses were often not in line with the objective measures, nor with
their performance at work or school.
“I am noticeably less efficient, less energetic; e.g., I can’t seem to
study as long as I used to, I get discouraged more easily, slightly
depressed about overcoming difficulties, very much like I feel
when I am sick with a cold.”
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Gradual Long-Term Reduction
Other studies of gradual nightly sleep reduction have reported comparable
results--though one study did report a decline in performance of cognitive tasks
(in 1 of 2 subjects) when sleep was reduced below 5 hrs/night.
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Long-Term Reduction by Napping
Most mammals and human infants regularly sleep more than once per day: They
display polyphasic sleep cycles.
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“He knew this, even in the horror with which he started from his first sleep, and threw
up the window to dispel it by the presence of some object, beyond the room, which
had not been, as it were, the witness of his dream.”
			 Charles Dickens, Barnaby Rudge (1840)
“Don Quixote followed nature, and being satisfied with his first sleep, did not solicit
more. As for Sancho, he never wanted a second, for the first lasted him from night to
morning.”
			 Miguel Cervantes, Don Quixote (1615)
“And at the wakening of your first sleepe You shall have a hott drinke made, And at
the wakening of your next sleepe Your sorrowes will have a slake.”
			 Early English ballad, Old Robin of Portingale
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Long-Term Reduction by Napping
Most mammals and human infants regularly sleep more than once per day: They
display polyphasic sleep cycles.
These days, most adult humans display monophasic sleep cycles: We sleep once
per day.
Still, we regularly display polyphasic cycles of sleepiness: with periods of
sleepiness often occurring in the later morning and late afternoon.
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Long-Term Reduction by Napping
Leonardo da Vinci is perhaps the most famous polyphasic sleeper. It is believed,
based in part on his journals, that Leonardo napped 15 min every 4 hours--thus
sleeping ~1.5 h/day.
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Long-Term Reduction by Napping
Leonardo da Vinci is perhaps the most famous polyphasic sleeper. It is believed,
based in part on his journals, that Leonardo napped 15 min every 4 hours--thus
sleeping ~1.5 h/day.
This sleep schedule was replicated in several studies by
the researcher Claudio Stampi.
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Long-Term Reduction by Napping
Summary of the findings from the Stampi nap experiments:
1. Subjects required a long time (~2 weeks) to adapt to the schedule.
2. Once adapted, they were content and displayed no deficits on performance
tests.
3. Most displayed a strong preference for particular durations (e.g., 25 min);
feeling unrefreshed if they received less than that, or groggy if they surpassed
that.
4. At first, most only showed slow-wave sleep. But eventually all subjects
returned to their relative proportions of slow-wave- and REM-sleep--though
rarely within the same nap.
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