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cHaPTer

9 Sleep

Key KnoWLeDge

 ■ sleep as a regular and naturally occurring altered state 
of consciousness that follows a circadian rhythm and 
involves the ultradian rhythms of REM and NREM 
Stages 1–4 sleep (excluding corresponding brain wave 
patterns) and physiological responses for each stage 

 ■ theories of the purpose and function of sleep (REM and 
NREM) including restoration theory and evolutionary 
(circadian) theory

 ■ the differences in sleep across the lifespan and how 
these can be explained with reference to the total 
amount of sleep and changes in a typical pattern of 
sleep (proportion of REM and NREM).

Sleep and biological rhythms 00

NREM and REM sleep 00

Theories of the purpose and function of sleep 00

Differences in sleep patterns across the lifespan 00
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Just as we experience differing states of 
consciousness within normal waking consciousness, 
it is the same when we sleep. Sleep involves a 
cyclical progression through different states which 
are associated with different levels of alertness and 
physiological responses. It is a naturally and regularly 
occurring altered state of consciousness that  
follows an internally regulated daily cycle of about 
24 hours. Within this daily cycle are shorter cycles of 
distinguishable stages and activity.  

Sleep is often defined by comparing and contrasting 
it with other states of consciousness, particularly an 
alert, wakeful state. Many definitions refer to loss of 
conscious awareness and other characteristics that we 
commonly associate with sleep. 

Eminent American sleep researchers Mary 
Carskadon and William Dement (2011) have proposed 
a definition in behavioural terms that has been widely 
adopted in psychology. Sleep is defined as a reversible 
behavioural state of perceptual disengagement 
from and unresponsiveness to the environment. It 
is typically experienced in a comfortable position, 
apparently relaxed, with eyes closed and so on, but 
these other behavioural indicators do not necessarily 
indicate sleep. By contrast, reversibility, perceptual 
disengagement and unresponsiveness to the 
environment are key characteristics that enable sleep 
to be distinguished for other states of consciousness. 
All must be evident for an organism to be considered 
asleep.

Reversibility means that a sleeper can always be 
awoken with a strong enough stimulus, such as 
noise or bodily force, and therefore ‘reverse back’ 
to the waking state quite quickly. If not, then the 

state may be a coma, an anaesthetic state or some 
similar condition. Perceptual disengagement means that 
the sleeper has no awareness of the sights, sounds, 
smells and other sensory stimuli in their external 
environment of which they are usually conscious 
in the waking state. The sleeper is therefore also 
unresponsive to environmental stimuli, although 
a strong enough sensory stimulus may awaken a 
sleeper (as reversibility states). When this occurs, the 
exact nature of the stimulus is not perceived by the 
sleeping person as it would be by an awake person.  

According to Carskadon and Dement (2011), 
behaviours associated with a conscious, waking 
state may occur during sleep. These behaviours can 
include walking, talking, teeth grinding and other 
physical activities. However, these occur in unusual 
circumstances and are not typical of sleep. 

Although there are extended periods during which 
there is a dramatic reduction or loss of conscious 
awareness, we can be conscious while asleep 
because awareness is possible during sleep. For 
example, during lucid dreaming a person becomes 
aware that the events being experienced are part of 
a dream. Similarly, a sleep walker is typically in a 
deep sleep state, yet they are walking or performing 
other complex behaviours much like when awake 
(Kennedy, 2011; Schredl & Erlacher, 2011).

Over a lifetime, we spend about one-third of our 
time asleep. This means that if we live to be 75 years 
of age, we will spend about 25 years sleeping 
(including about five years dreaming). In this chapter 
we examine the nature and purpose of sleep and age-
related differences in sleep patterns that occur across 
the lifespan. 

Figure 9.1 <Caption to come>
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SlEEP And biologiCAl 
RHytHmS
Rhythmic events occur constantly in the 
environment. The sun rises and sets each day, the 
moon moves through its monthly cycle, and the tides 
and seasons regularly repeat themselves in the same 
order through time. These rhythms are naturally 
occurring and predictable — night follows day and 
when winter comes we know that spring isn’t far 
away. With these rhythmic changes come many 
specific environmental changes, such as changes in 
temperature, hours of daylight and weather conditions 
which can all affect how we think, feel or behave.

Many of our naturally occurring physiological 
responses also follow a set pattern of periodic 
fluctuations. These cyclic changes in bodily functions 
or activities that repeat themselves through time in 
the same order are called biological rhythms. Examples 
include body temperature, blood pressure, 
blood sugar level, secretion of certain 
hormones, alertness and the sleep–wake cycle.  

Each biological rhythm is said to be 
maintained and controlled by an internal 
mechanism or neural system commonly 
referred to as a ‘biological clock’. Our biological 
rhythms and the clocks that drive them 
influence what time of day we are most alert, 
hungry, tired or physically primed to undertake 
various activities. 

The brain coordinates all the biological 
clocks so that they function in a 
synchronised way. It is believed that there is 
at least one, probably more, ‘master clocks’ 
in the brain (Kolb & Whishaw, 2014).

Two categories of biological rhythms are 
called circadian and ultradian rhythms. 
These are primarily distinguished on the 
basis of the time period over which they 
occur under normal circumstances.

Circadian rhythms
A circadian rhythm involves changes in bodily 
functions or activities that occur as part of a 
cycle with a duration of about 24 hours. The 
term circadian comes from the Latin words 
circa dies which mean ‘about one day’. The 
daily human sleep–wake cycle is the most 
extensively studied circadian rhythm. Under 
normal circumstances, sleepiness is highest 
at night and lowest in the day. The circadian 
rhythm also causes us to feel more or less alert 
at certain points of the day.

Although internally produced and 
persisting in the absence of external cues 
such as sunrise and sunset, our sleep–
wake cycle is nonetheless influenced by 
environmental time-giving stimuli which are 

Figure 9.2 The human sleep–wake cycle is a naturally occurring 
24-hour circadian rhythm regulated by a biological clock. This 
complex timekeeper is controlled by an area of the brain that 
primarily responds to light, which is why we are ordinarily most 
alert during the day, and less alert and more ready to sleep when 
it is dark outside.

used to keep it in sync with the day–night cycle that 
occurs as the Earth rotates on its axis.

Numerous studies of individuals in isolated 
environments where no natural light or other indicators 
of the time of day are available have found that the 
circadian sleep–wake rhythm is different when 
compared with before and after isolation. When in the 
time-free environment, the sleep–wake cycle becomes 
free-running and tends to be pushed forward. Participants 
tend to go to sleep slightly later and awaken a little later 
as they drift into a cycle longer than 24 hours, and closer 
to 25 hours. Although out-of-sync with their normal 
environment after isolation in a time-free environment, 
each participant’s sleep–wake cycle quickly adjusts 
to match the 24-hour day–night cycle of the normal 
environment following re-exposure to environmental 
time cues, such as light–dark, clocks, meal times, noise, 
TV programs, jobs and social interaction (see box 9.1).
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Environmental time cues are called zeitgebers, from 
the German meaning ‘time givers’. Zeitgebers help to 
maintain the biological clock to a 24-hour day. When 
a clock is reset and matched to an environmental 
cycle or changes through the influence of a zeitgeber, 
it is said to be entrained (and the process is called 
entrainment). For example, our circadian rhythms 
are typically entrained to the regular daily day–night 
cycle of our external environment. When a circadian 
rhythm is synchronised with the day–night cycle it 
may be referred to as a diurnal rhythm.

Light is the main environmental cue that influences 
the sleep–wake cycle. An area of the hypothalamus 
called the superchiasmatic nucleus (SCN) is considered 
to be the ‘master’ biological clock that regulates the 
timing and activity of the sleep–wake cycle (as well as 
body temperature and other circadian rhythms). The 
SCN is actually a pair of pinhead-sized structures that 
together contain about 20 000 neurons. It is named for 
its location just above (‘supra’) the optic chiasm, the 
point where the optic nerves that connect the eyes 
and brain cross. 

The SCN receives information about the amount 
of incoming light from the eyes and adjusts our 
sleep–wake cycle accordingly. It does so by sending 
neuronal messages to the nearby pineal gland to 
secrete more or less of the hormone melatonin into 
the blood. This activity occurs deep inside the brain, 
as shown in figure 9.4.

The amount of melatonin present in the blood is 
associated with alertness. Higher melatonin levels are 

Figure 9.3 The 24-hour circadian core body temperature cycle in relation to sleep and awake times. 
Both of these circadian rhythms are regulated by the same brain structure.
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associated with greater drowsiness and vice versa. The 
amount that is secreted varies with the amount of light 
that is detected. When there is less light, such as after 
sunset, the SCN signals the pineal gland to produce and 
secrete more melatonin, which will make us drowsy 
and induce sleepiness. Melatonin levels in the blood 
stay elevated all through the night, then fall back to low 
daytime levels before the light of a new day. When the 
SCN detects light in the morning, it inhibits the release 
of melatonin. That is why melatonin is sometimes 
called the ‘Dracula of hormones’ — it only comes out in 
the dark. Even if the pineal gland is switched ‘on’ by the 
SCN, it will not produce melatonin unless the person is 
in a dimly lit environment (National Sleep Foundation 
[NSF], 2016a). 

In addition to sunlight, artificial lighting can be 
bright enough to impede the release of melatonin. 
This includes room lights and light emitted by 
laptops, tablets and mobile phones. When light is 
detected, the SCN also performs functions such 
as initiating an increase in body temperature and 
the release of stimulating hormones like cortisol 
to promote alertness and support other arousal 
activities (Sleep Health Foundation [SHF], 2016a). It 
is believed that feedback on the level of melatonin 
in the blood is used by the SCN to modify output 
of melatonin and help regulate the overall timing 
of the sleep-wake cycle. There is also internal 
communication between the SCN and other systems 
in regulating the cycle (Kolb & Whishaw, 2014; 
Rawashdeh & Maronde, 2012).
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Figure 9.4 (a) Circadian rhythms are regulated by the superchiasmatic nucleus (SCN) within the hypothalamus, which 
is considered to be the location of the biological clock. (b) The SCN receives information about the amount of light 
from the eyes and adjusts our sleep–wake cycle accordingly. It signals the nearby pineal gland to produce and secrete 
more or less melatonin in relation to light intensity. For clarity, the SCN is shown proportionally larger than other 
structures. (c) The amount of melatonin present in the blood is associated with alertness. Higher melatonin levels are 
associated with greater drowsiness and vice versa. The amount that is secreted varies with the amount of light that is 
detected. Note the melatonin feedback loop enabling the SCN to detect the level of melatonin in the blood and modify 
the output from the pineal gland to maintain an optimum level.
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Video on circadian rhythms and SCN 4m 9s
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associated with greater drowsiness and vice versa. The 
amount that is secreted varies with the amount of light 
that is detected. When there is less light, such as after 
sunset, the SCN signals the pineal gland to produce and 
secrete more melatonin, which will make us drowsy 
and induce sleepiness. Melatonin levels in the blood 
stay elevated all through the night, then fall back to low 
daytime levels before the light of a new day. When the 
SCN detects light in the morning, it inhibits the release 
of melatonin. That is why melatonin is sometimes 
called the ‘Dracula of hormones’ — it only comes out in 
the dark. Even if the pineal gland is switched ‘on’ by the 
SCN, it will not produce melatonin unless the person is 
in a dimly lit environment (National Sleep Foundation 
[NSF], 2016a). 

In addition to sunlight, artifi cial lighting can be 
bright enough to impede the release of melatonin. 
This includes room lights and light emitted by 
laptops, tablets and mobile phones. When light is 
detected, the SCN also performs functions such 
as initiating an increase in body temperature and 
the release of stimulating hormones like cortisol 
to promote alertness and support other arousal 
activities (Sleep Health Foundation [SHF], 2016a). It 
is believed that feedback on the level of melatonin 
in the blood is used by the SCN to modify output 
of melatonin and help regulate the overall timing 
of the sleep-wake cycle. There is also internal 
communication between the SCN and other systems 
in regulating the cycle (Kolb & Whishaw, 2014; 
Rawashdeh & Maronde, 2012).
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Figure 9.4 (a) Circadian rhythms are regulated by the superchiasmatic nucleus (SCN) within the hypothalamus, which 
is considered to be the location of the biological clock. (b) The SCN receives information about the amount of light 
from the eyes and adjusts our sleep–wake cycle accordingly. It signals the nearby pineal gland to produce and secrete 
more or less melatonin in relation to light intensity. For clarity, the SCN is shown proportionally larger than other 
structures. (c) The amount of melatonin present in the blood is associated with alertness. Higher melatonin levels are 
associated with greater drowsiness and vice versa. The amount that is secreted varies with the amount of light that is 
detected. Note the melatonin feedback loop enabling the SCN to detect the level of melatonin in the blood and modify 
the output from the pineal gland to maintain an optimum level.
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Ultradian rhythms
An ultradian rhythm involves changes in bodily 
functions or activities that occur as part of a cycle 
shorter than 24 hours. The term ultradian originates 
from the Latin, meaning ‘more often than daily’.  

Many different ultradian rhythms that fluctuate 
in cycles and repeat throughout each day have been 
described. Some are interdependent and tied to a daily 
circadian rhythm. Ultradian rhythms include our 
heartbeat, which occurs thousands of times each day 
in a fairly regular and predictable rhythm. Respiration 
is another example of an ultradian rhythm occurring 
many times over the course of a day. Hunger and eating 
behaviour, secretion of different types of hormones, the 
activity of certain neurotransmitters in the brain (such 
as dopamine and noradrenaline), alertness and activity 
levels have also been described as ultradian rhythms 
that occur less frequently than heartbeat and respiration 
(Blum, et al., 2014; Wollnik, 1989).  

The best-known ultradian rhythm is human sleep. 
When we go to sleep it is not a single constant activity 
like ‘one long snooze’. Instead, it occurs as a sequence 
of distinctly different states and stages. There are also 
alternating periods of sleep with and without rapid eye 
movements and other physiological responses that are 
also considered ultradian rhythms. Generally, a complete 
sleep cycle lasts for about 90 minutes, but its duration and 
the number of cycles that occur are influenced by many 
variables such as age, health and environmental cues. 

Figure 9.5 Eating behaviour is an ultradian rhythm 
that follows a much shorter cycle than our daily sleep–
wake cycle. Generally, this cycle repeats itself about 
three times a day, as we eat three meals a day that are 
relatively evenly spaced across our daily wake period.

Box 9.1

The sleep–wake cycle in a time-free 
environment
German physiologist Jurgen Aschoff was one of the 
earliest researchers to conduct experiments on the 
sleep–wake cycle in a time-free environment. He first 
experimented with isolating humans in the early 1960s.

Aschoff (1967, 1965) built a special underground 
laboratory (like a bunker) in which participants could live 
in complete isolation from the external environment for 
an extended period. Living quarters were custom-built for 
this purpose. These consisted of small apartments fully 
equipped for long stays underground. Each apartment 
could house a group of participants who could also be 
isolated from other groups to study social factors that 
could influence the sleep–wake cycle.

While living in the bunker, the participants had no 
environmental cues that would enable them to distinguish 
night from day. For example, they had no natural lighting 
or devices such as clocks and radios. Regular meals were 
provided and they were asked to lead as normal a life as 
possible in the restricted conditions. Participants could 
also select the periods when the lights were on or off, when 
they were active and when they slept. In sum, they selected 
the length of their own day and night and therefore exerted 
control over their environmental light–dark cycle.

The results showed that participants continued to 
experience a sleep–wake activity cycle. This indicated

Figure 9.6 Aschoff’s bunker

that the cycle is produced and regulated internally and 
independently of external cues (called endogenous). However, 
on each successive day, participants tended to go to sleep 
and awaken a little later as they naturally drifted into a 25-hour 
or longer sleep–wake cycle. Many were choosing to go to 
bed from 1 to 2 hours or so later every ‘night’. Eventually, they 
were getting up at about the time the researchers outside the 
bunker were going to bed (see figure 9.7).
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Aschoff’s experiments had found that our circadian sleep–
wake cycle is free-running because it runs at a rate of the 
body’s own devising when environmental cues are absent. 
However, our body maintains harmony with the external 

environment. Although out of sync with the environment 
after their isolation, participants quickly shifted back to their 
normal sleep–waking cycles after they were exposed to 
environmental time cues such as the natural day–night cycle.

Figure 9.7 <Caption to come>
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Box 9.2

infradian rhythms 
Some rhythmic activities occur in cycles which 
extend longer than one day. These cycles are 
known as infradian rhythms. The term infradian 
comes from the Latin and means ‘less often than 
daily’. One example of an infradian rhythm is the 
menstrual cycle. While the duration of the menstrual 
cycle varies from one individual to another and 
sometimes from one cycle to the next, for most 
females the range of the cycle is usually between  
20 and 40 days, with 28 days being the average. 

The menstrual cycle is regulated by changes 
in the levels of reproductive hormones. The 
hypothalamus and the pituitary gland in the 
brain control the release of oestrogen and 
progesterone by sending messages to the 
ovaries to release various quantities of these 
reproductive hormones according to what for 
most females is a monthly timetable. The level 
of oestrogen is at its highest about midway 
through the menstrual cycle at the time of 
ovulation. Progesterone levels reach their peak 
a few days later. After the peaks, the levels  
of both hormones drop significantly (unless  
a pregnancy has occurred) until menstruation (bleeding) 
occurs and the cycle begins again (see figure 9.8).

Weblink
Distinguishing between circadian, ultradian and infradian 
rhythms 2m 17s
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Figure 9.8 The menstrual cycle is controlled by variations in the 
body’s level of the hormones oestrogen and progesterone.
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Learning acTiviTy 9.1

review questions
1 Define the meaning of sleep.
2 Why is sleep considered to be an altered state of 

consciousness?
3 Describe three key characteristics that best distinguish 

sleep from other states of consciousness. Explain with 
reference to an animal in a hibernating ASC.

4 Comment on the suitability of a definition of sleep that 
mainly refers to a naturally occurring, temporary loss of 
consciousness.

5 (a) Define the term biological rhythm.
 (b) Describe the relationship between a biological 

rhythm and a biological clock.
 (c) Is a biological clock the same as a circadian 

rhythm? If so, why? If not, how are they  
related?

 6 List three criteria that could be used to assess whether a 
biological rhythm could be called a circadian rhythm.

 7 (a)  Distinguish between circadian and ultradian 
rhythms.

 (b)  Why can sleep be described as both a circadian 
and an ultradian rhythm?

 8 Explain the meaning of entrainment in relation to a 
circadian sleep–wake cycle.

 9 Explain the roles of the superchiasmatic nucleus (SCN), 
pineal gland, melatonin, light and other environmental 
cues in regulating the human sleep–wake cycle. You 
may use a diagram to support your explanation.

10 Explain from a biological perspective why digital 
media use for a prolonged period when in bed 
just before sleep can adversely impact on the 
onset of sleep.

Learning acTiviTy 9.2

reflection
It is generally believed that every normally functioning 
cell in the human body has a biological clock  
and all their activities are synchronised. What do 
you think?

Learning acTiviTy 9.3

evaluation of research on biological 
rhythms
Read Aschoff’s experiments described in box 9.1 and 
answer the following questions.
1 Formulate a research hypothesis for the experiments.
2 Name the experimental design.
3 Identify operationalised independent and dependent 

variables.
4 Refer to figure 9.7.
 (a) Explain the purpose of the ‘Before bunker’, ‘In 

bunker’ and ‘After bunker’ conditions.
 (b) Describe the results shown for each of the three 

conditions.
 (c) Explain the results shown for each condition with 

reference to the light and dark cycle.
5 (a) Explain whether the results support a conclusion 

that the human circadian sleep–wake cycle is  
free running, with a duration longer than  
24 hours.

 (b) Explain whether a similar pattern of results could 
be expected for other mammals.

<5 lines Short>

nREm And REm SlEEP
Over the course of a typical night’s sleep we 
experience two distinctly different states or types 
of sleep known as nREm sleep, or non-rapid eye 
movement sleep, and REm sleep, or rapid eye 
movement sleep. While both have characteristics 
in common, such as reversibility, perceptual 
disengagement and unresponsiveness, there are 
significant differences between the two. 

REM and NREM exist in virtually all mammals and 
birds, and they are as distinct from one another as 
each is from wakefulness. Carskadon and Dement 
(2011) have described NREM sleep as a relatively 
inactive brain in a body that can move and REM sleep 
as an active brain in a paralysed body.

As shown in the hypnogram (‘sleep graph’) in 
figure 9.10, NREM and REM sleep periods alternate 
throughout the night in a cyclical way, with one 
following the other. The biological purpose or 
function of the alternations between NREM and REM 
sleep is not yet understood, but irregular cycling and 
absence of either sleep state are associated with sleep 
disturbances and disorders. 

A complete sleep cycle consists of a period of 
NREM sleep (but not necessarily all four stages) 
and a period of REM sleep. Generally, in the ideal 
case of a normal young adult who sleeps well, 
each cycle is repeated about five or six times each 
night, depending on the duration of the sleep. The 
lengths of individual cycles show considerable 
variability during an entire sleep episode. For 
example, the average length of the first NREM–REM 
sleep cycle, measured from sleep onset to the end 
of the first REM period, is about 70 to 100 minutes. 
The duration of the second and later sleep cycles, 
measured from the end of a REM sleep period to the 
end of the next, is generally longer lasting — about 
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90 to 120 minutes. Overall, however, the average 
length of each NREM–REM sleep cycle is commonly 
described as ‘about 90 minutes’ (Carskadon & 
Dement, 2011; Lavie, 1996; SHF, 2016b).  

There are also other variations in the patterns and 
proportions of NREM and REM sleep. In younger 
adults, stages 3 and 4 sleep tend to predominate 
in NREM sleep during the first half of the sleep 
episode, particularly in the first two cycles. As the 
night progresses, stage 2 begins to account for the 
majority of NREM sleep, and stages 3 and 4 may 

disappear. Consequently, the first third of the night is 
the time when the deepest sleep usually occurs. REM 
sleep periods increase as the night progresses and is 
longest in the last third of the night. In addition, brief 
episodes of wakefulness tend to occur in later cycles, 
generally in association with transitions between 
stage 2 and REM sleep, but these brief arousals are 
usually not remembered in the morning. The wakeful 
periods are considered part of a sleep episode rather 
than waking time (Carskadon & Dement, 2011; 
Dement, 2006; Lavie, 1996).

NREM sleep

Stage 1

Stage 2

Stage 3

Stage 4 REM sleep

20–25%

NREM sleep

24 Hours

REM sleep
Awake

75–80% 

Figure 9.9 Average proportion of time younger adults spend daily in NREM 
and REM sleep

nREm sleep 
NREM sleep is conventionally 
subdivided into four stages. 
Approximately 75–80% of our total 
sleep time is spent in NREM sleep. 
Typically the first half of the night 
has more NREM sleep than the 
second half of the night.  

Each of the four NREM stages 
has a distinguishable pattern of 
physiological activity. Change in 
brain wave pattern is primarily used 
to identify an individual’s stage of 
sleep and their transition between 
stages. Every stage is dominated by 
a particular brain wave pattern that 
is different from that of the other 
stages. Although the brain is active 
during NREM sleep, it is not as 
active as during REM sleep or during 
normal waking consciousness. 

Overall, NREM sleep is 
characterised by a reduction 
in physiological activity. Each 
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Figure 9.10 A typical sleep episode across a single night for a healthy 
young adult. The hypnogram shows alternating cycles of NREM and REM 
sleep and the relative amount of sleep spent in each of these. Note that 
as the sleep episode progresses, stages 3 and 4 (deepest sleep) may 
not be experienced and that REM sleep periods tend to get longer and 
be closer together. Stage 1 may be skipped at different times during the 
episode, most commonly just before the first REM period. There may also 
be brief awakenings during the episode.
Source: based on Carskadon M., & Dement W.C. (2005). Normal human sleep: An overview. 
In M.H. Kryger, T. Roth & W.C. Dement (Eds.), Principles and practice of sleep medicine (4th 
ed., pp. 13–23). Philadelphia: Elsevier Saunders.
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successive stage of NREM sleep is indicative of a 
deeper sleep, with stage 1 as the lightest and stage 4 
as the deepest. As sleep gets deeper, the brain waves 
get slower and bigger, breathing and heart rate slow 
down, and blood pressure drops. We also transition 
back again from the deep sleep of stage 4. As shown 
in figure 9.10, it is common to miss one or more of 
the NREM stages and have brief periods of awakening 
during a sleep episode.

The transition period from being awake to being 
asleep is called sleep onset and the length of time it 
takes to transition from being awake to being asleep 
is called sleep latency. This ‘pre-sleep’ period may last 
for a minute or two and is normally followed by stage 
1 of NREM sleep. Consequently, NREM stage 1 is the 
entry point of sleep for most people (but in infancy 
and certain sleep disorders such as narcolepsy sleep 
onset may occur into REM sleep).  

Sleep onset is often called a hypnagogic state 
because of the unusual hallucinatory type perceptual 
experiences that may occur. These may include 
visual, tactile, auditory and movement sensations, 
such as flashes of light or colour, feelings of floating 
and weightlessness, dreamlike images that resemble 
vivid photographs or a sense of falling or slipping. A 
hypnagogic state is accompanied by a distinguishable 
brain wave pattern and may also be experienced 
when transitioning from being asleep to being awake.

The precise definition of when an individual can 
be said to have actually fallen asleep has been an 
ongoing topic of debate, primarily because there is 
no single measure that is 100% clear-cut 100% of the 
time. For example, in studies of sleep onset, some 
people report that they are still awake when their 
brain wave pattern and other physiological responses 
clearly indicate the presence of sleep (Carskadon & 
Dement, 2011). 

Nonetheless, during sleep onset, our body is 
winding down. It is primarily characterised by the 
slowing, reduction and eventual disappearance of 
alpha brain activity. This is also a key characteristic 
of NREM stage 1, so some sleep researchers describe 
sleep onset as occurring through NREM stage 1 
rather than into stage 1 (American Academy of Sleep 
Medicine [AASM], 2014; Carskadon & Dement, 2011). 

Stage 1
NREM stage 1 occurs as we drift into and out of a 
true sleep state. We tend to gradually lose awareness 
of ourselves and our surroundings, but some of the 
time we may be actually aware of faint sounds in our 
environment.  

The point at which stage 1 is actually entered in 
the first sleep cycle is difficult to distinguish. Given 
the cyclical natural of NREM, stage 1 may also follow 
arousal from NREM stages 2, 3, 4, or REM sleep.

Physiological changes that indicate a lower level of 
bodily arousal — a decrease in heart rate, respiration, 

body temperature and muscle tension — are all 
evident in stage 1. Some slow, rolling eye movements 
may also be observed.

As a result of the muscles relaxing, we sometimes 
experience involuntary muscle twitches, as if our 
body, or a part of our body, seems to go into a spasm. 
In addition, there is an overall slowdown in the brain 
wave pattern (as irregular theta waves start to mix 
with then replace rhythmic alpha waves). 

Stage 1 in the first NREM–REM cycle of a normal 
young adult lasts for about 5 minutes after falling 
asleep, but for as little as 1 minute or so for some 
people or up to 7 or 8 minutes for others. In relation 
to an entire sleep episode, it amounts to about 4 or 
5% of the total sleep time. 

We can be easily awakened during stage 1 by a 
gentle nudge or sound such as a door closing, which 
means stage 1 has a low arousal threshold. If awoken 
during stage 1, we may feel as if we haven’t been 
asleep at all. Sometimes, we may deny ever having 
been asleep, even after we have failed to respond to 
an external stimulus earlier in the stage. A common 
sign of severely disrupted sleep is an increase in the 
amount and percentage of stage 1 sleep (Carskadon & 
Dement, 2011).

Stage 2
NREM stage 2 is a period of light sleep, and during 
the first cycle some researchers identify this as 
the point at which someone can be said to be truly 
asleep. Although our sleep is less easily disturbed 
than it is in stage 1 and requires more intense 
stimuli than in stage 1 to awaken (which means 
it has a higher arousal threshold than stage 1), we 
can still be easily aroused from sleep during stage 
2. When people are awakened during the first half 
of this stage in particular, about seven out of ten 
report that they really didn’t think they were asleep, 
but were just dozing and thinking. About midway 
through stage 2, we are unlikely to respond to 
anything except extremely strong or loud stimuli, 
indicating that our sleep has become noticeably 
deeper (Coren, 1996). 

Stage 2 in the first cycle lasts for about 10 to  
25 minutes and lengthens with each successive 
cycle, eventually constituting about 45 to 55% of the 
total sleep episode, which is the bulk of an ‘average’ 
person’s sleep each night.

As we transition from stage 1 to 2 in the first 
cycle, body movements lessen, breathing becomes 
more regular, blood pressure and temperature 
continue to fall, heart rate is slower and eye 
movements stop. The brain wave pattern is slower 
(predominantly theta waves). Brief bursts of rapid 
brain waves (called sleep spindles), lasting for about 1 
or 2 seconds periodically appear, and their presence 
is used as an indicator by most researchers that the 
person is truly asleep. 
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Stage 3 
Stage 3 is the start of the deepest period of sleep. It has 
been described as moderately deep sleep (Coren, 1996) 
and as an interim or transitionary stage between the 
shallow sleep of stage 2 and the deep sleep of stage 4 
(Lavie, 1996). Stage 3 typically lasts only a few minutes, 
sometimes up to 10 minutes, and constitutes about 3 to 
8% of total sleep time. In sleep cycles in the latter half 
or so of a sleep episode there may be no stage 3 sleep at 
all (Carskadon & Dement, 2011) 

During stage 3, heart rate, blood pressure and body 
temperature continue to drop, and the breathing 
rate continues to be slow and steady. Lack of 
eye movement also continues to be evident. The 
individual is extremely relaxed, and they become less 
and less responsive to external stimuli. In this stage, 
people are difficult to arouse, but if they are awoken 
they are often groggy and disoriented. The arousal 
threshold is higher than for stage 2. 

EEG activity is also noticeably different from that of 
earlier NREM stages. Brain waves slow further, with 
delta waves becoming increasingly prominent and 
making up about 20–50% of the brain wave pattern 
recorded during the stage.

The presence of delta waves is used by researchers 
to define the beginning of slow wave sleep (SWS), so 
called because of the slower frequency delta waves. 
When the EEG shows that delta waves comprise more 
than 50% of the brain wave activity, the person has 
entered stage 4, the deepest stage of sleep, and it will 
be very difficult to awaken them.

Stage 4 
Stage 4 is the deepest stage of sleep with the highest 
arousal threshold. It might best be called very deep 
sleep (Coren, 1996). The physiological signs of stage 4  

Figure 9.11 Cats experience both NREM and REM sleep periods. 
(a) A cat in NREM sleep can remain in an upright position. (b) With 
the onset of REM sleep, the muscles completely relax and the cat will 
usually lie down.

(a) (b)

are very similar to those in stage 3. In stage 4, our 
muscles are completely relaxed and we barely move. 
There are no eye movements. Heart rate, blood 
pressure and body temperature are at their lowest and 
most regular.

Delta waves dominate the EEG pattern. They 
occur more than 50% of the time (which defines the 
commencement of the stage) and may become even 
slower and larger than those in stage 3. A person 
in stage 4 is very difficult to awaken — harder than 
in any other stage. It is at this point during a sleep 
episode that people are often said to be ‘sleeping like 
a log’ or ‘out like a light’. When they are woken, they 
can feel groggy and take several minutes to orient 
themselves, and usually have a poor memory of 
sleep events. This is sometimes referred to as ‘sleep 
drunkenness’, although psychologists prefer the term 
sleep inertia when referring to the post-awakening 
‘mental lag’. 

In the first sleep cycle, a person may spend 
between 20 to 40 minutes in stage 4, after which 
a series of body movements usually marks the 
transition to lighter non-REM sleep stages. A brief, 
1- or 2-minute period of stage 3 sleep might occur, 
followed by perhaps 5 to 10 minutes of stage 2 sleep 
interrupted by body movements preceding the initial 
REM period. 

As the night progresses, less and less time is 
spent in stage 4 and stage 4 sleep may disappear 
altogether, as may occur with stage 3 sleep. Overall, 
stage 4 makes up about 10 to 15% of total sleep time 
(Carskadon & Dement, 2011).

Primarily because of their similarities in relation 
to physiological responses, stages 3 and 4 are now 
commonly combined and described as one stage 
called slow wave sleep, delta sleep or simply stage 3. 
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The progression through the first NREM sleep cycle 
from stage 1 to stage 4 takes about 45 to 60 minutes or 
so before we gradually move back up through stages 3 
and 2. Having passed through one complete NREM 
sleep cycle, we are unlikely to awaken, although our 
brain and body begin to respond as if we are on the 
point of waking. These are signs that we are about to 
move into REM sleep.

REm sleep 
Approximately 20–25% of our total sleep time is 
spent in REM sleep. As the term suggests, REM 
sleep is defined by spontaneous bursts of rapid eye 
movement during which the eyeballs rapidly move 
beneath the closed eyelids, darting back and forth and 
up and down in jerky, but coordinated movements. 
The brain wave pattern associated with REM sleep 
generally consists of rapid, irregular, mixed frequency 
activity, like that produced during alert wakefulness. 
The body’s internal functioning is more active during 
REM sleep than during NREM sleep. The heart rate 
is faster and more irregular. Blood pressure rises, and 
breathing is quicker and more irregular. However, the 
sleeper looks totally relaxed (Carskadon & Dement, 
2011; Colten & Altevogt, 2006).

Figure 9.12 Sleep terrors tend to occur during the deep sleep of stages 3 and 4. A person experiencing a sleep 
terror may awaken suddenly, ‘terrified’ and perspiring profusely. Unlike the experience of a nightmare, a person has 
little or no recall of their sleep terror episode on awakening (see box 10.3). 

Although there are occasional twitching movements 
in the small muscles of the face, fingers and toes, 
most of the skeletal muscles (those attached to bones) 
are limp, and the body shows few outward signs 
of movement. An observer might say the sleeper 
appears paralysed during REM sleep. Consequently, 
REM sleep is called paradoxical sleep — internally, 
the brain and body are active, while, externally, the 
body appears calm and inactive. The purpose of the 
apparent body paralysis remains unclear. 

Research indicates that most dreaming occurs 
during REM sleep. In sleep laboratories, if a research 
participant is woken during REM sleep, about 80% 
of the time they will report having been dreaming 
at the time of being woken. Although some people 
believe they do not dream at all, research findings 
suggest that we typically dream several times a night, 
even though we may not remember dreaming. 

Dreams also occur during all NREM sleep stages 
and can be as bizarre as those in REM sleep, but 
these are less frequent, less structured, less likely  
to be recalled and less vivid than those of REM 
dreams. Typical REM dreams have a narrative 
structure and consist of storylines that can range 
from realistic to complete fantasy (Kennedy, 2011). 
NREM dreams may be better referred to as  
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‘dream imagery’ — more colours and abstract shapes 
than the storybook-type dreams that the active REM 
brain constructs (Morton, 2015). Given the nature of 
REM dreams and the simultaneous body paralysis, 
some psychologists have proposed that the loss of 
muscle tone inhibiting movement (sometimes called 
sleep paralysis) may serve an important function 
of preventing an individual from ‘acting out’ their 
dreams or nightmares while sleeping (Carskadon & 
Dement, 2005).

Some psychologists have hypothesised that the 
rapid eye movements characteristic of REM sleep 
correspond to activity in dreams; for example, that 
someone who is woken up when their eyes were 
moving from left to right would say they were 
dreaming about tennis. However, research studies 
have found that a dreamer’s eye movements are 
unrelated to the content of their dreams (Kennedy, 
2011). Moreover, people who have been blind since 
birth experience REM sleep, despite the fact that 
they’ve never experienced sight.

It is generally believed that eye movements are 
simply physiological activity that is occurring at the 
same time as random neural activity of the brain. 
Although many psychologists support this view, 
the specific reason for the rapid eye movements is 
unclear. 

REM sleep periods lengthen and occur closer together 
as a sleep episode progresses. The first REM period 
that occurs earlier in the night may last for only 1 to 
5 minutes or so, the second about 12–15 minutes, the 
third about 20–25 minutes, while a later REM period 
towards the end of a sleep episode may last even longer. 
This may explain why you are often dreaming when you 

Figure 9.13 The eye muscles are exempt 
from the paralysis of REM sleep. These 
double-exposure photographs capture the 
rapid eye movements, during which vivid 
dreaming occurs, as do heightened levels 
of internal physiological responses such as 
heart rate, respiration rate and brain wave 
activity.

are woken by an alarm in the morning (Carskadon & 
Dement, 2011; Lavie, 1996).  

Whether or not REM sleep is considered to be 
light or deep sleep when compared with NREM 
sleep depends on which criteria are used. REM sleep 
is clearly more like wakefulness than NREM sleep 
when brain wave activity is considered. However, 
if muscle tone is considered, then REM sleep can 
be called deep sleep due to muscle tone being at its 
lowest point. Therefore, psychologists tend to view 
REM sleep as sharing properties of both light and 
deep sleep. 

The arousal threshold of REM sleep throughout 
the night is variable. It seems to depend on when 
during a REM period awakening is attempted. 
Generally, the arousal threshold may be like that 
of NREM stage 2 or NREM stage 4 (Ermis, Karsten 
& Voss, 2010). REM sleep is not a uniform state in 
relation to physiological responses. For example, a 
REM sleep period may comprise bursts of rapid eye 
movement activity accompanied by muscle twitches 
and breathing irregularities separated by episodes 
of relative inactivity. This has led some researchers 
to define REM stages or ‘sub-states’ called tonic REM 
and phasic REM, which are more similar to each 
other than to any of the NREM stages. However, the 
tonic–phasic distinction is primarily made for certain 
research purposes only. REM sleep usually is not 
divided into stages (Carskadon & Dement, 2011).

Weblink
Article: Alan Hobson and the neuroscience of dreams
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Awake–alert

NREM stage 1

State of
consciousness

NREM stage 2

NREM stage 3

NREM stage 4

REM

EMG
10 seconds

EOG
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EEG
1 second

Figure 9.14 Comparison of NREM and REM sleep on three physiological responses 
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Box 9.3

generalisations about sleep in the normal 
young adult
A number of general statements can be made regarding sleep 
in the ‘normal’ young adult who is living on a conventional 
sleep–wake schedule and who is without sleep complaints.
•	 Sleep is entered through NREM sleep.
•	 NREM sleep and REM sleep alternate with a period 

near 90 minutes.
•	 NREM stages 3 and 4 (SWS) predominates in the first 

third of the night 
•	 REM sleep predominates in the last third of the night.
•	 Wakefulness in sleep usually accounts for less than 5% 

of the night.
•	 NREM Stage 1 sleep generally constitutes 

approximately 2% to 5% of sleep.

•	 NREM Stage 2 sleep generally constitutes approximately 
45% to 55% of sleep.

•	 NREM Stage 3 sleep generally constitutes approximately 
 3% to 8% of sleep.

•	 NREM Stage 4 sleep generally constitutes approximately 
10% to 15% of sleep.

•	 NREM sleep, therefore, is usually 75% to 80%  
of sleep.

•	 REM sleep is usually 20% to 25% of sleep, occurring 
in four to six discrete episodes.

Source: Carskadon, M.A., & Dement, W.C. (2011). Monitoring 
and staging human sleep. In M.H. Kryger, T. Roth, &  
W.C. Dement (Eds.), Principles and practice of sleep medicine  
(5th edition, pp. 16–26). St Louis: Elsevier Saunders.

Box 9.4

Posture movements happen during a 
typical night’s sleep
Some people think they don’t move at all during sleep. 
However, eminent American sleep researcher Allan Hobson, 
with the assistance of a photographer, demonstrated that 
this is not true. According to Hobson (1988), everybody 
makes at least eight to 12 major posture shifts in a typical 
night’s sleep. Poor sleepers may even double or triple this 
figure. Most people change their sleeping position twice per 
cycle. The first change usually occurs at the end of NREM 
stage 4 sleep, and the next major movement occurs just 
before commencing REM sleep. 

To demonstrate the movements during a typical night’s 
sleep, Hobson arranged for a photographer to set up a 
camera in a sleep laboratory so that a photograph was 
automatically taken of a sleeping person approximately 
every 4 minutes over the course of a night. The sleeper 
was also attached to an EEG and an EOG. The series 
of photos showed that in four sleep cycles, the person 
shifted posture nine times.

According to Hobson, if a person moves too frequently, 
the tossing and turning results in a disturbed sleep, 
and the person may awaken in the morning not feeling 
refreshed.

Figure 9.15 Couples who regularly sleep in the 
same bed tend to have synchronised NREM and 
REM sleep cycles and movements.
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Learning acTiviTy 9.4

review questions
 1 Copy and complete the table below to summarise distinguishing characteristics of NREM and REM sleep.

type of sleep

muscle 
tone, bodily 
movements(Emg)

Eye 
movements(Eog)

brain waves 
(EEg)

Heart rate, 
respiration, 
body 
temperature

Arousal 
threshold dreams

Change in 
duration 
across 
a sleep 
episode

NREM Stage 1

NREM Stage 2

NREM Stage 3

NREM Stage 4

REM

 2 Refer to the table and list three characteristics that 
best distinguish NREM and REM sleep. Explain why 
NREM and REM sleep are considered to be two 
different states of sleep.

 3 Explain whether the NREM stages are four different 
states of consciousness.

 4 Why are NREM stages 3 and 4 commonly referred to 
as slow wave sleep?

 5 Why is REM sleep sometimes referred to as 
paradoxical sleep?

 6 Explain whether REM sleep is best described as deep 
sleep or light sleep. 

 7 (a)  Distinguish between a sleep cycle and a 
sleep episode.

 (b)  Explain whether sleep cycles and sleep episodes 
may occur voluntarily, involuntary or both.

 8 Outline the pattern and proportions of NREM and 
REM sleep in a typical night’s sleep by a young 
adult. You may use a diagram (such as a chart or 
hypnogram) to support your description.

 9 (a) When could you experience a hypnagogic state?
 (b)  Explain whether this is an ASC distinguishable 

from sleep or dreaming.
10 In which half of a sleep episode is a person:
 (a) more easily awakened?
 (b) more likely to be harder to awaken?
 (c) likely to be dreaming?
 Explain each answer.
11 If you wanted to wake up mid-dream as soon as 

possible after falling asleep, how would calculate 
when to set up your alarm?

Learning acTiviTy 9.5

reflection
Primarily because of their similarities in relation to physiological responses, stages 3 and 4 are now commonly 
combined and described as one stage called slow wave sleep, delta sleep or simply stage 3. Which terms do you 
believe is most appropriate and why?

Learning acTiviTy 9.6

visual presentation — comparing nreM 
with reM sleep 
Create a poster that differentiates the characteristics of 
NREM and REM sleep. In your poster, ensure you refer to: 
•	 the cyclical nature of sleep
•	 the pattern and proportions of NREM and REM sleep in 

a typical sleep episode of a young adult under normal 
circumstances

•	 physiological responses that distinguish each sleep 
state and the NREM stages, such as 
- muscle tone and bodily movements
- eye movements
- brain wave activity
- other physiological responses
- dreams
- responsiveness to external stimuli/ease of waking 

(arousal threshold).

<AU: Please 
take note of the 
renumbering 
of LA Box due 
to pagination 
purpose. 
LA 9.6 changed 
to 9.7, LA 9.7 
changed to 9.8, 
LA 9.8 changed 
to 9.6>
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Learning acTiviTy 9.7

analysis of data — interpreting hypnograms
1 Identify all the sleep cycles in each version of a hypnogram shown below.
Hynogram 1

23:00

NREM S4

NREM S3

NREM S2

NREM S1
REM

Wake

00:00 01:00 02:00 03:00 04:00 05:00 06:00

Hynogram 2

24
Body

movement

REM

S4

S3

S2

S1

Wake
Progression of sleep stages during a single night in a normal young adult.

1 2 3 4 5 6 7

Source: reprinted from Kryger, M., Roth, T. & Dement, W.C. (2005). Principles and practice of sleep medicine.  
In M. Carskadon & W.C. Dement, Normal human sleep: an overview (4th ed., p. 18). St Louis: Elsevier Saunders.

2 Comment on the accuracy of the hypnogram below with reference to three characteristics of a typical sleep episode 
of a young adult.

11 PM

NREM S4

NREM S3

NREM S2

NREM S1
Light

non-REM
sleep

Deep
non-REM

sleep

REM

Cycle 1
Wakefulness

Midnight 1 AM 2 AM 3 AM 4 AM 5 AM 6 AM

Cycle 2 Cycle 3 Cycle 4
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Learning acTiviTy 9.8

analysis of data on physiological 
responses during sleep 
A researcher obtained sleep data on three participants 
observed in a sleep laboratory. Extracts from the data are 
summarised below. Consider the data for each participant 
and identify the NREM stage during which the data were 
obtained or whether the data indicate REM sleep. 

Participant 1 
EOG pattern: no eye movement 
EMG pattern: little muscle tension and movement 
EEG pattern: brain wave activity quite slow (mainly 
medium amplitude, medium frequency theta waves) 
Other physiological responses: breathing has settled into 
a more regular pattern; slight drop in blood pressure, 
temperature and heart rate 
Observations: 
•	 Participant reported that they were ‘just dozing’ during 

this time. 
•	 Participant reported hearing something smash on 

the floor in the sleep researcher’s office (low arousal 
threshold). 

Participant 2 
EOG pattern: frequent eye movements under 
closed eyelids

EMG pattern: no muscle tension or movement apart from 
occasional facial twitches 
EEG pattern: irregular high-frequency brain wave activity 
(periods of low amplitude beta-type brain waves and 
occasionally some alpha-type waves)
Other physiological responses: fast and irregular heart rate 
and breathing; relatively high blood pressure 
Observations:
•	 Participant was difficult to awaken (high arousal 

threshold). 
•	 Participant reported they had been dreaming and could 

describe the dream in vivid detail. 

Participant 3 
EOG pattern: no eye movement 
EMG pattern: almost no muscle tension or movement 
EEG pattern: only very slow brain waves (low frequency, 
high amplitude delta) 
Other physiological responses: heart rate, blood pressure 
and temperature all low; slow and steady breathing 
Observations:
•	 Participant was very difficult to awaken (high arousal 

threshold). 
•	 Participant was disoriented on awakening. 
•	 Participant reported they had been dreaming but had 

limited recall of the dream.

tHEoRiES of tHE PURPoSE 
And fUnCtion of SlEEP 
We have all experienced the effects of going without 
sleep for varying periods of time so we know it is 
important for good physical and mental health. The 
impact of sleep loss has also been well researched 
and documented by psychologists. It is clear that 
we cannot avoid the need for sleep. Eventually our 
bodies shut down and we sleep whether we want to 
or not. Even though it is well-known that we need 
sleep, there is less certainty about why we sleep — 
the purpose and all the functions of sleep.  

Research findings on biological processes influencing 
sleep, the differing needs for sleep between individuals 
and among people of different ages, and research 
findings on the effects of sleep deprivation, have led 
psychologists to propose various theories about why 
we sleep. Two of the more prominent theories are the 
restoration and evolutionary (circadian) theories.  

Restoration theory
If someone asked you why you sleep, there is a 
good chance that your answer would refer to being 
tired and needing to rest and recover from the day’s 
activities. This is essentially the purpose and function 
of sleep according to restoration theory. Restoration 
theory, also called recovery theory and repair theory, 
proposes that sleep provides ‘time out’ to help us 

recover from depleting activities during waking time 
that use up the body’s physical and mental resources. 

According to the theory, sleep provides an 
opportunity for the body to recover by replenishing 
resources that have been used up during the 
day, including neurotransmitters that are vital to 
communication between neurons. It also allows any 
damaged cells to be repaired and various muscles 
to be detoxified or rid themselves of waste products. 
This view is supported by the experiences most 
people have of feeling tired before they sleep and 
feeling refreshed and more energetic upon waking. 
Furthermore, people usually sleep for a longer period 
of time during an illness, suggesting that sleep may 
have something to do with the recovery process. 

The popular belief that sleep helps us ward off illness 
is supported by research. For example, studies have 
found that immune system cells that fight infection 
and disease are produced during sleep (Inoue, Honda 
& Komoda, 1995; Motivala & Irwin, 2007). However, an 
adequate amount of sleep in itself does not guarantee 
good health. For example, a team of Australian 
researchers who conducted a cross-sectional study 
using a sample of 4983 4–5-year-olds found little or 
no relationship between sleep duration and mental or 
physical health of the children (Price, et al., 2015).

Research evidence supporting restoration theories 
includes findings from sleep laboratory studies that sleep 
is a period of physiological rest. For most of the time 

UNCORRECTED P
AGE P

ROOFS



19

c09Sleep 19 24 August 2016 12:21 PM

CHAPtER 9 Sleep

c09Sleep 19 24 August 2016 12:21 PM

when we are asleep, large and small muscles throughout 
the body are relaxed, body functions such as heart and 
breathing rates slow down, and the rate of neural activity 
in various structures of the brain is slightly reduced. 
Growth hormone, which also promotes body repair, is 
secreted at a much higher rate when asleep than when 
awake. Its secretion typically takes place during the first 
few hours after falling asleep, especially during NREM 
deep sleep (Colten & Altevogt, 2006). 

In one of the earliest studies to test restoration 
theory, researchers investigated the effects of 
strenuous physical exercise on sleep. Sleep recordings 
of ultramarathon runners who had participated in 
a 92-kilometre road race were conducted over four 
consecutive nights. The results showed that when 
allowed to sleep for as long as they needed to, the 
runners slept significantly deeper and longer in the 
two nights following the race, suggesting a restorative 
need for sleep (Shapiro, et al., 1981) (see figure 
9.16). However, this study involved extreme physical 
activity over a prolonged period. Although there is 
considerable research evidence that physical activity 
can improve sleep quality and increase sleep duration, 
we do not necessarily need to sleep more than usual 
after a particularly active day (Breedlove, Watson & 
Rosenzweig, 2010; Hornem & Minard, 1985). 

Different people need different amounts of sleep 
and this is influenced by numerous biological and 
lifestyle factors such as age, genes, physical health, 
diet and tasks undertaken before going to bed. Overall, 
even after a series of physically demanding days, some 
people can cope very well with much less sleep and 
some need much more every night (NSF, 2016b).

Other research findings supporting restoration 
theory comes from sleep deprivation studies. For 
example, experiments with rats have found that 
prolonged sleep deprivation results in breakdown 
of various bodily tissues (e.g. skin sores fail to heal) 
and death within three weeks. Allowing them to 
sleep prevents their death. In humans, prolonged 
sleep deprivation has been found to suppress 
immune system functioning, resulting in heightened 
susceptibility to illness and disease. However, there 
is not necessarily a cause–effect relationship between 
sleep loss and health problems (Everson, 1997; 
Motivala & Irwin, 2007).

Restorative functions of nREm and 
REm sleep 
It is also suggested that NREM and REM sleep tend 
to have different restorative effects. Generally, NREM 
sleep is considered to be important for restoring 
and repairing the body. For example, physical 
growth, tissue repair and recovery from the effects 
of fatigue may occur during slow wave, stages 3 and 
4 of NREM sleep when the brain is least active. A 
different restorative role of REM sleep is suggested 
by the fact that REM sleep is much more abundant 
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Figure 9.16 Effect on sleep of running a marathon. 
This graph shows the average time spent in each sleep 
stage by athletes on each of four nights following a 
92-kilometre ultramarathon, compared with control 
nights (two weeks before and two weeks after the 
marathon). Notice that the main effects were an 
increase in the time spent in deep sleep (stages 3 and 
4) and a decrease in REM sleep on the first two nights 
after the marathon.
Source: based on Shapiro, C.M., Bortz, R., Mitchell, D., Bartel, P., & 
Jooste, P. (1981). Slow wave sleep: A recovery period after exercise, 
Science, 214, 1253–1254.

in the developing fetus and infant than in childhood 
and subsequent lifespan stages. This indicates that 
REM sleep may play an important part in the peak 
period of brain development that occurs in the early 
stages of the lifespan. For example, it may provide 
stimulation that is essential for developing the brain, 
doing so at a time when the brain is less preoccupied 
with the mental processes and other activities of 
everyday life (Breedlove, Watson & Rosenzweig, 2010; 
Hockenbury & Hockenbury, 2006).

It has also been proposed that REM sleep has a 
restorative role throughout the lifespan by providing 
regular ‘exercise’ to groups of neurons in the brain 
that form neural pathways, thereby promoting the 
maintenance of brain circuits. Synapses (where 
neighbouring neurons communicate) can deteriorate 
if they go too long without being active, so the 
increased brain activity observed during REM sleep 
may help preserve important neural pathways 
(Hobson, 1988).
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There is also evidence that REM sleep may assist in 
the consolidation of new memories. For example, an 
experiment with laboratory-bred rats found that they 
performed better on a learning task (such as running 
a maze) several hours after learning if they were 
permitted REM sleep soon after learning, compared with 
rats deprived of REM sleep during that time (Kavanau, 
2000; Smith, 1985).

A similar experiment with people found improved 
performance when REM sleep occurred after learning 
a particular motor task, such as pressing a key on a 
keyboard after visually locating an object hidden in 
a textured background (Karni, et al., 1994). Learned 
motor skills, such as tapping one’s fingers in a particular 
sequence as if playing notes on a piano, also improve 
significantly when a period of REM sleep follows 
initial practice (Walker, et al., 2002). This suggests 
that REM sleep may have a role in the consolidation 
of procedural, implicit memories. There is no 
relationship, however, between time spent in REM 
sleep and learning capacity in general. Even if REM 
sleep aids learning, it is not absolutely essential for 
learning. Similarly, there is little evidence that lack of 
REM sleep (or NREM sleep) is detrimental to memory 
formation (Breedlove, Watson & Rosenzweig, 2010; Kolb 
& Whishaw, 2006; Smith, Nixon & Nader, 2004).

Psychologists generally agree that REM sleep probably 
serves an important biological need. In the controlled 
conditions of sleep laboratories, people have been woken 
up each time they lapsed into REM sleep with no obvious 
ill-effects. However, when they were allowed to sleep 
uninterrupted following periods of interrupted REM 
sleep, they spent more time than they normally would in 
REM sleep. It seemed that for some reason they needed 
to make up for lost REM sleep (Dement & Vaughan, 
1999). Psychologists refer to this as REM rebound. REm 
rebound involves catching up on REM sleep immediately 
following a period of lost REM sleep by spending more 
time than usual in REM sleep when next asleep. 

While some research findings suggest that NREM 
and REM sleep have restorative functions in relation 
to the body and the brain, it has not been conclusively 
established in a cause–effect way precisely what, if 
anything, is actually restored, repaired or revitalised 
during sleep and at no other time. More active people do 
not necessarily sleep longer and, for people in general, 
the amount of sleep we have does not necessarily 
decrease whenever our level of daytime activity 
decreases, and vice versa. Although sleep deprivation 
studies have found that even relatively little sleep loss 
can impair physiological and mental performance on 
certain tasks, these studies have not clearly identified 
any function for which sleep is essential. Nor has 
research in general established that restoration is the 
only function of sleep. If restoration was the only 
function of sleep, we would expect that a physically 
disabled person confined to bed would sleep less than a 
physically active person. This, however, is not the case.

Figure 9.17 REM sleep is much more abundant in 
the infant than in childhood and subsequent lifespan 
stages, indicating it may play an important part in the 
peak period of brain development that occurs in the 
early stages of the lifespan.

Evolutionary (circadian) theory
Evolutionary (circadian) theory on the purpose and 
function of sleep emphasises the relationship of sleep 
to circadian rhythms and how sleep has adaptive 
value and has evolved to enhance our survival. 
More specifically, evolutionary (circadian) theory, 
also referred to more simply as evolutionary theory, 
circadian theory, adaptive theory and survival theory, 
proposes that sleep evolved to enhance survival by 
protecting an organism through making it inactive 
during the part of the day when it is most risky or 
dangerous to move about. The organism’s circadian 
sleep–wake cycle helps ensure its lifestyle and 
specific activities are synchronised with the day–night 
cycle of its environment and at the safest times.  

According to evolutionary (circadian) theory, 
once an organism has fulfilled all its survival 
functions such as eating, drinking, caring for its 
young and reproducing, it must spend the rest of 
its time conserving energy, hidden and protected 
from predators. While sleeping, an organism is not 
physically interacting with the environment and 
is less likely to attract the attention of potential 
predators. Thus, according to the theory, sleep serves 
the function of protecting the sleeper from harm 
or death, and therefore enhances survival of the 
species. Moreover, the sleep–wake cycle is regulated 
by circadian processes that are tied to light–dark 
changes and support the safer lifestyle by ensuring 
the scheduling of activities and biological functions at 
appropriate times in the daily environmental cycle.

Research evidence for evolutionary (circadian) 
theory comes mainly from studies on behaviour 
patterns and sleep–wake cycles of different species. 
An animal’s typical amount of sleep depends to 
a significant extent on how much time it needs 
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to obtain food, how easily it can hide, and how 
vulnerable it is to attack. Large animals that are 
vulnerable to attack sleep little. Large predatory 
animals, which are generally not vulnerable, sleep a 
lot. For example, animals with few natural predators, 
such as lions, tigers and gorillas, sleep as much 
as 15 hours a day. Grazing animals such as cows, 
deer, horses, zebra and buffalo have many predators 
and struggle to escape from them, especially when 
isolated from their herd. They cannot hide easily, 
climb trees or burrow quickly to escape danger. Thus, 
they are safer awake, rely on vigilance and tend to 
sleep for short periods totalling about 4 hours per day. 
Smaller animals such as possums and bats eat less 
food and need less time to find and digest it. They 
are also able to sleep in safe places away from their 
natural predators. Consequently, they do not need to 
be awake for so long each day, nor to spend so much 
time safeguarding against attack from predators.  

When considered from this perspective, humans 
sleep at night because we are highly visual animals who 
need light to find food and do other things necessary 
for survival. Consequently, we are not well adapted to 
searching for food in the dark or protecting ourselves 
from nocturnal predators. It may have been best for us 
during most of our evolution to be tucked away asleep 
at night in a cave or other hiding place so as not to 
be tempted to walk about and risk falling off a cliff or 
being attacked by a nocturnal predator. Only during the 
past few centuries, which is an insignificant speck of 
time in the context of evolution, have lights and other 
technologies made the night relatively safe for us. Our 
pattern of sleep at night may simply be a carryover from 

a period when the night was a time of great danger. To 
the degree that night-time is still more dangerous than 
daytime, our pattern of sleep may continue to serve an 
adaptive function (Gray, 2007; Grison, Heatherton & 
Gazzaniga, 2015).

Evolutionary (circadian) theory is useful in 
furthering understanding of the purpose and function 
of sleep, particularly how the circadian sleep–wake 
cycle accounts for why we sleep when we sleep. 
However, it does not actually explain our need for 
sleep — why we (and other mammals) must and will 
eventually sleep, regardless of the environmental 
circumstances and possibly the danger to which we 
may be exposed if we fall asleep.

Nor does the theory account for the loss of awareness 
and alertness during sleep, since their loss may place 
the organism at greater risk. When asleep, especially 
during deep sleep, the organism is perceptually 
disengaged from the external environment and its 
muscles are in a relaxed state. This means it is not 
very ready to respond to danger. Furthermore, it is 
actually always safer for the more vulnerable animals 
to remain in a state of heightened conscious awareness 
throughout the day in order to be able to react to an 
emergency (even if lying still in the dark at night). 

While the restorative and evolutionary (circadian) 
theories of sleep provide insights into the possible 
reasons for sleep, there is only limited evidence 
for each of these perspectives. Both theories tend 
to overlook the benefits of sleep for our mental 
wellbeing and neither adequately accounts for 
the ultradian nature of sleep or the patterns and 
proportions of NREM and REM sleep.
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Figure 9.18 Average daily sleep time in a sample of mammals
Source: Harold Zepelin, H., Siegel, J.M., & Tobler, I. (2005). Mammalian sleep. In M. H. Kryger, T. Roth and W. C. Dement. (Eds.). Principles 
and Practice of Sleep Medicine (4th Ed., p. 95). Philadelphia, PA: Elsevier.
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Psychologists have no definite answers to the 
question of why we sleep. It seems sleep has multiple 
purposes and functions, two of which may involve 
restoration and survival. Although the two theories 
adopt different approaches in explaining the purpose 
and function of sleep, they are not necessarily 
mutually exclusive. Both have merit. Furthermore, 
sleep may serve other purposes as yet not considered. 
What is clear, however, is that we have little choice 
about sleeping after a certain period of time has 
elapsed, so sleep seems to be an automatic process 
over which we have only limited control.

Figure 9.19 What is the purpose of sleep? To restore 
the body and its functions, or to enhance survival 
by protecting a species from potential danger when 
they are most vulnerable? Perhaps it is both, and/or 
something else that is still unknown.

Box 9.5

The adaptive nature of the dolphin’s sleep
A dolphin must be constantly on the move so it can 
voluntarily breathe oxygen or it will drown. It also needs 
to protect itself and its young from sharks and other 
ocean predators. Unlike humans, there is a survival 
need for constant movement. Yet the dolphin also has a 
powerful sleep need as humans do. So, it has adapted 
with a behaviour called unihemispheric sleep. 

Unihemispheric sleep involves switching off and 
sleeping with one hemisphere of the brain at a time. The 
other hemisphere, which remains awake and entirely alert, 
controls breathing. If the left side of the brain is asleep, 
the right is awake with one eye open and vice versa. The 
two hemispheres alternate every one to three hours during 
sleep — first the left hemisphere sleeps, then the right, but 
never both at the same time. The duration of sleep in each 
hemisphere varies and sometimes lasts for two hours or more.  

During sleep, dolphins kept in aquariums usually swim in 
circles, in the same direction, as though they were doing so 
automatically. Prevention of sleep in one hemisphere of the 
brain is compensated in that hemisphere only and does not 
change the sleep pattern of the second hemisphere. It remains 
unknown whether dolphins ever experience drowsiness.  

Other marine mammals that need to surface regularly 
to breathe and some birds, especially birds that spend 
long periods in migration, are also believed to have 
unihemispheric sleep (Cvetkovic, 2011; Lavie 2006).

Figure 9.20 The sleep–wake cycle and sleep 
behaviour of the dolphin have adapted to the 
dolphin’s unusual respiratory requirements.

Weblink
Article on how dolphins and whales sleep without drowning

Learning acTiviTy 9.9 

review questions 
1 (a) Briefly describe the purpose and function of sleep 

with reference to restoration theory. 
 (b) Outline the differing restorative effects of NREM and 

REM sleep. 
 (c) Explain the meaning of REM rebound and why 

it occurs. 

 (d) Outline empirical research in support of 
restoration theory. 

2 (a) Briefly describe the purpose and function of sleep 
with reference to evolutionary (circadian) theory. 

 (b) Outline empirical research in support of evolutionary 
(circadian) theory. 

3 What are the main limitations of each of the theories?
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Learning acTiviTy 9.10

reflection
Which theoretical perspective do you believe better explains the purpose and function of sleep — restoration theory or 
evolutionary (circadian) theory? Give a reason for your answer.

diffEREnCES in SlEEP 
PAttERnS ACRoSS tHE 
lifESPAn 
Sleep patterns change considerably with age. From 
infancy to adulthood, there are marked changes in 
the proportions of REM and NREM sleep, including 
the percentage of time spent in each NREM stage. 
Virtually all age-related changes are predictable 
(Carskadon & Dement, 2011).

As shown in figure 9.21, from birth onward, the total 
amount of time we spend sleeping gradually decreases 
as we get older. In addition, the proportion of time 
spent in REM sleep decreases markedly during the first 
two years and then remains relatively stable through to 
a very old age. As shown in figure 9.22, there is also an 
age-related decrease in the proportion of NREM sleep 
that persists through to a very old age.

Early in life we sleep for about 16 hours a day, 
about 50% of which is REM sleep. By the end of 

infancy at about 2 years of age, total sleep time 
declines to around 12–13 hours and REM sleep as a 
percentage of total sleep is about 20–25%. By the end 
of childhood and onset of adolescence, total sleep 
time drops to around 9 hours and about 2 hours or 
20–25% is REM sleep. The gradual decrease in total 
sleep time continues through childhood, adolescence 
and adulthood, but the 20–25% proportion of REM 
sleep is maintained well into old age (except in people 
with a neurodegenerative brain disorder).

In later adulthood, at around 60 or so years of age, the 
total sleep time averages about 6 hours. Individuals in 
their sixties and older tend to report that their sleep is 
much lighter with increased awakenings than when they 
were younger. This coincides with research findings that 
NREM sleep of elderly people is mostly stage 2 light sleep. 
The age-related decrease and eventual disappearance 
of NREM stages 3 and 4 is also seen in other mammals. 
Furthermore, as shown in figure 9.22, by age 85, NREM 
stages 3 and 4 sleep has significantly diminished 
(Breedlove, Watson & Rosenzweig, 2010; Lavie, 1996).
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Figure 9.21 Proportions of REM and NREM sleep in humans across the life span
Source: based on Roffwarg, H.P., Muzzio, J.N., & Dement, W.C. (1966). Ontogenetic development of the human sleep–dream 
cycle. Science, 152, 604–619. 
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newborns and infants
From birth to about two months of age, sleep onset 
may occur at any time of the day or night, with no 
regular rhythm or concentration of sleeping and waking 
periods. Sleep duration also tends to be irregular, with 
the length of one episode lasting from 30 minutes to 3 
or 4 hours. The cyclic alternation of NREM–REM sleep 
is present from birth, but there are fewer sleep cycles. 
Infants fed from the bottle tend to sleep for longer at a 
time than breastfed babies (3–4 hours versus 2–3 hours).

As shown in figure 9.21, for the first few weeks 
at least, more than half of the infant’s sleep is REM 
sleep or active sleep that is like REM sleep. For 
example, an infant’s REM sleep is often restless with 
lots of facial movements and, unlike when older, 
arms and legs may move too. It is unclear as to why 
this occurs but various theories have been proposed, 
including REM sleep playing a role in neural 
processes involved in early brain development. 

Sleep onset also occurs through REM sleep, not 
NREM stage 1, and each sleep episode consists of only 
one or two cycles, which is tied to the shorter duration 
of a sleep episode. This distinctive sleep pattern is 
believed to occur primarily because the young infant’s 
circadian rhythms are not fully developed and have not 
yet been fully entrained to the daily day–night cycle of 
their external environment. At around 2 or 3 months 
when circadian rhythms start to exert their influence, 
particularly the cyclical production of melatonin, there 
are longer periods of wakefulness during the day and 
longer periods of sleep at night. Environmental cues 
influencing night sleep preference include a greater 
responsiveness to social cues, such as breast feeding and 
bedtime routines.

By 3 months of age, the NREM–REM sleep cycles 
become more regular. Sleep onset now begins 
with NREM stage 1, REM sleep decreases and shifts to 
the later part of the sleep cycle, and the total NREM–
REM sleep cycle is typically 50 to 60 minutes.
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Figure 9.22 Changes in 
NREM sleep stages with age. 
Summary values are given for 
ages 5 to 85.
Source: based on Ohayon, M., Carskadon, 
M.A., Guilleminault, C., et al. Meta-
analysis of quantitative sleep parameters 
from childhood to old age in healthy 
individuals: developing normative sleep 
values across the human lifespan. Sleep, 
2004; 27: 1255–1273.

By 6 months of age, total sleep time reduces slightly and 
the longest continuous sleep episode lengthens to about 5 
to 8 hours at night. Sleep episodes become less fragmented 
and a full NREM cycle comprising all stages is likely to 
have emerged. The muscle paralysis typical of REM sleep 
has also set in. These changes emerge between the ages 
of 2 and 6 months and are primarily attributed to the 
maturation of the brain and ultradian sleep cycle.

By about 12 months old, the infant sleeps 14 to  
15 hours per day with the majority of sleep occurring 
as a single episode in the evening. This may be 
complemented by one or two naps during the daytime. 
There are full sleep cycles but the proportion of REM 
sleep is still relatively high compared with childhood, 
adolescence and adulthood (Carskadon & Dement, 2011; 
Colten & Altevogt, 2006; NSF, 2016c; SHF, 2016c). 

young children
Total sleep time continues to decrease as the child 
gets older, from about 13 to 11 hours between 2 to  
5 years of age. This has been attributed to maturation 
and other biological factors, as well as social factors 
such as decreased daytime napping, the introduction 
of preschool time routines and other changes that 
can influence sleep, including how, with whom, and 
where children sleep.  

The proportion of REM sleep continues to decrease 
and the amount of NREM sleep increases, with a 
greater percentage of sleep time spent in stages 3 and 
4. As shown in figure 9.22, about half the NREM sleep 
of children is slow wave deep sleep and this decreases 
markedly from about age 10.

The slow wave deep sleep of young children is 
both qualitatively and quantitatively different from 
that of older adults. For example, it is extremely 
difficult to wake a 10 year old when delta brain waves 
are predominant in the night’s first sleep cycle. In 
addition, children up to mid-adolescence often ‘skip’ 
their first REM sleep period, which may be due to 
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the quantity and intensity of slow wave sleep activity 
early in the sleep episode (Carskadon & Dement, 
2011; Colten & Altevogt, 2006).

Adolescents
With increasing age, the total time spent sleeping 
decreases, as does the amount of REM sleep. 
However, if bedtime is fixed, the duration of REM 
sleep tends to remain constant. By mid-adolescence, 
the first REM period is unlikely to be skipped, and a 
sleep episode resembles that of young adults.

Within NREM sleep, the amount of stages 3 and 4 
sleep progressively declines and the time spent in stage 
2 increases. By late adolescence, the amount of slow 
wave deep sleep has decreased by nearly 40% since early 
childhood. This occurs even when the length of a sleep 
episode remains constant (Carskadon & Dement, 2011).

Research findings indicate that adolescents tend to get 
less sleep than they need to function at their best. One 
reason is a biologically driven change in their sleep–
wake cycle that changes the timing of sleep, delaying its 
onset for one to two hours. As explained in chapter 10, 
it is quite natural for adolescents to want to go to sleep 
later at night and to sleep in. Many adolescents tend to 
have irregular sleep patterns across the week — they 
typically stay up late and sleep in late on the weekends, 
which can affect their biological clocks and impact on 
the quality of their sleep (NSF, 2016d).

Adults
Individuals vary in their sleep needs, particularly  
as they get older, but most people sleep appreciably 
less as they age. By adulthood, we average  
about 8 hours of sleep a night, 20–25% of  
which is REM sleep.  

As shown in figure 9.21, the overall pattern 
of sleep shows a progressive decline in the 
duration of a typical sleep episode and in the 
proportions of time spent in REM and NREM 
sleep. There is also a gradual loss of stages 
3 and 4 NREM sleep. As an individual ages 
(between the ages of 20 to 60), slow wave deep 
sleep declines at a rate of about 2% per decade. 
By age 60 or so, a severe reduction is evident. 
People at age 60 may spend only about half 
as much time in NREM stages 3 and 4 as they 
did at age 20, sometimes not at all. Eventually, 
stages 3 and 4 disappear altogether, particularly 
in males. Females appear to maintain slow 
wave deep sleep later into life than men (but no 
other significant sex differences in sleep have 
been established) (Bliwise, 1993; Carskadon & 
Dement, 2011; Colten & Altevogt, 2006). 

Sleep also tends to become more 
fragmented as we age, with more night-time 
awakenings among older adults. One reason 
for more frequent awakenings is the decline 
in NREM stages 3 and 4 sleep with age — we 
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Figure 9.23 Hypnograms showing the typical sleep pattern of  
(a) young adults and (b) elderly persons. 
Source: Neubauer, D.N., Sleep problems in the elderly. American Family 
Physician. 1999 May 1;59(9):2551–2558.

are harder to awaken during slow wave sleep. Younger 
adults may experience brief awakenings, but they 
are usually minor and occur close to when there is a 
transition from NREM to REM sleep, so sleep remains 
relatively consolidated (Colten & Altevogt, 2006).

Older people also tend to become sleepier in 
the early evening and wake earlier in the morning 
compared to younger adults. This pattern is called 
advanced sleep phase syndrome. The sleep–wake cycle 
is shifted forward so that the usual total amount of 
sleep is still obtained, but the individuals will wake 
early because they have gone to sleep early. The 
reason for this change in the sleep–wake cycle is not 
clearly understood. Many researchers believe it may 
due to an age-related deterioration in the biological 
clock (SCN) that drives the sleep–wake cycle and the 
decrease in melatonin levels that is evident among 
older people (Colten & Altevogt, 2006; NSF, 2016e).

The inability to maintain long sleep episodes and 
the bouts of wakefulness may also reflect the influence 
of other factors such as medical problems, decreased 
mobility leading to a reduction in exercise, irregular 
meal times and inconsistency of exposure to external 
cues that influence the sleep–wake cycle (Colten & 
Altevogt, 2006; Tractenberg, Singer & Kaye, 2005).

It is a common misconception that sleep needs decline 
with age. Research findings show that that our sleep 
needs remain constant throughout adulthood. The real 
issue is that, as people age, they tend to have a harder 
time falling asleep and more trouble staying asleep 
than when they were younger. The prevalence of sleep 
disorders also tends to increase with age (SHF, 2016d).
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Box 9.6

are you a morning lark or a night owl? 
A lark is a bird that rises early in the morning to satisfy 
its thirst with the morning dew. Once that is done, 
the lark will often begin singing a song that, in spring, 
serves as its mating call. People who are like larks, 
or who show the psychological tendency that some 
psychologists have called morningness, are early risers. 
More commonly known as a ‘morning person’, from the 
moment they get out of bed, they seem awake, alert 
and ready to begin daily activities. They work busily 
through the morning but start to fade as the afternoon 
wears on. They usually become tired and sleepy early in 
the evening.

These morning larks can be contrasted with night 
owls — people who show the psychological tendency 
called eveningness. Getting up early is difficult for night 
owls. More commonly known as an ‘evening person’, 
they drag themselves through the morning but begin to 
feel more alert and energetic as the day progresses. By 
evening they are alert and active, and they can often be 
found working late into the night or the early hours of 
the morning.

Larks and owls both have 24-hour sleep–wake cycles 
that are synchronised with the daytime and night-time of 
the 24-hour ‘environmental day’. However, their sleep–wake 

cycles differ. The owl cycle peaks about 2 hours later than 
the lark cycle. Larks do their best work in the morning; owls 
do their best work late in the evening. Owls find it difficult 
to be motivated in the morning, whereas larks are buzzing 
around enjoying the morning light and being awake. At 
night, owls feel energetic and ready to play, while larks are 
beginning to crash.

A number of questionnaires have been designed to 
determine whether someone is a morning lark (high 
score on morningness) or night owl (high score on 
eveningness). An example is presented below. To find out 
if you are a lark or an owl, respond to the statements by 
circling the answers that apply to you. 

To score this assessment, count the number of 
responses you circled in the right-hand column. If you 
have circled seven or more, you are clearly an owl. If you 
have circled three or fewer, you are clearly a lark. If your 
responses are between four and six you have no clear 
larkish or owlish tendencies. 

Note that it is difficult for someone to change from 
being a lark to being an owl, and vice versa. However, 
this does not mean that change is impossible. As we 
age, we all develop a bit more of a tendency towards 
morningness. Owls, however, show the greatest changes, 
becoming much more larkish with age.

 1 I am most alert during the morning evening

 2 I feel that I have the most energy during the morning evening

 3 I feel that I remember material better if I read it or hear it in the morning evening

 4 I am the most productive during the morning evening

 5 I come up with my best ideas during the morning evening

 6 I feel that I am most intelligent during the morning evening

 7 I prefer recreation during the morning evening

 8 Considering what makes me feel best, if I were completely free to plan my day, I would get up before 8 am after 8 am

 9 Considering what makes me feel best, if I were completely free to plan my day, I would 
go to sleep

before 11 pm after 11 pm

10 During the first hour after I wake up in the morning I would judge my alertness and energy as fairly high fairly low

Source: adapted from Coren, S. (1996). Sleep thieves. New York: The Free Press. p. 92.

Learning acTiviTy 9.11

review questions 
1 Construct a table to summarise sleep–wake patterns 

of newborn infants, children, adolescents, adults and 
elderly people with reference to two distinguishing 
features of each lifespan stage.

2 Briefly describe five general trends in the pattern and 
proportions of NREM and REM sleep across the lifespan. 

3 (a) Explain age-related changes in sleep in three lifespan 
changes with reference to circadian rhythm changes.

 (b) Give two examples of psychological or social factors 
that may influence age-related changes.
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Learning acTiviTy 9.12

reflection
Comment on whether changes in the pattern and proportions of NREM and REM sleep across the lifespan are best 
explained from a biopsychosocial perspective. 

Learning acTiviTy 9.13 

analysis of data — interpreting 
hypnograms
1 Compare and contrast the typical sleep patterns of 

young adults and elderly people shown in figure 9.23 
on page 000. Ensure that you refer to: 
•	 sleep onset 
•	 time in REM sleep

•	 time in NREM sleep and its stages
•	 awakenings

 – fragmented vs consolidated sleep across 
an episode.

2 Suggest a possible limitation of the data. 
3 Write a conclusion on the typical sleep pattern of 

young adults and elderly persons based on the data.
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Chapter 9 review

CHAPtER SUmmARy

Newborns and infants

Young children

Adults

Adolescents

NREM and REM sleep

Theories of the purpose and
function of sleep

Circadian rhythms

Ultradian rhythms

NREM sleep

REM sleep

Restoration theory

Evolutionary (circadian) theory

Differences in sleep patterns
across the lifespan

Sleep and biological rhythms

SLEEP
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KEy tERmS 
biological rhythms p. 00
circadian rhythm p. 00
evolutionary (circadian) theory p. 00

nREm sleep p. 00
REm rebound p. 00
REm sleep p. 00

restoration theory p. 00
sleep p. 00
ultradian rhythm p. 00

lEARning CHECKliSt
Complete the self-assessment checklist below, using ticks and crosses to indicate your understanding of this 
chapter’s key knowledge (a) before and (b) after you attempt the chapter test. Use the ‘Comments’ column to 
add notes about your understanding.

Key knowledge i need to 
know about <t/c>

Self-assessment 
of key knowledge 
i understand 
before chapter test

Self-assessment 
of key knowledge  
i need to revisit 
after chapter test Comments
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CHAPtER tESt 

Section A — Multiple-choice questions 
Choose the response that is correct or that best answers the question. 
A correct answer scores 1, an incorrect answer scores 0. 
Marks will not be deducted for incorrect answers. 
No marks will be given if more than one answer is completed for any question. 

Question 1 
With each complete sleep cycle throughout a typical night’s 
sleep by older adolescents, 
A. duration of REM sleep increases. 
B. duration of slow wave sleep increases. 
c. duration of REM sleep decreases. 
D. the brain becomes less active. 

Question 2 
Which two NREM stages are most alike in terms of 
commonly measured physiological responses? 
A. 1 and 2 
B. 1 and 4 
c. 2 and 3
D. 3 and 4

Question 3 
Which of the following is true of REM sleep? 
A. Muscle tone decreases appreciably during REM sleep. 
B. The first REM period in the first sleep cycle of a young 

adult has a duration of about 50 minutes.
c. Brain wave activity decreases appreciably during 

REM sleep.
D. The first REM period in the first sleep cycle of a 

newborn infant occurs after an NREM sleep cycle. 

Question 4 
The most accurate physiological measure for distinguishing 
between the different stages of NREM sleep is 
A. sudden changes in heart rate or muscle tone. 
B. the pattern of brain wave activity. 
c. the presence or absence of rapid eye movements. 
D. gradual changes in body temperature. 

Question 5 
As we drift in and out of sleep at the start of a typical night’s 
sleep, we normally enter a sleep period known as ____ sleep.
A. REM 
B. NREM 
c. slow wave 
D. delta sleep

Question 6 
EOG records of a young adult during NREM stage 3 are likely 
to indicate
A. coordinated eye movements.
B. uncoordinated eye movements.
c. rapid eye movements.
D. no eye movements.

Question 7 
Which of the following would usually be excluded when 
calculating total sleep time for an individual?
A. brief awakenings.
B. sleep onset period.
c. REM sleep periods.
D. NREM dream periods

Question 8 
Muscle tone, eye movements and other physiological 
responses commonly measured during NREM sleep tend to be 
at their highest activity level in stage 
A. 1.
B. 2.
c. 3.
D. 4.

Question 9
Which NREM stage has the highest arousal threshold?
A. 1
B. 2
c. 3
D. 4

Question 10 
Which of the following is used to collect self-reports for a 
sleep study? 
A. sleep diary 
B. EEG 
c. EOG 
D. EMG 

Question 11
Approximately how old is the person whose hypnogram 
is shown?  
A. 0–2 weeks 
B. 14–19 years
c. 30–50 years
D. 70 years+ 

Question 12
The hypnogram shows that the person experienced
A. consolidated sleep.
B. mostly light sleep
c. mostly deep sleep.
D. a prolonged period of NREM stage 4 sleep
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Use the following hynpogram to answer questions 11–14.

Hours of sleep

1 2

NREM   4

NREM S3

NREM S2

NREM S1

REM

Awake

3 4 5 6 7 8

Question 13
About how many times did the person awaken after 
falling asleep?
A. 1
B. 2
c. 12
D. 21

Question 14 
The person spent _____ in NREM stage 3 sleep.
A. 15 minutes
B. 30 minutes
c. 1 hour
D. no time

Question 15
How soon after a young adult falls asleep are they normally 
likely to experience REM sleep in a typical sleep episode?
A. immediately
B. about 1–5 minutes
c. after the first sleep cycle
D. about 80–90 minutes

Question 16 
A researcher conducted an experiment to test whether 
sleeping immediately after learning improves memory 
of that learning. On the first evening of the experiment, 
volunteer non-Spanish-speaking participants were required 
to learn a list of Spanish words. They were then allowed 
to sleep for an hour. On awakening, they were asked to 
recall as many of the words as they could. On the second 
evening, the same participants learnt a new list of Spanish 
words. They then watched a television program for an 
hour, after which they were asked to recall as many of the 
words as they could. 

This experimental design is best described as 
A. repeated measures. 
B. independent groups. 
c. mixed participants. 
D. matched participants. 

Question 17
In a different experiment investigating the effect of sleep on 
learning, half of the participants attempted condition 1 on 
the first day (sleeping after learning the Spanish words), then 
condition 2 on the second day (watching television after learning 
the Spanish words). The other half of the participants attempted 
condition 2 on the first day, then condition 1 on the second day. 

The experimenter used ____ to control ____. 
A. order effects; counterbalancing 
B. counterbalancing; order effects 
c. single-blind; order effects 
D. order effects; confounding 

Question 18
Which of the following statements about the sleep of a young 
adult is correct?
A. REM sleep is usually about 75% to 80% of total 

sleep time.
B. Slow wave sleep is rarely experienced.
c. REM sleep periods tend to occur closer together during a 

normal night’s sleep. 
D. Cyclic alternation of non-REM sleep and REM sleep 

occurs less frequently than in childhood.

Question 19 
The sleep-wake cycle is entrainable because it 
A. follows a single pathway across a period of about  

24 hours in a clock-like way.
B. has a genetic basis and is therefore internally produced.
c. can be adjusted to match time cues in different 

environments.
D. repeats once a day regardless of external cues.

Question 20
In a typical sleep night’s sleep, _____ tend to predominate 
during the first half, whereas _______ tend to predominate in 
the last half.
A. NREM stages 3 and 4; REM and NREM Stage 2
B. NREM stages 1 and 2; REM and NREM Stage 2
c. REM and NREM Stage 2; NREM stages 3 and 4 
D. NREM stages 1 and 2; NREM stages 3 and 4 
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Section B — Short-answer questions 
Answer all questions in the spaces provided. Write using black or blue pen.

Question 1 (2 marks) 

Deep sleep may be defined as starting during NREM stage __________________when a pattern of__________________ brain 
waves is established.

Question 2 (2 marks) 

Distinguish between a sleep cycle and a sleep episode.

Question 3 (3 marks) 

Describe how eye movements are likely to change across the sleep cycle of a young adult under normal circumstances.

Question 4 (2 marks) 

What is REM rebound and when does it occur? 

Question 5 (4 marks) 

List four differences in sleep across the lifespan with reference to the total amount of sleep and changes in the pattern and 
proportions of REM and NREM sleep (including NREM stages).  

Question 6 (4 marks) 

Describe two characteristics that best distinguish sleep from any other state of consciousness. Explain with reference to a 
person in a drug-induced state after having used a potent depressant.

Question 7 (2 marks) 

If a person’s eyelids are taped open and they fall asleep, explain whether they would stop seeing.

Question 8 (5 marks) 

(a) Describe two criteria that could be used to assess whether a biological rhythm could be called a circadian 
rhythm. 2 marks
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(b) Distinguish between a circadian and an ultradian rhythm. 1 mark

(c) Why can sleep be described as both a circadian and an ultradian rhythm? 2 marks

Question 9 (6 marks) 

Explain how light influences the human sleep–wake cycle with reference to biological structures and processes that regulate the 
cycle and why sleepiness is highest at night and lowest in the day. 

Question 10 (5 marks) 

(a) Name and describe two different theories on the purpose and function of sleep. 3 marks

(b) What is a limitation of each theory? 2 marks

the answers to the multiple-choice questions are in the answer section at the 
end of this book and in ebookPlUS. 

the answers to the short-answer questions are in ebookPlUS. 

Note that you can also complete Section A of the chapter test online through eBookPluS 
and get automatic feedback. int-0000

Return to the checklist on page XXX and complete your self-assessment of areas of key knowledge where you need to do 
more work to improve your understanding.UNCORRECTED P

AGE P
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