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LOCALISATION OF FUNCTION 

• LOCATION OF FUNCTION refers to the 
principle that specific functions (like 
language, memory, hearing, etc) have 
specific locations in the brain 



LOCALISATION OF FUNCTION 

 



VISUAL CORTEX/CENTRE 
• Found in the occipital lobe of the brain 

• Visual processing begins in the retina where light hits photoreceptors 
(rods and cones) 

• Nerve impulses from the optic nerve travel from the retina to the 
brain 

• Some of these impulses travel to an area of the brain involved in the 
coordination of circadian rhythms (a pattern of behaviour that occurs 
or recurs about every 24 hours, and which is set and reset by 
environmental light levels), but most terminate in the thalamus 
(which acts as a relay station, passing information to the visual 
cortex) 

• The visual cortex is found in both hemisphere’s of the brain (left 
hemisphere receiving input from the right side of the visual field and 
vice versa for the right hemisphere) 

• The visual cortex has different areas that are responsible for different 
types of visual information (like shape, colour or movement) 



 



VISUAL CORTEX 

 



AUDITORY CORTEX/CENTRE 

• This is found in the temporal lobes on both sides of the 
brain 

• Auditory pathways begin in the cochlea in the inner ear 
(where sound waves are converted to nerve impulses) 
and travel to the auditory cortex via the auditory nerve 
(stopping at the brain stem on the way) 

• Decoding takes place in the brain stem (e.g. the duration 
and intensity of sound) and then on to the thalamus 
(which acts as a relay station and carries out further 
processing of auditory stimulus and passes information 
to the auditory cortex) 

• The decoded messages are recognised by the auditory 
cortex and an appropriate response may be made 



AUDITORY CORTEX 

 



AUDITORY CORTEX 

 



BROCA’S AREA 
• Paul Broca treated a patient referred to as “Tan” (as that was the only 

syllable that he could express) 

• Tan had an unusual disorder; he could understand spoken language but 
was unable to speak or express thoughts in writing 

• Broca studied 8 other patients who all had similar language deficits, along 
with lesions in their left frontal hemisphere 

• Patients with damage to these areas in the right hemisphere did not have 
the same language problems 

• Therefore, Broca suggested that the “language centre” is found in the 
posterior portion of the frontal lobe of the left hemisphere – critical for 
speech production 

• However, neuroscientists have found evidence of activity in Broca’s area 
when people perform cognitive tasks that have nothing to do with 
language 

• Fedorenko et al (2012) found 2 regions of Broca’s area (one involved in 
language and the other in responding to many demanding cognitive tasks) 



WERNICKE’S AREA 

• Wernicke discovered another area of the brain involved in 
understanding language – Wernicke’s area (in the posterior 
portion of the left temporal lobe) 

• Broca’s patients could understand language but not speak; 
patients with a lesion in Wernicke’s area could speak but 
were unable to understand language 

• Wernicke proposed that language involves separate motor 
and sensory regions located in different cortical regions 
– The motor region, located in Broca’s area, is close to the area 

that controls the mouth, tongue and vocal cords 
– The sensory region, located in Wernicke’s area, is close to 

regions of the brain responsible for auditory and visual input 

• Input from these regions is thought to be transferred to 
Wernicke’s area where it is recognised as language and 
associated with meaning 



WERNICKE’S AREA 

• There is a neural loop known as the arcuate 
fasciculus running between Broca’s area and 
Wernicke’s area 

• At one end is Broca’s area, responsible for the 
production of language, and at the other lies 
Wernicke’s area, responsible for the processing 
of spoken language 



 



MOTOR CORTEX 
• This is responsible for the generation of voluntary 

motor movements 

• It is found in the frontal lobe of the brain along the 
region known as the precentral gyrus 

• Both hemispheres of the brain have a motor cortex 
(motor cortex on one side of the brain controlling the 
muscles on the opposite side of the body) 

• Different parts of the motor cortex exert control over 
different parts of the body 

• These regions are arranged logically next to one 
another (e.g. region controlling actions of the foot 
are next to those controlling the leg) 



MOTOR CORTEX 

 



SOMATOSENSORY CORTEX 

• This detects sensory events from different regions of the 
body 

• This is found in the parietal lobe of the brain along the 
region known as the postcentral gyrus (which is dedicated 
to the processing of sensory information related to touch) 

• Sensory information from the skin is converted into the 
sensation of touch, pain, pressure and temperature by the 
somatosensory cortex, which then localises to specific body 
regions 

• Both hemispheres of the brain have a somatosensory 
cortex (where the cortex on one side of the brain receives 
sensory information from the opposite side of the body) 



SOMATOSENSORY CORTEX 

 



MOTOR AND SOMATOSENSORY CORTEX 

 



EVALUATION 

OF LOCALISATION 
OF FUNCTION 



CHALLENGES TO LOCALISATION: 
EQUIPOTENTIALITY 

• Not all researchers agreed with the view that cognitive functions are 
localised in the brain 

• An influential conflicting view is the equipotentiality (Lashley, 1930)  

• Supporters of this theory believed that the basic motor and sensory 
functions were localised, but that higher mental functions were 
not 

• Lashley claimed that intact areas of the cortex could take over 
responsibility for specific cognitive functions following injury to the 
area normally responsible for that function 

• According to this point of view, the effects of damage to the brain 
would be determined by the extent rather than the location of the 
damage 

• This view received some support from the discovery that humans 
were able to regain some of their cognitive abilities following 
damage to specific areas of the brain 



COMMUNICATION MAY BE MORE 
IMPORTANT THAN LOCALISATION 

• Research suggest that what might be more important is how the brain 
areas communicate with each other, rather than which specific brain 
regions control a particular cognitive process 

• Wernicke claimed that although different regions of the brain had 
different specialist functions, they are interdependent in the sense that 
in order to work they must interact with each other 
– E.g. in 1892, a French neurologist described a case where the loss of an 

ability to read was due to damage to the connection between the visual 
cortex and Wernicke’s area 

• This suggests that complex behaviours like language, reading and 
movement are built up gradually as a stimulus enters the brain, then 
moves through different structures before a response is produced 

• Damage to the connection between any two points in this process 
results in impairments that resemble damage to the localised brain 
region associated with a specific function 



SUPPORT FOR LANGUAGE CENTRES 
FROM APHASIA STUDIES 

• Evidence for the different functions of Broca’s and 
Wernicke’s areas in language production and 
understanding comes from the discovery that damage to 
these different areas results in different types of aphasia 
(an inability to understand or produce speech as a result of 
brain damage) 
– Expressive aphasia (also known as Broca’s aphasia) is an 

impaired ability to produce language (in most cases this is 
caused by brain damage to Broca’s area, which shows that this 
area is important to the production of language) 

– Receptive aphasia (also known as Wernicke’s aphasia) in an 
impaired ability to understand language, an inability to 
extract meaning from spoken or written words (this is usually 
the result of damage in Wernicke’s area e.g. from a stroke, 
showing the important role this area plays in comprehension of 
language) 

 



INDIVIDUAL DIFFERENCES IN 
LANGUAGE AREAS 

• The pattern of activation observed in response to 
various language activities can vary between 
individuals 
– E.g. in a study of silent reading, Bavelier et al (1997) found 

a large variability in individual patterns of activation 
across different individuals 

– They observed activity in the right temporal lobe as well 
as in the left frontal, temporal and occipital lobes 

– Other studies have found significant gender differences in 
the size of the brain areas associated with language 
• Harasty et al (1997) found that women have proportionally 

larger Brocaa’s and Wernicke’s areas than men, the result of 
women’s greater use of language 

 



LANGUAGE PRODUCTION MAY NOT BE 
CONFINED TO BROCA’S AREA ALONE 

• Dronkers et al (2007) re-examined the preserved brains of two 
of Broca’s patients 

• The purpose was to identify the extent of any lesions in more 
detail by using modern high-resolution brain MRI imaging 

• The MRI findings revealed that other areas besides Broca’s 
area could also have contributed to the patients’ reduced 
speech abilities 

• This finding is significant as although lesions to Broca’s area 
alone can cause temporary speech disruption, they do not 
usually result in severe disruption of spoken language 

• This study suggests that language and cognition are far more 
complicated than once thought and involve networks of brain 
regions rather than being localised to specific areas 



LATERALISATION AND SPLIT-BRAIN 
RESEARCH 

BIOPSYCHOLOGY 



HEMISPHERIC LATERALISATION 

• Lateralisation refers to the fact that the two 
halves of the brain are not exactly alike 

• Each hemisphere has specific functions 
– Neural mechanisms for some functions like language are 

localised primarily in one half of the brain (e.g. the left 
hemisphere is dominant for language and speech and 
the right excels at visual-motor tasks) 

• This is supported by Broca who found that 
damage in a particular area of the left 
hemisphere led to language difficulties, but 
damage to the same area on the right 
hemisphere didn’t have the same consequences 



HEMISPHERIC LATERALISATION 

• Some people may ask “if language is located in the left 
hemisphere, how can we talk about things that are 
experienced in the right hemisphere (e.g. face recognition)?” 

• The answer is that the two hemispheres are connected 
• This allows information received by one hemisphere to be sent 

to the other hemisphere through connecting bundles of nerve 
fibres such as the corpus callosum 

• Investigating the different abilities of the two hemispheres 
came about when surgeons cut the bundle of nerve fibres that 
form the corpus callosum to treat severe epilepsy  

• The aim of this was to prevent violent electrical activity from 
epileptic seizures crossing from one hemisphere to the other 

• Patients who underwent this surgery are often referred to as 
“split-brain” patients 



CORPUS CALLOSUM 

 



SPLIT-BRAIN RESEARCH 

Sperry and Gazzaniga’s Research 

• These were the first to study the 
capabilities of split-brain patients 

• To test the capabilities of the separated 
hemispheres, they were able to send visual 
information to just one hemisphere at a 
time in order to study what is known as 
hemispheric lateralisation 



SPLIT-BRAIN RESEARCH 

• Sperry and Gazzaniga took advantage of the fact that 
information from the left visual field goes to the right 
hemisphere of the brain and vice versa 

• Because the corpus callosum is cut in split-brain patients, the 
information presented to one hemisphere has no way of 
travelling to the other hemisphere and can be processed only 
in the hemisphere that received it 

• In a typical study, the split-brain patient would fixate on a dot 
in the centre of a screen while information was presented to 
either the left or right visual field 

• They would then be asked to make responses with either 
their left hand (controlled by the right hemisphere) or their 
right hand (controlled by the left hemisphere), without being 
able to see what their hands were doing 



SPLIT-BRAIN RESEARCH 

• For example, if the patient was flashed a picture of a dog to 
the right visual field and asked what they had seen, they 
would answer “dog” 

• However, if a picture of a cat was flashed to the left visual 
field the patient would say that they saw nothing 

• This is because the information from the left visual field is 
processed by the right hemisphere, which can see the 
picture, but as it has no language centre, cannot respond 
verbally 

• The left hemisphere, which does have a language centre, 
does not receive information about seeing the picture, 
therefore cannot say that they had seen it 



SPERRY AND GAZZANIGA’S RESEARCH 

 



SPLIT-BRAIN RESEARCH 

WHAT HAVE WE LEARNED FROM SPLIT-BRAIN RESEARCH 

• Work with split-brain patients has discovered a number of 
differences between the two hemispheres 

– E.g. that the left hemisphere is responsible for speech and 
language, and the right hemisphere specialises in visual-spatial 
processing and facial recognition 

• However, split-brain research has not shown that the brain is 
organised into discrete regions with specific sections 
responsible for specific tasks 

• Instead it suggests that the connectivity between the 
different regions is as important as the operation of different 
parts 



EVALUATION OF 
LATERALISATION 
AND SPLIT-BRAIN 

RESEARCH 



ADVANTAGES OF HEMISPHERIC LATERALISATION 

• The main advantage of brain lateralisation is that it increases neural 
processing capacity 

– By using only one hemisphere to engage in a particular task, this 
would leave the other hemisphere free to engage in another 
function 

• However, very little empirical evidence has been provided to show 
that lateralisation reflects any advantage to the functioning of the 
brain 

• Rogers et al (2004) found that, in a domestic chicken, brain 
lateralisation is associated with an enhanced ability to perform two 
tasks simultaneously (finding food and being vigilant for predators) 

– This finding does provide some evidence that brain lateralisation 
enhances brain efficiency in cognitive tasks that demand the 
simultaneous but different use of both hemispheres 



LATERALISATION AND IMMUNE SYSTEM 
FUNCTIONING 

• Architects and mathematically gifted individuals tend to have 
superior right-hemispheric skills  

– BUT are more likely to be left handed and suffer higher rates of 
allergies and immune system problems 

– This is supported by Tonnessen et al (1993) who found a small 
but significant relationship between left handedness and 
immune disorders 

– This was also found by Morfit and Weekes (2001) 

• This suggests that the same genetic process that led to 
lateralisation may also affect the development of the immune 
system 



LATERALISATION CHANGES WITH AGE 

• Lateralisation of function changes with normal aging 

– Lateralised patterns (single hemisphere) in younger individuals 
tend to switch to bilateral patterns (i.e. in both hemispheres) in 
healthy older adults 

• Szaflarski et al (2006) found that language became more 
lateralised to the left hemisphere with increasing age in 
children and adolescents 

– But after 25 years of age, lateralisation decreased 

– This could be due to using extra processing resources of the 
other hemisphere that may compensate for age-related 
declines in function 

 



LANGUAGE MAY NOT BE RESTRICTED TO THE LEFT 
HEMISPHERE 

• Split-brain research had suggested that the right 
hemisphere was unable to handle even the most 
rudimentary language 

– Damage to the left hemisphere was far more 
detrimental to language function than damage to the 
right hemisphere 

• However, recent studies have fund that this was not the 
case 

– Patient J.W. developed the capacity to speak out of 
the right hemisphere and can now speak about 
information presented to the left or right brain (Turk 
et al , 2002) 



LIMITATIONS OF SPLIT-BRAIN RESEARCH 

• Split-brain research is rarely carried out now 

– So there are very few patients who have had this 
procedure (enough for research) 

• Andrewes (2001) argues that many studies have been 
conducted using a few or just a single patient and so 
there are issues of generalisation 



PLASTICITY AND FUNCTIONAL RECOVERY 
OF THE BRAIN 

BIOPSYCHOLOGY 



PLASTICITY 

• There are changes to neuronal 
organisation as a result of experience, but 
there are many types of experience that 
can do this: 

– Life Experience 

– Video Games 

–Meditation 



PLASTICITY 

PLASTICITY AS A RESULT OF LIFE EXPERIENCE 
• As people gain new experiences, nerve pathways that are 

used frequently develop stronger connections, whereas those 
used rarely will eventually die 

• By developing new connections and getting rid of weak 
ones, the brain is able to constantly adapt to a changing 
environment 

• However, there is a natural decline in cognitive functioning 
with age that can be attributed to changes in the brain 

• Boyke et al (2008) found evidence of brain plasticity: 
– 60 year olds were taught a new skill (juggling) which led to 

increases in grey matter in the visual cortex 
– However, when practising stopped, these changes were 

reversed 



PLASTICITY 

PLAYING VIDEO GAMES 
• Playing video games makes many different complex cognitive 

and motor demands 
• Kuhn et al (2014) compared a control group with a video 

game group that was trained for two months for at least 30 
mins per day on the game Super Mario 

• They found a significant increase in grey matter in various 
brain areas including the cortex, hippocampus and 
cerebellum 

• This increase was not seen in the control group who did not 
play video games 

• The researchers concluded that video game training had 
resulted in new synaptic connections in brain areas involved 
in spatial navigation, strategic planning, working memory and 
motor performance (skills needed to play the game 
successfully) 



GREY MATTER 

 



PLASTICITY 
MEDITATION 

• Davidson et al (2004) compared 8 practitioners of 
Tibetan meditation with 10 student volunteers with no 
previous meditation experience 

• Both groups were fitted with electrical sensors and 
asked to meditate for short periods 

• The electrodes picked up much greater activation of 
gamma waves (important as they coordinate neuron 
activity) in the monks 

• The students showed only a slight increase in gamma 
wave activity while meditating 

• The researchers concluded that meditation not only 
changes the workings of the brain in the short term, 
but may also produce permanent changes 



FUNCTIONAL RECOVERY AFTER TRAUMA 

• In the 1960s, researchers studied cases in which 
stroke victims were able to regain functioning  

• They discovered that when brain cells are 
damaged or destroyed, as they are during a 
stroke, the brain re-wires itself over time so that 
some level of function can be regained 

• Although parts of the brain may be damaged or 
even destroyed as a result of trauma, other parts 
appear able to take over the functions that were 
lost 

• Neurons next to damaged brain areas can form 
new circuits that resume some of the lost function 



FUNCTIONAL RECOVERY AFTER TRAUMA 

MECHANISMS FOR RECOVERY 

• Regenerative developments in brain function 
arise from the brain’s plasticity, its ability to 
change structurally and functionally following 
trauma 



FUNCTIONAL RECOVERY AFTER TRAUMA 

MECHANISMS FOR RECOVERY 
NEURONAL UNMASKING 

• Wall (1977) first identified what he called “dormant synapses” in 
the brain 

• These are synaptic connections that exist anatomically but their 
function is blocked 

• Under normal conditions these synapses may be ineffective as the 
rate of neural input to them is too low for them to be activated 

• However, increasing the rate of input to these synapses, as would 
happen when a surrounding brain area becomes damaged, can 
then open (or “unmask”) these dormant synapses 

• The unmasking of dormant synapses can open connections to 
regions of the brain that are not normally activated, creating a 
lateral spread of activation which, in time, gives way to the 
development of new structures 



FUNCTIONAL RECOVERY AFTER TRAUMA 

MECHANISMS FOR RECOVERY 
STEM CELLS 

• Stem cells are unspecialised cells that have the potential to give 
rise to different cell types that carry out different functions, 
including taking on the characteristics of nerve cells 

• There are a number of views on how stem cells might work to 
provide treatments for brain damage caused by injury or 
neurodegenerative disorders 

• The first view is that stem cells implanted in the brain would 
directly replace dead or dying cells 

• A second is that transplanted stem cells secrete growth factors 
that somehow “rescue” the injured cells 

• A third is that transplanted cells form a neural network, which 
links an uninjured brain site, where new stem cells are made, with 
the damaged region of the brain 



EVALUATION OF 
PLASTICITY 



RESEARCH SUPPORT FROM ANIMAL STUDIES 

• Kempermann et al (1998) found evidence of an increased 
number of neurons in the brains of rats housed in 
complex environments compared to rats housed in 
laboratory cages 

 

• There are problems with generalising findings from 
animals to humans 



RESEARCH SUPPORT FROM HUMAN STUDIES 

• Maguire et al (2000) found the posterior 
hippocampi of taxi drivers were significantly 
larger compared to a control participants 

– This was due to their extensive experience of spatial 
navigation 



EVALUATION OF 
FUNCTIONAL 

RECOVERY AFTER 
TRAUMA 



RESEARCH SUPPORT FROM ANIMAL 
STUDIES 

• Tajiri et al (2013) found evidence for the role of 
stem cells in recovery from brain injury 

• They transplanted stem cells into the region of 
the brain affected by the trauma in rats 

• They found that three months after the brain 
injury, the rats showed clear development of 
neuron-like cells in that area 



AGE DIFFERENCES IN FUNCTIONAL 
RECOVERY 

• Functional plasticity reduces with age 

• The only option following traumatic brain injury 
after childhood is to develop compensatory 
behavioural strategies to work around the deficit 

• However, studies have suggested that even 
abilities commonly thought to be fixed in 
childhood can still be modified in adults with 
intense retraining 

• Although, capacity for neural reorganisation is 
much greater in children than adults 



EDUCATIONAL ATTAINMENT AND 
FUNCTIONAL RECOVERY 

• Schneider et al (2014) found that patients with 
the equivalent of a college education are seven 
times more likely than those who did not finish 
high school to be disability-free one year after a 
moderate to severe traumatic brain injury 



WAYS OF STUDYING THE BRAIN 

BIOPSYCHOLOGY 



POST-MORTEM EXAMINATIONS 
• These are used to establish the underlying neurobiology of a 

particular behaviour 
– E.g. researchers may study a person who displays behaviour 

while they are alive that suggests possible underlying brain 
damage 

• However, when the person dies, the researchers can examine 
their brains to look for abnormalities that might explain that 
behaviour and which are not found in control individuals 

• Post-mortem studies have also made it possible to identify 
some of the brain structures involved in memory 

• The post-mortem of HM confirmed that his inability to store 
new memories was linked to lesions in the hippocampus 
(Annese et al, 2014) 

• Post-mortem studies have also been used to establish links 
between psychiatric disorders like schizophrenia and 
depression with underlying brain abnormalities 



SCANNING TECHNIQUES 

FUNCTIONAL MAGNETIC RESONANCE IMAGING (fMRI) 
• This is a technique for measuring changes in brain 

activity while a person performs a task 
• It does this by measuring changes in blood flow in 

particular areas of the brain, which indicates increased 
neural activity in those areas 

• If a particular area of the brain becomes more active, 
there is an increased demand for oxygen in that area so 
blood will increase to that area to deliver oxygen in the 
red blood cells 

• As a result of these changes in blood flow, researchers 
are able to produce maps showing which areas of the 
brain are involved in a particular mental activity 



SCANNING TECHNIQUES 

FUNCTIONAL MAGNETIC RESONANCE IMAGING 
(fMRI) 



SCANNING TECHNIQUES 

ELECTROENCEPHALOGRAM (EEG) 
• This measures electrical activity in the brain 
• Electrodes placed on the scalp detect small electrical 

charges resulting from the activity of brain cells  
• When electrical signals from the different electrodes 

are graphed over a period of time, the resulting 
representation is called an EEG 

• EEG data can be used to detect various types of brain 
disorder (like epilepsy) or to diagnose other disorders 
that influence brain activity (like Alzheimer’s disease) 
– E.g. EEG readings of a patient with epilepsy show spikes of 

electrical activity 

• EEG patterns in patients with brain disease and brain 
injury show overall slowing of electrical activity 



SCANNING TECHNIQUES 

ELECTROENCEPHALOGRAM (EEG) 

• The four basic EEG patterns are alpha waves, beta waves, 
delta waves and theta waves 

• When a person is awake but relaxed, rhythmical alpha waves 
are recorded 

• When the person is physiologically aroused, their EEG 
pattern shows low amplitude and fast frequency beta waves 

• Beta waves are also found in REM sleep when the eyes move 
rapidly back and forth 

• Delta and theta waves occur during sleep 

• As the person moves from light to deep sleep the occurrence 
of alpha waves decreases and are replaced first by lower 
frequency theta waves and then by delta waves 



SCANNING TECHNIQUES 

ELECTROENCEPHALOGRAM (EEG) 



SCANNING TECHNIQUES 

EVENT-RELATED POTENTIALS (ERPs) 
• These are very small voltage changes in the brain that are 

triggered by specific events or stimuli, like cognitive 
processing of a specific stimulus 

• ERPs are difficult to pick out from all the other electrical 
activity being generated within the brain at a given time 

• To establish a specific response to a target stimulus requires 
many presentations of the stimulus and these responses are 
then averaged together 

• Any extraneous neural activity that is not related to the 
specific stimulus will not occur consistently, whereas activity 
linked to the stimulus will 

• This has the effect of cancelling out the background neural 
“noise”, making the specific response to the stimulus in 
question stand out more clearly 



SCANNING TECHNIQUES 

EVENT-RELATED POTENTIALS (ERPs) 

• ERPs can be divided into two categories: 

– Waves occurring within the first 100 milliseconds 
after presentation of the stimulus are termed 
“sensory” ERPs as they reflect an initial response to 
the physical characteristics of the stimulus 

– ERPs generated after the first 100 milliseconds 
reflect the manner in which the subject evaluates 
the stimulus and are termed “cognitive” ERPs as 
they demonstrate information processing 



EVALUATION OF 
THE WAYS OF 

STUDYING THE 
BRAIN 



EVALUATION OF THE WAYS OF STUDYING THE 
BRAIN 

• SEE HANDOUT OF THE TABLE FROM PAGE 163 

 



CIRCADIAN RHYTHMS 

BIOPSYCHOLOGY 



THE NATURE OF CIRCADIAN RHYTHMS 

• Our circadian rhythms are driven by our body clocks, found in 
all of the cells of the body 

• They are synchronised by the master circadian pacemaker, 
the suprachiasmatic nuclei (SCN), found in the hypothalamus 

• This pacemaker must constantly be reset so that our bodies 
are in synchrony with the outside world 

• Light provides the primary input to this system, setting the 
body clock to the correct time in a process termed 
photoentrainment 

• In mammals, light-sensitive cells within the eye act as 
brightness detectors, sending messages about environmental 
light levels direct to the SCN 

• The SCN then uses this information to coordinate the activity 
of the entire circadian system 

• The most familiar of the circadian rhythms subject to this 
entrainment process is the sleep-wake cycle 



THE NATURE OF CIRCADIAN RHYTHMS 

 



THE SLEEP-WAKE CYCLE 

• The circadian rhythm not only dictates when we should 
be sleeping, but also when we should be awake 

• Light and darkness are the external signals that 
determine when we feel the need to sleep and when to 
wake up 

• The circadian rhythm also dips and rises at different 
times of the day, so our strongest sleep drive usually 
occurs in two “dips”, between 2-4am and between 1-
3pm (the “post-lunch dip”) 

• The sleepiness we experience during these circadian 
dips is less intense if we have had sufficient sleep, and 
more intense when we are sleep deprived 



THE SLEEP-WAKE CYCLE 

• Sleep and wakefulness are not determined by the 
circadian rhythm alone, but are also under homeostatic 
control 

• When we have been awake for a long period of time, 
homeostasis tells us that the need for sleep is 
increasing because of the amount of energy used up 
during wakefulness 

• The homeostatic drive for sleep increases gradually 
throughout the day, reaching its maximum in the late 
evening when most people fall asleep 

• Therefore, the circadian system keeps us awake as long 
as there is daylight, prompting us to sleep as it 
becomes dark 



THE SLEEP-WAKE CYCLE 

• The homeostatic systems tends to make us sleepier as 
time goes on throughout the waking period, regardless 
of whether it is night or day 

• The internal circadian “clock” is described as “free-
running”, i.e. it will maintain a cycle of about 24-25 
hours, even in the absence of external cues 

• The circadian system is, however, intolerant of any 
major alterations in sleep and wake schedules (e.g. 
through jet travel, shift work), because this causes the 
biological clock (and the internal physiological systems 
that are dependent on this) to become completely out 
of balance 



OTHER CIRCADIAN RHYTHMS 

CORE BODY TEMPERATURE 

• Core body temperature is one of the best indicators of 
the circadian rhythm 

• It is at its lowest (about 36ᵒC) at about 4.30am and at 
its highest (about 38ᵒC) at about 6pm 

• During the normal circadian rhythm, sleep occurs when 
the core temperature begins to drop 

• Body temperature starts to rise during the last hours of 
sleep, promoting a feeling of alertness in the morning 

• A small drop in body temperature also occurs in most 
people between 2pm and 4pm, which may explain why 
many people feel sleepy in the early afternoon 



OTHER CIRCADIAN RHYTHMS 

HORMONE PRODUCTION 

• Hormone release follows a circadian rhythm 

• For example, the production and release of 
melatonin from the pineal gland in the brain 
follows a circadian rhythm, with peak levels 
occurring during the hours of darkness 

• By activating chemical receptors in the brain, 
melatonin encourages feelings of sleep 

• When it is dark, more melatonin is produced, and 
when it is light again, the production of melatonin 
drops and the person wakes 



OTHER CIRCADIAN RHYTHMS 

HORMONE PRODUCTION 

 



EVALUATION OF 
CIRCADIAN 
RHYTHMS 



RESEARCH SUPPORT FOR THE IMPORTANCE 
OF LIGHT 

• Hughes (1977) tested circadian hormone release in 4 
participants stationed at the British Antarctic Station 

• In February (at the end of the Antarctic Summer), cortisol levels 
followed the familiar pattern, reaching their highest point as the 
participants awoke and lowest as they went to bed 

• However, after 3 months of complete darkness, this changed, 
with peak levels of cortisol being at noon  

• This suggests that the extremes of daylight found in polar 
regions may be responsible for variations in circadian hormone 
release 

• However, other research in similar conditions in the Arctic found 
no such disruption of cortisol release patterns 



INDIVIDUAL DIFFERENCES 

• Cycle length 

– Research has found that circadian rhythms can vary 
from 13 to 65 hours (Czeisler et al, 1999) 

• Cycle onset 

– Individuals appear to be innately different in terms of 
when their circadian rhythms reach their peak 

– E.g. Duffy et al (2001) found that “morning people” 
prefer to rise early and go to bed early (6am-10pm) 
and “evening people” prefer to wake and go to bed 
later (10am-1am) 



RESEARCH METHODOLOGY 

• Participants in most early studies estimating the 
“free-running” cycle were isolated from variables 
that might affect their circadian rhythms (clocks, 
radios and daylight) 

• However, they were not isolated from artificial 
light as it was generally thought that dim artificial 
light, as opposed to daylight, would not affect 
their circadian rhythms  

• Research suggests that this may not be true 
(Czeisler et al, 1999) 



CHRONOTHERAPEUTICS 
• This is the study of how timing affects drug treatments 

• The specific time that the patients take their medication 
is very important as it can have a significant impact on 
treatment success 

• It is essential that the right concentration of a drug is 
released in the target area of the body at the time that 
the drug is most needed 

• Chronotherapeutic medications have been developed 
so they can be administered before the person goes to 
sleep at 10pm, but the actual drug is not released until 
the vulnerable period of 6am to noon (Evans and 
Marain, 1996) 



TEMPERATURE MAY BE MORE IMPORTANT THAN 
LIGHT IN SETTING CIRCADIAN RHYTHMS 

• The SCN responds to light entering the eye, and so is sensitive to 
cycles of day and night 

• However, Buhr et al (2010) believe that it is temperature that 
actually controls our body clock rather than light 

• Although light may be the trigger, the SCN transforms information 
about light levels into neural messages that set the body’s 
temperature 

• Body temperature fluctuates on a 24-hour circadian rhythm and 
even small changes in body temperature can send a powerful signal 
to our body clocks 

• Buhr et al found that these fluctuations in temperature set the 
timing of cells in the body, and therefore cause tissues and organs 
to become active or inactive 



ULTRADIAN AND INFRADIAN RHYTHMS 

BIOPSYCHOLOGY 



ULTRADIAN RHYTHMS 

• In humans, daily cycles of wakefulness and sleep 
follow a circadian rhythm  

• However, within the sleep portion of this cycle 
another type of rhythm exists (an ultradian 
rhythm) 

• A biological rhythm is referred to as ultradian if its 
period is shorter than 24 hours 

• In humans, a classic example of such rhythm would 
be the five stages that make up a typical night’s 
sleep 



SLEEP STAGES 

• The ultradian rhythm found in human sleep follows 
a pattern of alternating REM and NREM (non-rapid 
eye movement) sleep, which consists of stages one 
through to four 

• This cycle repeats itself about every 90-100 minutes 
throughout the night, with different stages having 
different durations 

• A complete cycle consists of a progression through 
the four stages of NREM sleep before entering a 
final stage of REM sleep, then the whole cycle starts 
all over again 



SLEEP STAGES 

• Most of what we know about these different stages 
of sleep comes from recording the electrical 
activities of the brain, with each stage showing a 
distinct EEG pattern 

• As the person enters deep sleep, their brainwaves 
slow and their breathing and heart rate decreases 

• During the fifth stage (REM sleep), the EEG pattern 
resembles that of an awake person, and it is in this 
stage that most dreaming occurs 



SLEEP STAGES 

•   



SLEEP STAGES 

•   



THE BASIC REST ACTIVITY CYCLE 

• Kleitman (1969) referred to the 90-minute cycle found 
during sleep as the Basic Rest Activity Cycle (BRAC) 

• However, Kleitman also suggested that this 90-minute 
ultradian rhythm continues during the day, even when 
we are awake 

• The difference is that during the day, rather than 
moving through sleep stages, we move progressively 
from a state of alertness into a state of physiological 
fatigue approximately every 90 minutes 

• Research suggests that the human mind can focus for a 
period of about 90 minutes, and towards the end of the 
90 minutes the body begins to run out of resources, 
resulting in loss of concentration, fatigue and hunger 



THE BASIC REST ACTIVITY CYCLE 

• The operation of the BRAC in wakefulness is not as 
obvious as it is in sleep but, argued Kleitman, 
everyday observations provide evidence of its 
existence 

• For example, the familiar 10.30am coffee break 
allows workers to divide the 9am to noon morning 
session into two 90-minute phases 

• This pattern is repeated in the afternoon, with cat-
naps more likely in mid-afternoon 



INFRADIAN RHYTHMS 

• Infradian rhythms are rhythms that have a duration 
greater than 24 hours, i.e. longer than circadian 
rhythms 

• They may be cycles lasting days, weeks, months or 
even annual 

• Infradian rhythms include the female menstrual 
cycle in humans (monthly cycles) and the 
organisation of human activities into weeks (weekly 
cycles) 



WEEKLY RHYTHMS 

• The grouping of seven days into a unit called a week is 
common in most areas of the world, and there are 
obvious (and sometimes less obvious) differences in 
human behaviour that conform to this weekly cycle 

• For example, although male testosterone levels are 
elevated at weekends and young couples report more 
sexual activity at the weekends than weekdays, the 
frequency of births at weekends is lower than on 
weekdays 

• It is tempting to look for underlying biological cycles 
that would dictate these differences 

• For example, Halberg et al (2002) reported seven-day 
rhythms of blood pressure and heart rate in humans, 
but the evidence for weekly infradian rhythms in 
humans remains sketchy at best 



MONTHLY RHYTHMS: THE HUMAN 
MENSTRUAL CYCLE 

• A woman’s reproductive cycle is known as a menstrual cycle 
because it lasts about one month 

• There are considerable variations in the length of this cycle, 
with some women experiencing a relatively short 23-day cycle 
whereas others have a cycle as long as 36 days (Refinetti, 
2006) 

• The average appears to be around 28 days 
• The menstrual cycle is regulated by hormones, which either 

promote ovulation or stimulate the uterus for fertilisation 
• Ovulation occurs roughly halfway through the menstrual 

cycle, when oestrogen levels peak, and usually lasts for 16 to 
32 hours 

• After the ovulatory phase, progesterone levels increase in 
preparation for the possible implantation of an embryo in the 
uterus 



MONTHLY RHYTHMS: THE HUMAN 
MENSTRUAL CYCLE 

 



ANNUAL RHYTHMS 

• In most animals, annual rhythms are related to the 
seasons (e.g. migration as a response to lower 
temperatures and decreased food sources in winter), 
but in humans the calendar year appears to influence 
behaviour regardless of changes in temperature 

• Research suggests a seasonal variation in mood in 
humans, especially in women (Magnusson, 2000), with 
some people becoming severely depressed during the 
winter months (seasonal affective disorder) 

• The winter is also associated with an increase in heart 
attacks, which varies seasonally and peaks in winter 

• In fact, there is a robust annual rhythm in human 
deaths, with most deaths occurring in January 
(Trudeau, 1997) 



EVALUATION OF 
ULTRADIAN AND 

INFRADIAN 
RHYTHMS 



INDIVIDUAL DIFFERENCES IN SLEEP 
STAGES 

• Differences in the sleep patterns of individuals are 
usually attributed to differences in non-biological 
factors (e.g. room temperature, sleep hygiene) 

• However, Tucker et al (2007) suggests that these 
differences are in large part biologically 
determined and may even be genetic in origin 



RESEARCH SUPPORT FOR THE BRAC 

• Ericsson et al (2006) studied a group of elite violinists and 
found that, among this group, practice sessions were usually 
limited to a duration of no more than 90 minutes at a time, 
with practice distributed during the day in these 90-minute 
segments 

• Consistent with Kleitman’s claim that fatigue was a 
characteristic of the end of the BRAC cycle, Ericsson’s 
analysis also indicated that the violinists frequently napped 
to recover from practice, with the very best violinists napping 
more than their teachers 

• Ericsson discovered the same pattern among other 
musicians, athletes, chess players and writers 



THE MENSTRUAL CYCLE – THE ROLE OF 
EXOGENOUS CUES 

• The menstrual cycle is normally governed by the endogenous 
system (internal), but it can be controlled by exogenous cues 
(environmental) 

• When several women of childbearing age live together and do not 
take oral contraceptives, their menstrual cycles tend to 
synchronise 

• Russell et al (1980) collected daily samples of sweat from one 
group of women and rubbed onto the upper lips of women in a 
second group 

• The groups were kept separate yet their menstrual cycles became 
synchronised with their “odour donor” 

• This suggests that the synchronisation of menstrual cycles can be 
affected by pheromones 



THE MENSTRUAL CYCLE INFLUENCES MATE 
CHOICE 

• Penton-Voak et al (1999) suggest that human mate choice varies 
across the menstrual cycle, with different preferences at different 
stages of the cycle 

• They found that women generally expressed a preference for 
“slightly feminised” male faces when picking a partner for a long-
term relationship 

• However, when in the ovulatory phase of their menstrual cycle, 
women showed a preference for more masculine faces 

• This preference is believed to represent a preference for kindness 
and cooperation in parental care in long-term mates, but a 
preference for males with “good genes” for short-term liaisons so 
that these genes might be passed on to their offspring 



BELIEF IN LUNAR RHYTHMS 

• Despite empirical evidence to the contrary, the belief in an 
infradian rhythm based on the phases of the moon remains strong 

• Many midwives still believe that more babies are born during a full 
moon than during a new moon, but the statistics show that this is 
a purely subjective association (Arliss et al, 2005) 

• Likewise, surveys of workers in the mental health professions have 
shown a persistent belief that the full moon can alter behaviour 
(Vance, 1995), yet study after study has failed to find any 
consistent association between the moon and human 
psychopathology 

• Occasional studies have found correlations between the phase of 
the moon and various aspects of human behaviour, but there is no 
evidence of a causal relationship (Foster and Roenneberg, 2008) 



ENDOGENOUS PACEMAKERS AND 
EXOGENOUS ZEITGEBERS 

BIOPSYCHOLOGY 



ENDOGENOUS PACEMAKERS 

• The term “endogenous” refers to anything whose 
origins are within the organism 

• These pacemakers are most probably the products 
of inherited genetic mechanisms and allow us to 
keep pace with changing cycles in the environment 

• The most important pacemaker in humans is the 
suprachiasmatic nucleus (SCN) 



SUPRACHIASMATIC NUCLEUS (SCN) 

• In mammals, the main endogenous pacemaker is a tiny 
cluster of nerve cells called the SCN, which lies in the 
hypothalamus 

• The SCN plays an important role in generating the body’s 
circadian rhythm 

• It acts as the “master clock”, with links to other brain regions 
that control sleep and arousal, and has control over other 
biological clocks throughout the body 

• Neurons within the SCN spontaneously synchronise with each 
other, so that their target neurons in sites elsewhere in the 
body receive correctly time-coordinated signals 

• These peripheral clocks can maintain a circadian rhythm, but 
not for very long, which is why they must be controlled by the 
SCN 



SUPRACHIASMATIC NUCLEUS (SCN) 

• This is possible because of the SCN’s built-in circadian 
rhythm, which only needs resetting when external light 
levels change 

• The SCN receives information about the light levels via 
the optic nerve, even when our eyes are shut, as light 
penetrates the eyelids 

• If our biological clock is running slowly (e.g. the sun 
rises earlier than on the previous day), then morning 
light automatically adjusts the clock, putting its rhythm 
in step with the world outside 

• The SCN also regulates the manufacture and secretion 
of melatonin in the pineal gland via an interconnecting 
neural pathway 



THE PINEAL GLAND 
• The SCN sends signals to the pineal gland, directing it to 

increase production and secretion of the hormone 
melatonin at night and to decrease it as light levels 
increase in the morning 

• Melatonin induces sleep by inhibiting the brain 
mechanisms that promote wakefulness 

• The pineal gland and the SCN function jointly as 
endogenous pacemakers in the brain 

• The sensitivity of the pineal gland and the SCN to light, 
and the role of melatonin in controlling sleep and 
activity means that despite the endogenous nature of 
these clocks, their activity must be synchronised with 
the light-dark rhythm of the world outside 



EXOGENOUS ZEITGEBERS 

• The term “exogenous” refers to anything whose 
origins are outside the organism 

• The term “zeitgeber” comes from the German 
words zeit and geber, meaning “time giver” 

• Exogenous zeitgebers are environmental events 
that are responsible for entraining the biological 
clock of an organism 

• The most important zeitgeber for most animals is 
light 



EXOGENOUS ZEITGEBERS 

LIGHT 

• Receptors in the SCN are sensitive to changes in light 
levels during the day and use this information to 
synchronise the activity of the body’s organs and glands 

• Light resets the internal biological clock each day, 
keeping it on a 24-hour cycle 

• Rods and cones in the retina of the eye detect light to 
form visual images 

• However, there is a third type of light-detecting cell in 
the retina that gauges overall brightness to help reset 
the internal biological clock 

• A protein called melanopsin carries signals to the SCN 
to set the daily body cycle 



EXOGENOUS ZEITGEBERS 
SOCIAL CUES 

• Social stimuli, such as mealtimes and social activities, 
may also have a role as zeitgebers 

• Aschoff et al (1971) showed that individuals are able to 
compensate for the absence of zeitgebers such as 
natural light by responding to social zeitgebers instead 

• One of the earliest studies on jet lag (Klein and 
Wegmann, 1974) found that the circadian rhythms of 
air travellers adjusted more quickly if they went outside 
more at their destination 

• This was thought to be because they were exposed to 
the social cues of their new time zone, which acted as a 
zeitgeber 



EXOGENOUS ZEITGEBERS 
SOCIAL CUES 

• Likewise, the circadian rhythms of blind people were 
thought to be no different to sighted people as both 
groups were exposed to the same social cues 

• We now know that both examples can better be 
explained in terms of light exposure acting as a 
zeitgeber 

• The sleep-wake cycle of most blind people is still 
influenced by light during the day, even though they 
have no visual perception 

• This is because connections exist between the eye and 
the SCN that do not involve those parts of the visual 
system on which the perception of light depends 



EVALUATION OF 
ENDOGENOUS 
PACEMAKERS 



THE ROLE OF THE SCN 
• Morgan (1995) bred a strain of hamsters so that they had 

abnormal circadian rhythms of 20 hours rather than 24 hours 

• SCN neurons from these abnormal hamsters were then 
transplanted into the brains of normal hamsters 

• These normal hamsters then displayed the same circadian 
rhythm of 20 hours, showing that the transplanted SCN had 
imposed its pattern onto the recipient's brains 

• Further confirmation of the importance of the SCN came in 
the reverse experiment, planting SCN neurons from normal 
hamsters into the brains of the abnormal hamsters 

• Rather than maintaining their abnormal circadian rhythm, the 
recipient hamsters changed to a circadian pattern of 24 hours 

 



SEPARATE RHYTHMS 
• Under normal conditions the “master clock” (the SCN) 

coordinates all other bodily rhythms 

• However, in some circumstances these rhythms can become 
out of step with each other 

• Folkard (1996) studied a university student (Kate Aldcroft) 
who volunteered to spend 25 days in the controlled 
environment of a laboratory  

• During her time in the lab, she had no access to daylight or 
other zeitgebers that might have reset the SCN 

• At the end of the 25 days her core temperature rhythm was 
still at 24 hours 

• However, her sleep-wake cycle had extended to 30 hours, 
with periods of sleep as long as 16 hours 



EVALUATION AND 
EXOGENOUS 



THE ROLE OF THE SCN 
• Support for the role of melanopsin in setting the circadian 

rhythm comes from studies of blind people 

• Some blind people are still able to reliably entrain their 
circadian rhythm in response to light despite a total lack of 
image-forming visual perception (i.e. non-functioning rods and 
cones) 

• Skene and Arendt (2007) estimate that the vast majority of 
blind subjects who still have some light perception have 
normally entrained circadian rhythms 

• This suggests that the pathway from retinal cells containing 
melanopsin to the SCN is still intact 

• As further evidence for the importance of this pathway in 
setting the biological clock, people without light perception 
show abnormal circadian entrainment 



USING LIGHT EXPOSURE TO AVOID JET LAG 

• Burgess et al (2003) found that exposure to bright light prior to an 
east-west flight decreased the time needed to readjust to local 
time on arrival 

• Volunteers participated in one of three treatments (continuous 
bright light, intermittent bright light, dim light) 

• Participants exposed to continuous bright light shifted their 
circadian rhythm by 2.1 hours over the course of the study 

• Those exposed to intermittent bright light shifted their rhythm by 
1.5 hours and those exposed to dim light shifted theirs by just 0.6 
hours 

• As a result, participants in the first treatment group felt sleepier 2 
hours earlier in the evening and woke 2 hours earlier in the 
morning 

– I.e. closer to the local time conditions they would find after an east-
west flight 



THE ROLE OF ARTIFICIAL LIGHT AS 
ZEITGEBERS 

• Vetter et al (2011) investigated the importance of light in the 
regulation of the sleep-wake and activity-rest patterns of two groups 
of volunteer participant over a five-week study period 

• One group remained in normal “warm” artificial light over the five 
weeks while the other group experienced artificial “blue-enriched” 
light that had a spectral composition close to daylight 

• Participants working under the warmer light synchronised their 
circadian rhythms each day with the natural light of dawn 

• Over the course of the study, sunrise advanced by 42 minutes 

• The participants who were exposed to blue-enriched light did not 
show the same 42 minute adjustment and instead synchronised their 
rhythms to office hours 

• The results confirm that light is the dominant zeitgeber for the SCN 
and that its effectiveness depends on its spectral composition 


