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Consciousness as a process
The process of becoming conscious
Selective attention process
Consciousness as a state
Sleep/wake states
Conscious waking state
Unconscious sleeping state


Natural Sleep: The Loss of Consciousness
Define what is sleep?
How is sleep defined?
Sleep is not unique
Consists of at least two divisions –REM and NREM sleep
What is the purpose of sleep? What is the purpose of each stage
Sleep is rhythmic, what “clock” controls this?
Do all animals sleep? Do they sleep on a rhythm?

Body Rhythms
Circadian rhythm: sleep once every 24 hours
Ultradian: within 24 hours
In humans, sleep is a circadian rhythm
The onset/offset of sleep is largely biological, controlled by the detection of light dark

Superchiasmatic Nucleus
Located immediately superior to optic chiasm 
PINEAL GLAND: releases melatonin under control of superchiasmatic nucleus
Mainly released during the night (in the absence of light)
Light inhibits the release of melatonin 
Administration of melatonin
Decrease motor activity
Increase fatigue, lower body temperature

Effects of Constant Light/Darkness
We normally sleep and awaken once every 24 hours
Is this because of the light/dark cycle?
Experimental manipulation: Remove cues to times 
Humans would sleep about one hour later every day (sleep at 11 pm, then 12am, then 1 am)
Natural sleep rhythm is a 25 hour cycle 
How would wake/sleep cycle be affected if…
The optic nerve is severed prior to chiasm?
The optic track after the thalamus is severed (thalamo-cortical track)

Recording Sleep in Humans

Electroencephalogram—EEG 
Electromyogram
Electrooculogram
Other physical activity
Respiration, heartbeat, body temperature

HOW DO WE DEFINE SLEEP

State of unconsciousness 
In order to sleep, one cannot be conscious of the external environment
Process of stimulus to the cortex must be inhibited 

Sleep Onset: How is Consciousness measured

Overt behaviour
Subjects signalled awareness
Physiology 
EEG
Brains response to stimuli (evoked potentials)

EEG & Arousal
Beta( awake and alert) high frequency 15 Hz+, low amplitude EEG
Alpha (relaxed) 8-12 Hz, rhythmic EEG
Theta (light sleep-drowsiness) 4-7 Hz EEG
Delta (deep sleep; coma) low frequency 1-4 Hz, high amplitude EEG

Stages of Sleep

Awake 
Stage N1
Stage N2
Stage N3
REM 
✪Stages N2 and N3 are often combined to form non-REM (NREM)


Waking State
EEG shows fast frequency, low amplitude
Subject is conscious and aware of environment
Most young adults spend about 16 hours awake 
Stage N1
Brief period during the transition from a waking to sleeping state
EEG slows (less than 50% alpha)
Loss of muscle tonus
EOG shows slow rolling movements
Hypnogogic reverie
Subject begins to lost conscious awareness of external environment 
Stage N2
EEG shows lower frequencies (theta, delta)
Presence of spindles and K-complexes (also in stages 3&4)
Sleep spindles: inhibitor of processing of external stimulus input
K complex: a means to detect stimuli during the night? Or a sleep protector?
EMG lower
Very little conscious awareness of the external environment
Subject is definitely asleep
Occupies about ½ of our total sleep evenly distributed throughout the night 
[image: ]

Stage N3 and N4 (Slow Wave sleep)
Grouped often with stage N4
EEG shows mainly slow frequency Hz and high amplitude delta waves
EMG tonus very low
Very deep sleep
No conscious awareness of external environment
Occupies about 25% of our total sleep
Mainly occurs in the first half of the night
Biological need for stages 3 & 4
Non- REM sleep
Night terrors, sleep walking (within N3)
Loss of frontal lobe control
Sleep spindles
K complex
REM Sleep (or “Paradoxical Sleep”)
Aroused EEG (similar to N1)
Cortex is activated as if you were awake
Subject is very difficult to awaken
90 min cycle
Most of this happens at the end of the night 
Muscle inhibition
Rapid eye movements—REM 
Period of profound unconsciousness??
Dreaming 
Lucid dreamers—can signal that they are dreaming, are conscious of dreaming, and an experimenter can influence the content of their dreams 
Absence of frontal lobe functions 
Inhibition of autonomic nervous system 
Does not detect harmful body functions such as rapid heart beat or increases in body temperature 

PARADOXICAL SLEEP
What is the “paradox”?
The cortex is very active and wake-like but the muscles are inactive 
Activity of cortex indicates that you should be conscious, but you are very unconscious of external stimuli

DREAMS

The purpose of dreams?
Freud—pathway to unconscious repressed memories
Actual content (manifest content) is symbolic of our true and repressed desires (latent content)
Inhibition of frontal lobes during sleep
Does this explain the bizarreness of dreams?
Activation Synthesis Theory
No real purpose of dreams in the Freudian sense
Nightmares vs. Night terrors
Occur during REM sleep
Strong emotional content
Fear, sadness, despair
Occur most often in teens (40-50%) and about 2/3 of adults
MAY reduce emotional anxiety/trauma during the day 

THE PURPOSE OF NREM/REM SLEEP

When does NREM and REM occur during the night?
Changes within human species
Ex. Why do babies have more REM sleep than adults
Changes across species 
Sleep deprivation
Learning/memory during sleep

How does sleep develop over night?
90 minute REM cycles
REM lengthens with each cycle
75% of stage N3 in first half of night
75% of REM in last half of night
Stage N2 develops evenly over the night (50%-1st,  50%-2nd)

Onto and Phylo genetic changes
Does REM/NREM develop first in humans?
Which form is oldest/learned first?
Changes over life span
Considerably more REM sleep in human infants than adults
50% of a newborns sleep (16h average) 
Young adults—50% N2; 35% N3; 25% REM
REM rapidly declines in % after birth
REM very dangerous; autonomic system unable to regulate body
Stage N3 declines in elderly 

RECAPITULATION THEORY

Also called Biogenic Law
Ontogeny recapitulates phylogeny 
How do we define sleep?
Problem: both NREM and REM are multi faceted 
Changes in motor activity, cortical arousal, eye movements, muscle atonia, autonomic inhibition, etc.)
Difficult to rely on data across species
Same aspects may be shown but not in all different species
In reptiles, EEG does not change from waking to sleeping, but animal does show different phases of activity and rest at predictable times 
Evidence of muscle atonia at different times
Reptile seems less responsive to/conscious of external stimuli while resting 

SLEEP FOR ENERGY CONSERVATION

Smallest animals have the highest metabolic rate (energy consumption/body weight in kg)
To survive they must eat frequently (eg. Small shrew eats its body weight each day; elephant eats 1/20th of its own) 
Animals with high metabolism have longest total sleep time
Some small animals sleep 16-19 hours a day; large animals sleep 3-4 hours a day
Sleep conserves energy

PREDATORS vs. PREYS

Arousal to awaken thresholds are high during REM for prey to be alert for hunters
Predators are not being hunted, therefore can sleep for long periods of time, especially REM sleep
Large animals have little NREM, and if they are prey, little REM
Large animals (tigers, lions, etc.) have more NREM and REM sleep 

MAMMALS

Need to maintain a near constant temperature
Mammals need to breathe even during sleep
Muscle atonia during REM 

Sea mammals
Muscle atonia during REM
May sink; breathing? Temperature regulation? Therefore must constantly be in motion
Some come to land to sleep
SWS: one hemisphere awake, other hemisphere SWS
Uses flippers associated with the awake hemisphere to keep swimming; muscle atonia over half the body

MANIPULATING SLEEP

Deprive animal of sleep and observe effect
Humans can tolerate days without sleep
In rare cases more than 2 weeks 
Major effects: sleepiness; irritability (loss of emotional control) 
Therefore affects the frontal lobe 

Total Sleep Deprivation

First area that “falls asleep” is frontal lobe
Cognitive tasks that are modulated by the frontal lobe are especially affected by total sleep deprivation 
Animals kept awake will develop sores on their body and matting of fur
After a few weeks, they die 
Role of the immune system
Appears  that the immune system is active in NREM sleep 
When permitted to sleep, how much does the sleep deprived subject actually sleep?
Rebound: when permitted to sleep 
Rapid onset of sleep (NREM)
More N3 stages then normal 
Sleep doesn’t accumulate 
If you miss one night, you wont sleep 16 hours the net night 

THEORIES OF NREM SLEEP

First half of night is spent in NREM sleep
NREM sleep deprivation
Animals become sick and will die
Immune system is especially functional during NREM
Growth hormone released during NREM
For body growth and cell repair
Luteinizing hormone released during puberty during stage N3 
N3 sleep appears to be essential for the onset of puberty and sexual maturity 
Brain cells in the mouse shrink during sleep allowing gaps for toxins in the brain to be removes
Cleaning toxins from brain 

Restorative Functions of NREM Sleep
Regeneration/reparation of cells
Release of growth hormone
The elderly, who are less active than the younger adult require less N3&N4
NREM—effects of fatigue; need for recovery

MEMORY/LEARNING AND SLEEP


A task is learned during the day, performance was measured just before sleep
Learned just prior to sleep and then performance is measured after sleep 
Performance is BETTER after sleep 
Learning of many novel tasks, storage during NREM
Declarative Memory (notes)
“I can declare I know this”
Brain areas that were active during the initial learning are reactivated during NREM 

THEORIES OF REM SLEEP

Infants and young children have more REM
Mostly during 2nd half of night
Information storage (memory)
Transfer of short term memory to permanent memory

Learning and REM Sleep
Especially for non-declarative memory
Gained through previous experience that is unconsciously applied
Ex. Motor skills, procedural memory, certain aspects of language—second language learning
Emotional Memory
Clean up of irrelevant material 

REM DEPRIVATION

Not possible to selectively deprive the sleeper of only NREM sleep
However you can deprive a subject of only REM
REM Rebound
More REM; earlier entry into REM at beginning of night
Many CNS depressants cause moderate to severe loss of REM
Upon withdrawal of medications, REM rebound often with nightmares
Deterioration of performance on tasks learned the previous day

SLEEP DISORDERS

Insomnia
Inability to fall asleep
Can be treated through psychological counselling—learning how to relax before going to sleep
Can also be treated with medication (CNS depressants) and a side effect is they reduce the amount of REM sleep 
Narcolepsy
Inability to stay awake—random and frequent sleep bouts during the day
Half immediately enter NREM sleep and REM sleep
Triggers
Times being relatively inactive
Emotions, stress, and anxiety 
Cataplexy
Look like they’re conscious(sometimes actually are) but show REM muscle atonia
CAUSES
Genetic
Hypothalamus releases Orexin 
Causes you to feel hungry, arousal, locomotion, expenditure of energy 
Treatment: CNS stimulant medication 
Apnoea 
The cessation of breathing during sleep
Most seen in middle age, elderly, obese, male adults sleeping on their backs 
Muscle inhibition causes the tongue to block airways 
[bookmark: _GoBack]Most common treatment is use of a CPAP device (a mask worn over the mouth and nose) to pump air and keep passageways open 
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