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Consciousness & the Two-Track Mind (Chapter 3 in Myers)
Consciousness as a state (wake & sleep states)
· Sleep-wake states
· Conscious waking state
· Unconscious sleeping state
· What is sleep? How is sleep defined? Is sleep unique?

· Sleep in not unique. 

· It consists of at least two divisions, NREM and REM? 

· What is the purpose of sleep? What is the purpose of each?

· Sleep is rhythmic. What “clock” controls this?

· Do insects sleep? Do all animals sleep? Do all mammals sleep?

Recording Sleep in Humans

· electroencephalogram (EEG)

· electromyogram (EMG)

· electrooculogram (EOG)

· Other activity

· Respiration

· Heart beat/pressure

· temperature

How does an experimenter know if a subject is conscious?

· Overt behaviour

· Subject’s signalled awareness

· Physiology

· EEG

· brain’s 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
Biological Rhythms
· Circadian: every 24 hours (e.g., sleep-wake cycle)
· Ultradian: within 24 hours (e.g., eating cycle)
· Menstrual: (monthly cycle…more or less)

· Annual: (reproductive/mating cycles in many animals)

· In humans, sleep is a circadian rhythm

· The onset and offset of sleep is largely biological controlled by the detection of light-dark.

Suprachiasmatic nucleus & Pineal gland

· We normally sleep on a 24 hour schedule. 

· This is regulated by the light-dark cycle.

· It is the suprachiasmatic nucleus (SCN) that detects lightness-darkness. The SCN is a group of nuclei in the inferior region of the hypothalamus, located immediately superior (“supra”) to the optic chiasm (the place where the optic nerves crosses from the left to the right side and vice versa)

· The optic nerve sends information about light and darkness to the SCN. The SCN relays this information to the pineal gland, located superior (above) and posterior to the thalamus.

· The pineal gland is an endocrine gland and releases a hormone, melatonin

· Melatonin released upon detection of darkness.
· Melatonin is responsible for the “feeling” of fatigue/sleepiness

What is the effect of constant lightness/darkness?

· What happens if the optic nerve is severed prior to SCN. The animal is now in constant darkness and because it no longer receives cues about the 24 light/darkness cycle, a new sleep-wake cycle develops.

· This cycle last about 25 hours in humans. The individual goes to sleep about an hour each day, for example at 23:00 one day,  00:00 the next day, )01:00 the day after, then 02:00 and so forth.  Note that there is still a cycle but it is a 25 hour cycle.

· What happens if the optic track after the thalamus is severed (thalamo-cortical track)? Ligt-darkness cues are still detected by the SCN. Thus, the sleep-wake cycle is 24 hours

· What happens if the suprachiasmatic nucleus is destroyed?

Stages of sleep
· Awake
· Stage 1
· Stage 2
· Stage 3-4 (Slow Wave Sleep or SWS)
· REM
· Stages 2, 3 and 4 are often combined to form non-REM (or NREM) sleep
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· EEG shows fast frequency, low amplitude (beta, maybe alpha)

· Subject is “conscious” and is aware of their environment.

· Most young adults spend about 16 hours awake.
Stage 1 “Sleep”

· 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 lose conscious awareness of external environment
Stage 2 Sleep

· EEG shows slower frequencies (theta, delta)
· presence of spindles and K-Complexes (also in stages 3&4)
· EMG lower
· very little conscious awareness of the external environment
· subject is definitely asleep
· occupies about 1/2 of our total sleep evenly distributed throughout the night
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Stages 3 and 4 (Slow Wave Sleep, SWS)

· Stages 3 and 4 are usually grouped together

· EEG shows mainly slow frequency (1-3 Hz) high amplitude delta waves.

· EMG tonus very low

· very deep sleep

· subject may show 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 (NREM) Sleep
· Stages 2, 3 and 4 show theta and delta EEG. Stage 2 has less delta and more theta while stage 4 has more delta and less theta. 
· Period of profound unconsciousness?
· Loss of frontal lobe control?
· Sleep spindles; inhibitor of processing of external stimulus input. 
· The K-Complex. Function? A means to detect stimuli during the night?  Or a sleep protector? 

· Night terrors; sleep walking (but sleeper is unconscious!) within stage 4

How does sleep develop over the night?

· 90 minute REM cycles 

· REM lengthens with each cycle

· 75% of stage 3+4 spent in first half of the night.

· 75% of REM spent in the last half of the night

· Stage 2 develops evenly over the night (50% in 1st; 50% in 2nd half)

REM Sleep

· Aroused EEG (like stage 1 or Waking)

· But subject is very difficult to awaken (thus name “paradoxical sleep”)

· 90 min cycle

· Most of stage REM at the end of the night

· Muscle inhibition (but not total)

· Rapid eye movements
· Dreaming
· Absence of frontal lobe functions 
· Period of profound unconsciousness?
· However, lucid dreamers can signal they are dreaming. Moreover, an experimenter can influence the content of their dreams. 
· Inhibition of autonomic nervous system. Heart rate might be very fast or very slow. Respiration might be very fast or very slow; respiration may stop altogether. Temperature may rise or fall dangerously.
REM & Dreams

· Purpose of dreams?
· Release of repressed desires/drives from the unconscious (Freud). 
· The actual content of the dream (its “manifest” content) is symbolic of our true (but repressed) desires (the “latent” content).
· Few psychologists (or psychiatrists) currently agree with the Freudian theory of dreams. 
· One of the most opposed to Freudian theory is a neuropsychiatrist, Alan Hobson.
· Activation-synthesis theory (Hobson). See Figure below.
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Role/function of REM? NREM?

· To understand the functions of both NREM and REM sleep requires a knowledge about certain facts about sleep.

· How does sleep develop over the night? Why is this relevant? 

· Does NREM or REM develop first in humans? Why is this relevant?

· Which therefore is oldest? Which is most “primitive”?

· Is the role consistent with when each appears in evolution? 

· Should evolutionary old animals (reptiles, amphibian, fish) have more REM or NREM? Do they need to sleep at all?
· Brain structures involved in NREM and REM sleep? 

· Manipulation of amount of sleep. Effect of sleep deprivation?

Development of sleep over the night in humans

· 4 hours spent in stage 2. Half of stage 2 in the first half of the night.

· 2 hours spent in stage 3+4. Most of this is in the first half of the night. Biological drive for SWS

· 2 hours spent in stage REM. Most of this in the last half of the night.
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How does sleep develop in humans?
· In young adult, 50% of sleep is spent in stage 2; 25% in stage 3-4; 25% in REM

· REM accounts for about 50% newborn’s sleep and even more in premature infant. REM rapidly declines in % after birth. Reaches adult levels at 8-10 years of age

· Stage 3-4 (“delta”) declines in elderly.
Phylogenetic development (development across species)
· Considerably more REM sleep in human infants than in adults

· Recapitulation theory: Ontogeny recapitulates (mimics) phylogeny.
· Therefore, one would expect REM to evolve first and to see it in the most “primitive” animals
· Unfortunately, it is not quite as simple as this. Sleep is also affected by many other evolutionary survival strategies. For example, the extent to which one is a prey or a predatory will also affect sleep. It is not a good idea to be frequently sleeping if one is being hunted.  Thus, herding animals will not have the luxury of long sleep periods. But, a hunter, such as the lion, can.  The metabolic rate (the rate at which energy is consumed at rest) will also affect sleep. If the metabolic rate is very high, the animal must almost constantly be seeking food, to replace the energy being burned. A number of small rodents seem to be constantly active, seeking food. This energy needs to be recovered. Sleep might be the only way for them to conserve energy and “recover”. On the other hand, many larger herding animals (e.g., cows) have a very low metabolic rate. They are thus burning considerably less energy. The need for sleep to recover this lost energy is thus greatly diminished. 
· Also, sleep is multifaceted. An animal might show the evolution of certain aspects of sleep (for example, an aroused EEG during REM) but not other aspects (absence of rapid eye movements during REM sleep). Thus, the animal might show an aroused EEG but few eye movements during REM. Is this still REM sleep? And in fact, how would we know the animal is sleeping at all? An aroused EEG is also characteristic of the waking state. Thus, what decision would the scientist make if it encountered an animal that showed only an aroused EEG and no eye movements for an entire 24 hour period? Does the animal sleep at all? Or, is the animal awake for a period of time and then it enters REM sleep, but without eye movements, for a period of time. 

· Sleep is also associated with changes in motor activity, cortical arousal, eye movements, muscle atonia, changes in autonomic systems, temperature changes. It is possible to show some of these changes but not all of them. 
· Temperature/autonomic changes not incidental (e.g. warm/cold-blooded division). Temperature must be maintained at a certain minimal in warm-blooded animals. Temperature declines during sleep (as does the temperature in the environment at night). If the temperature declines too much, the animal must awaken. This is not a problem for the cold-blooded animals. Thus, even of temperature drops very low in a sleeping cold-blooded animal, sleep can be maintained. 
Sleep for conservation of energy

· Smallest animals have the highest metabolic rate (i.e. energy consumption per kg body weight): 

· Example: Small shrew eats its body weight each day. These animals are basically eating the entire time they awake. By contrast, an elephant eats 1/20th of its own weight each day.
· Animals with highest metabolism have longest total sleep time (TST). These animals must eat continually just to replace the energy they are burning to gather food, in order to eat (A rather strange evolutionary option). At the very least, sleep conserves energy. 

· Thus, the ground squirrel and little brown bat sleep 16.6 and 19.9 hrs while…

· large animals such as the elephant and giraffe sleep 3.3-3.9 and 4.6 hours, respectively.

Predators/Prey

· Predators have the luxury of being able to enjoy long hours of sleep, especially REM sleep 
· Preys enjoy less REM sleep (recall that arousal thresholds are high during REM)
· Large herbivores such as the giraffe have a slow metabolic rate and thus have little SWS. They will also have little REM if they are hunted. Thus, reduced SWS and REM. 
· Large animals who are predators, such as a lion or tiger, will have more sleep.
Mammals

· Mammals need to maintain a more or less constant temperature, even when they sleep.
· Mammals need to breathe, even when they sleep.
· Land-based mammals can maintain temperature and breathe while they sleep. This is much more difficult for sea mammals.
· Sea mammals that are constantly at sea (for example, dolphins and whales; on the other hand, sea lions often sleep ashore) have a problem. If they sleep, they will experience muscle inhibition and cannot thus constantly swim. They will thus sink. If they sink below a certain critical level, the temperature of the ocean will fall below a level at which the animal can maintain a constant temperature. 
· These animals also need to surface periodically to breathe or they will drown. How can they surface if their muscles are inhibited?
· Sea mammals have evolved a unique solution. One hemisphere sleeps but the other hemisphere is awake. Then, the process is reversed.  The images below show the EEG recorded from the right and left hemispheres of a dolphin. In the upper image, the right hemisphere shows high amplitude SWS but the left hemisphere shows low amplitude wakefulness. Sometime later, this changes. The right hemisphere is now awake and the left hemisphere enters SWS. 
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Effects of total sleep deprivation
A means to experimentally determine the purpose of a basic need (eating, drinking, sex) is to deprive the organism of the need. If an animal is deprived of food or water, it will eventually die. If the animal is deprived of sex, it will not die (although the species may become extinct). If an animal is deprived of sleep for a long enough period, will the consequences be similar to those of food and water deprivation or will the consequences be similar to those of sex deprivation?
· Humans have been able to tolerate several days without sleep (and in rare cases more than 2 weeks!).
· Major effect: sleepiness; irritability. But fatigue is not uniform throughout the day. After an entire night without sleep, one would expect the sleep-deprived individual to be more sleepy later in the afternoon than early in the morning, if sleepiness is determined by how many hours the individual has been awake. This is not the case. The sleep-deprived individual will report much more sleepiness at 06:00 in the morning after sleep deprivation than at 16:00 later in the afternoon. 
· Frontal lobe functioning. The frontal lobes appear to be the first region of the brain that “falls” asleep. There is now considerable evidence that tasks that are modulated by the frontal lobes are especially affected by total sleep deprivation. Attention (dependent on the executive functions of the frontal lobe) is difficult to maintain. Effortful processing (dependent on central executive resources) is difficult. Logic and the ability to plan and sequence are affected. The frontal lobes also control the emotions. Thus emotional display may be inappropriate. Individuals may act inappropriately.
· Animals kept awake will develop sores on their body and matting of fur.
· After a few weeks, they will die.
· Role of the immune system. It appears that the immune system is active in NREM sleep.
· Thus, individuals who are sleep deprived are at risk from infectious diseases. Those who are already ill will have difficulty fighting the disease.
REM sleep deprivation

· Total sleep deprivation deprives the individual of both NREM and REM sleep. Thus, the effects of total sleep deprivation might be because of the loss of NREM or REM sleep. To know the function of NREM and REM sleep, requires that the experimenter selectively deprive the individual of only NREM sleep (and thus allow REM sleep to occur) or, on the other hand, of only REM sleep (and allow NREM sleep to occur).
· It is not possible to selectively deprive the sleeper of only NREM sleep. Why is this so?
· Every time the sleeper enters, NREM, they are wakened. If they enter now immediately REM, they are permitted to sleep. But as soon as they enter NREM, they are again wakened. The reality is that once the individual is allowed to sleep, they will enter NREM immediately. They will never enter REM immediately upon sleeping. Selective NREM sleep is thus effectively total sleep deprivation.
· However, it is possible to deprive the sleeper only of REM. Every time the sleeper enters, REM, they are wakened. If they enter NREM (and they almost always do), they are permitted to sleep. But as soon as they enter REM, they are again wakened.
· Consequences?
· REM rebound. REM is normally on a 90 min cycle. Following, REM deprivation, there is rebound: the sleeper enters REM more rapidly. And another aspect of rebound: the sleeper enters REM earlier in the night (more rapidly than 90 mins). Importantly, the overall quantity of REM increases over the night. 
· Many CNS depressants will cause moderate to severe loss of REM. Upon withdrawal from the medication, there are symptoms of REM rebound. There is more REM and it occurs earlier. Withdrawal even affects the nature of dreams associated with REM. They are often prolonged and intense and can appear with nightmares. During the day, withdrawal from long-term use (addiction) of certain CNS depressants (most notably alcohol) may be associated with frightful delirium tremours (DTs) 
· Deterioration of performance on tasks learned the previous day (especially if the task requires frontal lobe involvement).
· REM might thus be associated with the storage of memories for the day’s events. For many years, it was thought that a purpose of REM sleep was for the consolidation of memories for tasks learned during the day. Short-term “working” memory is transferred to permanent memory during sleep. More recent research indicates that memories for tasks learned during the day can also be consolidated during NREM sleep. (See sections below for more details).
Purpose of NREM sleep.
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One purpose of sleep may be strictly evolutionary. Many animals are poorly equipped to survive at night. If animals do need to sleep, perhaps the time to do so is when they are least-adapted for survival, during the night. Sleep also protects animals from predators. 
· First half of the night’s sleep is spent in NREM sleep. Why is this so?
· Recovery from day’s activities. Regeneration of cells. 
· The Figure displays the sleep of individuals for 4 days after having run a marathon (about 42 km). The control night represents the sleep prior to the marathon. A large increase in the amount of deep sleep (stages 3&4) is apparent on the first 2 nights after the marathon and to a lesser extent on nights 3 and 4. 

· NREM sleep deprivation... animals become very ill and eventually die. 
· Immune system is especially active during NREM.  Part of this activity involves the clean-up of waste. October, 2013 research indicates that brain cells in the mouse shrink during sleep allowing  gaps to open between neurons and allow fluid to wash the brain clean.
· Release of growth hormone during NREM (for growth but also for cell repair). Also, recent (2012) research indicates that early in puberty, hypothalamic cells controlling the release of luteinizing hormone (LH) secretion are especially active during stage 4 sleep. LH is essential for sexual reproduction and triggers ovulation in females and stimulates the production of testosterone in males. NREM, stage 4 sleep appears to be essential for the onset of puberty.
· The elderly, who are less active than the younger adult have less stage 3+4.
· Restorative function of NREM sleep. Cells are repaired/regenerated during NREM sleep. As an example, research in 2013 indicates that cells that form the myelin sheath surrounding the axon are formed during sleep. 
Purpose of REM sleep.

· REM occurs at the end of the night. It thus seems to be a  biologically luxury. If sleep is prolonged more than 4 hours, then the sleeper will enter REM.

· It is not a biological necessity, whereas SWS does seem to be a biological necessity.

· For many years, it was thought that REM sleep played on role in the storage of information that was learned during the day. Short-term working memories were “consolidated” into permanent memories during REM sleep 
· Infants and young children have more REM than adults 
· Occurs mostly in 2nd half of the night (i.e., is not a biological necessity) 
· A number of studies have indicated that intense learning is associated with an increase in the amount of REM
· REM deprivation will affect performance on tasks that have been previously learned, particularly those that involve procedural learning.
· Alternately, it may not be so much that new memories are stored, but rather old, irrelevant information is removed (Crick & Mitchison).
· Newer research has concentrated on the role of NREM sleep in learning and memory. It is certainly not the case that memory traces are formed only in REM sleep. For example, when rats learn to navigate a maze to find a reward, the hippocampus shows a distinctive pattern of firing. This same pattern is “replayed” in the hippocampus during NREM sleep. In other studies (2012, 2013), humans are asked to learn a particular motor sequence (similar to learning to learn piano notes). When they are asked to recall the sequence while undergoing scanning in an fMRI, the hippocampus is activated. During NREM sleep, the same hippocampal region is again reactivated.   There is evidence that the learning of many novel tasks will result in a higher amount of NEM sleep. 
Sleep Disorders
· Insomnia. The occasional inability to fall asleep in quite normal. Insomnia is the frequent inability to fall asleep (often for hours at a time), and in some cases, to remain asleep. Thus, once asleep, there may also be frequent awakenings. Clinical insomnia is not uncommon in about 10% of younger adults and in about 25% of the elderly. An interesting aspect about insomnia is that about half of those who complain about insomnia are not, in fact insomniacs. They overestimate their loss of sleep. When testing objectively in a sleep disorders lab, the physiological results indicate that they sleep normally even if subjectively they claim to have very poor sleep. True insomnia can be treated through psychological counselling – learning how to properly relax before going to sleep. Often however, it is treated with medication, “sleeping pills”. These are CNS depressants and a side effect of all CNS depressants is that they may reduce the amount of REM sleep. Another side effect of sleep medication is that once the patient is withdrawn from the medication, the insomnia may worsen! The number of individuals who are using medication to sleep has increased dramatically over the last decade. 

· Narcolepsy.  An inability to stay awake. The narcoleptic thus has frequent sleep bouts during the day. A narcoleptic may not show all aspects of sleep. Some might, at times show only cataplexy.  Cataleptics display muscle atonia (paralysis), falls down, but are actually conscious although they cannot respond to external stimulus input because they are essentially paralyzed.  A true narcoleptic attack is however a sleep episode. About half of the patients immediately enter NREM sleep and half, REM sleep. It is also common however for a patient to at times enter NREM and at other times REM sleep. Narcolepsy is also triggered by strong emotions and stress.  Narcolepsy appears to be a genetic disorder. Narcoleptic dogs have been bred. The gene responsible for narcolepsy was discovered at the beginning of the 2000s. Narcolepsy is associated with the failure of the release of a hypothalamic-related neurotransmitter, “orexin” (also called “hypocretin”). When released orexin results in arousal and wakefulness, but also increased locomotion and energy expenditure. Orexin also increases the craving for food. It appears that narcoleptics are unable to produce a sufficient quantity of orexin.  Narcolepsy is treated by CNS stimulant medication. The search continues for a medication that mimics orexin. 
· Sleep apnea. Literally, the cessation of breathing during sleep. This case is seen most often in middle aged, obese men, sleeping prone (on their back). Muscle inhibition causes the tongue to fall backward blocking the air passage. After a significant time without breathing, the absence of oxygen to the brain forces an awakening an a gasping for breath. A patient with severe sleep apnea may have several awakenings per night and thus be deprived of Slow Wave Sleep. The apneic frequently has no awareness of having the disorder, although they often report being very tired even though they had apparently slept 8 hours. The spouse is often the one that notices an obvious syndrome. There is now good evidence that the patient will have cognitive deficits during the day. The most common treatment is the use of a CPAP device (a type of mask worn over the mouth and nose) attached to an air pump keeping the airway passage open.  
Loud stimulus








