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What is Sleep? 

 Loss of consciousness. 

 Regularly occurs. 

 Natural state, requires no special 

trigger  

 Reduced nervous system activity 

 Rest and recuperation 

 Ultimately....nobody really knows. 

The unconscious state or condition regularly and naturally assumed 

by man and animals, during which the activity of the nervous system 

is almost or entirely suspended, and recuperation of its powers takes 

place; slumber, repose.  - Oxford English Dictionary 
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Animal Sleep Characteristics 

 Most animals are believed to 
sleep. 

 Birds and mammals have REM 
and NREM (non-REM) sleep 

 Reptiles and Insects have just 
NREM sleep. 

 Some aquatic mammals and birds 
can sleep half a brain at a time. 

 Some animals can sleep standing 
up, hanging, balancing, flying etc.. 

 Daily sleep needed varies from as 
little as an hour to twenty hours or 
more. 
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How Much Sleep Do We Get? 

 Young adults 
obtain around 7.5 
hours sleep on 
most nights. 

 A young adult will 
typically have 
around:- 

– 2-5% N1 

– 45-55% N2 

– 13-25% SWS 

– 20-25% REM 

 These figures vary 
considerably by 
age. 

– Older adults have 
less sleep overall 

– They have 
proportionately 
less SWS. 
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Measuring Subjective Sleep Quality 

 A number of standardised questionnaires exist to measure 

aspects of sleep, from current sleepiness to overall sleep quality. 

 The Pittsburgh Sleep Quality Index (PSQI) is amongst the most 

widely used and validated. 

 It consists of questions asking about 

things such as:- 

– Time going to bed and getting up. 

– Time taken to fall asleep. 

– How often you wake up or have to get up in 

the night. 

– If you or too hot or too cold. 

– Negative experiences such as pain or bad 

dreams 

– If you have used sleep medication. 

– If you have had trouble staying awake. 
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Sleep Quality in Older Adults: The 2003 
Sleep in America survey 

 Survey of around 1500 

American adults aged 55-

84 years. 

 Asked about subjective 

sleep quality and medical 

conditions 

 Main finding: poor sleep 

quality seems to result 

from other medical 

conditions. 

 Memory problems 

significantly associated 

with poor sleep in survey 

response. 
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U3A Shared Learning Project: Sleep 
Quality in Older Adults 

 U3A East Midlands Shared Learning 

Project. 

 Four focus groups run by U3A 

members earlier this year. 

 Wide-ranging discussions on various 

aspects of sleep quality in older adults. 

 Potential discussion topics included:- 

– Sleep Habits 

– Sleep Quality 

– Daytime Sleepiness 

– Napping 

– Remedies 
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U3A Shared Learning Project: Example 
Data 

 “I don’t have a television or radio in the bedroom. You know I stay up and 

watch it downstairs then it goes off and I go to bed and as far as I’m 

concerned the bedroom’s for reading and sleeping.” 

 “If I’m having a real problem getting off to sleep, which is very rare, erm … 

the Benylin original makes you feel drowsy … the drawback to that is you 

still feel drowsy the next morning … so, I don’t very often resort to that. I 

don’t usually need to. But it does work.” 
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U3A Shared Learning Project: 
Thematic Map 
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How Do We Know if an Animal is Asleep? 

 Behaviourally: 

– Takes place in safe location. 

– Repetitive 24-hour cycle. 

– Physical movement reduced or absent. 

– Lower response to external stimuli. 

– Rapidly reversible upon significant stimulation. 

 Physiologically: 

– Temperature changes (generally lower, but varies). 

– Loss of muscle tone (some types of sleep only). 

– Characteristic brain patterns. 10 



EEG and Sleep Stages 

 EEG gives an electrical signal believed to 
represent the activation on neuronal 
dendrites. 

 Particular EEG waveforms characterise 
different sleep stages. 

 Sleep scoring focuses on two different 
things:- 

– Sleep stages (Wake,1,2,3 - SWS,REM) 

– Sleep events, such as spindles and K-complexes 

 It produces a hypnogram, which is a graph 
of how sleep developed over the night. 
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Stage Wake 

 Participant awake, either before starting to sleep or waking during sleep 
period. 

 Has the following characteristics: 
– Alpha rhythm. 
– Small eye movements. 
– High muscle tone. 

 Alpha rhythm indicates relaxed wakefulness.  In practice, this stage usually 
represents a waking participant’s attempt to get to sleep. 12 



Stage 1 Sleep 

 Transition stage between wake and deeper sleep. 

 Has the following characteristics: 

– Absence of wake alpha rhythm. 

– Rolling eye movements. 

– Vertex sharp waves. 

 Has no widely accepted function; usually just dismissed as a transition stage. 13 



Stage 2 Sleep 

 Background like stage 1, but with the addition of spindles and K-complexes. 

 Has the following characteristics: 

– Background EEG similar to stage 1. 

– Spindles. 

– K-complexes. 

 Spindles believed to be involved in memory consolidation. 

 K-complexes have no known purpose, but research remains ongoing. 14 



Slow Wave Sleep (SWS – Stage 3/4) 

 The deepest form of sleep; occurs mostly in the earlier part of the night. 

 Has the following characteristics: 

– High Amplitude Slow Waves. 

 Lack of SWS is what makes you feel tired. 

 A prominent theory suggests that SWS is involved in downscaling strength 
of connections between neurons in the brain. 15 



REM Sleep 

 “Paradoxical sleep” – similar in some ways to being awake.  Most 
vivid/memorable dreams take place during this stage.  Occurs mostly in the 
latter half of the night. 

 Has the following characteristics: 

– Background activity similar to, but not identical to, stage 1. 

– Rapid eye movements. 

– Low muscle tone. 

 Loss of muscle tone to stop you acting out your dreams. 16 



Is Sleep Necessary? Are There Any 
Animals That Do Not Sleep?   

 Some fish that live in schools may not to sleep. 

 If so, this could be due to the lack of sensory (and in particular 
visual) input. 

 Other creatures appear to be able to forgo sleep for long periods:- 

– Migrating birds may not sleep while flying (though this is still subject to 
debate and awaiting definitive evidence). 

– Some types of dolphins and whales apparently do not sleep for the 
first 3-4 weeks after birth.  During this time, their mothers do not sleep 
either. 

 These creatures appear to show no ill effects.  Is sleep therefore 
unnecessary?  Can we dispense with it? 
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Evolutionary Pressure for Sleep: The 
Remarkable Case of the Indus River Dolphin  

 Evolved blindness due 
to muddy river 
environment. 

 Needs to keep moving 
due to turbulent river. 

 Has evolved to 
microsleep – sleeps 
for one minute at a 
time – in order to keep 
moving and alert. 

 Why didn’t it evolve to 
not sleep? 
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Functions of Sleep 

 Resting tired limbs 

– Can be achieved through quiet wakefulness 

 Energy conservation 

– Can be achieved through quiet wakefulness 

 Lack of movement during dangerous (nocturnal) hours 

– Can be achieved through quiet wakefulness 

 Immune system performance 

– Unclear as to why this requires a lack of consciousness 

 Neural and cognitive benefits 

– Is this perhaps the main benefit of sleep? 

                               …and Problems 

"As far as I know, the only reason we need to sleep that is really, 

really solid is because we get sleepy.“ – William Dement 

"If sleep doesn’t serve some vital function, it is the biggest mistake 

evolution ever made.“ – Alan Rechtschaffen 
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Memory Systems 

 Distinction between short-term (few seconds) and long-term 
memory. 

 Long-term memory is broadly divided into declarative and non-
declarative. 

 Subdivisions within each of those. 

20 



The Brain and Memory Systems 

 Declarative centred on the medial temporal lobe including a part 
called the hippocampus. 

 Non-declarative centred on the striatum including parts called the 
caudate nucleus and putamen. 
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Memory Consolidation (McGaugh 2000, 
Dudai 2004). 

 Memory consolidation is the 

stabilisation and potential 

strengthening of a memory 

trace through offline 

processing after the initial 

learning/encoding. 

 A common distinction is 

between synaptic 

consolidation, which may 

take place within minutes or 

hours of learning, and 

system consolidation which 

may take place days, 

months or even years after 

learning. 
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The First Sleep and Memory Study 

 Jenkins and Dallenbach conducted the first modern experiment in 

sleep and memory back in 1924. 

 Two participants asked to learn nonsense syllables. 

 They were asked to recall 

the syllables after a few 

hours. 

 If they slept in between 

learning and recall test, they 

forgot some but 

remembered more than half. 

 If they stayed awake, they 

forgot most of them. 

 Sleep helped, but how? 
23 



Sleep and Memory: Four Hypotheses 

 Is sleep important for declarative memory 
consolidation? 

 If so, how does it work? 

Recall performance is better after sleep than after wake No Yes Yes Yes 

Superior recall performance after sleep is sustained No No Yes Yes 

Consolidation occurs during sleep (retrograde facilitation) No No Yes Yes 

Unique properties of sleep directly contribute to consolidation No No No Yes 

All memory consolidation depends on sleep No No No No 

Prediction 
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Active Systems Consolidation 

Slow waves 
coordinate activation 
across the cortex 

Hippocampal sharp-
wave ripples indicate 
reactivation 

Hippocampus initially 
binds cortical regions; 
later they form direct 
connections. 
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Reactivation During Sleep 

 Rats have “place cells” – neurons which are most active in a 
specific location in an environment. 

 A particular pattern of place cells therefore gives a neural signature 
of thinking about moving around an environment. 

 During SWS, rats replay the waking pattern in the cortex and 
hippocampus, but speeded up. 
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Cortex Hippocampus 

Wake Sleep Wake Sleep 



napkin 

+ 

“banjo” 

Reactivation in Humans - Words 
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napkin + ______ 

“banjo” 
28 

Reactivation - Cued Recall 



tunnel 

+ 

Reactivation in Humans - Sounds 

“meow” 
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Reactivation During SWS 
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 Less forgetting when the cue was reactivated during sleep. 

 Effect was true for sounds and words. 

– But only when the word was spoken by the same person during reactivation. 

Reactivation Results 
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SWS Benefit May Decline With Age 

 Task involved learning word pairs. 

 More SWS resulted in better recall in younger adults (mean age 

20yrs), but not in older adults (mean age 70yrs). 

 This is just one measure, however, and not using a reliable 

device, so should be taken with a pinch of salt. 
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REM-Dependent Schematic 
Memory May Remain Strong 

 Schematic memory triggers an existing knowledge structure. 

 Schematic memory may benefit from REM sleep rather than Slow 

Wave Sleep. 

 REM sleep does not decline significantly with age; hence if we 

can learn to use schematic memory, we may well do well. 
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Summary 

 Sleep is essential for all of 

us. 

 Sleep quality is important, 

and sleep quality in older 

adults needs to be better 

understood. 

 Experiences from the day 

are reactivated at night. 

 Memories are reorganised 

in the brain to help us store 

the for the long term. 

 So if you want a better 

memory....go to bed! 

With thanks to all of my 

collaborators, contributors, 

funders and the U3A East 

Midlands Region. 

Thank you for listening! 


