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MEMORY : 3 TYPES & FUNCTIONS

• Sensory memory: Sensory input buffer from each sense, lasting only milliseconds to 

a few seconds.

• Short-term memory(immediate memory): lasting from several seconds to at most a 

few minutes 

• Sensory memory ==> short-term memory by attention

• Working memory = information is not only stored but also processed 

• Long-term memory: lasting anywhere from an hour to lifetime 

• 'procedural' (implicit) and 'declarative' (explicit) memory 

• Procedural memory: information we possess, but cannot describe verbally. eg skilled 

performance, such as typing, riding a bicycle and playing a musical instrument. “motor skills”

• Declarative memory: knowledge that can be consciously accessed and expressed symbolically 

through speech or writing. 

• The mnemonic/rehearsal move information working memory =>long-term memory which is 

called “consolidation” 

Jie Zhang, Journal of Theoretics Volume 6-6, December 2004 
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TEMPORARY MEMORY HYPOTHESIS

• The temporary memory :a system with a limited capacity. 

• Information is stored for a quickly accessible and stable form. 

• Data will stay in the temporary memory until either being deleted or transferred 

to the long-term memory. 

Overloading the temporary memory=> interference with the data saved 

=> impair the learning process.

• Different kinds of temporary memories are stored in separate areas. 

• Temporary declarative memory : assumed to be the hippocampus and the 

adjacent brain areas. 

• Temporary procedural memory

Jie Zhang, Journal of Theoretics Volume 6-6, December 2004 

WORKING MEMORY

• Three separable components: 

• The central executive, 

• The phonological loop, which is responsible for holding and manipulating 

auditory-verbal information

• The visuo-spatial sketch-pad, which performs a similar function for visual, 

spatial and kinaesthetic information 
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THE H. M. CASE

• After B/L temporal lobectomy in 1953, twenty-

seven year old H.M. could only remember recent 

events for a few minutes. The removal of the medial 

temporal lobe, which includes the hippocampus and 

adjacent brain areas, left H.M. unable to form any 

new personal memories. He also suffered a partial 

loss of memory of events before the operation. But 

he had good recall of facts learned long before his 

operation, meaning that his long-term memory was 

unharmed. His working memory seemed also 

unaffected by the loss of his hippocampus. 

Researchers found that H.M.'s procedural memory 

was also intact

THE FUNCTION OF SLEEP HYPOTHESIS
• Data saved in the temporary memory needs to be processed, encode, and transfer

that data to long-term memory

• Waking brain cannot perform this task when the working memory is busy processing 

large amounts of incoming information. To perform this housekeeping, the temporary 

memory has to be shut off from the environment to ensure the memory transfer 

process is uninterrupted. 

• The function of sleep is to process the data saved in the temporary memory, encode, 

and transfer that data to long-term memory. 

• Comparing the new temporary information with old information in the long-term memory, 

=>identify/delete unwanted, duplicate and overlapping data. 

• The remaining information is then encoded and transferred to long-term memory. 
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WHY WE FORGET OUR DREAM

• We can seldom recollect more than a few minutes worth of our dreams after waking. Unless 

being recalled immediately after waking, dreams cannot be remembered. 

• Our temporary memory store has been switched to retrieve-only mode in the sleeping brain 

for memory processing. Any brain mentation during this period could not be saved in the 

temporary memory store. 

• Only the short-term memory (working memory) store is still available for memory storage 

during sleep. Since the short-term memory has a very limited capacity, decays rapidly and 

will be replaced by new incoming information if distracted, a sleeper can only recall the 

memory from the short-term memory store immediately after waking. This explains why one 

can recollect so little of their dreams. 

DREAMS

The link between REM 
sleep and dreaming has 
opened up a new era of 

dream research.
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WHAT WE DREAM

1. Negative Emotional Content: 8 out of 10 dreams have 

negative emotional content.

2. Failure Dreams: People commonly dream about 

failure, being attacked, pursued, rejected, or struck 

with misfortune.

3. Sexual Dreams: Contrary to our thinking, sexual 

dreams are sparse. Sexual dreams in men are 1 in 10; 

and in women 1 in 30.

Manifest Content: A Freudian term meaning 
the story line of dreams. 

WHY WE DREAM
1. Wish Fulfillment: Sigmund Freud suggested 

that dreams provide a psychic safety valve to 

discharge unacceptable feelings. The dream’s 

manifest (apparent) content may also have 

symbolic meanings (latent content) that signify 

our unacceptable feelings.

2. Information Processing: Dreams may help sift, 

sort, and fix a day’s experiences in our 

memories.
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WHY WE DREAM
3. Physiological Function:

Dreams provide the 

sleeping brain with 

periodic stimulation to 

develop and preserve 

neural pathways. 

Neural networks of 

newborns are quickly 

developing; therefore, 

they need more sleep.

WHY WE DREAM
4. Activation-Synthesis Theory: Suggests that the 

brain engages in a lot of random neural activity. 
Dreams make sense of this activity.

5. Cognitive Development: Some researchers argue 
that we dream as a part of brain maturation and 
cognitive development.

All dream researchers believe we need REM sleep. When
deprived of REM sleep and then allowed to sleep,

we show increased REM sleep called REM Rebound.
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DREAM THEORIES
Summary
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WE HAVE THE ELVES THAT HELP MAKE OUR SHOES

Robert Stickgold on Sleep, Memory and Dreams:
Fitting the Pieces Together



11/13/2020

10

STICKGOLD’S SLEEP PROCESSES

• During all stages of sleep, the mind and brain are working to process new memories, consolidating them into 

long-term storage and integrating recently acquired information with past experience. 

• Postlearning sleep is beneficial for human memory performance across a variety of tasks, including verbal 

learning, procedural skill learning, emotional memory, and spatial navigation. 

• Memories of recent experience appear nightly in the content of our dreams, replayed on a cellular level 

during postlearning sleep. 

• Sleep-dependent memory consolidation has been extensively examined from a variety of behavioral and 

neuroscientific perspectives, but studies examining dream experience as an indicator of mnemonic activity in 

the sleeping brain are conspicuously absent. Recent work suggests that dream experiences recalled from sleep 

are a direct reflection of concomitant memory processes in the brain.

• patterns of neural activity that are first seen when 

waking animals are exploring an environment are 

later reproduced when these animals sleep. This 

reactivation has most consistently been observed 

during periods of nonrapid eye movement (NREM) 

sleep just after learning, during brief hippocampal 

sharp-wave ripple burst events12,13 (Fig. 1A). This 

replay of memory in sleep may be critical to long-

term memory consolidation. In direct support of this 

hypothesis, a recent study has shown that the extent 

of neural pattern reactivation after learning 

predicts subsequent gains in memory performance

Adapted from Lee AK, Wilson MA. Memory of sequential experience in the hippocampus

during slow wave sleep. Neuron 2002;1186; with permission;



11/13/2020

11

• Human neurophysiologic studies have 

linked consolidation to sleep-specific 

electrophysiologic and neurochemical 

events, and have used functional 

imaging technologies to show a 

systems-level reactivation of brain 

regions active in encoding new 

memories (Fig. 1B), roughly analogous 

to that which has been seen in rodents.

Peigneux P, Laureys S, Fuchs S, et al. Are spatial memories strengthened in the human hippocampus during slow 

wave sleep? Neuron 2004;541; with permission.)
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• After learning, waking experience is reactivated in 

the sleeping brain, leading to a process of 

consolidation by which new, labile memory traces 

are reorganized into more permanent forms of 

long-term storage. Dream experiences recalled 

from sleep bear a transparent relationship to 

recently encoded information, and provide a useful 

window into consolidation-related activities of the 

sleeping brain. Recent work has established a 

direct relationship between the replay of recent 

experience in dream content,and enhanced memory 

performance in humans
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• A recent study suggests that sleep functions to transform memories such that the critical gist of 

an experience is retained, whereas specific details of the material are discarded. 

• In the Deese-Roediger-McDermott paradigm, participants learn several lists of semantically 

related words . At a delayed test, when participants are asked to recall these words, often 

they also report having seen “gist” words, which describe the general theme of the memorized 

word lists, but which were not themselves present in the list. 

• Sleep preferentially benefited (false) memory for these gist words, suggesting that one 

function of sleep-dependent memory processing is to extract meaningful generalities from 

large collections of related memories.

• Watch these words as they go by. 

Remember them.

• You are going to be tested on them. 
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• [nurse] 

• [sick] 

• [lawyer] 

• [medicine] 

• [health] 

• [hospital] 

• [dentist]

• [physician] 

• [ill] 

• [patient] 

• [office] 

• [stethoscope] 

• [cotton]

DID YOU SEE ?

• Nurse ?

• Cotton ?

• Doctor ?
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• If you saw each of these words, raise your hand, okay? 

[nurse] If you did see it. Okay? Cotton, you see cotton? 

• Doctor? Don’t say it, they were going to raise their hands. 

So, if I had done this competently, about half of you would 

have raised your hand for doctor, and you do that 

because the list is a gimmick list – we’ve put together a 

whole bunch of words related to doctor, but we don’t 

include the word “doctor” in the list. And it turns out, that 

about half of you will falsely remember that you saw the 

word “doctor” because your brain is busy extracting the 

gist of the list.

• sleep functions not simply to strengthen memories, but in addition to transform 

memory traces by integrating them into mnemonic networks and preferentially 

maintaining the general meaning or gist of the larger experience.
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CREATIVE INTRUSION WITH SLEEP

• subjects also come up with words that weren’t on the list and weren’t the gist words either. 

• So, they come up with words like “blood,” which is probably from that doctor list. Someone 

else came up with the word “plate,” and you can see one of the lists was about cups. Or 

“spoon” when one of the lists was about cups.

• That’s pretty common when you do this study. But with this 12-hour interval, we started to see 

funny words popping up, like “fuzzy”. I mean, where did that come from? And we thought 

maybe from “rough” or from the list of words about soft, but it’s really not either of those. And 

we get the word “swirl”. Where did that come from?

CREATIVE INTRUSION WITH SLEEP

• Jessica Payne, my student, said, “Well, maybe it came from ‘mountain,’ like 

they were imagining clouds or soft, like some swirly soft fabric.” But then some 

other people said, “Well, no, maybe it’s cup – like, you know you swirl your 

coffee, or chair – you swirl your chair.” And it started to feel
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• like what these people are doing is they are coming up with words that don’t 

just epitomize one list but are now sort of starting to bring all the lists 

together.

• And when she looked, she finds out you’re not getting those creative intrusions, 

so much, when you’re awake, you’re getting them when you’re asleep.

• The sleeping brain is doing this work of pulling everything together and 

seeing how it fits together and how to summarize it.



11/13/2020

18



11/13/2020

19


