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FINAL EXAM REVIEW SHEET 
 
Lecture 17: Introduction to Learning & Memory 

- memory: “…is the faculty of the mind by which info is encoded, stored, & retrieved” 
  “…it is the retention of info over time for the purpose of influencing future action” 
  “…the store of things learned & retained from an organism’s activity or experience as   
iiievidenced by modification of structure or behavior or by recall & recognition” 

- learning & memory often increase fitness 
- memory research in human & animal models 

- humans à clinical cases,  
psychophysics, fMRI, EEG, …  

- animals à behavioral 
tasks, lesions, 
interrupting/recording 
brain activity 

- short-term memory [working memory] 
- temporarily holding info for 

immediate use (ex. remembering 
the #s in a math problem) 

- only lasts for a short  
period of time [seconds] 

- limited capacity 
- common behavioral task = delayed-match-to-sample [DMS] 
- “The Magic Number 7, Plus or Minus 2”  

- 1956 article by George A. Miller 
- claim = # of objects a human can hold in working memory 

is 7 ± 2 
- later research found that memory span is not constant: 

- around 7 for digits, around 6 for letters, & around 5 for words 
- lower for longer words than for shorter words 

- long-term memory [LTM] 
- lasting storage of information 
- stages of LTM: 

- acquisition/encoding 
- consolidation 
- [sometimes reconsolidation/extinction] 
- retrieval 

- declarative = explicit 
- a memory you can consciously recall or “declare” 

- semantic memories: memories of facts 
- episodic memories: memories of events; autobiographical 

- non-declarative = implicit 
- a memory that is expressed through action, not recollection 

- procedural memory: knowledge of how to do something 
- conditioning [associative learning]: association between items 
- non-associative learning: changes in reflex pathways (ex. habituation, 

sensitization) 
- priming: how a stimulus can change the response to a subsequent 

stimulus 
- implicit memory à classical conditioning [Pavlovian conditioning] 

- Ivan Pavlov (1849-1936) 
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- hypothalamic neurons in male mice expressed channelrhodopsin à light 
presented in presence of another animal or object (Lin et al., 2011) 

- activation of hypothalamic neurons causes attack of female & 
attack of glove 

- hypothalamus involved in aggression 
- evidence that the hypothalamus is involved in emotion regulation in HUMANS 

- deep brain stimulation [DBS] is a method to electrically stimulate brain structure 
in human patients 

- used to treat Parkinson’s, dystonia, & epilepsy 
- inadvertent stimulation of posterior medial hypothalamus caused rage 

attack & attempt to forcibly remove stereotactic frame 
- amygdala 

- widely associated w/ feat & emotion 
- receives rich, direct sensory input [centro-medial] 
- output [basolateral] from the amygdala: 

- brainstem & spinal cord 
- hypothalamus 
- up to the striatum & cortex 

- first behavioral evidence that the amygdala is involved in fear 
- 1930s – Kluver & Bucy removed temporal lobes of 

monkeys [including amygdala] 
- displayed hyperorality, hypersexuality, lack 

of fear 
- became known as Kluver-Bucy Syndrome 
- deficiency in predicting negative outcome 

- 1950s – Weiskrantz tested role of amygdala in fear learning 
- monkeys underwent avoidance conditioning (ex. press level to avoid 

shock) 
- control monkeys learn rapidly, but the monkeys w/o an amygdala do not 

- evidence that amygdala is involved in fear in HUMANS 
- in healthy humans, conditioned fear stimuli activate  

amygdala 
- damage to amygdala impairs fear responses & blocks  

fear conditioning 
- fearful face increases activity in a normal amygdala 

- amygdala lesions block recognition of fear in  
facial expressions 

- amygdala damage removes cue-triggered conditioned fear 
- lesions of basolateral amygdala: 

- blocks conditioned fear 
- prevents new fear learning 

- how is the amygdala involved in fear learning? 
- responses of the lateral amygdala are enhanced by fear 

conditioning 
- mechanism of fear conditioning in 

amygdala à LTP 
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- 2. characteristic posture &/or sleeping place 
- 3. reduced responsiveness to external stimulation 
- 4. homeostatic regulation 

- electroencephalographic [EEG] recording à the EEG  
records a signal generated from large populations of neurons 

- the science of sleep à EEG development 
- Hans Berger (1873-1941) à searched  

for the correlation between  
objective activity of the brain &  
subjective psychic phenomena 

- 1924 – Berger recorded [for the 
first time] spontaneous electrical 
activity from the scalp of human subjects 

- discovered that brain activity during 
wakefulness differs from brain activity during sleep 

- for the first time, the presence of sleep could be conclusively established w/o 
disturbing the sleeper 

- the EEG granted scientists a window into the brain’s activity, & the possibility to 
measure it quantitatively 

- EEG technology has been the dominant tool in the field of sleep research 
ever since 

- EEG patterns 
- wakefulness 

- the awake brain is doing 
many unrelated things 
simultaneously à  
desynchronized pattern =  
low amplitude, mixed 
frequency 

- sleep [slow-wave sleep] 
- during sleep, large 

populations of neurons are 
firing together in a slow,  
rhythmic pattern à synchronized pattern = high amplitude, slow waves 

- electrooculogram [EOG] à records eye movements 
- 1950s – William Dement, Nathaniel Kleitman, & Michel Jouvet 
- different sleep states: 

- NREM à sleep w/ slow eye movements 
- REM à sleep w/ rapid eye movements 
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- when confronted w/ a gamble w/ a moderate chance of success, people 
tend to be risk averse 

- we don’t treat gains & losses symmetrically 
- a utility curve describes how people assign value to options w/ the 

prospect of a gain or loss 
- the curve has a different shape for gains & losses 

- the framing effect 
- people can be manipulated into picking a particular option, depending on how the 

question is framed 
- people tend to choose different options depending on whether the question is framed in 

terms of gains or losses 
- the neural basis of framing effect 

- people were given $50, then asked either: 
- do you want to gamble the money 

or keep $20? 
- do you want to gamble the money 

or lose $30? 
- people tended to choose “keep $20”  

in option 1 & “gamble” in option 2 
- the amygdala was differentially activated during  

the different conditions, following frame bias 
- subjects who showed higher activation in the  

orbitofrontal cortex were less susceptible to the  
framing effect 

- the endowment effect 
- owning something endows it w/ greater value 

- a classroom of students offered to choose between a coffee mug & chocolate bar 
- 59% chose mug & 41% chose chocolate bar 

- a second classroom was given a chocolate bar & then were asked if they want to 
trade it for a mug 

- only 10% said yes 
- a third classroom was given a mug & then asked if they want to trade it for a 

chocolate bar 
- only 11% said yes 

- why do we make irrational decisions? 
- one idea is that our poor decisions occur b/c we have a defective brain or an “obsolete 

brain” 
- other animals are also “irrational” 

- bonobos universally prefer a bowl w/ 100% chance of 4 grapes instead of a bowl 
w/ a 50/50 chance of containing either 1 or 7 grapes 

- chimpanzees do the opposite 
- may relate to feeding habits in the wild 

- neural mechanisms of decisions under risk 
- activity in the prefrontal cortex is associated w/  

choosing to buy or sell for a particular price 
- patients w/ damage to the ventromedial prefrontal 

cortex gamble higher amounts than controls, but 
are sensitive to risk 

- patients w/ damage to the insula ignore risk level &  
show no loss aversion 
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