Module 29: Memory
Guidelines
For the multiple choice exam for module 31, you should be able to:
· Understand the difference between working memory and long-term memory

Long-term memory: Involves different neural systems to short-term memory - Lasts days, weeks or years – Created from working memory from conscious or unconscious rehearsal

Working memory: Hold and manipulate information for seconds to minutes - Limited duration and capacity - To avoid forgetting, information must be continuously reactivated by rehearsal - Can be considered a form of attention, with attention focused on an internal memory as opposed to an external stimulus 


· Define declarative memory (including episodic and semantic memory) and nondeclarative memory (including priming, procedural memory, nondeclarative associative memory, and nondeclarative nonassociative memory)

Declarative memory 
Episodic memory - Memory of personal experiences (autobiographical memory) - What did we do/experience and when? 
Semantic memory - Memory of the meaning of words or concepts 

Nondeclarative memory
Priming - a change in processing of a stimulus due to a previous unconscious encounter with the same or similar stimulus. 
Ex - Ask two groups to read one of two lists of words 
Group 1: spring, winter, car, boat 
Group 2: trip, tumble, run, sun 
Next, ask all participants to define a series of words, including the word fall 
Participants in group 1 typically define fall as the season 
Participants in group 2 typically define fall as the act of falling over 
Learning has clearly taken place - The two groups respond differently based on past experience 
Learning was not conscious - Participants were not aware that their responses would have been affected  
Procedural - Procedural memory is the formation of skills and habits - Generally characterized by incremental learning - Improved performance with repetition - Improved sensorimotor skills depends partially on basal ganglia, cerebellum and neocortex 
Association - Associative learning involves formation of associations between stimuli and/or responses Two broad categories - Classical (Pavlovian) conditioning - Association forms between two or more stimuli - Operant (Instrumental) conditioning - Association forms between stimulus and response or behavior
Non-association - Response to a stimulus changes based on repetitions of the stimulus 
Habituation: reduced response to a repeated stimulus 
Sensitization: enhanced response after a strong stimulus - Neither involve pairing different stimuli/responses together in an associative manner


· Be familiar with classical conditioning and operant conditioning

Classical conditioning
You start with an existing stimulus-response relationship i.e. an innate response to a stimulus 
Unconditioned stimulus (US) paired with unconditioned response (UR) 
You then pair a new stimulus with that relationship 
After repeated pairings, the learned provides the response to the new stimulus is presented in isolation 
Conditioned stimulus (CS) generates a conditioned response (CR) 
CR and UR are the same behaviours, but elicited by different stimuli  
Pavlov’s dogs: 
Sight/smell of food naturally produces salivation 
Sight/smell of food is the unconditioned stimulus 
Salivation is the unconditioned response 
Repeatedly pairing the sight/smell of food with the ringing of the bell led to the bell alone provoking salivation 
Bell is the conditioned stimulus 
Salivation, in response to just the bell is the conditioned response 

Operant conditioning 
Organism learns to associate consequences with its own behaviour 
You start with no relationship between stimulus and response 
You learn by trial-and-error that a specific behaviour leads to a specific reinforcing outcome (e.g.: a reward) 
Reinforcing stimulus only received following expression of a specific behaviour 
This affects the probability of re-expressing that behaviour 
Ex - Skinner box 
Pressing a lever results in release of a food pellet 
Initial lever push is due to random exploration 
Repeated pairing of lever push with food pellet release results in conditioned learning

· Understand the role of the hippocampus and neocortex in declarative memory, and the difference between retrograde and anterograde amnesia including underlying associated brain regions

Neocortex contains the information to be remembered - Location of short-term memories 
Hippocampal system helps retrieve the short-term memory shortly - Hippocampal system drives repeated reactivation of neocortical memory circuits 
Repeated reactivation strengthens cortical connections, consolidating memories 
Basis of long-term memories

Memory formation depends on midline diencephalon and medial temporal lobe 
Memory storage and retrieval is a more general property of the cortex - Retrograde amnesia accompanies large lesions (e.g.: major head trauma) and neurodegeneration (e.g.: Alzheimer’s)

Rare clinical cases implicate the medial temporal lobe (including hippocampus) in declarative memory 
formation - Also requires connections from hippocampal region to midline diencephalon - Mammillary body – Thalamus

hippocampus – important for spatial memory. 
Parahippocampal cortex most active if encoding locations 
Perirhinal cortex most active if encoding objects 

CA3 important for pattern separation - Distinguishing between two similar but different inputs, and storing them as separate memories 
CA1 important for pattern completion - Complete partial or incomplete sensory inputs by reference to 
memories 
CA1 neurons combine input from entorhinal cortex, plus their own recurrent collateral projections, then project to cortex 

Anterograde – effects memory formation but not retrieval – hippocampus - Parahippocampal lesions
Retrograde – effects memory retirieval but not formation – midline diencephalon, temporal medial

· Be familiar with brain regions associated with nondeclarative memory

Striatum has a role in nondeclarative, subconscious memory – reminiscent of intuition 
Example: Individuals asked to guess whether a card predicted rain or sunshine 
Links between specific cards and outcomes was not perfect (ie: a specific card may predict sun, but only 75% of the time) 
Outcome cannot therefore be easily memorized with declarative memory

Amnesiac patients improved from 50% correct (random guessing) to ~70% correct over 50 trials 
Similar to healthy controls 
Demonstrates learning does not require declarative memory formation 
Parkinson’s disease patients showed little improvement 
Impairment of striatum in PD impaired ability to form ‘hunches’ 
When asked about specific details of the test (test of declarative memory), amnesiac patients performed poorly, but PD patients were similar to controls 

Eye-blink conditioning 
Sound is played at the same time as a puff of air is blown at the eye, causing an eye-blink 
Conditioning results in eye-blink following the sound only 
Damage to cerebellum causes deficits in eye-blink conditioning, but has no effect on declarative memory

Amygdala and emotional memory 
Fear is commonly studied in rats by associating noise with electric shock 
Fear manifests as freezing behaviour in response to the tone alone 
Lesion of basolateral amygdala (BLA) reduce conditioned fear responses 
No change in response to the actual shock - Involved in learning what one should be afraid 
Lesion of central nucleus of the amygdala reduces fear responses in all conditions - Involved in producing fearful responses 
BLA associates emotion with memories, enhancing those memories 
Amygdala is activated by action of epinephrine and glucocorticoids released by stress response 
Amygdala connects to striatum, hippocampus and cortex 
Influences memory consolidation in other parts of brain 
Function of amygdala requires norepinephrine signaling 
Infusing NE into BLA enhances memory, even in tasks typically not associated with emotional memory formation (e.g. card memorization) 
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