
 

 

AOS 2B – HOW DO PEOPLE LEARN AND REMEMBER? 

 

CHAPTER 4: NEURAL BASIS OF LEARNING AND MEMORY 

 

 

 

 

WHAT IS PLASTICITY? 

Neural plasticity refers to the ability of the brain’s neural structure or function to be changed by 

experience throughout the lifespan.  

➢ Biological process of learning and memory 

➢ Involve one neuron, pair of neighbouring neurons or an entire network of neurons 

➢ Sensory and motor areas most ‘plastic’ 

➢ Brain of a child is more ‘plastic’ than an adult 

Synaptic plasticity is the ability of a synapse to change over time through use or disuse 

➢ Neural plasticity at the synapse 

➢ Changes either strengthen (LTP) or weaken (LTD) the synapse 

 

HEBB’S RULE: 

“Neurons that fire together wire together” 

➢ When a neurotransmitter is sent across the synaptic gap again and again, the pre and post 

synaptic neurons are repeatedly activated at the same time 

➢ Changes occur at the synapse which strengthens neural connections between two 

neurons. With strengthened synaptic connections, these two neurons are likely to 

effectively resend information (“fire”) to each other again 

➢ However, neurons that do not get repeatedly activated at the same time will have 

weakened connections at the synapse and will not resend info to each other in the future  

➢ Directly relates to LTP and LTD (types of plasticity) 

 

TYPES OF NEURAL PLASTICITY: 

1. Long-term potentiation (LTP) refers to the long-lasting strengthening of synaptic 

connections, resulting in enhanced or more effective neurotransmission at the synapse 

➢ Improves ability of pre and post synaptic neurons to communicate at synapse 

➢ Occurs primarily in brain areas for learning and memory 

➢ More connection is activated, more it is strengthened and what we learn is more 

likely to be remembered 

➢ Benefit:  

KK1: 

• neural plasticity and changes to connections between neurons (including long-term 

potentiation and long-term depression) as the fundamental mechanisms of memory 

formation that leads to learning. 



 

 

o less likely to forget information 

o more likely to retrieve information we are looking for 

2. Long-term depression (LTD) refers to the long-lasting decrease in strength of synaptic 

transmission. 

➢ Results from lack of stimulation between pre and post synaptic neurons 

➢ Hence, post synaptic neuron becomes less responsive to neurotransmitter released 

by pre synaptic neuron 

➢ Benefit: 

o Prunes unwanted and unimportant connections, leaving only important 

information which is strengthened by LTP 

o May correct our thinking when solving a problem 

Eg) Swinging a bat – could have learned the wrong technique. You are then 

taught and rehearse the correct technique, and don’t rehearse the 

connection for the old technique. This repeated use of the correct technique 

strengthens the connection (LTP) and LTD clears out the old technique. 

(Both LTP and LTD are to do with synaptic transmission = similarity, however LTP is strengthening 

connections, whereas LTD is weakening connections) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LTP: 

➢ Axon terminals of pre synaptic neuron 

are increasing the release of 

neurotransmitter into the synaptic gap 

➢ Dendrites on post-synaptic neuron 

become bushier and there is an 

increase of receptor sites on dendritic 

spines 

➢ Synaptic gap becomes smaller 

LTD: 

➢ Axon terminals release fewer 

neurotransmitters from pre 

synaptic neuron in synaptic gap 

➢ Dendrites are less bushy and 

there are less receptor sites on 

dendritic spines of post synaptic 

neuron 

➢ Synaptic gap widens 

KK2: 

• the role of neurotransmitters and neurohormones in the neural basis of memory and 

learning (including the role of glutamate in synaptic plasticity and the role of adrenaline 

in the consolidation of emotionally arousing experiences. 



 

 

Neurotransmitters are a chemical substance produced by a neuron that carries a message to 

other neurons or cells in muscles, organs or other tissue. 

Eg) Glutamate and GABA 

ROLE OF GLUTAMATE IN SYNAPTIC PLASTICITY 

Glutamate is the primary excitatory neurotransmitter for information transmission throughout the 

brain.  

➢ Plays a vital role in both LTP and LTD 

o Increase in glutamate = more it excites an adjacent neuron the more it contributes 

to LTP 

o Decrease in glutamate = less it excites an adjacent neuron the more it contributes to 

LTD 

➢ It has two receptors. Dendrites need to have these in order for glutamate to have an effect 

on post-synaptic neuron: 

o ACTH – prepares post-synaptic neuron to accept glutamate 

o NMDA – accepts glutamate (now excited post-synaptic neuron) 

➢ Next time glutamate is released, it will have a larger excitatory effect on the post-synaptic 

neuron  

➢ Structural changes include: 

o More AMPA and NMDA receptors  

o Growth of dendritic spines = more synaptic connections 

 

Neurohormones are chemical messengers manufactured by a neuron that are released into the 

bloodstream and carried to target neurons or cells. 

➢ Not released into synaptic gap 

➢ Released into capillaries where they are absorbed into the bloodstream and carried to 

target cells or neurons 

 

CONSOLIDATION: 

Consolidation is the biological process of making newly formed long-term memories stable and 

enduring after learning.  

➢ Said to take at least 30 minutes 

➢ If disrupted, new information may not transfer into LTM or will not be stored well in LTM 

Eg) Concussion during a football match – some won’t remember 30 minutes prior to 

concussion as it has not been processed/stored into LTM 

➢ Evidence of consolidation: Electroconvulsive therapy (ECT) in rats 

o Rats learned to run a maze to find a food reward 

o Results show consolidation seems complete after an hour 

➢ It takes time – first phase is an initial rapid process (approximately 30-60 mins) for temporary 

storage, second phase is a slower process for long-term storage (days, weeks, months, 

years) 



 

 

RECONSOLIDATION: 

➢ Every time a memory is retrieved from LTM it must be reconsolidated 

➢ If information in original memory is changed then the revised version is reconsolidated into 

LTM 

 

ROLE OF ADRENALINE IN THE CONSOLIDATION OF EMOTIONALLY AROUSING EXPERIENCES 

Adrenaline a hormone produced within the adrenal gland that is secreted during stress and may 

also affect memory consolidation of emotionally arousing experiences. 

➢ Enhances consolidation of emotionally arousing experiences into LTM so it is more likely to 

be remembered (both pleasant (ie. First kiss) and unpleasant (ie. Natural disaster)) 

➢ Process: 
 

1. Adrenaline is released from adrenal gland during heightened emotional arousal 

2. This induces the release of noradrenaline 

3. Noradrenaline activates amygdala to signal to the hippocampus that the experience is 

significant and its long-term storage should be strengthened (amygdala = emotional 

significance, hippocampus = episodic details) 

➢ Amygdala also signals to other brain regions – likely these areas are also involved in 

consolidation process 

 

CHAPTER 6: PROCESS OF MEMORY 

 

 

 

Memory refers to the processing, storage and retrieval of information acquired through learning. 

➢ Essentially an internal representation of a prior event or experience. 

➢ 3 main processes when committing something to memory: 

o Encoding – conversion of information into a form that can be neurologically 

represented and stored in memory. 

o Storage – retention of encoded information over time. 

o Retrieval – recovery of stored information and bringing it into conscious awareness 

for use.  

The Atkinson-Shriffin multi-store model of memory represents memory as consisting of three 

separate stores called sensory memory, short-term memory and long-term memory.  

➢ Also describes memory in terms of: 

o Structural features – a permanent, built-in fixed feature of memory that does not vary 

from one situation to the other. 

Eg)   

- Three different stores 

KK7: 

• the multi-store model of memory (Atkinson-Shriffin) with reference to the function, 

capacity and duration of sensory short-term and long-term memory. 



 

 

- Storage capacity (amount of info each store can hold at a time) 

- Storage duration (length of time info can be held by each component) 

o Control features – an activity that is consciously performed to assist the memory 

process. They are under conscious control of the individual – hence, control 

processes depend on what the individual does. 

Eg)  

- Attention 

- Rehearsal (whether info is intentionally repeated) 

- Retrieval (type of method used 

CRITICISMS OF THE ATKINSON-SHRIFFIN MODEL:  

➢ Lacks some detail according to the current theory 

➢ STM: there are a number of interacting components not a single store 

➢ Rehearsal does not guarantee retention 

➢ 2 distinct subsystems: memory not received but reconstructed  

TYPES OF MEMORY: 

SENSORY MEMORY (SM) 

DESCRIPTION The entry point of memory in which the stimuli that bombard the senses are 

retained in their original sensory form for a brief time. 

 

Sensory register: separate systems where it is believed incoming sensory 

information is stored for different periods. Probably a separate sensory register 

for each of the senses. 

TYPES ICONIC: 

Visual sensory memory for incoming visual information that 

stores visual images in their original sensory form. Proved by 

Sperling. 

 

ECHOIC: 

Auditory sensory memory for incoming auditory information that 

stores sounds in their original form. Important role in language 

comprehension and enables storage of all sounds so words can 

be processed as a whole. 

FUNCTION ➢ Receives sensory information from the environment 

➢ Enables perceptual continuity for the world around us 

CAPACITY Unlimited 

DURATION 0.2-4 seconds 

➢ Iconic = 0.2-0.4 (1/3 of a second) 

➢ Echoic = 3-4  

SHORT-TERM MEMORY 

DESCRIPTION A memory system with limited storage capacity in which information is stored 

for a relatively short time unless renewed in some way – also functions as 

‘working memory’ 

 

Working memory: the active processing and use of 

information that enables us to actively ‘work on’ and 

manipulate information while we undertake our 

everyday tasks.  



 

 

 

 

 

  

FUNCTION ➢ Helps store info while you work on it 

➢ Receives info from SM and transfers info to and from LTM 

➢ Maintains info in conscious awareness for immediate use 

CAPACITY Limited 

➢ 7 +- 2 

➢ 5-9 items 

DURATION 18-20 seconds, can be up to 30 seconds if renewed (starts to fade at 12 

seconds) 

HOW IS INFO 

LOST? 

Decay: information is not renewed meaning it simply fades away with the 

passage of time 
 

Displacement: STM is ‘full’ (exceeded capacity) and new items can only enter 

through pushing an old item out 

LONG-TERM MEMORY 

DESCRIPTION A memory store that holds a potentially unlimited amount of information for a 

very long time, possibly permanently. 

TYPES 2 types: 

➢ Explicit (declarative) 

o Semantic 

o Episodic 

➢ Implicit (non-declarative) 

o Procedural 

o Classically-conditioned 

 

FUNCTION Information storage for re-access and use at a later time 

CAPACITY Unlimited 

DURATION Potentially permanent 

ROCEDURAL: 

The long-term implicit memory of motor skills and actions that have been learned 

previously. 

Eg) how to ride a bike, how to brush teeth, how to use chop sticks 

MPLICIT 

Memory that does not require conscious or intentional retrieval. Difficult to describe in 

words but memory can be expressed in behaviour.  

EMANTIC 

The long-term explicit memory of facts and knowledge about the world 

Eg) what you learn at school, knowledge of language, rules (ie. Spelling rules, 

formulae), general knowledge (ie. Pie graph is circular) 

LASSICALLY CONDITIONED  

Implicit memory of conditioned responses to conditioned stimuli acquired through 

classical conditioning. 3 types: 

o Taste aversion (ie. Feeling nauseous after eating yoghurt = feel sick when you 

think or see yoghurt) 

o Conditioned emotions 

o Conditioned reflexes 

XPLICIT 



 

 

RELATIONSHIP BETWEEN THE DIFFERENT LEVELS OF MEMORY: 

 

 

 

 

 

 

 

 

 

 

 

 

 

BRAIN REGIONS: 

 

 

 

 

 

 

 

 

 

 

KK8: 

• interactions between specific regions of the brain (cerebral cortex, hippocampus, 

amygdala and cerebellum) in the storage of long-term memories, including implicit and 

explicit memories. 



 

 

 

Long term memories are not stored in any one brain region, but stored across multiple spots of the 

brain.  

CEREBRAL CORTEX: (EXPLICIT AND IMPLICIT) 

➢ Wrinkly outside layer of brain – connected to virtually all parts of the brain 

➢ Stores explicit memories (episodic and semantic) 

➢ Stores implicit (procedural) memories LONG-TERM 

➢ Reconstructs all parts to retrieve an integrated memory 

Eg) Episodic memory of a concert 

o Knowing name of a band stored in language areas (frontal lobe) 

o Images in visual cortex (occipital lobe) 

o Sounds in auditory cortex (temporal lobe) 

Eg) Episodic memory of an AFL match 

o Names of the teams that played stored in language areas (frontal lobe) 

o Sight of seeing a goal being kicked in visual cortex (occipital lobe) 

o Hearing roar of the crowd in auditory cortex (temporal lobe) 

 

HIPPOCAMPUS: (EXPLICIT ONLY) 

➢ Located in medial temporal lobe (two, one in each hemisphere) 

➢ Responsible for turning short-term memories into long-term memories 

➢ Vital in consolidation of new explicit (sematic and episodic) memories so they are stable 

and long-lasting 

➢ Establishes links between components of a memory in the cerebral cortex  

➢ Not directly involved in formation of implicit memories  

➢ Does not store long-term memories – after they have been consolidated, they are 

transferred to the cerebral cortex, where they are then stored 

➢ Important for spatial memory – eg) routes while driving a car 

➢ Formation of emotional memories (explicit episodic memories) through interaction with 

amygdala – eg) emotionally traumatic event – hippocampus recalls details of the event, 

amygdala recalls the emotions 

 

AMYGDALA: (EXPLICIT AND IMPLICIT) 

➢ Located in medial temporal lobe 

➢ Involved in formation of emotional memories – processing and expressing (particularly fear 

and anger) (explicit) 

➢ Organism with damaged amygdala are generally unable to acquire a fear response 

➢ Involved in consolidation of emotional arousing experiences – noradrenaline levels in 

amygdala increase in times of heightened emotional arousal, simulating the amygdala to 

attach emotional significance to the event. This signals to hippocampus to encode 

emotional details during consolidation 

➢ Involved in classically conditioned fear responses (implicit memory) 



 

 

➢ Involved in consolidation and formation of episodic memories – eg) flashbulb memories 

(9/11) 

CEREBELLUM: (IMPLICIT ONLY) 

➢ Cauliflower-like structure 

➢ Coordinates fine muscle movements, regulates posture and balance 

➢ Involved in encoding and TEMPORARY storage of implicit (procedural) memories 

➢ Procedural LTM stored in cerebral cortex  

➢ Forms and store implicit memories of simple reflexes acquired through classical 

conditioning, such as associating a sound with an impending puff of air and consequently 

blinking in anticipation of the puff. 

➢ Damage to the cerebellum makes it difficult to time and coordinate muscle control for 

everyday activities like talking, reaching, walking, brushing teeth or throwing a ball. 

 

CHAPTER 7: RELIABILITY OF MEMORY 

 

 

 

Retrieval of information from memory can be successful or unsuccessful. Amount of information 

retrieved depends on the retrieval method used. 

RETRIEVAL METHOD DESCRIPTION 

Recall 

(least 

reliable/sensitive) 

Reproducing information stored in memory. Information is brought into 

conscious awareness, showing that something previously learnt has been 

retrieved. 3 types of recall: 

1. Free recall – reproducing information from memory in any order, 

without the assistance of any cue 

Eg) list of grocery items 

2. Serial recall – reproducing information from memory in the order in 

which it was learned 

Eg) naming prime ministers in the order in which they were elected 

3. Cued recall – reproducing information from memory by using a 

prompt to assist retrieval 

Eg) naming the 7 dwarfs but given the first letter of each of their 

names 

 

Recognition 

(next reliable) 

Correctly identifying previously learned information from a set of 

alternatives.  

o Can retrieve more this way as recognition provides more cues for 

retrieving from LTM 

Eg) multiple choice questions 

Relearning 

(most reliable) 

Learning information again that has been previously learned and 

therefore stored in long-term memory. 

o When you relearn something, you learn it more quickly the 2nd time 

(with assumption that there was some memory attained) 

o Also called method of savings – can be used to measure the 

amount of information ‘saved’ from previous learning 

KK9: 

• methods to retrieve information from memory or demonstrate the existence of 

information in memory, including recall, recognition, relearning and reconstruction 



 

 

To calculate the savings score: 

 

                                     T1 – T2 

Savings score (%) =   _______  x 100 

                                         T1 

 

 

 

Brain trauma is an ‘umbrella’ term that refers to any brain injury that impairs the normal functioning 

of the brain. 

Eg) Brain injury, stroke, drug abuse etc. 

 

BRAIN SURGERY: 

Brain surgery involves the surgical removal of brain structures. 

➢ Degree of impairment depends on site, extent and nature of damage 

➢ Also varies between individuals 

Case of H.M: 

➢ Henry Molaison suffered from severe epilepsy from age 10 and was unresponsive to 

medication/other treatment 

➢ Age 27: had brain surgery that removed the hippocampus, most of the amygdala and 

surrounding parts of the medial temporal lobe from both hemispheres. 

➢ Results: 

o Prevented seizures 

o Severe memory loss: 

- Severe permanent anterograde amnesia 

- Could not form new explicit LTM’s (episodic and semantic) 

- Lost some past episodic memories (retrograde amnesia 

o Some types unaffected: 

- Implicit LTM (procedural) – could learn new motor skills and classically 

conditioned reflex responses  

- Short term memory – could retain information as long as it was rehearsed 

WHAT HE TAUGHT US: REMOVAL OR DAMAGE OF BRAIN AREAS 

BRAIN REGION IF DAMAGED… 

Hippocampus ➢ Cannot consolidate explicit LTM 

➢ Cannot transfer to cerebral cortex for storage 

Cerebral Cortex ➢ Results in loss of information that is stored in the brain area removed 

➢ Eg)  

o Prefrontal cortex – cannot remember sequence of events 

o Temporal lobe – spatial memory impacted, explicit memory 

retrieval impaired 

 

Where, 

T1 = no. of trials (or time) for original 

learning 

T2 = no. of trials (or time) for relearning 
KK10: 

• the effects of brain trauma on areas of the brain associated with memory and 

neurodegenerative diseases, including brain surgery, anterograde amnesia and 

Alzheimer’s disease 



 

 

Amygdala ➢ Emotionally arousing experiences less likely to be remembered 

(remember semantic and episodic details but not emotional aspect) 

➢ Unable to acquire a conditioned fear response (implicit) 

Cerebellum ➢ Cannot learn classically conditioned reflex responses involving 

movement (eg. Blink of an eye) 

➢ Impaired spatial learning and memory 

➢ Impaired execution of exploration behaviours (implicit procedural) 

AMNESIA 

Amnesia is a loss of memory that is inconsistent with ordinary forgetting. Can be partial or 

complete. From brain trauma.  

Anterograde amnesia is the loss of memory only for information or events occurring after the 

trauma that causes the amnesia. 

➢ Cannot form and store new explicit long-term memories 

➢ Cannot transfer STM to LTM 

➢ Associated with damage to the medial temporal lobes, particularly the hippocampus  

➢ Causes: 

o Traumatic brain injury (blow to head) 

o Symptom of Alzheimer’s disease 

o Korsakoffs syndrome 

ALZHEIMER’S DISEASE 

Neurodegenerative disease is a progressive decline in structure, activity and function of brain 

tissue. Neurons gradually deteriorate and lose their function. 

Eg) Alzheimer’s disease 

Dementia is an umbrella term used to describe a syndrome – a group of symptoms associated 

with more than 100 different neurodegenerative diseases characterised by progressive decline in 

mental functioning, behaviour and the ability to perform everyday tasks. 

Alzheimer’s disease is the most common form of dementia. It is a neurodegenerative disease 

because it causes wide spread death of neurons in the brain along with declining structure and 

function of neural connections. It progressively causes memory decline, deterioration of cognitive 

and social skills and personality changes.  

Post mortems reveal that people with Alzheimer’s have a build-up in plaques and tangles. 

• There is a build-up of plaques (fragments of protein) which form clumps around neurons, 

due to not being able to break them down, therefore inhibiting communication between 

brain cells.  

• Also a build-up of tangles, which are twisted fibres that inhibit transport of essential 

substances throughout a neuron, therefore eventually killing neurons.  

Hippocampus degenerates first (from build-up of plaques) which may explain why explicit 

memories are not consolidated.  

 

 

KK11: 

• the factors influencing a person’s ability and inability to remember information, 

including context and state dependent cues, maintenance and elaborative rehearsal 

and serial position effect 



 

 

 

 

Forgetting refers to the inability to access or recover information previously stored in memory. 

Retrieval cue is any stimulus that assists the process of locating and recovering information stored 

in memory. There are two types: 

1. Context-dependent cues – environmental cues in a particular setting where a memory was 

formed that act as retrieval cues. Information is more likely to be remembered if the person 

is in the same context where they learned it. 

Eg) sights, sounds, smell of a particular setting 

 

2. State-dependent cues – internal cues that are related to an experience. Associated with 

psychological and physiological state at the time the memory was formed. Information is 

more likely to be remembered if the person is in the same state as when they learned it.  

Eg) feeling nervous, drunk, happy, calm and sad 

Rehearsal is the process of doing something so that information can be retained in memory and 

then retrieved when required. Can be verbal, non-vocal, mental imagery etc. Includes two types: 

1. Maintenance rehearsal – involves simple, rote repetition of information to be remembered 

and retained. Needs to be attended to consciously – not just meaningless repetition. 

2. Elaborative rehearsal – involves the process of linking new information in a meaningful way 

with information already stored in long-term memory. This is more active and more 

effective, as it ensures that info is encoded well.  

 

 

 

 

IS MEMORY ACCURATE? 

➢ Memory is not an exact copy of the world – it includes some exact details, some additions 

➢ Confidence in memory is no guarantee of its accuracy 

➢ Why so many errors? 

o Memory is actively reconstructed 

o When memory has gaps or is unclear, we tend to fill the gaps with additional 

information that makes sense 

o Over time recalling memories can change the content and meaning of a memory 

 

RECONSTRUCTION: 

Reconstruction involves combining stored information with other available information to form 

what is believed to be a more coherent, complete or accurate memory. 

KK12: 

• the reconstruction of memories as evidence for the fallibility of memory, with reference 

to Loftus’ research into the effect of leading questions on eye-witness testimonies 



 

 

➢ Type of retrieval method 

➢ Active process 

➢ Influenced by pre-existing knowledge, personal experiences, values, psychological state, 

cues in the environment, motivations, expectations and assumptions 

➢ Most evident in episodic memories when we can’t recall or are unsure about some of the 

details 

➢ Can be accurate 

 

FALLIBILITY OF MEMORY: RESEARCH BY LOFTUS 

➢ Reconstruction of memories provides evidence for the fallibility of memories 

1. Loftus found that the act of retrieving (recalling) information from memory is a 

reconstructive process  

2. Found that the process of retrieving memory can influenced by the wording of a 

question 

Eg) type of verb used in question influenced speed estimates of participants 

3. Misinformation suggested by the question can potentially become stored as part of an 

updated representation of the memory trace 

Eg) one week after seeing accident footage, participants asked if they saw any broken 

glass (in reality no broken glass) – info from both sources (footage and presupposition in 

leading question afterwards) had been integrated in reconstruction of a new distorted 

memory, hence experiencing source confusion. 

 

➢ Eye-witness testimony – any firsthand account given by an individual of an event they 

have seen 

➢ Leading questions – questions phrased in a way that suggests what the desired answer is 

 

Study 1: 

o Independent group design 

o IV = verb used in leading question  

o DV = speed estimates given by participants 

o 45 university participants shown clips of car accidents 

o All asked question: “About how fast were the cars going when they _____ each other?” The 

gap was filled with a word of different strength (5 conditions, 9 participants in each) 

o Results: 

• Participants speed estimates increased with strength of verb (showing relationship) 

Study 2: 

o Independent group design 

o IV = wording of the question 

o DV = whether they reported seeing broken glass 

o 150 university students randomly assigned to one of three groups, each watching footage 

of an accident 

o Again, asked question – one group = hit, another group = smashed, last group not asked 



 

 

o 1 week later, all participants asked if there was any broken glass seen (no actual glass) 

o Results: 

- Participants ‘recollection’ of seeing glass was influenced by how the speed 

question was asked 

- Mixed their memory of the accident with a new false piece of information 

added after the event (source confusion – unable to distinguish which info 

was right and wrong) 

 

Conclusion of Loftus’ studies: Memories can be altered by post event exposure to inaccurate info 

during questioning. 


