Lecture 3- The Rescorla-Wagner Model

Types of Conditioned Response:

-The conditioned response is affected by the nature of the conditioned stimulus and unconditioned stimulus as both elicit a conditioned response when paired together. 


Conditioned Stimulus: 
-Conspecific (conditioned stimulus)  unconditioned response 


Unconditioned Stimulus:

Consummatory Conditioned Response:
[bookmark: _GoBack]- Is a conditioned response formed by conditioned stimulus similar to the reaction of an unconditioned stimulus.

Preparatory Conditioned Response:
· Conditioned Response formed by a conditioned stimulus  is of the same valence as the unconditioned response such as either positive or negative but different.
· Suggests that animal is preparing for imminent arrival or an unconditioned stimulus. 

Compensatory conditioned response:
· Response opposite to the unconditioned response
· Mainly due to drug responses.
· Produced by a conditioned stimulus responsible for opposing effects of the unconditioned stimulus. 
Both:
-Some conditioned stimulus’ are hard to associate with some unconditioned stimulus. 

Conditioned Inhibition:
-When conditioned stimulus follows unconditioned stimulus(conditioned stimulus predicts the end of the unconditioned stimulus) 
- Negative contingency: p(US|CS) < p(US|noCS)
- Conditioned stimulus causes reduction in response
- Before conditioning, the neutral stimulus shows no response

Summation: 
- When an unconditioned responsed is produced through repetitive pairing of US and CS 
· Conditioned stimulus: bell dog or steak dog
· Unconditioned stimulus and conditioned stimulus (+) unconditioned response 
· Conditioned stimulus (+) conditioned response
· Conditioned stimulus (+) and conditioned stimulus(-) conditioned response 

Retardation:
- Delayed response 
· Conditioned stimulus 
· Unconditioned stimulus and conditioned stimulus(-) unconditioned response
· Unconditioned stimulus and conditioned stimulus(+) unconditioned response
· Conditioned stimulus(+) conditioned stimulus(-)

Rules of Learning:

Rules of association:
Contiguity:
· Stimuli that occur together are associated 
Contingency:
· Stimuli depending on each other are associated 
· Stimuli that cause the same unconditioned stimulus compete each other such as overshadowing and blocking
· Changes in the value of the unconditioned stimulus can have an affect on the value of the conditioned stimulus (unconditioned stimulus revaluation)
· Responses may generalize or become specific(known as discrimination)
· Conditioned stimulus; support learning of other CS higher order and sensory preconditioning.
· Learning does not necessarily require reinforcement (latent inhibition)

Models of Learning:
-Controlled stimuli’ are used to predict events  uncontrolled stimuli.
- Responding to conditioned stimulus prepares the animal for uncontrolled stimulus.
- Learning improves prediction, reduces the error between expectation and reality.
-  Strength of association between conditioned stimulus and unconditioned stimulus how the conditioned stimulus predicts the unconditioned stimulus.
· - p(US|CS) = 1  CS is an excellent predictor; strong association
· p(US|CS) = 0.1  CS is a bad predictor; weak association

The Rescorla-Wagner Model:
-Every conditioned stimulus has an associative strength represented by (V) 
-Before conditioning: V=0
-Good predictors should have high V (Associative strength) vise versa.
- Strength of conditioned stimulus shows the associative strength.
- The associative strength is updated every time an event takes place.(the process of learning) Contingency between CS and US can be seen through the associative strength.
- Unconditioned stimulus presented with or without conditioned stimulus
-Conditioned stimulus presented without unconditioned stimulus 

Problems with the model:
-Inhibition of explanation is wrong
- Model.inhibition is reversal to learning
-V (associative strength) up=learning
-V (goes down)=inhibition
Experiments- inhibition (learning that conditioned stimulus predicts no Unconditioned stimulus)
· -Latent inhibition (there is not learning, no effect on phase 1)
· VBell = 0, λ = 0 (no US)
· (λ – VBell) = 0

The Equation:
ΔV = α(λ – V)
Δ- Change 
α-represents salience
λ – V= error of prediction 
· Shows how unexpected an unconditioned stimulus is
· Large error- large change in associative strength (V)
· Small error- small or no change in associative strength (V)
Factors that effect learning:
· Intensity or quality of the unconditioned stimulus (λ)
· Current associative strength (V)

Example:
At start of conditioning:
· V=0
· Unexpected reward large error (ΔV is large and positive, V becomes larger)

· V>0
- When V is greater than o; this means that the reward is mildly expected causes medium error

· When ΔV is medium there is still some prediction error 
Result After many trials:
V= λ 
- This means that there is no prediction error or change in V. 


Salience Effect:
- Salience has effects on the rate of learning
ΔV = α(λ – V)

When bell is salient:
· αBell > αLight

On start of Conditioning:
· Vbell= 0 
· Vlight= 0
· Vbell will tend to go at a faster rate.

After lots of conditioning:
-Both V bell and V bell= λ

Multiple Cues:
When there are several conditioned stimuli:
· Both cues/CSs reward
· Prediction error is how much of the unconditioned stimulus remains unpredicted when there are both cues. 
· ΔVA = αA(λ – VAll)
· VA= associative strength of cue A
· VALL= sum of associative strength of all cues
· All cues compete for the associative strength 

Blocking (reminder):
- Experimental group is compared to control group to measure learning. 
Initial phase:
· Experimental group V Bell >0
· control group V Bell=0 

Second phase (both groups):
Experimental group:
-ΔVLight = α(λ – [VBell + VLight])

Control group:
- ΔVLight = α(λ – [0 + VLight])

· Overall, the control group has a larger prediction error and experimental group learns less about light. 

Blocking by the numbers:
ΔV = α(λ – VAll)
· α = 0.2, λ = 100
· Experimental group, phase 1:
1. ΔVBell = 0.2(100 – 0) = 20
2. ΔVBell = 0.2(100 – 20) = 16
3. ΔVBell = 0.2(100 – 36) = 12.8
4. VBell ≈ 50
· Control group, phase 1:
1.  VBell = 0

Rescorla- Wagner and Surprise Model:
· Learning is continuous as long as there is some prediction error present (unconditioned stimulus is surprising)
· Change in contingency more learning 
Extincion:
· CS no longer paired with US
· Association strength reflects contingency (strength of a conditioned stimulus)

Conditioning to context:
· Location consists of cues
· Cues consist of color, smells, experimenters. 
· Cues: can be associated with the unconditioned stimuli (Can compete with other Conditioned stimuli)
Not important:
· Context always there; weak contingency with unconditioned stimulus.
· Context paired with all other conditioned stimuli equally 
· Sometimes context can be trained explicitly. 

Attention-based models:
-Attention towards conditioned stimuli can affect amount of learning
- α(can change)

Mackintosh:
· Animals only pay attention to most important cues in the world while ignoring the rest.
Pearce-Hall:
· Animals only pay attention to cues that predict surprising events such as unconditioned stimuli 
· Less attention (as prediction error gets smaller)

Wagner:
· Longer representation of cue may result in a decline of attention towards it. 

Latent Inhibition(Attention based):
· Repeated attend of conditioned stimulus individually reduction in attention
· Conditioned stimulus + unconditioned stimulus no attention towards conditioned stimulus no learning


Wagner’s SOP:
· Each stimulus(US /CS); consists of node in memory
· Stimulus activation of node 

Stages of a node:
A1(highly activated) A2(less active) I(inactive state)
- After conditioning, the conditioned stimulus has the ability to excite an unconditioned stimulus node due to association.
A1:
Associations form between nodes occurring at the same time in this stage.
- Bell and steak salivation ; therefore since bell and steak lead to the same response at the same time; they are associated.

A2:
-When an unconditioned stimulus in stage A2 is presented with conditioned stimulus is presented: the activation is blocked.

Mackintosh’s theory:
Phase 1:
One sample group- trained that color matters
Second sample group- stripe orientation matters
Phase2:
- Both sample groups trained to see that color matter
Outcome:
· First sample group learns faster since colors are easier to spot than stripes since more attention is paid towards it.

Temporal Models:
· Subjects don’t learn whether unconditioned stimulus follows the conditioned stimulus
· Duration of Conditioned stimulus matters
· Time between representation of conditioned stimulus and unconditioned stimulus matter
· Inter-trial interval:
· Short- conditioned stimulus doesn’t predict much.
· Long- conditioned stimulus is a good predictor. 
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