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Aversive Outcomes and the Control of Instrumental Behaviour 
· Positive punishment – occurrence of a target response results in the delivery of an aversive stimulus 
· The target behaviour will decrease in frequency and thus the  animal will minimize or eliminate any contact with the aversive stimulus
· A rat is in a large open field that is well illuminated from above, in the field there is a small covered box which is dark inside; the floor of the box is electrified; rats will ten to seek cover, but if the rat seeks cover in this case, it will be shocked
· Escape and active avoidance – occurrence of a target response results in the termination or non-delivery of an aversive stimulus
· The target behaviour increases in frequency via negative reinforcement (there is a negative contingency between the target behaviour and delivery of the aversive event, and the behaviour increases)
· But the increase in frequency actually minimizes the animal’s exposure to the aversive stimulus
· Avoidance is different than classical conditioning
· Bechterev conducted a study in which a human would hold their hand to a metal plate; a tone would come on and a few seconds later a shock was delivered to the plate
· The participant would lift their hand in response to the shock, and with further training would lift their hand in response to the tone, avoiding the shock
· For it to be classical conditioning, the participant’s hand would have to be strapped to the plate so they could not move it to avoid the shock
· Brogden, Lipman and Culler did a study with guinea pigs 
· For the classical conditioning group a brief shock came on two seconds after the onset of a tone regardless of what the animal did, the shock elicited a brief running response as the UCR 
· In the avoidance group the brief shock was scheduled to come on two seconds after the tone unless the animal started running, initially the animal did not run to the tone, but since shock unconditionally elicits running, the animal would run and thus escape the shock 
· The avoidance group was running to about 100% of the tone but the classical conditioning group ran to about 40%
· The avoidance contingency produces a different outcome than the classical conditioning procedure 
· Signalled or discriminated avoidance 
· There is a stimulus that signals the impending delivery of the aversive event – the warning stimulus (WS)
· Is a discrete trial procedure since each trial begins with the onset of a WS
· In early trials the WS comes on and the animal does not respond before the delivery of the shock, the shock then comes on and stays on until the animal makes the target behaviour  which terminates the shock
· This is called the escape response – the animal escapes from the existing aversive event
· In later trials the WS comes on and the animal responds before the delivery of the shock
· This is called an avoidance response – the animal avoids the impending aversive event
· The animal will eventually be making an avoidance response in every trial 
· Most often been studied in a shuttle box procedure
· Straight box divided into two compartments separated by a hurdle or door, the animal can move between the two compartments by jumping the hurdle or going through the door
· Two way avoidance: the animal starts in the left box, the WS comes on and the animal jumps the hurdle/goes through the door before the scheduled shock
· After the animal has moved to the right side the intertrial interval occurs, at the end of the ITI the WS comes on and the animal must move to the left box 
· The animal continues moving from one box to the other
· One way avoidance: one of the sides is the start side, say the left one, the WS comes on and the animal moves to the right to avoid the shock	
· The animal is removed and placed into a separate box to wait out the ITI, at the end of the ITI the animal is placed on the start side again and the process is repeated 
· Learned more rapidly than two way
Two Process Theory of Avoidance 
· The theoretical view of avoidance behaviour that developed was based on there being two processes involved in avoidance behaviour
· First, there must be a classical conditioning of fear to the WS
· This occurs because early in avoidance training the animal does not make the AvR before the shock so it receives WS -> shock pairings 
· As long as the animal is not making AvR’s it is receiving classical conditioning trials and thus fear can develop to the WS
· The second process was thought the be negative reinforcement of the AvR response by termination of the fear eliciting WS 
· Fear is an aversive event, thus the fear eliciting WS is similar to the shock itself, if the animal did something to turn off the fear eliciting WS thus wold be reinforced just like escape responses are reinforced by turning off the shock itself 
· According to this theory, it is not necessary to say that avoidance responding is reinforced by the non-occurrence of shock, instead it is reinforced by the tangible event of termination of the fear eliciting WS
· Research to test the theory
· Acquired drive/escape from conditioned fear studies
· Ask if you can take a CS for fear that was initially trained separately from any avoidance training and use it to reinforce avoidance behaviour 
· Classical conditioning is conducted in which a tone is paired with a shock, during the test phase, avoidance training is conducted in which a tone comes on and is turned off if the animal makes the target response
· However, even if the animal doesn’t make the target response, it does not get shocked 
· A control group is used in which the tone is not first classically conditioned but during the test phase the tone will be turned off if the animal makes the AvR
· Shown that animals will learn to make an AvR even if the only consequences of that response is to turn off a CS that has independently been made a conditioned elicitor of fear 
· Examine the amount of fear to the WS to see if it correlates with the strength of the AvR
· The WS in avoidance training is hypothesized to acquire conditioned fear eliciting properties, fear develops over the course of escape trials 
· Ask if you can take the WS from an avoidance procedure and independently show that it has fear eliciting properties 
· Karmin, Brimer and Black trained groups of rats in shuttle avoidance to different levels of successful avoidance, they then used the WS in a CER procedure to see if it produced conditioned suppression and if the amount of suppression correlated with the level of avoidance learning 
· The ability of the WS to act as a conditioned suppressor increased as the number of AvR increased, but the group that had made the most AvRs actually shows very little conditioned suppression to the WS 
· So very little conditioned fear is necessary to maintain a well learned AvR
· Lovibond examined the amount of fear to a WS and a CS in humans
· Each participant received 3 types of trials
· On some trials, stimulus A was used as the WS in an avoidance procedure; evidence of fear to stimulus A but decreased as trials continued
· On other trials stimulus B was used as the CS in a classical conditioning procedure; evidence of fear to the B stimulus and as the number of conditioning trials increased, fear increased 
· On other trials stimulus C was presented without any shock; presented little evidence of fear to the C stimulus 
· Suggests that the amount of fear and consequently the amount of avoidance responding, should wax and wane, like going up the hill and down the valley
· Producing an S shaped curve 



· How do you get rid of that persistent avoidance response
· You need for the animal to experience the new contingency i.e. the shock no longer occurs even if you do not respond 
· A procedure called flooding with response prevention is used
· The animal is prevented from making the AvR while being presented with the WS
· Most important aspect of flooding was the total duration of WS exposure 
· The more total exposure the greater the loss of avoidance responding 
Non-discriminated of Free Operant Avoidance
· Free operant procedure – the animal is free to make the avoidance response whenever it wants, it does not involve an explicit stimulus signalling the opportunity to make the behaviour
· Sidman developed an avoidance procedure in which there was no explicit WS and the animal could make the avoidance response whenever it wanted
· Two important temporal intervals
· Shock-shock (S-S) interval: shocks are scheduled to occur at a specific intershock interval unless the animal makes the avoidance response
· Response-shock (R-S) interval: if the animal makes an avoidance response, it ‘buys’ a period of shock free time, the R-S must be longer than the S-S interval
· A long R-S interval combined with a short S-S interval is best for learning non-discriminated avoidance 
Role for Conditioned Inhibition in Avoidance Learning
· Safety signal hypothesis – during escape/avoidance training stimuli surrounding occurrence of the avoidance response become conditioned inhibitors of fear and signal a period free of shock
· Such conditioned inhibitors may serve as positive reinforcers 
· Provision of an explicit stimulus with the occurrence of AvRs facilitates avoidance learning 
· Acquired drive notion – can be used to test the safety signal hypothesis
· Ask whether a CS that has been established as a conditioned inhibitor of fear outside of avoidance training can facilitate avoidance learning if it is used as a feedback stimulus, being presented when the avoidance response occurs 
· A stimulus that has been presented at the time of avoidance responding can serve as a conditioned inhibitor of fear in another situation 
· The safety signal hypothesis may be particularly relevant to free operant avoidance 
· Species-specific defense reactions (SSDR) – different species have different behavioural responses to aversive stimuli, even within a species it may vary depending on how aversive the stimulus is, some behaviours may be easier to train as avoidance behaviours
Punishment
· Positive punishment – involves a situation in which the occurrence of the target behaviour results in the delivery of an aversive outcome 
· Negative punishment – involves the loss of positive reinforcement or opportunities for positive reinforcement as the punisher
· Aka time out form positive reinforcement 
· The effectiveness of positive punishment is influenced by several factors
· The more intense the punishing outcome the greater the reduction in the target behaviour
· Exposure to a low intensity punisher reduces the effectiveness of other punishment; strong punishers enhance the punishing effects of subsequent weaker punishers 
· Involves a positive contingency between the target behaviour and the aversive outcome 
· If the punisher is delayed than the punishment is less effective and a behaviour other than the target behaviour is probably actually punished 
· Punishment may be delivered every time the target behaviour occurs (continuous punishment schedule)
· Most effective 
· But in real life punishment is usually on an intermittent schedule 
· Discriminative punishment – the target behaviour is only punished in the presence of a certain stimuli but the same behaviour goes unpunished in the absence of that stimulus 



Animal Cognition
· The types of cognitive processes or mechanisms used by modern psychologists are closely tied to behavioural predictions
· Cognitive processes or mechanisms are used to explain aspects of behaviour that cannot be readily explained by external stimuli eliciting responses
· The acceptance of animal cognition is not the acceptance of self-awareness or consciousness 
· The processes involve an internal or mental representation of something to do with the animal’s previous experience, and rules for stating how this mental representation is involved in producing behaviour 
· One of the most fundamental cognitive processes involved in learning and behaviour is memory
· Working memory – information needed to perform the current trial
· Reference memory – information needed to perform all trials 
· Hunter performed a study where animals were placed in a start box where they could see 3 compartments, one of which was illuminated and baited with food (the compartment that was baited varied from trial to trial)
· Introduced a memory component where the light in the baited compartment went off before the animal was allowed to make its choice 
· Performance fell to chance levels if the delay was longer than 10 seconds for rats, 25 seconds for racoons and 5 minutes for dogs
· Rats and dogs maintained postural orientations to the correct compartment so memory was not required, but racoons showed no postural orientation preference
Matching to Sample and Delayed Matching to Sample (DMTS)
· 3 key disks are on the front of a Skinner box, the center key is illuminated with plain white light and the pigeon must peck the center key; once it is pecked it goes off and a sample stimulus comes on the center key which must be pecked
· Then two side keys are presented with comparison stimuli, one that matches the sample stimulus and one that does not, it is rewarded if it pecks the matching one
· One variable studied is the length of delay between offset of the sample and onset of the comparisons stimulus 
· Initially the sample stimulus remains on during the time that the comparison stimuli are presented, this is called simultaneous matching to sample and does not require working memory
· Reference memory is required since the animal must remember the general rule “peck the one that is like the one that was presented in the middle”
· To test memory, a delay is introduced, now requiring both working and reference memory
· Factors that influence performance
· Nature of the stimuli
· Duration of the sample stimulus
· Length of delay 
· Identity matching to sample – the correct comparison is identical to the sample
· Symbolic matching to sample – the sample and comparison are not identical, rather a particular sample indicated which comparison will be correct 
· Trace decay hypothesis – the strength of a stimulus memory is directly related to stimulus intensity, that the strength of the memory decays at a constant rate and the influence of the memory on behaviour is directly related to the strength of the memory at the time of the behaviour 
· Correctly predicts that the stronger the stimulus the better the performance and the longer the delay the worse the performance 
· Conceptualizes memory as a passive process, entirely dependent on physical characteristics of the stimulus and time
· There is evidence that memory is also an active process
· DMTS performance improves with practice
· If a delay was used during training, then the deterioration of performance was much less and performance was always good for delay intervals no longer than the training delay interval
· Specific rule learning – animal learns specific matching rules to store in reference memory
· General rule learning – animal may learn a more general rule 


· Transfer test procedure tests which of the two types of rules animals are using
· Animals are trained on a specific set of stimuli and then are tested with novel stimuli, results showed that animals could use either type of rule  and which used was dependent on the species and type of training 
Spatial Memory
· The cognitive abilities of animals has been studied in tasks requiring memory for spatial locations (remembering where food is located)
· Morris water maze
· “swim to the submerged platform task”
· A platform is submerged just below the surface of a pool and the liquid is rendered opaque by colouring
· Variety of extra maze cues are used
· Rat is placed at a random starting point and initially swims about and eventually finds the platform
· Radial maze 
· Elevated platform with a central area with arms
· Rats are initially trained to run down a single arm to get food
· All arms are initially baited and once the bait is retrieved it is not replaced for that trial
· A number of distinct stimuli are placed on the walls
· What is the basis of successful performance in the radial maze task 
· One possibility is that the animal simply adopts a response strategy – does not appear that this is the basis of the animal’s behaviour
· Another possibility is the animals sees or smells the food – eliminated by having the food hidden and providing odor cues
· Possible that the animal marked visited arms with urine – eliminated by wiping after the arm is visited 
· Left with the conclusion that animals solve the task using memory processes 
Cache Retrieval and Spatial Memory
· A number of animals store food for later recovery
· Procedures involve a period in which the bird hides seeds, followed by a retention interval and finally the bird is allowed the opportunity to recovery the hidden seeds (hide-retention-recovery)
· In some cases the bird is allowed to hide seeds wherever it wishes, but this may allow the bird to hide seeds only in certain types of locations which would mean it only has to search those types of locations to recover the seeds, in other cases the hiding locates are limited 
· In some cases during the recovery period seeds are only in the places where the bird originally  hid them, in other cases seeds are placed in all locations or in none of the locations
· Birds recover cashes at a greater than chance level
· A study was designed to investigate whether birds remembered what was stored, where it was stored and when it was stored
· Birds were allowed to hide worms in one ice tray and peanuts in another 
· Then allowed to recover the hidden food either 4 or 124 hours later in which the worms wouldn’t be good any more
· 4 hour delay – worm sites were preferred
· 124 hour delay – peanut sites were preferred 
What is Encoded in Memory Tasks
· Retrospective coding – involves remembering what has already been done; i.e. remembering which arms have already been visited in the radial maze
· Prospective coding – having, at the beginning, a memory for all the arms that need to be visited, when an arm is visited the code for that arm is removed from memory; in the beginning the amount of information is large and declines
· Evidence suggests that animals are capable of both and switch between the two to minimize memory load
· Has been studied in delayed matching to sample with pigeons
· Question is whether the animal remembers what it has seen (retrospective) or does it code what it has to do (prospective)
· Roitblat used 3 different colours as sample stimuli and 3 different line orientations as comparison stimuli in a symbolic matching to sample to task 
· Pigeons were significantly more likely to make errors involving similar comparison stimuli than similar sample stimuli, with errors increasing with increases in the delay 
· Consistent with prospective coding 
Interfering with the Encoding of Information into Memory
· Interference – arises from exposure to other information at the time when the relevant information is occurring
· Proactive interference – the other information occurs before the target information 
· Has been studied in DMTS by presenting an interfering stimulus prior to the actual sample stimulus 
· Typically thought to result from remembering too much information (relevant or not)
· Proactive interference in spatial memory has been studied in cache retrieval by Clarke
· Birds were allowed to watch the experimenter hide a seed, then the bird was allowed to go get it (total of 176 cups that it could be hidden in)
· Testing for proactive interference involved giving each bird one of two types of trials on alternate days
· On single list days, the birds watched the experimenter hide 5 seeds, 5 minutes after recovery tests were given
· One out of 6 cups contained all the seeds
· To access proactive interference, birds were given two list delays in which the above procedure was repeated twice but the correct cups were difference
· Sometimes the previous correct cup was included in the 6, sometimes it wasn’t
· Animals performed well when the interfering cup (previous correct cup) was no included
· Retroactive interference – the other information occurs after the target information 
· Thought to be due to disruption of rehearsal of target information by the subsequently presented interfering information 
· Studied in DMTS by presenting a stimulus during the delay interval before the comparison test stimuli 
· If the delay interval was short, there was little retroactive interference, if it was long, performance dropped to chance levels
· Also been studied in cache retrieval 
· Same procedure as studying proactive interference but the list delays involved hiding seeds for list one, hiding seeds for list two, then testing for list one
· The list two cups would serve as potentially retroactively interfering information
· More errors were made on list two delays and by the incorrect cup among the 6 that was the interfering cup in list 2
Retrograde Amnesia
· Retrograde amnesia – a traumatic event occurs shortly after some experience and any memory of that experience seems to be absent, often occurs for head injuries 
· Briggs and Riccio 
· Rats were trained in a passive avoidance task
· A rat was placed in the white end of the compartment that was separated from the black end by a wall with an opening
· Rats will normally move from bright places (white) to dark places (black) but when the rat does this, the opening was closed and the rat received two shocks in the black box
· Rats were then given either no extinction, extinction involving confinement in the black box with no shocks or extinction followed by immersion in cold water which produced hypothermia either immediately, 30 mins or 60 mins after the end of extinction 
· Results provide clear evidence of retrograde amnesia
· Rats given no extinction tended to avoid entering the black box, rats given extinction entered the black box
· Rats experiencing hypothermia immediately or 30 mins after extinction avoided the black box as if they had not received extinction, rats experiencing hypothermia 60 mins after entered the black box, thus extinction was remembered 
· Two possible explanations for retrograde amnesia
· Consolidation failure hypothesis – suggests that the traumatic event resulted in the disruption of the rehearsal and consolidation processes needed to move the information into a durable long term form
· The information is not available since it never made it into memory
· Retrieval failure hypothesis – suggests that the information has been stored but that it cannot be retrieved during the testing because the conditions are different than when the information was presented
· This has more support 
Perceptual Concept Learning
· Involves generalization within a category and discrimination between categories
· i.e. you can recognize a chair even though chairs look different; but you know a chair is different than a table
· Through perceptual concept learning certain variations between stimuli are ignored such that the stimuli come to be treated as equivalent
· The classic experiment involves using slides containing trees as S+ and slides of other scenes not containing trees as S- 
· The trees weren’t always the main focus on the slide, weren’t always in the same spot, and weren’t always the same type of tree
· Animals were able to learn this quite well
· One way to test if the animal formed a perceptual concept involves generalization to novel exemplars 
· Another technique is the concept/pseudoconcept procedure – comparing responding when a set of slides may be categorized as S+ and S- using a concept to responding when the same slides are put into S+ and S- groups randomly 
· Studies show that learning is faster and better in concept trained groups 
· Development of conceptual errors
· Pigeons were presented with a screen that had response keys at each corner
· Pecking was reinforced for the following :
· Corner 1  - cats 1-10
· Corner 2 – flowers 1-10
· Corner 3 – cats 11-20
· Corner 4 – flowers 11-20
· Nonconceptual error – pecking the key for the wrong type of stimulus (flower instead of cat)
· Conceptual error – pecking the key for the wrong set of the correct stimulus (corner 1 instead of 3)
· When errors were made it was conceptual errors showing that they did use perceptual categories
· There is evidence that animals can concurrently form both basic and higher level perceptual categories 
· Basic: car, chair, person, flower
· Higher: artificial or natural 
· Feature theory – assumes that the members of a perceptual category have some common features and responding is controlled by these features
· Aust and Huber trained pigeons to respond to slides with people as S+ and slides without people as S-, the people used varied on many aspects
· The people in the slides were then digitally rearranged
· Testing showed that while the pigeons responded less to the rearranged people than to the intact people, responding was still higher to the slides with people in them
Timing
· Duration estimation 
· Asked whether animals can distinguish between stimuli that differ in terms of temporal duration
· Matching to sample procedure
· Duration of the sample stimulus is used to determine which comparison stimulus is correct
· Pigeons scored well above chance level
· It is possible to ask whether the ease or difficulty of the discrimination is based on the absolute or relative values of the two stimuli
· E.g. a 3 second duration vs. a 9 second duration; is the basis of discrimination based on the fact that the two are 6 seconds apart (absolute value) or is it based on the fact that the second stimulus is 3x the length of the first
· Scalar invariance/Weber’s fraction
· Duration estimation tasks involving the same relative values of the stimuli are learned at the same rate and level
· Weber’s fraction shows that the amount of increase needed to be added to a stimulus in order for the increase to be noticed is a constant proportion of the starting value of the stimulus 
· Weber called the minimal difference the just noticeable difference or jnd 
· Shows that the ease of discriminating between two temporal durations is related to the relative difference of the two stimuli 
· A delay interval is introduced between the sample and the comparison 
· As the delay interval is lengthened accuracy decreases more markedly on long sample trials 
· Choose short effect – pigeons continue to peck the correct comparison following long delays between sample and comparison when the short sample has been presented, however, they show an increasing tendency to also peck the comparison mapped onto the short sample even when the long sample is presented as the delay between sample and comparison is increased
· Scalar expectancy theory – involves a clock process, a memory process and a decision process
· The clock process envisions a pacemaker that generates pulses at a constant rate
· The start of a timed interval opens a switch which allows the pacemaker pulses to go to an accumulator which counts the pulses. When the timed interval ends, the switch closes and the accumulated pulses are a measure of the length of the interval
· During acquisition, the accumulated pulses are moved to WM where additional information such as responding was reinforced or responding was not reinforced, is gathered and consolidated and ultimately moved to RM
· During subsequent trials/testing the contents of WM, including the number of pulses on the current trial, are compared to those in RM to determine whether to respond
· SET is a cognitive account of animal timing that explains timed behavior in terms of an interaction of internal clock, memory, and decision processes
· Timed behavior arises from decision processes that compare elapsed time with samples from reference memory
Serial Pattern Learning
· Animals must often respond in an ordered fashion in order to receive reinforcement
· The animal does not have to learn the serial order of stimuli and responses it can just respond to whatever S+ is presented however research has shown that animals are capable of learning serial order if required
· Studies require the animal responding to a set of stimuli in a particular order 
· May involve the animal having to respond in a particular order to 5 stimuli presented simultaneously
· E.g. stimuli Blue, Green, Orange, Red, Yellow and they must be responded to in that order
· Initial training for such a task involves first teaching the animal to respond to Blue wherever it is presented
· Then the Green stimulus is introduced and the animal must respond Blue then Green
· Then Orange is introduced, followed by Red, and finally Yellow
· General consensus that the animal does a mental walkthrough
· Subdividing a series of items into subsets, each with its own internal structure is called chunking 
· Animals in ‘chunking’ groups learn things faster in studies
· The time spent responding to one stimulus before moving on to another stimulus is called the dwell time
· [bookmark: _GoBack]People and animals spend longer processing time at the boundaries of chunks in a sequence
