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PSYC 351 FUNDAMENTALS OF LEARNING
CHAPTER 9: Extinction of Conditioned Behavior

Introduction:
· Changes in the environment can also favor the loss of conditioned behavior.
· Not many reinforcement schedules remain in effect forever.
· Responses that are successful at one point may cease to be effective later.
· E.g. dating may extremely pleasant at first but stops being reinforcing when that person falls in love with someone else.
· Acquisition of conditioned behavior involves procedures in which a reinforcing outcome occurs.
· In classical conditioning: the outcome or unconditioned stimulus (US), is presented as a consequence of a conditioned stimulus (CS).
· In instrumental conditioning: the reinforcing outcome is presented as a consequence of the instrumental response.
· In the context of learning, extinction is the loss of the conditioned response resulting from the absence of the expected US (for classical conditioning) or the expected reinforcer (for instrumental conditioning)
· Extinction involves omitting the US or reinforcer.
· In classical conditioning: extinction involves repeated presentations of the CS without the US.
· In instrumental conditioning: extinction involves no longer presenting the reinforcer when the response occurs.
· With both types of procedures, conditioned responding declines.
· Thus, the behavior change that occurs in extinction appears to be the opposite of acquisition.
· Thais is how extinction has been characterized in theories of learning like the Rescorla-Wagner model.
· This view of extinction is incorrect.
· Extinction is not the same as forgetting:
· The loss of conditioned behavior is not the same as the loss of responding that may occur because of forgetting.
· Extinction is an active process produced by the omission of an expected US or the reinforcer.
· Forgetting is a decline in responding or loss of behavior that occurs because of the passage of time, and does not require nonreinforcement of the CS or the instrumental response.
· Extinction is not the same as habituation:
· Habituation is a progressive decrease in elicited behavior after repeated presentations of the eliciting stimulus.
· Extinction: decline in learned behavior.
· Habituation: decline in unlearned behavior.
· Extinction is NOT un-learning a concept or erasing a memory of learning.
· Extinction is one of the hottest areas for translation research that seeks to improve clinical practice based on laboratory findings:
· Social phobias, fear of flying, claustrophobia, and other pathological fears are treated with some form of exposure therapy.
· Exposure therapy is an extinction procedure where p’s are exposed to cues that elicit fear in the absence of the aversive US.
· Also employed in treating drug addiction, with the aim of extinguishing cues associated with drug-taking behavior.

Effects of Extinction Procedures:
· What happens when you try to unlock your door but your key doesn’t work?
· Chances are you would not give up after the first attempts, but would try several more times, perhaps jiggling the key in the lock in different ways each time.
· But if none of those response variations worked, you would eventually quit trying.
· This illustrates the two basic behavioral effects of extinction:
· Primary effect: The target response decreases when the response no longer results in reinforcement.
· Secondary: The response variability increases.
· E.g. rats trained to make 3 responses for food reinforcement
· The experimental chamber had 2 levers and 1 response key on the opposite wall.
· During the reinforcement phase, the rats had to make 3 responses in a row to obtain a food pellet.
· They could press the left lever three times (LLL), press each lever and the response key once (RLK), press the left lever twice and the key once (LLK), etc.
· Group var: group of rats was reinforced for varying responses  only got food if the response they made on a certain trial was different from what they did on earlier trials.
· Group yoke: required to make 3 responses, but no requirement for variability.
· After responding was established by the reinforcement contingencies, extinction was introduced and food was no longer provided no matter what the rats did.
· Results:
· P’s reinforced to vary their responses showed much more variability than group yoke.
· Group yoke responded faster, perhaps bc they did not have to move as frequently from one manipulandum to another.
· Extinction produced a decline in the rate of responding in both groups.
· Variability increases for both groups during extinction.
· Increased response variability is not unique to extinction but is also obtained with procedures in which p’s receive a low rate or magnitude of reinforcement.
· Extinction procedures also produce strong emotional effects.
· If an organism has become accustomed to receiving reinforcement for a particular response, it may become upset when reinforcers are no longer delivered.
· Frustration: the emotional reaction induced by withdrawal of an expected reinforcer.
· Frustrative nonreward energizes behavior.
· Frustration may be intense enough to lead to aggression.
· E.g. aggression induced by frustration demonstrated in study with pigeons.
· Pigeon trained to peck a key for continuous food reinforcement (CRF)
· Another pigeon restrained in the cage.
· While reinforcement was available for pecking, the bird largely ignored the other bird.
· When extinction was introduced, the previously rewarded pigeon attacked its innocent partner.
· Extinction induced aggression can be a problem when extinction is used in behavior therapy.

Forms of Recovery from Extinction:
· The decline of conditioned behavior is the main reason that extinction procedures are used in therapeutic interventions.
· The decrease in behavior in extinction is the opposite of what occurs during acquisition, but it does not reverse or eliminate the effects of acquisition.
· Since extinction does not ease what was originally learned, the extinguished response reappears under various circumstances.
· This is problematic for therapeutic applications that are designed to eliminate problematic behavior.
· Four lines of evidence for which extinguished behavior occurs again: spontaneous recovery (behavior can reappear with the passage of time), renewal of conditioned responding (caused by a change of context), reinstatement (reexposure to the US), resurgence (the extinction of another response).
· Spontaneous Recovery:
· Spontaneous recovery in habituation occurs due to the passage of time.
· Spontaneous recovery: rest period introduced after extinction training, and responding comes back.
· Nothing specific is done during the rest period to produce recovery.
· E.g. rats trained with 2 CS-US pairings
· Noise: food
· Light: sucrose
· Then given extinction
· S1 tested 8 days after extinction procedure; responding recovered
· S2 tested immediately after extinction procedure; responding remained suppressed
· Renewal of Conditioned Responding:
· Renewal: recovery of conditioned responding when the contextual cues that were present during extinction are changed.
· Renewal effect: recovery of responding with changes in original context.
· Renewal experiments:
· Acquisition training is conducted in the present of one set of contextual cues, A.
· The participants are then moved to a different context B, where they received extinction training.
· The contextual cues of extinction are then changed by returning the p’s to context A.
· The shift from B back to A causes a reappearance of conditioned responding.
· Suggests that clinical improvements that are achieved in the context of a therapist’s office may not persist when the client returns home or goes to work where the original maladaptive behavior was acquired.
· E.g. a client may have effectively extinguished a phobia of spiders in the therapist’s office, but conditioned fear can respond when the client finds a spider at home.
· ABA renewal effect:
· E.g. rats trained to press a lever in context A reinforced with food pellet
· Extinction conducted in context B (novel environment)
· Rats then tested in both context A and B for 10 minute sessions (no reinforcement)
· Responding near zero in context B; responding recovered in context A,
· Was this due to excitatory properties acquired by context A during acquisition?
· Rats repeatedly exposed to A without food or response lever during extinction to extinguish any excitatory properties A might have acquired.
· Extinction of context A did not alter magnitude of renewal effect.
· This suggests that the renewal effect is not due to context-reinforcer associations.
· ABC renewal effect: renewal of conditioned responding has been observed when after extinction in context B, p’s are tested in neutral context C, which was not previously associated with acquisition or extinction.
· Illustrates the general conclusion that conditioned responding reappears with any shift away from the context of where extinction was conducted.
· The renewal effect shows that the memory of extinction is specific to the cues that were present during the extinction phase.
· Thus, a shift away from the context of extinction disrupts retrieval of the memory of extinction, with the result that extinction performance is lost.
· Assumption that original acquisition performance generalizes from one context to another more easily than does extinction performance.
· Implications of renewal effects: important but troubling for behavior therapy.
· Extinction results in learning a new meaning about the CS, which is specific to the extinction context.
· Following extinction, contextual cues are utilized to retrieve the appropriate meaning of the CS (contexts may function as “occasion-setters” for conditioned behavior)
· Even if you effectively extinguished a fear, the conditioned fear may easily return when the client encounters the fear CS in a different context.
· The effects of excitatory conditioning readily generally from one context to another.
· So, if you acquired a fear in one situation, the fear is likely to have widespread effects in other contexts.
· But if you overcome a fear, the benefit will not generalize as readily to new situations.
· Thus, the problems created by conditioning will have more widespread effects than the solutions or remedies for those problems.
· Reinstatement of Conditioned Responding:
· Reinstatement: recovery of conditioned behavior that occurs when individual encounters the US again.
· E.g. someone who has anxiety or fear of intimacy acquired from having an abusive parent may be able to overcome this fear with time and help, but this fear may return full-blown if the person experiences an abusive encounter later in life.
· E.g. fear conditioning in humans using skin conductance as measure of fear.
· Blue square: loud noise  resulted in conditioned fear
· Extinction
· Exposure to noise in same context (same room) or different context (diff. room)
· All p’s tested for fear of the CS (blue square) in original training context.
· Results: US presentations in the same room resulted in recovery of fear response, US presentations in diff. room did not produce fear recovery.
· Thus, reinstatement is context specific.
· Resurgence of Conditioned Behavior:
· Resurgence: involves the reappearance of an extinguished target response when another reinforced response is extinguished.
· Two different responses:
· One response is initially conditioned, then extinguished.
· Second response is then also reinforced and extinguished.
· Interest is whether extinction of the second response increases the frequency of the first one.
· E.g. parent goes shopping with 3 year-old child.
· To make the excursion easier, the parent puts child in shopping cart.
· Child is not interested in shopping and starts to wiggle and squirm to get mothers attention.
· Not wanting to encourage this behavior, the parent reprimands the child and puts the behavior in extinction, ignoring the child whenever they wiggle or squirm.
· This works, but the parent feels bad about the child having to sit in the cart with nothing to do and gives child a toy to play with.
· Things proceed smoothly for a bit, until the child gets bored with the toy and experiences extinction of toy-playing response.
· This extinction of the second response, will result in resurgence of the original wiggling and squirming behavior.
· E.g. functional communications training (FCT) is a behavioral strategy used with children with developmental disabilities.
· FCT reinforces making an appropriate request for a break, which tends to decrease disruptive behaviors.
· Successful in keeping disruptive and self-injurious behavior at a low level, as long as the teacher is not busy to reinforce the appropriate communication response.
· If the teacher becomes too busy to and ignores the student’s raised hand, resurgence of disruptive behavior may occur.
· E.g. rats trained to respond on levers for food reinforcement
· L1 conditioned and then extinguished
· During L1 extinction, L2 introduced to the chamber
· Extinction introduced to L2
· Results show rate of responding on L1

Enhancing Extinction: resistance to extinction
· Extinction does not erase what was originally learned and the extinguished behavior can reappear with the passage of time.
· This is bad news for various forms of exposure therapy, that use extinction to eliminate problematic fears, phobias and habits.
· Phobias: are unreasonable fears of specific objects or situations.
· Phobias are most often acquired through CC, though may also be acquired through observational learning.
· Exposure therapy: treats anxieties by exposing people (in imagination or  actual situations) to the things they fear and avoid.
· Graded exposure
· Flooding
· Systemic Desensitization
· Why are some behavior more resistant to extinction than others?
· E.g. of very persistent behaviors: gambling, begging, temper tantrums, drug use, PTSD, etc.
· Resistance to extinction: is the extent to which responding continues in the absence of reinforcements.
· Can the impact of extinction be increased to make extinction procedures more effective?
· Different schedules of reinforcement have different levels of resistance to extinction.

	Schedule of Reinforcement
	Response Rate
	Pattern of Response
	Example
	Resistance to Extinction

	Fixed-ratio
	Very high
	Steady response w/low ratio.
Brief pause after each reinforcement with very high ratio.
	FR 10: Rat must press lever 10 times for food pellet.
	The higher the ratio, the more resistant to extinction.

	Variable-ratio
	Highest response rate
	Constant response pattern, no pauses.
	VR 10: Rat must press lever ~ 10 times for a food pellet.
	Most resistant to extinction.

	Fixed-interval
	Lowest response rate
	Long pause after reinforcement followed by gradual acceleration.
	FI 2-min: Every 2 min, a pigeon has the opportunity to peck for a food reward.
	The longer the interval, the more resistant to extinction.

	Variable-interval
	Moderate
	Stable, uniform response.
	VI 2-min: ~ every 2 min, a pigeon has the opportunity to peck for a food reward.
	More resistant to extinction than FI schedule, with same average interval.



· Number and Spacing of Extinction Trials:
· Simplest way to increase the impact of extinction is to conduct more extinction trials.
· The use of larger numbers of extinction trials produces a more profound decrease in conditioned responding.
· Spacing of trials:
· Ch. 2, habituation of the startle response.
· In a habituation procedure, presenting stimuli close together in time (massed) produces a greater decrement in startle responding than presenting stimuli spread out in time (spaced)
· Massed trials show significant spontaneous recovery, whereas habituation produced by spaced trials does not.
· Massed extinction trials produce better short-term, but worse long-term extinction, compared to spaced trials.
· E.g. fear conditioning with mice.
· Found greater loss of fear during an extinction session with massed trials (intertrial interval of 6 seconds) than with spaced trials (ITI – 600 seconds)
· Spaced trials produce a more enduring extinction effect.
· Massed extinction produce a rapid immediate decrement in responding, but the conditioned behavior is likely to return with a period of rest (spontaneous recovery) or change in context (renewal)
· Immediate vs. Delayed Extinction:
· Establishing a learning experience in long-term memory requires memory consolidation.
· Memory consolidation takes time, so introducing an extinction before the memory of acquisition has been fully consolidated might change the memory and promote extinction performance.
· Conducting extinction trials immediately after acquisition produces more rapid loss of conditioned behavior than conducting extinction trials 1 day later.
· But, with immediate extinction, behavior is more likely to show spontaneous recovery and renewal.
· A more enduring loss of behavior occurs if extinction trials are delayed 24 hours after the end of acquisition.
· Repetition of Extinction and test Cycles:
· Repeat the extinction/test cycle.
· Examined mostly with in spontaneous recovery.
· E.g. shown in study involving goal tracking as conditioned response:
· Acquisition phase: a noise CS was paired with food in a cup.
· As conditioning progressed, rats came to poke nose in the food cup when CS was presented.
· Extinction was then introduced, with eight CS-alone trials conducted during each daily session.
· During extinction, responding was highest during the first two trials and then declined.
· When rats returned for next session, responding was higher than it had been at the end of the preceding session, indication spontaneous recovery.
· However, the degree of recovery progressively declined with repeated extinction/test sessions.
· Long-lasting therapeutic gains would be best achieved by periodic reapplications of exposure therapy, to reduce any conditioned responding that might have reappeared.
· Conducting Extinction in Multiple Contexts:
· Conducting extinction in multiple contexts can reduce or eliminate renewal effects.
· Renewal refers to the recovery of responding that occurs when the individual is moved from the extinguished context to either a new context or back to the context of acquisition.
· Can be attributed to the lack of generalization of extinction performance from the extinction context to other situations.
· Conducting extinction in several different contexts may serve to increase the stimulus generalization of extinction.
· Depends on the number of extinction trials that are conducted.
· E.g. a study of the extinction of fear using conditioned suppression:
· Rats trained to press lever for sucrose (VI 60-second schedule), then conditioned fear with noise (CS) paired with shock (US)
· Acquisition occurred in context A.
· For the next phase, rats were moved out of context A and received 36 or 144 extinction trials.
· Group 1: only one context B was used for all extinction trials.
· Group 2: three different contexts were used (B, C, D)
· [image: ]All rats were returned to acquisition context A and tested for renewal of conditioned fear.
· By the end of extinction training all rats showed no fear for the CS.
· Fear reappeared when the rats were returned to context A.
· Renewal was evident for all groups except the one that received a large number of extinction trials (144) in 3 contexts.
· Best to conduct exposure therapy in a variety of different places.
· Conducting exposure therapy in the original context is not essential for reducing relapse through renewal.
· Presenting Extinction Reminder Cues:
· Extinction relapse effects have been interpreted as due to the fact that extinction training does not generalize when the learned behavior is tested in a new place.
· Introducing retrieval cues present during extinction training can reduce spontaneous recovery and enhance extinction performance.
· Extinction cues may reduce the renewal effect by reactivating extinction performance in the renewal context.
· Encouraging results found in study of exposure therapy with people who were afraid of spiders.
· P’s who were instructed to mentally recall the treatment context showed less fear of spiders in a novel situation than p’s who did not engage in reminder exercise.
· In the clinical setting, we can increase generalization of treatment outcomes by encouraging clients to carry their own reminder cues (carry a card, repeat a short phrase)
· All these techniques provide reminders of the therapeutic context.
· Compounding Extinction Stimuli:
· Compound extinction stimuli to deepen extinction.
· Presenting two stimuli at the same time that are both undergoing extinction, can deepen extinction of those cues.
· E.g. rats trained to press lever on VI 30-sec for food.
· 3 discriminative stimuli:
· 1. Light (L)
· 2. Noise (X)
· 3. Tone (Y)
· During acquisition lever-pressing reinforced with food.
· Extinction 1: Light, noise and tone were extinguished separately (presented repeatedly with lever presses no longer reinforced)
· Responding of each of the cues declined close to zero.
· Compound extinction: the light was presented simultaneously with one of the cues (X)
· Y continued to be presented alone with no reinforcement
· LX compound resulted in substantial elevation of responding 
· Waited 6 days before final testing.
· Test: tested responding during X and Y each presented by itself.
· Substantial spontaneous recovery to Y
· No spontaneous recovery occurred to X showing that compound extinction deepened the extinction of stimulus X.
· Presentation of a stimulus compound increased responding during extinction, but when tested alone, animals responded less to the stimulus that was extinguished in compound than to the stimulus extinguished alone.
· Priming Extinction to Update Memory for Reconsolidation:
· Presenting a CS serves to activate the memory of acquisition.
· Once activated, memory is in a modifiable state, which it can be changed before the memory is reconsolidated and returned to long-term store.
· Reconsolidation window: the period during which an activated memory can be modified.
· Window lasts less than 6 hours (although limited, interval is long enough for extinction training)
· Memory acquisition might be substantially altered by conducting extinction trials during the reconsolidation window.
· If you perform extinction during the reconsolidation window, you can weaken the original memory.
· Present CS to recall memory  extinction procedure during reconsolidation.
· E.g. human fear conditioning.
· P’s received fear conditioning where a colored square was paired with a shock to the wrist; square of diff. color presented w/o shock.
· Next day; some received a single exposure to the fear-conditioned CS (square) followed by extinction trials either 10 minutes later (within consolidation window), or 6 hours later (outside window)
· Third group received extinction trials w/o priming of CS.
· All p’s returned to lab on day 3 to test spontaneous recovery of fear.
· Substantial spontaneous recovery of fear in the nonprimed group and group that received extinction training 6 hours after; no recovery if extinction was conducted within the consolidation window.
· Extinction procedures in the clinic, can suppress conditioned responses to drug cues, but the extinguished responses typically reemerge after exposure to the drug itself (reinstatement), the drug-associated environment (renewal), or the passage of time (spontaneous recovery)>
What is Learned Extinction?
· Spontaneous recovery, renewal, reinstatement, and resurgence all indicate that extinction does not involve unlearning.
· Additionally, response-outcome (R-O) and stimulus-outcome (S-O) associations remain intact after extinction.
· If these associations remain intact, what produces the response decrement?
· Investigators are considering the importance of inhibitory S-R associations, motivated by the unexpected absence of the reinforcer in extinction.
· Extinction results in a type of inhibitory conditioning.
· The absence of an expected reinforcement produces a negative emotional state (frustration) which serves to discourage responding (an inhibitory S-R association is formed)
· Why should nonreinforcement produce an inhibitory S-R association?
· Extinction involves a special type of reinforcement  it involves nonreinforcement, after a history of conditioning with repeated presentations of the reinforcer.
· Nonreinforcement without such a prior history is not extinction but is more akin to habituation.
· This is an important distinction because the effects of nonreinforcement depend critically on the individual’s prior history.
· E.g. if your partner never made you coffee in the morning, you would not be disappointed if the coffee was not ready when you got up.
· It is only the omission of an expected reward that creates disappointment or frustration.
· The omission of an expected aversive event, creates relief, which is not experienced without that expectation.
· Extinction involves both behavioral and emotional effects:
· The emotional effects stem from the frustration that’s triggered when an expected reinforcer is not forthcoming.
· Nonreinforcement when expecting a reward triggers an unconditioned aversive frustrative reaction.
· This aversive emotion (frustration) serves to discourage responding during the course of extinction through the establishment of an inhibitory S-R association.
Paradoxical Reward Effects:
· If the decline in responding in extinction is due to the frustrative effects of an unexpected absence of reinforcement, then one would expect more rapid extinction following training that establishes greater expectations of reward.
· This is indeed the case and has led to a number of paradoxical effects.
· Overtraining extinction effect: the more training provided with continuous reinforcement, the stronger the frustration will be during extinction.
· That in turn produces more rapid extinction.
· Involves fewer responses in extinction after more extensive reinforcement training.
· One might think that more training should create a stronger response that’s more resistant to training, but the opposite is the case.
· Magnitude reinforcement extinction effect: responding declines more rapidly in extinction following reinforcement with a larger reinforcer.
· Nonreinforcement is apt to be more frustrating if the individual expects a large reward than if they expect a small reward.
· E.g. 100$ vs 25$ allowance a month during college.
· If parents stop the allowance when you drop out of school for a semester, the nonreinforcement will be more aversive if you expect the larger 100$ allowance.
· Partial reinforcement extinction effect (PREE): greater persistence in instrumental responding in extinction after partial (intermittent) reinforcement training, than after continuous reinforcement training.
· A key factor that determines the magnitude of the behavioral and emotional effects of an extinction procedure is the schedule of reinforcement that’s in effect before the extinction procedure is introduced.
· Many features of reinforcement schedules can influence the rate of extinction, the most important variable is if the instrumental response was reinforced every time it occurred (continuous reinforcement) or only some of the times it occurred (intermittent, or partial reinforcement)
· Extinction is much slower and involves fewer frustration reactions if partial reinforcement was in effect before extinction  known as the PREE.
· E.g. explains the behavior of habitual gamblers, who persist in gambling even if they encounter a long string of failures (extinction)
· Intermittent reinforcement creates persistence in responding.
·  Mechanisms of PREE: What causes partial-reinforcement extinction effects?
· Discrimination hypothesis: introduction of extinction is easier to detect after continuous reinforcement than after partial reinforcement.
· [bookmark: _GoBack]E.g. Study by Jenkins and Theios:
· Trained animals in group 1 (w/partial reinforcement) and group 2(w/continuous reinforcement)
· Both groups received phase of continuous reinforcement before extinction
· Bc extinction was introduced immediately after continuous reinforcement, extinction should have been equally noticeable or discriminable for both.
· Group 1 that received partial reinforcement responded more in extinction.
· Results show that response persistence by partial reinforcement does not come from greater difficulty in detecting the start of extinction.
· Subjects learn something long lasting that is carried over, even if they subsequently receive continuous reinforcement.
· Partial reinforcement: teaches individuals not to give up in the face of failure, and this learned persistence is retained across an unbroken string of successes.
· What is learned during partial reinforcement that creates persistence in the face of failure?
· Partial reinforcement promotes persistence in two ways:
· 1. Frustration theory: persistence in extinction results from learning to continue responding when you expect to be nonreinforced or frustrated.
· Based on what individuals learn about the emotional effects of nonreward during partial reinforcement training.
· This learning develops in stages: intermittent reinforcement involves both rewarded and nonrewarded trials.
· Rewarded trials lead to them to expect reinforcement, nonrewarded trials lead them to expect the absence of reward.
· Consequently, partial reinforcement leads to the learning of two competing expectations, which lead to conflicting behaviors:
· The expectation encourages responding, the expectation of nonreinforcement discourages responding. But as training continues, this conflict is resolved in favor of responding.
· The resolution of the conflict occurs bc reinforcement is not predictable in the intermittent reinforcement schedule.
· Thus, responding is reinforced some of the times when the p’s expect nonreward.
· The instrumental response becomes conditioned to the expectation of nonreward or frustration.
· With sufficient training, intermittent reinforcement results in learning to make the instrumental response in the face of the expectation of nonreward.
· Once the responding has become conditioned to the expectation of nonreward, responding persists when extinction is introduced.
· 2. Sequential theory: assumes individuals can remember whether reinforced for performing instrumental response in the recent past. With intermittent reinforcement, nonreward becomes cue for performing instrumental response.
· Based on what is learned about the memory of nonreward.
· E.g. R N N R R N R
· R = reward, N = nonreward.
· On the fourth trial, the individual is reinforced after receiving nonreward on the preceding two trials.
· Because of this, the memory of the two nonrewarded trials becomes a cue for responding.
· This occurs in the last trial again.
· The individual is reinforced for responding during the memory of one nonreinforced trial.
· With enough experiences, the individual learns to respond whenever it remembers not having been reinforced on the preceding trials.
· This learning creates persistent responding in extinction.
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