

10

PSYC 351 FUNDAMENTALS OF LEARNING
CHAPTER 6: Schedules of Reinforcement and Choice Behavior

Introduction:
· A perfect contingency b/w response and reinforcement is rare in the real world.
· You don’t get a high grade on a test each time you study; you don’t get an immediate response from a friend every time you send a text; going on a date doesn’t always result in a good time.
· In a perfect world pick up lines work every time; the bus is always on schedule; and every roll up the rim is a winner.
· In reality, it is rare that every instance of behavior has an immediate reinforcer.
· Schedules of reinforcement: 
· Influence how instrumental response is learned, and how it’s maintained by reinforcement.
· Schedule effects are highly relevant to motivation of behavior.
· Whether someone works hard or is lazy depends less on their personality than on the schedule of reinforcement that’s in effect.
· Reinforcement is not required for every response.
· But, if the response-reinforcer contingency is not high initially, then learning will likely be delayed.
· A schedule of reinforcement: is the rule that determines how and when a response will be followed by a reinforcer.
· Reinforcement schedules that involve similar relations b/w responses and reinforcers usually produce similar patterns of behavior.
· The exact rate of responding may differ from one situation to the next, but the pattern of behavior is highly predictable.
· Different schedules produce:
· 1. Distinct rates and patterns of responses.
· 2. Varying degrees of resistance to extinction.

Simple Schedules of Intermittent Reinforcement:
· In simple schedules, a single factor determines which occurrence of the instrumental response is reinforced.
· This single factor can be how many responses have occurred or how much time has passed before the target response can be reinforced.
1. Ratio Schedules: require a certain number of responses before a reinforcer is given.
· Reinforcement rates:
· 1. Continuous reinforcement: reinforcing every correct response.
· If the reinforcer is one, every response results in deliver of the reinforcer.
· Contingency management programs used in the treatment of drug abuse often employ a CRS. 
· Occurs where there is a direct causal link b/w response and outcome.
· Unlocking car door to get in car, entering code in ATM to access money.
· Most efficient way to condition a new response.
· Rare in real life.
· 2. Partial reinforcement aka intermittent reinforcement: responding is reinforced only some of the time.
· More effective at maintaining or increasing rate of response.
· 1. Fixed-ratio schedule: reinforcement is given if the subject completes a pre-set number of responses.
· Fixed ratio 10 or FR 10 example: salesperson receives a bonus after every 10th sale.
· A continuous reinforcement schedule (CRF) is also called an FR schedule (fixed ratio)
· Organisms typically response at a steady and moderate rate – only brief and unpredictable pauses occur.
· A different pattern of responding occurs when an FR schedule is in effect that requires a larger number of responses.
· Not likely to pause in the middle of dialing a phone number, but you may take a while to start.
· Typical pattern for FR schedules: steady and high rate of responding once behavior is under way, but there may be a pause before the start of the required number of responses.
· [image: ]A cumulative recorder: gives a visual representation of when and how frequently the participant responds during a session.
· Represents how a response is repeated over time.
· Shows the total number of responses that have occurred up to a particular point in time.
· Obtained with a chart recorder.
· Vertical distance: represents total number of responses made.
· Horizontal distance: how much time elapsed in the session.
· Slope: p’s rate of responding (number of responses per unit of time)
· [image: ]Post-reinforcement pause: pause in responding after reinforcement given.
· Length of the pause is controlled by upcoming ratio requirement.
· Would be more correctly labeled the pre-ratio pause.
· Ratio run: behavior is steady and high-rate once it’s started.
· If the ratio requirement is increased a little, the rate of responding during the ratio may remain the same.
· Higher ratio requirements will have longer post-reinforcement pauses.
· If increased a great deal, the animal is likely to pause periodically before the completion of the ratio requirement.
· Ratio strain: a disruption of responding, following a sudden, significant increase in ration requirement (e.g. FR5 to FR50)
· In some cases, ratio strain may be so great that the animal stops responding altogether.
· Response rate: High
· 2. Variable-ratio schedule: number of responses required to get a reinforcer is not fixed, but varies around an average.
· The numerical value of the ratio indicates the average number of responses required per reinforcer.
· VR 10 example: pigeon must make 10 responses to earn first reinforcer, 12 for second, 7 for third, etc. Average = 10 responses per reinforcer.
· [image: ]Cleaning lady knows that some amount of cleaning will be necessary, but never knows how dirty the room will be; gamblers know they have to play a slot machine to win, but never know how many plays will produce the winning combo
· Often used in sports like golf. 
· Predictable pauses are less likely with VR schedules than FR schedules.
· Post-reinforcement pauses can occur, longer and more prominent with FR.
· VR maintains steady and high rate of responding throughout.
· “Stretching the ratio” works especially well with variable schedules – starting out with a dense, rich reinforcement schedule and then gradually increasing the number of responses required.
· Response rate: highest response rate
· The overall response rate on FR and VR schedules is similar given that on average, similar numbers of responses are required.
· Response rate tends to be distributed in a pause-run pattern with FR schedules, whereas a steady pattern of responding is observed with VR schedules.

2. Interval Schedules: require a certain amount of time to pass before a reinforcer is given.
· [image: ]1. Fixed-interval schedule: a response is reinforced if a fixed amount of time has passed from the previous reinforcer.
· No matter how many times you open the washing machine before the required time has passed, you will not be reinforced with clean clothes; also seen in studying schedules.
· FI 2 min example: a rat receives food on the first lever press following a 2-minute interval.
· Rat will learn to wait to respond until the end of the fixed interval.
· Post-reinforcement pause: pause in responding after reinforcement given.
· As the time for the availability of the next reinforcer draws closer, the response rate increases.
· Fixed-interval scallop: the gradually increasing rate of responding that occurs between successive reinforcements on a fixed-interval schedule.
· The interval only determines when the reinforcer will become available; the participant must still make the instrumental response.
· Performance on an FI schedule reflects the p’s accuracy in telling time.
· Response rate: lowest response rate
· [image: ]2. Variable-interval schedule: a response is only reinforced if it occurs after a variable amount of time, after the delivery of a previous reinforcer.
· Hilary’s boyfriend Matt wakes up every morning b/w 8 and 8:30 am, and the first thing he does is text her “Good morning beautiful”. Hilary checks her phone regularly b/w 8 and 8:30 am every morning until she gets the text.
· Mechanic who cannot tell you how long it will take to fix your car, how much time will pass before the car will be ready is unpredictable; sales clerk waiting for another customer to enter store and buy something.
· Like VR, VI schedules maintain a steady state of responding (no post-reinforcement pause)
· Response rate: moderate
· Interval Schedules and Limited Hold:
· In simple interval schedules, once the reinforcer becomes available, it remains available until the required response is made, no matter how long that may take.
· Limited hold: restriction on how long a reinforcer remains available; can be added to FI or VI schedules.



Comparison of Ratio and Interval Schedules:
· Reynolds compared rate of key pecking for two pigeons on different reinforcement schedules (VR vs. VI)
· Even though the two pigeons received the same frequency and distribution of reinforcers, they behaved differently. 
· The pigeon reinforced on the VR schedule motivates much higher responding even though pigeons received the same rate of reinforcement:
· The higher response rate that occur on ratio compared to interval schedules, illustrate how schedules can alter the motivation for instrumental behavior.
· 1. Reinforcement of Inter-Response Times:
· Why might ratio schedules produce much higher rates of responding than interval?
· According to one explanation, the critical factor is the reinforcement of short IRTs.
· Various features of behavior can be increased by reinforcement; the IRT is one such behavior.
· Inter-response time (IRT): the interval between successive responses.
· If a participant is reinforced for a response that occurs shortly after the preceding one, then a short IRT is reinforced and short IRTs become more likely in the future.
· Reinforcing short inter-response times will cause greater instrumental responding.
· Ratio schedules have no time constraints, and favor short IRTs.
· The faster p completes ratio requirement, the faster they will receive reinforcer.
· Interval schedules have time constraints, and favor waiting longer between responses.
· If the participant responds frequently before the reinforcer is set up, those responses and short IRTs will not be reinforced.
· 2. Feedback functions: response and reinforcement rates calculated over entire experimental session; the reinforcement is considered to be the feedback or the consequence of responding.
· For ratio schedules: response rate is directly related to reinforcement rate – the higher the response rate, the more reinforcers earned, with no upper limit.
· Only requirement for reinforcement is making a certain number of responses.
· The feedback function for a ratio schedule is an increasing linear function.
· For interval schedules: the reinforcement rate is limited – higher response rates cannot earn more reinforcements that the upper limit.
· E.g. on a VI 2 min schedule, if the p receives a reinforcer as soon as it becomes available, it can earn a max of 30 reinforcer per hour.
· Bc each reinforcer requires an amount of time to be set up, there’s an upper limit on the number of reinforcers the p can earn; they cannot increase its reinforcement rate above this limit no matter how much they increase their rate of responses.
· E.g. Salaried employees.
· The feedback function for an interval schedule has a rigid upper limit that is dependent of the response rate.

Choice Behavior: Concurrent Schedules
· Single-response situations: experiments where only one response is being measured ignored some of the richness and complexity of the real world.
· Organisms engage in a variety of activities are continually choosing among possible alternatives; people are constantly having to make choice about what to do.
· Much of what we do is a result of choosing one activity over another.
· Our everyday choices are influenced by factors such as:
· Reinforcer (quality, quantity)
· Behavior (type of response, schedule of reinforcement)
· Available alternatives
· Delay in reinforcement
· The simplest choice situation is one which has two response alternatives, and each response is followed by a reinforcer according to its own schedule of reinforcement.
· [image: ]Concurrent schedules: a schedule where p’s can choose between two or more reinforcement schedules that are available simultaneously.
· Continuous measurement of choice because the participant is free to switch between response alternatives at any time.
· E.g. Skinner boxes equipped with two pecking keys a pigeon can peck;
· Responding on each key is reinforced on some schedule of reinforcement.
· The two schedules are in effect at the same time, and the pigeon is free to switch from one key to the other.
· Goal: to see how pecks are distributed on the 2 keys and how the schedule of reinforcement on each key influences its behavior/choices.
· E.g. slot machines at casino; concurrent schedule with lots of response alternatives.; each type of slot machine operates on a diff. schedule of reinforcement and you can play any of the machines; you are at the liberty to switch from one machine to another at any time.
· [image: ]Measures of Choice Behavior: 
· Relative rate of responding: if the pigeon pecks equally as often for both response keys, the ratio will be 0.5
· If the rate of responding on the left is greater than the rate of responding on the right, the ratio will be greater than 0.5; if the rate of responding on the left is less than the rate of responding on the right, the ratio will be less than 0.5.
· How an organism distributes its behavior between the two response alternatives is greatly influenced by the reinforcement schedule in effect for each response.
· E.g. if the same VI reinforcement schedule is available for each response alternative, as in a concurrent VI 60-second, the pigeon will peck the two keys equally often.
· The relative rate of responding on each side will be 0.5; bc the VI schedule available on each side is the same, there’s no advantage in responding more on one side than the other.
· [image: ]Relative rate of reinforcement: if the pigeon is reinforced equally often on each side, the relative rate of reinforcement will be 0.5
· E.g. on a concurrent VI 60-second schedule, the relative rate of reinforcement for each response alternative will be 0.5 because the participant earns reinforcers equally often on each side.
· Manipulating reinforcer quality: same reinforcement schedule; different reinforcer.
· A: FR 5, 1.50$
· B: FR 5, chocolate
· Manipulating reinforcer quantity: same reinforcement schedule; same reinforcer; different quantity of reinforcer
· A: FR 5, 1.50$
· B: FR 5, 15$
· Manipulating schedule of reinforcement: same reinforcer, same instrumental response, different reinforcement schedule.
· A: FR 5, 1.50$
· B: FR 50, 1.50$
· Manipulating the type of response: same reinforcer, different instrumental response, same reinforcement schedule.
· A: VI 5, 15$
· B: VI 5, 15$
· What happens when the choice is not so obvious?
· A: VI 20, 1.50$
· B: VI 60, 3.50$
· Same behavioral response, different reinforcement schedule, different reinforcer.
· The Matching Law
· As we saw with the VI 60 second concurrent schedule, the relative rate of responding = the relative rate of reinforcement.
· Will this equality also occur if the two response alternatives are not reinforced according to the same schedule?
· E.g. distribution of responses on a concurrent VI schedule, where the max total rate of reinforcement pigeons could earn was fixed at 40 per hour.
· Depending on the value of the VI schedules different proportions of the 40 reinforcers could be obtained by pecking the left and right keys.
[image: ]
· On a VI 6-min schedule: Maximum 10 reinforcers per hour obtained from left key
· On a VI 2-min schedule: Maximum 30 reinforcers per hour obtained from right key
· No constraints on which side the pigeons could peck.
· Result: pigeons distributed responses in a highly predictable fashion; responding 3x more on the right than the left.
· The relative rate of responding on a given alternative was always close to the relative rate of reinforcement earned on that alternative.
· If the pigeons earned a greater proportion of their reinforcers on the left, they made a greater proportion of their responses on that side.
· Therefore, relative rate of responding matched the relative rate of reinforcement.
· Matching Law: the relative rate of responding on a particular response alternative matches the relative rate of reinforcement for that response alternative.
· Proposed by Herrnstein
· The rate of response for a particular option does not depend on the rate of reinforcement of that response alone.
· Whether a behavior occurs frequently or infrequently depends not only on its own schedule of reinforcement, but also on the rates of reinforcement of other activities the individual may perform.
· Thus, how we go about training and motivating a particular response; has to take into account other activities and sources of reinforcement the individuals have at their disposal.
· Impossible to predict how a reinforcer will affect a behavior without taking into account the context; an operant response must compete with other possible behaviors and other possible reinforcers.
· [image: ]If response rate matches reinforcement rate, we can predict responses based on reinforcement rate using the following equation:

· [image: ]E.g. A pigeon responds 25 times to the left and only 20 times to the right. What was the rate of reinforcement for the left and right?

· The left side is reinforced 1.25 x relative to the right side.
· [image: ]E.g. 2: A pigeon receives 12 reinforcers to the left and 96 reinforcers to the right. What was the rate of responding for the left and right?

· The pigeon responds 8x on the right side, for every 1x on the left.
· Undermatching, overmatching, and response bias:
· Most instances where behavior does not correspond perfectly to the matching relation can be accommodated by the generalized form of the matching law.
· BL / BR = b(rL/rR)s
· The exponent s: represents sensitivity of the choice behavior to the relative rates of reinforcement for the response alternatives or the discriminability.
· When perfect matching occurs; s = 1
· Most common deviation from perfect matching involves reduced sensitivity of the choice behavior to the relative rates of reinforcement, referred to as undermatching, by making the exponent less than 1.
· If exponent is less than 1, the value of the term representing relative reinforcer rates becomes smaller, which indicates reduced sensitivity to the relative rate of reinforcement.
· The parameter b: represents response bias.
· Animals chose between two responses of the same type, (pecking one or another response key) and each response was reinforced by the same type of reinforcer (brief access to food)
· Response bias occurs when the response alternatives require different amounts of effort or if the reinforcer provided for one response is much more attractive than the reinforcer for the other response.
· A preference, or bias, for one response or one reinforcer over the other, results in more responding on the preferred side and is represented by higher values of the bias parameter b.
· Mechanisms of the Matching Law:
· Matching law describes how organisms distribute their responses when given choices, but does not explain what mechanisms are responsible for these choices.
· Matching law is stated in terms of responding and reinforcement rates over the entire duration of the experimental sessions; it ignores when individual responses are made.
· Maximizing Rates of Reinforcement:
· Maximization: organisms distribute their actions among response alternatives, so as to receive the maximum amount of reinforcers possible in that situation.
· Three explanations to explain the matching law: molecular, molar, melioration.
· Molecular Maximizing:
· Molecular theories: focus on what happens at the level of individual responses; view matching as the net result of these individual choices.
· Why ratio schedules produce higher response rates than interval: the explanation that emphasized the reinforcement of inter-response times was a molecular account.
· According to molecular theories: organisms always choose whichever response alternative is most likely to be reinforced at a given moment in time.
· Interval schedules work well with this theory.
· E.g. pigeon with two concurrent variable schedules, A and B, will switch from schedule A to schedule B when the probability of reinforcement on B becomes greater than A; will switch back to A when the probability of reinforcement on A becomes greater than on B.
· Model claims that the matching relation is a byproduct of prudent switching behavior that tracks momentary changes in the probability of reinforcement.
· Molar Maximizing:
· Molar theories: ignore what might occur at the level of individual responses; explains aggregates (total) of responses/behavior.
· They deal with the distribution of responses and reinforcers in choice situations during an entire experimental session.
· Why ratio schedules produce higher response rates than interval: the explanation that emphasized the reinforcement of feedback functions was a molar theory.
· According to molar theories: organisms always choose whichever response alternative gives them the highest number of reinforcers collected in the long run.
· Explain choice behavior on ratio schedules.
· In concurrent ratio schedules, animals rarely switch back and forth between alternatives, they respond exclusively on the ratio component that requires the fewest responses.
· E.g. On a concurrent FR 10 and FR 20 schedules, pigeon will likely spend all of its time on the FR 10 alternative; this way it maximizes the rate of reinforcement with the least effort.
· Difficulties arise on concurrent VI-VI schedules and VR-VI schedules.
· VI-VI schedules: p’s can obtain close to all of the available reinforcers on both VI options provided they occasionally sample each alternative.
· Thus total amount of reinforcement can be close to the same despite variations in how responding is distributed bw alternatives.
· VR-VI schedules: evidence shows that both pigeons and college students prefer the VR component but not as much as predicted by molar maximizing.
· On VR schedules, p’s can obtain reinforcement at any time by making required number of responses.
· On VI schedules, p only has to respond occasionally to obtain close to the max number of reinforcers possible.
· Melioration: focus on local rates of responding and reinforcement.
· Local rates: are calculated only over the time period that a participant devotes to a particular choice alternative.
· E.g. with two options (A and B), the local rate of responding is calculated by dividing the frequency of responses on A by the time the participant spends on side A.
· Contrasts with the overall rate: which is calculated over the entire duration of the experimental session.
· Local rates are always higher than overall rates.
· E.g. if you obtain 10 reinforcers in a 60-min session by responding on the left key, the overall rate of reinforcement on the left will be 10 per hour.
· If you only spend 15 minutes on the left side, the local rate of reinforcement on the left will be 10 per 15 minutes or 40 per hour.
· Melioration = making something better.
· Predicts that participants will shift their behavior toward whichever response alternative provides higher (or better) local rate of reinforcement.
· Assumes that adjustments in the distribution of behavior between choice alternatives will continue until the participant is obtaining the same local rate of reinforcement on each alternative.

Complex Choice and Self-control
· When you choose a movie at the theater, once you’ve paid your ticket and started watching the movie, you cannot change your mind and go see another one at any time.
· Choice with commitment: once the choice is made, the other alternatives are no longer available for a while.
· Concurrent-Chain schedules of reinforcement:
· Used to study how organisms make choices that involve commitment to one alternative or another.
· Involves two stages or links:
· First is the choice link: the participant is allowed to choose between two schedule alternatives, by making one of two responses.
· [image: ]E.g. pigeon makes choice by pecking either left or right key.
· Pecking left key: produces alternative A (the opportunity to peck the left key on a VI 3-min schedule)
· Pecking right key: produces alternative B (the opportunity to peck the right key on a FI 3-min schedule)
· Responding on either key does not yield primary reinforcer (e.g. food)
· Rather, the consequence is entry into one of the terminal links, which is usually designated by a color on the pecking key.
· Immediate consequence of a choice-link response is a stimulus (color) that is associated with the terminal link that was chosen.
· Once the participant has made a choice, it is stuck with that alternative until the end of the terminal link, or the end of the trial.
· Second is the terminal link: pattern of responding that occurs in the terminal link depends on whatever schedule of reinforcement is in effect during that component.
· Because the stimulus (color) is present when the primary reinforcer (food) is provided, the terminal link stimulus becomes a conditioned reinforcer.
· The initial-link responses are reinforcered by the presentation of a conditioned reinforcer.
· Variable schedules are favored over fixed schedules – variety is the spice of life in concurrent chain schedules.
· Pigeons favor the VI terminal-link alternative even if it requires more time on average for the reinforcer to become available than the FI alternative.

· Self-control Choice and Delay Discounting:
· Self-control often means delaying immediate gratification in order to obtain a greater reward later.
· Self-control is a matter of choosing a large delayed reward over an immediate small one.
· [image: ][image: ]E.g. Rachlin and Green: Self-control in pigeons
· Choice A: immediate small reward
· Choice B: 4 sec delay
· [image: ]In the direct choice procedure: pigeon chooses immediate, small reward.
· In the concurrent chain procedure: the pigeons could learn to choose the schedule with delayed large reward.
· Why would inserting a delay cause pigeons to change their choice?
· Why is it so difficult to be motivated to work for large delayed rewards?
· The answer originated in concurrent-chain schedules is based on the concept of delay discounting.
· [image: ]Delay discounting: the value of a reinforcer declines as a function of how long you have to wait to obtain it.
· Equation is called the hyperbolic decay function:
· V = value of reinforcer
· M = reward magnitude
· D = reward delay
· k = discounting rate (indicates how fast reward value declines as a function of delay)
· The value of a reinforcer (V) is directly related to reward magnitude (M) and inversely related to reward delay (D).
· If the reinforcer is delivered with no delay (D = 0), the value of the reinforcer is directly related to its magnitude.
· Larger reinforcers have larger values; the longer the reinforcer is delayed, the smaller its value.
· [image: ]The concept of delay discounting is the key to understanding the problem of self-control.
· Graph represents the value of a large and small reward as a function of how long you have to wait to receive the reward.
· Vertical axis: shows perceived value of reinforcer
· Horizontal axis: represents time
· T1 and T2: identify different points in time when you might make your choice response.
· Different results occur depending on the size of the reinforcer and how rapidly its value is discounted.
· Note that reward value drops rapidly at first.
· The usual self-control dilemma occurs if your choice is made at T1 when there’s very short wait for the small reward and a longer wait for the large reward.
· [bookmark: _GoBack]At T1 the value of the large reward is smaller than the value of the small reward; thus, you will select the impulsive option at this time.
· The value of both rewards is less at T2 because it involves longer delays, however the value of the large reward is now greater than that of the small reward, therefore a choice at this time would have you select the large reward (the self-control option)
· Delay Discounting in Human Affairs:
· The steeper a person’s delay discounting function is, the more impulsive the person will be, and the more trouble they will have demonstrating self-control, because the larger reward will seem much less valuable.
· What factors influence delay discounting?
· Individual differences in reward discounting can be treated as a personality variable.
· Personality, age, IQ, educational level, income level, culture.
· Age: Rate of discounting is significantly slower among older p’s.
· Culture: Americans vs. Korean subjects  Americans display much greater present bias and elevated delay discounting.
· Neuroimaging results:
· Regions in frontal lobe were equally active for all choices.
· Regions associated with reward processing active for immediate reward choices.
· American p’s had greater activation of limbic regions (VStr, amygdala, VMPFC) when choices included an immediate reward.
· Impulsive choice in people with substance abuse problems: rapid discounting of delayed rewards may be a feature central to impulse control and addictive disorders.
· Steeper discounting functions than control p’s.
· Drug abuse may cause more rapid discounting of rewards.
· Attentional difficulties were also predictive of later drug use.
· There is a relationship between self-control and physical health:
· Higher levels of self-control in childhood were predictive of better health, lower rates of drug abuse, higher income levels, lower rates of single parenting and lower rates of criminal behavior.
· Lack of self-control is associated with negative life outcome.
· Self-control is a critical component of socialization and emotional adjustment.
· Can Self-Control be Trained?
· Provided that training tasks involves low effort, training with delayed reinforcement increases the likelihood of choosing a larger delayed reward in the future.
· Self-control involves a shaping procedure in which the reward is initially presented without a delay, and then the delay is gradually increased across trials.
· If there is no delay, the p’s selects the large reward.
· This can be sustained if the delay to the large reward is increased in small steps.
· Introduce a distracting task during the delay period of the large reward:
· Marshmallow test.
· Pre-commitment: make decision in advance, in a manner that is difficult later on (e.g. gamblers may only take 100$ to casino)

Neuroeconomics: Imaging Habit and Executive Control (box 6.3)
· How do we make decisions?
· What are the computations made by the brain in different choice situations?
· How are rewards and perceived value represented in the brain?
· How does the brain activity relate to instrumental behavior, goal setting, planning?
· Can we predict choice behavior based on brain activity?
· Measuring Dopamine activity:
· Mesocorticolimbic dopamine (DA)
· Virtually all drugs of abuse increase DA in the striatum and nucleus accumbens.
· Mesocorticolimbic DA system has been implicated in addiction.
· How does DA activity relate to instrumental learning?
· Measuring DA activity in choice tasks:
· Electrodes implanted in ventral tegmental area (VTA) of monkey; electrical activity of DA neurons recorded as monkey completes a discrimination task.
· VTA is the origin of the mesocorticolimbic DA pathway.
· Results:
· DA released in response to reinforcers in environment.
· With training, DA signal shifts to prediction signal and fires upon presentation of CS.
· DA is depressed when a reward is expected but not presented.
· A model of learning based on prediction error: DA predicts availability of reward and instigates actions to acquire it.
· DA activity corresponds to behavioral preference: amount, risk, and reward type modulated DA responses exactly to the extent that they influenced economic choices.
· What about human studies?
· Functional magnetic resonance imaging (fMRI) can be used to visualize blood flow in the brain.
· Brain areas in instrumental conditioning:
· Amygdala: reward magnitude and valence.
· Damaged amygdala: eliminates escape response in aversive task; abnormal responses on devaluation procedures.
· Also important for classical conditioning (neural cues can gain salience by amygdala activation)
· Striatum: initiating behaviors/movements.
· Increased striatal activity associated with craving for drug users.
· Damaged striatum: disrupts habitual responding; increases sensitivity to devaluation procedures.
· Orbitofrontal cortex: decision-making.
· Medial OFC activated in response to reinforcing outcomes.
· Lateral OFC activated in response to aversive outcomes.
· Damaged OFC: outcome value not used in decision making; impulsive decision more likely.
· Two distinct, but interacting systems:
· Habit learning is influenced by subcortical brain structures.
· “Lower” brain structures: amygdala and striatum.
· Uses prediction of next available reinforcer to guide behavior.
· Executive function is controlled by the OFC.
· Can inhibit habit learning.
· E.g. delayed gratification in the marshmallow test: OFC must override the lower brain areas that desire the immediate reward.
Dopamine in Addiction: box 7.1
· Drugs of abuse may act in different ways and on different neurotransmitter systems.
· E.g. stimulants influence dopaminergic neurons by preventing DA reuptake; alcohol facilitates GABA by acting on GABAA receptors.
· Drugs of abuse promote addiction by their actions on the limbic system.
· Recall, DA does not just report whether a reward has occurred or not, but is involved in “reward prediction error”
· Drugs of abuse may “hack” this system:
· Drugs drive DA activity, producing a spike of DA that can be interpreted as a positive prediction error; reinforcing new learning.
· Sensory cues associated with drug administration may now acquire a motivational value, creating strong associations between these cues and the drug itself.
· “Liking” vs “wanting” in the nucleus accumbens (part of the striatum)
· Wanting is related to dopamine.
· Liking is related to endorphins.
· Liking without wanting: animals with extensive damage to DA neurons will not approach sweet food, but will display hedonic reactions when the food is place in their mouths.
· Wanting without liking:
· Electrical stimulation of the limbic system in rats will increase feeding behaviors but triggers more aversive facial reactions to various states.
· Human studies show that DA levels are more correlated with subjective ratings of wanting, a reward than the pleasure ratings of the same reward.
· Drug addiction sensitizes the wanting system:
· Greater DA responses following drug-associated cues.
· Users report intense desire for drug, but no increase in the pleasure they experience.
· A state of liking for a specific object or activity cannot be understood as a motivational state and that liking is not a prerequisite for generating motivation.
· From this perspective, liking refers to an emotional state whereas wanting has more to do with motivation and decision utility.
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