Chapter 6 – Schedules of Reinforcement and Choice Behaviour
· Schedule of reinforcement – program or rule that determines which occurrence of a response is followed by the reinforcer 
· Delivery of the reinforcer could depend on the occurrence of a certain number of responses, passage of time, presence of certain stimuli, occurrence of other responses or any number of factors 
· Applications of reinforcement principles typically have a behavioural goal.  Achieving that goal often requires adjusting the schedule of reinforcement to produce the desired outcome
· Schedules of reinforcement influence both how an instrumental response is learned and how it is then maintained by reinforcement
· Concerned the maintenance of behaviour 
· Highly relevant to the motivation of behavior
· Also provide useful baselines for the study of other behavioural processes
· Conducted using a Skinner box that has a clearly defined response that can occur repeatedly so that changes in the rate of responding can be readily observered and analyzed 
· Focus is on scheduled factors that control the timing and respective performance of the instrumental behaviour

Schedules of Intermittent Reinforcement
· In simple schedules, a single factor determines which occurrence of the instrumental response is reinforced 
· Intermittent reinforcement: delivers reinforcement for some responses
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· Ratio Schedules
· Reinforcement depends on the number of responses the organism has perform
· Reinforcement can be delivered after a fixed or variable (Averge) number of responses
· Counting the number of responses that have occurred and delivering the reinforcer each time the required number is reached
· If the required number is 1, every occurrence of the instrumental results in delivery of the reinforcer
· Situations in which responding is reinforced only some of the time are said to involve partial or intermittent reinforcement
· Fixed-Ratio Schedule
· Fixed ratio between the number of responses the rat made and the number of reinforcers it got 
· Delivers reinforcement after every nth response 
· A continuous reinforcement schedule is also a fixed-ratio schedule
· Delivers reinforcement for every occurrence of the response  
· A cumulative record is a special way of representing how a response is repeated over time 
· The slope of the line made by this is a visual representation of when and how frequently the subject responds during a session
· The rate of responding that occurs just after reinforcement is called the post-reinforcement pause
· Pattern of responding
· The length of the pause is controlled by the upcoming ratio requirement
· The high and steady rate of responding that completes each ratio requirement is called the ratio run
· Pattern of responding
· Variable-Ratio Schedule
· Average number of responses required per reinforcer
· Delivers reinforcement after a variable number of responses
· Steady rate of responding and no predictable pauses
· Interval Schedules
· Responses are reinforced only if the responses occur after a certain amount of time has passed 
· Reinforcement can be delivered after a fixed or variable (average) amount of time
· Fixed-Interval Schedule
· The amount of time that has to pass before a response is reinforced, is constant from one trial to the next. 
· Reinforcement is delivered for the first response that occurs after a fixed period of time has elapsed
· Found in situations where a fixed amount of time is required to prepare or set up reinforcer
· Pattern of responding:
· FI Scallops:
· The subject elarns to withhold responding until the end of the interval and then suddenly increases their response rate
· Variable-Interval Schedule
· Responses are reinforced if they occur after a variable interval after the start of the trial or the schedule cycle
· Reinforcement is delivered for the first response that occurs after a variable amount of time has elapsed
· Pattern of responding:
· Steady of response rate with no pauses
· Interval Schedules and Limited Hold
· Restriction on how long a reinforcer remains available is called a limited hold 
· Limited-hold restrictions can be added to both fixed-interval and variable-interval schedules
· Comparison of Ratio and Interval Schedules 
· With both FR and FI schedules, there is a post-reinforcement pause after each delivery of the reinforcer. 
· Both produce high rates of responding just before the delivery of the next reinforcer 
· VR and VI schedules both maintain steady rates of responding, without predictable pauses 
· Both FR and VR produce higher response rates than FI and VI
· RESEARCH:
· Reynolds:
· Compared rate of key pecking on VR and VI
· Found higher response rate for VR than VI
· Reinforcement of IRTS
· Focuses on the spacing or interval between one response and the next – Inter-response time (IRT)
· Response rate for ratio > interval schedules due to interresponse time
· if the subject 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 
· Ratio schedule favors not waiting long between responses. It favors short inter-response times. Ratio schedules differentially reinforce short inter-response times 
· Basically favours short IRTs
· Interval schedules favor waiting long between response 
· Interval schedules differentially reinforce long IRTS and thus results in lower rates of responding than Ratio schedules
· Basically favours long IRTs
· Feedback Functions
· Relationship between response rates and reinforcement rates calculated over an entire experimental session or an extended period of time
· Reinforcement is considered to be the feedback or consequence of responding
· With ratio schedules, response rate is directly related to reinforcement rate and there is no upper limit on amount of reinforcement that can be earned 
· Interval schedules place an upper limit on the number of reinforcers a subject can earn 
· Each trial on the interval schedule begins with a period during which the reinforcer is not available, there is an upper limit to the number of reinforcers a subject can learn 
· Response rate is not directly related to reinforcement rate

Choice Behaviour: Concurrent Schedule
· 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
· The two schedules are in effect at the same time (or concurrently), and the subject is free to switch from one response key to the other 
· Concurrent schedule
· Subject is given a choice between two manipulanda, where each choice corresponds to a specific schedule of reinforcement
· Interested in how the subject distributes their response between the two choices
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· Measures of Choice Behaviour
· Relative rate of responding 
· Rate of responding on left key = BL
· L for left, B for behaviour, R for fight
· Where the animal spends their time responding is where they are getting the most reinforcement
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· If the pigeon pecks equally as often on the two response keys, this 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. 
· However if the rate of responding on the left is less than the rate of responding on the right, the ration will be less than 0.5
· How an organism distributes its behaviour between the two responses alternatives is greatly influenced by the reinforcement schedule is effect for each response 
· The relative rate of reinforcement earned for each response alternative can be calculated in a manner comparable to the relative rate of response 
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· The Matching Law
· RESEARCH: Herrnstein
· Found that behaviour on cucurrent schedules is lawful
· Percentage of response to any alternative equaled the percentage of reinforcers that were earned on that alternative 
· Indicate that the relative rate of responding on a given alternative was always very nearly equal to the relative rate of reinforcement earned on that alternative
· The relative rate of responding on an alternative matched relative rate of reinforcement on that alternative 
· There are two common expressions in the matching law. In one formula, rate of responding or behaviour (B) and rate of reinforcement (r) on one choice alternative are expressed as a proportion of total response and reinforcement rates o
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· Second version, rates of responding and reinforcement on one alternative are expressed as a proportion of the rates of responding and reinforcement on the other alternatives 
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· The major insight provided by the matching law that the rate of a particular response does not depend on the rate of reinforcement of that response alone 
· Undermatching, Overmatching and Response Bias
· The matching law clearly indicates that choices are not made capriciously. Rather, choice is an orderly function of rates of reinforcement 
· Find matching doesn’t always occur
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· S represents sensitivity
· When perfect matching occurs, s = 1. 
· Relative response rates are a direct function of relative rates of reinforcement 
· Most common deviation from perfect matching involves reduced sensitivity of the choice behaviour to the relatives rates of reinforcement 
· B represents response bias
· Influences choice when the response alternatives require different amounts of effort or it the reinforcer provided for one response is much more desirable than the reinforcer provided for the other response
· Matching Law and Simple Reinforcement Schedules
· The total reinforcement in a simple schedule experiment includes the programmed extrinsic rewards as well as other unprogrammed sources of reinforcement 
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· Predicts that the rate of responding (Rx) will be directly related to the rate of reinforcement for that response in a negatively accelerating fashion
· Provides two ways of changing the rate of a response: by changing its rate of reinforcement, or by changing the rate of other sources of reinforcement
· Mechanisms of the Matching Law
· the idea that organisms maximize reinforcement has been used to explain choice behaviour at both the molecular and molar levels analysis 
· Moral Theories: moral theories explain aggregates of responses
· deal with the overall distrubition of responses and reinforcers in choice situations
· reinforcement of inter-response times
· Molecular Theories: focus on what happens at the level of indivudal responses and view that matching relation as the net result of these individual choices 
· Feedback functions
· Looking at the molecular level, individual choices that a subject makes at each individual trial
· Molar level is looking at the whole experimental session…how can you maximize it?
· Matching and Maximizing Rates of Reinforcement
· The most extensively investigated explanations of choice behaviour are based on the intuitively reasonable idea that organisms distribute their actions among response alternatives so as to receive the maximum amount of reinforcement possible in the situation
· Animals switch back and forth between response alternatives so as to receive as many reinforcers as they possibly can 
· Molecular Maximizing
· Organisms always choose whichever response alternative is most likely to be reinforced at the time 
· Two-alternative choice in terms of reinforcement for staying with a particular alternative and reinforcement for switching to the other option
· Molar Maximizing
· Organisms distribute their response among various alternatives so as to maximize the amount of reinforcement they earn over time
· Evidence shows that animals do favour the VR component 
· Formulated to explain choice on concurrent ratio schedules
· Problem:
· On VI-VI schedules, the matching relation is only one of many different possibilities that yield close to maximal rates of reinforcement 
· On VR-VI schedules, subjects favour the VR choice less strongly than predicted by molar maximizing					
· Melioration
· Operates on a scale between molecular and molar mechanisms
· Refers to making something better
· Theory assumes that organisms change from one response alternative to another to improve on the local rate of reinforcement they are receiving 
· Adjustments to the distribution of behaviour between alternatives are assumed to continue until the organism is obtaining the same local rate of reward on all alternatives 
· Calculated only over the time period that a subject devotes to a particular choice alternative 
· Results in matching 

Complex Choice
· Concurrent-Chain Schedules
· Involves two stages or links.
· Stage 1: Choice Link.
· Participant is allowed to choose between two schedule alternatives by making one of two responses
· Stage 2: Terminal Link
· Opportunity for reinforcement occurs only after the initial choice has been made and the pigeon has entered the terminal link 
· Once a participant has made a choice, it is stuck with that choice until the end of the terminal link of the schedule 
· This shows that concurrent-chain schedules involve choice with commitment 
· Studies of this sort prefer VR alternative 
· Since the stimulus is presented when the primary reinforcer is provided, the terminal link stimulus becomes a conditioned reinforcer 
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· Studies of “Self-control”
· RESEARCH: Rachlin & Green
· Do pigeons prefer a large-delayed reward or a small-immediate reward?
· Tested with two procedures:
· 1. Direct Choice – choice yielded immediate-small or large-delayed reward
· 2. Concurrent-chain Procedure: terminal response was delayed until after initial choice 
· Results: with direct-choice, preferred small-immediate 
· With concurrent-chain, choice to delayed-large reward increased as delay between initial choice and terminal schedule increased
· Self control is often a matter of choosing a large delayed reward over an immediate small reward 
· Self control is easier if the tempting alternative is not as readily available
· Direct-Choice Procedure – small immediate reward and the delayed large reward were available as soon as the pigeons pecked the corresponding choice key once 
· Pigeons lack self control 
· Predominantly selected the small immediate reward
· Concurrent-chain procedure = terminal components o the concurrent chain schedule were delayed after the pigeons made their initial choice 
· If sufficient delay was imposed before the terminal components, the pigeons showed self control; primarily selected the large-delayed reward instead of the small more immediate reward
· Preferences shift in favor of the delayed large reward as participants are required to wait longer to receive either reward after making their choice 
· If they are delivered shortly after a choice response, subjects generally favor immediate small reward
· Value-Discounting and Explanations of Self Control
· The key to behaviour explanations of self control, namely that the value of a reinforcer is reduced by how long you have to wait to get it (value-discounting function)
· [image: Macintosh HD:Users:shikhabindra:Desktop:Screen Shot 2013-03-10 at 7.47.49 PM.png]value of a reinforcer (V) is directly related to reward magnitude (M) and inversely related to reward delay (D) 


· k is the discounting rate parameter 
· how rapidly reward value decreases as delay increases
· Equation is called: hyperbolic delay function
· 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 is its value
· Value Discounting Functions and Impulsivity in Human Behaviour 
· The steeper a person’s delay discounting function is, the more difficult that person will have in self control and more impulsive that person might be 
· Young children have steeper functions vs college students 
· Formula predicts findings of choice to small-immediate reward with no delay and choice to large-delayed reward as delay for reward increases
· Can Self Control be Trained?
· Training people with delayed reward appears to have generalized effects in increasing their tolerance for delayed reward
· RESEARCH: Eisenberger & Adornetto
· Trained second and third grade students with either immediate or delayed reward
· Found greater preference for delayed reward following training with delayed reward
· Self control in drug addiction:
· As the value of k increases, it is more difficult to exhibit self-control. 
· More likely choose immediate-small reward over large delayed reward
· RESEARCH: Madden et al
· Tested heroin addicts and non-addicted humans on self control
· Had to choose between two hypothetical situations of getting $1000 in the future or a lesser amount now
· Found different value discounting functions for each group
· Very steep function for heroin addicts
· [bookmark: _GoBack]K was greater in heroin users which was indicative of a lack of self control and impulsivity (this can be a measureable trait)

Concluding Comments
· The basic principle of instrumental conditioning is very simple: reinforcement increases (and punishment decreases) the future probability of an instrumental response 
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