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Ch.  4

Schedules of

Reinforcement

IN OUR DISCUSSIONS OF CONDITIONING and extinction, we referred primarily to those pro​cedures in which a reinforcement was given every time the organism responded.  This procedure is called conditioning with regular or continuous reinforcement.  If we stop to think for a moment, we realize that a vast amount of our behavior is main​tained not through regular reinforcement but by means of some intermittent or partial reinforcement.  Sometimes the reinforcement comes at given inter​vals in time, regular or irregular, or it may depend on how many responses the organism makes.  Re​quests are not always granted; phone calls are not always answered; automobiles do not always start the first time we turn on the ignition; and we do not always win at' sports or cards.  Every effort in our work does not meet with the approval of our supe​riors, and each entertainment is not always worth our time.  Lectures in class are sometimes dull, and dining hall food is occasionally tasteless.

Nevertheless, by skillful manipulations of the schedules used in applying reinforcement, it is pos​sible to "get a good deal more out of a person" than one puts in by way of reinforcements.  When rein​forcement is applied on some basis other than a continuous one, it is referred to as an intermittent or partial schedule.  Intermittent reinforcement has been carefully studied by psychologists, using both humans and animals as subjects under experimental conditions, so at this point some rather well-established principles are available, both with regard to the characteristics of the behavior main​tained by the schedule and the extinction following it.  We shall examine some of the general characteristics of a variety of the most common schedules and then see how they apply to the operation and development of our individual behavior.

Fixed-Interval Schedules

This kind of schedule has been one of the most widely studied.  The general characteristics of behavior emitted under it were carefully ex​amined in one of Skinner's earlier works.1  More recently, Ferster and Skinner2 in their monumental volume, Schedules of Reinforcement, de​vote a little under 200 pages to the study of this schedule alone.

In a fixed-interval schedule (abbreviated FI) the reinforcement is presented for the first response that occurs after a prescribed time.  For example, if we were conditioning a rat under a FI schedule of 1 minute, we would reward him for the first response he made after 1 min​ute had passed, then reset our timer and reinforce for the first responses after the next minute, and so on.  Intervals can vary from a few seconds to hours, days, weeks, or months, depending on the conditions and sub​jects used.  An organism can respond often or infrequently during the interval and still get the maximum payoff if he responds only immediately after the interval has passed.

By using animals as subjects, a number of principles have been developed which characterize this schedule.  In the beginning of conditioning on an FI schedule, the organism exhibits a series of small extinction curves between reinforcements, beginning with rapid response im​mediately after the reinforcement and followed by a slowdown prior to the next reinforcement.  As a greater resistance to extinction develops, the rate becomes higher and more regular until a third stage is reached in which the organism begins to develop a time discrimination.  This is based on the fact that a response which closely follows the one rein​forced is never paid off.  As the discrimination is built up, the behavior is characterized by a period of little or no response after reinforcement, followed by an acceleration of rate until the time for the next reinforce​ment is reached.3  This can be illustrated by reference to Figure 4-1.  Of course, if the interval between reinforcements happens to be a very long one, it may not be possible for such a discrimination to develop.  In this type of responding, it appears that the organism is being made to "tell time." To facilitate this time-telling behavior, Skinner4 has added the use of an external stimulus called a clock (see Figure 4-2).  In his experiments1 when pigeons pecked a key on an FI schedule, a small spot of light was shown in front of the animal.  As the spot became larger, the time for the next reinforcement approached.  At the point when the spot had reached its maximum size, the reinforcement was presented.  Through this device the gradients of responding were made extremely sharp.  Eventually the pigeon's behavior could be controlled to the degree that no pecking occurred in the first 7 or 8 minutes of a 10-minute fixed-interval period.  The clocks could be made to run fast or slow or even backwards.  In the latter case, reinforcement was given in initial training when the "clock" was at maximal size.  Then the experimental conditions were reversed and reinforcement presented when the dot was smallest.  In this case the original discrimination broke down, and the rate became more regular until the new discrimination was formed. [image: image1.jpg]Figure 4-1. Cumulative response curves showing the
development of a temporal discrimination under a fixed-
interval schedule of reinforcement (FI 2). These are taken
from the second, fourth, and sixth sessions of conditioning.
(From C. B. Ferster and B. F. Skinner, Schedules of
Reinforcement, Fig. 128, p. 144. Copyright © 1957,
Appleton-Century-Crofts, Inc. Reproduced by permission.)




The applications of fixed-interval schedules in human affairs are numerous.  We attend classes at certain hours, eat at regular periods, and go to work at a given time.  Behavior that is described as regular or habitual is often operating on fixed-interval reinforcement for which an accurate time discrimination has been developed.  The payment of wages for work done by the hour, day, or week operates on this kind of schedule.  However, because other operations and controlling stimuli appear in the process of human conditioning, the behavior may not always approximate that found in the lower animals.  In working for pay, we do not perform our duties only just before pay time.  Were this the case we should soon be replaced.  A certain amount of output is expected throughout the week.  Other reinforcements also operate to maintain at a steady rate, including the approval of our supervisors, verbal reinforce​ment from our co-workers, and less obvious reinforcements from the job itself.  Add to these the aversive stimuli of supervisors or foremen who see to it that we do not loaf on the job.  If no other variables were in​volved, it is quite likely that only a small amount of behavior might be generated in the intervals between reinforcements.  Even so, we find the principle of increasing rate, prior to reinforcement, to have its application.  We are more willing to work harder on pay day; absenteeism is less common; the student who has dawdled along all semester suddenly accelerates his study as examination time approaches in order to secure some slight reinforcement at the end of the term; the businessman makes a strong effort to "clean up his desk" in time for vacation; most people increase their efforts to make a reinforcing appointment on time. [image: image2.jpg]Figure 4-2. Cumulative response curves showing the
development of a temporal discrimination with “clock.”
Pigeons were reinforced on a fixed-interval schedule of
10 minutes (FI 10). Segments were taken from the second
and third sessions. (From C. B. Ferster and B. F. Skinner,
Schedules of Reinforcement, Fig. 311, p. 268. Copyright ©
1957, Appleton-Century-Crofts, Inc. Reproduced by
permission.)





Like the rat or pigeon that slows down its response rate just following a reinforcement, we, too, find this condition operating.  Recall the diffi​culty of getting started on "blue Monday" after a weekend of play?  The student often has a hard time resuming his study at the beginning of the term following vacation.  It could be a long time before the next reinforce​ment comes along.

If the interval between reinforcements is too long, it is difficult to maintain behavior under some conditions.  Some people do not like to work for a monthly wage but prefer to be paid by the day or week.  Students are often unable to work consistently in courses where the term mark is the only reinforcement given; they would prefer weekly quizzes to "keep them on the ball." It should be remembered that at the human level, a variety of reinforcements may be working to maintain behavior.  It is not only the money or marks which keep us at our jobs.  When the only reinforcements operating occur at the end of the interval, the diffi​culty described above is evident.  Hopefully, though, other reinforce​ments (such as interest or enjoyment in one's work and the approval of one's colleagues) should be present.  In working with lower forms, we are controlling all variables except those to be studied, so that the principle may be demonstrated "in pure form."

Weisberg and Waldrop5 have analyzed the rate at which Congress passes bills during its legislative sessions on a fixed-interval basis (third phase).  The rate of the passage of bills is extremely low during the first three or four months after convening.  This is followed by a positively accelerated rate (see Figure 4-3 and 4-4) which continues to the time of adjournment.  This scalloping is quite uniform during the sessions studied, which were sampled from 1947 to 1968, and holds for both houses.  The possible reasons for these characteristic effects besides pressure of adjournment may be found in demands from organized lobbies, special interest groups, and influential constituents. [image: image3.jpg]Figure 4-3. Cumulative number of bills passed during the
legislative sessions of Congress from January 1947 to
August 1954. (From P. Weisberg and P. B. Waldrop,
Fixed-interval work habits of Congress, Journal of Applied
Behavior Analysis, 5 [1972], 93-97. Copyright 1972 by the
Society for the Experimental Analysis of Behavior, Inc.)





EXTINCTION UNDER FIXED-INTERVAL REINFORCEMENT

From the experimental literature, two general principles may be sum​marized:  (1) In general the extinction follows a smoother and more regular rate of responding in contrast to that found during extinction in regular reinforcement, and (2) other things being equal, the behavior is more resistant to extinction.6  When equal numbers of reinforcements are given in regular or continuous and fixed-interval schedules, the extinction after fixed-interval will give more responses.  This has been demonstrated in animals and in humans, both adults and children. 

Both these principles have interesting implications for human con​duct, as demonstrated from our clinical observations in what is often referred to as frustration tolerance, or stress tolerance.  This means that an individual is able to persist in his efforts despite the lack of reward or failure without developing the characteristic aggressive and emotional outbursts noted in extinction following regular reinforcement (see p.76).  We are very much aware of the individual differences in reactions to frustration.  Some adults break down easily, whereas others seem to be like the rock of Gibraltar and can persist despite repeated failures, which in effect are extinction responses. 

Some athletes blow up when the crowd jeers, their response becoming highly hostile and disorganized.  Other people become angry and irritable when they are turned down for a job or fail an examination.  During World War II the OSS (Office of Strategic Services) used a series of tests to evaluate the frustration tolerance of men who applied for these posi​tions.  For example, the men were asked to perform impossible tasks with the assistance of "helpers" who interfered more than they helped.  Under stress of this sort some of the applicants became upset and anxious while others were able to continue in a calm manner.  In the process of person​ality development, intermittent reinforcement is intrinsic to the training process and essential to stable behavior in adulthood.  Such partial rein​forcement gives stability to behavior and allows for persistence of effort when the reinforcement is withheld. [image: image4.jpg]Figure 4-4. Cumulative number of bills passed during
the legislative sessions of Congress from January 1961 to
October 1968.





The application of the principle in training for adult maturity is clear.  "Spoiled" or overindulged children are poor risks for later life.7  In look​ing into their past histories of reinforcement, we find that those who break down easily or are readily set to aggression were as children too often regularly reinforced.  Every demand was granted by their acquiesc​ent parents.  In youth they may have been so sheltered that failure was unknown to them.  As a result these children have never built up a stability of response which would enable them to undergo periods of extinction and still maintain stable activity.  The poor resistance to extinc​tion is exemplified in their low frustration tolerance.  As adults they are still operating like the rat who was reinforced on a regular schedule.  Not only do they exhibit the irregularities of response, but they are easily extinguished or discouraged. 

Proper training requires the withholding of reinforcement from time to time.  Fortunately for most of us, the contingencies of life allow for this as a part of our natural development.  We did not always win the game as a child, nor did we get every candy bar we asked for.  We were not given every attractive toy we saw in the store window.  The emotion​ally healthy adult was not so overprotected in his childhood that he did not have to endure failure from time to time. 

The resistance to extinction in FI schedule is also a function of the number of previous reinforcements.  An experiment by Wilson,8 using an FI of 2 minutes, found that more reinforcements given in conditioning yielded greater resistance to extinction.  Exactly the same principle has been demonstrated with children (see pp.103-104).  The implications of these findings are clear and need not be belabored.  A strong training of intermittent reinforcement will produce a personality that can persist for long periods of time without giving up, even in the face of adversity.  Fortunately for most of us, this is the rule rather than the exception. [image: image5.jpg]Extinction curve following fixed-interval





Fixed-Ratio Schedules

In a fixed-ratio schedule (abbreviated FR) a response is reinforced only after it has been emitted a certain number of times.  The ratio refers to the number of unreinforced to reinforced responses.  For example, a FR of 6:1 means that the organism gives out six responses and is rein​forced on the seventh.  It can also be written FI 7, which means the same thing. 

Experimental studies with animals yield a number of principles which may be summarized as follows.9
1.
Higher rates of response tend to be developed under this kind of schedule than do those under fixed-interval or regular schedules. 

2.
By starting with a low ratio (say, 3:1) and gradually increasing the ratio in graded steps, very high ratios can be established, such as 500:l or 1,000:1. 

3.
As in a fixed-interval conditioning, a discrimination is built up.  There is a break after the reinforcement, followed by a rapid rate until the next reinforcement.  This is based on the fact that the organism is never reinforced for a response immediately following the last rein​forcement. 

4.
The length of the break or a pause is a function of the size of the ratio.  Once the response begins, following the break, it assumes a rapid rate until the next reinforcement.

All these general characteristics of fixed-ratio responding are found in human conduct even though conditions under which they occur cannot be subjected to the same precise experimental controls.  FR schedules are frequently found in business or industry when a man is paid for the amount of work he puts out.  Sometimes we call this being paid on com​mission, or piecework.  Because of the possibility of high rates that this schedule can generate, it has frequently been opposed by organized labor. 

There is an essential difference between the fixed-interval and fixed-ratio schedules which helps account for this opposition.  In interval schedules the reinforcement is contingent upon some external agent.  As long as the response comes at the right time, the organism will get the reinforcement.  One can respond at a low or high rate and still get the same reinforcement, since the rate of his behavior in no way determines the reinforcement.  On the other hand, in fixed-ratio reinforcement, the payoff is contingent upon the organism's responding.  He may receive many or few reinforcements, depending on how much he cares to put out.  A certain number of responses has to be made before the reinforcement will follow.  This kind of schedule, of course, discourages "gold bricking," or loafing on the job.  No work, no pay.  In order to get the reinforcement, one must put out the work. 

In selling, not only to protect the employer from unsuccessful sales​men as well as to provide greater "incentive" to the job, a fixed ratio is commonly applied by using the commission.  A good salesman is rewarded by more pay in the amount of percentage he receives for the number of units sold.  When the contractor is paid by the job, he is working on the FR schedule.  In many crafts and arts one gets paid for a given product; if he produces nothing, he starves. [image: image6.jpg]Figure 4-6. Cumulative response curve for key pressing
of a pigeon reinforced after each 120th response. (From
C. B. Ferster and B. F. Skinner, Schedules of Reinforce-
ment, Fig. 24B, p. 162. Copyright © 1957 by Appleton-
Century-Crofts, Inc. Reproduced by permission of
Appleton-Century-Crofts, Division of Meredith
Corporation.)





Such a schedule can be extremely effective if the ratio is not too high; that is, if the amount of work necessary for a given pay is within reason​able limits.  Also, the reinforcement must not be too weak for the work done.  A man is not likely to work very hard if the commission is too small.  In all probability he will switch to a job that may pay off on some interval schedule instead.  However, by supplying adequate commissions, the boss can induce his salesman to put out a high rate.  He is likewise reinforced by success and prosperity. 

Because of the great effectiveness in generating high rates, the use of ratio schedules is often opposed as being unfair or too dangerous to the individual's health.  In laboratory animals it is possible to generate such high rates that the organism loses weight because the frequency of his reinforcement does not sustain him.  Likewise, in human affairs, the salesman may suffer physical relapse because of working too long hours.  Or, if heavy physical work is involved, the strain may be more than he can endure for a long period of time.  As precautions, labor organizations may limit the number of units of work a man can put out in a given day.  In the past, before labor organizations put a stop to abusive practices, some "Simon Legree's" took advantage of this principle by gradually in​creasing the ratios necessary for a reinforcement.  In the old "sweat shop" days, when piecework pay was a more common practice than it is today, these men would require a given number of units for certain amount of pay.  When this rate was established, they would increase the ratio for the same pay so that the workers had to work harder and harder in order to subsist.  Fortunately this practice has been abolished today and is of only historical interest. 

Just how high a fixed ratio can one develop?  Findley and Brady15 have demonstrated an FR of 120,000.    In their procedure they use a chimpanzee as subject and developed this high stable ratio with the aid of a green light as a conditioned reinforcer (see Chapter 6).  After each 4,000th response, the light, which had previously been associated with food, was presented alone.  After 120,000 responses an almost unlimited supply of food became available as the primary reinforcer.  The ratio break following the green light was about 15 minutes long before the animal began to respond again. 

The characteristic break in responding following a reinforcement is also found in human behavior.  This is especially true when the ratio is a high one.  In education the student frequently has trouble getting back to work after completing a long assignment or term report.  After putting out a big job of work, getting the newspaper out or the like, we take a rest.  Of course, when the ratio is high and the reinforcement slim (as in mediocre grades), the possibility of early extinction is common.  The student simply cannot get back to work.  He may engage in a variety of excuses and alternate forms of activity, but studying he cannot do.  Like​wise, the aspiring young writer wonders why he can no longer take up his pen.  It may be that his manuscripts (written under a FR schedule) are so infrequently accepted that the reinforcements are not sufficient to maintain behavior. 

The characteristic break or pause in behavior following reinforce​ment under FR schedules has other applications in our everyday conduct.  Consider the coffee break so common in business or industry today.  The individuals who engage most frequently in this activity or spend their time hanging around the water cooler are, in all probability, finding little reinforcement from their jobs.  Or the laborer who takes frequent breaks from his job may not be doing so simply to recover from fatigue.  Often the reinforcements in the break activities– coffee, conversation, and so forth– are more reinforcing than the activity which is supposed to be maintained. 

EXTINCTION FOLLOWING FIXED-RATIO CONDITIONING

Extinction following fixed-ratio reinforcement is characterized by a continuation of the responding rate at a high level, followed by a rather sudden cessation of behavior.  This is sudden as compared to the gradual extinction under fixed-interval extinction.  A long break may be followed by another run after which the organism suddenly stops responding.  When extinction occurs it is sudden and rather complete.  The reason for this characteristic of the extinction of behavior can be found in the organ​ism's previous history of conditioning on this schedule.  Reinforcement had been given following rapid responding.  The reinforcement has been associated with the rapid rate.  In extinction the organism reaches the end of his ratio, but no reinforcement is presented.  Nevertheless the situation is the normal one for reinforcement, and therefore he continues to re​spond at the same rate because in his previous history it has been the occasion under which the reinforcement was presented.  However, this cannot go on indefinitely because the behavior is becoming weakened.  Finally the organism gives out all the behavior he has "in reserve."  When this occurs, he is through, and extinction is complete (see Figure 4-7). [image: image7.jpg]Figure 4-7. Cumulative response curve of a pigeon
cking a key under a fixed-ratio schedule of 60:1. The
first part of the curve (ab at left) illustrates the :
conditioning and the second (cde) the extinction. Note
how rather abruptly extinction comes to an end.
(From C. B. Ferster and B. F. Skinner, Schedules of
Reinforcement. Fig. 35, p. 60. Copyright © 1957,
Appleton-Century-Crofts, Inc. Reproduced by
permission.)





We often meet people whose behavior follows this same pattern.  The musician who was trained for many years at the conservatory finds jobs hard to get.  At some point in his history he quits, lays down his instru​ment, and never plays again.  The author who cannot write another word '1gives up" and may enter an entirely different occupation, never to write again. 

Many professional and artistic behaviors are reinforced on ratio schedules, and when extinction occurs, this same kind of quitting or com​plete giving up of their occupations is the result.  The college student quits to join the army and does not return to college.  Much college work operates on ratio schedules, and if extinction occurs because of inade​quate reinforcement, one can be certain the student will never return to his studies.  This kind of extinction may be contrasted with that in which a person quits but tries again, gives up for a while and then resumes his activity, perhaps at a lower rate because the prior behavior was originally conditioned on another kind of schedule. 

The present rate of college dropouts could be a function of this pattern.  With the present explosion of knowledge, perhaps too much was demanded of him in high school or college, and the reinforcements are simply not coming.  Of course, in the current situation it is obvious that other variables are involved. 

Variable-Interval Schedules

In this type of schedule (abbreviated VI) the interval is randomly varied about some given time value, say, 5 minutes.  The mean or average time at which reinforcement is given falls every 5 minutes although any individual time for reinforcement may not fall at that point.

1Experimental evidence indicates that after prolonged training on this type of schedule, the organism develops a steady rate of responding, the rate being a function of the size and range of the intervals employed (see Figure 4-5).  The characteristic time discrimination found in the fixed-interval schedules is lacking because of the variability with which the reinforcement is applied.  The rate will be high or low, depending on the size of the interval employed.11
A steadiness of rate is most characteristic of this schedule.  In one of Ferster and Skinner's many experiments, pigeons were reinforced for pecking a key on a 3-minute VI schedule.  The range of the intervals em​ployed was from a few seconds to 6 minutes.  The bird gave over 30,000 responses over a 15-hour period, and except for one pause, it never stopped between responses for more than 15 seconds during the entire experimental period.12
Actually, a large amount of our personal and social behavior operates on this type of schedule.  Since the reinforcements are a function of some time interval, one must remember that the controlling agency that ad​ministers the reinforcement is in the environment.  The responding organism does not know precisely when the reinforcement will occur.  If he did, then the schedules would be fixed interval; and if the reinforce​ment is dependent on his rate of response, the schedule is some kind of ratio.

The dating behavior of the college coed often operates on this kind of schedule.  Unless she is going steady, when her social engagements are guaranteed (regular reinforcement or fixed interval), she does not know precisely when the invitations are going to be forthcoming.  If she oper​ates as a strong reinforcer for the behavior of the men in her life, the variable interval may be a low one, and she may be called popular.  On the other hand if her VI schedule is a long one (only occasional dates), she waits a long time between invitations, and we may say she is not so popular. 

Some kinds of sports activities operate on this schedule, such as hunting and fishing.  A fisherman drops in his line, and then he must wait.  He does not know precisely when the fish will bite (maybe not at all), nor does he know when the game will fly, even though through past conditioning history he has found certain areas to be situations in which the reinforcements occur.  Although these reinforcements of catching the fish or shooting the game are a function of his skill, the aspects of the availability of the reinforcements to him is a function of some undeter​mined schedule.  The enthusiastic sportsman has a regularity of behavior which has had a past history of reinforcement, even though variable. 

We attend social gatherings at irregular intervals.  Some people, con​sidered highly social, operate on low variable-interval schedules, while others considered antisocial may have long VI schedules.  In any event we do not attend a party every day of every week nor do we always have a good time when we do.  As long as reinforcements are sometimes forth​coming, we maintain our social behavior.  If none turn up, we withdraw in favor of some kind of behavior in which reinforcements are not administered by other people. 

We have noted that industry usually pays on a fixed-interval sched​ule.  The Christmas bonus, to the degree that it comes regularly every year at a certain time, is still the fixed interval.  If industry were to employ an unpredictable bonus, given at irregular intervals throughout the year, the rate of behavior of its employees might be increased.  Since it has been demonstrated that variable-interval schedules generate higher rates than the fixed interval (number of reinforcements being constant), one wonders why this kind of procedure is not more frequently em​ployed as a means of economic control.13
[image: image8.jpg]Figure 4-8. Stylized records of responding under each of
the four basic schedules of reinforcement. Diagonal marks
indicate the reinforcement. When the total number of
reinforcements is about the same, the ratio schedules
generate the most rapid rates. (From E. Reese, An analysis
of human operant behavior. In J. Vernon, (ed.), Introduc-
tion to Psychology: A Self-selection Text, Fig. 10, p. 16.
Copyright © 1966 by Wm. C. Brown Company.
Reproduced by permission.)




EXTINCTION OF VARIABLE-INTERVAL SCHEDULES

The characteristic of extinction under variable-interval conditioning is similar to that found under fixed-interval extinction.  It shows itself in a continuation of the behavior developed under conditioning.  In the early part of extinction the behavior will be maintained at about the same rate as during conditioning.  The rate will continue for a long time before showing signs of decreasing.  In general, extinction is slow to take place.  Behavior established under some kind of variable schedule shows considerable resistance to extinction.  This characteristic is adequately sum​marized by Jenkins and Stanley in their review of experimental studies that use partial intermittent reinforcement. 

The most striking effects of partial reinforcement are apparent in response strength as measured by resistance to extinction.  In almost every experi​ment, large and significant differences in extinction favoring the groups partially reinforced in conditioning over 100% (regular reinforcement) were found.  The practical implications of this principle for maintaining behavior is obvious.  Administer the reinforcing stimulus in conditioning according to a partial schedule, and behavior will be maintained for long periods in the absence of external support from primary reward.14
This principle seems to explain why most of us "keep going" in the face of failure.  Often, despite infrequent reinforcements, we maintain our behavior at constant rates.  As a matter of fact this is a good thing, for if our behavior were not reinforced irregularly, then when extinction did set in, we would act like the rats extinguished under regular rein​forcement, with bursts of activity accompanied by aggressive and other emotional responses.  The fact that most of us maintain an even keel or "steady pace" despite the adversities of life is evidence for the great resistance to extinction that characterizes much of our behavior. 

Variable-Ratio Schedules

In this arrangement the number of responses required for a reinforce​ment varies around some average ratio.  The behavior under VR rein​forcement is characterized by:

[image: image9.jpg]jgure 4-9.  Extinction curves following 35 reinforce-
merits on 3 schedules: CRF, FI, and FR. Subject: Silver
King pigeon; response: pecking. (From E. P. Reese,
Experiments in Operant Hehm)wr, p. 84. Copyright ©
1964, Appleton-Century-Crofts, Inc. Reproduced by
permission.)





1.
A steady rate of responding without breaks, since there is no basis for the information of a discrimination like that under regular sched​ules.

2.
Extremely high rates, which may be built up very quickly if the beginning ratio is small.15 (See Figure 4-7.)

One difference between response rates established under variable-interval and variable-ratio is that ratio schedules ordinarily lead to higher rates than do interval schedules.  The reason for this lies in the fact that a response following a break in interval schedules has a greater likelihood of being reinforced.  A pause in the ratio schedule in no way increases the probability of the reinforcement, since such reinforcement is de​pendent on the organism's responding. 

In one of Ferster and Skinner's pigeons, conditioning was established under a final VR of 110:1 with a range of zero (the very next response) to 500.  This bird pecked the key at a rate of 12,000 per hour, which averages about 200 responses per minute or almost 4 per second.16
Perhaps the most striking illustration of the operation of VR sched​ules in human affairs is to be found in the multitude of gambling devices and games of chance that man engages in.  Even in card games where skill is involved, the VR schedule operates, for if one does not have the right cards, victory is impossible.  In these gambling operations the payoff is unpredictable and therefore a' steady rate is maintained.  Such schedules differ from the interval schedules because winning is contingent upon playing, and the more one plays, the greater the probability of winning even though the reinforcements distribute themselves in a very irregular manner.  What is considered as a '~ winning streak" refers to a section of the schedule in which the payoff is coming after responses that occur closer together; the "losing streak" is the long stretch in the schedule between reinforcements. 

In contrived devices like slot machines, the rate of payoff may be varied according to a number of several systems.  Some slot machines pay off quite frequently (not enough to come out ahead, however) while others situated in a bus stop where a single visitor might never return will probably never give any returns. 

The extremely high rates that can be generated by these schedules is illustrated in the behavior of the compulsive gambler.  Even though the returns are very slim, he never gives up.  Families are ruined and fortunes lost; still the high rates of behavior are maintained, often to the ex​clusion of all alternate forms of activity.  Witness the "all night" crap games in which a single person will remain until all his funds and re​sources are gone.  His behavior is terminated only by his inability to perform operations necessary to stay in the game.  And even on these occasions, if he can muster more funds by borrowing or stealing, he will return to the game.  Although gambling may involve other auxiliary reinforcements, social and personal, the basic rate of behavior is main​tained by the schedule itself.  The degree of control exercised by such a schedule is tremendous.  In these cases almost absolute control has been achieved, so that the behavior becomes as certain as that found in respondent conditioning.  The degree of control is often unfortunate and dangerous to the individual and his family, and the paradoxical thing about it is that the controlling agency (unless the gambling devices are "fixed") is the simple factor of chance.  For this reason one begins to understand why legalized gambling is prohibited in most states.  Like Skinner's pigeons, the compulsive gambler is a victim of an unpredictable contingency of reinforcements. 

Gambling is not the only area of conduct that operates on variable-ratio schedules.  In any activity where a rate is necessary to secure reinforcement and that reinforcement is variable, such a schedule is operating.  "If at first you don't succeed, try, try again." The trying is not always rewarded, but the more one tries, other things being equal, the more often he will succeed.  Although one cannot always be certain of success, we see in "try, try again" the behavior of the constant plugger who finds achievements few and far apart. 

Variable-ratio schedules operate similarly in education.  A student is not always reinforced each time he raises his hand to answer a question, but the more often he raises his hand, the more likely he is to be called upon.  Good marks and promotions may come at unpredictable times.  Presumably, however, the greater effort put out, the more often the re​inforcements should be forthcoming– unless, of course, one happens to be working for someone who has never heard of or understood the sig​nificance of reinforcement. 

Yukl, Wexley, and Seymore17 tested the effects of a VR schedule on human subjects in a simulated work situation.  In this situation the task was scoring IBM answer cards.  When a card was completed the subject took it to the experimenter, who then flipped a coin which the subject called.  If he called it correct, he received 50 cents.  If not, he got nothing.  thus, he worked on a VR 2 schedule in which he would be reinforced half of the time.  Other subjects were paid for each card on a schedule of regular reinforcement, usually referred to as a crf schedule (continu​ous reinforcement).  The results indicated that the VR 2 schedule was more effective as judged by performance rates.  The experimenters point out, however, that this system would be doubtfully accepted as a substi​tute in a real-life work situation based on an hourly or a piece-rate basis.  However, a VR schedule might be useful as a supplement to an organiza​tion's present pay system. 

Sometimes it is difficult to determine whether a behavior is operat​ing under a VI or VR schedule.  A close examination and careful analysis of the contingencies is necessary.  Take fishing, for example.  If one is simply "still" fishing, the schedule is a variable interval at a given day.  The time at which the fish will bite is the determining factor.  The fisherman may drop his line in and take it out of the water innumerable times, but if the fish are not biting, no reinforcement will be forthcoming.  On the other hand, if he is casting, one could argue that the schedule is a variable ratio, for the more casts he makes, the more likely he will get a catch (assuming there are fish in the vicinity).  Here the reinforcements are partly a function of the number of responses he makes. 

Unwitting parents can often generate high rates of behavior which turn out to be inappropriate.  Take, for example, a simple request which is turned down the first time it is made.  Because the child has been rein​forced in the past, the behavior persists until the parents break down and give in to the child's demands.  Immediately a schedule is being estab​lished.  On the next occasion of a request, a resistance to extinction is developing.  The child persists again until the requests become annoying to the parents.  This behavior we often call teasing, and it is established by the fact that the reinforcements come only when the request has been made numerous times on a variable ratio, depending on the circumstances involved and the immediate frustration tolerance of the parent. 

EXTINCTION UNDER VARIABLE-RATIO SCHEDULES

The behavior is somewhat characteristic of that found under fixed-ratio extinction.18  There will be sustained runs of responses separated by pauses.  As extinction becomes more complete, the pauses become longer and the overall rate is reduced.  It contrasts with extinction under variable interval, where there is a fairly continuous decline from the original rate through to the point where the extinction is complete. 

SCHEDULES OF PARTIAL REINFORCEMENT WITH CHILDREN

In our discussion so far, we described the various effects of schedules of reinforcement on behavior as they are demonstrated in the laboratory, using animals as subjects.  We then took these principles and applied them to human affairs, using our clinical observations as the source of data.  Another approach is to study human subjects in experimental situations so as to demonstrate and compare the results with those al​ready observed. 

Children have often been subjects for this type of investigation in which, under controlled experimental conditions, they demonstrate be​havior when exposed to experimental operations similar to those applied in other organisms.  If the results turn out alike, the lawfulness of the principles is demonstrated. 

Bijou has applied a variety of schedules in the conditioning of children of preschool age.  In one experiment19 he took two groups of children, conditioned one under regular reinforcement (100 per cent) and the other on a variable-ratio schedule in which only 20 per cent of the responses were reinforced.  The apparatus consisted of a wooden box with two holes in it, one above the other.  In the lower hole a rubber ball was presented to the child which he was to put in the upper hole.  The response, then, consisted of taking the ball from the lower hole and placing it in the upper one.  Eighteen children were divided into the two groups matched for age and previous experience in the experimental situation.  Prior to the experimental session each child was taken into the laboratory by a person familiar to him and asked to play with some toys.  After this "warm-up" play activity, the child was taken to the table which con​tained the apparatus.  He was told that he could get trinkets (reinforcing stimuli) to take home with him.  The first group was given a trinket every time the appropriate response was made.  In the second group the rein​forcements were delivered after the 1, 6, 13, 17, 23, and 30 responses.  In each group six reinforcements were delivered altogether.  Resistance to extinction favored the group conditioned on the variable-ratio schedule.  The regular reinforcement group gave 15.3 responses and the intermit​tent group gave 22 responses in the first 3.5 minutes of extinction.  These differences are found to be statistically significant and not due to chance. 

In another group of studies, Bijou20 compared regular reinforcement with intermittent schedules using a different kind of apparatus which resembled a top, being painted to resemble the head and face of a clown.  A red lever, to be pressed downward (response), represented the nose of the clown; two colored signal lights were the eyes; and reinforcements were delivered through the mouth.  In this case Bijou compared three fixed-interval schedules with the regular one.  The intervals were 20, 30, and 60 seconds.  Results indicated that the resistance to extinction is re​lated to the size of the fixed interval, the larger interval yielding the greatest number of extinction responses.  Bijou points out that differences may be accounted for by the greater variability among human subjects.  The human may alter the extinction process, for example, by introducing stimuli not under the experimental control.  If other "extra" responses have a reinforcing function, such as beating time or singing, the rate may be high.  On the other hand, if the subject thinks the machine has br6ken down, the rate may decrease.  Furthermore the response rate is also a function of the history of reinforcement and extinction under similar circumstances over which the experimenter has no control.21
Conditioning Mentally Deficient Children on Schedules.   Orlando and Bijou22 used 46 institutionalized mentally deficient children, ages 9 to 21, with IQs from 23 to 64.  Reinforcements consisted of various candies.  The characteristics of behavior generated by each of a variety of sched​ules were similar to those found using the same schedules with lower organisms.  Rates were a function of the kind of schedule.  Post-reinforce​ment pauses were more likely in FR schedules than VR, and more likely in higher than lower ratios.  These same relationships are also found with lower species.  The amazing thing that all these studies have in common is the marked similarities of behavior under various schedules regardless of the species of organism used. 

Conditioning Infant Smiling Responses on Schedules.   Brackbill23 selec​ted the smiling responses in infants to study.  His subjects were eight normal infants between the ages of three and one-half and four and one-half months, about the age at which the smiling response first appears.  In the conditioning procedure, as soon as the infant smiled the experimenter smiled in return, spoke softly, and picked up the infant.  He was then held and patted and jostled about for 30 seconds.  During extinction, all these reinforcements were eliminated.  The infants were divided into two groups:  one was reinforced on a crf schedule (continu​ous reinforcement), and the partial reinforcement group was put on a VR-3 schedule (on the average, every third response reinforced).  This was increased to VR-4 and finally to VR-5 schedule.  Results confirmed the general expectation that intermittent schedules are more powerful in maintaining response rate, particularly during extinction.  Another in​teresting observation of the study was demonstration of the inverse relationship between infant protest responses (crying, etc.) and rate of smiling, both during conditioning and extinction.  That is, the infants who protested the most smiled the least, and vice versa. 

A Study of Conditioning Responses with Normal College Students.   A study of Verplanck,24 using college students as subjects, will round out our analysis.  His findings further support the point that humans act very much like experimental animals when subjected to the same kinds of experimen​tal treatments.  The technique described in his study demonstrates very dramatically how a variety of motor and verbal behaviors can be con​ditioned when practically no instructions are given.  In trying this kind of experiment, he suggests telling the subject he is going to participate in a "game" or some other kind of test.  Prior to the experiment proper, the experimenter should observe behavior of the individual and should select some response which he wants to condition by increasing its rate.  Any number of responses can be selected without telling the subject; turning the head, smiling, putting the finger to the chin, scratching the ear, rub​bing the eyebrow, ad infinitum.  The only criterion is that the response should have some degree of frequency prior to experimentation.  Verbal responses can also be conditioned.  This matter will be discussed in greater detail in Chapter 6. 

Reinforcements may simply consist of giving the subject "points" each time he makes the desired response.  These the subject records for himself when the experimenter says, "point." They may or may not be exchanged for money later on, as the experimenter chooses.  Often a re​sponse to be conditioned may be shaped out by a series of successive approximations (see Chapter 5).

In the beginning the response is usually reinforced regularly to ensure some resistance to extinction before the experimenter shifts to some other schedule.  Verplanck has tried a variety of ratio and interval schedules.  According to this experimenter:

The behavior observed under these schedules corresponds closely with that observed in lower animals.  As with lower animals, the experimenter will find it impossible to shift directly to a high ratio of reinforcement or to a long fixed interval without extinction.  Fixed intervals of 15 seconds and fixed ratios of 6:1 may be established immediately without danger of extinction.25
Other results are characteristic of those found with other organisms.  High rates of response occur under ratio schedules, and low but stable rates follow interval schedules with large, smooth extinction curves.  Tem​poral discrimination, verbalized or not, may occur in the fixed-interval schedules.  Extinction curves do not differ in any remarkable way from those with other organisms.  The human may make statements to the effect that he is losing interest or is bored, or that he has a sudden pressing engagement.  He may become angry and emit mildly insulting remarks in extinction such as "stupid game" or "silly experiment."

Since little or no instructions are necessary in this type of experiment, the question arises, "What about the subject's awareness of what is going on?"  By awareness, Verplanck means simply the ability to make a verbal statement about one or more "rules" of the experiment.  He found that in about half the cases, subjects had no awareness of the response being conditioned.  They did not know precisely what they were doing to earn points until many responses had been conditioned and a stable rate established.  Conditioning and extinction may take place without the subject ever "figuring it out."  When a particular schedule was being used, few subjects were aware of its particular characteristics, ratio or interval.  Occasionally subjects would exhibit a sudden "aha."  They stated that they knew what response gave them points.  When more specific verbal instructions were given, the subject merely produced the rate of behavior characteristic of that schedule more quickly. 

Since this technique involves such simple apparatus, any student can try it.  All that is needed is paper and pencils and some timing device for the experimenter in order to determine what kind of rate is being estab​lished.  Although, as Verplanck points out, the technique resembles a number of parlor games, one realizes that the procedure is much more than a parlor game.  It establishes, under proper conditions, that a great many behaviors can be conditioned to certain rates, depending on the kind of schedule prescribed. 

Rate Conditioning

Rate schedules are variations of the ratio schedules already discussed.  Reinforcement depends upon the attainment of responding, either higher or lower than some previous specified rate.  In differential high-rate (drh) conditioning, reinforcement is given only when the rate of responding is above some specified standard, as when the responses come closer and closer together.  It is through this technique of requiring higher and higher rates of responding that it is possible to get an organism to re​spond to the degree of his limits or, as we say, "as fast as he can."  The reinforcement is selective and occurs only when the rate meets a specified standard.  In the laboratory this is accomplished by using automatic tim​ing devices that allow a reinforcement only when the organism exceeds a given rate.  When this occurs, the minimal standard may be stepped up so that even a more rapid rate is necessary to secure the reinforcement. 

When more and more work is required of an individual in a given unit of time in order to secure reinforcement, this type of schedule is in operation.  Students sometimes complain that their instructors are guilty of this practice.  They begin with relatively small assignments to be done the next day.  As the semester progresses, more and more work is re​quired to be done in the same specified time.  Often in the learning of skills involved in acquiring a foreign language, this process is natural.  As the student acquires a mastery of the language, he should be expected to read more and more in less time.  The same is true in the apprenticeship of a job.  The beginner is reinforced generously in the early part of his learning even though his rate is slow.  As he improves, more and more is expected of him for the same reinforcement. 

The use of differential high-rate reinforcement can have its damaging effects, as we have already mentioned, in the case of unscrupulous em​ployers who demand more and more of their workers for the same pay, simply because these people have demonstrated that they can produce more.  Through the operation of such a schedule, maximum rates can be achieved. 

In differential low-rate (drl) conditioning, the reinforcement is con​tingent on the spacing of responses which are desig​nated farther apart from those prevailing under a previously specified schedule.  Low and very steady rates of responding achieved in this way often are accompanied by a variety of auxiliary "marking time" devices which operate between the responses.26  This procedure may be developed with considerably less effort than the high rates described above, simply by reinforcing a response only if it occurs after it is expected.  Behavior is slowed down more and more as the schedule is readjusted to meet new standards of slowness.

An experiment by Wilson and Keller,27 using rats as subjects, illus​trates this process.  The rats were given regular reinforcement for bar pressing in the first experimental session.  Then reinforcement was given for responses which were at least 10 seconds apart.  After that the time required was systematically increased in 5-second steps until 30 seconds had been reached.  The results showed that the response rate dropped from an average of six responses per minute under a 10-second interval requirement to three per minute under the 30-second requirement.  In all probability the rate could have been further reduced, but eventually, however, the demands would have been greater than that necessary to maintain behavior, and the response rate would have become extin​guished.

Often people who apply their skimpy reinforcement too infrequently are actually applying this schedule.  Such individuals are actually rather stingy people in supplying the reinforcements.  Their personalities are such that to give a word of encouragement or praise seems to be aversive to themselves.  As a result, instead of encouraging people under them to work harder, they actually generate lower rates of activity.  Because they occasionally give a begrudging reinforcement, the behavior of those under their control is not completely extinguished but maintained at a minimum rate.  Under these conditions one often speaks of a situation of low morale.  The problem is that reinforcements are not given frequently enough to maintain a rate that is much above that required to prevent extinction.

One may wish to reduce the rate of behavior without extinguishing it completely; for example, in controlling the behavior of children.  If one wished to reduce the frequent verbalizations of the child, he may offer a candy bar if the child keeps quiet for a long enough period of time. 

Combined Schedules

The preceding schedules may be combined in various ways:  they may alternate (multiple schedules) or operate simultaneously (concurrent).  Ratio and interval schedules will operate in such a way that the reinforce​ment depends on a time interval followed by a ratio schedule.  The shift from one schedule to another may operate with or without the use of an external stimulus or cue.  In the concurrent schedules two or more sched​ules may be independently arranged but may operate at the same time, the reinforcements being set up by both. 

When a man starts out on a job selling some commodity such as in​surance, let us say, he begins by being paid a weekly salary regardless of how many policies he is able to sell.  As his sales ability increases, he is shifted to a commission basis arrangement in which he can make more money by selling more.  This mixed schedule is advantageous both to the individual and his employer.  In his initial efforts the sales may be slow, and therefore a weekly salary is necessary to enable him to meet his bills and to protect him from discouragement and quitting.  Later on, as he learns more about the business, a greater rate can be generated by allow​ing him to work on a commission which allows him a certain percentage of the money taken in from his sales.  This is more advantageous to the good worker and provides added incentive for doing a better job.  In this case there has been a shift from a fixed-interval to a fixed-ratio schedule. 

Sometimes two schedules are concurrent.  In this case an automobile salesman is assured a weekly wage (FI) but is also given an extra com​mission (FR) for every car he sells above a given number.  In this instance the incentive is added for extra work, but the man is still protected against extinction when the season for new cars is slack. 

Actually, in the conduct of our daily affairs, we operate on a variety of schedules, both multiple and concurrent.  We emit many different be​haviors, each of which is reinforced on some schedule.  The problem becomes extremely complex.  Take, for example, the day-to-day activity of a college student.  He eats, sleeps, takes his toilet on a variety of fixed-interval schedules, and does his assignments on ratio schedules.  He takes weekly examinations in some courses (fixed interval) and is as​signed only term papers in other seminar-type courses (ratio schedule).  His social life operates by and large on variable-interval schedules, and much of his verbal behavior is on a regular schedule, since people ordinarily speak to him when he addresses them.  If he happens to work in his spare time to help pay his way through school, he can earn extra money for typing papers for his fellow students, at so much per page (fixed ratio), or he may prefer to wait on tables in the cafeteria for an hourly wage (fixed-interval).  He engages in sports and games on some variable-ratio schedules; the more he plays, the more likely he is to win, although the winning is not regular or absolutely predictable.  All these schedules and many more operate to maintain and increase or decrease his behavior.  If he becomes more and more studious, the rate is obviously going up; if he gradually becomes discouraged, extinction is probably setting in, the reinforcements not being sufficient to maintain his be​havior.  One thing is certain-the operation of these various schedules maintains a considerable amount of control over his conduct. 
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