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ABSTRACT
Using human subjects three hypotheses concerning
the relationship betvreen training level on a probability
matching task and resistance to extinction were examined.
Subjects guessed whether or not a square would appear on an
index card.

Depending on group assignment the square

appeared either 50% or 80% of the time.

Training level was

also varied and depending upon group assignment subjects
received either 10, 30, or 60 training trials.

These two

variables were combined factorially to form six groups.
First, it was hypothesized that after minimal training
there should be little or no difference in resistance to
extinction when the performance of subjects receiving 50%
reinforcement is compared to that of subjects receiving 80%
reinforcement (reinforcement refers to the occurrence of a
square).

The second hypothesis was that after criterion

level training the 80% reinforcement subjects should show
less resistance to extinction than the 50% reinforcement
subjects.

It was assumed that the 80% subjects should have

already begun to detect a pattern of reinforcement and
would therefore be in a position to note a change in this
pattern during extinction.

This would not be as true of

the 50% subjects because their rate of learning should be
slower.
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The last hypothesis was that after overtraining
both the 50% subjects and the 80% subjects should show
reduced resistance to extinction.

This was expected

because both groups, after overtraining, should have
detected patterns of reinforcement during acquisition.
Due to differential learning rates however, it was expected
that 80% subjects would show a greater reduction in
resistance to extinction than 50% subjects.
The first prediction was confirmed.

Although the

50% group tended to extinguish more slowly than the 80%
group at the minimal training level, this difference was
not significant.

The second prediction was not confirmed.

Rather than the 80% group extinguishing faster than the 50%
group, as hypothesized, they extinguished significantly
slower.

This is approximately what "traditional" reinforce

ment theory would have predicted, i.e., because the 80%
group had received more reinforcement for saying "square"
during acquisition they continued to say it longer during
extinction (extinction was defined as 10 consecutive
guesses of "no square").

This explanation however does not

explain why the partial reinforcement effect, which should
have occurred under these circumstances, did not take place
The third hypothesis was only partially confirmed.
There was a tendency for the 80% group to extinguish more
rapidly than the 50% group, although this difference was
not quite significant at the .05 level.

However, when

XX

trials to extinction for the 80% subjects at the criterion
level of training and for the 80% subjects at the over
training level were compared, it was found that over
training significantly reduced resistance to extinction.
In general the results support the notion that the
learning of cues resulting from patterns of reinforcement
during acquisition has an influence on resistance to
extinction.

It seems that anything that enhances the

learning involving these cues operates to reduce resistance
to extinction.

The learning of cues resulting from patterns

of reinforcement can be facilitated either by increasing
training level or by increasing probability of reinforce
ment and both these variables have been found to influence
how quickly subjects will extinguish.
The tentative conclusion to be drawn from the
present study is that the probability matching situation
can be looked at as a discrimination problem, the discriminanda being patterns of reward and nonreward.

The

extent to which this discrimination is made during acquisi
tion will determine difficulty in extinguishing.

The

greater the degree of discrimination learning the greater
the ease of extinction, and vice versa.

It is assumed that

this relationship holds because subjects having made the
discrimination between the overall percentage of reward and
nonreward can more easily detect a change in these

percentages durijxg extinction and therefore adjust more
readily to the new situation, i.e., extinction.

INTRODUCTION
The relationship between number of reinforced
responses and resistance to extinction most often has been
assumed to be an increasing positive function (e.g.,
Williams, 1938; Perin, 19^2; Harris & Nygaard, 1961).

An

abundance of recent studies, however, have cast considerable
doubt on this traditional notion.

In fact, actual

decreases in resistance to extinction have been noted with
overtraining (hereafter, in this paper, resistance to
extinction will be summarized as RTE).

Also, rather than

occurring under limited experimental conditions, this
phenomenon has occurred under a wide variety of circum
stances.

Areas in which overtraining (hereafter referred

to as OT) has sometimes been found to lower RTE include the
following:

simple instrumental response learning, dis

crimination learning, discrimination reversal learning, and
experiments involving partial reinforcement.

Although a

review of the effects of OT in each of these areas will not
be attempted, a sample of the findings in each will be
presented as background for the present study.
As with the other three areas, the results of
experiments involving OT on a simple instrumental response
are equivocal.

North and Stimmel (i960) found that a

running response, in rates extinguished more rapidly for
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overtrained as compared to criterion trained subjects.
King, Wood, and Butcher ( 1 9 6 1 ) obtained similar results
with pigeons in a key pecking situation.

On the other

hand, Wilson (1958) found no reduction in RTE for rats
receiving OT on a running response in a straight alley
runway.

Furthermore, Harris and Nygaard (1961) using a

bar press response found no decrease in RTE as a function
of OT.

In similar experiments, Margulies (1961) reported

increased RTE up to 1,000 training trials, and D'Amato and
Jagoda (1962) reported an increase in RTE up to 7^000
acquisition trials.
It is important to emphasize the difficulty in
obtaining reduction in RTE following 0T.

It seems safe to

conclude that by far the most common result is that
increased training on a simple instrumental response (e.g.,
nondiscriminative) yields greater RTE.
D'Amato, Schiff, and Jagoda ( 1 9 6 2 ) hypothesized
that the traditional relationship (increased training
results in greater RTE) would prevail for subjects given
nondiscriminative training (simple instrumental training)
but not for subjects given discriminative training.

The

authors believed that subjects receiving discrimination
training would show a decline in RTE following 0T.

Their

prediction was based upon the fact that subjects given
discrimination training are receiving partial reinforcement
until the problem is learned.

Beyond that point subjects
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are essentially receiving continuous reinforcement.
According to D'Amato et al. (1962) then, overtraining,
where discrimination learning is involved, has the effect
of removing the subject from a partial reinforcement
situation and exposing him to continuous reinforcement.
In summary, their explanation is that criterion trained
subjects, in a discrimination problem, show greater
resistance to extinction because they are on a partial
reinforcement schedule.

Overtrained subjects extinguish

more quickly becajise they axe virtually on a 100% rein
forcement schedule.

This reasoning, of course, does not

apply to subjects receiving nondiscrimination training who
are on continuous reinforcement from the outset and there
fore would never experience partial reinforcement.
According to this point of view, the function relating
acquisition level and resistance to extinction, for sub
jects receiving nondiscrimination training should be
monotonically increasing.
This point of view merely shows how some facts
already established about the relative effects of continu
ous vs. partial reinforcement on extinction rates may apply
to extinction following discrimination learning.

When this

equivalence is made theories attempting to explain the
partial reinforcement effect (e.g., Mowrer and Jones, 19^5)
become applicable.

This, as we shall see, may be of

fundamental importance.

4
The data of D'Amato et al. (19^2) were in agreement
with their hypotheses.

OT did reduce RTE for a discrimina

tive response but not for a nondiscrirainative response.

A

negative correlation between goodness of discrimination and
RTE for their overtrained discrimination subjects also added
support to their hypotheses.

Murillo and Capaldi (1961)

also found reduction in RTE corresponding to high levels of
acquisition on a discriminative but not on a nondiscriminative task.

It may be worthwhile to briefly consider a partial
replication and slight expansion of the D'Amato et al.
study by Hergenhahn and Capehart (1965)-

The basic differ

ence in the two studies was that in the latter the click of
the feeder mechanism was contingent upon a bar press both
during the

and S

periods.

This was not true in the

former case where the click was present only during
periods.

The hypothesis was that having the click present

during both

and S

periods would make it irrelevant and

with increased training it should come to have little or no
effect on the behavior of the subjects (see Restle, 1955)*
To test this hypothesis two levels of training were used
(400 and 1600 reinforcements) and two extinction conditions
(click vs. no click).

These four conditions were combined

factorially forming four groups.

It was predicted that the

click would have less of an effect for overtrained subjects
than for subjects not overtrained.

This was not the case
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and the hypothesis was not confirmed.

Rather, the presence

of the click significantly increased RTE for the over
trained subjects.
The reason this study is included here at all is to
point out an extremely important difference between over
training and overlearning.
during the S

It seems that adding the click

period in the Hergenhahn and Capehart study

increased the difficulty of the discrimination problem.

As

a result, although the same training level (l600) was
involved in both the D'Amato et al. and the Hergenhahn and
Capehart studies, it resulted in overlearning in the former
case and not in the latter.

It appears then, that 1600

acquisition trials were more than enough to test the
hypotheses of first experiment above but not nearly enough
to test the hypothesis of the second.

This brings up a

problem that plagues most studies attempting to relate
training level to extinction, i.e., when does overtraining
result in overlearning.

It seems merely an extended number

of training trials does not necessarily guarantee anything
about learning.
Of the four areas being considered here, dis
crimination reversal learning has certainly received the
most attention.

Prolonged training on a discrimination

problem frequently facilitates the learning of its reversal
(e.g., Capaldi, 1963; Mackintosh and Mackintosh, 1963;
Theios and Blosser, 1965).

This facilitation is compared
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to the performance of criterion-trained subjects who show
no such facilitative effect.

This relative improvement on

discrimination reversal learning after prolonged training
on the initial discrimination problem is referred to as the
overlearning reversal effect (ORE).

Like most "effects"

the ORE too is not consistently found.

In fact, at last

count, the number of studies unsuccessful in demonstrating
the ORE (e.g., Clayton, 1963; D'Amato and Schiff, 196^;
Theios and Blosser, 1965) almost match the number reporting
such an effect.

A more complete review of the findings in

this area is presented in Table 1.

It can be seen (in

Table l) that of the studies not finding the ORE most ( 1 )
found no effect of prolonged training.

Only four studies

resulted in what might be predicted from "traditional"
reinforcement theory, i.e., increased RTE following OT.
There is no lack of theories attempting to account
for the ORE (see Sperling, 1965; Paul, 1965; or Mackintosh,
1965) but none are able to account for even a large
percentage of the findings.

Again the difference between

overtraining and overlearning becomes important.

How well

the original discrimination is learned seems to be a crucial
factor in determining whether or not the ORE will appear.
Within the four areas being considered briefly
here, probably the most unusual finding is the fact that OT
has led to a reduction in the RTE where partial reinforce
ment has been employed.

Although again this reduction in

Table 1
Summary of ORE Studies

Overtraining Facilitates
Reversal

Overtraining Has No Effect
On Reversal

Overtraining Retards
Reversal

Reid (1953)
Pubols (1956)
Capaldi & Stevenson (1957)
Bruner, Mandler, O'Dowd, &
Wallach (1958)
North & Clayton (1959)
Birch, Ison, & Sperling

McCulloch 8t Pratt (1934)
Stevenson 8c Weir (1959)
D ' A m a t o 8c J a g o d a ( 1 9 6 2 )
Hill, Spear, 8c Clayton ( 1 9 6 2 )
H i l l 8c S p e a r ( 1 9 6 3 )
Clayton (1963a, b)
Paul 8c Kesner ( 1 9 6 3 )
Erlebacher ( 1 9 6 3 )
D'Amato 8c Schiff (1964)
Kendler 8c Kimm (1964)
Mackintosh (1965c)
Theios 8c Blosser (1965a, b)
D'Amato 8c Schiff (1965)
Tighe (1965)

Warren ( i 9 6 0 )
Hill, Spear, 8c
Clayton ( 1 9 6 2 )
H i l l 8c S p e a r ( 1 9 6 3 )
Mackintosh (1965c)

(1960)
D'Amato & Jagoda ( 1 9 6 1 )
Ison & Birch ( 1 9 6 1 )
B r ookshire, Warren, 8c Ball

(1961)
Mackintosh ( 1 9 6 2 )
Capaldi ( 1 9 6 3 )
Mackintosh (1963a, b)
Mackintosh 8c Mackintosh
(1963)
Mackintosh (1964)
Youniss 8c Furth (1964a, b)
Mackintosh (1965a)
Theios 8c Blosser (1965a, b)

RTE is not consistent in his review of partial reinforce
ment studies Lewis (i960) concluded that OT on a partially
reinforced task reduces RTE.

This conclusion was reached

via the discrimination theory (Mowrer and Jones, 19^5) and
was based on Lewis and Duncan's (1958) study.

Capaldi

(1958) using different numbers of random partialreinforcement trials, did not observe reduced RTE.

How

ever, when Capaldi (1958) used an alternating pattern of
reinforcement and nonreinforcement OT did reduce RTE.
McCain, Lee, and Powell ( 1 9 6 2 ) found that prolonged
partial reinforcement training led to reduced RTE as
compared with minimal training.

The explanation was in

terms of discrimination learning (not to be confused with
the discrimination theory of the partial reinforcement
effect).

McCain et air suggested that the reinforcement

schedule set by the experimenter allows the subject to make
predictions about the presence or absence of reward from
trial to trial.

In their study the schedule of reinforce

ment used resulted in 62% of the nonreinforced trials being
followed by reinforcement and 66% of the reinforced trials
being followed by nonreinforcement.

McCain et al. indi

cated that this could also account for the faster running
that was found following nonreinforcement in the later
stages of training.
The Gellerman series used by Capaldi (1958)
resulted in both reinforcement and nonreinforcement

9
occurring about 50% of the time following any given trial.
In this group there was no reduction in RTE following
prolonged training.

But, with alternating partial rein

forcement, which caused reinforcement to follow nonreinforcement 100% of the time (and vice versa), the group with
extended training extinguished more rapidly.

This leads to

the notion that what happens on any given trial is at least
partly determined by the probability of reinforcement of
the cues resulting from the aftereffects of the previous
trial.

These results strongly suggest that the critical

factor in RTE may not be the percent of reinforcement as
such.

Rather, RTE seems to depend upon the predictive

quality of some cue or cues present in the situation.

In

a sense, then, this becomes a conditional discrimination
problem.

In other words, the outcome of any given trial

becomes a cue indicating which response is appropriate on
the subsequent trial.
In fact the partial reinforcement experiment becomes
two discrimination problems.

First, before the subject can

benefit from any cue present in the pattern of reinforce
ment, he must first detect it.

In other words, the fact

that in the McCain et al. study (1962) 62% of the nonreinforced trials were followed by reinforced trials and 66% of
the reinforced trials were followed by nonreinforceraent,
would have no effect unless this "bias" was discriminated
by the subject.

After having made this discrimination, the
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subject is then in a position to detect a change during
extinction and thereby extinguish more rapidly.

For

example, subjects who determine (discriminate) the proba
bility of reinforcement following nonreinforcement (or vice
versa) are in a position to detect a change in that
probability during extinction and therefore extinguish more
rapidly.

However, subjects who have not been in the situa

tion long enough to determine this bias cannot readily make
the discrimination between acquisition and extinction.
These subjects then would take relatively longer to
extinguish than subjects with longer training.

This

viewpoint, of course, is merely a slight revision of
Mowrer and Jones' discrimination theory.

As was the case

with discrimination learning (D'Amato et al. above) an
attempt is being made to apply this old theory to new
situations by pointing out the similarity between dis
crimination learning and some partial reinforcement studi'es.
By definition any cue resulting from reinforcement
probabilities cannot be effective until it has been
detected.

Xt is possible that the probability matching

situation gives information concerning when such detection
has come about.

Possibly when a subject consistently

matches a predetermined probability with his responses he
has made the discrimination between percentage of rein
forcement vs. nonreinforcement.
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At this point a theory developed by Restle (1957)
becomes relevant.

In this theory, the concept of cue

validity was devised to explain discrimination learning in
situations where the probability of reinforcement is not 1
or 0.

Restle defined the validity of a cue as its ability

to predict reinforcement in a two choice discrimination
problem.

If a cue is highly correlated with reward (either

positively or negatively) it has a high validity.

A cue

with a .50 correlation has no validity because it cannot
predict the occurrence of reward.

Cue validity is defined

by the following quadratic function:
V = tin2, - tin + l
where it is the proportion of reinforced trials.

The

coefficients of the quadratic equation are fixed by making
the validity of a consistently reinforced cue (tt = 1 or
TC

= 0) equal to one, and the validity of an irrelevant cue

(71 = .5) equal to zero.

In other words, the experimenter

determines the validity of a cue by differential reinforce
ment.

A cue is a good predictor of reward if TC is near one

or zero, and it is useless if 7t = .5.
For Restle, cue validity is a rate of learning
parameter.

The higher its value, the greater is the rate

of learning.

Because cue validity influences rate of

learning, Restle's theory predicts that subjects having a
high percent of reinforcement would learn a discrimination
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problem faster than subjects receiving a lower percentage
of reinforcement.
So far, then, the partial reinforcement situation
has been likened to a discrimination learning experiment.
The discriminanda involve some aspect of reinforcement
probabilities.

When this discrimination has been made, the

subject is in a position to detect a change between acquisi
tion and extinction more readily than subjects not having
made the discrimination.

Because OT should increase the

chances of making the discrimination, subjects overtrained
on a partial reinforcement problem (where a reinforcement
bias exists) should extinguish more rapidly than criterion
trained subjects on the same task.

Restle's theory

predicts a positive relationship between magnitude of

TC

(proportion of reinforced trials) and speed of learning.
Therefore, subjects with a larger value of TC should learn
a discrimination problem faster than subjects with a smaller
value of 71.

Applying this theory to the area of probability

matching, the prediction would be that subjects would match
high probabilities sooner than smaller ones and therefore a
definite relationship between reinforcement schedule (it),
level of training, and RTE is suggested.

For example, it

would be expected that less training would be necessary for
subjects to discriminate reinforcement patterns of the rate
of reinforcement is high rather than low.

The implication
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is that if training level were held constant, subjects with
higher rates of reinforcement would extinguish fastest.

STATEMENT OF THE PROBLEM
The present study is designed to investigate the
relationship between reinforcement probability, level of
training, and resistance to extinction.
It is hypothesized that subjects with larger rates
of reinforcement will learn a discrimination problem faster
than subjects with lower rates.

Applying this to the area

of probability matching, the prediction is that subjects
should match high probabilities sooner than smaller ones.
Therefore it is expected that less training would be
necessary for subjects to discriminate reinforcement
patterns if the rate of reinforcement is high rather than
low.

As a result where training level is held constant,

subjects with higher rates of reinforcement should
extinguish faster than subjects with lower rates.

METHOD
Suto.jects
One hundred six students from introductory
psychology classes at the University of Arizona served as
subjects.
Apparatus
Apparatus consisted of 170 3x5 inch index cards.
A 1 square inch black square appeared in the center of 60
of the cards.

The other 110 cards were blank.

A 3 x 1 foot plastic covered board acted as a
shield so that the subject could not see the cards before
they were presented by the experimenter.
Pilot Study
A pilot study was first run to determine when
probability responses begin to stabilize.

The pilot work

was necessary so that training levels could be set in the
experiment corresponding to undertraining, criterion train
ing, and overtraining.
Two Introduction to Psychology quiz sections
provided subjects (N's were 21 and 25 respectively).

The

classes were run as groups and were read the following
instructions:
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You will be shown a series of cards one at a
time. The card will either be blank like this
one (showing card) or it will have a black square
on it like this one (showing card). You are to
guess before you see the card whether or not it
will have a square on it. If you think it will
have a square, write a Y in the blank correspond
ing to the trial we are on. For example, if
you think there will be a square on the first
trial write a Y under the number 1 on the sheet
given to you. If you think the card will be
blank, write an N in the blank. After you have
made your guess, I will show you the card. We
will continue in that manner until we have gone
through all the cards.
For one class, the square appeared on 50% of the
trials and for the other class on 85% of the trials.

Cards

with and without squares were randomized in blocks of 10.
Randomization was done using a table of random numbers.
The percent of "Y" responses was calculated in blocks of
5 trials for both groups.

The results appear in Figure 1.

It can be seen that both groups began matching their
respective probabilities fairly early.
On the basis of these data, the training levels for
the experimental groups were set.

After 10 trials, subjects

were still considered to be "undertrained."

At 30 trials,

the probability matching responses were becoming quite
stable and therefore 30 trials was considered criterion
training.

The trials between 30 and 60 were considered

overtraining trials.
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Experimental Procedure
As with the pilot study, two probabilities were
used; however, the 85% probability was changed to 80%.

As

a result, the experimental design was as follows:
Undertrained
(10 trials)
80% reinforcement
50% reinforcement

Criterion Trained
(30 trials)

Overtrained
(60 trials)

80% reinforcement
50% reinforcement

80% reinforcement
50% reinforcement

Reinforcement here rather arbitrarily refers to the
occurrence of a card with a square.
Subjects were run individually and were read the
following instructions:
You will be shown a series of cards one at a
time. The card will either be blank like this
one (showing card) or it will have a black square
on it like this one (showing card). You are to
guess before you see the card whether or not it
will have a square on it. If you think it will
have a square, say "square." If you think it
will be blank, say "blank." After you have made
your guess, I will show you the card. We will
continue in that manner until we have gone through
all the cards.
There were 10 subjects in each group making 6 0 in
all.

Again cards for all groups were randomized in blocks

of 10.
Extinction
After the respective number of exposures determined
by group assignment, all subjects were switched to a "blank
deck."

That is, a series of cards on which no squares
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appeared.
responses.

Extinction was defined as 10 consecutive "blank"

RESULTS
The results of the 2x3 factorial design were
analyzed using the analysis variance.
analysis are summarized in Table 2.

The results of the

It can be seen that

neither main effect was significant (i.e., training level
or probability magnitude).

However, the interaction

between these two variables was significant (F = 6.33?
d f = -jrjj-, P < . 0 1 ) .

This interaction is shown in Figure 2 .

The percent of "Y" responses were plotted in blocks of five
trials for all experimental groups and are shown in Figure
3The Duncan Multiple Range Test (Duncan, 1955) was
employed to further analyze sources of significance.

The

results of this test are summarized as follows:
A

B

Group

0--80°/o

U--80°/o

Mean

7-10

9.60

C

D

E

F

C--50°/o

0--50°/o

U--50%

C--8o°/o

10.60

16.20

l6.60

20.70

Any two means not underlined by the same line are
significantly different.

This leaves only:

0--80% vs.

C- - 80%; U--80°/o vs. C--80%; C--50°/o vs. C--80%; and 0--80°/o
vs. U--50%.

The first difference was significant at the

.01 level and all others at the .05 level.

20

The difference
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Table 2
Summary of Analysis of Variance of Extinction Data

Source

df

FMS

F

Training Level

2

82.
.02

< 1

Probability Magnitude

1

60.
.00

< 1

Interaction

2

55^-• 55

Within Groups

5^

87..59

Total

59

6.33

P

.01

between the 0--50% and the 0--80°/o barely missed being
significant at the .05 level,
this test appears in Table 3-

A more detailed summary of
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Table 3
Summary of the Duncan Multiple Range Test

Group

O
oc
1
1
O

Means

7-10

g
SSR
S
6
5
k

3
2

2

8.47
Comparison
F-A
F-B
F-C
F-D
F-E

C

--8o%

c—50%
10.60

9.60

E

D
*

U--50%

C--80%

16.20

16.60

20.70

4

3

5

9.18

8.90

Difference
13-60
11.10
10.10

F

0
1
1
\ji
O
"SR

B

A

9.38
SSR
9-53
9-38

k . 5 0

9.18
8.90

(4.10)

8.47

9.50

9.38
9.18
8.90

6

9-53
Conclusion
S
S
S
NS
NS
S
NS
NS
NS

E-A
E-B
E-C
E-D

(7.00)
(6.00)

D-A
D-B
D-C

9.10
(6.60)
(5.60)

8.47

NS
NS
NS

2

C-A
C-B

(3.50)
(1.00)

8. 9 0
8.47

NS
NS

2

B-A

(2.50)

8.47

NS

5
k

3
2
k

3
2

3

(.40)

8.47
9.18
8.90

S = Significant
NS = Nonsignificant
Differences in parentheses were not tested.

DISCUSSION
The following hypotheses were tested in this study:
After minimal training (undertraining) there should
be little or no difference between the 50% and the
80% groups with regard to RTE.

This would be due to

the fact that neither group would have had time to
make any sort of discrimination during acquisition.
After the criterion level of acquisition training
the 80% subjects should show less RTE than the 50%
subjects.

This hypothesis is based on Restle's

theory (1957) which predicts faster learning with
greater probability magnitudes.

In other words,

the 80% subjects should have already begun to
detect a pattern of reinforcement and would there
fore be in a position to note a change in this
pattern during extinction.

This would not be true

of the 50% subjects because their rate of learning
is slower.
After 0T, both 50% and 80% groups should show
reduced RTE because both groups after 0T trials
should have detected 71.

Because of the differ

ential learning rates, however, it was expected
that 80% subjects would show a greater reduction in
RTE than 50% subjects.
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The first hypothesis seems to have been confirmed.
Although the 50% group tended to extinguish harder than the
80% group at the undertrained level, this difference was
not significant.
The second hypothesis was not confirmed.
the opposite occurred.

In fact,

Rather than the 80% group extin

guishing faster than the 50% group as predicted, they
extinguished significantly more slowly.

This finding is

extremely difficult to interpret in terms of the position
developed in this paper.

It is approximately what "tradi

tional" reinforcement would predict, i.e., because the 80%
group had received more reinforcement for saying "square"
they continued to say it relatively longer during extinc
tion.

Unfortunately this raises the question as to why the

partial reinforcement effect did not occur under these
circumstances.

Assuming the 80% group was more similar to

a group being reinforced 100% of the time than the 50%
group was, it seems the former group should have extin
guished more rapidly than the latter.

This would be

expected on the basis of the Grant, Hake, and Hornseth
study (1951)'

They found that groups receiving higher

proportions of reinforcement during acquisition extin
guished faster than those receiving lower proportions.
For some reason this effect was not found at the criterion
level of training in the present study.

The third hypothesis was only partially confirmed.
There was a tendency for the 80% group to extinguish more
rapidly than the 50% group, although this difference was
not quite significant at the .05 level.

However, when

trials to extinction for the C--80% and 0--80% groups were
compared, it was found that 0T significantly reduced RTE.
The hypothesized facilitation as the result of 0T
in the 50% group was not found.

In fact, the tendency was

toward increased RTE for this group.

At first glance this

too seems difficult to explain, .but this may be exactly
what Restle's theory (1957) would predict.

That is, be

cause the validity of a cue reinforced 50% of the time is
0, no discrimination can be learned and, therefore, even
the most extensive acquisition training under these circum
stances could not effect RTE.

Assuming, of course,

discrimination learning is a factor in determining RTE.
An implication from this position would be that RTE for
50% groups should remain about the same for all levels of
training and this was the case in this study.

It is

difficult to draw any final conclusion about this pos
sibility though until the effects of more extensive
acquisition training in a random 50% reinforcement situa
tion are determined.

There remains the possibility that

the learning rate was so slow for these subjects that they
never learned the discrimination and therefore, could not
be influenced by it during extinction.
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Capaldi's (1958) study is relevant here.

It will

be recalled that when he used an alternating pattern of
reward and nonreward, there was reduced RTE as a result of
OT.

Here a discrimination could be learned and therefore

influence extinction rate.

On the other hand, when a

Gellerman Series was used, no facilitative effect of OT was
found.

Here no discrimination could be learned.

In the

former case, nonreward was a highly valid cue (v = l).

In

the latter case, however, there were no cues with any
validity.

This also brings to mind the extreme difficulty

in finding facilitation in extinction as the result of OT
where a simple instrumental response is concerned (e.g.,
D'Amato et al., 1962).

In this case, all cues are completely

valid and, therefore, no discrimination learning can be
involved.

This again points out the importance of discrimi

nation learning in determining whether or not OT will
reduce RTE.
The study of McCain et al. ( 1 9 6 2 ) , mentioned
earlier, represents a study with V < 1 ^>0.

Under these

conditions facilitation was shown to result from OT, and
again, a discrimination was possible.
In the present study, the cue validity for the 80%
subjects was .30.

This made it possible for these subjects

to learn the discrimination between TC and 1 - 71.

Training

level then, for them, should have been an influential
variable, and it was.

Training level had a significant

•>

\
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effect for 80% subjects although the effect was not always
V

in the predicted direction.

Eighty percent subjects after

criterion training extinguished more slowly than 80%
subjects who were undertrained.

Yet, 80% subjects after OT

extinguished more rapidly than 80% subjects after criterion
training.

More of a linear type relationship would have

been predicted from the position being taken here.

RTE was

expected to decrease to the extent that the discrimination
between it and 1 - TC had been made.

Therefore the under•v '

trained subjects should have extinguished most slowly
followed by criterion subjects and finally by overtrained
subjects.

In each case the trend would have been the same

for both 30% and 80% subjects but would have been more
pronounced in the 80% groups.
It seems then, that any attempt to explain these
findings using a modified "discrimination theory" approach
can only be partially successful.
Some early theoretical formulations attempting to
account for various findings using a Humphrey's type
experiment (1939) may also apply here.

For example, Hake,

Grant, and Hornseth (1951) investigated the effects of the
number of transitions from reinforcement to nonreinforcement and the effect of the size of blocks of nonreinforced
trials in the partial reinforcement situation.

This and a

parallel eyelid conditioning study (Hake and Grant, 1951)
were both motivated by the hypothesis that in a partial

"30
reinforcement sequence, subjects learn to give conditioned
responses during extinction because nonreinforced trials
were followed by reinforced trials during acquisition.

In

other words, the position taken was very similar to that
taken by McCain et al. (1962).

In both cases it is assumed

that the outcome of a trial becomes a cue for differential
responding on the next trial.

In this case, Hake et al.

(I95l) suggested that because nonreinforced trials are
inevitably followed by reinforcement during acquisition, a
nonreinforced trial becomes a cue for responding rather
than not responding.
It was found that increasing the number of transi
tions increases RTE up to about three transitions.

After

that point, there was either no effect on extinction or a
facilitative one, i.e., more than three transitions some
times reduced RTE.

The authors suggested that as transi

tions increased beyond the optimal frequency, the subjects
may have learned to discriminate the transitions as such
more readily and may have learned to "fit his responses" to
the discriminated change in stimulus sequences.

Hake et al.

(1951) believed this to be a learning set phenomenon, a
position closely allied with the one taken in the present
study.

It should be noted that the learning set explana

tion is very close to an explanation involving conditional
discriminations.

The "win stay lose shift" strategy in the

area of learning set can be looked at as an example of a

conditional discrimination.

In both cases the outcome of

a trial (or a series of trials) acts as a cue indicating
which subsequent behavior is appropriate.

In the case

where "win stay lose shift" is involved the cue and
appropriate behavior is relatively obvious.

In the present

situation the cue calling for a response shift is relatively
more subtle, but apparently still there.
The effects of the size of the blocks of nonreinforced trials was also found to be significant.

Hake

et al. (1951) suggested that perhaps longer blocks of
negative trials "stand out" more in the training series and
therefore may be more readily discriminated.

As a result,

the subject could learn more easily to give negative
responses to negative trials and therefore would be quicker
to start giving negative responses during extinction.
This, too, was considered to be a learning set phenomenon.
Incidentally, "extinction" under these circumstances
would not be what is ordinarily meant by the term.

Under

these circumstances it seems extinction results from the
strategy subjects have formed on the basis of the total
situation.

What looks like extinction is merely the

willingness subjects have, for various reasons, to make a
long run of negative responses.

Evidence for this was

obtained from the present study when subjects were asked
when they became aware that they had been switched to a
"blank deck."

Most had no such awareness.

It certainly

appeared that in most cases the extinction criterion of 10
"blank" responses was met on the basis of a strategy that
involved the probability of one "square" being followed by"
another.

When asked further what they would have done if a

square would have appeared, most did not know, but it seems
-

it would not have surprised anyone.

% •
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In their famous 1951 study, Grant, Hake, and
Hornseth found that subjects matched probabilities of 0,
25? 50? 75, and 100 with a high degree of accuracy.

Also

they found that RTE was ranked from highest to lowest
approximately as follows:

25? 50, 75? 100, and 0.

They

concluded that in addition to his response to single
trials, the subject must also respond to the series of
trials.

Grant et al. (1951) suggested that the rate of

positive trials was the stimulus and the response was the
rate of positive responses.

They concluded further that an

explanation as to exactly how these two are matched must
await further work.

It appears work relating acquisition

level, probability magnitude and RTE has not made the water
any clearer, rather more questions seem to have been raised
For example, why did the 80% group take significantly
longer to extinguish than the 50% group at the criterion
level of training.

The problem seems to be in explaining

why such a sharp increase in RTE took place for the 80%
subjects at this level of training as compared to their
performance following undertraining and overtraining.

33
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Another question involves the relationship between
training level and probability magnitude.

It appears pos

sible that they have essentially the same effect.

That is,

increasing either number of training trials or probability
magnitude enhances learning and reducing either should
retard learning. ^..This relationship is suggested by com
paring the results of the Grant et al. study (1951) to
those of the present study.

All groups in the Grant et al.

study received 60 training trials before extinction.

This

level of training corresponded to the OT level in the present
study.

Assuming some discrimination is being learned it

should be learned best either after prolonged training or
after a relatively short exposure to high probabilities of
reinforcement.

Grant et al. found greatest RTE for lower

percentages of reinforcement as compared to high percentplage's. It is possible that this merely reflects differential
. f ;
learning rates and implies that if training were carried
ouijgSppia.ger for low percentage groups there would be a drop
in KTE for them also.

Varying training level in the

present study tended to support this idea.

Extensive

training lowered RTE for 80% subjects but not for 50%
subjects.

This certainly may involve the extent to which

both groups were able to learn any discrimination involved.
It seems the above notion can be tested by further
extending acquisition training for groups receiving various

-

percentages of reinforcement.
an eventual drop in RTE.

&

In each case there should
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