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ABSTRACT

OVERLEARNING REVERSAL IN RATS
IN SPATIAL DISCRIMINATIONS

By Daniel Francis Tortora

The overlearning reversal effect is defined as the bt
difference between two groups on the acquisition of a
reversal task, One group is given overtraining after
original acquisition and then is reversed, the other group
is reversed immediately after original acquisition., When
overtraining facilitates reversal, ORE is positive, when
overtraining retards reversal, ORE is negative. Two
opposing views on the nature of discrimination learning have
been examined. One model, that of Mackintosh, hypothesizes
that discrimination learning proceeds in two stages. First,
the animal learns to pay attention to the relevant dimension(s)
and ignore irrelevant dimensions., Second, the animal learns
to respond appropriately to the correct cue., It is
postulated that switching to relevant dimensions and
switching away from irrelevant dimensions takes a consideribly
long period of time. Thus, the reversal of any task
(using large reward) that includes many irrelevant stimuli
will be facilitated by the extra practice afforded by over-
training. The other model, the elicitation position of
Denny, and the one guiding this thesis postulates a single-

stage analysis of discrimination learning, in which the laws



Of classical conditioning are exploited. CS-US contiguity
is the necessary condition for learning. The elicitation
position states that for a complete understanding of ORE
one must perform a detailed analysis of the CS-US relations
arranged by the experimenter. Such an analysis is pre-
sented in the body of the thesis. This study explored ORE
in spatial discriminations in which the CS-US relations
were controlled; five experiments were performed,

The first three experiments explored the effect of
overtraining upon the subsequent reversal of a kinesthet-
ically controlled turning response where size of incentive
and length of the stem of a T-maze were manipulated, It
was found that where the stem of the maze was long, as in
experiments I and III, a significant negative or reverse
ORE was obtained., However, when the stem was short, as in
experiment II, no ORE was obtained,. It was suggested that
size reward was inversly related to the magnitude of the
negative ORE. Experiment I, using a small reward, yielded
a greater negative ORE then experiment III using a large
reward,

Experiments IV and V investigated the effect of over-
training on the reversal of a place response in which all
controlling stimuli were relevant and redundant; two different
reward sizes and a low acquisition criterion were used.

A significant negativeé ORE was found for the small reward
groups in experiments IV and V., A significant positive ORE

was found for the large reward group of experiment V,
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INTRODUCTION

The Overlearning Reversal Effect (ORE) can be defined
as the facilitation of reversal learning as a result of
overtraining., This phenomenon is usually investigated
using a two group experiment. DBoth groups are trained to
a criterion on a discrimination task, eg. 18 correct out of
20 consecutive responses. The experimental group is then
given from 100-300 percent overtraining on the original
task and then reversed. The control group is reversed
immediately after it has reached ériterion on the original
acquisition, During reversal, the cue values are reversed,
i.eqy the stimulus that previously led to reinforcement now
leads to non-reinforcement, and the former negative stimulus
is now positive.

In 1953, Reid performed the first overlearning reversal
study. He found, contrary to theoretical preconceptions,
that overlearning facilitated reversal, In the next 16 years
over 50 studies had been performed and several theoretical
analyses (Lovejoy, 1966, 1968; Mackintosh, 1965a, 1969; Paul,
1965; and Sperling, 1965a & b) have been postulated to
explain this phenomenon,

Table 1 presents the results of such experiments, An
undeniable conclusion can be gleaned from a perusal of these
studies, Up to the present there is not one hypothesis or

theory which can explain the divergent results,
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From Table 1, it can be seen that this proceedure has
yielded three kinds of experimental results, They are as
follows: (a) the experimental group learns to reverse faster
than the control group-ORE or positive ORE, (b) there is no
significant difference between thé two groups-no ORE, and
(c) the control group reverses faster than the experimental
group-reverse or negative ORE. Thus any satisfactory
explanation of ORE must also explain its variants.

ORE is studied either in a visual discrimination task
(brightness or pattern discrimination) in which values of the
positive and negative cues are reversed or in a spatial dis-
crimination task (T-maze or y-maze) in which the direction
of turn is reversed. When a large incentive has been used
in the experiment, ORE occurs equally often in visual and
spatial discriminations,

Another important aspect of OBE is that it is a robust!’
phenomenon., When differences do occur they are usually
very substantial, necessitating only a few animals to obtain
significant results, What is in question here is not in-
ternal but external validity. When, where and how it occurs
are the pressing issues., This can only be accomplished by a
thorough analysis of the procedural differences among
diverse experiments in order to identify the functional

variables.,



THEORETICAL ANALYSIS OF ORE

Of the theories that have been proposed to answer the
above questions, two theories of learning, the two stage
discrimination model of Mackintosh (1969) and the elici-

tation position of Denny (1967, 1970) will be reviewed here,

Mackintosh's Theory of ORE

Mackintosh postulates a two-stage attentional model to
explain ORE (Lovejoy, 1966). The first stage is the learn-
ing of the appropriate stimulus analyzer. Here S learns
which stimulus dimension to attend to and which dimensions
are irrelevant, It is postulated that learning not to
attend to irrelevant dimensions is a relatively slow pro-
cess taking much longer than learning to attend to the
correct dimension and make the correct response., The
second stage is the learning of the cue value of the
relevant stimulus dimension. Once this is accomplished
discrimination is said to be complete,

For Mackintosh, the occurrence of ORE depends on the
joint satisfaction of two conditions-a difficult discrim-
ination and a large incentive. He assumes that ORE occurs
only when the probability of attending to the relevant
dimension is not very high at the outset of training.
Another way of saying this is that the ORE will only occur

when rats are trained in a relatively difficult discrimination.
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In such a situation, overtraining increases the probability
of attending to the relevant dimension and decreases the
probability of attending to the irrelevant dimension(s).
Thus overlearning facilitates reversal learning. The
animal has only to learn the new cue values since he is
already attending to the correct dimension and ignoring the
irrelevant ones. The immediate reversal group has not
learned to ignore irrelevant dimensions., Thus, during
reversal, it shifts from dimension to dimension until the
correct one is rediscovered., Only then can it proceed to
learn the reversal discrimination., When the discrimination
is easy the relevant dimension is strong from the outset
(i.e. strong in relation to the irrelevant dimensions),
and no benefit is supposed to accrue from overtraining.
Mackintosh introduces size of incentive into his theory
by assigning parameter values to Yreward" operators in the
Bush and Mosteller stochastic model of learning. The actual
psychological significance of magnitude of reward is not
postulated.

Elicitation Theory

This theory is monistic in its approach to learning.
All learning is viewed in a contiguity framework in which
classical conditioning principles are exploited. The theory
states that learning depends upon consistently eliciting
the to-be-learned response in close temporal contiguity with
a particular stimulus situation., This in turn means
minimizing the elicitation of alternative responses to the

same or similar stimulus situations. In this way, the
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response that is being learned wins out over other possible
responses, The function of incentives or reinforcers 1is
that they are important elicitors in the learning situation.
These stimuli elicit a characteristic response over and
over again and thereby minimize the occurrence of competing
responses,

Elicitation theory states that the UR of approaching
the goal object (food, water or whatever) is always present
in an instrumental learning situation and that this UR
mediates the learning of the entire instrumental chain,
Eventually the animal learns to approach the goal object via
this chain,

According to the theory the absence of the incentive
in the previously reinforced goal area is itself a US which
elicits antagonistic responses that take the animal directly
away from the goal area, The frustration-instigated
antagonistic responses consist of aggressive or tangential
responses, 1.e,y very possibly displacement activity when S
cannot actually escape from the frustrating situation,

Denny postulates that during discrimination learning both
the response class of approaching the goal object in the
context of the positive cue and withdrawal from non-
reinforcement in the context of the negative cue are learned,

Elicitation Theory Applied to ORE

According to elicitation theory, (Denny, 1970) reversal
learning is accomplished by the extinction of the original
response, Extinction is considered to be the result of
counterconditioning, It is postulated that without the

competition from an alternative response the original response
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will never be replaced. Secondary elicitation is the mech-
anism used to hendle this phenomenon. By this is meant that
extinction is due to the elicitation of withdrawal by the
ommission of the food from the food tray. The elicitation

here is called secondary elicitation since the animal must

have experienced food at the food cup, in the presence of the
prevailing stimuli, in order for the absence of food to be

an elicitor. Thus the removal of food serves as a unconditioned
stimulus, consistently eliciting a characteristic class of
antagonistic responses (BRc). Rc's are conditioned to con-
tiguous stimuli and through backchaining becomes conditioned

to earlier stimuli in the chain., Eventually Rc competes effec-
tively with all stages of the original instrumental response
(Ro)e 1In reversal learning, this means that the Rc must occur
at the choice point area before it affects the choice response,
This occurs via backchaining which is initiated at the empty
food cup in the context of whatever stimuli are presented at
the time of non-reinforcement.

In order to explicate the elicitation position of ORE
further, an analysis of current research will be undertaken,
Table 2 presents a summary of research methods used and
results obtained in this area. It must be pointed out here
that the organization of the table is based upon the con-
viction that a complete understanding of ORE can only be
accomplished by a detailed analysis of the procedures used
by the various experimenters., Elicitation theory helped

in abstracting the critical stimulus-response relationships,
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I. Visual Discriminations

The first half of table 2 (pp. 8) presents the three
procedural variants used with visual discriminations. These
are as follows:

A, Trace conditioning paradigm in which the discrim-
inanda are not contiguous with the goal area;

B. Simultaneous conditioning paradigm in which the
discriminanda are maximally discriminable at the outset of
training;

C. Simultaneous conditioning paradigm with stimuli
that are minimally discriminable (most generalization) at
the outset of training.

For explanatory purposes condition B will be handled
first. In this procedure the relevant stimuli fill the
whole alley and the goal area. Thus during reversal learn-
ing the competing response (Rc) can be directly conditioned
to the cue that was originally positive (rewarded during
initial acquisition). The Rc then generalizes to the same
cue at the choice point, and reversal learning is accom-
plished. 1In regard to overlearning reversal experiments,
the important factor is the extent to which Rc generalizes
to the new positive stimuli., If generalization is minimal,
that is, if the stimuli are maximally discriminable at the
outset, then overtraining is of no benefit and no ORE will
occur., This is the general result obtained. Since black
and white stimuli are distinctive for rats the Rc to the

new negative cue during reversal is no more discrete after
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overtraining than at the end of acquisition.

In condition C the same paradigm is used except that
minimally discriminable stimuli are employed (e.g. dark vs.
light grey; or checks vs. stripes). Thus when the acquisitim
criterion is attained the discrimination may not have been
perfected. Overtraining serves to perfect the discrimination,
narrowing the positive stimulus generalization gradient.

Thus Rc in the overtrained group does not generalize to the
new positive cue as much as in the control group. FReversal
learning for the overtrained subjects is thereby facilitated
resulting in an OLE.

In condition A, a black-white discrimirgion is used
with a trace conditioning paradigm. In this case the cues
are attached only to one-way valve doors that are located
a foot or so from identical neutral grey goal boxes. During
reversal learning, the Rc is elicited in direct contiguity
with irrelevant stimulation., The one relevant cue is the
trace of the previously positive cue from the doors. Since
traces of stimuli undergo more generalization than prevail-
ing stimuli, the situation is analagous to simultaneous
conditioning with difficult discriminandum (c). Overtraining
produces a finer discrimination between the traces, per-
mitting the conditioning of Rc to the new negative cue, Thus
ORE occurs.

IT. Spatial Discriminations

In this group of experiments the procedural variations
far exceed those used in visual discriminations with the

results directly related to these variants. The second half
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of Table 2 (pp. 9) presents a summary of these procedures.
It can be seen that the procedures fall into two categories:

A. procedures with all cues relevant and redundant

B. procedures with some cues irrelevant

In the procedures where irrelevant cues were present
or introduced (Table 2, IIB), both a positive and negative _
ORE have been obtained. It must be pointed out here that for
Mackintosh's theory of ORE, the presence of irrelevant
stimuli is a sufficient condition for the manifestation of
an ORE. He postulates that overtraining serves the function
of "switching An® the:relevant stimulus dimension and
"switching out" the irrelevant ones. For Mackintosh however
no further analysis can or should be made.,

In order to use elicitation theory one must submit to
scrutiny all the procedural details of these studies.
Pubols (1956) and Brookshire, Warren and Ball (1961) both
obtained a positive ORE. Pubols used the same apparatus
to study spatial discriminations as he did to study visual
discriminations, In his visual discrimination study, (Pubols,
1956), the discriminanda were black and white one way doors
set half way down the grey arms of the y-maze. It was
explained earlier that using this paradigm the rat can
associate only the stimulus traces of the discriminandum to
the reward contingencies. 1In his spatial discrimination
study (Pubols, 1956), these doors were the only irrelevant
stimuli., Thus the likelihood of the rat incorrectly using

irrelevant trace cues instead of relevant and salient
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extra-maze cues which are present both at the choice point
and goal area, is small, This makes Pubols' experiment
most similar to spatial discrimination studies classified
under (A) in which ORE occurs,

The Brookshire, Warren and Ball (1961) experiment is
more complicated, They used a cross-maze in which the
animal began equally often in each grey stem., The irrele-
vant stimuli consisted of one arm being white and the other
black, The direction of the turn was supposed to be the
main relevant cue. However, using this arrangement, the
rat could have learmed:-a conditional discrimination during
the 120 overtraining trials, That is, it learned'to
approach black when leaving start box #1 and to approach
white after start box #2. Thus, an overtrained S during
reversal could be using a compound stimulus including the
trace of the start box cues plus the black or white of the
arm., This situation is most similar to visual discrimi-
nation classified under (A) where a positive ORE is ex-
pected, since the stimuli from the start box were only
perservative traces when reinforcement occurred, It must
be pointed out that this analysis is only speculative and
is not. supported by direct evidence, However, it does
suggest that a recategorization is reasonable,

The only study classified under (B) of spatial
discrimination which obtained a negative ORE was Clayton
(1963b), In this study Clayton used horizontal vs, ver-
tical striped panels placed on the floor of the choice

point and on the one-way doors preceding the goal box as
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irrelevant stimuli., These were randomly changed from trial
to trial, The direction of the turn was defined as the
relevant cue, There was no attempt to scramble extra-maze
stimuli nor to control for unspecified intra-maze cues
(i.,e, differential olfactory, floor texture cues etc.).
Thus an exact analysis of the stimulus conditions in this

study is very difficult to make,



STATEMENT OF PROBLEM FOR EXPERIMENTS I, II, III

Due to the absence of a conclusive study using irrele-
vant stimuli in a spatial discrimination three studies were
undertaken., In the studies just reviewed stimuli were
introduced and then an attempt was made to make them irrel-
evant, In the present experiments the extra-maze and intra-
maze stimuli were already present in a spatial discrimina-
tion, and all of these stimuli were made completely irrel-
evant except directlion of turn, right vs. left. In this
way, one can specify what stimuli the animal has to be
using. This should greatly facilitate the analysis of the
results when using the elicitation position. In experiments
I, II, and III, both the size of the incentive and the
length of the stem were manipulated in an attempt to ascer-
tain the effect of overtraining on the subsequent reversal

of a pure spatial task.
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EXPERIMENT I

INTRODUCTION

This study used a small incentive and a relatively

long stem.

METHOD

Subjects

Ten male albino rats from Spartan Research Animals,
approximately 200 days old at the beginning of the experi-
ment, were used as S's., They had been used previously in
a shock study being run for one day at an age of 90-100

days,

Apparatus

The apparatus as shown in figure 1 was a T-maze with
movable stem and start box, constructed of plywood floor and
1.9cm, pine sides, and was covered with hinged hardware
cloth, It consisted of the following parts: starting box,
runway, two arms and a choice point., The start box was
34, 4cm. long. The runway was 18,.8cm, long and the arms 35,6cm.,
long. All parts were 7.6cm, wide and 7.6cm., high, The

choice point was 7.6cm. square and 30.,0cm. high.

16
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Five vertical sliding doors, manually operated, were
employed in the maze. One separated the start box from the
runway and four wzre on the four sides of the choice point.
The doors on the choice point were necessary since a non-
correction procedure was used and the procedure called for
alternating the start box and runway to opposing sides.

The entire maze was painted flat black and the top
22.9cm, of the choice point was covered with flat black
cardboard. Thus, the only illumination in the choice point
came from the open sliding doors facing the arms., These
doors were open to 5.,9cm, from the maze floor,

The extra-maze stimuli in the running room consisted
of a white wall to the right of the maze perpendicular to
and butting the right arm and a rat cage assembly perpen-
dicular to and .9144 meters from the left arm, The over-
head illumination was diffused forescent light to the
left of and behind the choice point., Figure 1 diagrams

the floor plan and apparatus,

Procedure

Preliminary training

The S's were handled for 10 days prior to any exper-
ience with the maze, The first 10 days of handling were in
the following order, The rats were placed on 24 hour food
deprivation (1 day) prior to the first day of handling,

The first five days of handling consisted of holding rats,

transferring them from hand to hand and placing them back
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in their individual living cages with three large food
pellets (190mg.) on the floor of the cage. The next five
days consisted of continued removing and replacing the rats
in individual feeding cages baited with two 190mg. Noyes
pellets, This was continued until the rat reached the
double criterion of being placid when held (i.e. no struggle
against E's hand) and eating the pellets within two

seconds after replacement in the feeding cage. The next
four days the rats were alloweéd free access to the entire
T-maze for five minutes per day. Both arms of the maze
were bait~d with adlibitum food (45mg. Noyes pellets). By
the fourth day all rats were eating the pellets in both
arms for an equal amount of time. On the fifteenth day
discrimination training was started.

Discrimination training

The reward size was two 45mg. Noyes pellets placed in
the food cup at the end of the arm. All rats were trained
to discriminate the kinesthetic stimuli of turning, half
trained to make a right turn and half a left turn. This
was accomplished by alternating the start box 180 degrees
to opposing sides in a quasi-random schedule. The response
designation dictated the placement of the reward., Thus
a rat trained to make a right turn would have to enter the
right arm and approach a white wall when started on side I,
(see figure 1), However, he would have to go to the left
arm and approach the rat cage assembly when started on

side II. The arms were kept in a constant position
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throughout the experiment. By this method the only relevant
cues associated with reward were the proprioceptive stimuli
generated by turning.

All rats were given twelve trials per day, with an
inter-trial -interval of fifteen seconds. The criterion for
acquisition was 83 percent correct or more in one day (10
correct responses in 12 trials). Upon completion of the
discrimination task, the animals were assigned to groups so
that the mean trials to criterion of the groups were as equal
as possible. That is, if 3's score was higher than the
cunulative means of the two groups then it was placed in the
group with the lower mean. Conversely, if an S's score was
lower than the cumulative means then it was placed in the
group with the higher mean., When S reached criterion it
was assigned to a group and the appropriate stage of training
(i.e. overtraining or reversal) was begun the following day.
The experimental group received 96 trials more « training on
the original discrimination and then given reversal training.

The fixed number of trials of overtraining was obtained
by taking 200% of the median trials to criterion (Md.=48 trials).
The control group was reversed immediately.,

Reversal training

During this training the original negative cues were
now associated with reward. The reward again was two 45mg.
lloyes pellets., All rats were given fifteen trials per day
on the reversal task and were run to a criterion of 80 percent

or more correct in one day ( 12 or more correct in 15 trials).



RESULTS

Table 3 presents the results for original learning and
reversal learning., The measure of performance used for all
stages of this experiment was the mean number of trials to

a criterion including criterion trials,

TABLE 3.-=liecan trials to criterion for original acquisition
and reversal of the experimental and control

groups.

STAGE OF EXPERIMENT STANDARD
Group N MEAN DEVIATION

ORIGINAL ACQUISITION
Experimental (overtrained) 5 62.6 13.9
Control (no overtraining) 5 76.8 19.6
t=1.73; d.f.=8; n.s.
REVERSAL ACQUISITION
Experimental 5 81,0 738
Control 5 51,0 15,29
t=3.54; d.fe=8; pP.<.005

Original Acquisition

The mean trials to criterion on the original learning
for the experimental (overtrained) group was 62,2 and for
the control group it was 76.6 trials, There is no signifi-

cant difference between the groups (t=1.73; d.f.=8; p<.1).
20



21

However, the groups were not closely matched with regard to
learning rate,

Position preference was assessed from the first 2 trials
of original acquisition, If an S produced two incorrect
responses in the first two trials it was classified as
having a strong negative preference, i.e.,a strong preference
opposite to the designated correct response., If an S pro-
duced two correct responses it was considered to have a
strong positive preference, An S with a weak negative pre-
ference would first produce an incorrect response and then
a correct response. A weak positive preference was a correct-
then-incorrect response order,

Table 4 presents the number of Ss in the experimental
and control groups exhibiting a specific position prefer-
ence., From this table it can be seen that the grouns were

TABLE 4,--llunber of Ss in each group exhibiting a specific
position preference,

Strength of Direction of Preference
Preference Group Group Total
Positive liegative
EXDe Control Exp. Control
Strong 0 1 2 0 3
Weak 1 1 2 by 8
Total 1 2 b L 11

approximately counterbalanced for direction of preference
with the majority of Ss having weak preference, There were

two Ss in the experimental group with a strong negative pre-
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ference and one S in the control group with a strong positive
preference, One would predict that a strong negative preference
would lead to slow acquisition ©°  of the original
response and faster reversal, A strong positive preference
would produce the opposite effect, The individual data for

the acquisition and reversal of the three Ss with strong
preference:; are opposite to the predicted result, Thus,
position preference can not have systematically confounded

the obtained result.

Reversal Acquisition

For reversal, the overtrained group reversed signifi-
cantly more slowly then the control group (t=3.535; d.f.=8;
P« .005). The mecan trials to the reversal criterion for
the overtrained group was 81 and for the control group it
wvas 51, Due to the fact that the experimental and control
groups were not well matched on trials to criterion, an
analysis of covariance was also performned., Table 5 presents
thg sunmary of the analysis using trials to criterion for
acquisition and reversal,

TAELE S5.-~Swiary of the analysis of covariance with trials
to criterion as the measure,

Source of Sum of Degrees Mean

Variance Squafes of Freedom Squares F o]

Amt, of trainirg 2008.,419 1 2008,419 10,260 p<.025
Error 13704220 7 195,743

Total 3378.439 8

From Table 5 it cam be scen that the effect of overtraining
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was still significant (F.=10.260; df.=1/7; p<.025). Thus

a significant negative or reverse CRE was obtained.



DISCUSSION

Experiment I showed that overtraining retards subse-
quent reversal learning of a pure spatial (i.e.,kinesthe-
tically controlled) response. The results plus observations
of the actual behaviors of the rats while they were running
in the maze led to the following explanations and predictions,

For the overtraining group it is postulated that the
stimuli controlling the proprioceptively controlled turning
response had backchained down the stem away from the choice
point and goal box. This is partially supported by the
observation that, late in training, all overtrained rats
would typically start turning when the start box door was
raised, They would also orient in the start box so as to
facilitate the early turning. Thus, if an animal was to
make a right turn, its nose would be pointed to the left
side of thre start box door with its hind quarters pointed to
the right rear of the start box, This facilitates making
a centrifugal swing to the right., Thus it may be said that
the initiating stimuli of the chain could have backchained
to the start box., Since these stimuli were not temporally
and spatially proximal to the site of non-reinforcement
during reversal they could not readily be associated with
the frustration and withdrawal response necessary for the

learning of reversal, The stimuli for the immediate rever-

21
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sal group, due to the lack of overtraining, had not back-

chained very far from the potential site of frustrationa-

Thus, these stimuli could be more easilty associated with the
frustration-elicited withdrawal response. This presumably,
resulted in faster learning for the control group.

The next two studies were designed to investigate the
effect of the length of the runway and reward size upon the

reversal of a kinesthetically controlled turning response.



EXPERIMENT II

INTRCDUCTION

In Experigpent I it was postulated that overtraining
retarded reversal because it lengthened the S-R chain
associated with reinforcement making the initiating stimuli
distal from frustration during reversal, In this experi-
ment the runway was completely removed, The start box was
shortened and attached directly to the choice point. It
was reasoned that this would effectively limit the length
of any chain formed during overtraining, decreasing the
effect of overtraining seen in Experiment I. Large reward

was used in this and the next experiment.
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METHOD

Subjzcts
Twelve male albino rats from Spartan Research Animals,
approximately 200 days old, were used as S's. All rats had

prior experience in a shock study at the age of 90-100 days.

Apnaratus
The apparatus was the T-maze described in Exzperiment I.
The following alterations were made on the maze for this
study. The runway was removed, and the length of the start
box was shortened to 18.8cm. The start box was placed at
the bifurcation and the door of the choice point was used as

the start door,.

Procedure

Preliminary training

This was identical to that used in Experiment I.

Discrimiration training

The training procedure was identical to that used in
Experiment I,

Reversal training

The reversal training was continued uantil all rats
attained a criterion of at least 807 correct in a block of

15 trials given in one day.
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Table 6 prescnts the mean trials to reach learning

criterion for origiral learning and reversal,

TAZLZE 6,--llcan trials to Criterion for acquisition and
reversal of experirental and control groups.

STAGE OF EXITCRINENT

STAIDARD
Group I NEA DEVIATIOH
ORIGINAL ACQUISITICH
Experimnental (overtrained) 6 58.5 19.576
Control (no overtraining) 6 50,0 17.549

t=.723; d.f.=10; n.s,
DEVERSAL ACQUISITIOIL
Experimental 6 60.0 8.660

Control 6 L5,0 12,247

Original learning

A t-test performed on the mean trials to critericrn of
original learning yielded a of ,733 (df=10) which was not
significant. Although not significant, the Spearman rank
order correlation between original acquisition and reversal
scores was ,73 for the experimental group and .23 for the
control group, necessitating a nrneed for an Analysis of Co-

variance.
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Tosition prefercince was assessed as in Experinent I
by the score on the first two trials of original learning.,
Table 7 rresents the nunber of S exhibiting each type of

preference.

TABLE 7.--iuzber of S's in each group exhibiting a specific
position preference,

Strength of Direction of Preference
Preference Total
Croup Group
Tositive llegative
EXDp, Control EXDp. Control

Strong 2 2 0 0 L.
Weak 1 0 3 L 8
Total 3 2 3 L

It is evident that the groups are clearly equated as to
prosition preferences,

Reversal learning

The overtrained group reversed in a mean of 60 trials,
The control group took 45 trials., This difference is sig-
nificant at the .05 level (t=2.236) (df=10). However, the
Analysis of Covariance (see table 8) on the trials to re-
versal criterion suggests that overtraining did not signifi-
cantly retard reversal.

TABLE 8.--Summary of the Analysis of Covariarice

Source of Sun of Degrees of Fean

Variance Squares Freedom Squares F
Amount of

Training 459,433 1 L59.,433 3,957
Error 1044 ,847 9 116,094

Total 1504.280 10




The fact that no ORE was found in Experiment I1
suggests that either a relatively long stea in the T-maze
or a small reward, or both, accounts for the negative ORE
in Experiment I, Experiment III was done in an attempt to

identify the relative role of these two variables,
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This experiment differed in one way from Experinent I
and in one way fron Zxperineat II. IZxperiment III differed
from Zxperiment I in that a large reward was used, This
snould scrve mainly to increase the elicitation value of
non-reinforcement (i.e. frustration-withdra.ial response);
this in turn should facilitate the acquisition of the original
response, especially for Ss trained against preference
(Denny and Dunham, 1951). Fore importantly the increased
size of reward should facilitate the acquisition of the
reversal response, attenuating a negative ORE., Thus a

les CRE should be found in
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Experinent III than in Experiment I.

Experiment III differed from Experiment II in that
a lonz start box plus stem were used. This should incrcase
the effect of backchaining by increasing the potential length
of the chain., Thus a greater tendency toward a negative

OL.E should be found in Zxperiment III than ia Experiment 11,

31



IZTHGD

Subjects
Twelve male albino rats from Spartan Research Animals,
approximately 200 days old were the subjects. !o sukjects
had received prior shock exposure,
The apparatus was the T-maze used in Experiment I. It
had a 34.4cm. start box and a 16.8cmn. runwvay.
Procedure

TFrelininary trairing

The handling and feeding procedures were identical to
those used in all previous experirments,

Digcrimination training
)

This procedure was identical to the one used in Exper-
iment I and II. All rats were trained on a turning discri-
mination, reward size being two 190mg. iloyes pellets., After
an acquisition criterion of at least 83 percent correct in
twelve trials is attained, the S's were assigned so as to
equate the means of the experimental and contrcl groups on
trials to criterion. The experimental group received
200 percent overtrainirg trials and then were reversed., The
control group was reversed immediately after reaching cri-
terion,

Reversal training

All S's were run to a reversal criterion of at least

32
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80 percent correct in fifteen trials presented in one day.

This is identical to Experiments I and II,
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DESULTS

Ori=zinal acquisition

Table 9 presents the mean trials to criterion for the
original learning., The experimental group acquired the
orisinal response in a mean of 40 trials,

TARLE 9.--The mean trials to a criterion of €0 percernt correct

in any orne day of origiral learnirg for
experinental and control groups.

GROUP N MEAN STAYDAED
DEVIATICT

EXPERINETAL 6 Lo 23.66

CONTROL 6 38 23.41

t=0.6516; d.f.=10; n,s,.

The control group obtained a mean of 38 trials., This
difference is not significant yielding a t of ,6518, It
must re pointed out that the variance for both groups was
higher then that obtained for Experinments I and II. The
trials to criterion ranges for both groups from 12 (i.e. the
first day of acquisition) to 84 trials. This large a ranze
was never obtained beforc,

Table 10 presents the number of subjects per group
demonstrating a positive or regative preference. It can be
seen that the experimental arnd control group were approxi-
mately equated in the direction of preferences with the

majority of subjects demonstrating weak preference,

o
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TARLE 10.,--lunber of subjects demonstrating prcference,

Degree of Direction of Preference
Preference Croup Croup
Togcitive l'egative
AP Control EXD., Coatrol Total
Strong 2 1 1 0 L
Weak 1 3 2 2 8
Total 3 L 3 2 12

The threc S's in the experimental group and the one S in the
control group did not demonstrate the appropriate change in
learning rate from original acquisition to reversal as would
be predicted if position preference mediated the cxperimental
effect, Thus prcference could not account for the difference
between the grouns found in reversal,

Revercal learning

Due to the large variance found with the trials to
criterion meazure in both original learaing and reversal,
other measurcs of performance were tried, The measure that
was used for comparisons was trials to a sliding criter-
ion of five correct out of ten trials, The criterion for
using this measure was that it had the lowest variance of
all neasures tried. In order to decrease further tne
anountt of error variance a two by two Anovar was perforned.
The subjects were placed into one of two catezories, fast
or slow learncrs, bagsed upouir thelr original acquisition
scores, This was done by dividirz the range (72 trials) in

half obtainirg a demarcation lire of 3% trials, Those 5's
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that learned the original discrimination in legs than 36 trials

vere considercd fast learners. Those that took more tran
36 trials were slow learners., This method discriminated
well since no S learned in 36 trials; the fast learners
renged froa 12 to 24 trials and tre slow learrers from U8
to 120 trials to criterion,

Thus the Anovar compared the effect of two variables
upon the reversal scores: original learning rate (fast vs.
slow) and the amount of training (overtraiairg vs. no over-
training). It should be pointed out that all reversal
measures tried showed a trend toward a negative QiZz,.

Table 11 presents the sunmary of the Analysis of
Variance,

TAELE 11.,--Sunmary of the Analysia of Variance using trials

to a reversal criterion: 5 correct out of
10 trials,

Source of Sumn of Degrecs of llean

Variance Squares Freedon Squares r
Learning Nate 1,386,750 1 1,386,750 L2,659
Ant of Training 234,083 1 223L,083 7.202
Interaction 154,084 1 154,084 L, 741
Error 260,000 & 32.500

Total 2,034,917 11

It can be seen that both learning ratec arnd amourt of train-

ing are significant with F-ratios respectively 42,669 (pe .001)

and 7.202 (r« .05). The interaction was rot significant at
the ,05 level but was significant at the ten percent level,
The overall nmean trials to criterion (five correct out of
ten trials) for the overtraired group was 32.22 and for

the control group it was 23.3 trials, Thus the results of
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this analysis denonstrate aa overall riezative OhE.

Table 12 presents the mneans and variance, It can be
seen fron this tablc that the most promounced effect of over-
training is with slow learners, For the fast learners the
2005 group is oualy 1.74 trials slower than the 0% group.

For the slow learners this difference is 16,01 trials. In
the forner case this is a 9% retardation in the latter a
235 retardation,

TACLE 12,.--llean and variance for the four groups used in
the Anovar summarized in Table 11,

ACQUISITICL RATE AQULIT COF OVELTRAINILG
2007 exp. group ©, control roup
Standard Standard
N lean Deviation N hean Deviation
FPAST 3 18,00 2.828 3 16,23 2.896

Slcu 3 Lé. 67 4,120 3 30.66 7320




DISCUSSION

The interaction between learning rate and amount of
overtraining makes ccnse with the analysis of the negative
CRE obtained in Cxperiments I and II. It will be recalled
that overtraining was postulated to elongate the behavioral
chain trat results from a kiresthetically controlled respornse.
This occurs through the addition of tre individual links of
the chain which fcllows the laws of classical conditioning.
It is generally accented that there 1s a point where a
further incrcese in tre nunber of trials has little dis-
cernible effect on learning., I am saying that with facst
learners the aysmptote of learning is reached earlier for
each link of the chain, allowing a rapid elongation of the
entire chain, Thus it is possible that the fast learners
in the inmediate reversal and overtraining reversal groups
had lengthened the chain as far as possible at the end of
origiral learning. Thus, overtraining would not separate
the fast learners as much as the slow learners since the
former would have less room for elongating the chain than

the latter,

0
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EXPERIMENTS I, II, & III
CCIiCLUSION

Fron the peint of view of lackintosh, the presence of
many salient irrelevant cues and a conconitant difficult
discrimination should result in the occurrence of an OHE.
However, as it has just becn shown, the oprosite effect can
occur,

The procedure used in Experiments I, II, and III was
desicned in order to specify exactly what stimull and re-
sponses vere being used by the subject., This makes the
results amniable to analysis using Elicitation Theory. This
procedure places all of the stimulus control on the cues
which result in making the appropriate turn., These cues
were present at the choice point or even before (kinesthesis
attendent upon tne centrifugal swing in the stem of the
T-maze), Thus, during reversal training the ccmpeting re-
sponises elicited by non-reinforcenent (frustration-withdrawal)
did not cccur in close tenporal contiguity to the new neg-
ative cue, Only a perservative trace of kinesthesis was
present wvhen the competing responses are elicited. Thus the
effcct of overtraining was as follows:

a) through backchaining the critical kincsthetic cue
was pushed back down the stem further away in time and
space from the locus of the frustration elicitation of Rc

during reversal training, resulting in a reverse OLEZ,



b) with more trials tne gerscervetive traces of the lef
right turn nay have become uwore discrimirable, as described

carlier, decreasin; but not overpowering the first

cf

]

ecte ., Thnis might yield a less substantial negative 02E
when large reward was used,

The above analysis receives support from results ob-
tained by lackintosn (1965) which czhow that when all cues
are relevant, kinesthesis (direction of turn) acauires an
ircreasinrg proportion of stinmulus convtrol as the nunber of

trials is increased,



DXTERTHENTS IV & Y
I TRODUCTION
In order to round out the picture of CZE in spatial
discriminations Experimcats IV and V were performed. These
experinents are complementary to, but quitc different fron,

the first three experiments., In Experiments IV and V all

)]

cues were relevant and redundant and the T-maze used had

a shorten=d stemn to minimize backchaining. Together, these
two studics investigate the effect of the stringency of the
asquisition criterion, the amount of training, and the size

of recuard upon reversal learning.
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TXERZIUENT IV

[ETHCD

Subliects
Twelve male albino rats fron Spartan Hesearch Animals,
approximnately 200 days old at the beginning of the experi-
ment, wecre used as S's. They had been used previously in

a shock study being run for oxne day at an age of 90-100 days.

Apparatus
The apparatwus vwas the T-maze described in Experiment I.

Trhe following altcrations were nade in the maze for this

3

study. ne runway was reuoved, and the length of the start
box was shortened to 1§,8cn., TFhe start box was placed at
the bifurcation and the door &t the choice point was used

as the start door.

Prelininrary training

This precedure was rrecisely the sanie ag in Sxperinent I.

Discripivation treiring

Tne start box resained for the entire experiment on
Side I. Half cf the S's were training to go to the left arn
and half to the right arm of tre naze., They were given

2-b5ng, ioyes pellets as rcinforcenent, When the rats
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reached a criterion of 43,0 or sore corract in 12 trials given
eech day, they were watched on trials to criterion and ran-
donly assigned to two groups. The experinental group re-
ceived 51 overtraining trials on the original respomnse and
then reversed., The amnount of overtraining was determined in
tne saune way as BXperiments II end III. The coatrol group
vas recversed immediately,

Deversal trairing

leversal training was the sanc s Ixperiuent I, All
S's were given 15 trials per day until they rcached a rever-

cal criterion of 8C,)) or better in one day of trainirg,



Ia this ctudy two measures were uced to assess rer-
formance, These viere trials to a performance criterion of
€0, correct on any one day, irncluding criterion trials and
trials tc the last error, excluding criterion trials,
Table 123 and 1% precernt a suuimnary of the results fcr acq-
uiciticn and reversal respectively in both grouprs.,

TAZIZ 13,~-=-Summary of the acquisition data for two measures
and beth groups.

Standard
aroup o i.can Deviation

Experimental

Trigls to Criterion 6 20,7 1.

9]

5
Trials to Last Zrror 6 15,0 5773

4=

Control

L L24

N
N
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Trials to Criterion

N
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L ]
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Trials to Last ZSrror 9,421

Crigsiral Acguisition

wm
3

Table 13 presents the sun.ary of rcsults for the exp-

e

eriuental and coatrol groups. The groups ¢id rot differ

significantly on bolh measures at tne outset of lle exp-
eriment, Trials to critericn a..d trials to the last error

produccd t-test results equal to C.251 and 0,332 respectively,
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Table 14 presents the sunuary of results of the revera-
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sal staze of this expe nt, Therec was no difference be-
twecen the experirzeatal and control groups when trials to

ad
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TALLE 14,--Junary of the reversal data for threc aeasure
for both groups.

Standard
Croun i ilean Deviation

Experinental

Trials to Critaerion 5 20,0 0
Trials to ILast Ivrror G 19.5 5.520

Cortrol

Trials to Criterion 6 30,0 0
™rials to Tast Zrror 4 8.7 h,205

criterion was co.pared, Since all reacned criterion in 30

D

trials there was no variance, It was concluded that trials
to criterion was too Zross a mecasure to dotecet difforences
ten learnicz was so ranid, Thus, trials to the last error
was ueced. llean trials to the last error was siznificant
(t=3,435; Af=10; p <.005) with the experirnental group
averasing 19,5 and the control group averasins 8,7. It must
be pointed out that the Spearnan At order correlation be-
tireen acquisition and revercsl gccores on trials to the last
error uas -,00 Tor the cxperisental jroun aond -,1 for
co~trol gproun, This mzalles 1t hizhly unlil=2ly that the ob-

tained differaice ins dve to dAiff~reantial learnin~ rate or
2ArT1Ing 1 > 0

~ L oo . r . s B _ N LN
pocition praofcere.nce of two Crouns, Thus the ovartrairaed
oroup nade on the avaraze mora arrors over .or2 trials than
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EXPERTLZIT V

To clarify the results obtained in IZxperiaent IV, Ixp-
eriment V was performoed. Eere reward size and level of
acquisition were maaiypulated to deterrine thelr effect upon

the rcversal of a place resporse,

1ETHCD

Subjects

24 male albino rats obtained from Spartan

%
[4)]
5
3
@
D

The

Rescarcn Animals, All were 200 days old at the beginning
of the experiment and were used previously in a shock study

at 20-100 days old.

Apparatus

The apparatus was the T-maze used in EZxperimcent IV,

Prelininary traininx

The handling and habituation procedure was the szze as
Experiment I.

Discrinination training

Zefore training the S's were assigped randomly into

L groups in a 2x2 Factorial design. The four were as follows:

L7



Cverlezrniig-suall revard, Overlearniag-large reward, Ioedl-
3 o~ - P . NTATO Y er \ "y 3 - < - .7 0
ate reversal-coall reuzrd, and Liumediate reversal-large revard,

A1l rats were tralned omn a place discrimination as in Zxperi-
ment IV with all extra and intra raze and kinesthetlc cues
relevant, The aninals in each group were haphazardly assigue
to the resmnonse designation cf right or left arm corrcct with
the provision that half of each grcup vas ascigned to each
side,

The overlearning groups were ru to a criterion of at
least 807 correct during a daily block of 12 trials, They
vere then given 100 (i.e. 24 trials) overtrainirg. DReversd

groups were trained to an acgquisition criteriocn of at least

[ =1

. Here acqui-

9]

5 correct out of a sliding blcck of 6 trial
sition was continued until the S's recached criterion, The
rext dzy they were reversed, This manipulation was used tc
carrlc the cffect of very low levels of acquisiticn and
overtraining upcn reversal, The small reward group rcce-
ived 2-U5ng,. cyes pellets Llhroughout all stzges of the
experinert, The large reward was 2-190wg, pellets through-
cut, The totacl iatalke for each anirzl was balanced by
manipulating the gquantity of horne cage food, so all animals

reccived an equal accw:t of food,.
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lcast 807 correct in a block of 15 trials per dzy. The

S's received the case quantity of reinforcenent as they did



LESULTS

In this study the main measure of performance used

was trials to the last error, excluding criterion trials,

The subjects learned the original task and the reversal of

the task so fast as to render trials to criterion a gress,
nondifferentiating measure (see Table 15a)., Acquisition
data fer the immediate reversal and overtraining groups
were not compared due to the difference in acquisition
criterion for the two groups. Table 15 a & b presents
reversal data fcor all four groups.

TAELE 1%a.--Trials to Criterion during reversal for all
four groups.

GROUTS TRIALS TO CRITERION
Standard
N Mean Deviation
LARCGE REWARD
Experimental 5 18 6
Control 6 17.5 5.590

Experimental 23.0 6

n

Control 6 30.0 0

ct

1 07 D‘,\' 1S

1.260ns



TAZIE 150.=-=-Trials to th» Last Zrror Aurli; reversal for
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It can bhe saan fron the conparison of group means in
Takle 150 that a significant positive OIE was obtained with
larze rewvard whereas a significant nesative 0FE was obtained

P

the significance of

r

using a sunll rewzrd, In order to tes
the interaction between reward size and armount of trainin

a 232

»
C

\ovar was performed, Since this analycis assumes

equal cell sizes ono S was randonly deleted from each of the
larze and s#oll rauard in-ediate reversal groups, Table 16

1o

sis of Varian

Ce,



,,,,,, 4 —- V.o PSR
I 10, -lu oy ki N of ace wilth
the Last Trror as a oealure,

Source of Sun of ol llearn

Variation Squares Square 1 P
Amouae of )
— . . \ o Y -
Troisleg . GO 1 o0 . 002 ns
asnitude of
novard 1h11,200 1 11,2 115,38 e, OC1
I-teraction ooh,200 1 oe2.2 2,223 r<.”01
orrer 107,600 15 12,225

From the Table (14) it is apparent that magaitude of

oviord and the revwiard by traiving interaction was sigrificarnt,
J o

-

Figure 2 graphlically rresents the interaction effect with

size of reward as the paramnetcr. Large reward yields an

i

.

CLZ vwrcrezas small reward results in the expected uncgative CLE
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Figure 4 .-=Graphic presentation of the interaction of
incentive size and amount of training
with trials to the last error as the
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An explapnation cof the results ¢f experinments IV &V
stens frornl ine aansurption that the effect of overtraining
vias tuofcld:

a) whether snall or large revwardc ua

w
o
©
1=
o]
02
<
0
®
L
-
+
b
)
(@]

apgroacn recpornse to the rositive stiruli was being ctren-
thened by increased nurber of trials, this alciie would
yicld the expected negative OILE.

b) since the acquisition criterion for all studies w

)
)]

low the total munter of trizals in original lecarning did not
axcecd 22 trials uith one £ obtaining tkis end the rest

cf the Z's learning in 12 to 18 trials, 3Iince the ron-
correction procedure was used, even fewer trials ucre
reinforced, Thus, overtrai:ing would erhance the frustra-
tion cffect ©y stirenthening the cxpactation of the reward
(Amgel, 19482), In theory, this moans a more ccnsistent
elicitaticn of a nore vigorous withdraual recronse to the

nevi negative cue during reversal, Several studies indicate

“O

ar

requires at least 25 to L0 reirforconcnts to reach aysuplote

A / \ 1 fal v “ -, 3
(Anecd, 1287), Thus when learaing is es fast as in thesa
udiecs, th riterion can ve reachicd tefore thie cxjpecta-
tion hag been maximized, llanzy cucs are also contiguous



oh

withh the fructration evenl that occurs on incorrect revorsal
trials, Thus thc withdrawal recronce is directly condi-
tiorned to them and can readily yield aix C2ZE following over-
training,

Since the vigor of the frustratiocon effect is directly
related to the size of recuword (Ausel, 1962; 1967; Bower, 1962)
then in the small reward groups the aysmplote of the frus-

tn

Jeee

tration effect is lower thran with large reward, Thus, w
small reward the facllatory ceffects of ovarlearning due to
increascd frustration did not exceed the retarding effect

of streagthening the original response, The opposite is
truc for large reward, In this case, the frustration effect
was maximized by both size of reward and number of trials,

so that it becames the potent effect of overtraining.
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resents a sunmary of the reculitc cobtaincd
for all five ciperiments, ZIZuperiments I, II, and III in-
vectigated the effect of overtrainiag cn the cubsequent
reversal of a kinesthetic dizcrimination in which most
cues weare irrelevent. In Experinert I a long stem and
criall rcward was erployed. An Analysis of Covarianrce in-

icated that overtraining significarntly retarded reversal,
It was hypothesized that the length of the sten may be the
relevant variable,

In Experiment II the length of the stem weas shortened
and large reverd was used, The effect of overtraining was
not significant when the results were submitted to an
Analysis of Covariance. Thus no ORI was found. In order
to isolate the respective contributions of reward cize and
length of stem, Experiment III was performed.

In Experiment III the stem of the T-maze was the same
25 in Experiment I and large reward was used. A signifi
cant negative CHZ was obtained when a 2x2 Analysis of

variance was rerfermed, with one variable as the speed
of original learning and the other variable as the axount
of training., It was noted that the greatest retardation
due to overtraining was for slow learners,

Thus, it was concluded that the length of the stem
was the controlling variable since a negative OLRE was ob-
tained either with a small or large reward when the sten

was long. It was hypothesized that a negative CLE reculted

cCr
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Aictaunt fron th2 sitz of reinforcenzn t. This occurrecd
because ovartraining gseorvel to elonjate the T2 chain,

&
Thus, whet thz aninal reversed, the initiating stizulus

of noc-roinforconzat, i.0., the site of recinforcement dur-

acqguisition, This serara2tion of e and cus for 1o

P, <

vould oloy Ao the condltioning of e to this cue ard hus
i~ the acquicition cf reveresnl., Due to the lack of cven

Eraivics, the 5270 chaia for the control sroup kad not baci-

chaluned far from the site of reinforcencnt, Thus, cduring
reveroal, the 1aitiating stizulus for Do could be readily

o I'c resulting in faster reversal lcarrni:i,

t
Tresunably, shorvening the stex physically limited

l-nsth of any S~ chalan thus overtraining had 1little if

cucs wvere relevant and redundact, I Tnpeeivont IV A

= -
chortenrd eten was used and all S's were Jiver emall revard,
It was fourd that overtrainisg ciifichactly vebarded ro-

voraal, I Dapsrinest V botn size of reward ard a..owt of
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Tfructration elicited Ilc would e eihaincel by extra

s e Sty [ AT A [Py EEE R A v Y e S e
cents (arzecco, 1051 Uolern, 10C09) duriag overciraining,

Trhus the experisental greoup would reverse fzsiler Lhaa the
contrcol, fcr sciall revard this Jdees not occur, Thus only
tlie strength of the origial pocitiv: resronse is ircreased
during overtralaing, resulting in a regative C2ZI,

carloyed

3 1 -~ - 3 Pad 3 \ - m e Y
in the analycisc of thece recultse Ezch o ~le ithen er-

Thercefore

PSS SIPERS

0 specify the princirle

t
and state when ard where and vhy they are . nost potent, As
wvas polnted out in the introductiocn, this is the basic
oricrtaticn of the elicitation positicn.
Zlicitation Theory postulates that cvertraining had
the following effects:
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streagsth of tle conditiouir~ of
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] s - 3 N S mi.
rositive stiiunli, Thic iz eccon

TTEY Ty .
""’"d 2 e

e, s ~y Pal L . N -
1, The conditioning of the aryrooch rosronce to
the original pecitive cuns 13 increzcoel,
T11A - -~ - - 2 .. 3
2. The arrrozch recponse Lackchalins as far as

4 4L

rocsible by strengthening 2istal (from reinforcement) CL-CS

rairings, ellowirg tle most dictal CS to serve es furctional
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initating sbizuli for Do forr frouw Lz site of Trustretion
. . . ce e e

during roversal, retarding the conditicuing of the witin-
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fuporinents I, II, and III the first explaanation is
epplicable vhereas the secosd is not., I these ciporimeonts,
the o0aly way a subject cculd rossibly leara the response was
ti:rousn backchaining., JSince the stiwull vere purely kines-
thebtic, they could occur oaly at the choice point and before it
(thoce kinesthevic. stiaull resultiag from making a centri-
fu,al swiing)e. This leads to a condition where the discrini-

rative ctinull arc not contiguous with the site of fruc-

n

d.
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tratica during reversal, Cvertraining serve 0 heighten

this cffect by stresgthening and eloazating thic chairn, The
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awbor of learaing trials and since the aysmptote of the
frustration effect is reached in about 35-40 trials (Ansel,
1962) overtraining would rot have this effect, At least,
thiz is true for Expcriments I and II., lHowever, in LExperi-

wert III at least 6 subjects (3 in cach group) presunably

reacned criterion sufficiently fast to cblain sone benrefit



L
(93
~

o 4 «© « 4] i [ (e}
W] v . < o & . ) o8
Ao b a8 =} -] 42 ) o 9} [ ¢ ! [ o 9]
T 40 . o & (o] I &} & =% . — Gl e ow ¢ i C &) [V 0
[N [ <y (@] o - | o ~ « O C 43 = 3 £ [ ol H e}
[\ pan [ c) wt +2 H O & o~ Sy o o9 2 [ S~ Gy o
. Gt - o [ C @ o o . C o [} s K 4 o 45 [ 40 D
4o . Q o o = e + L ) o o it D | o) jort I O
3] C <, o + o c o | o S o <, ! 02 N 3 ~a &1 A o
o Ko « 40 Y 40 & 0 Gy [ o G o o . C C 4+ —! G AR e
Gy “+> C [ : oyl o ot gy -~ - l 2 N L i jon (3 2 a Q
Gy —i o < ) s} o [ ¢l o e & 40 — o 43 2 1 ~
] <. ¢’ o] [ o fo @ . Ty e +3 N, Ci 3 o —i = O c o iy
C e 1 G I (&) (&) K —i o ! . (e} o [a¥]
G- C [ @ o <! ol (& o e o @ (@) - v 3 o
T T o © O RO = A S G PR, S AP T ST
S w @ — o = 10} W o~ o [ < o o = ! Gy C o +
o & 4+ . - o ] Ko S . o ql — s o} o e ) td
(] [ i wal o 43 (o] £) e ¢ o 1 —i @] 2 (@) O ! o o o]
L < [ i o O 4 - > £ oA [0 e o 5] v [ [ L P
@ 40 4+ 2 o @] ] 8] R o— C = c o A0 42 €y C
- ) < o [ o = 4 C 9] r 6] C &} C
o <y 3 G (s 42 -+ o vt S o o] . Ci i el 7 O o
4 C o O — O ] L4 c v Ga o [ Ko <, o A % = 4
ST 5o wot O o0 d bl doaE D
) o 9] TS & e — o c D & w4 aQ
G C. 42 [ - i [\ © & S < O e < 42 -~ o] o
b c. el ie) %o o 4+ el ool - ot Q ) s e < ) | o C . &
< L o ) ) & 43 e & & i [ : o - - o~ (@) o
T > > 2 7 & 2 (@) L I I o O ot o '

(&)
tyin
o
T LAty
el
e
Al
(\
2
-
-
Jinoe

~all re
i
2
O
“(:
2
o}
2
RERSESAY:
1
3
r
one
1

1.

; s ~ :
» o . C S C -0 o > o ot oY ] ~ «
r Lra8 o . i - < &4 ) < @ ey e — 0} (@] = @ i
o L @ o R ] s ! by - o R (@] Sy PR n (] [
‘ T " (&5 (%9} vy —! (@) (&} a C o +2 [ — o o
P T C ol jaa @ + +2 Y] ~ ) o (@ = 3 Q] S [¢5]
¥ O [ S ) 2 Cq el ol o) oS N C o < o o
o & [ 4 - [ @ = G oy & s} 4 1 (w8} o RS |85
o $a ol @] . [} G S —! — € Cmt >

3 e 0 o ) 9 +> (@ 3 o=t O C © = o

- Oy i ° 3 e @ G o (@] o 42 o =3 o1 .
] s O e G w 42 [ O & —
a S o U C. . 4 ol 4 A0 W] . o O
o ! C -1 e o -~ oy <y o (o = 40 o < N\D
o u I [SFEE — (& 4 Q o . o [enN
o] 42 (@ 4 O [4a) [ G [} 1> ) 4 o -
R S . w3 o2 — T3 G e L SE S A B
b [ o &} (& $s o + ol i - C - < . &) (!
+0 o d o c (o o —i G G o S [ @] R
< ; - o ja < et ) 0 Oy §-1 w
¢ o U i 4 Do & — [ et |65 w [ P <l C @ [< el (e}
o <« [ <. & [T [ vt & C: C o (& T =1 fy — ~ 4
@] o i O Ly 4o - T . i e 49 &t [ (@] c O o

o o i ! v bt o —i S b & T4 < o 2y O 1) o .

- v b —i [e [ 9 —i o < s [ O o . . —i o =2 s
O [} [ ' ¢ <y o (& (& c Q C v o 4 4 k] L2 Kb b]
B C e S - o & o ] <. < = « — C C: i ct Co o] X
(S « — o L jase =1 3 (& & (o 42 b} o S 1) L h [ o £y E [




VR

w1l

1
(SRS

A

?
>)
t
'
)
i
4

——




Ty T T = oy

4 a e i e da s N b

e}
- -



-l-!.'\-’ T T B
B Rt | e 0. @ .
[ . n N
ARG DA LS SIS
lu L [ S e
o 1ev 1 of ro
Jeetcral Jicoortod
[]
SLocel, My Trys
ond Jiccori
E - g S
o voedreTl
Y s A B S
Lanely A, Tortial rclinforce
~ 3 ~ 1~ - A - v 3
cislonice: nlvaﬂces in
e SRR
J :
1
I.J
V2

ci.t effects
frustwution

iéO?
y der
IJ

1 i:rx'r-

rnﬁe

Yy D

role of overlya*h*“o

- [, T ~
lecrninge, Jourmal

)
Mo
wlo

e ina ey cro
Tgyceholarr, 1520, 01, OC7=013.

Capaldi, Z.J. Cverlcarning revereal cffcet in a spatial
dicceriniration task, Iorceptinl and HMotor SL-llu, 1963,
16, 235-330
- ’ P []

Capaldi, E,J. & Stevencon, H.W, Decponse reversal fcllowing
different aumouats ¢f Lraining., Jcurnal cof Couyoerstive
ol Thytioleogical Fsveholory,

Claytomn, X.... Cverlcarning and reversal of a srati iceris=
1“utlp“ by ratse. Ierceptusl ond ficter Skills, 1563,
-.(’ \..‘ "VEJQ

Clayton, H.4. Heversal perforiance by rats
learning with and witnout irrclevant stin
Wal e s P B R | ~ .r R e
cf Ziperiicntal Toycholepr, 1903, 66, 22







Ao . (R i .

Nele & Crrarl: iticn royer

Halie & L o
TAsiyan] an ?"'ﬂ f"*.v,n"\f\'! e 105D i

° - s AR Lo e L LMy ’

NerAav] AN e
T

- .~
Journal

{"*)‘.’tw-\n,y,f-, T;jnn:,q

207y an Al erireri
‘ anuil ot
Tl WAl

PO UL

wd degres of lasrnii,
e
S, - Vs [oYSe} 7 QO
T 1 r\" :“"r\(\\‘» Lo, 1)’—4, '{,‘/, 'J"—(:'., .

S

el ek lication of overls
a T-;u; o courc~ of Exoo-

40 T N B A
PR ] Y e -] e

RS ~ffect of oveplonriing : -
Fo v e IR T, IR N N
ALV - CLu g Y AN S I ) S ey )

LLO1l=T O

Ay nt':']

PO

IT0i, Jelley = ’ el Eniatels
31 and »l couroal
Toyeldloss, 10l L2 200-202,
Lovegjoy, Zo analynis of tha overlearain, reversal effect,
Togohol, Tov., 1655, 72, 87-103,







66

Mackintosh, l.J. The effects of overtraining on a reversal
and a non-reversal shift. Journal of Comparative and
Fhysiolozical Psychology. 19062, 55, 555-559.

llackintosh, N.J. The effect of irrelevant cues on reversal
and learning in the rat. British Journal of Psycholozy

1963, 54, 127-134.

Mackintosh, N.J. Extinction of a discrimination habit as a
function of overtraining. Journal of Comparative and
Fhysiological Psychology. 1963, 56, ©h2-8647. (c)

Mackintosh, N.J. The effect of attemtion of the topic of
generalization gradients. EBritish Journal of Psycholoy,
1965’ 56, 8?'930 (a).

Mackintosh, N.J. Overlearning, transfer to proprioceptive
control, and position reversal. Quarterly Journal of
Experimental Psychology, 1965, 17, 7-16. (c)

Mackintosh, N.J. Selective attention in animal discrimina-
tion learning. Psychol., Bull., 1965, 64, 124-150. (a)

Mackintosh, N.J. Overlearning, transfer to proprioceptive
control and position reversal., Quarterly J. Exp. Psych.,

1965, 17, 26-36. (b)

lfackintosh, N.J. Further analysis of the overtraining rever-
sal effect. J. Comp. Physiol. Psychol., Monograph, 1969,67

Marzocco, F.M. Frustraion effect as a function of drive
level, habit strength and distribution trials during
extinction. Unpublished doctoral dissertation, State
University of Iowa, 1951,

North, A.J. & Clayton, K.N. Irrelevant stimuli and degree of
learning and reversal., Psychological Reports, 1959, 5,
405-408,

Paul, C. & Kesner, R. Effects of overlearning trials upon
habit reversal under conditions of aversive stimulation,
Psychological Record, 1963, 13, 361-363.

Paul, C. Effects of overlearning upon single habit reversal
in rats. Psychol. Bull, 1965, 63, 65-72.

Pubols, B.H. Jr. The facilitation of visual and spatial
discrimination reversal by overlearning. Journal of
Comparative and Physiological Psychology, 1956, &g, 243-248

Reid, L.S. The development of non-continuity behavior
through continuity learning. Journal of Experimental
Psychology, 1953 46, 107-112,







67

Sperling, S.E. Reversal learning and resistance to extinct-
ion: a review of the rat literature. Fsychol, Bull,,

1965, 63, 201-297. (a)

Sperling, S.E. Reversal learning and resistance to extinct-
ion: a supplenentary report, Psychol, Bull., 1965, 64,
310-312, (Db)

Theios, J. & Blosser, D. The overlearning reversal effect ad
magnitude of reward. Journal of Comparative and
Physiological Psychology, 1965, 5, 252-257.




APPENDICES

68



69

TOTAL CORRECT FOR EACH DAY OF TESTING

FOR EXPERIMENTAL GROUP OF EXPERIMENT I

Acquisition¥* Stage

Days
S's 1 2 3 L 5 6 7 8 Total
1 7 L 8 6 9 8 10 52
2 5 9 9 12 35
3 6 7 7 6 7 11 Lh
L 38 7 6 7 10 38
5 7 9 5 11 32
Overtraining Stage
1 14/15 15/15 13/15 13/15 11/12 11/12 12/12 89/96
2 12/12 12/12 12/15 8/15 15/15 14/15 11/12 84/96
3 14/15 15/15 15/15 13/15 10/12 11/12 12/12 90/96
by 10/12 10/15 15/15 15/15 15/15 12/12 12/12 89/96
5 10/12 12/12 12/12 11/12 9/12 11/12 12/12 11/1288/96
Reversal Stage*¥%
1 2 b 3 7 7 13 37
2 3 6 8 9 14 Lo
3 1 3 1 5 10 14 34
L 2 3 8 10 14 37
5 L 6 5 10 11 15 51

* 12 trials per day

.
3k

15 trials per day
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TOTAL CORRECT FOR EACH DAY OF TESTIIG
FOR CONTROL GHOUP OF EXPERIMEHT I

Acquisition Stage*

Days

Sts 1 2 3 L 5 6 7 8 Total
1 ° 7 7 9 9 10 50
2 6 8 8 7 9 0 : i o
3 6 8 8 3 9 i -
L 6 8 11 5 6 11 v
5 5 7 8 5 9 11 y
Reversal Stage®*

! b 11 14 s
2 8 11 15 N
3 6 7 10 11 15 v
4 5 12 15 ;
2 / 6 9 12 N

* 12 trials per day
*% 15 trials per day
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TOTAL CORRECT FOR EACH DAY OF TESTIIG

FOR EXPERIMENTAL GROUP OFF EXPERIMENT II

Days
L

Sts 1 2 3 5 6 7 Total
Acquisition Stage*

1 9 11 20

2 6 6 9 12 33

3 9 L 7 8 12 40

b 6 8 8 8 11 L9

5 5 12 9 8 11 45

6 8 6 7 12 11/15 12 56
Overtraining Stage*

1 13/15 15/15 15/15  3/3 L6/L8
2 15/15 15/15 15/15 15/1515/15 12/12 12/12 99/99
3 14/15 15/15 15/15 14/1512/12 12/12 11/12 93/96
b 15/15 15/15 15/15 14/15 11/12 11/12 12/12 93/96
5 15/15 15/15 14/15 15/1512/12 12/12 12/12 95/96
6 15/15 15/15 14/15 15/15 12/12 12/12 12/12 95/96
Reversal®*

1 3 6 13 31

2 L 8 14 22

3 3 b 7 12 26
L 1 L 9 15 29

5 0 L 10 14 28

6 0 3 7 8 14 32

*# 12 trials per day

¥% 15 trials per day
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TOTAL CCRRECT FOR EACH DAY OF TESTING

FOR CONTROL GROUP OF EXPERIMENT II
Days

Sts 1 2 3 L 5 7 Total
Acquisition Stage *

1 7 7 7 9 10 Lo
2 7 5 12 24
3 6 5 4 11 26
L 7 7 11 25
5 6 8 11 25
6 5 5 6 8 7 12 62
Eeversal Stage¥*

1 11 9 13 33
2 b 7 7 13 38
3 5 13 18
L b 13 17
5 5 10 14 29
6 3 8 11 13 35

* 12 trials per day

*¥% 15 trials per day
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TOTAL CORRECT FOR EACH DAY OF TESTING
FOR EXPERIMENTAL GROUP OF EXPERIMENT III

Days
S's 1 2 3 L 5 6 7 8 9 Total
Acquisition Stage#*
1 10 10 20
2 5 5 8 11 29
3 8 12 20
b 7 5 7 7 9 9 11 55
5 6 10 16
6 9 12 21
Overtraining Stage#
1 11 12 10 12 Ls
2 10 12 11 12 12 12 12 12 93
3 12 11 12 12 11 12 12 12 o4
b 11 11 12 11 12 12 11 12 92
5 10 12 12 11 L5
6 12 11 12 12 L7
Reversal Stage#
1 3 10 13
2 1 2 4 L L 6 7 7 10 L6
3 0 1 2 7 8 9 10 37
b 1 L 5 6 8 9 8 11 52
5 3 6 7 11 27
6 3 6 8 11 28

¥12 trials per day
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TOTAL CORRECT FOR EACH DAY OF TESTING
FOR CONTROL GROUP OF EXPERIMENT III

Days
S's 1 2 3 L 5 6 7 8 9 Total
Acquisition Stage*
1 11 12 23
2 7 8 12 R7
3 7 11 18
b 7 6 6 6 7 7 10 Lg
5 9 12 21
6 8 9 8 12 37
Reversal#*
1 L 7 12 23
2 1 3 6 10 20
3 3 7 10 20
b 3 5 79 12 36
5 2 12 14
6 3 1 2 Loy 3 5 8 11 41

#¥12 trials per day
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TOTAL CORRECT FOR EACH DAY OF TESTING
FOR EXPERIMENTAL GROUP OF EXPERIMENT IV

Trials

S's 1-6 7-12 13-18 19-24 25 Total
Acquisition Stage*
1 3 6 6 6 21
2 b 5 5 5 19
3 3 b 5 6 18
L 3 L L 5 L/h 20
5 N L 6 5 19
6 2 L 5 5 16
Overtraining Stage¥*

bays
Sts 1 2 3 L
1 14/15 11/12 11/12 11/12 47/51
2 14/15 12/12 11/12 12/12 Lo/51
3 14/15 11/12 11/12 12/12 L8/51
L 14/15  11/12 11/12 12/12 L8/51
5 13/15 10/12 11/12 12/12 Lé/51
6 15/15 11/12 12/12 11/12 L9/51
Reversals##
Sts 1-5 6-10 Tr%?£f5 16-20 21-25 26=30
1 0 L L L 5 L 21
2 1 2 L 5 L 5 21
3 1 L L L L b 21
L 0 3 3 5 3 5 19
5 1 3 L L 5 5 22
6 0 1 3 L 5 5 18

¥12 trials per day
#¥n/m, i.e., n correct Rs in m trials
*#¥%15 trials per day
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TOTAL CORRBRECT FOR EACH DAY OF TESTING
FOR CONTROL GROUP OF EXPERIMENT IV

Trials
S's 1-6 7-12 13-18 19-24 25=30 31-36 Total

Acquisition Stage*
1 5 6 23
20
22
19
L/ 22

N O O O IO

mn
6
5
N
"

oo v F oW N

5
3
5
n
n

w W (02NN 4 £ o

Reversal Stage*#
Trials

1-5 6-10 11-15 16-20 21-25 26-30

5 3 5 5 5 5 23
24
25
27
21

[y

1

(o) NG U — B VORI
o N W

N O Wwm & & W,
MW W W\ W\
w & U wn T
r o wn
Mt »t W\t Wt W\

21

¥ 12 trials per day
*¥% 15 trials per day
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TOTAL COERECT FOR EACH DAY OF TESTING
FCR SMALL REWARD EXPERIMENTAL GROUP OF EXPERIMELT V

Trials
Sts 1-4 5.8 9212 13-16 17-20 21-24 25228 29-32 33~ Total

Acquisition Stage¥®

1 3 L 3 3 2 3 L 3 1/1 27
2 2 2 3 L 2 L 17
3 3 2 3 3 3 b 18
L 2 2 3 3 3 3 b 20
5 L 2 3 3 3 L 19
Overtraining Stage *
1 L 3 3 3 L L 21
2 3 3 3 3 b 3 19
3 L 3 3 3 3 L 20
L L 3 b L 4 3 22
5 3 3 L 3 b 4 21
Reversal Stage¥*#*

Trials ‘
S's 1-5 6-10 11-15 16-20 21-25 26=30 31-35 36=40 41-45
1 3 3 5 L b L 23
2 2 3 3 3 L 5 21
3 1 L L 5 3 L 21
Ly 2 2 3 L b L 19
5 2 3 L L L 3 L 5 5 34

*¥ 12 trials per day
#% 15 trials per day

L
’
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TOTAL CORRECT FOR EACH DAY OF TESTING
FOR LARGE REWARD EXPERIMENTAL GROUP OF EXPERIMENT V

Trials
Sts 1-4 5-8 9212 13-16 17-20 2124 Total
Acquisition Stage#*
1 3 b L 3 by 3 22
2 2 3 L B 4 3 20
3 L 4 3 3 4 3 20
L 3 L b L L L 23
5 3 2 3 L L 3 19
Overtraining Stage ¥
1 b 3 L L L L 23
2 3 3 3 4 3 4 20
3 b b b L L L 24
L 3 L L L b L 23
5 L L 3 L L 3 22
Reversal Stage¥#%*

Trials
S's 1-5 6-10 11-15 16-20 21-25 26-30
1 3 5 5 13
2 3 5 5 13
3 1 5 5 5 5 b 25
b 3 5 5 13
5 3 5 L 12

¥12 trials per day
*¥% 15 trials per day
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TOTAL CORRECT FOR EACH DAY OF TESTING
FOR SMALL EEWARD CONTROL GROUP OF EXPERIMENT V

Trials Trials ,, Total
S's 1-4 528 9212 13-16 17-20 21 Total to Crit. Trials

Acquisition Stage¥*

1 2 3 L 9 4L 12
2 3 2 L 9 5 12
3 2 2 3 3 1 10 11 17
b 2 2 2 2 3 11 13 19
5 2 3 2 3 1 11 11 17
6 2 3 2 3 2 L 16 19 25
Reversal Stage¥#*¥
Trials

S!'s 1-5 6-10 11-15 16=20 21=25 26-30

1 3 3 L L L 5 23
2 2 L L L L L 22
3 2 3 3 b L 5 21
b 2 L i L 5 5 24
5 2 3 3 5 b 5 22
6 1 L 3 5 5 L 21

* all S's run in one day until criterion reached
*% not including criterion trials

¥#% 15 trials per day
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TOTAL CORRECT FOR EACH DAY OF TESTING
FOR THE LARGE REWARD CONTROL GROUP OF EXPERIMENT V

Trials Trials ,, Total
S's 1-4 5.8 9-12 13-16 Total to Crit, Trials

Acquisition Stage*

! 2 3 2 4 11 9 16
2 2 3k 9 L 12
? 2 30k 9 3 12
b 3 403 10 0 12
5 2 3 3 2 10 v 14
6 2 3 3 2 10 ” "
Reversal Stageti#

S's 1-5 6-10 11-15 fgigés 21-25 26-30 31-35

1 3 L L 5 L 5 29
2 3 N 5 12
’ ° 2 5 12
* ? 2 3 12
° ] 2 b 12
6 5 5 4 "

* all S's run in one day until criterion reached
¥* not including criterion trials

*¥% 15 trials per day
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