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ABSTRACT

OVERLEARNING BEVEBSAL IN RATS

IN SPATIAL DISCRIMINATIONS

By Daniel Francis Tortora

The overlearning reversal effect is defined as the ‘

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 negativé 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. Both 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 Criterion on the original

acquisition. During reversal, the cue values are reversed,

i.e9 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 the 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 ORE 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 § 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.



5

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 9reward" 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



response that is being learned wins out over other possible

responses. The function of incentives or reinforcers is

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,i.e.,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



7

will never be replaced. Secondary elicitation is the mech—

anism used to handle 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 (RC). 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). In 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.f In this procedure the relevant stimuli fill the

whole alley and the goal area. Thus during reversal learn-

ing the competing response (Re) can be directly conditioned

to the cue that was originally positive (rewarded during

initial acquisition). The RO then generalizes to the same

cue at the choice point, and reversal learning is accom-

plished. In 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 Re 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 acquisitin

criterion is attained the discrimination may not have been

perfected. Overtraining serves to perfect the discrimination,

narrowing the positive stimulus generalization gradient.

Thus Be in the overtrained group does not generalize to the

new positive cue as much as in the control group. Reversal

learning for the overtrained subjects is thereby facilitated

resulting in an ORE.

In condition A, a black-white discrimintion 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 Re 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 Re to the new negative cue. Thus

ORE occurs.

II. 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 f

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 postulatesiflmfliovertraining serves the function

of "switching tn! thnerblevant 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. In 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 1e3nned: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 § 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.

15



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

1.90m. 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.
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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 were 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
 

Preliminapy 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 allowed free access to the entire

T-maze for five minutes per day. Both arms of the maze

were baited 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-trialiinterval 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 S's score was higher than the

cumulative 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.r 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.

Noyes 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.--Mean 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 7.38

Control 5 51.0 15.29

t=3.54; d.f.=8; p.<.OO5

hn

Opiginal 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-

canILdifference between the groups (2:1.73; §.£.=8; p<.1)-

20
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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 groups were

TABLE 4.--Number of SS in each group exhibiting a specific

position preference.

 

 

 

Strength of Direction of Preference

Preference Group Group Total

Positive Negative

Exp. Control Exp. Control

Strong 0 1 2 O 3

Weak 1 1 2 4 8

Total 1 2 4 4 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 ' ' i ' 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

preferences 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 mean trials to the reversal criterion for

the overtrained group was 81 and for the control group it

was 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 performed. Table 5 presents

the summary of the analysis using trials to criterion for .

acquisition and reversal.

TABLE 5.--Summary of the analysis of covariance with trials

to criterion as the measure.

 

 

 

Source of Sum of Degrees Mean

Variance Squares of Freedom Squares F V p

Amt. of training 2008.419 1 2008.419 10.260 p<.025

Error 1370.220 7 195.743

Total 3378.439 8

 

From Table 5 it can be seen 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 ORE 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 the 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 frustrations,

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

INTRODUCTION
 

In EXperiment 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.



METHOD

Subjects

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.

gpparatus
 

The apparatus was the T-maze described in Experiment 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
 

Preliminaryrtraining
 

This was identical to that used in Experiment I.

Discrimination training
 

The training procedure was identical to that used in

EXperiment I.

Reversal training
 

The reversal training was continued until all rats

attained a criterion of at least 80% correct in a block of

15 trials given in one day.

27



Table 6 presents the mean trials to reach learning

criterion for original learning and reversal.

TABLE 6.--Hean trials to Criterion for acquisition and

reversal of experimental and control groups.

 

 

STAGE OF EX??? IEET

 

STANDARD

Group N NEAR DEVIATIOL?

ORIGINAL ACQUISITION

Experimental (overtrained) 6 58.5 19.576

Control (no overtraining) 6 50.0 17.5

t=.723; d.f.=10; n.s.

RE‘ERSAL ACQUISITIOI

Experimental 6 60.0 8.660

Control 6 45.0 12.247

 

Original-learning
 

A t-test performed on the mean trials to criterion of

original learning yielded a of .733 (dleo) which was not

siomificant Although not sibmificant, the Spearman rank

order correlation between original acquisition and reversal

scores was .73 for the experimental group and .33 for the

control group, necessitating a need for an Analysis of Co-

variance.
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Position preference was assessed as in Experiment I

by the score on the first two trials of original learning.

Table 7 presents the number of S exhibiting each type of

preference.

TABLE 7.--Ku:ber of S's in each group <Xhibiting a specific

position preference.

 

 

 

Strength of Direction of Preference

Preference Total

Group Group

Positive hegative

Exp. Control Exp. Control

Strong 2 2 0 0 4

Weak 1 0 3 4 8

Total 3 2 3 4

 

It is evident that the groups are clearly equated as to

position 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) (dleO). 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 Covariance

 

 

Source of Sum of Degrees of Mean

Variance Squares Freedom Squares F p

 

Amount of

Training 459.433 1 459.433 3.957 n.s.

Error 1044.847 9 116.094

Total‘“ . 1504.280 10

 



The fact that no ORE was found in Experiment II

suggests that either a relatively long stem 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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EXFEiZI31 3.1T III

*fivgl

 

This .xper1:ne:1t differed in one way from I‘xnerlnent I(

and in one way from Ixnerine1t II. Experiment III differed

fron Experiment I in that a larse reward was used. This

should serve mainly to increase the elicitation value of

non—reinforcement (i.e. frus tration-withdraral response);

this in turn should facilitate the acquisition of the original

response, especially for Ss trained against preference

(Denny and Dunham, 1951). More importantly the increased

size of reward should facilitate the acquisition of the

reversal response, attenuating a negative ORE. Thus a

lesser tenden y toward a negative 03E should be found in

Exmprinent III than in Experinent I.

Experiment III differed fron Experiment II in that

a long start box plus sten were used. This should increase

the effect of backchaining by increasing the potential leng-gth

of the chain. Thus a greater tendency toward a negative

0E1 should be found in Experiment III than in Experiment II.
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METHOD

Sub‘ect. 3

Twelve male albino rats from Spartan Research Animals,

approximately 200 days old were the subjects. No subjects

had received prior shock exposure.

Apparatus
 

The apparatus was the T-maze used in Experiment I. It

had a 34.4cm. start box and a 18.8cm. runway.

Procedure
 

Preliminary trairing
 

The handling and feeding procedures were identical to

those used in all previous experiments.

Discrimination training
L.)
 

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. Reyes 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 control groups on

trials to criterion. The eXperimental group received

200 percent overtraining 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.



Original acquisition
 

Table 9 pre.ents the mean trials to criterion for the

original learning. The experimental group acquired the

original response in a mean of 40 trials.

TAELE 9.--The mean trials to a criterion of 80 percent correct

in any one day of original learnirg for

experimental and control groups.

 

 

 

GROUP N MEAN STAEDAED

DEVIATICT

EXPEEIHEUTAL 6 40 23.66

CONTROL 6 38 23.41

t=0.6518; 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 be pointed out that the variance for both groups was

higher then that obtained for EXperiments 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 range

was never obtained before.

Table 10 presents the number of subjects per group

demonstrating a positive or negative preference. It can be

seen that the experimental and control group were approxi-

mately equated in the direction of preferences with the

majority of subjects demonstratin" weak preference.6.)
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TABLE 10.--Eumber of subjects demonstrating preference.

 

 

 

Degree of Direction of Preference

Preference Group; Group

F sitive Iegative

Exp. Control EXp. Control Total

Strong 2 i 1 O 4

Weak 1 3 2 2 8

Total 3 4 3 2 12

 

The three g'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 experimental

effect. Thus preference could not account for the difference

between the groups found in reversal.

T3 -°.N

neversal learning
 

Due to the large variance foun with the trials to

criterion measure in both original learning and reversal,

other measures 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 measures tried. In order to decrease further the

amount of error variance a two by two Anovar was performed.

rhe subjects were placed into one of two categories, fast

or slow learners, based upon their original acquisition

scores. This was done by dividing the range (72 trials) in

half obtaining a demarcation line of 36 trials. Those S's
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that learned the original discrilithion in less than 36 trials

were considered fast learners. Those that took more than

36 trials were slow learners. This method discriminated

well since no S learned in 36 trials; the fast learners

ranged fron 12 to 24 trials and the slow learners from 48

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 (overtraining vs. no over-

training . It should be pointed out that all reversal

measures tried showed a trend toward a negative ORE.

Table 11 presents the summary of the Analysis of

Variance.

TAB E 11. --Sunnmary of the Analyrsis of Varianc0e using trials

to a reversal criterionzn5 correct out of

10 trials.

 

 

 

Source of Sum of Degrees of Mean

Variance Squares Freedom Squares F P

Learning Fiate 1,386.750 1 1 ,386. 750 b? 669 p< .001

Amt of Training 234.083 1 234. 083 7.202 p<:.05

Interaction 154.084 1 154. 084 4.741 14:.1

Error 260.000 8 32.500

Total 2,034,917 11

 

It can be seen that both learning rate and amount of train-

ing are significant with F-ratios respectively 42.669 (p¢:.001)

and 7.202 (I<:.05). The interaction was not significant at

the .05 level but was S1ignificant at the ten percert level.

The overall mean trials to criterion (five correct out of

ten trials) for the overtrained group was 32.22 and for

the control group it was 23.3 trials. Thus the results of



or?

.21

this analysis demonstrate an overall negative ORE.

Table 12 presents the means and variance. It can be

seen from this table that the most pronounced effect of over-

training is with slow learners. For the fast learners the

200% group is only 1.74 trials slower than the OT group.

For the slow learners this difference is 16.01 trials. In

the former case this is a 9S retardation in the latter a

8% retardation.

TABLE 12.--hean and variance for the four groups used in

the Anovar summarized in Table 11.

 

 

  

 

ACQUISITIOI RATE AMOUhT OF OVERTBAINIHG

2005 egp. group Qfi control group

Standard Standard

N Mean Deviation K Kean Deviation

FAST 3 18.00 2.828 3 16.33 2.896

Slow 3 46.67 4.120 3 30.66 7.320

 



DISCUSSIOX

The interaction between learning rate and amount of

overtraining makes sense with the analysis of the negative

ORE obtained in Experiments I and II. It will be recalled

that overtraining was postulated to elongate the behavioral

chain that results from a kinesthetically controlled response.

This occurs through the addition of the individual links of

the chain which follows the laws of classical conditioning.

It is generally accepted that there is a point where a

further increase in the number of trials has little dis-

cernible effect on learning. I am saying that with fast

learners the aysmptote of learning 's 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 immediate reversal and overtraining reversal groups

|
_
J

had engthened the chain as far as possible at the end of

original 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

‘
4
0

(
‘
0



EXPERIMENTS I, II, & III

COECLUSIOS

From the point of view of hack'ntosh, the presence of

many salient irrelevant cues and a concomitant difficult

discrimination should result in the occurrence of an CHE.

However, as it has just been shown, the Opposite effect can

occur.

The procedure used in EXperiments I, II, and III was

designed in order to Specify exactly what stimuli and re-
.L

’
J

eponses were being used by the subject. This makes thek
“
5

(
Dsults amiable to analysis using Elicitation Theory. This

procedure places all of the stimu us 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 the centrifugal swing in the stem of the

T-maze). Thus, during reversal training the competing re-

sponses elicited by non-reinforcement (fr stration-withdrawal)

did not occur in close temporal contiguity to the new neg-

ative cue. Only a perservative trace of kinesthesis was

present when the competing responses are elicited. Thus the

effect of overtraining was as follows:

a) through backchaining the critical kinesthetic cue

:as 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 ORE.



e l(
1
‘

b
d

(
D

H
)

C
1
-

Ib) with more trials the cerservative traces of

K a
;

right turn may have become more discriminable, as de crib-C
)

earlier, decreas'ng but not overpowering the first

effect., This might yield a less substantial negative 33

when large reward was used.

The above analysis receives support from results ob-

tained by hackintosh (1965) which show that when all cues

are relevant, kinesthesis (direction of turn) acquires an

increasing proportion of stimulus control as the number of

trials is increased.



SKIES KEITS IV a V

IhTEODUCTION

In order to round out the picture of 023 in spatial

discriminations EXperinents IV nd V were performed. These

experiments are complementary to,but quite different from,

the first three experiments. In Experiments IV and V all

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

a shortene stem to minimize backchaining. Together, these

two studies investigate the effect of the strin ency of the

acquisition criterion, the amount of training, and the size

of reward upon reversal learning.

hi
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Sub‘ects
._.__....H-'_____

Twelve male albino rats from Spartan Research Animals,

approximately 200 days old at the beginning of the experi-

ment, were used as g'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 was the T-maze described in Experiment I.

The following alterations were made in the maze for this

studI. 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 at the choice point was used

as the start door.

F
r
i

 

Preliminary training

This procedure was precisely the same as in Experiment I.

. . v‘f . 1V . ' L r\ . \l‘ . ‘I

DiscrimiratIOh training
 

The start box remained for the entire experiment on

Side I. half of the Q's were raining to go to the left arm

and half to the right arm 0 the maze. They were given

-n

~

2—453g. noyes pellets as reinforcement. When the rats

1;.2
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reached a criterion of up” or more correct in I; trials given

each day, they were matched on trials to criterion and ran-

domly assigned to two groups. The experimental group re-

ceived 51 overtraining trials on the original response and

then reversed. The amount of overtraining was determined in

the same way as EXperinents II and III. The control group

was reversed immediately.

Reversal trairin"r

Reversal training was the same as Experiment I. All

Q's were given 15 trials per day until they reached a rever—

sal criterion of BOfl or better in one day of train'ng.



In this study two easures were used to assess rer-

fornance. ”hese were trials to a performance criterion of

BOfl correct on ary one day, including criterion trials and

trials to the last error, excluding criterion trials.

Table 13 and 1M :resent a summary of the results for acq-

uisiticn aid reversal 'espectiv ely in both groups.

TAEUE 13.--Summary of the acquisition data for to reasures

and both groups.

 

 

 

 

 

S tandard

Group H Kean Deviation

“"neisnunital

0

Trials to Criterion 6 2a.? 1.501

rials to Last Error 6 15.0 5.7?3

Control

“"-1 t fr't * ” “6 l W?”_r1a s o s-1,eri01 o z .7 L.Y-o

Trials to Last Error 6 13.3 0.9e1

Crigiral Acquisition

Table 13 preserits the sum;ary of results for the exp-

erimental and control groups. The groups did not differ

significantly on both measures at the outset of the exp—

eriment. Trials to criterion and trials to the last error

produced t—test results esual to 0.951 aM0.332 respectively

(d.f.=10; n.s.)

Lug,
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Table 1% presents thi su:m1ary of results of the rever-

sal sta“e of this "oerinent. There was no difference be-

tween the exceri ~(ental and control groufs whei trials to

f the reversal (ata for three measures ad
' rm? fl {1 x r

TlsiE iu.-—sum a-) o

for ooth groups.

 

 

Standard

Group h Kean Deviation
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Trials to Cfltflflon

Trials to Last Error C 19.5 5.530

C03t1‘07

Trials to Criterion 6 30.0 0

Trials to Last Error 6 8.7 n.395

 

criterion was compared. Since all reacned criterion in 30

trials there w.s LO variance. It was cone ded that trials

to criterion was too gross a measure to detect differences

when lecrhir< was so rapid. Thus, trials to the last error

was used. Kean trials to the last error was significast

(t=3. M35; dfziO; p <.OO5) with the experimental grOL.

averaging 19.5 and the cortrol group averagih“ 8.7. It rust

p
—
J

order correlation be-0 O‘- , oihted out the the Spearman New

tween cflcru sitio and reversal scores on trials to the last

error was —.0M

cortrol group. This makes it highly unlitely that the ob-

of L

1
‘
.
)

difference was due to di'
fl
.

:ta
”I (‘3

.. J

A . D O / r” ‘, 7 “A . ~-\ —

erencv Oi two roups. ihus tee orr:‘Ql.OL

WC EVQTRWQ EOPO QT?OPC 0V9? 40?? trials than



control ”r 'e “ ~ ,. a ”oug. so scque”tly a reverse 0V7 * " ‘ '-l its. lei was ootained.
k)



EXPE:;II1EL'T v

To clarify the results obtained in Experiment IV, EXp-

eriHment V was performed. here reward size and level of

acquisition were manipulated to determine their effect upon

the reversal of a place response.

1AETEiOD

Subjects

The g's were 2M male albino rats obtained from Seartan

Research Animals. All were 200 days old at the beginning

of the eXperimeht and were used previously in a shock study

at 90-100 days old.

Apparatus
 

The apparatus was the T-maze used in Experi1ert IV.

Preliminary trairing

The handling and habituation procedure was the same as

Experiment I.

DiscriflihatiOh trainihm
 

efore training the g's were assigned randomly into

4 groups in a 2X2 Factorial design. The four were as follows:
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ate revrrsal ll reward, and Irnediaic reversal-lar5e retard.

All rats were trained on a place discrimination as in Experi-

nt IV with all e::tra and irtra ease and kinesthetic cues

relevant. The animals in each group were haphazardly ass i5hed

to the respoz1s e desi5nation of ri5ht or leftam“n correct with

the provision that half of each group was assigned to each

side.

The overlearning groups were run to a criterion of at

least 80$ correct during a daily block of 12 trials. They

were then given 1005 (i.e. 24 trials) overtraining. Reversd.

riterioonnof at least0groups were trained to an acquisition

LY

5 correct out of a sliding block of 6 tr :
3
.

als. here acqui-

sition was continued until the Q's reached criterion. he

rext day they were reversed. This manipulation was used to

sarplc the effect of very low levels of acquisition and

overtrainin5 upon reversal. The small reward group rece-

ived 2-45m5. Ecyes pellets throughout all sta.5‘ of the

experiaert. The large reward was 2-19Qz5. pellets through-

out. The total intake for each ur1*’l was balanced by

manipulating the o1a11tity of he:e cagefood, so all animals
”’4.

received an amount of food.C
D

1
3

$
2
3
;

{
-
1

During reversal all Q's were run to a criterion of at

least 80: correct in a block of 15 trials per day. The

Q's received the same quantity of reinforce.....Nit they did
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In this study t1 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 gross,

nondifferentiating measure (see Table 15a). Acquisition

data for 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 for all four groups.

TABLE 15a.--Trials to Criterion during reversal for all

four groups.

 

 

 

GROUPS TRIALS TO CRITERION

Standard

N Mean Deviation t

LARGE BEWA21

Experimental 5 18 6

1.?llflqs

Control 6 17.5 5.590

SHALL REWARD

Experimental 5 33.0 6

1.260ns

Control 6 30.0 0
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Table 151 that a significant pOSitive 23 was obtlirod with

larva reward whereas a significant negative 032 was obtaired

uSing a small reward. In order to test the significancv of

the interaction between reward size and amount of training

-
+

V ...4 r v' C O ' 1 0 o

a 222 “govar was performed. since JfllS analySis assumts

equal 0211 SiZLS one 8 was ranflomly deleted froa each of the

large and small reward is odiate reversal groups. Table 16
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IfiInnwrn.--Graphic presentation of the interaction of

incentive size and amount of training

with trials to the last error as the
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with the frustration event that occurs on incorrect reversal

tricls. Thus the withdrawal reSponse is directly condi-

tioned to then nd can readily yield an 022 following over-

Since the vigor of the frustration effect is directly

related to the size of reward (Ansel, 1962; 1967; Bower, 1962)

then in the small reward groups the aysmptote of the frus-

tration effect is lower than with large reward. Thus, with

small reward the facilatory effects of overlearning due to

increased frustration did not exceed the retarding effect

of strengthening the original reSponse. The Opposite is

true for large reward. In this case, the frustration effect

was maximized by both size of reward and number of trials,

so that it became the potent effect of overtraining.
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Iaole 17 presen s a manary of tne result obtained

for all five experiments. Experiments I, II, and III in-

vestigated the effect of overtraining on the subsequent

reverse of a kinesthetic discrimination ir which most

cues :3re irrelevant. In Experiment I a long stem an

small reward was employed. An Analys's of Co‘m iance in-

di cated that overtraining siCgiificantly retarded reversal.

It was hypothesized that the length of the stem may be the

relevant variable.

In Experiment II the leng.th of the stem was shortened

and large reward w-s used. The effect of overtrai11ing was

not significant when the results were submitted to an

Analvsis of Covariance. Thus no ORE was found. In order

to isolate the respective contributions of reward size and

length of stem, EXperiment III was performed.

In Experiment III the stem of the T-maze was the same

as in Experiment I and large reward was used. A signifi—

cant negative CEE was obtained when a 2X2 Analysis of

variance was performed, with one variable as the speed

of original learning and the other variable as the amount

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 cormtolling valiable since a negative 0?E was ob-

tained either with a small or large reward when the stem

was long. It was hvlaothesized that a negative GEE resulted

C")
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O Ohtiguous with the site of frus-O

trati01i duri;1‘ reversal. Overtraining serves to heighten

this effect by strengthening and elongating UhC chain. The

number of learning trials and since the aysmptote of the

frustratioon effect is reached in about 35-MO trials (Ansel,

1962) overtraining would not have this effect. At least,

this is true for Experiz1en :3 I and II. However, in Experi-

ment III at least 6 subjects (3 in each group) presumcbly

reached criterion sufficiently ast to obtain SO1e benefit



I.I.u\/4......a\I..—1.14.3..«£4\).l..\).II..n...[Ill.‘41.!.Ivia.)...,I1.I.)_..p..

ICC?»_.1}“.szLOm.:,..;LO+CC11..-2;“..rrig.M.rm1.....LLCLOPL.H.C.0CD
ao0

sinJfleahomiouhmHLHm;L¢LLseHecusflosaguULoLeno:za

5‘J‘..5.u..\II:J}...IIn‘llII.g‘0Owl'\\J-\\r.n4..\.ll-

:Le:oreHrsaquULmareegomfluproreosoheas;re;

3.x!-1lI...Uyn\

e>asamog:flpampeLwas1..LeorsceomeU%-orefinement

I

~‘1.|.....u4.)Is:...-.1)1..It.vead‘NJ.zw..1I..".I\I\II41s..11-1.\.Ir\.l\1‘.I1.....|._...‘.1./\.1.\Jiz.\ln

(.3)...»...wC»........OT....:.CE.Lmi...Nn5......:.r2*M00(erwMLLCI.rJ.Cerf.mu_..LLCDSewn/xi

DIIll‘J—l'Ilql..-....;..\}.(J14.\)ll..1I

(.-....UC.r......O...m+mart.;.r..-.FKZGLILO.L..0Q3.rd“:

NPHGQL0.....HJIAOrcfiLJOD.(MOMTOLLWinn

....I\J.I.\)\l;l)\r‘ll«ll-)l4\.111.1.-..I..13I..-..a..-..|...3\_....I.

....OH+HmH:LC?HT;we,figo.1,PirQh.“HCH2......L..HTU.C:Ci....QC»CZVOL.WHETL

L

H

o

(
D

r
“
!

U
;

”
'
4

a+
21
Wl

kr
3

r
"C

.

4
v

c
“
.

.
.
L
.

1
V
:

05'».

a
.

C
»
.

:
i

{
—
a
l

r
-
i

~
r
'
1

(‘1

O

a
r
-
i

4
3

(
“
3

,
Q

'
"
i

r
"
{

|

C
)

H

“
I

H

f
'

I

.nJ.a)J..).IJ\)..r......Av...I.

.rk.

01.144.)x).J.\..1aJ..¢I.-.....41);..-I.--)-0..-...o...-..vfi

...L6.;m.U.UUCC.GED..1H3£6111%........”_.i._-.C”
.I

x

Ir.\so[P0

1\/.vI.ll.‘..).‘l...?)..-\.\AAVI.|..3.:.....l..l

_

_

U.4..U:.iU...._.U....,...-...n...)15,10d115,..- ..s....nL.......,....U0..t.,1;xr.x.Ar,..H...a,(I\ks.I.U f.-.UUrsr4..-L.Qr.r\-4(firJ.(.PC...rrlwr.Ir..Cr...F.,L.k1L



‘

l

L

V,\ v— ._—.‘

1

k. .. r» ....3

 

1 .1-3... , ”v.1"

- l

l s aha-'xléuofi-

o I 1

1 “‘. "'- .": f") If?

.A—J... Ll-..v —'

a

r?» ' If”. ' fig 1"?" . f ;

q u. w -..-.. . i"- ,‘_'..a.

9 U

-_.‘" “‘ "v ‘7‘0—1 - ’_1 . |‘ a

' _ .0. ......~..(..._U:J

m y
-
» J

/,3

$
3

)

,
.

I
“
.

*
4
.

un-*

O

:‘:)‘I

\A-c-S—A.

'T'



7“, v—n-v’}flr‘ "—11 “ fl’fi"

x - . A .l

A‘dg. ...“...JQINJ-lv



.C.

 
“3).

L.rLL(.

..HH.33

Hum40

:QHQLdQH

04.4.4.4.

U

.H
4

P
1

1)

....er»

4
4
.

4.

H

.P.

Mm

 
ll)\~\lIlbll.l.1C.

I—

.mN....30 (Lgsf«Ltr.

mquoHHomHmm4m>opm

MO4.4.4T.

.4.1)\J

....FL.

o>m4mammCHd

OO:._.,4wvLLH

H

.H

o

04:

.Il)\_J1

Crw.+r.4m.O
4)...

nil/HIL-

-..

.\l.

anan4.)

3.54.00.1.

II.

OWL“.

aon

«.1.D\fJJ.)
kw.(IOIFVvLPIC

.\I
7...N4
.44

H43...H

....44.0 \h

3.4)....)

4:-L

 

 
I.\I“I.J

FL.4....C

poo.

‘

...4Hma4Mco

HAW..WFHka‘ QO

JI.)JI

.erk.P

«J.

rUHL.(M

Q

.
4
:

u
]

C
)

j ..C

)
”
—
4

rHOfl

4|.“pg“.

U
)

r
“
)

J -
4<

.4_

I
—
fi

4

l

4.4
.4
>

(

.4

0
.
.
)ao

D.Ch.

0

4.111.4'

(kwr\Pl..'

Jpn.41.4.H\Pw

0.44Ha

a-..

......3.43.48

 

 
4.4.)-“i)).\.ll1

Fl.L/r

0

4o mHop
“0)....

TL_

I‘..

I
~

 
;.4.1-.

(erv- I..vt\_(\.r(.-r

O.1...4..-IMHIn\.

I)

9.7!.

 

”In.

Olm‘lfll"ldl4.

.—-P~Pf

\.rI.»....\-U

or

II/

74‘...LP‘IIT

  
-.1

v..\I4IJ

....\I“(IPCFQ

\

\..C.,¢

.
C
v

.

1114.)

4-44.4ml».
r

J.’4"]!...

"...:...4L4

 

3.,44HH\UP.:)-- .rCr

..--)1

PI,-\.1rcx—-

mw.‘.{).l.1MHH...

44.400444

do

 
_IA{

vbl.[KPrI.n..f(.L”4.

n

..J-

I‘ll44....l.4!lat

4.

C;

Oo-
..
.

I>

K

 
.1‘

.'4

CC?
\.C.C\

dgfi4:04m

\I...£\JI...

.+(........u-

..

.Ir.

0...l‘l‘l.‘4.1)III

0..4-:-..>.....u....PI
0

141.4441

...(.4.r

._
:I\

1«......

.“r..44.....L..4....\..~

I434.

flirt.

4.cH.34Humn04006

no

HUH4

40

.‘I.

.I.II.1....

4.44-..4..J......C.

I.)III!)OlfllclI4.

~L—lr.r,4_w.

.

HuuHo-1.-

.\I4

vi»

1.“II.)’4}

L4.14.

\J\I"4..\I

#4...

.4)

F.

\

4.f.V

C





.pommmmHam

aa
.4-...-.)

:
4.4)...

p,.....r

U

II

'...

r.r

I

\

r.

r\.Cv

D...-..

11"\II)

C.
..

3

f

.10-.

 

li.l\.|\l

.L

J1....

-.4w-....

t.)...

'rP..(\....r

P%Qkfi..\U—q

VCCW

...-I.an.4

IL

I.

-1)

..r+....(_

1'.
\

Vr\"ulr.\\v.r.\.a>

 
a...

VT... 1,FICLf...»

A;H..3JaaxU11A1O.ltQ51.3

r....rL:run»..-...r.)7r...

 
‘1]-

..--1J11)NH).

...-.-.C_..4......

|.J41\<)~1...JI)

.1;r..PL"L....L

(I

a\L..'K.

)1}11‘.\J

 

3..:..53....)

n}.-_rf.
.Or

 

k...

.11

....

C

h.

r.

I..\D

..r.

K(\aK

1,1!)

......s.~

\'

C...1

1311
—r4.\L.r(II?

-.‘J).I

_r........EC

1.

.

no

.\\.1

..p...r\..f

vlyIT

300.4%...

 

OA-..)1..JI

ruaKr

 

r....I?

III\)I1)..I

rrFCPf.

\I

_.J.

O11...

.lrk.Cr”...D.-

cl.

Ox,.

xv:  

“'1‘\l‘

’K7'4

1|

—...r

........”....

0%I

4.

v».

 

1"'~I..

u\rkr-rVIPOWFK

.O

‘1)4|.1.—4..u.

L.H...PK1uLFF.1

.I

rcCP‘rrrIK

 

..a.:ucn.w
‘1

 

:1

_

It

[134:4

...;(M...-.n

flmflmm.m~..p

-I1)....

..L.rCC.

.1..;_.)..

nodoHLQOHr.AJ..w.;

0|.)In)

a

.umuscy..

1i\‘Vu..'El.fl

Khbr‘. oO.\ Ir

.1

.c.rl......

 
.1....l\t

"Ik‘frirrftld.

\0“..."..1I.

rcwfiv
4O

C

 

13‘

72.x

l\.\l

FP»..1..\/\.r|vcv

 
o3.--

-.. 11

J.4.3.1.}

(.r.h..

1.1.4...._,.-.-
.r.-...\rCC.I71......(.LrflfCrF.‘\.(

x...\..-..

KFC.-OG(H¥......{JWWEI...

 
1

5.}.mCC

ON).

‘_.\/.....I1

._..

LrSlflyLW...r\r..rr.\

111/

111i

 

 

«1.33)

n!

.....NJ..-

-.....EC...».....CCL.

l4:

...”...

Ia...

Kvi.C

Q1r-

.‘\.

lunHN...Sr:.LPH

....n-‘l...

,

..\..«v»...

r(Llwr

.w+rfi

..-.._.C-...

”HBFKIHKWFAK..(.h.)/1\..rlr

 

br./..

«1]..u.x.{A}.

r....FCAC.K_L.r.r..rp

54.-...-33.3..--
"K(.1pL£1..r.l.-

I

1‘

p.CLEVnD.

(3.».Cir._IC..1..NFCW...

.

..DL.





66

Mackintosh, M.J. The effects of overtraining on a reversal

and a non-reversal shift. Journal of Comparative and

Physiological Psychology. 1962, 55, 555-559.

Mackintosh, N.J. The effect of irrelevant cues on reversal

and learning in the rat. British Journal of Psychology

1963, 54, 127-134.

Mackintosh, N.J. Extinction of a discrimination habit as a

function of overtraining. Journal of Comparative and

Physiological ngchology. 1963, 56, 842-847. (of

 

Mackintosh, N.J. The effect of attemtion of the topic of

generalization gradients. British Journal of Psychologg

1965. 56. 87-93. (a).

Mackintosh, N.J. Overlearning, transfer to proprioceptive

control, and position reversal. Quarterly Journal of

Egperimental Psychology, 1965, 17, 7-16fWTc)

 

 

Mackintosh, N.J. Selective attention in animal discrimina-

tion learning. Ppychol. Bull., 1965, 64, 124-150. (a)
 

Mackintosh, N.J. Overlearning, transfer to prOprioceptive

control and position reversal. Quarterly J. Exp: Psych.,

1965: 11: 26'360 (b)

Mackintosh, N.J. Further analysis of the overtraining rever-

sal effect. J. Comp. Physiol. Psychol. Monograpp, 1969,§Z
 

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, pg, 65-72.
 

Pubols, B.H. Jr. The facilitation of visual and spatial

discrimination reversal by overlearning. Journal of

Comparative and Physiological Psychology, 1956, 49, 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. ngchol. Bull.,

1965, 62, 281-297. (a)

Sperling, S.E. Reversal learning and resistance to extinct-

ion: a supplementary report. Psyphol. Bull., 1965, 64,

310-312. (b)

 

 

Theios, J. & Blosser, D. The overlearning reversal effect ant

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

8'5 1 2 3 4 5 6 7 8 Total

1 7 4 8 6 9 8 10 52

2 5 9 9 12 35

3 6 7 7 6 7 11 44

4 8 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

4 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 4 3 7 7 13 37

2 3 6 8 9 14 40

3 1 3 1 5 1o 14 34

4 2 3 8 10 14 37

5 4 6 5 1o 11 15 51

 

* 12 trials per day

.‘I

l\-% 15 trials per day
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EACH DAY OF TESTING

FOR CONTROL GROUP OF EXPERIMENT I

 

 

Acquisition Stage*

 

Days

sls 1 2 3 4 5 6 8 Total

1 8 7 7 9 9 10 50

2 6 8 8 7 9 9 12 68

3 6 8 8 8 9 11 5o

4 6 8 11 5 6 11 47

5 5 7 8 5 9 11 45

Reversal Stage**

1 4 11 14 29

2 8 11 15 34

3 6 7 1o 11 15 49

4 5 12 15 32

5 7 6 9 12 34

 

.3’.
0

3L .".
n l\

12 trials per day

15 trials per day
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TOTAL CORRECT FOR EACH DAY OF TESTING

FOR EXPERIMENTAL GROUP OF EXPERIMENT I I

 

 

 

8'8 1 2 3 Days 5 6 7 Total

Acquisition Stage*

1 9 11 20

2 6 6 9 12 33

3 9 4 7 8 12 4o

4 6 8 8 8 11 49

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 46/48

2 15/15 15/15 15/15 15/15 15/15 12/12 12/12 99/99

3 14/15 15/15 15/15 14/15 12/12 12/12 11/12 93/96

4 15/15 15/15 15/15 14/15 11/12 11/12 12/12 93/96

5 15/15 15/15 14/15 15/15 12/12 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 9 13 31

2 4 8 14 22

3 3 4 7 12 26

4 1 4 9 15 29

5 O 4 10 14 28

6 0 3 7 8 14 32

 

* 12 trials per day

** 15 trials per day
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TOTAL CORRECT FOR EACH DAY OF TESTING

FOR CONTROL GROUP OF EXPERIMENT II

 

 

 

Days

8.5 1 2 3 4 5 6 7 Total

Acquisition Stage 4

1 7 7 7 9 10 40

2 7 5 12
24

3 6 5 4 11
26

4 7 7 11
25

5 6 8 11
25

6 5 5 6 8 7 9 12 52

Reversal Stage**

1 11 9 13
33

2 4 7 7 13
38

3 5 13

18

4 4 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

8'5 1 2 3 4 5 6 7 8 9 Total

Acquisition Stage*

1 10 10 20

2 5 5 8 11 29

3 8 12 20

4 7 5 7 7 9 9 11 55

5 6 10 16

6 9 12 21

Overtraining Stage*

1 11 12 10 12 45

2 10 12 11 12 12 12 '12 12 93

3 12 11 12 12 11 12 12 12 94

4 11 11 12 11 12 12 11 12 92

5 10 12 12 11 45

6 12 11 12 12 47

Reversal Stage*

1 3 10 13

2 1 2 4 4 4 6 7 7 10 46

3 0 1 2 7 8 9 10 37

4 1 4 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

8's 1 2 3 4 5 6 7 8 9 Total

Acquisition Stage*

1 11 12 23

2 7 8 12 27

3 7 11 18

4 7 6 6 6 7 7 10 49

5 9 12 21

6 8 9 8 12 37

Reversal*

1 4 7 12 23

2 1 3 6 10 20

3 3 7 10 20

4 3 5 7 9 12 36

5 2 12
14

6 3 1 2 4 4 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 4 5 5 5 19

3 3 4 5 6 18

4 3 4 4 5 4/4 20

5 4 4 6 5 19

6 2 4 5 5 16

Overtraining Stage**

S's 1 2 Days3 4

1 14/15 11/12 11/12 11/12 47/51

2 14/15 12/12 11/12 12/12 49/51

3 14/15 11/12 11/12 12/12 48/51

4 14/15 11/12 11/12 12/12 48/51

5 13/15 10/12 11/12 12/12 46/51

6 15/15 11/12 12/12 11/12 49/51

Beversal***

S's 1-5 6-10 Tr17£§5 16-20 21-25 26-30

1 O 4 4 4 5 4 21

2 1 2 4 5 4 5 21

3 1 4 4 4 4 4 21

4 o 3 3 5 3 5 19

5 1 3 4 4 5 5 22

6 0 1 3 4 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 CORRECT 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

4/4 22O
\
\
n
-
F
‘
K
»
J
N

O
\
O
\
O
\
O
\
\
h
0
\

5 4

3 6

5 5

4 4

4 4 m
m

O
\
\
J
'
\

F
T

0
\

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

H

1

m
m

P
K
»
)

N

C
)

t
o

p
:

*
4

A
)

k
n

-
F

#
-

U
1

U
1

t
o

\
$

v
\

\
n

\
n

#
'

U
1

k
n

.
p

3
'

U
1

U
1

\
n

.
p

\
n

\
m

U
1

\
n

K
m

21

* 12 trials per day

** 15 trials per day
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TOTAL CORRECT FOR EACH DAY OF TESTING

FOR SMALL REWARD EXPERIMENTAL GROUP OF EXPERIMENT V

 

 

Trials

S's 1-4 5-8 9-12 13-16 17-20 21-24 25-28 29-32 33- Total

 

Acquisition Stage*

1 3 4 3 3 2 3 4 3 1/1 27

2 2 2 3 4 2 4 17

3 3 2 3 3 3 4 18

4 2 2 3 3 3 3 4 20

5 4 2 3 3 3 4 19

Overtraining Stage *

1 4 3 3 _ 3 4 4 21

2 3 3 3 3 4 3 19

3 4 3 3 3 3 4 20

4 4 3 4 4 4 3 22

5 3 3 4 3 4 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 4 4 4 23

2 2 3 3 3 4 5 21

3 1 4 4 5 3 4 21

4 2 2 3 4 4 4 19

5 2 3 4 4 4 3 4 5 5 34

 

* 12 trials per day

** 15 trials per day

‘

I
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TOTAL CORRECT FOR EACH DAY OF TESTING

FOR LARGE REWARD EXPERIMENTAL GROUP OF EXPERIMENT V

 

 

Trials

S's 1-4 5-8 9-12 13-16 17-20 21-24 Total

Acquisition Stage*

1 3 4 4 3 4 3 22

2 2 3 4 4 4 3 20

3 4 4 3 3 4 3 20

4 3 4 4 4 4 4 23

5 3 2 3 4 4 3 19

Overtraining Stage *

1 4 3 4 4 4 4 23

2 3 3 3 4 3 4 20

3 4 4 4 4 4 4 24

4 3 4 4 4 4 4 23

5 4 4 3 4 4 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 4 25

4 3 5 5 13

5 3 5 4 12

 

*12 trials per day

** 15 trials per day
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TOTAL CORRECT FOR EACH DAY OF TESTING

FOR SMALL REWARD CONTROL GROUP OF EXPERIMENT V

 

 

Trials Trials ** Total

S's 1-4 5-8 9-12 13-16 17-20 21 Total to Crit. Trials

 

Acquisition Stage*

1 2 3 4 9 4 12

2 3 2 4 9 5 12

3 2 2 3 3 1 1o 11 17

4 2 2 2 2 3 11 13 19

5 2 3 2 3 1 11 11 17

6 2 3 2 3 2 4 16 19 25

Reversal Stage***

Trials

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

1 3 3 4 4 4 5 23

2 2 4 4 4 4 4 22

3 2 3 3 4 4 5 21

4 2 4 4 4 5 5 24

5 2 3 3 5 4 5 22

6 1 4 3 5 5 4 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

 

 

 

S's 1-4 5-erZETZ 13-16 Total Egigiitf* $85833

Acquisition Stage*

1 2 3 2 4 11 9 16

2 2 3 4 9 4 12

3 2 3 4 9 3 12

4 3 4 3 10 o 12

5 2 3 3 2 10 7 14

6 2 3 3 2 10 7 14

Reversal Stage***

S's 1-5 6-10 11-15 763288 21-25 26-30 31-35

1 3 4 4 5 4 5 29

2 3 4 5 12

3 2 5 5 12

4 2 5 5 12

5 3 5 4 12

6 5 5 4 14

 

* all S's run in one day until criterion reached

** not including criterion trials

44* 15 trials per day






