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CHAPTER I 

INTRODUCTION 

Review of Previous Research 

The Importance of early perceptual learning was first 

emphasized by Hebb (19^9). He performed a "free-environ

ment" experiment by rearing groups of rats under two dif

ferent conditions. One group was transferred at an early 

age from the laboratory to the home of this investigator. 

There they became pets of the household and for several 

weeks were exposed to various "toys" and allowed extensive 

exploration. The control group for this study lived in 

standard laboratory cages. Both of these groups were pre

sented an "intelligence test" composed of a series of 

specially designed maze problems, Hebb observed that the 

group which had been reared in the "free-environment" was 

consistently superior to the control group and that the 

difference between the scores of the two groups Increased 

upon successive tests. 

Hebb's results stimulated a series of investigations 

concerned with exposure to a free environment. Hymovitch 

(1952) reared groups of rats in four different environments, 

Group 1 was reared in a "free-environment," a cage con

taining runways, different alleys, and objects available 

for manipulation. Group 2 was raised in a number of small 

mesh cages which permitted only exposure to a rich visual 

environment. Group 3 was permitted little movement or 

visual experience by being reared in small stove pipes. 



Group 4 received a restricted visual environment but free 

motor activity. This group was reared in enclosed acti

vity wheels. All groups received their specified early 

experience for a period of three weeks after which they 

were given Hebb's "closed-field" test. It was found that 

Groups 1 and 2 were superior to Groups 3 and ^• but no 

differences existed between Groups 1 and 2 nor Groups 3 

and h. It was concluded that this difference was the 

result of exposure to the varied visual stimulation which 

was available to Groups 1 and 2, 

Fergus (195^) continued along this line of inves

tigation and sought to determine exactly what is learned 

from exposure to a free environment. Three groups of rats 

were used. Group 1 received exposure to a "complex-

visual-proprloceptive" environment containing a large 

number of white objects — blocks, alleys, tunnels, 

elevated platforms and individual planes. Group 2 was 

reared in a "complex-visual" environment which allowed 

visual experience without proprioceptive feedback. These 

animals lived in a glass cage located in the middle of 

the "complex-visual-proprioceptive" environment. Group 3 

received "minimal-visual-proprioceptive" experience by 

being reared in a small black box. The exposure to these 

particular environments lasted for sixty days beginning 

at day 2^ after birth. 

Upon terminating the exposure learning, the animals 

were administered three behavorial tests. The 



3 
first was a test of activity, emotionality and variability. 

There were no significant differences in scores between 

Groups 1 and 2, but these two differed significantly from 

Group 3. The free-environment animals were found to be 

more active, variable and less emotional. The second 

test was a visual form-discrimination task requiring the 

animal to discriminate between a circle and a triangle. 

There was a significant difference between Groups 1 and 2, 

the latter demonstrating the better discrimination, and 

both of these groups excelled Group 3. The third test 

required a spatial solution rather than a visual form 

solution. In this test there were no differences between 

Groups 1 and 2, but these differed significantly from 

Group 3. 

The superior performance of Group 2 in the form 

discrimination problem was interpreted in terms of 

"hypothesis formation." Presumably the animals in 

Group 1 were at a disadvantage on the problem because 

of their greater number of nonform hypotheses. Group 1, 

it was maintained, began discrimination training with a 

much richer set of "perceptual responses," The irrel

evant responses in this set, being prepotent over form 

hypotheses, would interfere with a solution of the 

problem. Group 2 possessed fewer nonform hypotheses 

hecause of their restricted motor activity during rearing. 

Fergus (1955) conducted further research on the re

lationship between exposure to a free environment and per-
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formance on a visual discrimination task. This experi

menter considered the problem of whether or not the 

"complex-visual-proprioceptive" group was inferior to 

the "complex-visual" group in visual discrimination 

per se. The "complex-visual-proprioceptive" group was 

reared in an environment affording ample visual and 

motor experience. The "complex-visual" group received 

the same visual experience but with relatively little 

opportunity for motor experience. Both groups partially 

learned a complex closed-alley maze with specific visual 

cues present and were then tested for complete learning 

with the visual cues reduced. It was hypothesized that 

after preliminary learning the "complex-visual-proprio

ceptive" group would be superior to the visual group in 

completing the learning where the specific visual aids 

were removed. The results indicated that there were no 

significant differences between the groups in preliminary 

training, but the "complex-visual-proprioceptive" group 

was superior in completing learning when the visual 

aids were removed. The investigator concluded that 

early visual experience improves discrimination and 

problem-solving ability in situations where visual cues 

are the primary aids to solution of the problem and that 

complex motor experience improves learning and problem 

solving ability in situations where kinesthetic cues 

seem to be important for solution of the problem. 

The above research illustrates the effects of pro-



longed exposure to a free environment on various behav

ioral tasks. Another type of experimentation in this 

area is exposure to a few specific stimulus patterns 

and then presentation of a discrimination task employing 

these or similar stimuli. Gibson and Walk (1956) reared 

rats under two conditions. The animals in the experi

mental group were reared in cages which had four black 

metal forms fastened to the walls, two equilateral 

triangles and two circles. The control group was 

reared in an identical cage without the forms present. 

The animals were exposed to these forms from birth to 

maturity at which time both groups learned a circle-

triangle discrimination. Animals in the experimental 

group reached the criterion significantly faster and 

made fewer errors than the control group. It was con

cluded that visual experience with the forms to be dis

criminated, even in the absence of differential rein

forcement, facilitated the discrimination learning, 

Forgus (1956) demonstrated that early exposure to 

specific stimuli is more effective than exposure occuring 

at a later time. Two groups of rats constituted the 

experimental animals. They were reared in cages which 

had two-dimensional forms painted on the walls. One group 

of animals was exposed to triangles, crosses, circles and 

squares from the age of I6 days to the age of 4l days. 

The other group received the same exposure between the 

ages of 4l days and 66 days. Two control groups, matched 
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for age of exposure but receiving no visual exposure, 

were also used. After exposure all groups were required 

to discriminate between the triangle and the cross. The 

findings were that both groups receiving exposure to 

the forms were superior to the control groups and that 

the group receiving the earlier exposure was superior 

to the late exposure group. 

Various aspects of exposure learning have been investi

gated, Gibson, Walk, Pick and Tighe (1958) attempted to 

determine whether the facilitation of discrimination by 

exposure learning is a matter of identifying a particular 

pattern or due to a more general effect, possibly depen

dent on the degree of similarity between the exposure and 

test patterns. Two experimental groups were reared with 

triangles and circles mounted on their cage walls. Two 

control groups were also used. After ninety days all 

animals were presented a discrimination problem. For one 

experimental group the discrimlnanda were elipses and 

isosceles triangles, the other group learned to discriminate 

between those forms used in the original exposure. There 

were no differences between the experimental groups and 

both of these groups were superior to the two control 

groups. These experimenters concluded that what the 

animal learns from exposure to the triangle and circle 

on the cage walls is not a specific identification of 

these two patterns. 

The findings of Walk, Gibson, Pick and Tighe (1958) 



have demonstrated that perceptual learning can occur 

upon exposure to only one form or stimulus. Pour groups 

of rats were used. Group 1 received exposure to circles, 

one on each wall. Group 2 was exposed to triangles. 

These experimental groups were matched with control groups 

receiving no exposure training. During discrimination 

training one half of the animals learned with a pattern 

identical to the exposure pattern as a positive stimulus. 

The other half of the animals learned with the stimulus 

pattern as the negative stimulus. Both of the experi

mental groups were superior to the control groups. The 

experimental animals which learned to avoid the pattern 

used in exposure learning were slightly superior to the 

group for which the exposure stimulus was positively 

reinforced. It was concluded that prolonged exposure to 

the negative stimulus is as important, perhaps more impor

tant, than exposure to the positive one. 

As a second aspect of the previous study Walk et al. 

(1958) considered the role of reinforcement in exposure 

learning. Three groups of animals were fed after weaning 

from a replica of the discrimination box used during 

training. Group I was fed only from a stimulus holder on 

which was painted one form (the triangle or circle) and 

never fed from the holder displaying the other form. 

Group II was fed sometimes from a holder painted with a 

circle, sometimes from one painted with a triangle. 

Group III, control, received reinforcement from black 
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stimulus holders. No significant differences were found 

between the three groups when they were presented the 

discrimination test. It was concluded that reinforcement 

is not responsible for the facilitation observed in dis

crimination learning after prolonged exposure to visual 

forms, 

Forgus (1958a) tested the hypothesis that the rate 

of discrimination learning on the test task depends on 

the extent to which the relationship between the two 

forms changed from the home cage to the test situation. 

One experimental group received the exposure stimuli of 

a circle and a triangle, the second experimental group 

was exposed to a circle and Just the sides of a triangle 

while the third experimental group received a circle 

and Just the angles of a triangle. All animals were pre

sented a discrimination task involving a circle and 

triangle. The group exposed to a circle and only the 

sides of a triangle performed significantly better than 

the other groups, Forgus explained the observed differences 

in discrimination learning not in terms of the animal's 

ability to perceive the forms but, rather, by differen

tial reaction potentials to the differences between the 

forms. The investigator hypothesized as to why the 

specific kinds of early form experience led to differen

tial reaction potentials to the differences between the 

forms. The group exposed to only the sides of a triangle 

had been exposed to "triangles" which had a sharp change 



in brightness at the angles. This was not true in the 

case of the two groups exposed to angles. When the animals 

were transferred from the cage situation to the test 

situation, the animals exposed to only the sides of a 

triangle were faced with a marked change in stimulus 

relationship while the other animals were not. The 

marked change in the form relationship for the single-

form group, resulting from the sharp change in brightness 

at the angles, focuses the animal's reaction set earlier 

to the differences in the test forms, thus producing a 

faster rate of learning, 

Gibson, Walk, and Tighe (1959) performed a series of 

investigations in order to determine the conditions of 

facilitation resulting from viewing specific forms. In 

the first experiment the effect of prolonged stimulation 

by visual patterns prior to discrimination learning was 

compared with the effect of similar stimulation during 

the period after the beginning of the discrimination test. 

One control group and two experimental groups were 

employed. One experimental group had cutout forms (circles 

and triangles) hung on the cage wall only until discrimi

nation learning began. The other experimental group had 

no forms exposed at all until discrimination learning 

began. Then the forms were fastened to the cage walls 

and remained throughout the duration of discrimination 

learning. The control group simply learned the discrimi

nation. The evidence presented indicates no significant 



10 
d i f ferences between the three groups on the discrimination 

task. 

The second experiment investigated the effects of 

age at which predlscrimination exposure began. Two ex

perimental groups had forms exposed on the cage walls 

both before and during discrimination learning; but one 

group had the prior exposure early and one later. One 

control group had the forms exposed on the cage walls 

during discrimination learning but never before; the 

other viewed cage forms only in the discrimination apparatus 

during training. There were no differences found between 

the four groups in the discrimination task. 

The third aspect of exposure learning considered by 

Gibson et al, (1959) was the comparison of the greatest 

possible difference in visual stimulation, i.e., the 

presence of specific pattern stimulation and the complete 

absence of it. One group of rats was reared in total 

darkness, A second group was reared in the usual cages 

with triangles and circles on the walls throughout the 

experiment. A third group (control) was reared in the 

usual cages without the exposure stimuli present. These 

groups were found not to differ significantly on the 

open-field test, on a test of visual depth perception, or 

in speed of learning to discriminate the forms. It was 

concluded that previously found facilitation from the 

exposure was probably due to the spatial separateness of 

the cutouts, which caused earlier differentiation to the 



two forms as relevant cues from the total influx of 

stimulation in the learning situation. 

Walk, Gibson, Pick and Tighe (1959) compared the 

effectiveness of cutouts with painted patterns. Four 

groups of rats were treated as follows: Group I was 

exposed to cutout patterns of triangles and circles; 

Group II was reared with the same patterns painted on 

white metal rectangles; Group III received exposure to 

only the white rectangle. Group IV received no specific 

exposure stimuli. In the discrimination problem only 

Group I learned to discriminate faster than the other 

groups, which were indistinguishable from each other. 

It was concluded that the results lend support to the 

hypothesis about the effectiveness of the cutouts as 

exposure stimuli to facilitate discrimination learning, 

Balrd and Becknell (1962) have replicated some of 

the early exposure experiments and attempted to lend 

support to Fergus's hypothesis on the relationship be

tween the exposure stimuli and those employed in the 

discrimination test. One group of animals received 

exposure to two triangles and two circles, the base angles 

of the triangles were each ^5 and the top angles of the 

figures were omitted. Another group received exposure 

to two rectangular shaped figures along with two circular 

cutouts, A control group was reared without any specific 

exposure. Discrimination training involved the choice 

between the triangle and the circle used in exposure. 

11 
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This was presented to half of the animals used. The 

discrimination problem for the remainder of the animals 

employed the rectangle and the circle. No statistically 

significant differences were found between any of the 

groups in the discrimination problem. The hypothesis 

that changes in the degree of angularity of stimulus 

figures from the exposure situation to test situation 

facilitates discrimination failed to be supported by 

these results, Balrd and Becknell concluded that the 

phenomena of exposure learning in respect to rearing 

rats with specific forms on the cage walls is at most 

a weak and inconsistent effect and results of such 

studies should be cautiously cited in support of per

ceptual theory. 

The present theories attempting to account for 

exposure learning fall into two classes. On the one 

hand there is the neurophysiological theory of Hebb (19^9) 

who postulates that consummation of the process of per

ceptual learning requires sufficient time for the devel

opment of cortical cell assemblies to a particular pattern 

of stimulation. Another explanation of exposure learning 

offered by Gibson et al. (1959) and Fergus (1958) is in 

terms of "differentiation" of the "relevant" elements of 

the stimulus situation. 
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Purpose of the Thesis 

The foregoing evidence has demonstrated that pro

longed exposure to visually presented patterns may 

facilitate the discrimination of these or similar patterns 

in a later testing situation. The effect of exposure 

learning appears to be weak. It is possible that if 

the visually presented patterns were paired with sounds 

the facllltory effect produced through exposure learning 

would be strengthened. The pairing of specific visual 

patterns with specific sounds might be accomplished by 

lighting the stimuli when a sound is presented. This 

pairing of lights and sounds would constitute a form of 

sensory pre-conditioning and it is the influence of this 

type of prolonged stimulation which is presently under 

consideration. Two experimental hypotheses were tested: 

DRats exposed to specific visual forms paired with specific 

sounds during rearing will learn a later discrimination 

problem between these forms faster than will rats who have 

not had exposure to either the forms or the sounds. 2)The 

degree to which the specific forms are associated with 

specific sounds will determine the facllltory effect 

demonstrated in a later discrimination problem. 

The experimental design to test the hypothesis Included 

three experimental groups and one control group of rats, 

treated as follows: Group PP (Perfectly Paired) was exposed 

to a circle consistently paired with a high frequency 

pure tone and a triangle consistently paired with a low 



14 

frequency buzzer; Group RP (Randomly Paired) was exposed 

to a circle and triangle which were randomly paired with 

either the buzzer or the pure tone; Group CR (Completely 

Random) was exposed to the circle and triangle and the pure 

tone and buzzer, the presentation of these stimuli being 

completely random. Group CG (Control Group) was the control 

group and reared in identical cages without the forms or 

sounds present. After receiving their different exposures 

all groups were presented a discrimination problem in

volving the circle and triangle. The predicted levels 

of performance on this test, in descending order, were 

Group PP, Group RP, Group CR and Group CG, 



CHAPTER II 

METHODS 

Subjects 

The Ss were hooded, Long-Evans rats from the Texas 

Technological laboratory. When the Ss were 30 days of age 

they were divided by the split litter technique into four 

groups. Group PP contained 7 males and 8 females. Group RP 

contained 8 males and 8 females, Group CR contained 4 males 

and 8 females and in Group CG there were k males and 7 

females. 

The experiment was accomplished in two phases. There 

were 33 Ss in phase one and 27 Ss in phase two. The Ss in 

phase one began their exposure at 30 days of age and at 75 

days of age began their discrimination training. At seven 

weeks of age the sexes were separated in each group. 

The animals in the phase two experiment received iden

tical treatments but began discrimination training at 65 

days of age. Three Ss were eliminated from the investigation, 

two because of maladjustlve behavior in the discrimination 

apparatus and one through sickness. One of the removed Ss 

came from each of the following: Group PP, Group CG, and 

Group CR. 

Rearing 

The animals in all groups were reared in grey, metal-

walled cages l6J-in. long, 9-ln. wide and 6-in. high. The 

tops were of i-in. hardware cloth and the floors were metal. 

Constant illumination was provided by a painted 7-w. bulb 

15 
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mounted outside of each cage. The floors of the cages 

were covered with sawdust which was changed every two 

days. The Ss were never deprived of water or food during 

the entire experimental period. 

Each metal-walled cage remained inside of a sound

proof cabinet 32-in, square and I2j-ln, high. Venti

lation was provided by small air pumps mounted on the 

sides of the cabinet. 

The visual exposure stimuli were circles and equi

lateral triangles mounted on a black rectangular back

ground which was 5i-in. high, 12-ln, long and 1-ln. thick. 

These backgrounds were fastened to one side of the rearing 

cages. The circle stimulus was 3-ln. in diameter and the 

equilateral triangle stimulus was 34-ln, on a side. These 

forms were cut from white, opaque pleagiglass and were 

1/8-ln. thick. Behind each circle and triangle was mounted 

a 7-w, bulb. 

The auditory exposure stimuli consisted of 4-lnch 

speakers mounted directly over the rearing cages, the dis

tance between the speaker and the top of the cage being 

li inches. This speaker produced either a high frequency 

pure tone or a low frequency buzzer. 

The duration of exposure was 8-hr, for the experi

mental groups and this was randomly varied in every 24-hr, 

period. By tape programming, both the lights and sounds 

could be presented randomly with the shortest interstimulus 

interval being 20-sec, and the longest 120-sec, The lights 
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and sounds were 3-sec, in duration. 

Apparatus 

The visual discrimination apparatus used required S 

to swim through one of two doors and into an arm of a 

Y-maze, Here the animal was allowed to escape from water 

by climbing out on a ladder. The apparatus was essentially 

a Y-frame of plexiglass partially immersed in water. The 

apparatus was constructed of i-in, frosted plexiglass and 

was 13-ln, high. It had an overall length of 2li-ln, and 

was l6J-in, wide. The alleys were 5i-in, wide. Two 

hinged doors, approximately li-in, apart, were hung at 

the entrance to each arm. These doors were constructed 

of 1/8-in. plexiglass, 4-in. square, and painted a flat 

black. The test stimuli were a 2-in. circle and a 2^-in. 

equilateral triangle mounted i-in. from the bottom of the 

doors. These forms were of the same material used to 

construct the exposure stimuli. Six inches behind each 

door there was a strip of i-in. hardware cloth attached 

to the end of the maze arm. This strip extended out of 

the water. To lock one of the doors the experimenter 

placed a clear piece of plexiglass against the back of 

the door and attached this plexiglass to the hardware cloth 

at the end of the arm. The apparatus was illuminated by 

a 25-w. bulb placed 9-in. over the choice point. 

Discrimination Training 

When Ss reached 75 days of age (in phase two, Ŝs were 

65 days of age) they were transferred from their home 
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cages to laboratory cages for discrimination training. 

The Ss required approximately two days of pretrainlng. On 

the third day the stimuli were mounted and one door locked. 

If S chose the correct side, he nosed open the door, swam 

to the wiremesh ladder and escaped from the water. If S 

chose the wrong side he was allowed to correct and his 

response was scored as an error. The Ss were run in a 

darkened room. The water in the maze was changed every 

day and the temperature of the water was relatively stable 

at 25^C, 

All Ss were given 10 trials per day with the intertrial 

interval being approximately 30 minutes. For all Ŝs 

the triangle was the positive stimulus. The positive door 

was switched from side to side according to selected 

sequences from Gellermann (1933b), The positive door 

was never on the same side for more than two trials in 

succession. The correction method was used throughout. 

An error was scored if any part of S touched the wrong 

door. All Ss were given 120 trials. 



CHAPTER III 

FINDINGS AND INTERPRETATIONS 

Results 

Inspection of Table 1, which shows the group means 

of number of correct responses over four blocks of thirty 

trials, indicates an overall Increase in the number of 

correct responses. Group CG was below the three experi

mental groups in all blocks of trials. Group PP main

tained a slightly superior level of performance through Block 3. 

An analysis of variance was performed and the results 

presented in Table 2, It is easily observed that the only 

significant difference found was between blocks of trials. 

This supports the observation on Table 1 and indicates 

the presence of learning. 

Discussion 

From Table 1 it is observed that Group CG demon

strated fewer correct responses in the discrimination 

test. This lends support to the first hypothesis tested. 

The performance of Group CR and Group RP was between that 

of Group PP and Group CG during the first three blocks 

of trials. This trend would seem to warrant further 

research in this area. 

The exposure period employed in experiments of this 

type is usually begun when Ss are 21 days old and ter

minated at 90 days of age. Failure to demonstrate a 

marked degree of exposure learning in this study was per

haps a function of the late age at which Ss received 

19 
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TABLE 1 

GROUP MEANS OP NUMBER OP CORRECT RESPONSES 
OVER POUR BLOCKS OP THIRTY TRIALS EACH 

Group 

CG 

CR 

RP 

PP 

T o t a l 

Block 1 

9 . 5 3 

9 . 5 0 

9 . 8 8 

lO.lil-

9 . 7 7 

Block 2 

1 1 . 8 0 

1 1 . 0 0 

11 .62 

1 2 . 0 0 

1 1 , 6 3 

Block 3 

1 2 . 0 0 

1 2 . 9 2 

12 , i^k 

12 ,93 

1 2 , 5 ^ 

Block i^ 

1 2 . 8 0 

1 5 . 1 7 

1 5 . 9 4 

1 4 , 7 1 

14 .65 

T o t a l 

1 1 . 5 3 

12.111 

12 .^7 

12 ,45 

TABLE 2 

SUMMARY OP ANALYSIS OP VARIANCE OP CORRECT RESPONSES 
OVER POUR BLOCKS OP THIRTY TRIALS 

Source 

Between groups 

Within groups 

Between b l o c k s 

Groups X B l o c k s 

Within c e l l s 

T o t a l 2 

SS 

34,2if 

6 4 9 . 6 9 

7 0 2 . 5 1 

6 6 . 1 9 

9 8 2 . 3 0 

.4?4.9? .. 

df 

3 

53 

3 

9 

159 

227 

MS 

1 1 , 4 1 

12 ,26 

2 3 4 . 1 7 

7 .35 

6 . 1 8 

« 

P-Rat io 

. 9 3 

37.S9* 

1 .19 

fi .001 



21 
exposure training and the early age of testing. The 

differences between the experimental groups may possibly 

have been determined had the animals received more 

extensive discrimination training. 

The exposure procedure might have been more effective 

if the different exposure stimuli had been presented con

tinuously as opposed to 8-hr, periods. It is possible that 

smaller exposure stimuli would facilitate exposure learning 

also. If sensory pre-conditioning may be applied to the 

area of exposure learning then there might be an advantage 

in separating the light and tone combinations by ,5-sec,, 

the optimal interval for a classical conditioning. 

The apparatus used for testing may have contributed 

to the relatively low levels of learning found. At the 

choice point many Ss would pause and nose both doors before 

choosing. Because of the criterion of a "correct" response 

it is believed that the number of responses scored as in

correct could have been reduced simply by separating the 

doors with a small partition. Learning on this apparatus 

could possibly have been more efficient if some punishment 

had been utilized for incorrect responses. 



CHAPTER IV 

SUMMARY 

This study investigated exposure learning through the 

use of a sensory pre-conditioning exposure situation. Pour 

groups of rats were reared under different exposures to 

auditory and visual stimulation. Group PP received exposure 

to a circle which, when lighted, was paired with a pure tone 

and a triangle which was paired with a buzzer. Group RP 

was exposed to the circle and triangle but these were 

randomly paired with the two sounds. Group CR received 

exposure to the same visual and auditory stimuli but the 

presentation of these stimuli was not paired and completely 

randomized. Group CG received no specific exposure. All 

groups received the Identical discrimination problem after 

exposure. There were no statistically significant differences 

between the four groups, but the group means were generally 

consistent with the initial research hypotheses. Con

sideration was given to ways in which the experimental 

apparatus and methodology might be improved in subsequent 

research of this nature. 
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