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CHAPTER' I 

INTRODUCTION 

In the standard learning studies of the past the sub-

jects have been presented with a choice between two stimuli 

which differed along some dimension. Many dimensions, such 

as color, pitch, size, shape, brightness, and shade, have 

been used. The subjects were first required to discriminate 

between the two stimuli. Then the subjects were required to 

respond to the stimulus designated as positive by the exper-

imenter. By rewarding responses to the positive stimulus 

and punishing or not rewarding responses to the negative 

stimulus, the subject was conditioned to respond to the posi-

tive stimulus only. In the minds of those who made these 

studies, there existed a relationship between the two stimuli. 

The positive stimulus had more or less of some dimension 

than the negative stimulus. The subject, however, could 

have been responding in either of two ways. The responses 

could have been made with the relationship between stimuli 

as the guiding factor, or the responses could have been 

made to the absolute characteristics (amount of the dimen-

sion) possessed by the positive stimulus. 

In order to determine what was actually learned, a new 

set of stimuli was presented to the subject. The new stimu-

lus combinations consisted of the old positive stimulus and 



a new stimulus. The olcl positive stimulus had been positive 

because of its relationship (larger, darker, smaller, etc.) 

to the-old negative stimulus. The new positive stimulus 

was positive because it bore this same relationship to the 

stimulus that had been positive in the previous relationship. 

The subject was presented with a choice between the two 

stimuli in the new relationship. One stimulus had been 

positive in the training relationship but was negative in 

testing relationship. The new positive stimulus had never 

been associated with a reward before but' was positive in 

the new relationship. A response by the subject to the 

previously positive stimulus was interpreted as an absolute 

response, which indicated that the subject had learned to 

respond only to the absolute properties of the original 

positive stimulus. A response by the subject to the new 

positive stimulus was interpreted as a relational response, 

which indicated that the subject had learned the relation-

ship (smaller, larger, brighter, etc.) between the training 

stimuli and had transferred the knowledge of the relation-

ship to the testing situation. 

Early research findings seemed to indicate that sub-

jects responded reliably in a relational manner. Casteel 

(3) used turtles in discrimination tests involving varying 

widths of vertical lines. The turtles were required to 

discriminate between lines that became progressively more 

similar. At each change of stimulus the subjects responded 



relationally at a highly efficient rate. Washburn and 

Abbott (22) studied the ability of rabbits to distinguish 

red from gray and black. Whenever new stimuli were intro-

duced into a relationship, the subjects responded fairly 

consistently in a relational manner. Breed (2) studied 

the ability of chicks to discriminate red, blue, and white, 

with differences in light intensity controlled. In chang-

ing from one test situation to another, the subjects consis-

tently responded in a relational manner. Lashley (16) 

conducted a study of the ability of albino rats to discrim-

inate between different sizes and forms. After being 

trained to respond to the larger of two stimuli, the sub-

jects were tested witli two stimuli, both of which were 

larger than the original stimuli. The subjects responded 

to the larger of the two stimuli, a relational response. 

Bingham (1) conducted an extensive study of chicks to 

determine the relative importance of size, form, and bright-

ness in discrimination. During the study the subjects were 

trained to respond to the larger of tv̂ o circles. When 

the larger circle was replaced by a circle smaller than -

either of the two training circles, the subjects chose the 

larger of the two test stimuli even though that stimulus 

had previously been the negative stimulus. The responses 

were interpreted as being clearly relational. Coburn (4) 

obtained almost identical results in a similar study using 

the American crow. Johnson (11) investigated the ability 



of monkeys and chicks to discriminate between different 

widths of striae. In each case in which a new stimulus 

was introduced, the subjects responded relationally. 

Johnson (12) did further research with discrimination of 

striae, and again relational responses were observed when-

ever new stimuli-were introduced. Kohler (14) studied 

chicks and apes and reported that they responded relation-

ally in the transposition situation. 

Gayton (6) studied the responses of albino rats in a 

two-choice situation. The subjects were first trained to 

respond positively to a semi-dark alley, as opposed to a 

dark alley. At the end of the correct alley food was 

available. An incorrect response led to a dead end and a 

return to the choice position. An incorrect response was 

therefore followed by an opportunity to correct the res-

ponse. After the response was learned, the subjects were 

presented with a choice between a semi-dark alley and a 

light alley. The subjects responded to the light alley 

at a slightly lower level than had occurred in the training 

phase. Gayton interpreted the results as supportive of-

the relational point of view but pointed out that the theory, 

did not account for the lower level of correct responses 

in the testing phase of the experiment. The theory developed 

later by Spence (20) explained all of the findings, including 

the lower level of responses in the testing situation, and 

did so in terms of absolute responding. 



Helson (9) reported a study almost identical to the 

above study by Gayton. Helson obtained the same results 

as Gayton and interpreted them as unequivocal evidence of 

insightful relational responding. The results of Helson's 

study were also very adequately predicted by the model 

developed later by Spence. Helson's reports of startling 

insightful behavior of animals.that crawled over partitions 

to reach the correct goal box were not given much credence 

by other researchers. Only two subjects exhibited the 

"climbing over" behavior, and the response seemed due more 

to fear of the electrical shocking grid than to anticipation 

of reaching the goal. 

Gulliksen (8) used albino rats and a Lashley jumping 

stand to study the relational-versus-absolute controversy. 

The subjects were trained to discriminate between a six-

inch- and a nine-inch-diameter, white circle on a black 

field. In the first series half of the subjects were 

trained to respond positively to the larger stimulus, and 

half were trained to respond positively to the smaller sti-

mulus. After testing, the subjects were retrained to 

respond in the opposite manner. By the use of numerous 

experimental controls and trial tests, Gulliksen demon-

strated the absence of any extraneous variables. In the 

testing situation the subjects made relational responses 

that were little better than chance, level. Gulliksen 

discussed the possible causes of the poor relational 



responses and ruled out normal random variation in responses 

suggested by Helson (9). Some of the subjects had been 

tested with the training stimuli and had responded no dif-

ferently than during training, even though both stimuli were 

rewarded. K.ohler's explanation that subjects respond to 

both relational 'and absolute properties was ruled out, 

because no difference was found between cases in which abso-

lute and relational factors opposed and complemented one 

another. Extensive experimental controls ruled out all 

other explanations. A test of the subjects in a seven 

and one-half-inch versus a five-inch circle situation pro-

duced fewer errors than the original tests. Gulliksen 

explained that the similarity of the absolute situation as 

a whole between training and testing was a factor. Gullik-

sen further stated, 

The indication, then, is that transfer of reaction, 
when it occurs, is on a relative basis, but that 
the transfer is confined to a limited range around 
the absolute size of the figures used in the 
training series. Beyond these limits, the transfer 
first becomes inaccurate and then breaks down (8, p.50) 

The preceding statement was surprisingly similar to a rough 

interpretation of Spence's model. All of the results of 

Gulliksen's study were adequately predicted by the Spence 

model, which was conceived later. Kluver (13) substantiated 

the distance effect mentioned by Gulliksen. The distance 

effect was substantiated much later by Ehrenfreund (5), 

Honig (10) , and Kuenne (15). 



Spence (19) published a paper explaining presolution 

behavior of subjects within the S-R framework. He offered 

another explanation for the behavior that the relationists 

had considered purposeful, conscious testing of hypothesis. 

Spence explained the responses with the assumption of only 

positive and negative effects of reinforcement and non-

reinforcement respectively. His absolute .theoretical frame-

work explained all of the findings of the relationists and 

had the advantage over the relationists because it better 

conformed to the law of parsimony. 

The absolute school of thought may be described as 

those theorists who attempted to explain all phenomena in 

terms of absolute, S-R, theory with no higher thought 

processes acknowledged. The relationists, such as Kohler, 

believed that phenomena could be explained only with the 

use of the higher processes, commonly referred to as insight, 

Spence's (2) model is illustrated in Figure 1. A 

number of assumptions were involved. First, there was a 
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Fig. 1--The Spence model of transposition (Spence, 
1937) . 
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positive, excitatory, generalization gradient, representing 

the effects of reinforcements (the solid line curve in 

Figure 1). The second assumption was that there was a 

negative, inhibitory, generalization gradient, representing 

the effects of non-reinforcement (the dotted line curve 

in Figure 1). Finally, the two gradients (positive and 

negative) were added in algebraic fashion to yield effec-

tive excitatory tendencies (the numbers in Figure 1). 

The example shown in Figure 1 was for a training situa-

tion in which the square of 256 square centimeters was the 

positive stimulus (rewarded) and the square of 160 square 

centimeters was the negative stimulus (not rewarded). The 

positive response in the testing situation was predicted 

to be toward the stimulus with the higher effective excita-

tory tendency. A presentation of the stimuli of 256 square 

centimeters and of 409 square centimeters would yield a 

high probability of response to the 409-square centimeter 

stimulus. A presentation of the 409-square centimeter 

stimulus and the 655-square centimeter stimulus would yield 

an equal probability of response to either of the stimuli. 

A presentation of the 655-square centimeter stimulus and 

the 1049-square centimeter stimulus would yield a higher 

probability of response to the 655-square centimeter stimulus 

demonstrating the distance effect. 



Spence (21) used four monkeys in a successful attempt 

to show that responses to any stimulus configuration could 

be alte-red or even reversed . by. the use of appropriate 

training on single isolated stimuli. The relationists had 

repeatedly stated that animals responded to relationships 

and that none of-these relationships could be learned or 

altered by the effect of reinforcement or .punishment of 

isolated stimuli, Spence ran preference tests for different-

sized.squares to establish the pre-test relative excitatory 

strengths of the stimuli. The subjects were then rewarded 

for responses to either of the pre-training stimuli and 

not rewarded for responses to a new stimulus either larger 

or smaller than the two pre-training stimuli. After train-

ing, the subjects responded less to the square nearer to 

the negative stimulus and more to the square away from the 

negative stimulus. The results supported very well Spence's 

theory of inhibition gradients surrounding negative stimuli. 

Since the publication of Spence's model of transposition 

there has been little work done in the area of relational 

theory versus absolute theory on transposition. Most 

studies have been concerned with the effects of different 

variables (amount of training, stimulus intensity, simul-

taneous versus successive presentation, etc.) on the general-

ization gradients,with the Spence model assumed as valid. 

Lawrence and DeRivera (17) , however., tested relational versus 

specific responses in a new and original situation. They 
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used a Lashley jumping stand with cards ranging from 1 to 

7 (white to black) as stimuli on the doors, the cards for 

both doors were identical, both having a gray value of 1, 

.2, 3, 5, 6, or 7 on the top half and a value of 4 (middle 

of reflectance range) on the bottom half. The background 

around the stimulus cards was painted black,with a reflec-

tance value of 7. The correct response for the rats was to 

jump to the right if the upper halves of the cards were 

lighter than the number four gray on the lower halves of 

the cards, and to jump to the left if the upper halves of 

the cards were darker than the lower halves. 

The cards served as doors through which the rats had 

to jump. The correct card on each trial was left free to 

swing. The incorrect card was locked into position. If 

the rat jumped to the correct side, the card gave way, and 

the subject entered the box containing food. If the sub-

ject jumped to the incorrect side, he bounced off the door 

and fell to a platform below. Thus, considerable punish-

ment was received for an incorrect response. 

Once the response was learned, the subjects were tested 

to determine the manner in which the response had been 

learned. Spence's theory would have stated that during the 

training phase the lighter shades of 1, 2, and 3 had come 

to be associated with a response to the right. At the 

same time the darker shades of 5, 6, and 7 had come to be 

associated with a response to the left. The number 4 gray 
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would have assumed a neutral value, having been associated 

with left and right responses an equal number of times. 

Therefore, in the testing situation any pairing of the 

lighter shades would have elicited a response to the 

right. For example, cards with the .shade of value 2 on 

top and the shade of value 1 on bottom should elicit a 

response to the right. Any combination of the darker 

shades would elicit a response to the left regardless of 

the relationship between the two shades. Any combination 

with shade number 4 on top would elicit the response associ-

ated with the shade on the lower half of the card. According 

to the theory of the relationists, the subjects should have 

learned to associate the relationship of a lighter shade on 

top with a response to the right and of a darker shade on 

top with a response to the left without regard to the speci-

fic shades. In the test situation the relationists would 

have predicted that the subjects would respond in accordance 

with the relationship regardless of which shades were in-

volved. The seven shades used in the training phase were 

then paired in all combinations other than duplication and 

the original training pairs (Table I). 
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TABLE I 

PREDICTIONS OF SPENCE AND RELATIONISTS 

Same Different Questionable 

6/5 2/1 4/3 5/3 

7/6 3/2 4/5 3/5 

1/2 ' 5/6 4/2 5/2 

2/3 6/7 4/6 6/3 

7/5 3/1 • 4/1 2/5 

1/3 5/7 4/7 3/6 

X/Y X = Shade of top half 
Y = Shade of bottom half 

In six pairs the relationists and Spence predicted the 

same response. In twelve other pairs the theories of Spence 

and the relationists led to differing predictions. In the 

last six pairs the predictions of the relationists were 

clear, but the predictions of Spence's theory were not 

easily discernible. As can be seen in Table I, the pairs 

under the "Questionable" heading are all made up of shades 

on opposing sides of the number 4 neutral gray. Therefore, 

one shade would logically elicit a response to the right, 

and the other shade would elicit a response to the left in 

every case. The responses thus would be random or unreli-

able at best. 

Using all combinations other than the first six, 

Lawrence and DeRivera found eighty per cent of their results 

compatible with the relational theory. However, when the 

six "not clear" pairs were removed from the data, the 
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agreement dropped to sixty-five per cent. Several factors 

clouded the interpretation of the results. The use of the 

Lashley"jumping stand introduced the punishment factor. 

The effects of punishment on the inhibitory gradient are 

at the present time not clearly understood (see Estes, 7f 

and Skinner, 18).' The grays used in the study were not dis-

tributed evenly along the continuum in terms of per cent 

reflectance. The steps between shades were much smaller in 

the darker range (average 4 per cent) than in the lighter 

range (average 18 per cent). This factor could have intro-

duced spurious results because of a possible inability of 

the subject: to discriminate between different shades in 

the darker range. 

Statement of the Problem 

The present study was based on Lawrence and DeRivera's 

publication. Several changes were made in the procedure in 

order to investigate interesting questions brought up by 

Lawrence and DeRivera's findings. It was felt that a 2 x 3 

factorial design with repeated measures on one of the factors 

would provide answers to these questions. If Lawrence and 

DeRivera's results are arranged as in Table II, it appears 

probable that an interaction occurs between the effects of 

Distance Apart (Factor A) and Interference (Factor B). 

Because of this possible interaction, it was decided that 

a factorial design would draw the most useful information 
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TABLE II 

FACTORIAL ARRANGEMENT OF LAWRENCE AND DERIVERA'S 
DATA MEAN/PER CENT RELATIONAL RESPONSES 

Factor B 
Factor 
A Same 

Prediction 

Different . 
Predictions--

No Interference 

Different 
Predictions-
Interference 

1 1/2, 2/3,'6/5, 7/6 2/1, 3/2, 5/6, 6/7 4/3, 4/5 

Apart 90% . 50% 50% 

• 2 
Apart 

1/3, 7/5 

100% 

3/1, 5/7 

70% 

4/2, 4/6 

90% 

3 
Apart 

4/1, 4/7 

81% 

from the data. The first level of Factor B was labeled 

"Same Predictions" because both theories predicted the same 

responses for the stimuli under that heading. __ The stimuli 

under the "Same Predictions" heading could be considered 

the stimuli on which relational and absolute response ten-

dencies complemented each other rather than opposed one 

another, as in the cases of the other two levels of Factor 

B. The other two levels of Factor B were labeled "Different 

Predictions--Interference" and "Different Predictions-.-No 

Interference" because it was felt that the appearance of 

the neutral gray on the top halves of the test stimuli. 

might interfere with the specific responses. The possibility 

of interference was due to the manner in which an absolute 

or specific response is acquired. The absolute theory states 

that subjects respond to the specific properties of the 
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stimulus. Using this method, the subjects would soon learn 

to fixate on the upper halves of the stimuli because that 

was where the pertinent information always appeared. In 

the testing situation the appearance of neutral gray (in-

stead of the pertinent shades) in the critical position 

(upper halves of. the targets) would confuse the subject. 

The levels of Factor A in Table II were labeled "1 Apart," 

"2 Apart," and "3 Apart" because the. number of steps 

between the shades in the keys were different for the three 

levels. In the actual study the "2 Apart" and "3 Apart" 

levels were combined to produce the two levels "1 Apart" 

and "More Than 1 Apart." 

Hypotheses 

Several hypotheses are presentedj Hypothesis I, Signi-

ficantly more relational responses will occur in the "More 

Than 1 Apart" level of Factor A than in the "1 Apart" 

level; Hypothesis 11 •, Significantly more responses will 

occur as predicted in the "Same Predictions" level of Factor 

B than in the two "Different Predictions" levels; Hypothesis 

Illj Significantly more relational responses will occur in 

the "Interference" level than in the "No Interference" level; 

Hypothesis IV, Factors A and B will interact so that the 

effect of the number of steps the grays are apart will be 

relatively greatest under the "Interference" condition. 
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CHAPTER II 

METHOD 

Subjects 

Subjects consisted of twenty-five naive African Mouth-

breeders,of which three died during the study. The fish 

were members of the Cichlid family, a group known to be 

relatively intelligent. The subjects were purchased from 

an aquarium supply wholesale house that had obtained them 

from a supplier in Africa. All sub-jects were mature, and 

approximately half were male and half female. The twenty-

five fish were stored in a thirty-gallon aquarium tank 

until they were used for the study. 

Apparatus 

Apparatus consisted of keys made of acetate painted 

with different shades of gray, and of two six-gallon betta 

tank aquariums. In order to produce a smooth continuum 

from white to black, twenty-two different shades of gray 

were mixed. Each mixture of- paint contained twenty-two 

parts. In moving from mixture 1* to mixture 22f, each 

mixture contained one less part of white and one more part 

of black than the previous mixture. The two paints used 

for the study were white and jet black Craftint Flat Art 

Poster Color paint. Each mixture was painted on strips 

18 
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of acetate 2.S centimeters wide. A 2,5 centimeter square 

was cut from each strip, and its per cent reflectance deter-

mined with the use of a light meter. The reflectance of 

each strip was plotted on a grapht and seven of the twenty-

two shades were chosen in such a manner as to produce a 

smooth continuum- from lowest to highest per cent reflectance, 

As can be seen in Figure 2, the reflectance percentages 
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Fig. 2-~Per cent reflectance of trial shades 
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seemed to collect at the lower end. This was the same prob-

lem encountered by Lawrence and DeRivera. The shades chosen 

for the'study were numbers l'(96%), 2'(83%), 4'(72%), 5'(62%), 

.7'(501), 10*(381), and 22'(251). As shown in Table III, the 

average distances between shades in the'higher range and the 

TABLE III 

BETWEEN SHADE PER CENT REFLECTANCES 

Shade % Ref. Dif. Average 

1' 1 
2' 2 
4* 3 
5' 4 

951 
831 
72% 
62% 
50% 
38% 
25% 

---13% 
---11% 
---10% 

34% 
3 

= 11.33% 

mJ "t 
7' 5 

10' 6 
22' 7 

951 
831 
72% 
62% 
50% 
38% 
25% 

lTi 1 

---12% 
---13% 

37% 
"T" 

!! H-
* 

• 04
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lower range were very nearly the same. The seven colors were 

then redesignated 1, 2, 3, 4, 5, 6, and 7, with number 1 the 

lightest and number 7 the darkest. 

The target .keys were constructed from the painted squares 

and black bell wire. The black bell wire had approximately 

the same reflectance value as the number seven black. Each 

key (Figure 3) consisted of two identical targets, 2.5 by 5.0 

centimeters. The term key applies to the entire stimulus 

shown in Figure 3. The term target applies to the two 2.5-

by-5.0-centimeter rectangles used to make up the key; thus 

a target was one-half of a key. The term square applies to 
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Fig. 3--Design o£ Keys (Actual Size) 

the four 2.5-centimeter squares used to make up the two tar-

gets. A square is one-half of a target. The training keys 

had number 4 gray on the bottom halves of the targets and 

grays of values 1, 2, 3, 5, 6, and 7 on the top halves of 

the targets (Table IV). The testing keys were constructed 

TABLE IV 

PATTERNS OF TRAINING STIMULI 
. AND REWARDED RESPONSES 

Correct Response 

Left Right 

; 5/4. 1/4 
6/4 2/4 
7/4 3/4 

the same as the training keys, but the shades were placed in 

different positions as shown in Table V. All the keys were 
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constructed so that the targets were parallel, three centi-

meters apart, and horizontally even. 

TABLE V 

PATTERNS OF TEST STIMULI USED: ORGANIZED BY-
DEGREE OF SEPARATION AND PREDICTED RESPONSE 

Group »1 B2 B3 

• 

Separation 
Same 

Prediction 

Different 
Predictions-

No Interference 

Different 
Predictions-
Interference 

A1 
1 

Apart 

1/2, 2/3 

6/5, 7/6 

2/1, 3/2 

5/6, 6/7 

4/3, 4/5 

A2 
>1 

Apart 1/3, 7/5 3/1, 5/7 
4/2, 4/6 

4/1, 4/7 

X/Y 
X = Shade on top half of target 
Y ~ Shade on bottom half of target 

Subjects were maintained and tested in two six-place 

betta tank aquariums. Each tank held seven gallons of water 

and measured 60 x 17.50 x 21.25 centimeters. Each tank was 

divided into six compartments, each 10 x 17.50 x 21,25 centi-

meters, ..by the use of five glass partitions. The water 

circulation system was arranged so that water passed through 

one tank, then through the other and back. This was done 

to keep water temperature, oxygenation, and color identical 

for all subjects. A thermostatically controlled heater was 

placed in the back of one compartment of tank number two,and. ' 

maintained the water temperature between seventy-six and 

eighty-one degrees at all times. A small siphon connected 
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the two tanks to keep the water level the same in both tanks. 

An algicide was introduced into the water periodically to 

prevent discoloration of the water by algae. The alkalinity 

of the water was maintained between 7.7 and 7.9 at all times. 

All glass partitions were painted black to prevent the sub-

jects from observing the others' responses. A strip of 

number 7 black paint seven centimeters wide was painted 

across the inside front of the tank to produce a background 

against which to display the keys. Each tank had a reflector 

hood on top with three twenty-five-watt showcase bulbs. 

Each buld serviced two compartments, and the ten-centimeter 

length of the bulbs assured that all compartments received 

]ight of the same direction and intensity, 

Procedure 

The subjects were divided randomly into two groups. 

The two groups were created for the two levels of Factor A 

in the testing situation with a 2 x 3 analysis of vari-

ance. Thirteen-subjects remained in the storage tank while 

twelve subjects were placed in separate compartments in the 

betta tanks. One subject in the first experimental group 

and two in the second experimental group died during the 

experiment. Training procedure was identical for both groups. 

The subjects were fed Longlife Shrimp el ettes at the same 

time each morning for ten days to establish a feeding expec-

tancy schedule and to determine the amount of food required 
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for satiation. On the eleventh day conditioning was initi-

ated. The subjects were first conditioned to strike a square 

when the square was introduced into the compartment. A single 

2,5-centimeter square of reflectance value 4 (middle gray) 

mounted on black bell wire was used as the stimulus. At the 

beginning of each trial the stimulus was introduced into the 

tank and positioned in the middle of the black background about 

one-quarter of an inch from the tank wall. The target was 

not introduced until the subject \\?as near the back of the 

tank. This was done to keep the subject far enough away from 

the square to be able to see adequately the choice keys used 

in the second phase of training. After a short time the 

subjects learned to move to the back of the tank when the 

square was held above the subject's section. The square 

was then introduced into the tank, and it remained until 

the subject either touched the target or fifteen seconds 

elapsed. When the subject rouched the square, a unit of 

fish food was introduced at the surface above the target. 

Care was taken to choose a reward (dampened Longlife Shrimp 

el ettes) that sank quickly and therefore reached the sub-

ject with a minimum of delay (0.5 to 1.0 second). In 

order to expedite acquisition of the response, a small 

piece of liver was attached to the square for the first 

few days. For each correct response the subject received 

approximately one-twenty-fifth of the previously determined 
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daily satiation quantity. Each day twenty trials were given, 

at the end of which the subject was fed the part of the 

daily ration that had not been earned during the condition-

ing trials. Each subject began training trials under 

approximately twenty-one hours of food deprivation each day. 

Each subject was introduced to the second phase of 

conditioning when eighteen out of.twenty trials were suc-

cessful for three consecutive days. Most subjects required 

approximately fourteen days. All subjects acquired the 

response within seven to twenty-three days. The major 

part of the acquisition period was primarily concerned 

with taming the subjects. The second phase was initiated 

by introducing into the training schedule the following 

types of training keys: one with white on the top halves 

of the targets and middle gray on the bottom halves (1/4) 

and one \</ith black on the top halves of the targets and 

middle gray on the bottom halves (7/4). In responding to 

the training keys, subjects were rewarded only for the 

appropriate response (Table IV). When presented the 7/4 

key, the subjects were required to bump the target to their 

left. When presented the 1/4 key, the subjects were required 

to bump the target to their right. All training phases 

involving the use of the training keys used the same proce-

dure, The training square was presented to the subjects 

on the odd-numbered trials. The training keys (1/4 and 

7/4) were presented on even-numbered trials, alternating 
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semi-randomly. Each training key was presented five times 

per day. Feeding during and after the training sessions in 

the second phase was conducted in the same manner as in 

the first phase. Some subjects took several days to become 

accustomed to the larger keys, but all began responding 

within twelve days. The training square was slowly phased 

out as the subjects began responding to the training keys. 

A key was introduced into the subjects' compartments 

to initiate each trial. The key remained for ten seconds 

or until the subjects responded. A correct response was 

followed by reinforcement and extraction of the key. An 

incorrect response or no response for ten seconds was fol-

lowed by extraction and reintroduction of the key. The 

key was reintroduced a limit of five times per trial. A 

correct response to any of the five attempts per trial 

resulted in the standard reward. Records were kept of 

each response in order to identify response sets, such as 

fixation and alternation. Fixation is defined as responding 

to the left or to the right every time. Alternation is 

defined as responding left, right, left, right, and so on. 

A few of the subjects developed the fixation response set, 

but the response was extinguished by withholding the key 

to which the fixated response was correct. Attempts to 

extinguish response sets were successful on all subjects. 

For each day of testing, the 1/4 and 7/4 keys were alternated 

semi-randomly, with the restrictions that no key was introduced 
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three consecutive times, and that each key was introduced 

ten times per training session. Since the subjects were 

in close proximity to each other during testing, the order 

of testing subjects for each day was randomized. All ran-

domization in the study was done with the aid of a table 

of random numbers contained in IViner(l). 

As each subject reached the criterion of eighteen 

correct responses out of twenty trials for three consecu-

tive days, the 1/4 and 7/4 keys were replaced by the 2/4 

and 6/4 keys. For criterion purposes a correct response 

was defined as a correct response on the first attempt of 

a trial. Most subjects required around sixty days to reach 

the first criterion and twenty more days to reach criterion 

on the 2/4 and 6/4 keys. The experimental plan had origin-

ally called for the reaching of the same criterion of 

eighteen correct responses for the 3/4 and 5/4 keys. Most 

subjects, however, reached only the level of sixteen correct 

responses out of twenty trials when responding to the 3/4 

and 5/4 keys. The third criterion was therefore lowered to 

fifteen correct out of twenty trials. The average subject 

took approximately fifty-three days to learn the response. 

All subjects learned the response within sixty-five days. 

Each subject entered the third phase of conditioning 

as the third criterion was met. In the third phase eighteen 

trials were run per day. This was -an over-training stage. 

Each of the six keys was introduced three times per day. 
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The keys ivere introduced in semi-random order. The only 

restriction on the randomization Was that at no time in 

each daily trial could three consecutive keys have correct 

responses to the same side (left or right). Training for 

each subject was continued twenty days past the criterion 

of fifteen correct responses out of eighteen trials. 

At the end of the over-training period, testing was 

initiated. Group I was tested on the level stimuli, and 

Group II was tested on the ki level stimuli. As mentioned 
0 

earlier, the relationists and the absolutists predict 

opposing responses to many of the test stimuli in Table V. 

The absolutists believe the subjects learned to respond to 

the right in the presence of shades 1t 29 and 3 and to the 

left in the presence of shades 5, 6, and 7. The relationists 

believe the subjects learned the relationship "darker on 

top--respond to the left; lighter on top-~respond to the 

right." Therefore, in the testing situation the relation-

ists would predict a response to the left on testing stimu-

lus 2/1 (under heading B2) because of the relationship 

"darker on top." The absolutists would predict a response 

to the right on the 2/1 stimulus because both shades had 

previously been associated with a response to the right. 

The above discussion applies equally well to all the stimuli 

under the level I^. The same general logic applies to the 

stimuli under the classification By, The relational predic-

tion is the same as above. For example, the 4/5 stimulus 
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is lighter on top, and therefore a prediction of a response 

to the right is given. The prediction of the absolutists is 

not so clear cut. The stimulus consists of a shade that had 

previously been associated with a response to the left, 

paired with a stimulus that had been associated with left 

and right responses an equal number of times. According to 

the absolutists, the test stimulus 4/5 has a neutral shade 

paired with a "response to the left" shade. Assuming the 

subject attends to the keys as a whole (a possibly ques-

tionable assumption), the subjects should respond in accor-

dance with the non-neutral shade (in this case to the left). 

The assumption was questionable because the subjects that 

had learned to respond specifically might well have learned 

to attend to only the upper halves of the targets, and 

therefore disregard the lower halves. 

For Group I one day of testing consisted of ten trials 

(Table V). For Group II, one day of testing consisted of 

eight trials. The subjects were fed for each response 

regardless of the type. On the six test stimuli under the 

heading the two theories predicted the same response.-

The test stimuli for each group were presented in semi-

random order each day for five days. The randomization was 

reordered on each of the five test days for each subject. 

Each subject responded to each stimulus five times in five 

different sequences. As in the earlier part of the study, the 

randomization had one restriction. If a relational response 
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were made to each stimulus, the order of presentation 

could not call for three consecutive responses to the 

same side. Each subject's score consisted of the per 

.cent of responses made in the direction predicted by 

the relationists. Each refusal to respond was excluded 

from the data. Therefore, the per cent of specific 

responses was the inverse linear function of the rela-

tional response percentages. 
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CHAPTER III 

RESULTS 

The subjects' responses to the test stimuli are sho\m 

in Table VI.- The responses are in general agreement with 

TABLE VI 

MEAN PER CENT RELATIONAL RESPONSES BY 
FACTORIAL ARRANGEMENT 

/ 

Same 
Predictions 

B1 

Different 
Predictions -

No Interference 

B2 

Different 
Predictions-
Interference 

1 
Apart Ai 

00
 

o
 46% 55% 

>1 
Apart A2 

90 % 64% 82% 

those made by Lawrence and DeRivera's subjects. The infor-

mation in Table VI is shown graphically in Figure 4. 

32 



33 

90 -

80 --

70 -

60 

50 

40 
Bi B< B-

Fig. 4--Mean per cent relational responses to test 
stimuli* 

When interpreting the graph, it should be noticed that the 

A scale was reversed from what it was in the table. . 

The largest number of relational responses occurred in 

the B^ level of Factor B« Since absolute and relational 

theory predicted the same responses, the responses in level 

B-̂  must be considered the level of responding that occurs 

when relational and absolute response tendencies complement 

each other. 

An analysis of variance was carried out on the data. 

The results of the analysis are shown in Table VII, The 

difference between the "1 Apart" and the "More than 1 Apart" 

levels of Factor A was found to be significant at the .05 



TABLE VII 

SUMMARY TABLE FOR THE 2 x 3 ANALYSIS OF VARIANCE 
OF THE PER CENT OF RELATIONAL RESPONSES 

34 

Source SS df MS • F P 

Between Subject . » 14777.65 21 

A (Separation) 2245.84 1 2245.84 5.37 .05 

' S's Within Groups = 12531.81 20 417.73 

Within S's » 29666.67 44 

B (Interference) = 10093.18 2 5046.59 9.79 .01 

AB 4123.48 2 2061.74 4.19 .05 

B x S's Within « 15450.01 40 515.00 

level. Therefore, Hypothesis I was accepted. The B effect 

was significant at the .01 level. Disregarding Factor A, 

a significant difference at the .01 level was found by use of 

the Neuman-Kuels procedure between level B^ and levels B2 

and B3 combined; thus.. Hypothesis II was accepted. This 

procedure also revealed that the difference between the 

"Interference" and "No Interference" level means was signi-

ficant at the .01 level. Therefore, Hypothesis III was 

accepted. The analysis also revealed that the A x B inter-

action was significant at the .05 level. Thus, the null 

hypothesis for Hypothesis IV was rejected, and the research 

hypothesis was accepted. The test of the simple main effects 
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of Factor B, after Winer (1), revealed a significant B 

effect restricted to level (.01 level). The simple 

main effect of Factor B at level A2 was found to be non-

significant. Cell means A^Bj and A2B3 were found by use 

of the Studentized Range Statistic to be different at 

the .01 level of-significance. The differences between 

the cell means A^B^ and A2B1 and also A^B£ and A2B2 were 

found to be non-significant at the .05 level of signifi-

cance by the same method. Checks of the homogeniety of 

variance and of covariance, after Winer.(1), indicated 

that neither assumption had been violated. 



CHAPTER BIBLIOGRAPHY 

1. Winer, B. J. , Statistical Principles in Experimental 
Design, New York, McGraw-Hill BoolT Company, 196 2. 

36 



CHAPTER IV 

DISCUSSION 

The results confirmed all of the hypotheses. The pat-

tern of responses of the subjects of the present study were 

very close to those of Lawrence and DeRivera's subjects. 

The different arrangement of data in the present study, 

ho\tfever, led to different possible conclusions. One of 

the most important conclusions was that the presence of 

number 4 gray, instead of a response-associated shade on 

the top halves of test stimuli, seemed to suppress signi-

ficantly the specific response. The interference level of 

Factor B had significantly fewer specific responses than 

did the "No-Interference" level of Factor B. If considera-

tion is given to the difference between the methods used 

to learn specific and relational responses, a possible 

explanation for the above difference is presented. 

When a subject learns a relational response to training 

stimuli, the subject might possibly have to attend to the 

entire stimulus to master the task. The subject develops a 

set to observe the entire stimulus on each trial. When 

presented with the test stimuli, the subject observes the 

entire stimulus before responding. However, if a subject 

learns a specific response to training stimuli, the task 

37 • 
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can be mastered by attending only to the important factor 

of the stimuli. In the present case the subject need only 

attend to the upper halves of the training targets to make 

the correct response. The lower halves of the keys-were 

always neutral gray; therefore, they gave no information. 

Over a period of'time it could be expected that the subject 

would develop a set to ignore the lower halves of the 

training keys. The subject would be expected to use the 

same set in the testing situation. 

If the subject had learned to respond relationally, 

the presence of neutral gray on the top halves of the 

test targets would be perceived as a part of the total 

stimulus. The subject would observe the relationship 

between the two shades and respond accordingly. However, 

if the subject had learned to respond specifically, the 

absence of a response-associated shade in the position to 

which the subject had learned to attend would probably 

cause interference. The subject would probably attend to 

only the upper halves of the test targets. The subject would 

observe the neutral gray instead of a response-associated 

shade and might make randomized responses. Lawrence and 

DeRivera assumed the subjects would search out the impor-

tant factor of the stimulus. The significantly lower 

number of specific responses in the interference level of 

Factor B in the present study seems to indicate that the 

neutral gray did interfere with and suppress specific 
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responding to a certain extent. Therefore, the test 

stimuli with neutral gray on the top halves of the targets 

were not an optimum test of specific versus relational 

responding. If the stimuli with neutral gray on top are 

omitted, only the six stimuli administered to level B2 

remain. 

It was predicted and substantiated in the present 

study and in that of Lawrence and DeRivera that there 

would be significantly more relational responses in the 

"More than 1 Apart" level of Factor A than in the "1 

Apart" level of Factor A. A possible explanation is that 

the two shades only one step apart were too difficult to 

discriminate. This difficulty in discrimination could 

have caused a lowering of the level of relational res-

ponses. If the above arguments are accepted, the test 

stimuli in the A^ level of Factor A are not an optimum 

test of specific-versus-relational theory. The B l e v e l 

of factor B demonstrates the effect when specific and 

relational responding complement one another. The level 

of Factor B is not a fair test of specific responding. The 

A^ level of Factor A is not a fair test of relational res-

ponding. Therefore, the only cell that contains test stimuli 

that give an optimum test of both specific and relational 

responding is the A2B2 cell. The responses to the test 

stimuli in cell A2B2 were subjected to the Runs Test and 

found not to be significantly different than chance level 
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responding at the .05 level. Therefore, the tendencies 

toward relational and toward specific responding in level 

B2 seem to be essentially equal under the conditions of 

the present experimental procedure. 

The significance of the A x B interaction is apparent 

in Figure 4. The most important part of the interaction 

occurs in the right half of the, figure. The difference in 

slope indicates that the "Interference" level of Factor B 

has a greater effect in the"More than 1 Apart" level of 

Factor A than in the "1 Apart" level. I*t may be theorized 

that when the subjects could respond specifically to the 

stimuli, the distance between shades had very little effect. 

But when the subjects could respond relationally, the dis-

tance between shades apparently had an effect because the 

relational response was easier to make and therefore, more 

prevalent when the stimulus shades were more than one step 

apart. The significant effect of Factor A tends to support 

this conjecture. 

In a repeated measures design, confounding due to order 

effect can occur. Every attempt was made to avoid this " 

possibility by randomization of order, and all indications 

point to the fact that the attempts were' successful. Careful 

inspection of the responses revealed no apparent patterns 

attributable to these effects. A possible confounding could 

have occurred due to the unequal number of test stimuli in 

different cells. The unequal number of responses recorded 
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in different cells could have produced varying reliability. 

The difference in number of test stimuli was corrected for 

by changing the correct number of responses into per cent 

of correct responses, but this procedure did not remedy 

the possible differences in reliability. 



CHAPTER V 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

In the learning studies of the past, subjects were 

required to discriminate between two stimuli and respond 

to one or the other. By rewarding the response to one and 

punishing or not rewarding the response to the other sti-

ulus, the subject was conditioned to respond to the positive 

stimulus only. The response could have been learned by 

either of two methods. The relationists theorize that the 

subjects responded according to the relationship between 

the two stimuli. The absolutists theorize that the subjects 

learn a positive response to one stimulus and a negative 

response to the other stimulus without regard to the rela-

tionship between the two stimuli. The present study is 

based on a previous study by Lawrence and DeRivera investi-

gating whether relational or absolute theory best predicted 

the results in a transposition situation. 

Twenty-two African Mouthbreeder fish were trained to 

respond to training keys which were introduced into the 

subjects' compartments. The six keys each consisted of 

two identical targets. The bottom halves of all the training 

targets were painted middle gray. The upper halves of the 

six pairs of targets were painted one of six shades of gray, 
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from white through black excluding mid-gray. For three train-

ing keys the upper halves of the targets were lighter than 

the lower halves of the targets. For the other three training 

keys the upper halves were darker than the lower halves. The 

subjects were rewarded for bumping the target to the right 

when the upper halves of targets were lighter than the lower 

halves. They were rewarded for bumping the target to the 

left when the upper halves were darker than the lower halves. 

Once the response was acquired, the subjects were 

tested in an attempt to determine what the subjects had 

actually learned.• The relationists theorize that the 

subjects learned the relationship "darker on top-respond 

to the left; lighter on top--respond to the right," Those 

holding to the specific position would theorize that the 

subjects learned to respond to the right in the presence 

of the lighter shades and to respond to the left in the 

presence of the darker shades. A testing situation was 

set up to determine which theory best explained the results. 

The seven shades of gray were then paired in all pos-

sible combinations. Eighteen of the pairs were used as-

test stimuli. On six of the pairs both theories predicted 

the same response (left or right). These pairs were thought 

to demonstrate the effect when relational and specific 

responding complemented each other. On the other twelve 

pairs, relational and specific theory predicted opposing 

responses. Six of the pairs had the neutral gray on the 
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top halves of the keys, and six had one of the other six 

colors. The test keys were placed in a two-way classifi-

cation. Factor B concerned the prediction agreement and 

the presence or absence of neutral gray on the top halves 

of the test keys. The classifications were B^--"Same 

Predictions"; B2--"Different Predictions"--no neutral 

gray; Bj-^'Different Predictions"--neutral gray on top. 

Factor A concerned the steps between shades in each 

pairing. The classifications were A^--"l Apart"; A£--

"More than 1 Apart." The data were analyzed by a 2 x 3 

analysis of variance With repeated measures design. 

Several hypotheses were offered. Hypothesis I was 

that significantly more relational responses would occur 

in the "More than 1 Apart" level of Factor A than in the 

"1 Apart" level. Hypothesis II was that significantly 

more responses would occur in the "Same Predictions" level 

of Factor B than in the two "Different Predictions" levels. 

Hypothesis III was that significantly more relational res-

ponses would occur in the "Interference" level of Factor 

B than in the "No Interference" level. Hypothesis IV was 

that a significant interaction would result between Factors 

A and B. 

All four hypotheses were supported by the experimental 

results. The results were interpreted to indicate that the 

specific response was interfered with by the presence of 

neutral gray, instead of a response-associated shade on the 
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top halves of the test keys. Also, test keys which were 

constructed of shades only one step apart suppressed the 

relational response. The group- of keys in cell A2B2 were 

considered the only optimum test of specific-versus-

relational responding. The responses to the test keys in 

cell ^2^2 w e r e subjected to the Runs Test and found not to 

be significantly different from chance at .the .05 level. 

This result was interpreted to indicate that specific and 

relational response tendencies were essentially equal 

under the conditions of the present study. 

Several questions have come to light or remained un-

answered by the present study. Further research is needed 

to determine whether subjects responding specifically 

actually ignore the less informative parts of the stimulus. 

The method used in the present study shows promise as a 

method of testing relational-versus-specific responding. 

However, it is suggested that only the stimuli fitting the 

qualifications required in cell ^2^2 sh°ul<l be used. It 

is suggested that size of stimuli would be of more value in 

future studies. The use of size instead of a shade con- ' 

tinuum eliminates background color problems and gives the 

experimenter a wider range of potential values to choose 

from. The use of a species other than that used in the 

present study is also recommended in future studies in this 

area. 
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