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CHAPTER I 

INTRODUCTION 

The term "discrimination learning" has been defined 

as the acquisition of different responses to different 

stimuli (Tlghe and Tighe, 1966a), and the technique used 

to produce discrimination learning consists of differential 

reinforcement of responses contingent upon the presence 

of a given stimulus. 

Spence's (1936, 1937t I960) theory of discrimination 

learning in animals was based on the principle of rein

forcement. This principle assumes that if a response is 

followed by reward, excitatory tendencies of the immediate 

stimulus components in a situation are strengthened by a 

certain Increment, "I." When a response is not rewarded, 

the excitatory tendencies of the stimulus components are 

weakened by a certain decrement, "D." This weakening is 

assumed to be due to the negative process of inhibition, 

which adds in algebraic fashion to the positive excitatory 

tendencies produced by reward, and results in lowered 

response strength. 

In considering the amount of strengthening resulting 

from reinforcement, the acquisition curve was assumed to 
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be S-shaped, suggesting that the Increment in response 

resulting from a single reinforcement would be greatest 

in the middle portion and least at the beginning and end 

of learning. The weakening effect of non-reinforcement 

was suggested to vary directly with the strength of the 

response, being greater for strong ones than for weak ones. 

In the case of antagonistic stimulus-response connections 

the competing response tendency having the greatest 

strength would prevail, with the total excitatory strength 

of a stimulus complex being the sum of the excitatory 

tendencies of the component stimuli (Spence, 1936, 1937. 

I960). 

Spence (I960) emphasized that discrimination 

learning is more complex than simple learning situations 

in which there are several possible alternative acts, 

only one of which is correct and followed by reinforcement. 

In discrimination learning the same response may be 

rewarded at one time and not another, depending on whether 

it coincides with the correct cue aspect of the situation. 

Discrimination learning, then, consists of 

the relative strengthening of the excitatory tendency 
of a certain component of the stimulus complex as 
compared with that of certain other elements until 
it attains sufficient strength to determine the 
response [Spence, I960, p, 272], 

In his theory of discrimination learning, Spence 

stated the basic tenets of what has become known as 
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continuity theory, i.e., that learning is Incremental 

and that all stimuli impinging on an organism's sensorlum 

become associated with a response. 

In early experiments in which rats were either 

rewarded or punished for running to either of two stimuli 

differing only in brightness, Lashley (1929) suggested 

that responses to Irrelevant dimensions, such as position, 

preceded the response to the relevant dimension, light, 

and represented attempted solutions within a rat's custom

ary range of activity. It was suggested that the actual 

association representing problem solution was formed very 

quickly, and that preceding practice was Irrelevant to 

formation of the association, Krechevsky (1932) also 

asserted that animals, in learning to discriminate, act 

as though they try first one solution and then another, 

exhibiting systematic modes of behavior which he termed 

"hypotheses," until problem solution was achieved. This 

suggests that the systematic behavior of an animal reflects 

an attention process and that the attention process 

controls what is learned. These views formed the basic 

non-continuity position, i.e,, learning is not Incremental 

but rather occurs in an all-or-none fashion, and not all 

aspects of a stimulus become associated with a response; 

some attributes of a stimulus are abstracted while other 

attributes may be disregarded (Trabasso and Bower, I968). 



The issues raised by these theoretical formulations 

have been investigated in a large number of experiments, 

and the continuity non-continuity controversy is still 

not resolved, although early evidence predominantly 

supported the continuity position (Riley, I968). During 

the 1950*s most learning psychologists seemed to have 

accepted the continuity position (Riley, I968), however, 

recent developments in discrimination learning have again 

accentuated the differences between theories derived from 

either the continuity or non-continuity positions. 

Much of the recent research in discrimination 

learning has been directed toward testing inferences 

derived from single-unit S-R (continuity) theory or some 

version of attention (generally non-continuity) theory. 

The study of shift behavior, in particular, has been 

emphasized in these experiments. After learning an 

Initial discrimination problem, subjects may encounter 

"shifts" in reinforcement contingencies associated with 

cues of the training stimuli, or changes in stimulus cues 

on subsequent problems. Response to such changes is 

described as shift behavior. 

Various paradigms have been employed in studies 

of shift behavior, and there are flaws and possible 

sources of bias Inherent in some of these designs which 

have been recognized (e.g., Slamecka, I968). These 



paradigms will be examined in some detail before reviewing 

the evidence resulting from studies of shift behavior. 

Shift Paradigms in Discrimination Learning 

The basic design employed in the study of shift 

behavior involves. Initially, a simple concept-learning 

task requiring discrimination between stimuli varying in 

two or more dimensions. 

For example (Figure 1), stimuli might vary in color 

and form, the respective cues being red and green, square 

and circle. With only one dimension relevant to problem 

solution, a subject is typically required to discriminate 

between cues of this dimension and respond appropriately. 

With color the relevant dimension, a subject would be 

reinforced for responding to a red stimulus (S+), and 

not reinforced for response to a green stimulus (S-), 

regardless of the form (square or circle) of either 

stimulus. Stimuli are presented in pairs (e.g., red 

circle vs. green sqiiare, and red square vs. green circle) 

on each trial until some arbitrary criterion for learning 

is attained. Reinforcement contingencies are then changed 

or "shifted," so that the subject is required to respond 

to the previously negative cue (green) of the same dimension 

(color) relevant in original learning. This is termed a 

reversal (RS) shift. Alternatively, a subject may be 
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Pig. 1. Examples of RS and ED shifts in the 
basic shift design. 



required to respond to some cue (e.g., square) of the 

previously irrelevant dimension (form), and this is 

termed a nonreversal (NRS), or an extradimenslonal (ED) 

shift. This basic design can be varied in a number of 

ways, and may be employed equally well with human or 

animal subjects. 

A possible source of bias in the basic design 

which has been recognized (e.g., Buss, 1953» Kendler 

and Kendler, I962; Slamecka, I968) is the Intermittent 

partial reinforcement of responses to an initially correct 

cue which occurs for ED subjects. Following the shift, the 

positive cue from the originally relevant (now irrelevant) 

dimension is paired with the positive cue from the newly 

relevant dimension. As in the previous example (Figure 1), 

with a shift from red to square required for ED subjects, 

responses to the red square are reinforced. Thus responses 

to the initially positive cue (red) might be expected to 

persist, and the ED shift Impeded as a result. Various 

studies (e.g., Gormezano and Grant, 1958; Buss, 1959) have 

demonstrated that the greater the percentage of partial 

reinforcement of a previously learned discrimination, the 

more the previously acquired concept was maintained follow

ing an ED shift. 

In an effort to eliminate the partial reinforcement 

effect on ED shifts, Harrow and Friedman (1958) introduced 
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a partial change design (Figure 2) which replaced the 

preshift cues of the irrelevant dimension with new cues. 

As in the previous example, with color relevant (red S+) 

and form (square or circle) irrelevant, the stimulus pairs 

presented during ED shift training might consist of yellow 

circle vs. blue square and yellow square vs. blue circle, 

with form now relevant and square the positive cue. Thus 

partial reinforcement of response to an originally positive 

cue (red) would not occur. 

Other studies (e.g., Isaacs and Duncan, I962; House 

and Zeaman, I962) have also Introduced new cues on an 

initially relevant dimension (Figure 3). This procedure 

requires a shift within the same dimension, which is termed 

an intradimensional (ID) shift. For example, with color 

relevant and red the positive cue in initial training, 

a shift to yellow in subsequent training would require 

an ID shift. Shepp and Elmas (1964) employed a total 

change design in which all new cues are introduced on 

a second discrimination problem (Figure 4). This intro

duction of new cues creates a problem, however, since 

there is evidence (Berlyne, I96O; Dember, I965) that novel 

stimuli may possess positive attracting and motivating 

properties. The partial change designs may bias shift 

performance when new cues are introduced on one or another 

dimension. 
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Fig. 2. Examples of RS and ED shifts in a partial 
change design. 
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partial change design. 
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Fig. 4. Examples of ID and ED shifts in a total 
change design. 



12 

Another modification of the basic design introduced 

by Kendler, Kendler, and Learnard (I962) employs an 

optional shift phase of training following original 

learning in which the subject may execute either a RS 

or an ED shift. Initial learning is similar to that in 

the basic design, with two pairs of stimuli varying along 

two dimensions presented alternately. Only one dimension 

is relevant to problem solution with one cue (S+) from 

this dimension reinforced, and the other cue (S-) non-

reinforced. Responses to cues of the Irrelevant dimension 

are not differentially reinforced. 

During the optional shift phase which follows 

attainment of criterion on the initial problem, one of the 

original stimulus pairs is presented with reinforcement 

contingencies reversed for the cues of the previously 

relevant dimension. Since only one pair of stimuli is 

presented, a cue from the originally Irrelevant dimension 

also becomes relevant to problem solution. Thus cues 

from both dimensions are relevant and redundant, this 

allows the subject the option of responding to either 

cue in learning the discrimination. As an example (Figure 

5) of this paradigm, red circle vs, green square and red 

square vs. green circle might be presented in the first 

phase of training, with color relevant and red the positive 

cue. During the optional shift phase, only the red circle 
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Fig. 5- Examples of the stimuli and reinforcement 
patterns in an optional shift design. Phase I represents 
initial learning, phase II optional shift training, and 
phase III is the test series. 
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vs. green square would be presented, with responses to 

the green square reinforced. Thus a subject would have 

the option of responding to either dimension, color 

(green) or form (square), in learning this discrimination. 

Training on the optional shift pair continues until 

criterion for learning is attained, and a final test phase 

follows in which the other pair of stimuli from original 

training is presented as a test pair, with response to 

either stimulus reinforced. Presentation of the optional 

shift pair continues, alternated with the test pair, in 

order to keep the subject responding on the same basis 

as during optional shift training. 

Classification of the type of shift executed during 

the optional shift phase is made on the basis of responses 

to the test stimuli. A choice of the stimulus with the 

most recently reinforced cue (e.g., green) of the origi

nally relevant dimension is assumed to indicate a reversal 

shift. Response to the stimulus cue of the initially 

irrelevant dimension (e.g., square), which was also 

reinforced during optional shift training, is assumed 

to represent an ED shift (Figure 5). Lack of consistency 

in test responses results in an Inconsistent or nonse

lective classification. 

The optional shift paradigm is flawed in that 

experimental control over the type of shift performed 
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in the optional shift phase is lost. Cues from two 

dimensions are relevant to problem solution, and a subject 

may respond to either (or both) of the cues in learning 

the discrimination. The type of shift executed can only 

be assessed thro\igh classification of responses to stimuli 

in the test phase. 

Thus, all of the designs employed in the study of 

shift behavior have.flaws and possible sources of bias 

which may Influence the outcome of such studies. Despite 

the limitations of the paradigms, studies of shift 

behavior have provided Important evidence relating to 

the continuity non-continuity controversy. 

Research and Theory 

Kelleher (1956) reported a study of shift behavior 

which has often been cited as supporting continuity theory. 

Employing the basic design, it was found that rats per

formed ED shifts more rapidly than RS shifts, despite 

the retarding effect of partial reinforcement on the ED 

shift. These results were consonant with Spence's (1936, 

i960) single-unit theory, which would predict that at 

the time of a reversal shift the difference between the 

strength of the dominant habit, now Incorrect, and the 

to-be-correct habit is greater than the difference between 

competing habits in the nonreversal shift, thus more 
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training would be required to make the reversed habit 

dominant (Kendler and Kendler, I962). Kelleher's (I956) 

findings have been confirmed in a number of studies in

volving other species. Including chickens (Brookshire* 

Warren, and Ball, I96I), monkeys (Tighe, 1964), pigeons 

and fish (Schade and Bitterman, I961), and nursery-school 

age children (Kendler, Kendler, and Wells, I96O). 

However, Buss (1953) found that college students 

executed a reversal shift more rapidly than a nonreversal 

shift. Kendler and Kendler (I962, I968) have also shown 

that older children perform RS more rapidly than ED shifts. 

Using the optional shift procedure, Kendler, Kendler, and 

Learnard (I962) found that the proportion of children who 

respond with an optional reversal shift Increases with 

Increasing age. 

In view of these differences between infrahuman 

and human shift behavior, the Kendlers (1962) proposed 

a mediational mechanism to account for the behavior of 

relatively mature humans. This mediational mechanism 

can be represented by an S-r-s-R sequence in which an 

"external stimulus evokes an implicit response which 

produces an implicit cue that is connected to the overt 

response [Kendler and Kendler, I962, p, 5K" A mediational 

mechanism established in original training enables the 

subject to utilize the same mediated response when he 
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encounters a reversal shift, only the overt response need 

be changed. A nonreversal shift requires the acquisition 

of a new mediated response which must become attached to 

a new overt response. Since the old mediational sequence 

as well as the overt response must be discarded, the non-

reversal shift should be executed more slowly than the 

reversal. Thus the mediational formulation fits college 

student behavior (i.e., RS shifts are performed more 

rapidly than ED shifts), while single-unit theory alone 

was held to account for the shift behavior of yoxmg 

children and Infrahuman subjects (i.e., ED shifts superior 

to RS). 

Kendler, Kendler, and Silfen (I964) employed the 

optional shift design, with rats as subjects, and found 

that the majority (63̂ )̂ of subjects were nonselective or 

inconsistent following optional shift training. However, 

of those subjects responding consistently, the ED shift 

was predominant (33^ ED and 4^ RS). This result was 

consonant with the model (Kendler and Kendler, 1962) 

proposing that very young children and Infrahuman animals 

respond in a single-unit manner, while relatively mature 

humans utilize mediational responses which control overt 

behavior. 

Other recent studies have posed problems for single-

unit theory. It has been demonstrated that very young 
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(3-year-old) children, as well as rats, are capable of 

performing optional reversal shifts when initial training 

involves highly salient cues (Tighe and Tighe, 1966b), or 

"preferred" cues (Smiley and Weir, I966), This effect of 

dimensional dominance has been construed as evidence for 

an attentional process in discrimination learning (Kendler, 

Basden, and Bruckner, 1970). 

In response to these data, a revised single-stage 

continuity theory has been proposed by Kendler, et al, 

(1970) to account for the Influence of differential 

dimensional dominance. The theory is derived from Spence»s 

formulations (1936, 1937), and assumes that excitatory 

lus display may vary as a result of innate predispositions 

or from previous reinforcement history. In a compound 

stimulus composed of two dimensions such as color and form, 

it is proposed that 

the effective excitatory tendency of each stimulus 
compound is assumed to equal the sum of its component 
excitatory tendencies, 

the tendency to choose one compound over the other 
is a function of the differences between the composite 
effective excitatory tendencies, , , .[Kendler, 
et al., 1970, p. 3113• 

Dimensional dominance is assumed to be determined 

by the relative similarity between the positive and nega

tive stimulus values of each dimension. The rate of growth 

of the effective excitatory and inhibitory tendencies 
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for dominant and nondomlnant cues is assumed to differ 

over hundreds of reinforced and nonrelnforced trials, 

with excitatory and inhibitory tendencies of the dominant 

cues attaining higher asymptotic strengths than for 

nondomlnant cues. The difference between effective 

excitatory tendencies associated with cues of either 

dimension is assumed to determine choice behavior. 

Various equations were derived from a quantitative 

statement of these principles which led to predictions 

of choice behavior in an optional shift paradigm. For 

example, with Increased training on an optional shift dis

crimination, the effects of differential dominance should 

Increase and the Influence of initial training decrease. 

Thus, if a dominant dimension were relevant in original 

learning, RS choices should increase with increased train

ing. However, ED choices should continue to prevail when 

a nondomlnant dimension was initially the relevant one. 

In an experiment designed to assess dimensional 

dominance by a method termed a half-reversal, it was 

established that color cues are dominant over form cues 

(Kendler, et al., 1970). ("Red" and "green" color cues 

varied in brightness as well as wave length; the authors 

describe the stimuli as viewed by the human, but without 

purporting that these stimulus properties are the same 

for rats,) The half-reversal method involves an initial 
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discrimination between a pair of stimulus compounds 

differing in both color and form (e,g., red circle S+ 

vs. green triangle S-). In the half-reversal, rewards 

are rearranged so that the pattern of reinforcement is 

held constant for one dimension and reversed for the 

other (e.g., green circle S+ vs. red triangle S-). In 

a subsequent conflict-of-cues test, the original stimulus 

pair is again presented. Following the sequence of 

reinforcement in the above example, if a subject chooses 

the green triangle more often than the red circle even 

though a triangle was never rewarded, it is inferred that 

color cues are dominant over form cues. 

In a second experiment employing the optional shift 

design, it was found that the initial discrimination was 

learned more easily when the domincint color cues were 

relevant than when the nondomlnant form cues were relevant. 

Also, all subjects initially trained on a color relevant 

problem made consistent RS choices on postcriterlon test 

trials following optional shift training. All subjects 

initially trained with form relevant performed ED shifts 

on postcriterlon test trials (Kendler, et al., 1970), 

These results verified the predictions derived from the 

revised single-unit continuity theory. This model can, 

then, account for the Influence of dimensional dominance 

without invoking a selective attention mechanism. 
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During the same period the Kendlers and their 

associates were developing and testing models derived 

from continuity theory, a number of two-stage attention 

theories (e.g., Lawrence, 19^9. 1950; Wyckoff, 1952; 

Zeaman and House, I963, I967; Sutherland, 1964; Mackintosh, 

1962, 1965) were proposed to account for discrimination 

learning and shift behavior. These theories share the 

common feature of assuming that acquisition of a mediating 

response precedes the acquisition of instrumental response 

tendencies. 

Lawrence (1949, 1950) presented evidence of a 

phenomenon which he labelled "acquired distinctiveness 

of cues." Rats learned an Initial discrimination with 

cues from two dimensions present, but with cues from only 

one dimension relevant to problem solution. They were 

then shifted to a second problem in which cues from both 

dimensions were relevant, A test followed in which these 

two cues were opposed, results Indicated that subjects 

tended to respond to the positive cue from Initial training, 

the "preferred" cue, Lawrence (19^9, 1950) therefore 

postulated that discrimination learning might be a two-

stage process: the first stage consisting of establishment 

of a mediating process which functionally alters the 

discrlminabillty of cues thus making them more distinctive; 

the second stage consisting of the establishment of an 
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association between the more distinctive stimulus pattern 

and the instrumental response. 

Wyckoff (1952) and Zeaman and House (I963, I967), 

however, have proposed that it is an "observing response" 

established in discrimination training which transfers 

positively to a second problem when the same stimulus 

dimension is relevant. Negative transfer of the observing 

response would occur when a relevant dimension in one 

problem becomes irrelevant in a succeeding problem. This 

two-stage model postulates first the acquisition of an 

observing response to the relevant dimension, and then 

acquisition of an instrumental response to the positive 

cue. 

House and Zeaman (1962) trained retardates on a 

discrimination problem, employing a partial change design 

with overtraining (125 trials beyond criterion) given on 

the initial problem, and found that both ID and RS shifts 

were perfonned significantly more rapidly than ED shifts. 

These results support the theory which assumes that shifts 

to the same relevant dimension in a second problem will be 

facilitated through positive transfer of the observing 

response. 

According to House and Zeaman (1962), observing 

response theory is not incompatible with Kendler and 

Kendler*s (I962) mediational theory. The Kendlers assume 



23 

that implicit responses add interoceptive cues to external 

cues, thereby making them more distinct. Observing 

response theory also assumes a mediating response is 

learned, this response simply Increases the probability 

of attention to relevant cues rather than adding cues 

which enter into the control of behavior. The major 

difference between the two theories is that the Kendlers 

propose mediational theory to account only for human 

behavior, while single-unit theory accounts for infrahuman 

behavior. The two-stage attention models apparently 

make no such distinction between human and Infrahuman shift 

behavior. 

Sutherland (1964) has proposed that animals, in 

learning a discrimination, must learn to "switch in" an 

analyzer for the positive stimulus cue, and then learn 

to attach the correct response to the "output" of this 

analyzer. Mackintosh (1965), a proponent of this position, 

foimd that overtraining prior to a shift facilitated RS 

learning in rats (Mackintosh, I962). It was assumed that 

overtraining increases the probability of attention to 

relevant cues during reversal without producing an increase 

in choice response strength (Mackintosh, I965). Response 

attachment to specific cues and the development of 

attention to the relevant dimension are assumed to 

proceed at different rates, with response attachments 
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reaching maximum strength earlier than analyzer strength. 

Mackintosh's (I962) finding that overtraining 

facilitates reversal was in line with previous reports 

(e.g.. Held, 1953) of an overlearnlng reversal effect 

(ORE), The ORE is not a stable effect, however, there 

is also evidence (e.g., Clayton, I963; D'Amato and Jagoda, 

1962) that overtraining has no effect on reversal, or 

that it retards reversal (Hill and Spear, I963). Tlghe 

and Tlghe (1966b) have also found that overtraining reduces 

the number of optional RS shifts executed by rats. Reviews 

of the conflicting evidence regarding overtraining may 

be found in Sperling (I965), Mackintosh (I965), and 

Lovejoy (1966), 

Shepp and Elmas (1964), using a total change 

paradigm with overtraining given on the Initial problem, 

found that rats performed ID shifts more rapidly than 

ED shifts in a second problem. It was assumed that 

overtraining was a factor in determining the strength 

of the observing response, resulting in positive transfer 

when the same stimulus dimension was relevant in the 

second problem. These results are similar to those 

reported by House and Zeaman (1962), and were interpreted 

as supporting a two-stage model of discrimination learning. 

In comparing these theories of discrimination 

learning, predictions are compatible in that RS or ID 
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shifts should be learned more rapidly than ED shifts by 

human subjects, since establishment of a mediational 

mechanism (Kendler and Kendler, I962, 1968), or of an 

observing response (House and Zeaman, I962), or the 

switching in of analyzers for a relevant dimension 

(Sutherland, 1964), should facilitate shifts within 

a dimension (either RS or ID). The evidence previously 

reviewed supports these predictions, only the interpre

tations differ. 

The situation is different at the infrahuman level. 

The recent revision of continuity theory proposed by 

Kendler, et al. (1970) allows for differential dimensional 

dominance, and predicts differences in shift behavior 

accoixiing to the "dominance" of the dimension relevant 

in original learning. A dominant dimension should exert 

greater control over choice behavior as training pro

gresses, and responses to cues of a dominant dimension 

should predominate regardless of the type of shift this 

entails. This effect was reported by Kendler, et al. 

(1970), i.e., all subjects responded to the dominant color 

cues following optional shift training, regardless of the 

initially relevant dimension (either color or form). 

If differential dominance is not a factor in a discrimi

nation learning problem, i.e., if cues of the dimensions 

employed are approximately equivalent in salience for 
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infrahuman subjects, the prediction previously derived 

from single-imit theory would apply; ED shifts should 

prevail in an optional shift situation. Kendler, et al. 

(1964) reported the ED shift was the predominant consistent 

shift performed by rats when stimulus dimensions were 

approximately equivalent in salience. 

The two-stage attention theories, on the other 

hand, assvime that with progressive training, cues of an 

irrelevant dimension have little influence on a discrimi

nation (Sutherland and Mackintosh, 1964; Sutherland and 

Andelman, I969). It has been reported (e,g,. House and 

Zeaman, I962; Shepp and Elmas, 1964) that shifts within 

the same dimension (either RS or ID) are performed more 

rapidly than ED shifts, by both human and animal subjects. 

Overtraining is assumed to be necessary to establish 

observing responses or analyzers at full strength. 

It seems that the single-unit and two-stage models 

lead to different predictions regarding choice behavior 

of animals in an optional shift situation, following 

overtraining. Attention theory would predict that when 

optional RS-ED or ID-ED training is given, test choices 

should be predominantly RS or ID, since establishment of 

an observing response to the relevant dimension, or the 

switching in of analyzers for relevant stimuli in initial 

learning should transfer to subsequent training and choice 
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behavior. On the other hand, single-unit theory predicts 

that ED shifts should prevail following optional RS-ED 

training, and overtraining prior to the shift might be 

expected to augment this effect by adding to the effective 

excitatory tendencies of the initially positive cue. Thus 

a shift to cues which were not differentially reinforced 

in initial training should be accomplished more readily 

than a reversal. If differential dimensional dominance 

is a factor, optional shifts to the dominant dimension 

should prevail, and this would require ED shifts by 

subjects initially trained on a nondomlnant dimension. 

Purpose 

The purpose of the present research was to in

vestigate the choice behavior of rats in an optional 

shift situation, with overtraining given prior to the 

shifts. The problem was to determine whether Infrahuman 

subjects, given overtraining on an initial discrimination, 

woiild then respond to cues from the same dimension rele

vant in original learning, or to cues from an initially 

irrelevant dimension when cues from both dimensions 

become relevant to problem solution. 

The behavior of four groups of subjects was compared 

in this experiment, each group was given one type of 

optional shift: RS-ED (all cues remaining the same); 

RS-NED (new cues from an initially Irrelevant dimension); 
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ID-ED (new cues from an originally relevant dimension); 

and ID-NED (all new cues). If consistent ID and RS shifts 

were found to predominate, this would tend to support 

two-stage attention theory. If, however, ED shifts were 

predominant, this would be Interpreted as supporting 

a single-unit model of discrimination learning. It was 

also necessary to assess the relative dominance of stimulus 

dimensions employed in this study. If one dimension were 

found to be dominant over the other, and the shifts were 

primarily to the dominant dimension regardless of the type 

of shift required, this would also support revised single-

unit theory. 

Another aim of this research was to investigate 

the effect of Introducing new cues on learning rate in a 

second problem. In a recent study (Hafer and Cogan, 1970) 

in which twenty rats were trained on a brightness discrimi

nation, with form cues irrelevant in original learning, 

it was found that Introduction of novel form cues for one 

group of subjects facilitated learning for this group in 

an optional shift training phase, as compared with a second 

group given the optional shift with all cues the same as in 

original learning. This finding, i.e., that Introduction 

of new cues on a previously irrelevant dimension facili

tated learning in a second problem, was interpreted as 

supporting continuity theory, which regards learning as 
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a cumulative process with increments in excitatory and 

inhibitory tendencies resulting from differential rein

forcement. Any change in a compound stimulus might be 

expected to change, i.e., weaken, excitatory tendencies 

of the stimulus, and thus facilitate learning when rein

forcement contingencies associated with that stimulus 

are changed. These results appear to be difficult for 

an attention theory to handle, since cues of a dimension 

irrelevant to an original discrimination are assumed to 

have little Influence on learning in subsequent problems 

(Sutherland, 1964; Sutherland and Mackintosh, 1964), 

One purpose of the present study was to replicate these 

results, with overtraining given prior to the shift. 

Two of the groups in this study corresponded to those 

in the prior study, I 

The definition of dimension in this study departs 

from previous usage. Some authors prefer to limit the 

conception of a "dimension" to conventional Instances such 

as color, form, or size (e.g., Wolff, I967). However, 

"dimension" may also be defined as any broad feature of 

a stimulus situation to which an organism is capable of 

responding (Wolff, I967). In the present study, compound 

stimuli were employed in discrimination training, the 

cues bearing a figure-ground relationship to one another, 

and consisted of black ground forms (circle, triangle. 
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diamond, and cross), and white figures (the niimbers 7. 2, 

3t and 4), with the figures superimposed on the groimd. 

These stimuli were selected because the design of this 

study required presentation of four distinctive cues 

within a dimension. Background forms and foreground 

figures were considered to constitute different, non-

orthogonal, visual dimensions. The use of figure-ground 

stimuli was suggested by the work of the Gestalt school 

on perceptual factors in learning. 



CHAPTER II 

METHOD 

Subjects 

Subjects for this experiment were 32 naive male 

albino rats of the Wistar strain, approximately 70-80 

days old at the beginning of discrimination training. 

Apparatus 

A modified Wisconsin General Test Apparatus for 

rats, similar to the one described by Rollin, Shepp, and 

Thaller (I963) was used (a detailed diagram of the appa

ratus is given in the Appendix), The apparatus consisted 

of a white stimulus table containing two circular food 

wells 1.25 cm, in diameter, which were located directly 

in front of a clear plastic pane situated at right angles 

to the stimulus table. Two circular windows of 3.I3 cm. 

diameter were cut in the pane and situated in line with 

the food wells 1,25 cm. above the table. These windows 

permitted the rat to extend its head and obtain a reward 

pellet from the food wells, but were small enough to pre

vent escape to the stimulus table. Behind the plastic pane 

was a white plastic door which could be raised or lowered 

manually, to allow access to the windows and food wells. 

31 
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The apparatus was constructed so that a rat could 

be transported in his home cage, which could be slid 

into the apparatus with the open top toward the plastic 

door. Using this arrangement, the housing cage became 

the experimental chamber and the rat did not have to be 

handled at any time during the experiment. The dimensions 

of the housing cages were 18 cm. in height, 20 cm. in 

width, and 25 cm. in depth. 

A 7-watt light suspended over the windows provided 

lighting in addition to the ambient room iignting. A 

white noise generator was used to mask Incidental sounds 

in the experimental room. 

Pretralning stimuli were 5 cm. squares or balsa 

wood, .3 cm. thick, and were painted gray. The stimiill 

used for discrimination training were constructed of 

5 cm. squares of gray balsa wood, .3 cm. thick, with 

forms cemented to the gray squares. All forms were 

painted black. These forms were .6 cm. thick balsa 

wood, and consisted of a circle, triangle, cross, and 

diamond. The area of each form was approximately equated 

to the area of the 4 cm. diameter circle. Four figures 

of 3 cm. height and .9 cm. width were cemented on the 

black forms. These figures were of white plastic, and 

consisted of the numbers 7. 2, 3» a^^ ^* Thus, each 

stimulus object was a gray square base with a black form 
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and a white figure superimposed on the base. All stimuli 

were supported by a 2.5 X 5 cm. piece of balsa wood 

cemented to the base so that the stimulus object was 

presented to the subject at an 80-degree angle to the 

stimulus table. 

Procedure 

For the first four days of the experiment subjects 

were allowed access to Purina lab chow pellets for two 

hours each day, on the following two days access to food 

was limited to three hours. On the next day, adaptation 

to the apparatus began, and all subjects were maintained 

on 10-12 grams of lab chow given each day approximately 

10-15 minutes after removal from the apparatus. 

Each subject was moved to the apparatus in his 

cage for an initial adaptation period of 10-15 minutes 

per day. Ten 97-mg. Noyes food pellets were placed 

beneath the windows in the plastic pane in such a manner 

that they were inside the apparatus. Five pellets were 

also placed in each food well. The plastic door was 

raised at the beginning of the adaptation periods, and 

lowered when all pellets were eaten. Subjects were placed 

in the apparatus at about the same time of day until all 

pellets were taken on two successive days in the allotted 

adaptation time period of 10-15 minutes. On the following 

day, each food well was baited with one food pellet and 
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the door raised until one pellet was taken, then lowered 

and raised again until twenty pellets were consumed. Food 

wells were rebalted between trials. Pretralning with the 

gray stimuli began on the following day. 

In early pretralning trials, a subject could obtain 

a food pellet from an open food well, the stimuli were 

just behind the baited food wells. On successive trials, 

the pretralning stimuli were moved forward in steps of 

.5 cm. or less until they completely covered the food 

wells; subjects had to dislodge one or the other of the 

stimuli in order to obtain a food pellet. Discrimination 

training began for each subject when a stimulus had been 

U . JL O JU V / \ X ^ \ ^ t»^ r i . k l / j L A ^ U A A Jk ^ ^ ^^ \^ y^ A ̂ \*. %J « . A A i^ ^^^» %^A*K^ ^ • * * C% K^ W dk ^ ^ V A . % I ^ W X r « ^ ^ 

raised on 18 of 20 trials for two successive days. Dis

crimination training began for 28 subjects on the sixth 

day, the remaining 4 subjects started discrimination 

training on the seventh day. 

Eight subjects were randomly assigned to four 

groups. The same two pairs of stimuli composed of two 

cues from each dimension (e.g., clrcle-7 vs, triangle-2; 

circle-2 vs. triangle-7) were presented to subjects within 

a group, but stimuli differed for the four groups during 

initial training. Within each group, the form dimension 

was relevant to problem solution for 4 subjects, and the 

figure discrimination relevant for 4 subjects. Each of 



35 

the four cues comprising two stimulus pairs was positive 

for 2 subjects within one group. The sixteen compound 

stimuli used represented every possible combination of 

the four forms and four figures. 

Discrimination training proceeded, using a non-

correction method, with 20 trials given each day until 

a criterion of 16/20 (80^) correct responses was attained. 

The position of the positive stimulus was varied 

left or right in a predetermined random sequence on 

successive trials, with the restriction that the positive 

stimulus appear on the same side no more than three 

consecutive trials, and that it be presented an equal 

number of times on either side each day. Each stimulus 

pair was presented on alternate trials during initial 

training. 

When criterion for original learning was achieved, 

all subjects were overtrained for 150 trials, with 25 

trials given dixring each day of overtraining (subjects 

responded at an optimum level after having learned the 

initial discrimination, and the number of trials was 

Increased from 20 to 25 trials per day during overtraining. 

This reduced the number of days required for overtraining). 

Following overtraining, all subjects were trained on the 

optional shift problem with the identical pair of stimuli. 

One stimiaus was positive for half the subjects, the 
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alternate stimulus positive for the remaining subjects. 

Optional shift training continued with 20 trials 

per day until the criterion of I6/2O correct responses 

was attained. All subjects then began a test phase con

sisting of 20 trials per day for three days. The optional 

shift stimulus pair was presented for foxir trials with 

the same reinforcement contingencies as during testing; 

a test pair was presented on the fifth, tenth, fifteenth, 

and twentieth trials, and response to either stimulus was 

reinforced. In three days testing, the 60 trials consisted 

of 12 test trials interspersed at regular intervals among 

48 trials with the stimulus pair employed in optional 

shift training. The test pair for each subject was a 

compound stimulus with cues opposed so that each positive 

cue encountered in optional shift training was paired 

with a negative cue of the alternate dimension. This 

procedure allowed classification of the type of shift 

executed by each subject during optional shift training. 

Classification of subjects as having performed RS, ID, 

or ED shifts was made on the basis of consistent (9/12) 

responses to the appropriate test stimulus. Subjects 

responding less than nine times to one test stimulus were 

classified as nonselective. Examples, of the stimuli and 

reinforcement patterns used for subjects of each of the 

four groups appear in Figure 6. 
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Experimental Design and Statistical Analyses 

The two response measures were the number of trials 

and errors to criterion, i.e., the number of trials 

required for each subject to respond to the positive 

stimulus on I6/2O trials with no more than 4 errors on 

one day, including the day on which the criterion run 

occurred. In the third phase, subjects were reinforced 

for response to either of the test stimuli, the choice 

of stimulus on each test trial was recorded for each 

subject. 

Completely randomized factorial design (Kirk, I968) 

analyses of variance (2 X 2 X 2, n = 4) were computed on 

data from the initial learning phase. The factors were 

figure cue pairs (7-2 and 3-4), form cue pairs (circle-

triangle and cross-diamond), and relevant dimension (form 

or figure) in initial learning. 

A split-plot factorial design (Kirk, I968) was 

employed in analyses of variance (4,2.2 n = 4) for the 

Initial and optional shift training phases, with analyses 

for both trials and errors to criterion. There were 

two between-block factors; shift group (4 levels); 

and dimension relevant in original learning (2 levels). 

The wlthin-block factor consisted of the two learning 

phases. The .05 level was demanded for significance 

in all statistical analyses. 



CHAPTER III 

RESULTS AND DISCUSSION 

The data obtained from the initial discrimination 

problem were analyzed first in order to determine whether 

either of the dimensions employed in this experiment 

was relatively dominant, i.e., more likely to control 

behavior, for these animal subjects. The specific pre

diction derived from revised single-unit theory regarding 

the type of shift performed in optional shift training 

depends upon this assessment of dimensional dominance. 

The method for evaluating dimensional dominance 

was based on the work of Kendler, et al. (1970). After 

evaluating the relative dominance of color and form cues 

for rats, using a conflict-of-cues test, they found that 

a discrimination was learned more readily when cues of 

the dominant color dimension were relevant than when 

nondomlnant form cues were relevant to problem solution. 

These results suggest that dimensional dominance is 

reflected in learning rate, i.e., a discrimination 

between cues of a dominant dimension is learned more 

rapidly than one involving cues of a less dominant 

dimension. 

39 
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In the present study, dimensional dominance was 

assessed through analyses of initial learning scores 

(trials and errors to criterion). It was assumed that 

if one or the other dimension was dominant, learning 

would be more efficient when that dimension was relevant 

to problem solution. 

Initial Learning 

Tables 1 and 2 contain the summary tables of the 

analyses of variance for trials and errors to criterion, 

respectively, in initial learning. The results indicate 

that the relevant dimension factor was not a significant 

source of variance for either trials or errors to criterion 

in initial learning, therefore, it is assumed that neither 

dimension was dominant, i.e., that the figure and form 

dimensions were of approximately equivalent salience 

for these subjects. With stimulus dimensions of approxi

mately equivalent salience, the prediction derived from 

revised single-unit theory was that ED shifts would tend 

to prevail for subjects given the option of performing 

either RS or ED shifts. 

The analyses of trial and error scores on Initial 

learning yielded a finding of Interest with regard to the 

varioiis cue combinations comprising the compound stimuli 

used in this study. There were reliable differences in 

learning rate, as reflected in both trial (p<.01) and 
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TABLE 1 

Analysis of Variance of Trials to Criterion 
in Initial Learning 

Source df Mean Square 

Figure Cue Pairs 
Form Cue Pairs 
Relevant Dimension 
A X B 
A X C 
B X C 
A X B X C 
Within Cell 

(A) 
(B) 
(C) 

1 • 
1 
1 
1 
1 
1 
1 
24 

72485.25 
14407.53 
331,53 
7350.78 
8032.78 
63101.28 
4680.28 
7493^22 

Total 31 

•* Significant Beyond the .01 Level 

11297.63 

9.67** 
1.92 
0.04 
0.98 
1,07 
8.42** 
0.63 

t 

i 
I 

r 

I 



42 

TABLE 2 

Analysis of Variance of Errors to Criterion 
in Initial Learning 

Source df Mean Square 

Figure Cue Pairs 
Form Cue Pairs 
Relevant Dimension 
A X B 
A X C 
B X C 
A X B X C 
Within Cell 

(A) 
(B) 
(C) 

1 
1 
1 
1 
1 
1 
1 
24 

Total 31 

** Significant Beyond the .01 Level 

17298.00 
3848.13 
32.00 

1176.13 
1104.50 
13861.13 
1035.13 
1592.77 

2469.73 

10.86** 
2.40 
0.02 
0.74 
0,69 
8.70** 
0.65 

I 

i 

9 

1̂ 
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error (p<.01) scores, between groups trained on stimuli 

composed of the 7-2 and 3-^ figure cues; learning was more 

efficient when stimuli were composed of the 7-2 figure 

cues than when the 3-4 cues were stimulus components. 

There was also a tendency for learning to be more efficient 

when stimuli were composed of the circle-triangle form 

cues, as opposed to the cross-diamond cues, although this 

effect was not reliable. Graphic representations of these 

effects appear in Figures 7 and 8. 

There were also reliable Interactions (p<.01) 

between form cue pairs and the relevant dimension on 

both learning measures. These interactions are shown 

in Figures 9 and 10 for trials and errors to criterion, 

respectively. With form the dimension relevant to problem I 

solution, the circle-triangle discrimination was learned 

more readily than the cross-diamond problem. However, 

with figure relevant to problem solution, discriminations 

were more efficient when the cross-diamond form cues were 

present than when stimuli were composed of the circle-

triangle cues. This Indicates that learning on a given 

discrimination problem is influenced by irrelevant cues, 

and suggests that learning may be impeded on discrimination 

problems in which salient cues are irrelevant to problem 

solution. It should be noted that similar interactions 

between figure cue pairs and relevant dimension were not 

I 
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evident, i.e., learning was superior when stimuli were 

comprised of the 7-2 figure cues regardless of the 

dimension relevant to problem solution. There was a 

tendency, however, for form discriminations to be learned 

more readily when the 7-2 figure cues were stimulus 

components than when the 3-4 cues were present. Thus, 

the highly salient figure cues appeared to have a facili-

tory effect on learning when they were irrelevant to 

problem solution, rather than impeding learning as when 

the salient form cues were Irrelevant. In either case, 

cues of an irrelevant dimension apparently have an effect 

on learning rate, and this effect may be in either di

rection, i.e., inhibiting learning under one condition, 

and possibly facilitating learning under another. 

To summarize, these results indicate that the 

form and figure discriminations were of approximately 

discrimination between one pair of cues was learned 

more readily than a discrimination between the other 

cue pair. Learning was more efficient on the 7-2 figure 

discrimination than on the 3-^ problem, while the circle-

triangle discrimination was learned more readily than 

the cross-diamond problem with form relevant to problem 

solution. For subjects trained on the 7-2 figure relevant 

il 

equivalent difficulty for these subjects, i.e., neither j 

dimension was dominant, but within each dimension a 5 
2 



49 

problem, mean scores (trials, mean = 186.25; errors, 

mean = 83.50) were very nearly equivalent to those for 

subjects trained on the circle-triangle form relevant 

problem (trials, mean = I9O.5O; errors, mean = 82.88), 

therefore, it can be assumed that these discriminations 

were of approximately equal difficulty. 

The significance of these findings relates to the 

choice of stimulus cue combinations for this study. The 

arbitrary selection of the 7-triangle vs. the 2-circle 

problem for optional shift training appears to have been 

fortuitous in that discriminations between the 7-2 and 

triangle-circle cue pairs appear to be approximately 

equal in difficulty, according to the analyses of initial 

learning scores. Since all subjects were trained on the 1 

identical pair of compound stimuli in the optional shift ' 
1 

phase, differences in performance between shift groups 5 

can not be attributed to relative differences in problem J 
p 

difficulty. 2 

Shift Group Performance 

Summary tables for the analyses of variance of 

trials and errors to criterion for the two learning phases 

are given in Tables 3 and 4, respectively. According 

to these analyses, the main effects of shift groups and 

initially relevant dimension were negligible. There were, 

however, highly reliable differences between the two 
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TABLE 3 

Analysis of Variance of Trials to Criterion 
for the Two Learning Phases 

Source df Mean Square 

Between Subjects 

Within Subjects 

21 
Shift Groups (A) 3 
Relevant Dimension (B) 1 
A X B 3 
Subjects Within Groups 24 

22 

Learning Phases (C) 1 
A X C 3 
B X C 1 
A X B X C 3 
C X SubJ. Within Groups 24 

Total 63 

929^.56 
1105.56 
8978.89 
4688.98 

459684.00 
60820.25 

56.25 
3416.17 
4142.65 

14611.3^ 

»**• Significant Beyond the .0001 Level 

1.98 
0.24 
1.92 

110.96**** 
14.68**** 
0.01 
0.84 

2 

p 

I 
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TABLE 4 

Analysis of Variance of Errors to Criterion 
for the Two Learning Phases 

Source df Mean Sqviare 

Between Subjects 21 
Shift Groups (A) 
Relevant Dimension (B) 
A X B 
Subjects Within 

Within Subjects 

Learning Phases 
A X C 
B X C 
A X B X C 

Groups 

(C) 

C X SubJ. Within Groups 

Total 

•»*• Significant Beyond the 

3 
1 
3 24 

21 
1 
3 
1 
3 24 

63 

.0001 

1604.39 
356.27 
1895*06 
1005.58 

100409.75 
15360.47 
118,27 
805.72 911.99 

3268.30 

Level 

1.60 
0.35 
1.89 

110.10**** 
16.84**** 
0.13 
0,88 

I 

1 
p 

i 
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learning phases (p<,0001). Learning in the optional shift 

phase was, overall, superior to initial learning. More

over, there were reliable interactions between shift groups 

and learning phases (p<,0001). Graphic representations 

of the interactions between shift groups and learning 

phases are shown in Figures 11 (trials) and 12 (errors). 

Summary tables for the analyses of variance of simple main 

effects on trials and errors appear in Tables 5 aî d 6, 

Inspection of these graphs (Figures 11 and 12) 

and tables (5 ai^ 6) reveal a difference between shift 

groups in Phase I learning (p<.01), with the ID groups 

requiring more trials and errors to reach criterion than 

the RS groups on the initial problem. According to the 

previous analyses of trial and error scores on initial 

learning for groups trained on the various stimulus cue 

combinations, the 7-2 and circle-triangle discriminations 

were found to be less difficult than the 3-4 and cross-

diamond discriminations. The ID-ED and ID-NED shift 

groups were those initially trained on the more difficult 

problem in which either the 3-^ figure discrimination 

or the cross-diamond form discrimination was relevant 

to problem solution. The RS-ED and RS-NED groups were 

trained with the easier 7-2 or circle-triangle discrimi

nations relevant in Phase I. Thus the differences between 

shift groups in learning rate on the initial problem may 
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TABLE 5 

Analysis of Variance of Simple Main Effects 
for Trials to Criterion 

Source df Mean Square 

Between Subjects 

Between A at c^ 
Between A at Co 
Within Cell 

3 
3 

48 

47064.86 
23050,02 
4415.81 

10.65** 
5.22** 

Within Sub.1ects 

Between C 
Between C 
Between C 
Between C 
C X SubJ. 

at ai 
at a2 
at a^ 
at &i^ 

1 
1 
1 
1 

Within Groups 24 

* Significant Beyond the .05 Level 
** Significant Beyond the .01 Level 

7525.56 
29155.56 
267030.56 
338433,06 
4142.64 

1.81 
7.03* 

64.45** 
81,69** 
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TABLE 6 

Analysis of Variance of Simple Main Effects 
for Errors to Criterion 

Source df Mean Square 

Between Sub.jects 

Between A at 
Between A at 
Within Cell 

^1 
C2 

Within Sub.1ects 

Between C 
Between C 
Between C at 

at aĵ  
at 8^2 

3 

48 

ao 
Between C at BL^, 
C X Subj. Within Groups 24 

1 
1 
1 
1 

• Significant Beyond the .05 Level 
*• Significant Beyond the .01 Level 

10424.08 
6540.78 
958.78 

676.00 
6601.56 
60393.06 
78820.56 
911.99 

10.87** 
6.82** 

7.23* 
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be attributed to an artifact, a result of the relative 

difference in problem difficulty between the various 

stimuli. 

The reduction in learning scores was consistent 

for all groups in optional shift training, as compared 

with initial learning (only three subjects in the study 

failed to reduce learning scores in Phase II, relative 

to Phase I). The RS-ED group showed the least improvement 

in mean trial and error scores (Figures 11 and 12), and 

the difference between learning scores on initial learning 

and optional shift training did not attain significance 

(Tables 5 and 6). For the RS-NED group, there was a 

reliable difference in mean scores between the two learning 

phases (p<.05). For the ID groups, differences in mean 

learning scores between phases were also reliable (p<,01). 

Overtraining on the initial problem was given all 

subjects prior to optional shift training, and overtraining 

has previously been reported to facilitate reversal on 

complex visual discriminations involving irrelevant cues 

(e.g.. Mackintosh, I965). The reduction of learning 

scores for the RS-ED and RS-NED groups in the present 

study may be analogous to the reported ORE, However, 

the optional shift procedure, while requiring a reversal 

of response to initially relevant cues for subjects of 

these groups also allows problem solution in Phase II 
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in response to cues of the previously Irrelevant dimension, 

or to combined redundant cues. Thus, the reduction in 

scores for the RS groups cannot properly be termed an 

overlearnlng reversal effect. Nonovertralned groups 

were not Included in this study, and the effect of over

training, per se, cannot be evaluated. Overtraining was 

given in order to establish the conditions necessary, 

according to the attention theories cited, to establish 

"observing responses" or "analyzers" at full strength, 

and to examine the effects on test behavior of subjects 

of the various groups following optional shift training. 

Learning was greatly facilitated for the ID-ED 

and ID-NED shift groups in optional shift training; 

the magnitude of this effect may be due to some extent 

to the artifact discussed earlier, i.e., the shift from 

a more to a less difficult problem. Comparisons of mean 

scores for the ID-ED and ID-NED groups with those of the 

RS-ED and RS-NED groups in optional shift training, using 

Scheffe's method (Kirk, I968), Indicate reliable differ

ences between these groups (trials, F = 11.9'*' P<.05; 

errors, F = I6.32 p<.01). The greater reduction in 

learning scores for the ID groups, relative to the RS 

groups, can also be explained in terms of the lack of 

negative transfer from prior learning. For the RS groups, 

the formerly positive and negative cues were present in 
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optional shift training, but with reinforcement contingen

cies reversed; negative transfer from initial learning 

should occur. For the ID groups, new cues were Introduced 

on the previously relevant dimension, thus negative 

transfer from initial learning was eliminated. 

The relative performances of the RS-ED and RS-NED 

groups during optional shift training are of primary 

interest. Comparisons of mean scores for these groups 

on trials (t = 1.91 P<.05) and errors (t = 2,08 p<,025) 

to criterion indicated reliable differences between 

groups in the predicted direction, i.e., the RS-NED 

group required fewer trials and errors to reach criterion 

than the RS-ED group. This facilitation of learning in 

the optional shift phase for the RS-NED group, relative 

to the RS-ED group, through the introduction of novel 

cues on a previously irrelevant dimension supports the 

prediction derived from single-unit theory. This finding 

confirms and replicates the results of a previous study 

(Hafer and Cogan, 1970) in which facilitation of learning 

occurred for a comparable group. The present study again 

demonstrates this effect, with overtraining given on the 

initial problem prior to the shift. 

Comparisons of mean scores of the RS-ED group 

with the average mean scores of the other three groups 

by Scheffe's method (Kirk, I968) indicated reliable 
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differences between groups in optional shift training 

for both trials (F = 12.68 p<,05) and errors (F = 16,14 

p<.01). Learning was facilitated for all groups having 

new cues Introduced in optional shift training, as 

compared with the group given the shift with all cues 

remaining the same as in Initial learning. This suggests 

that animals are sensitive to any change in a stimulus 

complex, including changes in cues which were Irrelevant 

in an initial problem. This finding tends to support 

a continuity view of discrimination learning, i.e., all 

stimuli impinging on an organism's sensorlum become 

associated with a response. 

Choice Behavior in Test Series 

The classification of subjects according to choice 

behavior in the test sitioation, by group, appears in 

Table 7. 

TABLE 7 

Classification of Type of Shift by Group 

RS-ID NONSELECTIVE ED-NED 

6 2 
6 2 
6 2 
7 0 

RS-ED 
RS-NED 
ID-ED 
ID-NED 

0 
0 
0 
1 
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Subjects of the RS-ED, RS-NED, and ID-ED groups 

performed Identically in terms of choice behavior, six 

subjects of each group were classified as nonselective, 

and two subjects of each group responded consistently 

to the extradimenslonal cues (ED or NED). In the ID-NED 

group, seven subjects were nonselective, while one subject 

responded consistently to the test stimulus representing 

an intradimensional shift. Despite the reliable differ

ences in learning rate exhibited by subjects of the various 

groups in optional shift training, it appears that the 

type of optional shift resulted in negligible differences 

in the choice behavior of subjects in the test phase. 

One way of viewing these data is to consider the 

choice behavior of subjects as due to chance, i.e., if no 

orderly process determined choice behavior, then response 

to either of the two test stimuli would be equally likely. 

Similarly, if subjects tended to respond to both cues in 

optional shift training, then response to either of the 

positive cues, which are opposed in the test situation, 

would be equally probable in testing. In either case, 

choice behavior might be expected to approximate the 

binomial expansion (.5̂  + .57)"^^. This method was used 

by Kendler, et al. (I964) to interpret similar data. 

Converting the probabilities obtained from the 

binomial expansion to percentages representing outcomes 
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as extreme as nine or more responses to one or the other 

test stimulus on twelve trials, the percentages of subjects 

which might be expected to fall in each category are: 

RS-ID 1%\ Nonselective 86^; and ED-NED 1%. The corre

sponding percentages obtained were: RS-ID 3^; Nonselective 

78^; ED-NED 19^. If there is a departure from the expected 

percentages, it is toward the extradimenslonal shifts, 

and this is in the direction predicted by single-unit 

theory, 

Taken together, subjects performing consistent 

extradimenslonal shifts and those which were nonselective 

comprised 97^ of the total sample. The behavior of these 

subjects is inconsistent with the Inference derived from 

attention theory, i.e,, that RS or ID shifts should tend 

to predominate in the optional shift situation. Only 

one subject of the total sample responded consistently 

in testing to the cue of the dimension which had been 

initially relevant to problem solution. This would appear 

most damaging to the attention theories, which assume 

that "observing responses," or "analyzers" established 

in initial training, and firmly fixed through overtraining, 

should transfer to subsequent problems. 

Conclusions and Implications 

The finding that learning rate differed on problems 

involving different cue pairs within a dimension suggests 
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that the outcome of studies requiring discriminations 

between different cue pairs of the same dimension may 

be biased by relative differences in problem difficulty. 

For example, one type of shift might be accomplished 

more rapidly than another simply because a discrimination 

between one pair of cues is easier than a discrimination 

between another cue pair. This factor should be taken 

into account in shift problems by assessing the initial 

learning rate of subjects trained with different dimensions 

or different cue pairs within a dimension relevant to 

problem solution. Differences in problem difficulty 

for discriminations involving cues of different dimensions 

have been reported (e.g., Shepp and Elmas. 1964; Tlghe and 

Tighe, 1966b; Kendler, et al., 1970). However, possible 

differences in problem difficulty between discriminations 

involving cues of the same dimension have apparently not 

been considered. This possible source of bias would be 1 
I 

present only in studies employing partial or total change [ 

paradigms since these are the designs requiring presen

tation of more than two cues within the same dimension. 

The foreground figures and background forms used 

in this experiment were considered to represent different 

dimensions, a departure from previous usage. Some authors 

(e.g.. Wolff, 1967) prefer to limit the definition of 

"dimension" to conventionally accepted Instances of the 
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concept as color, form, size or position, Zeaman and 

House (1963) have advocated a less conventional view 

of the concept of dimension, and postulate dimensions 

for which the physical basis for sensory reception is 

not obvious. They suggest that dimensional properties 

are discoverable in the context of discrimination learning 

studies, especially by the experimental operations of 

intradimensional shifts. The inference of a dimension 

is supported if positive transfer occurs following an 

ID shift. According to this interpretation, the superior 

performance in terms of learning rate exhibited by subjects 

of the ID groups in the present study supports the infer

ence of figure and form cues as representing different 

stimulus dimensions. 

The evidence resulting from this research tends 

to support a single-unit continuity theory of discrimi

nation learning in animals, as proposed by Spence, (1936, 

1937. i960) and others (e.g., Kendler and Kendler, 19^2, 

1968) who adhere to this view. Another theory originated 

by Gibson and Gibson (1955) and advocated by Tlghe and 

Tlghe (1966a) emphasizes the role of perceptual factors 

in discrimination learning. Improvement in learning 

is accounted for in terms of Increasing sensitivity to 

stimulation, a process of differentiating new variables 

in the stimulus flux of the environment, and the detection 
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of sequences within a stimulus flow such as the invariant 

relationship between reinforcement and some property of 

a stimulus. The data reported here are compatible with 

this viewpoint, as well as the continuity position. 

Various researchers (e.g.. House and Zeaman, I962; 

Shepp and Elmas, 1964; Sutherland and Andelman, I969) have 

reported that ID shifts are performed more efficiently 

than ED shifts, and the superiority of ID over ED shifts 

has been interpreted as supporting attention models of 

discrimination learning. The present study by no means 

refutes such evidence, A different paradigm was used in 

which subjects were allowed an option in learning a problem 

Involving shifts in reinforcement contingencies or changes 

in stimulus cues, or both. The performance of subjects 

in this situation did not support the attention model. 

The facilitation of learning for subjects given novel cues 

from a previously irrelevant dimension indicates that 

formerly Irrelevant cues do Influence subsequent learning. 

The choice behavior of subjects in the test situation 

also Indicates that rats are sensitive to all aspects 

of a complex stimulus, and that overtraining on an initial 

problem does not depress attention to irrelevant cues. 

Several possibilities for future research emerge 

from this study. The facilitation of learning in the 

optional shift situation through introduction of novel 

cues from a previously Irrelevant dimension appears to 
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be a stable effect, either with or without overtraining 

prior to the shift. It should be possible to obtain this 

effect in a problem which requires the RS shift (i.e., 

the basic shift design) as well as in the optional shift 

situation, thus demonstrating unequivocally the effect 

of Irrelevant cues on shift behavior. 

The finding that there are relative differences 

in salience between cue pairs of the same dimension, and 

that learning may be either inhibited or possibly facili

tated by highly salient irrelevant cues indicates that 

discrimination tasks involving cues of more than one 

dimension are complex. Learning on such problems may 

be Influenced by subtle interactions among stimulus com

ponents. Somewhat similar results have been reported in 

concept identification studies with adult human subjects. 

Archer (I962), for example, found that increasing the 

salience of an irrelevant dimension led to poor performance, 1 

while Flshbeln, Haygood, and Frieson (1970) reported the 

presence of highly salient irrelevant dimensions improved ! 

performance (dimensional salience was manipulated by in

creasing differences between cues or values of a dimension, 

a situation analogous to the differences in cue salience 

in the present study,) These Interactions between salience 

and relevance are intriguing, and seem to offer a fruitful 

area for further research, perhaps using more conventional 

stimulus dimensions (e.g., brightness) as stimuli. 
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APPENDIX 

DIAGRAM OF THE MODIFIED WISCONSIN GENERAL TEST APPARATUS 

(STANDARD LABORATORY CAGE IS SHOWN PARTIALLY INSERTED) 
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