


























There does seem to be some basis for defining attention ia 

this way. In many studies measuring stimulus control, it ia found 
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that a certain response is controlled by one stimulus variable (e.g. color 

of a light) but not by another stimulus variable (e.g. the intensity 

of a background noise). This is precisely the sort of situation which 

might lead us to of attention. lD a paper on "selective attention", 

for example, Egeth states that "the present paper is concerned with the 

process of attention. In particular, it is concerned with the description 

of those mechanisms which enable organisms to respond selectively to 

important features of their environments whUe ignorinc features which 

are of little or no importance" (Egeth, 1967, p. 41). One could argue 

that selective attention is selective stimulus control, and that the 

mechanisms responsible for attention are just those found to be responsible 

for stimulus cpntrol. One such "mechanism" might iavolve differential 

reinforcement, which is known to increase stimulus control (terrace, 1966). 

When an animal is reinforeed for a particular response in the presence of 

one stimulus value and is nonreinforced in the presence of another stimulus 

value, the stimulus variable involved gains increased control over the 

response. Thus differential reinforcement might form the basis of a 

"mechanism" enabling animals to respond selectively to features of their 

environments that are "important" in the sense that they predict when 

reinforcement will occur. Featur•s of the environment that do not 

reinforcement and do not acquire stimulus control could be considered 

to be "ignored". The term attention would apply to any situation in which 

some stimuli controlled responding but others did not. 

If the terms "attention" and .,stimulus control" are synonymous, 



is there any reason to choose between them? There seem to be two 

reasons to prefer the term stimulus control as a descriptive label 

for the sorts of relationship described here. First, the •tilnllus 

control has been more precisely defined (Terrace, 1966) and generates 

more precise usage. Second, the term attention has other implications, 

and it seems best to reserve it for situations in which these other 

implications are made explicit. In addition, it should be pointed out 

that the observation that a given stimulus does or does not control 

responding is the sort of observation directly dealt with in the 

traditional theories of learning mentioned above. If the term attention 

is to be used only where these theories are inadequate then the term 

would not apply indiscriminately to every situation in which stimulus 

control is observed. 

Meaning 2: attention as the possibility of stimulus control 

The second meaning can be dealt with quickly, since it has 

much in common with meaning 1. It modifies meaning 1 slightly, however, 
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in order to remove a source of difficulty not mentioned above. That 

difficulty is shown clearly in an experiment by Hearst (1962), who trained 

monkeys to perform two responses concurrently. The monkeys pressed a 

lever protruding from the wall and pulled a chain hanging from the ceiling. 

After the responses bad been well trained, Hearst changed the intensity 

of the light illlUlinating the mollkeys' working chamber. He fo'Wld that 

the monkeys' rate of chain pulling depended on the light intensity, but 

the rate of lever pressing did not. According to one response measure, 

the monkeys were attending to the light; according to another they were 

not. More generally, it will frequently be the case that one response 



measure shows control by a stimulus, while other concurrently occurring 

responses do not. 
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In order to get around this problem, at~ntion aight be defined 

as the possibility of stimulus control. According to this definition 

there would be an asymmetric relation between attention and stimulus 

control: the occurrence of stimulus control would imply the existence 

of attention, but lack of stimulus control would not imply the absence 

of attention. 

This meaning of attention is not much more satisfactory than 

meaning 1. To say that attention is the possibility of stimulus control 

is of little value if no independent criterion of attention is given, 

since one might conclude that an animal was attending but it would be 

difficult to conclude that he was not attending. And again, it seems 

likely that the term attention implies other relationships, and should 

be reserved for situations in which these relationships are demonstrated. 

Meaning 3: attention as manipulable stimulus control 

Let us consider an experiment by Reynolds (1961) which has 

been widely cited as demonstrating attention. In the experiment two 

pigeons were taught to discriminate between a white triangle on a red 

background and a white circle on a green background. The pigeons could 

learn to respond correctly on the basis of color, shape, or both. 

A subsequent test indicated that one pigeon was controlled by color but 

not by shape, the other by shape but not by color. The concept of 

attention was used to explain the unpredictable manner in which different 

dimensions of the stimuli came to control responding. 

Although some authors have held that this experiment involved 
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attention, others have pointed to an alternative explanation which should 

be ruled out first. It is known that there are species differences 

in the sensitivity of different animals to different sorts of stimuli. 

Visual stimuli are thought to be especially distinctive for pigeons, 

whereas auditor.1 stimuli are more distinctive for rats, and so on.• It 

is likely that such built-in differences exist within species as well 

as between species, and we might wonder whether the differences observed 

in Reynolds' experiment were due to such effects. If in Reynolds' 

situation we could manipulate which of the cues came to control the 

response, we could rule out the possibility that buUt-in differences 

were at work, and would be more likely to speak of attention. More 

generally, we might speak of attention in any situation in which manipulation 

of controlling relations was possible. Such manipulation might occur 

within individual subjects, or between different subjects assumed to 

start out equal. The word "manipulation" would have to be carefully 

defined so as to exclude the sort of manipulation known to establish 

stimulus control - discrimination training, for example. One way to do 

this might be to require manipulation that is quite rapid and perhaps 

reversible - we might wish to speak of 11switchable" stimulus control. 

• As used here, the distinctiveDe&s of a particular pair of 
stimuli refers to the ease with which they may be discriminated in some 
standard situation. To say that visual stimuli are more distinctive for 
pigeons than for some other organisa is to say this: if two pairs of 
stimuli were chosen, one visual and one non-visual (e.g. auditory), 
which were equated in terms of discriminability for some other organism 
(e.g. a human), then the pigeon could learn to discriminate between the two 
visual stimuli more readily than he could learn to discriminate between 
the two non-visual stimuli. Certain relationships concerning distinctive­
ness are likely to cut across species. For example, the stimulus pair red­
green is likely to be more distinctive tA.an the pair red-orange for a variety 
of organisms. It should be noted that, as used here, 11disti.D.ctiveness" is 
a term applied to ;eairs of stimuli, not to individual ~timuli. 



Perhaps the best way to demonstrate such rapid manipulation would be 

to bring the whole controlling relationship itself under stimulus 

control. For example, Cross (1965) presented humans with auditor, 

stimuli which differed in two dimensions, fundamental frequency (A) 

and modulation rate (B). During training 3 stimuli were presented 

which differed along these dimensions; these stimuli may be symbolized 

~~,'1B2, and ~B1 • Subjects could respond by pressing a response 

key to the right or to the left. T.be correct response to each of the 

auditory stimuli depended on an additional visual stimulus (whether an 

amber or a blue light was lit), as indicated in the following table. 

AUDITORY STIMULUS CORRECT RESPONSE 

8$ber li5ht on blue light on 

'lBl press left press left 

~B2 press left press right 

~~ press right press left 

During training, the visual stimulus indicated what dimension of the 

auditory stimulus could be used to perform the correct response. A 

test for stimulus control given after training showed that dimension 

A controlled responding when the amber light was on, dimension B when 

the blue light was on. This is an example of manipulable stimulus 

control, since the experimenter could manipulate auditory control over 

the response by varying the visual stimulus. 

The notion of manipulable stimulus control, then, might be 

considered to apply to situations where changes in one stimulus affect 
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the controlling relation between a second stimulus and a response. In 

an early discussion of cOJAple:t behavior in lower organisms, Jennings 

(1906) implied a definition of attention based on such a relationship: 

Is not what we call attention in higher organisms, 
when considered objectively, the same pbenomenoa that 
we have called the interference of one stimulus with the 
reaction to another? At the basis of attention lies 
objectively the phenomenon that the organism may react 
to only one stimulus even though other stimuli are present 
which would, it acting alone, likewise produce a response. 
The organism is then said to attend to the particular 
stimulus to which it responds. 'lhis fundamental phenomenon 
is clearly present in unicellular organisms. Stentor and 
ParameciUJI when reacting to contact with a solid "pay no 
attention" to a degree. of heat or a chemical or an electric 
currPnt that would produce an jmmediate reacti.on in a free 
inr.li.vidual (1906, P• 330) .. 

Jpnnings rPferR to the following situation: 

sl _.. ~ 

s2 )lr R2 

s1 + s2 -~>~ R2 only. 

When s2 is not present, s1 produces R1• That is, the stimulus variable 

presence-absence of sl controls~· When s2 is present, however, sl 
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does not produce R}: the stimulus variable presence-absence of s1 does 

not control~· In other words, whether or not presence-absence of s1 

controls ~ depends on s2• s2 is a stimulus which affects the controlling 

relation between a second stimulus and a response. When viewed in this 

way, Jennings' definition seems to fall under what we have called 

manipulable stimulus control. 

The situation Jennings describes is particularly interesting in 

that it suggests ways in which we might like to limit the notion of 



manipulable stimulus control. For instance, some kind of response 

interference might be at work in the situation he described: the 

response to s1 may be prevented not by s2 , but by the strongly occurring 
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R2• Even if this were the case, we would still speak of reduced stimulus 

control by s1 , since stimulus control is defined in terms of an observed 

relationship between stimuli and responses. However, we might w&Etto 

rule out cases in which reduced stimulus control resulted from "response 

interference" (a term which would have to be more carefully defined). 

Another possibility concerning Jennings' situation is that the rel~tionships 

he describes are better understood by simply speaking of the responses 

produced by different stimulus combinations - we might want to speak of 

"complex stimulus control". 

Whether or not the possibility of "response interference" 

or "complex stimulus control" should be ruled out before speaking of 

"manipulation of stimulus control" will not be discussed here; the issues 

are complex. It may be that the elass of situations covered by the phrase 

"manipulation of stimulus control" is too broad to be useful, and should 

be either subdivided or rejected in favor of other distinctions. However, 

as the quote from Jennings shows, in at least some cases the term attention 

is used to apply to all situations in which a change in one stimulus 

affects the controlling relation between a second stimulus and a response. 

Meaning 4: attention as a trading relation 

Another implication of the term attention is that there is 

only a limited amount of it available. Recall that in the experiment 

by Reynolds described above, each of the pigeons was controlled by only 

one of the stimuli. We might suspect that in Reynolds' situation increased 



control by one stimulus implied decreased control by the other. The 

fourth meaning of attention reserves it for situations where increased 

control by one stimulus dimension is found to be accompanied by decreased 

control by a second stimulus dimension. Such a relation will be termed 

a trading relation. 

The term attention often implies this sort of trading relation. 

This implication may be seen in James' definition of attention, quoted 
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on p. 1 above. More recently, data suggesting that perception involves 

"central mechanisms of limited capacitytt (Broadbent, 1965, P• 459) and that 

there are "limits on our capacity for processing information" (Miller, 

1956, p. 81) imply the existence of such a trading relation. Another 

notion which implies a trading relation of the sort described here is the 

"pie hypothesis" described by Switalski, Lyons, & Thomas (1966), according 

to which there is a limited amount of stimulus control available to be 

divided up among particular stimuli. 

The implication of a trading,relation (meaning 4) seems independent 

of the implication of manipulability (meaning 3). It is possible to 

conceive of "switching on" large classes of stimulus control without 

simultaneously "switching off" other classes (an animal might become 

controlled by tonal frequency without losing previous control by light 

intensity), and it is possible to conceive of mechanisms that would 

imply a trading relation without at the same time making stimulus control 

"switchable" (even if stimulus control could be only gradually increased, 

e.g. by discrimination training, this might produce a gradual decrease in 

stimulus control by another dimension). 

Assuming that a trading relation existed, we might divide the 



manipulations affecting stimulus control into two classes. The first 

class would not depend on the existence of a trading relation. It 

would include those manipulations that might be expected to affect 

stimulus control directly • for instance, through the formation of S·R 

bonds. Such manipulations might include discrimination training, in 

which the stimuli are correlated with reinforcement, and what might 

be called "specific irrelevance trainingn, in which stimuli vary in 
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a manner uncorrelated with reinforcement. Discrimination training would 

be expected to increase stimulus control by forming S-R bonds of 

different strengths to different stimuli; specific irrelevance training 

would reduce stimu~us control, perhaps by forming S-R bonds of equal 

strength. Although specific irrelevance training is not always described 

as basic when stimul~s control is discussed, Hull has described a 

mechanism by which such training could lead to the "practical neutralization" 

of a stimulus-response bond (1952, p .. 64-68), and a process of "adaptation", 

in which "responses become independent of the irrelevant cues11 is basic 

to Restle's (1955) theory. 

The first class of manipulations affecting stimulus control, 

then, includes those that might be expected to affect stimulus control 

directly. That class does not require the existence of a trading relation. 

If a trading relation existed, however, this would add a second class of 

manipulations affecting stimulus control. This second class of manipulations 

would include those that affect stimulus control indirectly, through the 

trading relations involv@do For example, if discrimination training on 

s
1

, which we would expect to increase control by s1 , were found in addition 

to decrease control by s2 , we would have evidence for the sort of trading 
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relation described above. 

The definition of "trading relation" offered above implied that 

the term referred to a relation between the stimulus control observed 

over a single response by two different stimulus diaeasions on some kind 

of test for stimulus control. The term trading relation aeed not be 

restricted in this way, however. There are at least two ways in which 

it can be expanded to refer to a wider set of relationships. First, 

it might also be used to refer to situations where more than one response 

is considered. For example, it m~ght be found that increased stimulus 

control by one stimulus dimension over one response was accompanied by 

decreased stimulus control by another stimulus dimension over a second 

response. 

Second, the. trading relation need not occur on a test for 

stimulus control, but might occur during learning. It is known that 

stimulus control is acquired during discrimination learning in which the 

animal learns to make a response in the presence of one stimulus but not 

to respond in the presence of another. Since this sort of learning may 

be considered the acquisition of stimulus control•, it seems possible 

that under certain conditions a trading relation could occur during such 

learning. For example, an animal who was already controlled by one 

stimulus dimension might acquire less control by an added dimension than 

an animal without prior control. 1'hat is, prior learning might reduce 

learning about an added stimulus dimension. tbe remaining chapters of 

this thesis deal in more detail with the possibility that such a trading 

• See P• 25-26 below. 



relation may occur during learning. 

Meaning 5: attention as a mediating response 

It is possible to conceive of learning as a two-stage process 

in which the first stage involves learning what stimuli to attend to, 

and the second stage involves learning to attach responses to those 

stimuli. The fifth meaning of attention identifies it with the first 

stage in such a two-stage process. When used in this way, the exact 

implications of the term attention depend on the specific two-stage 

model of learning that is proposed, and the value of the term depends 

on the validity of the model. The term is reserved for situations in 

which the model is applicable. 
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Although specific two-stage models of this sort have been 

proposed, it is often the case that such a model is implied but not 

described in detail. Terms such as observing response, orienting response, 

and receptor orienting response imply a two-stage model of learning in 

which the first stage is the acquisition of some at least potentially 

observable movement that makes the relevant stimuli available. Terms 

such as attentional response, stimulus classification, switching in the 

relevant analyzer, stimulus coding, gating mechanism, and stimulus 

filtering imply a model in which the first stage refers tO some internal 

mechanism which cannot be directly observed. The distinction between 

an external and an internal first-stage mechanism has seemed important, 

since if the first stage were external it might be manipulated and observed 

directly. However, since in most situations this is not attempted, what 

is much more important than whether the first stage is internal or exter.oal 

are the predicted functional relations between the observed stimuli and 



responses. As Kendler and Kendler have pointed out, "the 'validity' 

of the mediational mechanism does not depend on (its) being coordinated 

with observable events, but depends instead on (its) being utilized in 

a successful explanatory system" (1962, P• 7). 
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The functional relations between observed stimuli and responses 

ISI&Y not depend on whether the first stage is considered to be an external 

or an internal response. In fact, when a term such as "stimulus filtering" 

is used but no model is described in detail, the implication is often this: 

you are justified in speaking of central attention if you can identify some-

thing in performance parallel to the effects expected if there !!!! 

external observing responses. When a model is formulated this vaguely, 

it is difficult to make precise predictions from it. Lawrence (1963) has 

pointed out the importance of whether or not the mediating response is 

controlled by the same stimuli as the secondS&ge response•, and different 

predictions also result from different assumptions regarding the relative 

rates of formation of mediating and second-stage respollSeS (Mackintosh, 

1965b, p. 135), the relative rates of extinction of mediating and second-

stage responses (Mackintosh, 1965b, p. 145), and the forms of feedback 

which govern the formation of mediating responses (compare Sutherland & 

Holgate, 1966, p. 206, and Lovejoy, 1966). 

Even when vaguely formulated, however, a two-stage model does 

have several general implications. It suggests certain independent 

* The question of the relation bet•een stimuli controlling the 
mediating and second-stage responses has led to appareat inconsistencies in 
the ttanalyzer" theoey discussed by Sutherland and Mackintosh: cf. Mackintosh, 
1965a, P• 299; Sutherland & Holgate, 1966, P• 20.5• .. 
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variables (a warning signal, or instructions to human subjects, might 

improve performance) and certain dependent variables (orienting responses 

might be observed). If the attention response is under the control of 

stimuli different from those controlling the second-stage response, a 

variety of broad transfer phenomena not restricted to the particular second­

stage response might be expected. 

In addition, a two-stage model might predict any or all of the 

relationships discussed above under the first four meanings. It is 

important, however, that a two-stage model !!!! !!! necessarily predict 

those relationships. One can conceive of two-stage models in which 

attention is established slowly and is not ttswitchable" • a model sufficient 

to account for the overlearning reversal effe.ct could be of this sort. 

And a two-stage model need not necessarily imply a trading relation of 

the sort described under meaning 4. Whether or not a trading relation 

were implied might depend, for instance, on whether the stimuli were 

from the same or different modalities, or on their physical location 

in the environment. 

Even if a particular two-stage model did predict trading 

relations or "switchabllity", these predictions might be based on aspects 

of the model that could be considered independent from other aspects. 

For example, Sutherland has developed a two-stage model which is some­

times described as ~eluding a postulate about a trading relation 

(Sutherland, 1964a; Sutherland & Mackintosh, 1964), and sometimes not 

(Sutherland, 1964b). When such a postulate is included, it is stated 

as a separate rule (Sutherland, 1964a). If the trading relations predicted 

by the model were found to exist, this need not necessarily support other 



aspects of the model. Alternatively, if the predicted trading relations 

failed to occur, not all aspects of the model would have to be rejected. 
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Just as a two-stage model need not necessarily predict the 

relationships described under meanings 3 and 4, these relationships do not 

necessarily require a two-stage model for their explanation. In many 

circumstances the occurrence of "switchable" stilllulus control might be 

considered control by complex stimuli (or "conditional" sti.JDulus control) 

and not evidence of attention at all. Similarly, trading relations 

might occur that could be explained without recourse to a two-stage 

model. Alternative explanations of one sort of trading relation will be 

discussed in Chapter 6 below. 

It was pointed out above that the use of the term attention 

has depended in part on the extent to which traditional theories of 

learning fail to account for experimental observations. Of the five 

meanings which have been presented, the fifth comes closest to making 

that failure of traditional theories an explicit requirement. The first 

two meanings of attention relate it to the observation that a given 

stimulus does or does not control responding; this is the sort of 

observation directly dealt with in traditional theories. Similarly, the 

relationships described under meanings 3 and 4 can be explained in terms 

of traditional formulations in at least some situations. In contrast, 

meaning 5 requires a situation in which traditional theories are inadequate 

and a two-stage theory is required. It should be noted, however, that 

not every finding outside the reaCh of traditional theory will be sus­

ceptible to explanation by a two-stage theory, and not every finding 

that can be explained by a two-stage theory will require a two-stage 
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theory whose first stage is the acquisition of an "attention response". 

A two-stage theory whose first stage is quite in line with traditional 

formulations has been described by Goes (1955). That theory, which 

can explain observations sometimes taken as evidence for attention, 

will be discussed in Chapter 6. 

Conclusions 

This chapter has attempted to show that the term attention 

implies several different relationships in the data, and that these 

relationships are logically independent. It is not suggested that any 

one of these relationships be adopted in a definition of attention and 

the others rejected. What is more important is to attempt to explain 

these relationships by placing them in a larger systematic context. 

As was pointed out in introducing this chapter, the ~erm attention seems 

to be used in situations where traditional theories of learning seem 

incapable of accounting for the behavior observed. Our goal might be to 

modify and extend the traditional principles so that they £!! explain the 

behavior occurring in these situations. 

One approach toward this goal has been to see what body of 

evidence can be gathered for the concept of attention. If this is done, 

it must be borne in mind that the term attention has too many different 

implications to be used without careful definition. There may be a great 

many experiments supporting the use of the term attention, but it is 

questionable whether the attention they support has the same meaning 

in each case. A demonstration of "attention" or "attention•like-processes" 
" - .... 

first requires making clear what meaning is assigned to the te~ attention, 

what regularities and relationships in the data will be accepted as evidence 



for attention. It has sometimes been the case that findings supporting 

different implications of the term attention are considered together as 

supporting a unitary concept. For example, in a review of experiments 

supporting the notion of "selective attention in animal discrimination 

learning", Mackintosh {1965b) reviews experiments on ''single stimulus 

pretraining'' which attempt to determine whether discrimination training 

is necessary to establish stimulus control. These experiments seem 

most relevant to "attention" when attention is defined as in meanings 

1 and 2. However, Mackintosh indicates in other parts of his paper 

that for him the term attention has a meaning closer to meaning 5. 
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A second approach to the goal of better understanding the sorts 

of relationships described above might be this: take a phenomenon that 

has figured largely in discussions of attention, and examine the extent 

to which it involves processes that are beyond the reach of traditional 

formulations. This is the approach taken here. The experiments reported 

in this thesis deal with one of the relationships described above, the 

trading relation. The possible factors underlying this relation in one 

situation are considered in some detail. After the results of the 

experiments have been described~ their implications for a two-stage model 

of learning will be briefly discussed. 



CHAPTER 2 

THE BLOCKING DESIGN 

The experiments reported in this thesis are based on 

variations of a single basic design, which will be called here 

the "blocking" design.. In this chapter that design is introduced 

and discussed. The possibility that the acquisition of stimulus 

control may be "blocked" is considered, and predicted test results 

which would follow from blocking are described. Alternative 

explanations for those test results~ which would have to be ruled 

out before one could conclude that those results were due to blocking, 

are also discussed. The chapter concludes with a review of selected 

experiments relevant to blocking .. 

The blocking design 

The basic blocking design is shown in Fig. 1. The design 

will be explained for a "go/no-go" situation in which the subject 

learns to respond on positive trials, where responding is reinforced, 

and to withhold responses on negative trials, which are nonreinforced. 

Consider first the Control Group. The animals in this group 

are taught to discriminate between a white circle and a black triangle. 

Training is continued until they learn to respond when the white circle 

is present, and to refrain from responding when the black triangle is 
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PHASE 1 PHASE2 

• + 
DISCRIMINATION GROUP e 0 ~TEST 

+ 
CONTROL GROUP 0 ~TEST 

I~T FOR 
STIMULUS CONTROL 

ANIMAL1 ANIMAL 2 ANIMAL3 

WHITE: BLAC~ WHITE BLACK WHITE BLACK WHITE BLACK 

CIRCLE 0 • 0 100 50 0 100 80 0 100 100 

TRIANGLE !::::. • 11 50 0 !::::. 20 0 A 0 0 

Fi~. 1 A hypothetical h1oc~ina desisn and possible test 

resu1ts. Top panel shows stimuli present on positiva (+)and 

ne3ative (-) trials. Bottom panel shows sti.mul1 present on test 

trials ~nd examples of possibJe. test results (n,tm'be-r of re{Jponses 

tq) each .st. i.mu l u.s) • See,. text for fu rt.ner e,xp1 ena ti on • 
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present. The stimuli indicating reinforcement and nonreinforcement 

vary along two dimensions, shape and color; the animals can respond correctly 

on the basis of either of these dimensions. Such training, in which two 

dimensions vary together and either can be used to predict reinforcement, 

will be called Double Stimulus Training (DST). 

Since either shape or color or both can successfully be used 

as cues by the Control Group, the observation that the subjects learn 

the discrimination does not tell us on which dimension that learning 

was based. In order to determine whether responding is controlled by 

shape or by color, a test for stimulus control is given after Phase 2. 

In the example shown in Fig. 1, that test involves presenting.four 

stimuli in a mixed order and observing the number of responses occurring 

in the presence of each. Many responses should ocaur in the presence 

of the white circle and few in the presence of the black triangle, since 

those are the training stimuli. The important observation is the number 

of responses occurring to the black circle and to the white triangle. 

If a subject's responding is controlled by shape but not by color, we 

might find responses distributed as shown for Animal 3 in Fig. 1. If 

responding is controlled equally by shape and color, we would expect 

responses to be distributed as for Animal 1 1 with changes in color and 

changes in shape causing equal changes in responding. 

Let us suppose we had arranged the stimuli so that the Control 

Group showed some control by each cue, as ~id Animal 1. Consider what 

might happen in the Discrimination Group. Like the Control Group, it 

receives DST in which both shape and color predict reinforcement. In 

the Discrimination Group, however, that training is preceded by Single 



Stimulus Training (SST*) in which shape predicts reinforcement but color 

does not. The length of Phase 1 is arranged so that the Discrimination 

Group learns to discriminate between a gray circle and a gray triangle 

before t~e color cue is adde~. 

Having learned to discriminate on the basis of shape ia Phase 

1, the Discrimination Group will have acquired stimulus control by shape 

before beginning DST in Phase 2. The Control Group, on the other hand, 

will have acquired no stimulus control by shape during Phase 1. This 

means that the Discrimination Group will have a greater degree of stimulus 

control by shape than the Control Group as the two groups begin DST 

(Fig. 1). If a tr~ding relation existed between the amount of stimulus 

control by different dimensions, we would expect the Discrimination Group, 

having greater control by shape, to gain less stimulus control by color 

during DST. That is, the Discrimination Group would learn !!!! about 

color in Phase 2 than the Control Group. Such decreased learning about 

the added dimension during DST will be referred to as "blocking", after 
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a similar effect found by Kamin (1967) to occur very strongly in rats learning 

a conditioned emotional response. Blocking, then, will refer to a decreased 

learning about the second of two covarying (or redundant) cues, resulting 

from prior learning to discriminate on the basis of the first cue. 

A demonstration of blocking requires evidence that the.Discrimination 

Group has learned less about the added cue th&Jl the Control Group. Such 

decreased learning may be inferred from decreased stimulus control on a 

subsequent test. In order to measure whether or not blocking occurred. 

• The phrase Single StimulusTraining (SST) will refer throughout 
this paper to discrimination training in which S+ and s- differ along only 
one dimension. Although the phrase is sometimes used to refer to nondis• 
criminative training with only a single stimulus value present, that meaning 
is not intended here. 
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in the experiment depicted in Fig. 1, a test for stimulus control is 

given after Phase 2. If blocking did occur, the Discrimination Group, 

having learned less about color, would show less control by color after 

Phase 2 than the Control Group. This reduced control by the added stimulus 

is the observation of interest in all the experiments to be reported below. 

Althoug~ reduced learning about a st:iJiulus will result in 

reduced stimulus control on a subsequent test, reduced control on such 

a test could arise from factors other than reduced learning. The dis­

tinction made here is simply that traditionally made between learning and 

performance. Of particular importance in this thesis is that, in order 

to show that one animal has learned less than another, it is important 

to show that the difference in stimulus control observed is not simply 

a function of the test situation. This will receive further discussion 

later in this chapter. 

Explanations of blocking 

Although the blocking design has been introduced here in 

terms of a trading relation occurring during learning, it is not felt 

that applying the term tttrading relation" to blocking goes very far 

toward explaining blocking. How might it be explained? A brief sketch 

of two alternate explanations will be given here. Although these 

explanations will be discussed in more detail in Chapter 6, they are 

introduced here in order to suggest how interference with learning 

might occur in the blocking design. 

First, blocking might be explained in terms of a two-stage 

learning process in which the first stage is the acquisition of an attention 

response. Assume that during Phase 1 of the experiment indicated in Fig. 



11 the Discrimination Group learns not only to respond correctly to the 

circle and triangle, but also t«:» 11atten'!d" to the shape of the stimuli 

presented to it. Since shape continues to predict reinforcement through­

out Phase 2, the Discrimination Group might continue to attend to shape, 

which might in turn cause it to learn very little about color. On the 

other hand, the Control Group, not having had its attention "preset'' 

during Phase 1, might learn something about both shape and color during 

Phase 2. Blocking of the acquisition of stimulus control by color 

in the Discrimination Group would be explained as resulting from Phase 

1 training which has preset its attention on shape. 
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A second possible explanation of blocking is more consistent 

with traditional theories of learning. It emphasi•es the fact that the 

two groups may respond differently in Phase 2 as a result of different 

experience in Phase 1. The Discrimination Group, having learned to 

discriminate on the basis of shape in Phase 1 9 would be likely to continue 

responding correctly during Phase 2. This means it would make very few 

responses on negative trials" If nonreinforced responding on negative 

trials is important in establishing stimulus control, then little stimulus 

control by color might be acquired by the Discrimination Group during 

Phase 2. The Control Group~ not having learned in Phase 1 to withhold 

responses to a triangle~ would make more nonreinforced responses on 

negative tri.als and might acquire more stimulus control by (learn more 

about) color. Blocking of the acquisition of stimulus control by color 

in the Discrimination Group is explained as resulting from Phase 1 training 

which reduces responding on negative trials in Phase 2. 

These explanations have been introduced here in order to 
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illustrate how an interference with learning might arise in the blocking 

design. The experiments to be reported do not attempt to decide between 

these explanations. Rather, their goal is to clearly establish that 

blocking as defined here does occur. In order to achieve this goal, 

it is necessary to consider the evidence for blocking in more detail. 

Alternative explanations of reduced control 

The result of interest in the blocking design is that, in a test 

for stimulus control given after both phases of training, the Discrimination 

Group shows less stimulus control by the added stimulus than does the 

Control Group. As has been described above, this decreased stimulus 

control can be explained as due to decreased learning about that stimulus 

during DST, and that decreased learning can in turn be seen as a result 

of the learning about the other stimulus which occurred in Phase 1. If 

this explanation for the reduced stimulus control in the Discrimination 

Group could be established it would be evidence for blocking, and would be 

an example of the sort of trading relation described in Chapter 1. Before 

blocking can be established, however, certain other explanations for the 

finding of decreased control by the added cue in the Discrimination Group 

must be ruled out. Some of these alternative explanations will now be 

described. 

Interaction on test It is possible that the decreased stimulus 

control in the Discrimination Group represents a performance decrement 

rather than a learning decrement. The hypothetical experiment illustrated 

in Fig. 1 provides a clear example of thisa Even if all the Discrimination 

Group subjects responded on the test as illustrated by Animal 3 in the 

figure, this would not necessarily mean they had learned nothing about color. 



It is possible that the animals in the Discrimination Group learned as 

much about color during DST as did the animals in the Control Group 9 

?9 

but the Discrimination Group was unable to reveal this control on the 

test due to its more powerful control by shape. We know that the 

Discrimination Group entered DST with more control by shape than the 

Discrimination Group, and it is quite possible that the Discrimination 

Group would still show more control by shape at the end of DST, since 

that Group would have had a greater total amount of training in which 

shape predicted reinforcement. If this did occur, the Discrimination 

Group might be unable to reveal any control by color that it had acquired 

because of its very strong control by shape. The triangular shape might 

produce such a weak tendency to respond that even though the change from 

black triangle to white triangle increased that tendency, it was still 

not sufficient to cause any responding. Similarly, the animals might 

respond at an asymptotically high rate to the black circle, so that even 

though the tendency to respond increased when the circle became white, 

this increase could not be revealed by changes in response rate. 

This discussion is meant to give a general idea of what is meant 

by the explanation that the Discrimination Group learned as much as did 

the Gontrol Group during DST, but could not reveal the stimulus control 

it had gained due to the occurrence of "interactions on the testtt. This 

explanation will be dealt with more fully when the results of Experiment 

1 are discussed, and some additional implications underlying the inter­

action argument will be made explicit there. For the moment, what is 

important is the distinction between whether the decreased stimulus control 

measured in the Discrimination Group represents a learning decrement or a 



performance decrement. The blocking explanation for the reduced stimulus 

control in the Discrimination Group attributes that reduced control to a 

learning decrement, and an ability to rule out interactions on the test for 

stimulus control is required to support that explanation. 

Specific irrelevance training In discussing the fourth meaning 

of attention in Chapter 1, a distinction was m~de between manipulations 

which might be expected to affect stimulus control directly• and those 

which might affect it indirectly, through a trading relation. The blocking 

explanation for the reduced control by color in the Discrimination Group 

attributes that loss to prior training which increases stimulus control 

by shape, not to prior training which reduces control by color in some 

direct way. Before concluding that the reduced control by color in the 

Discrimination Group was due to blocking, we would like to rule out 

the possibility that some aspect of the Phase 1 training given to that 

group decreased stimulus control by color directly. One process by 

which this might occur is specific irrelevance training. Suppose, for 

example, that the hypothetical blocking design illustrated in Fig. 1 

had been modified so that during Phase 1 the circles indicating positive 

trials were occasionally white and occasionally black, and the triangles 

indicating negative trials were also varied in color. This would mean that 

during Phase 1 color would vary in a manner uncorrelated with reinforcement, 

and specific irrelevance training might occur. It is conceivable that 

such training might diminish the stimulus control later acquired by color 

through some direct mechanism - for instance, the establishment of s-R 

bonds of intermediate strength which could be modified only with difficulty 

during later discrimination training. 



It is even possible that the stimulus control acquired by 

color could be directly reduced if both stimuli were white in Phase 1, 

or if both were black. We might distinguish specific irrelevance 

training, in which stimuli vary along a given dimension but do so in 

a manner uncorrelated with reinforcement, and "nonprediction training", 
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in which stimuli simply remain constant throughout training and do not 

predict reinforcement. Such lack of prediction could occur with a 

stimulus value to be used later in training (white or black), or even 

with a stimulus dimension to be used later (any color). Nonprediction 

training of this latter sort seems impossible to prevent in the experiment 

shown in Fig. 1, since the shapes used in SST must be !2!! color. 

Even if "specific irrelevance training" does have a detrimental 

effect on the subsequent acquisition of stimulus control, it is possible 

that this effect is not a direct oneg but is due to the effect of such 

training on a mediating attention response. It has been suggested that 

such training may reduce the probability of attending to the stimuli 

in question, and that this reduced attention explains the slower acquisition 

of later stimulus control (Mackintosh, 1965b, p. 134). Even if this should 

turn out to be so, it seems important to distinguish between (a) a reduction 

in stimulus control by one dimension due to prior training with that 

dimension irrelevant, {b) a reduction due to prior training with a second 

dimension relevant. We are interested here in evaluating the second 

possibility. It is for this reason that, despite our lack of knowledge 

concerning whether or not specific irrelevance training really can reduce 

stimulus control by some direct mechanism, the experiments reported here 

are designed to reduce the possibility of such training. 
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Other effects reducing all stimulus control In the blocking design 

illustrated in Fig. 1, the result of interest is decreased control by color 

in the Discrimination Group as compared with the Control Group. Any aspect 

of the Phase 1 training received by the Discrimination Group that reduced 

learning about ~ cues during Phase 2 could cause such a result. It is 

important to reali•e that in the blocking design a reduction in control 

by both cues might not be recogni•ed as such, since the two groups receive 

different amounts of discrimination training with the pretrained cue. 

Suppose that something during Phase 1 reduced control by both shape and 

color in the Discrimination Group. Comparison of the amount of control 

by shape in the two groups might not reveal the reduction in the Discrimination 

Group, since it might be compensated for by the added training received 

by that Group. Even though the Discrimination Group might show more control 

by shape than the Control Group, there is no way for us to know whether it 

shows .!.! ~ !2!!. control 2. .ll might !!!!!.• 

What might cause reduced Phase 2 learning about both cues in 

the Discrimination Group? One possibility is that the occurrence of any 

Phase 1 training might cause such reduced learning in Phase 2. If animals 

learn more readily early in their experimental history than later on, then 

the Discrimination Group might learn less about the added cue than the 

Control Group during Phase 2 not because of learning about the first cue 

in Phase 1, but because of some more general factor such as prior experience 

in the experimental situation. 

Another possibility is that reduced Phase 2 learning about both 

cues occurs in the Discrimination Group as a result of some more specific 

aspect of its Phase l training. For instance, if the shape discrimination 
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illustrated in Fig. 1 were a difficult one, the animals in the Discrimination 

Group would continue to respond on negative trials for several sessions 

before learning to discriminate during Phase 1. While doing so they 

would be receiving partial reinforcement with respect to responses. 

Since there are data that suggest partial reinforcement may decrease 

the stimulus control shown on subsequent tests (Hearst, Koresko, & 

Poppen, 1964; see Kimble, 1961, p. 34o), the occurrence of such partial 

reinforcement in the Discrimination Group might produce an apparent blocking 

effect. 

In Experiment 1, which is reported in Chapter 3, additional 

control groups are used in an attempt to control for the effect of partial 

reinforcement. An additional possibility is not dealt with there. It 

is possible that any prior discrimination training causes diminished 

learning during DST. Does an animal learn more about the problem he is 

first faced with than about those which follow? If this were the case, 

it would again explain the reduced stimulus control by the added stimulus 

in the Discrimination Group without requiring the notion of blocking. 

Although one might wish eventually to control for this, it seems an unlikely 

possibility, since experiments have shown that animals frequently learn 

more rapidly in successive tasks rather than more slowly (Harlow, 1959; 

Honig, 1967). The possibility that anz discrimination learning reduces 

the stimulus control acquired in subsequent training is not controlled 

for in the experiments to be reported. 

Experiments on blocking 

An early attempt to demonstrate blocking was reported by Lashley 

(1942). Four rats were trained in a jumping stand to jump to the larger 



of two circles. When they had reached a criterion of 20 successive 

errorless trials, a large equilateral triangle was substituted for 

the large circle so that shape as well as siae predicted reinforcement. 

Two hundred training trials with the large triangle positive and the small 

circle negative were given, The question of interest was whether, following 

training to discriminate on the basis of siae, the rats would now learn 

about shape. To determine this, two tests were given at the completion 

of training. In one test, a triangle and a circle of equal area were 

presented; the animals jumped consistently to one door of the apparatus, 

right or left, showing no preference for either triangle or circle. 

In another test, a large circle and a small triangle were presented; the 

rats jumped consistently to the large circle. Since shape did not appear 

to control responding in either of these tests, Lashley concluded that 

11 in spite of the opportunity for association of reaction with the dif­

ferentiating shapes of the figures ••• , [shape] was not associatedn (p. 259). 

In the terminology used here, Lashley's conclusion would be 

stated this way: prior training to discriminate on the basis of siae 

blocked learning about shape. On the basis of Lashley's data, however, 

one cannot conclude that blocking occurred. His experiment does not 

demonstrate that the prior training to discriminate on the basis of siae 

reduced learning about shape, since no control group was run without such 

prior training. Lashley seems to assume that such a group would have shown 

control by shape on the tests he gave: "two hundred trials is more than 

twice the usual practice required for learning triangle vs. circle as an 

initial problem" (p. 258). The assumption is unwarranted. Whether a group 

given 200 trials of learning with a large triangle vs. a small circle would 

show control by shape on the tests Lashley gave must remain an open question 



since (a) learning with large triangle vs. small circle might produce 

less control by shape than simply learning with triangle vs. circle, 

and (b) the tests he gave were insensitive, and unlikely to detect a 

small amount of learning about shape. In the first test, there was a 

strong competing tendency to jump on the basis of position, making it 

unlikely that a small amount of learning could be detected; in the second 

test, strong control by si•e would make it difficult for learning about 

shape to affect responding. For these reasons, although Lashley (194~) 

concluded that what we have called "blocking" occurred, his experiment 

cannot be considered to adequately support that conclusion. 

In a more recent experiment, Miles (1965) used pigeons in a 

blocking design similar to that shown in Fig. 1. The Discrimination 

Group was trained in Phase 1 to discriminate positive and negative 

trials on the basis of the intensity of illumination of the key 

light ("light level"); in Phase 2 an auditory stimulus (tone vs. no-

tone) was added. A Control Group received only DST. Using ~ and L2 

to indicate different light levels, the design of the experiment may be 

summari•ed as follows: 

Discrimination Group 

Control Group 

Phase l 
... 
~-~ 

-------

Phase 2 
+ 

Tone ~ - L2 

+ 
Tone~ • ~ 

In a test for stimulus control given after Phase 2, responding 

in the Control Group was controlled by presence-absence of the tone much 

.35 
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more than was responding in the Discrimination Group. Although this 

result suggests that blocking occurred - that the Discrimination Group 

learned less about the auditor,y stimulus as a result of the discrimination 

training given in Phase l - other explanations for the reduced auditory 

control in the Discrimination Group cannot be ruled out. First, it is 

possible that an interaction on the test for stimulus control may have 

affected the results. An interaction in which reduced auditory control 

resulted from increased visual control seems unlikely, since four different 

light levels were used on the test, and presence·absence of the tone 

affected responding at each of these light levels more in the Control 

Group than in the Discrimination Group. However, responding on the test 

may have been influenced in yet another manner which would make such 

responding a poor index of learning. The evidence for auditory control 

on the test was a lower rate of responding with the tone absent than with 

it present. However, the Discrimination Group was given training in 

Phase 1 where responding in the absence of the tone was reinforced. This 

might have had s~me direct effect on responding during the test so that 

the change from tone to no-tone decreased responding only slightly in 

the Discrimination Group. 

However, even if Miles' test findings did result from reduced 

learning about presence-absence of the tone in the Discrimination Group, 

it .:;F! :rv.,f;sib)f> i:h"lt this reduction waR due not to the discrimination 

training received by the Discrimination Group in Phase 1, but to some other 

aspect of the Phase 1 training. It might have been the case, for instance, 

that anz Phase l training would reduce all control acquired during 

discrimination learning in Phase 2, or that the partial reinforcement 



received by the Discrimination Group early in Phase 2 was responsible 

for the reduction in control observed on the test. Miles' results, 

then, suggest that blocking may have occurred, but do not conclusively 

demonstrate it. 

An experiment by Johnson (1966) also found changes that might 
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be attributed to blocking. Pigeons were given DST in which both the 

orientation of a white line projected on the key and color of the remainder 

of the key predicted reinforcement. This training was either preceded or 

followed by SST of varying lengths. During SST only line orientation was 

correlated with reinforcement: the line was presented on an otherwise 

dark key. Tests for stimulus control given after both SST and DST showed 

generally increasing control by line orientation, and generally decreasing 

control by color, with greater amounts of SST. These relations occurred 

whether SST was given before or after DST. It is possible that some 

blocking occurred in this experiment, since giving prior training with only 

line orientation predicting reinforcement decreased control by color on 

a subsequent test. However, the experiment does not require the conclusion 

that this reduced control was caused by reduced learning about the added 

cue as a result of the prior discrimination learning, since alternative 

explanations for the reduction in control were not ruled out. Although an 

interaction on the test for stimulus control does not seem able to account 

for Johnson's results, the possibilities that any training could have caused 

a reduction in control on the test, or that the partial reinforcement received 

by the Discrimination Grou.1> contributed to the reduction in control that 

was observed, are not controlled for. Once again blocking m~ have occurred, 

but is not conclusively demonstrated. 
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A final experiment whose design concerns blocking was performed 

by Chase (1966). Only three of her five groups of pigeons are relevant 

for the comparisons to be made here. Each of those three groups received 

DST in Phase 2 in which both the orientation of a single black line on 

the key and the frequency of a 65 db tone predicted reinforcement, followed 

by a test for stimulus control. In Phase 1, Group T·D received training 

with line orientation correlated with reinforcement and tonal frequency 

varying in a manner uncorrelated with reinforcement; Group F-D received 

training with tonal frequency correlated with reinforcement and line 

orientation varying in a manner uncorrelated with reinforcement. A control 

group was given Phase 1 training with both line orientation and tonal 

frequency varying in a manner uncorrelated with reinforcement. All groups 

were given a test for stimulus control at the end of Phase 2. If prior 

discrimination training with tonal frequency predicting reinforcement 

decreased subsequent learning about line orientation during DST, Group 

F-D should have shown less control by line orientation than the Control 

Group on the test. This did not occur. Alternatively, if prior discrimination 

training with line orientation predicting reinforcement decreased subsequent 

learning about tonal frequency during DST, Group T-D should have shown 

less control by tonal frequency than the Control Group on the test. There 

was only wP.ak evidence that this was the case. An analysis of variance 

showed the effect of tonal frequency to be non-significant for Group T-D, 

but significant at the .05 level fer the Control Group. However, this 

difference is less convincing since the effect of tonal frequency was also 

non-significant for Group F-D, where it would be expected to be significant. 

Furthermore, an analysis of variance did not show a significant difference 



between groups in the effect of tonal frequeneJ 9 although the difference 

approached significance (.05<P<.l0). 

Chase's experiment, then~ did not show strong blocking. 

Furthermore, the possibility that interactions on the test for stimulus 

control affected those differences which did occur is more difficult 
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to rule out in her experiment than in those of Johnson (1966) or Miles 

(1965), since tests for stimulus control by one stimulus did not use 

intermediate values of the other stimulus. It is interesting to compare 

the magnitude of the effects observed in these three experiments. To 

facilitate this comparison, an index of stimulus control for each 

experiment was created as follows: the number of responses occurring 

during the test when the positive value of the added stimulus was present 

was divided by responses occurring during the test when either the positive 

or negative value was present@ The magnitude of this index suggests the 

degree to which responding was ~ontrolled by the added stimulus. The 

index would be 1.00 if responses occur only when the positive stimulus 

was present; it would be .50 if responses occurred independently of the 

stimulus value. In Miles' (1965) experiment, these values averaged .89 

for the Control Group and .55 for the Discrimination Group. In Johnson's 

(1966} experiment, the equivalent indices (calculated from the average data 

in the group receiving DST only and the group receiving the longest period 

of SST prior to DST, his groups 16 and 5) were .93 and .64. In Chase's 

(1966) experiment, the equivalent indices (estimated roughly from her 

Figs. 19 and 21, for the U~D and T-D Groups) were .65 and .56. 

In each experiment the differences in the degree of stimulus control 

by the added stimulus were in the direction which would be predicted if 



blocking had occurred. However, much smaller differences between groups 

occurred in Chase's (1966) experiment than in the other two experiments. 

This fact is especially interesting for the following reason: it is only 

in Chase' experiment that the possibility of reduced control resulting 
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from any training, or from partial reinforcement which occurs early in 

discrimination training, caa be ruled out. These possibilities can be 

ruled out in Chase's experiment since her control group, by receiving 

training with both stimuli varying in a way uncorrelated with reinforcement 

in Phase 1, effectively controls for them. 

The observation that two experiments find large differences, 

but do not control for certain factors which might cause these differences, 

while a third experiment controls for these factors and finds much smaller 

differences, suggests that these factors may indeed be causing some part 

of the differences observed. This between-experiment comparison is 

certainly no more than suggestive, since many other differences exist 

between the experiments. However, a more direct test of the possibilities 

that reduced control results from any training, or from the partial reinforce­

ment received in the Discrimination Group, should be of interest. In the 

absence of such direct tests, attempts should be made to control for these 

factors, so that an observed reduction in control is not attributed in­

correctly to the discrimination training received in Phase 1, leading to a 

false conclusion that what has been called blocking has been demonstrated. 

Summary of Chapter 2 

In this chapter, the blocking design was described and the possible 

finding of "blocking" was defined as a decreased learning about the second 
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of two covarying cues resulting from prior learning to discriminate 

on the basis of the first cue. Such reduced learning should result 

in decreased stimulus control by the second cue in a subsequent test 

for stimulus control. However, it was pointed out that such decreased 

control might be due to other factors than blocking. In order to Conclude 

that blocking did indeed occur, three alternative explanations for the 

decreased control must be eliminated. These altern~tive explanations 

include the possibility of an interaction on the test for stimulus control, 

the occurrence of specific irrelevance training or nonprediction training, 

and the possibility of other effects reducing all stimulus control. Four 

experiments were reviewed which suggested that blocking had occurred but 

did not conclusively demonstrate it, since they failed to control for 

one or more of these three factors. We turn now to a blocking experiment 

whose design enabled evaluation of these factors. 



CHAPTER 3 

Experiment 1 

Each of the four experiments described in this thesis was 

based on the blocking design. Each experiment used a trial procedure 

in which pigeons learned to peck a lighted disk ("keyu) on positive 

trials in order to receive food reinforcement, and ceased pecking on 

negative trials, when reinforcement could not be obtained. In all 

cases the occurrence of a trial was indicated by the lighting of the 

key. 

In Experiment 1* an attempt was made to block the acquisition 

of control by auditory cues in the pigeon by training a prior dis-

crimination based on visual cues. In addition, the experiment was 

designed so that the possible occurrence of interactions on the test, 

specific irrelevance training, and other effects reducing all stimulus 

control in the Discrimination Group could be.evaluated. 

DESIGN 

The design of the experiment is shown in Fig. 2. Four groups 

of pigeons were first trained to peck a key when it was lit with white 

light, and then given two phases of training. During this training 

positive and negative trials could be distinguished on the basis of a 

• Experiment 1 was actually performed last. It is reported 
first to allow more concise exposition. 
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GROUP PRELIMINARY PHASE 1 PHASE 2 
TRAINING 

{ 5 SESSIONS) {15 SESSIONS) {11 SESSIONS) 

DISCRIMINATION + + - + 
GROUP S® S®-S® T®-N® 
{ N=6) 

..J 

NOT RUN + 
~ 

+ - .... 
GROUP S® NOT RUN T®-N® 

z 
(N=6) 8 

C/) 
::> 
..J 

S+ ONLY + + + ::> - ~ 
GROUP S® S@-NOTRIAL. T®-N® tn (N=6) 

a:: 
f2 

PARTIAL + + + m GROUP S® S®-S® T®-N® .... 
(N=6) 

Fig. 2.. Stirnuli p-resent during posi.. tive. ( +) and 

trialj it e.culd be i.1luminatt.d with whi.tf' (W), pale. red CR), or 

pale~~~l'\ (~) Hsht. The auditory cMdit.ion during<~. triliill couJd 

be. too~ (.'J'), fioi se ( N), or si 1 e.nc.e. ( s). Between uials the :silence.. 



visual cue (pale red vs. pale green key light) or the visual cue in 

addition to an auditory cue (tone vs. noise). For all groups, the 

training given in Phase 2 was DST, with both the visual and the auditory 

cue predicting reinforcement. The Discrimination Group was taught to 

discriminate on the basis of the color cue in Phase 1, while the Not 

Run Group received no training during that phase. These two groups 

constitute a basic blocking design similar to the one presented at 

the begilllling of Chapter 2. If blocking occurred, the Discrimination 

Group, having stronger visual control as it entered DST, would learn 

less about the auditory cue during Phase 2, and would show less auditory 

control on the subsequent test for stimulus control. 

The remaining two groups were the 8+ Only and the Partial 

Group. The S+ Only Group received only positive trials during Phase 1, 

and the Partial Group received partial reinforcement by being exposed to 

only a single type of trial and receiving reinforcement on a random 5~ 

of those trials. These groups were meant to control for two possible 

alternative explanations of lower auditory control in the Discrimination 

Group. First, if it were the case that !!l training given in Phase 1 

reduced subsequent control, then each of the other three groups would 
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show less control than the Not Run Group. Second, if the partial rein­

forcement received by the Discrimination Group during its Phase 1 training 

led to diminished control, then the Partial Group would also be expected 

to show less control than the Not Run Group. On the other hand, if the 

Discrimination Group showed less auditory control than any of the other 

three groups, these alternative explanations for its reduced control 

would be ruled out. 



The design also controlled for the possibility that specific 

irrelevance training or even nonprediction training (with a stimulus 

later to be used present but not predicting reinforcement), might 

cause reduced control by the auditory cue in the Discrimination Group. 

First, no auditory change occurred to indicate trials during Phase 1 

for the Discrimination Group. The background auditory value (''silence") 

remained constantly present throughout all sessions for all groups prior 

to Phase 2. Second, even if the presence of silence could be considered 

detrimental to the later acquisition of control because it was a value 

on the auditory dimension and it did not predict reinforcement, the 

Partial Group controlled for this since silence was nonpredictive of 

reinforcement for it also. If the auditory control shown by the 

Discrimination Group was less than that shown by the Partial Group, the 

possibility of a direct reduction in control due to specific irrelevance 

training or to nonprediction training could be ruled out. 

Finally, although the possibility of an interaction on the 

test for stimulus control was not directly controlled for, the test was 

constructed so that such an interaction could be detected. The possibility 

of an interaction will be considered in detail when the results of the 

experiment are described. 

METHOD 

Subjects and Apparatus 

Subjects Twenty-four male white King pigeons maintained at 

75-85~ of their free feeding weight served as subjects. They were 5-6 

years old and without experimental history. 



Apparatus Three standard Lehigh Valley Electronics one-key 

pigeon chambers, Model 1318, were located in a small room. On one 

wall of each chamber, centered 10Yoa" above the chamber floor, was a key 

which closed an electrical contact when pecked and so allowed recording 

of the pigeon's pecks. Beneath the response key was an opening through 

which the pigeons could reach food when a tray containing grain was 

raised into position. Reinforcement consisted of raising the tray 

for 3 sec and simultaneously lighting the tray opening. To the left 

of the response key was a loudspeaker through which auditory stimuli 

could be presented. Since tone and noise stimuli were used in each of 
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the chambers, attempts were made to decrease sound transmission from 

chamber to chamber by separating the chambers physically and by supporting 

them with sound insulating material. 

Auditory stimuli Three auditory stimuli were available in 

each box; these will be called tone, noise, and silence. The tone was 

a 1000 cps, 82 db re SPL tone generated by a General Radio Co. audio 

oscillator t,r.pe 1311-A; the noise was 76 db white noise generated by 

a Grason-Stadler model 901-B noise generator; and silence was the condition 

prevailing when neither of these were present. The ventilating fans 

remained on in the silence condition, generating a background noise of 

6<>-65 db. All stimulus measurements were made with the experimental 

chamber closed, using a General Radio Company Sound Survey Meter Type 

1555-A placed with the receiving end toward the response key and 4" 

directly in front of it. Tone and noise levels were monitored daily and 

adjusted as necessary. 

Visual stimuli The translucent key in each box could be lit 
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with white, red, or green light by means of filtered bulbs located behind 

the key. The white light was obtained by lighting the white-filtered 

bulb (Sylvania #24E SB) supplied by the manufacturer. The red and green 

key illuminations were obtained by lighting the white-filtered bulb and, 

in addition, partially lighting the red- or green-filtered bulbs 

supplied. To reduce the localization of different colors on different 

parts of the key, a set of diffusing screens was placed between the bulbs 

and the key. The resulting pale red and pale green key illuminations 

could be distinguished from the white illumination only with difficulty 

by each of three human observers. 

General illumination was provided in each chamber by a house­

light located ~" above the center of the response key. Houselights 

remained on throughout each experimental session. The houselights and 

key lights were powered by a DC supply separate from that used by the 

control equipment in order to isolate them from changes occurring in that 

equipment. 

Control apparatus The control apparatus was located outside 

the room containing the experimental chambers. It made use of a stepping 

switch that essentially fed a single trial auccessivelf to each of the 

three chambers. This allowed large elements of the control apparatus to 

be used for each of the three chambers. Each chamber was fed stimuli 

determined by its own teletype tape reader, so that orders of stimulus 

presentation could be arranged independently in each chamber. Recording 

was accomplished by counters, an Esterline-Angus operations recorder, 

and a Sodeco Decaprint printout counter that could code what stimulus 

combination was presented in each chamber. 
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Procedure 

The experiment used a discriminated trial procedure. Between 

trials the houselight remained on but the key was unlit; neither tone nor 

noise was present. Responses occurring between trials had no effect and 

were never reinforced. 

Trials were indicated by the lighting of the key, and were 

terminated (key light off) when 7 seconds had elapsed or when a response 

unit (4 responses) had been completed. If the trial was a positive trial 

the completion of a response unit led to reinforcement (3 sec access to 

grain) and terminated the trial; if it was a negative trial the completion 

of a response unit ended the trial but no reinforcement occurred. The 

time between trial onsets averaged 50"; it was frequently only 40", and 

occasionally as long as 85"• 

Each pigeon was assigned to one of the experimental chambers 

and was run in it daily at approximately the same time. Sets of three 

pigeons were run concurrently in the three chambers, and the pigeons 

in any set were always members of the same Group. Each Group was composed 

of two such sets, so that the six !s in each Group included two run in 

chamber 1, two in chamber 2, and two in chamber 3. 

Preliminary trainins In the first session the pigeons were 

trained to peck the key by the method of successive approximation. Rein­

forcement was presented for responses which more and more closely resembled 

a peck, until finally only responses closing the electrical contact behind 

the key were reinforced. Throughout this training responses were rein­

forced only when the key light was on. During the second and third sessions 

the number of responses required to complete a trial and obtain reinforce-



ment was increased from 1 to 4, where it remained for the rest of the 

experiment. The second through fifth sessions consisted of 60 positive 

trials only. This preliminary training was meant to increase response 

strength so that acquisition of the discrimination could be seen as a 

decrease in response strength to stimuli on the negative trial without 

simultaneous increases in strength on the positive trial. 

Phase 1 Starting with the sixth session the groups were given 

the different sorts of training indicated in Fig. 2. The Discrimination 

Group received 80 trials per session. Half of these were positive and 

half were negative; they were presented in a mixed order so that an 

equal number of positive and negative trials was presented in each half 

of each session. Three different trial orders were used, and orders 

were changed daily for each pigeon. This practice was followed through­

out the experiments reported here whenever more than one trial type 

occurred. Orders of stimulus presentation were arranged so that the 

occurrence of a particular sort of trial in one experimental chamber 

never predicted anything about the trials occurring in other chambers. 
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Stimulus orders for animals in the S+ Only and Partial Groups 

were the same as those in the Discrimination Group. In place of negative 

trials with the key green, however, the Partial Group received negative 

trials with the key red, so that negative trials could not be distinguished 

from positive trials. The S+ Only Group received 40 positive trials only; 

no trial was presented at times when the Discrimination or Partial Groups 

would have received a negative trial. 

The Not Run Group received no training during Phase 1. Pigeons 

in that group remained in their home cages except for weighing; they were 



50 

maintained at 80% weight. 

Between sessions 15 and 16, after 10 days in Phase 1, the visual 

stimuli were adjusted so that both the red and green lights were very 

slightly more saturated. This change was made in order to improve 

discrimination performance in the Discrimination Group. 

Phase 2 Starting with the 21st session, all groups received 

11 sessions of discrimination training with both the auditoey cue and 

the visual cue predicting reinforcement. 

Test for stimulus control A test for stimulus control was 

given during sessions 32 and 33. Three auditory stimuli (tone, noise, 

and silence) and three visual stimuli (red, green, and white) were used 

on trials during the test, in all nine combinationa. Nine different mixed 

sequences of the 9 stimulus combinations, for a total of 81 trials, were 

given in each session. Trials were programmed as they had been previously, 

but were terminated only after ? sec had elapsed - responding had no 

effect on trial length during the test•. Reinforcement never occurred 

during the test. 

RESULTS** 

Learning results 

First the amount of intertrial responding will be reported and 

discussed. The results for Phases 1 and 2 will then be reported. 

Intertrial responding The median number of ITRs per session 

• This change was suggested by Robert Sainsbury. 

•• Detailed learning and test data for each of the experimen~ 
is given in the appendix. All analyses summarized in the text are presented 
in more detail in the appendix. 
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during Phases 1 and 2 ranged from 0 to 6 for individual birds; ITRa 

during the tests for stimulus control were more frequent, averagiQg 9.4 per 

session. Only one bird made more thaD 17 ITRa in any non-test session, 

or more than 27 ITRs in a test session. That bircl (#33) made a normal 

number of ITRs except in his last 6 sessions, when ITRs rose substantially, 

reaching a maximum of 455 in session 29. Although 133 also aade more 

ITRs in test sessions than any other bird (41 and 25), these were of 

the same order of magnitude as those of other birds. 

Although some of these numbers may sound high, it should be 

recalled that the birds respond during the trials at a rate of about 60 

responses per minute; they have about 56 minutes in each session during which 

they can make ITRs. Furthermore, the major part of the numbers reported 

above is probably contributed by "carryover" responses, made within a 

second after the key light went off at the encl of a trial. Finally, 

although the effect of intertrial responses is not lmown, it is possible 

that even substantial amounts of intertrial responding might have little 

effect on performance during the trials, since the discrimination of the 

trial stimuli from the intertrial stimulus should minimize generalization 

between trial and intertrial stimuli. 

Phase 1 During Phase 1 the Discrimination Group learned to 

discriminate the color of the key light. The pigeons had been given only 

positive trials during preliminary training, and they continued to respond 

to almost all positive trials during Phases 1 and 2. Discrimination learning 

is therefore indicated by a redaction in responding to negative trials. 

Fig. 3 shows that the number of response units completed on negative trials 

in the Discrimination Group dropped from the maximum of 40 to a low level 



Q 
UJ 40 
~ 
..J a. 
I 
8 

35 

30 

20 

15 

10 

5 

0 

" )( DISCRIMINATION GROUP 

/Jr-----A NOT RUN GROUP 

e e S + ONLY GROUP 

o----o PARTIAL GROUP 

20 

SESSION 
PHASE 1 PHASE 2 
+ - + -

5®- SG) T®-N@ 
+ -

NOT RUN T®-NG) 
+ NO • 

58-TRIAL T®-NG) 
+ - + -S®-S® T®-N@ 

Fig. 3. Median number of respon~e unite completed 

on ne3'ative trials in Experiment. 1. Only data ffir the 

Di scrim i m t.i on &roup are; sl\t)wn in Phase 1 • 

52 



during Phase 1. This was true for 5 of the 6 !•. Each of these !s 

completed response units in at least 119 of the 120 positive trials 

in the last 3 sessions of Phase 1; none of them completed more than 
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5 response units during the 120 negative trials in those sessions. The 

sixth ! showed no signs of learning during Phase 1, and data from that 

! will be omitted from all further results to be described. 

The S+ Only Group continued to respond on the positive trials 

presented to it during Phase 1. Each of the 6 !• completed response 

units on at least 117 of the 120 positive trials in the last 3 sessioms 

of Phase 1. The Partial Group responded to both positive and negative 

trials throughout Phase 1. Five of the 6 !s completed response units 

on at least 119 of the 120 positive trials and on all of the 120 negative 

trials in the last 3 sessions of Phase 1; the sixth ! completed response 

units on about half the positive and half the negative trials. 

During Phase 1 the Discrimination Group continued responding 

on positive trials and ceased responding on negative trials, the S+ 

Only Group received positive trials only and respo~ded on them consistently, 

and the Partial Group continued responding on both positive and negative 

trials. The amount of nonreinforced responding in the Discrimination Group 

was between that in the Partial Group and that in the S+ Only Group. The 

Not Run Group received no training. 

Phase 2 During Phase 2 the pigeons in the Discrimination Group 

continued to make very few responses on negative trials. The !s in other 

groups began to discriminate in from 2 to 7 days. Fig. 3 shows the number 

of s- response units completed in each Group. 

The Not Run and Partial Group did not differ significantly in 
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rate of learning. However, the S+ Only Group learned significantly faster 

than the Not Run Group or the Partial Group. The first day duriDg which 

at least 5 less response units were completed on negative trials than 

on positive trials was less for the S+ Only Group than for the Not RuQ 

Group (P<.Ol)• or the Partial Group (P<.05), indicating that learning 

began sooner in the S+ Only Group. The largest difference between groups 

occurred during the third day of Phase 2; the number of response units 

completed on negative trials on that day was less for the S+ Only Group 

than for the Not Run or Partial Groups (P<.Ol for each comparison). 

Finally, the total number of response units completed on negative trials 

throughout Phase 2 was also less for the S+ Only Group (P<.Ol and P<.05 

for the two comparisons). 

The Discrimination Group made fewer nonreinforced responses 

throughout Phase 2 than any other Group. The 5 ~s in the Discrimination 

Group completed from 2 to 43 response units on negative trials throughout 

Phase 2; pigeons in other groups completed from 49 to 259 such response 

units. This lack of overlap makes comparison of the Discrimination Group 

with each of the other groups significant at the .01 level. 

Indices of stimulus control 

The main questions now before us involve the degree to which 

different groups of animals were controlled by the auditory stimuli. 

In order to evaluate these questions we need an index that will summarize 

the degree of auditory control for each animal. Several alternative indices 

• Unless otherwise indicated, the Mana-Whitney U test is used 
for all statistical comparisons. The U test considers the degree of 
overlap between groups when the scores are ranked, and does not require 
more than ordinal measurement (Siegel, 1956). All probabilities given 
are based on a two-tailed test. 



are used in describing the results of the experiments reported here. 

These indices will now be considered in some detail. 
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I~ the tests for stimulus control, the three auditory and three 

visual stimuli were presented in all nine combinations. To analyze the 

results of the tests, the stimuli were arranged in a 3 x 3 table, and 

the number of responses occurring to each stimulus combination was entered 

in the body of the table. An example of such a table is shown in Table 1. 

With the results arranged in this way, the right hand marginal 

values of the table show total responses on trials when a given auditory 

stimulus was present, and the marginal values along the bottom of the 

table show total responses when a given visual stimulus was present. 

We can get some idea of control by visual and auditory stimuli by looking 

at these marginal values. If total responses when tone was present are 

much greater than responses when noise was present, for instance, we know 

that the-auditory stimulus strongly controlled the response. As an index 

of the strength of this control, the value T/(T+N) was used, where T 

stands for total responses on trials with tone present, and N stands for 

total responses on trials with noise present. This index is 1.0 if 

responses occurred only when the tone was present; it is .5 if responses 

were distributed independently of the auditory stimulus. The corresponding 

index of visual control is total responses to the red key divided by total 

responses to the key when red or green. This index is symbolized 

®I <®•@>. 
The index T/(T+N) includes responses on red trials, green trials, 

and white trials. In addition to this overall auditory index, indices 

were computed which considered these trials separately. For instance, an 



TABLE 1 

RESPONSES TO DIFFERENT TEST STIMULI AND DERIVED 

INDICES OF CONTROL. (RESPONSE ENTRIES FROM 

SUBJECT #21, EXPERIMENT 1.) THE TRIAL 

ANALYSIS IS NOT PRESENTED. 

®®® 
T 

N 

s 

63 

13 

51 

27 

20 

0 

6 

26 

MULTIPLICATIVE INDICES 

67 

1 

23 

91 

150 

14 

80 

244 

'56 

overall auditory index: T/(T+N) = 150/164 = .915 

auditory index in white: T®/<T@+N@) = 67/68 = .985 

overall visual index: @/( ®+@) = 127/153 = .830 

visual index in silence: s@/(S@+S @) =51/57= .895 

ADDITIVE INDICES 

overall auditory index: T-N= 150-14 = 136 

auditory index in white: T@-N® = 67-1 = 66 

overall visual index: @-@ = 127-26 = 101 

visual index in silence: s@-s@ = 51-6 = 45 



index of auditory control which considered only trials with the key 

white would be T(!) I ( T@+ N@). Similarly, an index of visual 
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control which considered silence trials only would be s(g}; ( s(!)+ s(g)). 
The indices which have so far been described will be termed 

"mul tiplica ti ve indicestt. This is because they are based on the assumption 

that stimulus control exerts its effect in a multiplicative manner; it 

is assumed that the effect of changing from one stimulus to another is to 

multiply the number of responses by a certain constant. Although there 

is some support for this assumption (Dews, 1962, P• 374; Cumming, Berryman, 

& Nevin, 1965), it is not a demonstrated fact, and one might assume 

instead that stimulus changes affect the number of responses occurring by 

adding or subtracting responses. Because of this possibility, additive 

indices of stimulus control were also considered. For example, the overall 

additive index of auditory control, T-N, indicates the additional responses 

which occur when the auditory stimulus is a tone rather than a noise. As 

with the multiplicative index, an additive index which considers white 

trials only, T@- N(!),can also be used. For each of these auditory 

indices, of course, there is a parallel index of visual control. 

One final index of auditory control resulted from a trial by 

trial analysis of the data from the test for stimulus control. Throughout 

the test, each successive sequence of nine test trials was considered 

separately. In each sequence, .each of the three T trials was compared 

with its matched N trial (for example, T@)and N@were compared) to see 

whether there was a difference in the number of responses occurring to 

them. Considering all such cases in which there was a difference, it was 

then determined in what proportion of these cases there were more responses 



to the T trial than to the corresponding N trial. The magnitude of this 

proportion should be a function of the strength of auditory control. 

Further, the proportion should not be greatly affected by an interaction 

between auditory and visual control of the sort described in Chapter 21 

since the analysis disregards sequences in which responding is asymptotic. 

The multiplicative indices are the major indices used in 

reporting the results of these experiments. Their use is consistent with 

the common practices of normalizing generalization gradients by dividing 

responses to each stimulus value by responses to S+,and using response 

ratios as an index of discrimination. However, all major conclusions 

made here using the multiplicative indices are also supported by the use 

of the additive indices (both indices are reported fully in the appendix). 

This close agreement between additive and multiplicative indices is not 

surprising, since the indices are not independent. 

Test results 

If blocking ~ccurred, the Discrimination Group should have 

shown less auditory control on the test for stimulus control than any of the 

other groups. Multiplicative indices of auditory control are shown in 

Table 2. According to this index, the Discrimination Group did indeed 

show less auditory control than the other three groups. The largest 

difference was between the Discrimination Group and the 8+ Only Group 

(P<.Ol), but the Discrimination Group also showed significantly less 

control than the Not Run and Partial Groups (P<.05 in each case). 

The Groups also differed with respect to visual control. A 

scatter diagram showing the degree of auditory and visual control in each 

subject is shown in Fig. 4. In ceneral, the Discrimination Group showed. 
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TABLE 2 

TEST RESULTS FOR EXPERIMENT 1: 

INDICES OF AUDITORY CONTROL 

GROUP AND SUBJECT INDEX OF CONTROL: TL~T+Nl 

#17 .561 
#18 .486 

Discrimination Group #37 .574 Mean = .578 
#40 .610 
#42 .658 

#27 .620 
#29 .823 

Not Run Group #30 .577 Mean = .752 #47 .817 
#48 .695 
#49 .980 

#21 .915 
#22 .833 

S+ Only Group ~23 .875 Mean = .904 43 .940 
#44 .921 
#46 .939 

#6 .710 
#74 .773 

Partial Group #16 .627 Mean = .719 #32 .576 
#33 .833 
#34 .793 
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high visual control and low auditory control, while the S+ Only Group 

showed somewhat lower visual control and significantly higher auditory 

control. The Not Run and Partial Groups fell somewhere in between, 

with !s in the Not Run Group showing an especially large degree of 

variability. 

When the additive instead of the multiplicative indices 

were used, the same pattern of results emerged, but with slightly 

lower levels of statistical significance. The average auditory control 

shown by the Discrimination Group was again less than that in any other 

Group. It was significantly less than that in the S+ Only Group (P<.Ol) 

or the Partial Group (P(.05). 

The trial& analysis of auditory control showed a large degree 

of variability within groups. Oace again, however, the Discrimination 

Group showed less auditory control on the average than any other group. 

This difference was significant only in the case of the S+ Only Group 

(P<.Ol). 

DISCUSSION 

According to the multiplicative index, the Discrimination Group 

showed significantly less auditory control than the Not Run Group. Was 

this reduced control due to blocking, or can it be accounted for by one 

of the alternative explanations described in Chapter 2? (a) Would any 

Phase 1 training produce such a reduction in auditory control? The S+ 

Only and Partial Groups showed more auditory control than the Discrimination 

Group, so this is not the case. (b) Was the reduction in auditory control 

due to partial reinforcement in Phase 1? The Partial Group did show less 

auditory control than the S+ Only Group, so it is possible that the partial 



reinforcement received by the Discrimination Group during Phase 1 

caused some loss in stimulus control. However, the fact that the 

Discrimination Group showed still less auditory control than the 

Partial Group shows that not all of the reduction in control in the 

Discrimination Group can be attributed to partial reinforcement. 

(c) Was the reduced auditory control in the Discrimination Group 
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a result of "nonprediction trainingfl with silence not predicting rein­

forcement? It was not, since the Partial Group, which also received 

such nonprediction training, showed more auditor,J control than the 

Discrimination Group. 

Finally, we must consider the possibility that the decreased 

auditory control found in the Discrimination Group resulted from an 

interaction during the test for stimulus control. Is it possible that 

the Discrimination Group learned as much about tone-noise as did the 

other groups, and that its low index of auditory control was actually 

an indirect result of increased visual control? The importance of this 

possibility requires us to consider it in some detail. Most of our 

evidence concerning it is indirect, however, and the argument will be 

somewhat complex. Our conclusion will be that it is very Ulllikely that 

such an interaction accounts for the reduced auditory control found in 

the Discrimination Group. 

The possibility of interaction on the test 

Let us begin with an explicit statementof how an interaction 

on the test for stimulus control might be expected to exert its effect. 

Consider again the ninefold table shown in Table 1 (p.56 ) • Suppose 

that increased control by the visual stimuli had the effect of leading 

the animal to respond at a very high rate when the key light was red. 



If the animal were responding at an asymptotically high rate, changes 

in the value of the auditory stimulus might be able to affect his response 

rate only slightly. Similarly, it might be the case that no respondi.q 

occurred to the green key whether tone or noise was present, so that 

changes in auditory stimuli would not affect response rate on trials 

with the key green. A situation such as this could mean that the observed 

stimulus control by the auditory stimulus would be low, not as· a result 

of decreased learning about the auditory cue, but because of strong visual 

control which prevented that learning from affecting responding on the 

test. 

Fig. 5 gives an exj,licit example of the wa;y such an interaction 

might work in this experiment. Response rate is shown as a function of trial 

stimulus for each of two animals, one with strong and one with weak visual 

control. The animal with weak visual control is also controlled by 

auditory stimuli, as indicated by the arrangement of trial stimuli along 

the abscissa. For the animal with strong visual control, however, the 

change from tone to noise is not always accompanied by a change in response 

rate, since response rate when the key is red or green is at an asymptotic 

level. This in turn could cause the overall indices of auditory control 

(both multiplicative and additive) to be lower in the animal with strong 

visual control. Such an effect is what will be meant here by an inter­

action on the test for stimulus control. 

The interaction argument as it applies to this experiment is this. 

Because of its training in Phase 1, the Discrimination Group is more 

strongly controlled by visual stimuli than are the other groups. During 

Phase 2 the Discrimination Group also learns about the auditory stimuli. 

However, it shows little auditory control during the teat for stimulus 
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control due to its very strong visual control. !his is because responding 

in Red, or responding in Green, or both, are at asymptotic levels and 

are insensitive to changes in the auditory stimulus. What are the 

implications of this argument? 

The first implication is that the overall auditoey index should 

decrease as visual control increases. Fig. 4 shows that there is no strong 

trend in this direction within groups. Within-group correlations between 

the auditory and visual multiplicative indices of control, using the 

Spearman rank correlation coefficient, were -.10, +.03, -.03, and -.49. 

Only three of the four correlations are in the correct direction, only 

one is large 1 and none is statistically significant. No overall 

correlation was taken since considering all subjects together confounds 

the possibility of interaction with the experimental manipulations - such 

as training given to the Discrimination Group which was expected to increase 
' 

visual control and decrease auditory control. 

The second implication concerns the relation between auditory 

indices computed considering red trials only, considering green trials 

only, and considering white trials only. Responding on white trials was 

intermediate between responding on green trials and responding on red 

trials in 22 of the 23 birds (P (.001 by a sign test). If the argument for 

interaction is correct, what should this mean? 

First, it means that the auditory index in white should show 

stronger stimulus control than the auditory indices in red or in green 

(see Fig. 5). This was not the case. Although the multiplicative 

auditory index in red was less than the index in white in 19 of 23 cases 

(P<.Ol), the index in green was greater than the index in white in 14 of 
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17 cases (P(.02).• 

Second, let us consider in more detail the fact that the 

auditory index in white was stronger than that in red. Was this due 

to the sort of interaction described above? If so, we would expect 

that the auditory index in red would be less in animals with stronger 

visual control. The auditoey index in white, however, should 'be little 

affected by the level of visual control. This means that the differenc'es 

between the indices in white and red should be greater in animals with 

stronger visual control. To determine if this was the case, Spearman 

rank correlation coefficients were calculated between (a) the multiplicative 

index of visual control and (b) the difference between the nltiplicative 

index of auditory control considering white trials only and that index 

considering red trials only. That correlation was -.10, -.37, -.14, and 

+.20 in the four groups. Only one of the four correlations is in the 

correct direction and it is neither large nor statistically significant. 

There is one more possible contention which must be dealt with. 

Most of the implications of an interaction explanation which we have 

dealt with are based on the assumption that the multiplicative index of 

auditory control in white would be leas affected b7 increased visual control 

• This increase in the multiplicative index of auditory control 
from red to white to green is possibly due to the decreasing number of 
responses entering into the index. It might be related to the finding that, 
when normalized by dividing responses to each stt.ulus b7 responses to S+, 
generalization gradients steepen as responding decreases during extinction 
(Friedman & Guttman, 1965; Jenkins & Harrison, 1960). However, in this 
experiment, overall multiplicative indices of auditory and visual control 
did not· increase significantlr from the first test day to the second (the 
auditory index increased in onlr 15 of 23 Sa, the visual index ill creased 
in onlr 14 of 22 !a). -
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than would the auditory indices in red or green. Suppose this were not 

the case? What if increased visual control in the discrimination group 

had the effect of "locking in" response rate to .!:ll, visual stimuli, white 

as well as red and green? Although this is an empirical possibility, it is 

not the same sort of interaction as we have considered above. If such 

"locking in" occurred, it aight be difficult to claim that the lack of 

auditory control in the Discrimination Group was due to a mere performance 

difference and not to a learning difference. Any claim that an effect 

is a performance effect and not a learning effect rests on our ability 

to find !2!! situation in which the learning supposed to have occurred 

can be revealed. If no such situation exists, the distinction becomes 

meaningless. An effect of "locking in" response rate to all visual stimuli, 

to the decrement of auditory stimuli, would be evidence for the sort of 

attention phenomenon the experiment was designed to explore. 

Finally, the entire interaction explanation of reduced auditory 

control in the Discrimination Group depends on that group having stronger 

visual control than the other groups. Although on the average this was 

the case, the multiplicative index of visual control for the Discrimination 

Group was not significantly more than that for the S+ Only Group or that 

for the Partial Group. It seems as though the increase in visual control 

for the Discrimination Group was not as strong an effect as the decrease 

in auditory control. It is difficult to see how one effect can be 

explained as an indirect result of another, somewhat weaker effect. 

Our conclusion is this. We are unable to reject entirely the 

possibility that the overall auditory index was affected by the strength 

of an animal's visual control. However, several lines of evidence suggest 
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that this effect, if it occurred at all, could not have been strong. It 

is very unlikely that interaction on the test accounts for more than a 

small part of the reduction in auditory control found in the Discrimination 

Group. 

Use of auditory indices in white 

The foregoing analysis has shown that it is very unlikely that 

an interaction on the test accounts for the decreased auditory control 

in the Discrimination Group. Even if such an interaction did occur, . 

it would be unlikely to affect the indices of control which consider 

white trials only (see Fig. 5). Those indices continue to indicate 

decreased auditory control in the Discrimination Group, however, showing once 

again that an interaction on the test for stimulus control does not explain 

this finding. B,y both the multiplicative and additive indices which 

consider white trials only, the Discrimination Group shows less control 

than the S+ Only Group (P<.Ol), the Partial Group (P<.05), and the Not 

Run Group. Although this last difference is not statistically significant, 

it is the least important of the three comparisons. The first two 

comparisons alone enable us to conclude that reduced auditory control in 

the Discrimination Group occurs, and that this reduced control is not due 

to any Phase 1 training, to partial reinforcement in Phase 1, or to 

nonprediction training in Phase 1. The use of auditory indices which 

consider white trials only, then, again supports the conclusion that 

reduced control in the Discrimination Group did indeed result from the 

discrimination training given that group in Phase 1 - that is, that blocking 

occurred. 
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SUMMARY OF EXPERIMENT 1 

Four groups of 6 pigeons were used to examine the possibility 

that the acquisition of control by an auditory cue could be blocked by 

prior training to discriminate on the basis of a visual cue. The auditory 

cue was tone vs. noise, while the visual cue was pale red vs. pale green 

illumination of the key which the pigeons pecked. Two phases of training 

were given. The groups received different sorts of training in Phase 1; 

in Phase 2 all groups received training in which both the auditory and the 

visual cue predicted reinforcement. On a test for stimulus control given 

after Phase 2, a group trained to discriminate on the basis of key color 

in Phase 1 shoved less auditory control than a group which received no 

training in Phase 1. Two additional groups showed that this decreased 

auditory control in the first group was not due to the receipt of any 

training during Phase 1, the occurrence of partial reinforcement in Phase 

1, or nonprediction training with an auditory stimulus present but not pre­

dicting reinforcement; detailed analysis of the test data showed it was not 

due to an interaction on the test for stimulus control. 

CONCLUSION 

Experiment 1 demonstrates that the acquisition of auditory 

control in the pigeon can be blocked by prior training to discriminate 

on the basis of a visual cue. The Discrimination Group was found to have 

less auditory control than each of three other groups, The ruling out 

of alternative explanations for this result enables the conclusion that 

it was caused by a decreased learning about the auditory cue in Phase 2 

for the Discrimination Group. This conclusion leaves open the question of 

why the Discrimination Group learned less than the other Groups about the 



auditory cue. Possible explanations for this reduced learning will 

be discussed in Chapter 6. 

?0 



CHAPTER 4 

EXPERIMENT 2 

Experiment 1 demonstrated blocking of the acquisition of 

auditory control in the pigeon by training a prior discrimination 

based on visual cues. The remaining three experiments each attempted 

to block the acquisition of visual control in the pigeon by training 

a prior discrimination based on auditory cues. The first of those 

experiments is reported in this chapter. 

DESIGN 

Experiment 2 was designed to determine whether the stinn.tlus 

control acquired by the orientation of a grid projected on the key 

could be reduced by prior training to discriminate between tone and 

noise. The design of the experiment is shown in Fig. 6. Two groups 
( 

of pigeons were each given two phases of discrimination training. They 

were taught to discriminate between positive and negative trials on the 

basis of an auditory cue alone (tone vs. noise), or the auditory cue 

in addition to a superimposed visual cue (o• vs. 45• orientation of a 

grid projected on the key). 

The Discrimination Group first learned to discriminate on the 

basis of a single cue, after which a second correlated cue was added. 

The Control Group initially had both cues available, after which one of 

the cues was removed. In order to measure the degree of stimulus control 

which had been established, tests for stimulus control were given to each 
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group near the end of Phase 1 and after Phase 2. In this design, blockiag 

of coatrol by the visual cue in the Discrimination Group would be indicated 

if that group showed less control by grid orientation after Phase 2 than the 

Control Group showed after Phase 1. 

In order to prevent the Discriaination Group from receiving 

specific irrelevance training regarding grid orientation duriDg Phase 1, 

or even nonprediction training with any grid orientation present but 

not predicting reinforcement, trials were indicated during that phase 

by the lighting of the 1te7 with no pattern. 

T.be blocking comparison does not require the second phase 

of learning and the second test for stiaulus control ill the Control Group. 

These were given in order to examine what will be called eraainc. Does 

continued training on a tone-noise discrimination cause a loss of visual 

control in the Control Group? Experiments b7 Johnson (1966) and Jenkins 

(unpublished data) suggest the possibilit7 of such an effect. It was 

thought that a comparison of the degree of visual control in the two groupe 

after Phase 2 would have implications for our interpretation of the 

''blocking" phenomenon. If visual control were wealtsr in the Discriminatioa 

Group than in the Control Group after both phases, the probability of 

certain explanations of lower visual control in the Discrilliaation Group 

would be reduced. For example, the possible explanation that an ant.al 

can hold onl7 one strong discrillination at a time could be discounted. 

Explanations which made reference to specific irrelevance training, or to 

the existence of an interaction on the test, would seem less likelJ. 

If, on the other hand, there was no difference between the groups in degree 

of visual control, we might become suspicious of any account of the blocltiDa 

effect which depends upon the order of training. 
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ME'l'BOD. 

Subjects and apparatus 

Ten male white King pigeons maintained at ?5-8,_ of their free 

feeding weight served as subjects. They were 5-6 years old and without 

experimental history. 

A single experiaaeatal chamber was used. It was aa 11" 1t;y 11" 

by 15" high metal box housed inside a sound attenuating wooden b~x. A 

dim houselight extended along the top of one wall of the chaaber. In 

the center of' that wall, 9" f'ro11 the fioor, was a 1" diuaeter circular 

hole through which a clear glass ke;y could be pecked. Behind the ke;y 

was a translucent piece of plastic illuaiaated by a beam of' light from 

outside the chamber. Patterned disks could be swung into position between 

the glass key and the translucent plastic. In this experiment the patterna 

used were vertical (00) and 45• grid orientations. The grids consisted 

of 21 thin black lines placed parallel to and equidistant from each other 

across the 1" circular mount. It was also possible to turn the key light 

on with no pattern present (white key). 

Mounted on one side of the chamber was a 4" speaker through 

which a 1000 cps tone or a white noise could be presented. The tone and 

noise were generated and meas~ed as described for Experiment 1. Tone and 

noise intensities were each set at 8o db for this experiment. Sound levels 

were monitored daily and adjusted as necessary. A ventilation fan which 

remained on throughout each session generated a background noise of 62 db 

(the "silence" condition). 

Stimuli were presented and responses recorded aut~atically by 

means of relay and timer circuits; this apparatus was outside the small 



room in which the experimental chamber was located. A continuous record 

of all sessions was made by an Esterline-Angus operations recorder. 

Procedure 

The experiment used a discrilllinated trial procedure silllllar 

to that used in Experiment 1. Between trials the houselight r81laiaed 
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on but the key was unlit; neither tone nor noise was present. Reapoases 

occurring between trials were never reinforced. The apparatus was arranged 

so that responses occurring withiD .9 sec after the end of the previous 

trial were not counted as intertrial responses. In this experiment, inter­

trial responses prevented the onset of another trial during the next 60 

sec. This contingency was in effect throughout all training. 

Trials were indicated by the lighting of the key. Additional 

stimuli indicated whether the trial was positive or negative. Trials were 

terminated when 7 seconds had elapsed or when 4 respoases (a response unit) 

had been made. Reinforcement was 4 sec access to grain in this experiment. 

Trials were presented on the average every 30 sec, trial starting times 

being equally often 15, 22.5, 30, 37 .5, and 45 sec apart. 

Two groups of pigeons were used. The Discrimination Group (6 

pigeons) was run Sun, Tu.e, and Thu of each week, and the Control Group 

(4 pigeons) was run Mon, Wed, and Fri. The stimuli presented to each group 

are shown in Fig. 6. 

Preliminary trainin5 The procedures used in preliminary training 

(sessions 1 through 5) were similar to those described for Experiment 1, 

except that (a) only 40 positive trials were presented in each session of 

pretraining, and (b) the response unit was increased from 1 to 4 in 40 

positive trials given directly following training to peck the key in 

session 1. 



Phase 1 Starting with the sixth session 80 trials were 

presented per session. Halt of these were positive and half were 

negative; they were presented in a mixed order such that an equal 

number of positive and negative trials were presented in each half 

of each session. Three different orders were used for each group, 

and orders were changed daily for each pigeon. 

After 10 discrimination sessions, 4 of the 6 pigeons in 

the Discrimination Group and all 4 pigeons in the Control Group 

were given tests for stimulus control. The tests came on a normal 

running day; the pigeons not tested were not run on that day. In 

the following two sessions all pigeons were returned to their Phase 

1 discrimination in order to euable analysis of the effects of the 

test and to more closely equate the pigeons before moving them te 

Phase 2. 

Phase 2 Starting with the next {l,a) session, both groups 

were presented with their Phase 2 stimuli for 10 sessions. In the 

following session all pigeons were given tests for stimulus control. 

In a final session they were returned to their Phase 2 discrimination. 

Special procedures used in moving some pigeons to Phase 2 are described 

later (p.?9 ) • 

Tests for stimulus control Three auditory stimuli (tone, 

noise and silence) and three visual stilluli (o• grid, 45• grid, and DO 

grid) were used on trials during the tests, in all nine combinations. 

Twenty mixed sequences of the nine stimuli were used, giving a total 

of 180 trials. Trials were programmed and terminated as they had been 

previously, except that reinforcement never occurred. 

Tests were completed in a single session which lasted longer 

?6 



than training sessions. The nine stimuli were presented in a aixed 

sequence; 10 different mixed sequences were presented successively for 

the first 90 trials of the test for stimulus control, and then this 

whole sequence was repeated to give a total of 18o trials. Each bird 

was presented with one of tour different such orders. 

RESULTS AND DISCUSSION 

~trial responding The 10 pigeons 111a.de a total of only 

62 intertrial responses in 27 training sessions and two tests. This 

averages to less than. oae every four sessions for individual pigeons. 

Discriminatioa learn!!& Discrilliaation perfoZ'IIaJlce during 

Phase 1 and Phase 2 is shown in Fig. 7. The pigeou had been given 

only positive trials during prelimin&r,1 training; they coatinued to 

respond to almost all positive trials during the discrimiDation phases. 

Improvement in the discrimination is therefore indicated by a reduction 

in responding to negative trials. 

In Phase 1, the group with both cues available (Discrimination 

Group) learned faster than the group with only the auditory cue. 

On the second day of discrimination training there was a distinctive 

drop in s- response units for each of the 4 Control Group pigeons, where-
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as 5 of the 6 pigeons in the Discrimination Group completed all 40 S- trials. 

At the end of Phase 1 all pigeou appeared to have reached an asymptote 

of s- response units.. This asymptote ranged from 1 to 10 response units 

in the Discrimination Group, and from 0 to 1 response units in the Control 

Group. The presence of the viRal cue in additioa to the auditory cue 

enabled more rapid learning of the discriminatioa and a lower asymptote 

of s- responses in Phase 1. 
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The Discrimination Group received an additional {visual) 

cue in Phase 2. For each of the 6 pigeons, the addition of this cue 

caused their s- responses to drop to a new asyaptote. For the Control 

Group, the visual cue was removed. This caused a decrement in performance. 

The number of response units oa negative trials increased, and then fell 

again to an asymptote. This increased s- responding occurred in all 

4 pigeons, but was a large effect in only one {#46), who made over 20 

S- response units on each of his first three days in Phase 2. 

Two other results should be mentioned here. First, the tests 

for stimulus control did not appear to disrupt discrimination performance 

on the day following the test {see Fig. 7). Second, there was a great 

deal of difficulty in getting some pigeons to respond at the beginning 

of Phase 2. This occurred in both groups, and was due to the changed 

key pattern. When exposed to the new pattern, some of the pigeons failed 

to respond. To overcome this, all pigeons were given special training 

to respond to their Phase 2 S+; this training was given immediately 

prior to their first session on their Phase 2 discrimination. It was 

necessary in some cases to "shape" the pigeons, almost as if they had 

no experimental experience whatever.• There did not seem to be any 

difference between the two groups with respect to ease of transition. 

Despite the difficulty of transition for some pigeons, performance 

on the Phase 2 discrimination did not seem to be disrupted once the 

transition was made {e.g. see Fig. 7, Discrimination Group). 

• For example, #42 required 35 "shaping" trials to get him 
pecking at the beginning of Phase 2; he required 37 trials in initial 
shaping. Bird #50 required 25 shaping trials at the beginning of Phase 
2 compared to 6 initially; #41 required 20 shaping trials compared to 11 
initially; #46 required 4o compared to 48 initially; #49 required 14 compared 
to 30 initially. On the other hand, some pigeons moved very easily from 
Phase 1 to Phase 2. 



Test results 

We will now consider the results of the tests for stimulus 

control, using the indices parallel to those described for Experiment 

1 (p. '54). The multiplicative indices of visual control for each 

subject are shown in Table 3. This table illustrates some of the 

comparisons made below. 

Bo 

Blocking Blocking of control by the visual cue due to prior 

training on the auditory cue would be shown if the Discrimination Group 

showed less control by the visual cue after Phase 2 than the Control 

Group showed after Phase 1. Table 3 shows that this was in fact the 

case, although there is overlap between the groups. The effect is in 

the right direction by all indices of visual control. It is significant 

by the overall additive index (P<.02), and barely misses statistical 

significance by the overall multiplicative index (.05<P~07). It is 

significant by the results of the trial analysis (P<.02). 

It is therefore likely that some blocking did occur. However, 

blocking is certainly not complete, since the Discrimination Group showed 

some visual control. 

Erasing Erasing of control by the visual cue due to continued 

training on the auditory cue alone would be shown if the Control Group 

showed less control by the visual cue after Phase 2 then after Phase 1. 

Table 3 shows that 3 of the 4 pigeons did show some decrease in control, 

while the fourth showed an increase. Use of the additive index shows 

an identical pattern, while the trial analysis shows even less of a 

loss in control. There may have been some erasing, but it was certainly 

not a strong effect. 
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TABLE 3 

TEST RESULTS FOR EXPERIMENT 2: 

INDICES OF VISUAL CONTROL 

GROUP AND SUBJECT INDEX OF CONTROL:~(~+~) 

#9 .65 
Discrimination #21 .58 

Group, #35 .54 Mean = .55 Second #42 .51 
Test #47 .55 

#50 .51 

#41 .71 
Control Group, #46 .94 Mean = .70 First Test #49 .60 

#51 .56 

#41 .56 
Control Group·, #46 .86 Mean = .66 Second Test #49 .71 

#51 .53 



Comparison between groups at the end of Phase 2 We may make 

a direct comparison between blocking and erasing by asking how much 

control by the visual cue is left in each group at the end of Phase 2. 

The indices described above all show that, on the average, the Control 
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Group had stronger visual control than the Discrimination Group. By none of 

the indi.ceR is this difference statistically significant. 

SUMMARY OF EXPERIMENT 2 

Two groups of pigeons were used in an experiment which sought 

to examine the blocking and "erasing" of control by a visual cue (the 

orientation of a grid projected on the key) as a result of training to 

discriminate on the basis of an auditory cue (tone vs. noise) • The 

Discrimination Group (N•6) was taught to discriminate between positive 

and negative trials on the basis of the auditory cue, after which the 

visual cue was superimposed. The Control Group (N•4) initially had 

both cues available, and then the visual cue was remove~. Tests for 

stimulus control showed that (1) although the animals in the Discrimination 

Group did learn something about the superimposed visual cue, they showed 

less control by the visual stimulus after training on both stimuli than 

did the Control Group, (2) the Control Group showed only a small degree 

of loss in visual control after training with the visual cue removed, 

and (3) the final degree of visual control was lower in the Discrimination 

Group than in the Control Group, but this difference was not significant. 

CONCLUSIONS 

Experiment 2 suggests that blocking is possible with the stimuli 

used, but does not demonstrate it conclusively. Diminished visual control 



in the Discrimination Group probably does occur with these stimuli: 

although the decreased control is of marginal statistical significance 

by some indices of control, the small number of subjects makes this not 

surprising. It is not likely that this decrease in control was due 

to an interaction on the test for stimulus control, since a significant 

difference was shown even by the trial analysis, which we would expect 

to be least influenced by such an interaction. Nor was the reduced 

control in the Discrimination Group caused by specific irrelevance 

training or nonprediction training, since the design of the experiment 

prevented this sort of training. However, the possibility remains that 

the reduced control in the Discrimination Group was due to some other 

aspect of its Phase l training. Experiment 1 showed that it could have 

been due to partial reinforcement, and we cannot rule out the possibility 

that any Phase l training (or perhaps even the passage of time) might 

cause a reduction in control subsequently acquired by the visual cue. 

Experiment 2, then, can only be considered suggestive. The reduced control 

in the Discrimination Group leaves open the possibility that blocking 

occurs with these stimuli, but this effect is not conclusi.-ly demonstrated. 

Although some "erasing'' may have occurred in this experiment, 

it was not a strong effect. The possibility of erasing is not considered 

again in the experiments which follow, since additional control groups 

would be required to locate precisely its implications for blocking. For 

example, blocking is defined as diminished control due to discrimiDation 

training, not simply the passage of time, and one would similarly want to 

know whether the loss of control when SST follows DST is due merely to the 

passage of time or to some specific aspect of the training received in 



Phase 2. Evaluation of these alternatives remains a task for further 

experiments. 
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CHAPTER 5 

EXPERIMENTS 3 and 4 

Like Experiment 2, Experiments 3 and 4 dealt with the 

possibility of reducing control by a visual stimulus as a result 

of prior traiDing to discriminate between tone and noise. They 

were designed to explore the possibility that such reduced control 

could be obtained more rapidly than in Experiment 1 and 2 by using 

shorter training periods. The training periods were shortened by 

ending each phase of traiaing when the majority of !s reached a low 

level of responding on negative trials, rather than giving several 

days training after low levels were reached as was done .in the first 

two experiments. In addition, the visual cues were made more distinctively 

different on positive and negative trials to increase the speed of 

discrimination learning. It was felt that this change might also increase 

the strength of the blocking effect. Part of the reason for the marginal 

strength of that effect in Experiment 2 may have been that even the !s 

in the Control Group did not show very strong control by the visual cue. 

This meant that the baseline against which to observe reduced control 

in the Discrimination Group was not ideal. If the visual control in 

the Control Group could be increased by increasing the distinctiveness 

of the visual cue, this might result in a greater difference in control 
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between the two groups, and a stronger olocking effect. 

Since the experiments were designed as exploratory experiments, 

only a small number of subjects was used in each experiment. The 

experiments were not successful in locating strong blocking effect, 

and they will be described only briefly. The experiments are reported 

here, however, because some knowledge of the strength of the blocking 

effect, and the limitations of the conditions under which it may be 

found, is felt to be important. 

DESIGR OF EXPERIMDI'r 3 

The design of Experiment 3 is shown in Fig. 8. The Discrimination 

Group was trained in Phase 1 on a tone-noise discrimination in which 

trials were indicated by the lighting of a white key; in Phase 2 a visual 

cue was available as well as the auditory cue. The Control Group received 

only training with both cues available. As in experiment 2, tests for 

stimulus control were given to determine whether the tr~ining given the 

Discrimination Group in Phase 1 diminished the amount of control gained 

by grid orientation. 

One additional feature of the design involved the stimuli present 

during pretraining. Ia each group one pigeon was pretrained with the 

visual stimulus it was to receive in Phase 1 and the remaining three 

pigeons were given varied pretraining, in which the vertical grid and 

white key were each presented on half the trials, in a mixed order. This 

aspect of the design was intended to test the possibility that.varied 

pretraining would diminish a problem found in Experiment 2. The problem 

was that animals initially trained to peck a grid hesitated to peck a 

white key, and vice versa. This caused a difficulty in the transition 
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from Phase 1 to Phase 2, (p. 79 above ), and affected the distribution 

of responses on the test for stimulus control. Since the problem is 

not of interest in what follows, however, it will not be dealt with. 

It did not occur as strongly in Experiment 3 u in Experillent 2, and 

it does not disturb any of the conclusions drawn in this thesis. 

DESIGN OF EXPERIMENT 4 
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The visual st~i used in Experiment 4 were colors of the key 

light. The experiment asked whether it was possible to block the 

acquisition of control by stillul.i which are "strong" in the sense that 

animals show stimulus control following even non-differential training 

on such stimuli (Guttun & Kalish, 1956; see Baron, 1965). An experiment 

by Reynolds (1961) suggested that this might be possible. Reynolds 

trained two pigeons to discriminate in a situation where either or both 

of two visual cues could be utilized. A later test of stimulus control 

showed that one of the pigeons was strongly controlled by the first cue 

but not by the second, while the other was strongly controlled by the 

second cue but not by the first. On the assumption that which of the 

two cues the pigeons used could be manipulated by prior training, this 

result suggests that it might be possible to block control even by a 

visual cue which is usually considered "strong" for the pigeon. 

The design of Experiment 4 is shown in Fig. 9. The design 

includes control groups intended to allow evaluation of some of the 

alternative explanations for any diminished control which might be found 

in the Discrimination Group. 'l'he control groups are similar to those 

used in Experiment 1, and the rationale behind them is described more fully 

in Chapter 3. They allow evaluation of the possibilities that (a) any 
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Phase 1 training reduces visual control; (b) reduced visual control 

in the Discrimination Group is contributed to by partial reinforcement; 

and (c) reduced visual control in the Discrimination Group is contributed 

to by nonprediction training with a white key present but not predicting 

reinforcement. 

METHOD 

Subjects and Apparatus 

Subjects Sixteen white King pigeons maintained at 75-8,_ 

of their free feeding weight served as subjects. They were 5-6 years 

old and without experimental history. 

Apparatus The apparatus was similar to that described for 

Experiment 1. Three experimental chambers were located in a small room. 

Chamber 3 was the chamber which had been used in Experiment 2; it was 

now used in Experiment 3. Chamber 2 was a standard Lehigh Valley pigeon 

chamber; it was used in Experiment 4. Chamber 1 was used in another 

experiment which will not be reported here. Each chamber had a key 

which closed an electrical contact when pecked and so allowed recording 

of the pigeon' a pecks, a loudspeaker, and a grain hopper that could be 

raised into position for reinforcement. Since auditory stimuli were 

used in each of the chambers, attempts were made to decrease sound 

transmission from box to box by separating the boxes physically and by 

supporting them with sound insulating material. The control apparatus 

was the same as that used for Experiment 1. 

Stimuli As in the previous experiments, three auditory and 

three visual stimuli were available in each chamber. Auditory stimuli 

were tone, noise, and silence. An 8o db tone and 8o db white noise were 



91 

generated and measured as described for Experiment 1; sound levels were 

monitored daily and adjusted as necessary. In each chamber a ventilating 

fan remained on throughout each session, generating a background noise of 

63 db in chamber 3 and 62 db in chamber 2 (the "silence" condition). 

The visual stilluli used in chamber 3 were similar to those 

used in Experiment 2• except that o• and go• orientations of the grid were 

used. Position and pattern of the grids was varied every second da7 so 

that neither specific pattern used nor apparatus position could success­

full,. be used as cues. 

The ke7 in chamber 2 could be lit with white, red, or green 

light. The white light was obtained b7 lighting the white-filtered 

bulb supplied by the manufacturer. The red and green lights were obtained 

by lighting the red• or green-filtered bulbs supplied and in addition 

partially lighting the white light. The resulting red and green key 

colors were more saturated than those used in Experiment 1, where the 

white light was fUlly lit and the red or green lights only partially lit. 

Procedure 

Both experiments used a trial procedure very similar to that 

used in Experiment 1. Trials were terminated at the completion of a 

response unit (four responses) or after ?" had elapsed. The time between 

trial onsets averaged 50"; it was frequently only 4o", and occasionall7 

as long as 85"· Most sessions were slightly less the ?0 minutes long. 

As in Experiment 1 1 responses occurring between trials had no effect. 

Reinforcement initially consisted of 4tt access to grain. However, some 

animals con,inued to gain weight, so after 10 days the tray operate time 

was reduced to 3.6". 
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F~ch animal was run daily at approximately the same time. In 

the first session the animals were trained to peck the key. In the second 

to fifth sessions, they received 6o positive trials per session. Their 

response unit was increased from 1 to 4 during the second and third sessions. 

Some animals were shaped and pretrained with a single trial stimulus; for 

others 2 different trial stimuli were used in a mixed order. 

Following pretraining, animals were put on various schedules as 

shown in Figs. 8 and 9. Where discriminations are indicated in these 

Figs., the subjects received 4o positive and 4o negative trials daily. 

The two animals in the S+ Only Group of Experiment 3 were the only animals 

not receiving 80 trials after the fifth day. They received 60 positive 

trials daily. 

Tests for stimulus control consisted of two consecutive sessions 

of 81 nonreinforced trials. In each session there were nine sequences of 

trials; each sequence contained nine different trial stimuli in a mixed 

order. The nine stimuli were tone, noise, and silence with each of the 

three visual stimuli shown in 1i'ig. 8 or 9. 

The total length of training was 18 days in each experiment. 

The number of days spent on a given discrimination is indicated in Figs. 8 and 9· 

RESULTS AND DISCUSSION 

Intertrial responding 

Apparatus problems prevented precise recording of ITRs in chamber 

?.. In chamber 3, the number of ITRs for individual birds during the 

1Rst day of pretraining ranged from 7 to 112. The median number of ITRs 

per rlay for the remainder of the experiment was also calculated for each 

bird in chamber 3; that number ranged from 17 to 93. 
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Learning results 

The learning curve for Experiment 3 is shown in Fig. 10. 

The animals with two cues learned to discriminate faster than those 

with only one, as in ·Experiment 2. One unexpected result was the 

increase in S- responding for the Discrimination Group at the beginning 

·.r of Phase 2. his did not occur in Experiments 1 or 2, and might 

possibly have been the result of the varied pretraining used, although 

it occurred even in the subject who had received constant pretraining. 

Another possibility is that the newly presented grid produced "disinhibition" 

of the response. A disinhibi ting stimulus is known to be less effecti.ve 

when a. lone period of training precedes its presentation (Brimer, 1963), 

and possibly this explains the failure of a similar increase in responding to 

occur following the introduction of a grid in Experiment 2, where Phase 1 

was considerably longer. 

The learning curve for Experiment 4 is shown in Fig. 11. It 

shows that in Experiment 4 there was no rise in S- responding when the 

Discrimination Group mo.ved to Phase 2. It also shows that the Control 

Group animals made a fairly high number of S- response units on the first 

day of Phase 2. This.number dropped ~harply on the second day, showing 

that the visual stimuli used were indeed easier to discriminate than the 

visual cues used in previous experiments. 

Blocking results 

The blocking results may be described simply: there was iittle 

evidence for blocking in either experiment. 

Summary indices of visual control in each experiment are shown 

in Table 4. If there were blocking effects, we would expect that in each 
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TABLE 4 

TEST RESULTS FOR EXPERIMENTS 3 AND 4: 

INDICES OF VISUAL CONTROL 

EXPERIMENT 3 

GROUP AND SUBJECT . INDEX OF CONTROL: GD;(QD+~) 

#4 .560 
Discrimination Group 

#14 .647 
#20 .713 Mean = .'632 
#24 .609 

#31 .782 
#34 .511 
#37 .936 Control Group Mean= .721 
#61 .654 

EXPERIMENT 4 

.GIQUP AND SYBJEQT INDEX OF CONTROL: @/( ®+@) 

#2 .979 
Discrimination Group #7 .856 

#28 .726 Mean = .869 
#33 .913 

(S+) #16 .913 
Control Groups·'(;~ #36 .958 

#23 .946 
(P) #60 .891 

Mean = .927 
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experiment ·the Discrimination Group would show less visual control 

than the Control Group. Although the average visual iadices of the 

groups show a difference in the right direction, there was a considerable 

degree of overlap in each experiment, and the differences did not approach 

statistical significance~ Use of most of the other indices of visual 

control showed even more overlap. ~ere was no evidence for a strong 

blocking effect in either experiment. 

There is a possible explanation for the failure to find blocking 

in Experiment 3. In that experiment, the Discrimination Group increased 

their s- responses at the beginning of Phase 2. If the prevention of 

nonreinforced responding to the horizontal grid is critical for the 

blocking of control by grid orientation, the occurrence of these s-

responses would diminish the blocking effect. However,,-the number of 
1 

such responses made by subjects in the Discrimination Group still remained 

substantially below the number made by subjects in the Control Group 

(there was no overlap). 

It might also be argued that blocking was not found in Experiments 

3 and 4 due to the use of visual st~li ot inappropriate distinctiveness. 

Possibly the visual stimuli used ia Experiment 3 were still not distinctive 

enough relative to the auditoey stilluli. Once again, as ia Experiment 2, 

the degree of visual control in the Control Group after Phase 1 was not 

great (Table 4). The increased difference ia grid orieatation used in 

Experiment 3 raised the distinctiveness of the visual cue only slightly. 

HOwever, it would be difficult to argue that the visual stimuli 

used in Experiment 4 were not distinctive enough, since ~ven the Discrimination 

Group was strongly coatrolled by them. If anything, these stimuli were !!! 
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d.is<::inct:iv~, since evPn §.s that made very few S- responses in Phase 2 

(a total of 8 responses for #2, 4 responses for #28, and 0 responses for 

#33) showed strong visual control on the test. 

SUMMARY OF EXPERIMENTS 3 AND 4 

TWo experiments each used eight pigeons in an effort to see 

whether stronger blocking would occur when the strength of the visual 

cues was increased over that in Experiment 2. In each experiment the 

Discrimination Group was taught to discriminate on the basis of tone­

noise, and then a visual cue was added. In Experiment 2 this visual 

cue was o• vs. 90° orientation of a grid projected on the key; in 

Experiment 3 it was pale red vs. pale green key light. In neither 

experiment was visual control in the Discrimination Group significantly 

below visual control in the Control Groups: there was little evidence 

for blocking. 

IMPLICATIONS OF EXPERIMENTS 2, 3, AND 4 

Experiments 2, 3, and 4 were each designed to examine whether 

training on a prior auditory discrimination will block the subsequent 

acquisition of control by a visual stimulus presented on the key. In 

each experiment blocking would have resulted in reduced visual control 

in the Discrimination Group. The experiments did not, however, include 

controls for certain other factors that might also reduce visual control. 

In Experiment 2 the Discrimin&tion Group showed reduced control, 

although the differences observed there were of marginal statistical 

significance. Although it could not be conoluded that this reduced control 

was due to blocking, the results did leave open the possibility that 
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blocking occurred. Experiments 3 and 4, on the other hand, showed little 

if any reduced control in the Discrimination Group, which means that 

little if any blocking would have occurred. Can any general conclusions 

be drawn from these data? 

One possibility is that, in the pigeon, prior trainiag on an 

auditory discrimiDation simply cannot block the acquisition of control 

by a visual stimulus presented on the key. It may be recalled that Chase 

(1966) failed to find blocking of visual control by prior auditory 

training. It is possible that the differences observed in Experiment 2 

were due to chance (although it should be recalled that Experiments 3 

and 4 each found differences in the same direction) or to other factors 

that were not controlled for. 

A second possibility is that blocking can occur with these 

stimulus dimensions, but that its demonstration requires a judicious 

selection of stimulus values, training periods, or other experimental 

parameters. If blocking the acquisition of visual control by prior 

auditory discrimination training can occur, Experiments 2, 3, and 4 

taken together suggest certain boundary condi tiona for it. For instance 

a comparison of Experiments 2 and 3 suggests that the length of Phase 1 

training may be important. The stimuli used in Experiment 2 were quite 

similar to those used in Experiment 3. However, the length of Phase 1 

was considerably greater in Experiment 2, and the difference between 

groups was greater in that experiment. It is possible that blocking will 

not occur unless the training on the prior discrimination in Phase 1 is 

continued for several sessions after the subjects have reached a low, 

asymptotic level of responding to s-. 



A comparison of Experiments 2 and 4 suggests another factor 

likely to affect the amount of blocking: the relation between the 

distinctiveness of the first and second trained cues. In Expert.ent 

2, where blocking may have occurred, the auditory and visual cues were 

similar in distinctiveness (the Control Group showed a similar degree 

of control by each cue after DST). In Experillent 4, however, where 

the visual cue was much more distinctive thaa the aud.i tory cue, prior 
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training on the auditory cue did not greatly reduce the control acquired 

by the visual cue. Increasing the distinctiveness of the visual cue 

seemed only to decrease blocking. 

Let us consider whether increasing the distinctiveness of the 

auditory cue might increase blocking. One effect of making the auditory 

cue more distinctive might be to increase the amount of control acquired 

by the auditory cue during double stimulus training in the Control Group. 

In addition, making the auditory cue more distinctive might reduce the 

amount of control acquired by the visual cue during double stimulus 

training. Experiments by Miles (1965) and by NeWIIU & Baron (1965) suggest 

that this would occur. !hey showed that the control acquired by a cue during 

discrimination training is reduced if an additional cue also predicts 

reinforcement. Miles (1965) showed that this effect is a graded one 

depending on the distinctiveness of the second, added cue. If, as these 

experiments suggest, making the auditory cue more distinctive would reduce 

visual control in the Control Group, then blocking would be difficult to 

demonstrate simply because there is not much control to be blocked. These 

considerations, along with the results of Experiment 4, suggest that the 

relative distinctiveness of the auditory and visual cues may be an important 
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factor in the blocki.Da of visual control b;r prior auditory cliscrillination 

training. 

Experiments 2, 3, and 4, then, do aot give conclusive evideace 

on whether or not prior discriaination training based on an auditory cue 
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can block the subsequent acquisition of control b7 a visual cue. However, 

tak•n as a whole the7 do suggest two parameters which may affect the amount 

of blocking fouad. The first of these is the leagth of the Phase 1 trainina 

given to the Discrimination Group; the second is the relative distinctive­

ness of the two cues that are used. 



CHAPTER 6 

TWO EXPLANATIONS OF BLOCKING, 
AND AN ALTERNATIVE DESIGN 

The results of Experiment 1 showed that in at least one 

situation blocking does occur. The Discrimination Group in Experiment 

1 learned less about the added auditory cue tnan the other groups, and 

this lower learning seemed to be a result of learning to discriminate 

on the basis of the visual cue in Phase 1. This final chapter will 

conaide~ some possible explanations of the finding of blocking. The 

discussion will center around two alternative explanations of blocking, 

one based on a. two-stage theory of learning and one more in line with 

traditional theoriP.s of learning. Although the experiments reported 

here were not designed to directly test these theories, each of the 

theories does predict certain relationships in the data in addition to 

blocking, and these relationships will be examined. Finally, an alternative 

experimental design which has been used to test one of these theories will 

be discusRed. 

Explanation based on a two-stage theory of learning 

This first explanation of blocking may be stated roughly as 

follows. During Phase 1 the Discriminati.on Group learns both to attend 

to the first stimulus dimension and to respond correctly to the stimulus 

values on that dimension. During Phase 2 it continues to attend to the 

first stimulus dimension and therefore learns less about the second stimulus 

102 



dimension. In Experiment 1, the Discrimination Group would be said to 

learn less about tone-noise during Phase 2 because it was attending to 

the color of the keyo 

There are many reasons to be dissatisfied with a "theory" as 

vaguely formulated as this. As was pointed out in Chapter 1, precise 

predictions will depend on the exact relation between the first-stage 

response ("attention") and the second stage response (pecking), the 
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stimuli that control these responses, the relative speed of acquisition 

of these responses, the forms of feedback which increase or decrease the 

probability of these responses, and many other factors. Although no 

attempt will be made here to develop a satisfactory two-stage theory of 

learning, it does seem possible to outline some of the assumptions such 

a theory would have to make in order to explain the blocking found in 

Experiment 1. (a) Discrimination training of the sort given to the 

Discrimination Group in Experiment 1 would have to produce an increase 

in the strength of the first-stage response that is referred to by the 

phrase "attending to color". (b) The stimuli controlling the first-stage, 

response would have to be somewhat more general than those controlling 

the second-stage response, in order to have the pigeons "attending to color" 

throughout Phase 2. As Lawrence (1963) has pointed out, the explanatory 

power of a two-stage theory is lost if the stimuli controlling the two 

responses are identical. One might assume that the first-stage response is 

controlled by general aspects of the experimental situation, while the second­

stage response is controlled by the specific trial stimuli. (c) The first­

stage response would have to be one that modulates the effectiveness with 

which different stimulus variables can acquire control over a second-stage 
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response. That is, the response "attend to color" would be one that 

facilitates learning about color. (d) Increased "attention" to one stimulus 

variable must lead to decreased "attention" to at least some other stimulus 

variables. The response "attend to color", learned by the Discrimination 

Group in Phase 1 and carried into Phase 2, must decrease the ease wi. th 

which auditory control over the pecking response can be acquired. 

A model of learning that makes these assumptions has been described 

by Sutherland (1964a). Although assumption (b) above is not stated explicitly 

by Sutherland, it seems to be implied. In addition, Sutherland's model 

assumes that the strength of the second-stage response reaches asymptote 

more rapidly than the strength of the first stage response. This assumption 

is made in order to explain the overlearning reversal effect, (Mackintosh, 

1965b), but it has interesting implications for the present experiments as 

well. In particular, one might predict from Sutherland's (1964a) model that 

overtraining given in Phase 1 would increase the strength of the ttattentiontt 

response and thereby increase the blocking effect. A comparison of Experiments 

? and 3 seems to support this prediction: a larger difference between gro~ps 

was found in Experiment 2, where Phase 1 training was continued beyond the 

point of asymptotic responding to positive and negative trials. Although 

this finding is suggestive, it certainly does not prove that the two-stage 

theory of learning proposed by Sutherland (1964a) is the correct explanation 

of these data. The alternative explanation for blocking to be given below 

also predicts stronger blocking in Experiment 2 than in Experiment 3, but 

for a different reason. 

The model proposed by Sutherland (1964a) has certain other 

implications for the data gathered in these four experiments. These implications 

ha•e to do with the relation between the amount of control shown by the 



auditory and the visual cues. Sutherland's model predicts that "the more 

an individual ! learns about one cue, the less it should learn about the 

other" (Sutherland & Holgate, 1966, P• 199). There are several places 

in these four experiments where such a relationship fails to hold. 
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1. In Phase 1 of Experiment 2, the Discrimination Group was given 

training with only the auditory cue predicting reinforcement, while the 

Control Group was given an equivalent amount of training with both the 

auditory and the visual cues predicting reinforcement. As a result of this 

training the Control Group learned about the visual cue while the Discrimination 

Group did not. However, this increased learning about the visual cue in 

the Control Group was not accompanied by decreased learning about the 

concurrent auditory cue. Comparison of auditory indices of control on the 

test for stimulus control given after Phase 1 shows not less, but slightly 

more auditory control in the Control Group. The average indices of auditory 

control were .82 in the Discrimination Group and .91 in the Control Group; 

individual data are given in the appendix. 

2. In Experiment 1, pigeons in the S+ Only Group showed higher 

indices of auditory control than pigeons in the other groups. However, 

this higher auditory control was not accompanied by lower visual control 

(Fig. 4). 

3. Sutherland's model predicts that, within groups, any pigeon 

learning more about one cue is likely to learn less about another. This 

means that there should be a negative correlation between auditory and visual 

indices of control within the various experimental groups reported here. 

The Spearman rank correlation coefficient between overall multiplicative 

indices of auditory and visual control for each group reported in this thesis is 

shown in Table 5. The correlation is in the correct. direction in only 5 of 
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TABLE 5 

CORRELATIONS BETWEEN AUDITORY 

AND VISUAL CONTROL* 

MEAN MEAN 
AUDITORY VISUAL rs 

EXPERIMENT GROUP N INDEX INDEX -
Experiment 1 Discrimination 5 .578 .956 -.10 

Experiment 1 Not Run 6 .752 .846 +.03 

.Experiment 1 S+ Only 6 .904 .822 -.03 

Experiment Partial 6 .719 .888 -.4~ 

Experiment 2 Discrimination 6 .98 .55 -.39 (Second test) 

Experiment 2 Control 4 .91 .70 +.20 (First test) 

Experiment 2 
Control 4 .94 .66 +.40 (Second test) 

Experiment 3 Discrimination 4 .923 .632 -.40 

Experiment 3 Control 4 .611 .721 +.40 

Experiment 4 Discrimination 4 .876 .869 +.40 

Experiment 4 Control 4 .613 .927 +.40 

* Overall multiplicative indices o£ auditory and visual 
control were used. N is the number o£ subjects in the group. 
The symbol rs re£ers to Spearman rank correlation coe££icient. 
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11 groups, and is large in only two of those groups. These correlations 

certainly could not be used as evidence in favor of a two-stage model of 

learning such as Sutherland's (1964a). However, they are not sufficient 

reason for rejecting such a model, since factors such as differences in 

individual learning ability, health, or overall response strength might 

work to reduce the size of negative correlations (see Sutherland & Holgate, 

1966). 

Explanation based on a decrease in S- responses 

A second possible explanation of blocking is more in line with 

traditional theories of learning. As. described in Chapter 1, there is 

much evidence that discrimination training between two stimuli varying along 

some dimension produces increased stimulus control by that dimension over 

the response. An important element in such discrimination training is 

the occurrence of nonreinforced responses to the negative stimulus (S­

responses), and it is possible that the occurrence of S- responses is at 

least partially responsible for the observed increase in stimulus control. 

Such a relation is postulated in a theory described by Hull (1952, p. 69-75). 

In that theory, S- responses give rise to a "gradient of conditioned 

inhibition" around S- which reduces responding to s- while leaving S+ 

responding relatively unaffected. As a result, variations in the stimulus 

aJong the S+ - S- dimension produce greater variations in response strength 

and we observe greater stimulus control over the response. 

Whether or not the particular theory described by Hull is correct, 

there is much evidence consistent with the notion that the occurrence of S­

responses is an important factor in the establishment of stimulus control 

(see Terrace, 1966). If the occurrence of S- responses does increase 



stimulus control over the response by the stimulus dimension involved, 

this could explain the blocking effect found in Experiment 1. The 

Discrimination Group, having learned in Phase 1 not to respond when the 

key was green, continued to make very few s- responses in Phase 2 -

significantly fewer than any other group. This lack of responding in 
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the presence of the negative auditory stimulus (noise) might have been 

the reason that the Discrimination Group acquired little stimulus control 

by tone-noise in Phase 2. 

The notion that reducing s- responses reduces the amount of 

stimulus control acquired explains the blocking found in Experiment 1 and 

can also explain the results of Experiment 2, where fewer Phase 2 s- responses 

occurred in the Discrimination Group and less control was acquired by the 

added stimulus in that group. The notion would also predict blocking in 

Experiments 3 and 4, since in each of these experiments less Phase 2 s­

responding occurred in the Discrimination Group than in the Control Group. 

However, neither of these experiments found significantly lower control 

by the added cue in the Discrimination Group. In Experiment 4, there was 

a good deal of stimulus control acquired by the visual cue in the Discrimination 

Group despite the fact that some animals made almost no S- responses (see 

page 98). 

It was mentioned above that the difference between Experiments 2 

and 3 could be accounted for in terms of the S- response explanation of 

blocking. In Experiment 3, there was an unexpected rise in S- responses at 

the beginning of Phase 2 in the Discrimination Group. This would be expected 

to cause the Discrimination Group to acquire some visual control, diminishing 

the blocking effect in Experiment 3. In this way the smaller difference 
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between groups in Experiment 3 than in Experiment 2 (where s- responses 

remajned low) would be explained. It should be noted, however, that some 

blocking would still be predicted in Experiment 3, since the number of S-

responses occurring in the Discrimination Group during Phase 2 was still 

less than that occurring in the Control Group; there was no overlap. 

The explanation of blocking described here might also predict 

other relations in these data. One such prediction will be dealt with in 

some detail, since it reveals some complexities in the s- response explanation. 

This prediction is one which does not actually follow from the s- response 

explanation. It is worth considering, however, since it does initially 

seem to follow from the S- response explanation, and since in at least one 

article parallel predictions have been made and their rejection has been 

considmed evidence against explanations similar to the S- response explanation 

(Mackintosh, 1965a, p. 29?-298, on "response latencies" and "number of errors"). 

The prediction might be stated in this way. If Phase 1 training 

is differentially effective for different ~s in the Discrimination Group, 

different numbers of S- responses will be made in Phase 2. Since the 

occurrence of s- responses produces increased stimulus control, a ! making 

more s. responses than some other S should acquire more control by the -
added cue. This means there should be a positive correlation between the 

number of s- responses made and the amount of control acquired by the added 

cue in the Discrimination Group. This prediction is not supported by the 

data from Experiments 1, 2, 3, and 4. Spearman rank correlation coefficients 

between S- response units in Phase 2 and overall multiplicative indices of 

control by the added cue in the Discrimination Group were +.50, -.89, -.80, 

and -.25. Only in Experiment 1 was the correlation in the predicted direction. 

The problem with this prediction lies in the complex relation 
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between s- responses and the acquisition of stimulus control. While a 

between-group manipulation of s- responses may affect the acquisition of 

stimulus control, within-group variations in s- responses reflect differences 

in the present state of stimulus control as well. Consider again the 

argument in the preceding paragraph. The predicted correlation depends 

on the assumption that Phase 1 training is differentially effective for 

different es in the Discrimination Group. This assumption is certainly 

warranted; we know that different !a learn at different rates. However, 

if learning is due at least partly to the occurrence of S- responses, the 

existence of fast and slow learners means that s- responses are differentially 

effective for different !s• Fast learners, by definition, acquire more 

control per S- response than slow learners. The complication arises since 

those !s making many S- responses in Phase 2 are the !s who did not acquire 

strong control in Phase 1---they are ·the slow learners, who acquire 

relatively little control per s- response. This makes prediction difficult, 

since the !s who make more s- responses in Phase 2 also acquire less control 

per S- response; it is not clear whether the net control acquired by such 

a S should be more or less than that acquired by an ! making fewer S­

responses. 

These arguments suggest that the lack of a positive within-group 

correlation between s- responses and amount of control acquired by the added 

cue need not be embarrassing to the s- response explanation of blocking. 

They also suggest ways in which the within-group correlations might be improved. 

For instance, for each animal we might try to ereate an index that would reflect 

amount learned about the added stimulus corrected 12t amount learned about 



the first stimulus. This might improve the correlation since it would 

adjust for differences in speed of learning. An alternative way in which 

the raw correlation between Phase 2 s- responses and control by the added 
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cue might be improved is this: the number of S- responses might be corrected 

to reflect their effectiveness by taking into account the total number of 

S- responses made and the total amount of control acquired by the first cue. 

Several methods of "correcting" the amount of control gained by the second 

cue or the number of s- responses occurring in Phase 2 were tried; none 

improved the correlations significantly. 

Comparison of explanations 

The present experiments were not designed to test the explanations 

for blocking that have been described here. Each of these explanations can 

explain the blocking observed in Experiment 1, but neither received impressive 

support from an examination of additional relations in the data. What sort 

of experiment might be used to test these explanations independently? 

First, it is clear that each of the explanations has wide application 

outside the blocking paradigm, and many experiments not directly related to 

blocking are relevant to a decision concerning their validity. For instance, 

any experiment supporting a two-stage theory of learning that makes the 

assumptions listed on p. 103 above would support the two-stage explanation of 

blocking. Similarly, any experiments indicating the importance of S- responses 

in the acquisition of stimulus control would have implications for the S• 

response explanation. The findings that stimulus control can be acquired 

without S- responses in a procedure known as "errorless learning" (Terrace, 
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1966) and that apparently nondiscriminative training can result in stimulus 

control (Guttman & Kalish, 1956) show that s- responses need not always 

occur for stimulus control to be acquired, and suggest limitations on the 

s- response explanation. Alternatively, the fact that the S- response 

explanation can explain certain results outside the blocking design supports 

that explanation. For instance, Newman & Baron (1965) trained one group 

of pigeons to discriminate between a green key with a white vertical line 

and a green key with no line; another group learned to discriminate between 

a green key with a white vertical line and a red key with no line. The first 

group acquired more stimulus control by line orientation. Baron (1965) 

has explained these results in terms of a "modification of the attending 

hierarchy" (p. 66). However, it is also possible to explain the results 

in terms of the different numbers of s- responses made by the two groups. 

The first group made many more responses in the presence of the negative 

stimulus, and this could have caused more stimulus control by line orientation 

to be acquired by that group. 

It is possible that evidence concerning the validity of the two 

explanations described here could be gained in experiments closer to the 

blocking design. For instance, it would be interesting to know whether 

blocking can occur during nondiscriminative training, with no negative 

trials. More generally, it might be possible to manipulate positive and 

negative trials independently • the negative stimulus from Phase 1 might 

be carried over to Phase 2, for instance, but not the positive stimulus. 

Experiments using a design quite similar to the blocking design have 

been used as evidence for a two-stage theory of learning. That design is 

slightly more complex than the blocking design described in Chapter 2, but 



has many features in common with it. Many of the distinctions emphasized 

in this thesis can be applied to that design, and we turn now to a discussion 

of it. 

The two-task design 

In the two-task design two groups of animals are presented stimuli 

in the same manner as in the blocking design (Fig. 1), except that the task 

is changed from Phase 1 to Phase 2. Experiments of this design have been 

described by Mackintosh (1965a, Exp. 1) and Sutherland & Holgate (1966, 

Exp. 6). These experiments were similar to each other in design. In each 

experiment rats were trained ~ jump in a Lashley Jumping stand. In Phase 

1, rats in the Discrimination Group learned a successive brightness dis-

crimination (e.g. jump left when both stimuli white, jump right when both 

stimuli black), while rats in the Control Group received no training.* 

In Phase 2, both groups learned a simultaneous discrimination with both 

brightness and orientation predict~g.reinforcement (e.g. black horizontal 

rectangle positive and white vertical rectangle negative on each trial). 

In order to evaluate what the two groups learned in Phase 2, a subsequent 

test examined the stimulus control by each cue over the Phase 2 response.** 

*Each of these experiments also used an additional group that 
will not be considered here. These additional groups received Phase 1 
training with brightness predicting reinforcement and orientation varying 
in a manner uncorrelated with reinforcement. Reference here to the 
Discrimination Group in either of these experiments refers to the group that 
received Phase 1 training with brightness predicting reinforcement but no 
orientation cue present (Group BW of Mackintosh, 1965a, Exp. 1; and Group A. 
of Sutherland & Holgate, 1q66, Exp. 6). 

**The requirement that the test measure stimulus control over 
the task 2 response and not the task 1 response is an important one, since 
the value of the two-task design depends on the lack of transfer between the 
two tasks (see below). In experiments using a simultaneous and a successive 
discrimination as the two tasks; it is very difficult to tell whether this 
requirement is met, since both tasks involve the same response (jump right 
and jump left). The tasks can only be separated by bringing stimuli into 
the description. This point is very interesting, since in order to test 
control by the two cues separately after Phase 2 it is necessary to use 
stimuli that in some ways more closely resemble Phase 1 stimuli than Phase 
2 stimuli (cf. Mackintosh, 1965a, Exp. 1). This makes it difficult to 
rule out the possibility that .interference from the Phase 1 task occurs 
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Reason for the task-shift. The important difference between 

these two experiments and the experiments reported above is the shift in 

task from Phase 1 to Phase 2. Although neither Mackintosh (1965a) nor 

Sutherland & Holgate (1966) discusses the rationale for this task-shift, 

their experiments stem from earlier experiments by Lawrence (1949, 1950), 

who discusses the reasons for the task change at some length. Briefly, 

different tasks are used in order to rule out the possibility that the 

effects of Phase 1 training on Phase 2 learning result from the direct 

transfer of overt instrumental responses. The task-change is introduced 

in order to meet the following requirement: "the instrumental behavior 

learned in the first situation must neither facilitate nor hinder the learning 

of the instrumental responses in the second situation" (Lawrence, 1949, 

p. 770). For the moment let us assume that this requirement is in fact 

met in these experiments. What implications does this have for their results? 

If the requirement is met, Phase 1 training with the first cue 

predicting reinforcement cannot contribute directly to an association 

between the first cue and the Phase 2 response, and the Discrimination Group 

would be expected to acquire no more control by the first cue in Phase 2 

than the Control Group. If the Discrimination Group ~ acquire more control 

by the first cue during Phase 2 than the Control Group, this would be 

evidence for a two-stage theory of learning. It might be argued, for 

instance, that .§_s learned to "attend" to the first cue in Phase 1, facilitating 

the acquisition of control by that cue over the second, separate task in Phase 2. 

What data are important? If it is true that in the two-task design 

increased control by the first cue in the Discrimination Group demonstrates 

"attention" just as fully as decreased control by the second cue, then the 

on the test for stimulus control. To simplify the arguments presented below, 
the possibility of such interference is ignored, and it is assumed that 
the indices of stimulus control in such experiments do indeed reflect Phase 
2 learning. 
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d~ta from such an experiment can be analyzed differently from the data of 

the experiments reported here. Sutherland & Holgate, for example, describe 

as the main result of their experiment the fact that ~s in the Discrimination 

Group learned "relatively more about the brightness cue during two-cue 

training" than did ~s in the Control Group (1966, p. 206). Describing 

the results in this manner does not differentiate between the Discrimination 

Group learning (a) more about the first cue or (b) less about the second cue 

as a result of its Phase 1 training; the authors seem to consider either 

of these results sufficient evidence that a two-stage theory of learning is 

required. 

It seems important to separate these possibilities. The two-stage 

theory of learning described by Sutherland (1964a) predicts that both (a) 

and (b) will occur, but it is also possible that only one of them will occur. 

Prediction of (a) and of (b) depends on different postulates in Sutherland's 

(1964a) theory, and as was pointed out in Chapter 1, we might want to test 

these different predictions independently. 

A theory that predicts only (a) has been described by Goss (1955). 

That theory predicts that Phase 1 training should facilitate learning about 

the first cue in Phase 2 because Phase 1 training has given that cue "acquired 

diRtinctiveness". When the first cue is presented during Phase 2 the 

previously trained Phase 1 response occurs covertly. Stimuli arising from 

the covertly occurring response combine with the stimulus presented by the 

experimenter, increasing its distinctiveness and allowing more rapid learning. 

This theory predicts increased learning about the first cue in the Discrimination 

Group, but taken alone it does not seem to predict decreased learning about 

the second cue. To evaluate this theory, also, we will want to distinguish 

between increased learning about the first cue in the Discrimination Group 

and decreased learning about the second cue. 
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Alternative explanations of reduced control.* We have argued 

that even in the two-task design it is important to evaluate independently 

the question of whether the Discrimination Group acquires less control by 

the added cue in Phase 2 than does the Control Group. The theory of Sutherland 

predicts that this will occur, while the theory of Goss does not appear to. 

We turn now to the following question: if decreased learning about the 

second cue did occur, would this be evidence that Sutherland's theory 

is correct, or might such decreased learning result from other unsuspected 

factors? 

In fact, both Mackintosh (1965a) and Sutherland & Holgate (1966) 

found the predicted decrease to occur. In each experiment the Discrimination 

Group showed less control by the added cue after Phase 2 than did the Control 

Group. Indices of control by orientation in the experiment by Mackintosh 

(1965a, Exp. 1) were .83 in the Discrimination Group (his Group BW) and .92 

in the Control Group (P<.05). Indices of control by orientation in the 

experiment by Sutherland & Holgate (1966, Exp. 6) were .71 in the Discrimination 

Group (their Group A) and .86 in the Control Group (P(.05 as calculated from 

data shown in their Fig. 2). Although these findings can be explained by 

Sutherland's (l964a) theory, they can also be explained in another way. 

They can be explained if we assume that Goes' (1955) theory (or only that 

part of Sutherland's theory that predicts increased learning about the 

first cue) is correct, and that in addition other factors are at work. 

Assume that the theory of Goss is correct, and that the 

• The point of this section is to suggest certain problems in 
interpreting results of two-task experiments. The problems considered here 
follow from the distinctions made in Chapter 2. Other problems that could 
be mentioned include the complexity of the situation used; the possibility 
that task l learning affects task 2 learning directly via the acquisition 
of instrumental orienting behavior (this is quite likely: see Siegel, 196?); 
and the possibility that the test for stimulus control does not measure only 
control over the task 2 response (see the preceding footnote). 
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Discrimination Group learns more about the first cue in Phase 2 than does the 

Control Group because that cue has "acquired distinctiveness" for the 

Discrimination Group. Given this assumption,- several other processes could 

cause an additional decrease in control by the added cue to be observed. 

In fact, all but one of the alternative explanations of reduced control 

described in Chapter 2 could work to cause this result. The increased 

control by th~ first cue could cause a decrease in control by the added cue 

as a result of an interaction on the test for stimulus control. Another 

possibility is that some factor might work to reduce the control acquired by 

both cues - training a prior successive discrimination, for example, might 

very well cause slower learning about any cue in a subsequent simultaneous 

discrimination. If this occurred, we·might find very little increase in 

control by the first cue in the Discrimination Group as compared to the 

Control Group. The facilitative effect of acquired distinctiveness in the 

Discrimination Group would be reduced or entirely cancelled out by the overall 

disruptive effect of having received prior successive discrimination training. 

This same disruptive effect might cause the Discrimination Group to learn 

significantly ~ about the second cue. 

This line of speculation predicts that the Discrimination Group 

will learn no more about the first cue than the Control Group, but will 

learn less about the second cue. This was in fact the result in the experiment 

by Mackintosh {1965a) and in the experiment by Sutherland & Holgate (1966). 

In neither experiment was the average· control by the first cue greater in 

the Discrimination Group than in Control Group. Since both the theory of 

Sutherland (1964a) and that of Goss (1955) predict greater control in the 

Discrimination Group, it does seem possible that some aspect of the Phase 1 

training received by the Discrimination Group reduced the acquisition of 
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control by ~ cues during Phase 2. In fact, Sutherland & Holgate (1966) 

found it necessary to give extra Phase 2 training to the Discrimination 

Group, reporting that "the additional trials were necessary because in 

[the Discrimination Group] the two-cue problem was learned slightly more 

slowly than in [the Control Group]" (p. 203). 

Finally, if acquired distinctiveness facilitates learning about 

the first cue·in the Discrimination Group, the s- response explanation again 

becomes important. If the Discrimination Group learns faster than the 

Control Group in Phase 2 as a result of its Phase 1 training, it will make 

fewer S- responses than the Control Group, and this in turn may cause it 

to acquire less control by the added cue. An acquired distinctiveness of 

cues hypothesis, coupled with the s- response hypothesis that was described 

in detail in the previous section, predicts that Phase 1 training to dis­

criminate on the basis of the first cue will lead to both increased learning 

about the first cue and decreased learning about the second cue in Phase 2. 

In fact, the Discrimination Group in the experiment by Mackintosh (1965a) did 

make fewer S- responses than the Control Group. The difference does not 

appear large, but the possibaity that it had an effect cannot be ruled out; 

no measure of its statistical significance is given. Sutherland & Holgate 

(1966) do not report the number of S- responses that occurred in their Control 

Group. 

Conclusions 

Even in the two-task design, then, it seems important to distinguish 

increased learning about the first cue in the Discrimination Group from 

decreased learning about the second cue. If some mechanism such as acquired 

distinctiveness of cues produces increased learning about the first cue, 



several additional factors could work to cause an apparent decrease in 

learning about the second cue. First, certain factors might make 
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responding on the test for stimulus control an unfair index of the learning 

that occurred in Phase 2. Second, even if the Discrimination Group did learn 

less about the added cue, it is possible that this reduced learning was 

a result of some general factor that reduced learning about~ cues in 

Phase 2. Finally, faster learning about the first cue might reduce learning 

about the second cue indirectly, by reducing the number of S- responses 

occurring during Phase 2. 

This thesis has dealt with a number of factors which, singly 

or in interaction, might affect the acquisition and manifestation of stimulus 

control over a response. In this final section we have argued that these 

factors might bA at work in the two-task design, as well as in the simpler 

blocking design described in Chapter 2. Much of the argument has been 

speculative, but it does seem at least a possibility that some of the 

factors described do indeed have effects. It should be of value to take these 

factors explicitly into account in the design and analysis of future experiments. 

One way to do this is to use additional control groups, as was done in 

Experiment 1; other ways will probably be developed. Whatever the precise 

tactics used, an explicit attempt to evaluate these factors should improve 

our understanding of what is involved in the process of discrimination 

learning. 
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Experi•ent 1: Learning Data 

Number of response units completed 

on positive and negative trials1 

S~bject D 
2 3 4 5 

Discrimination Group 
(#19) 60/-- 60/-- ,60/-- 60/-­
#17 60/-- 60/-- 59/-- 60/-­
#18 58/-- 58/-- 58/-- 60/-­
#37 60/-- 60/-- 60/-- 60/-­
#40 60/-- 60/-- 60/-- 60/--

_fi_4_2_. ~ ~ ~ ~ 
Mid!an~ ~ 597== ~ 

Not Run Group 
#.27 60/,-- 56/,-- 60/,-- 59/,-­
#29 6o/-- 58/-- 59/-- oo/--
#3o 60/-- 60/-- 6of:-- 6o/-­
#47 60/-- 59/~- 66/-- 60/--· 
#48 60/-- 54/-- 59/.-- 58/.--
#49 ~0~-- 60~-- ~0~-- ~0~--
Md:n 0 -- 59 -- 0 -- 0 --

S+ Only Group 
#21 60/-- 60/-- 57/-- 89/-­
#22 60/-- 60/-- 66/-- 58/-­
#23 58/-- 57/-- 59/-- 60/.-­
#43 41/-- 59/-- 60/-- 60/-­
#44 60/-- 58/-- 60/.-- 60/.--
~ ~0~-- 607-- 60~-- *0~--
Mdn 0 -- 59 -• 60 -- 0 --

Partial Group 
#6 58/-- 60/-- 60/-- 60/-­
#74 60/.-- 60/-- 60/.-- 60/-­
#16 59/-- 58/-- 60/.-- 60/.-­
#32 57/.-- 58/.-- 35/-- 54/-­
#33 58/-- 66/-- 60/-- 59/.--
/i2i 60~-- ~0~-- g4f-- *05--Mdn 59 -- 0 -- 0 •- 0 --

A y 
6 7 8 9 10 

40/40 40/40 40/40 40/40 40/40 
40/40 39/40 40/40 39/38 37/32 
40/38 39/39 40/40 40/40 40/40 
40/40 40/40 40/40 40/40 40/40 
40/40 40/40 40/40 38/27 40/19 
~ ~o~o 4o~4o 4o74o 4o~o 40740 0 0 0 0 0 0 0 0 

NOT RUN 

39/-- 37/-- 35/-- 37/-- 32/--
40/-- 40/-- 40/-- 38/-- 40/--
40/-- 40/-- 40/-- 40/-- 40/--
40/-- 40/-- 37/-- 40/-- 40/--
39/-- 40/-- 40/-- 31/-- 30/--
~ 4o5-- :o7-- 407-- 4o7--~ 0 -- 0 -- 39 -- 0 --

40/40 40/40 40/40 40/40 40/40 
40/40 46/40 40/40 40/40 40/40 
40/40 46/40 40/40 40/40 40/40 
40/40 40/39 40/40 40/40 39/40 
40/40 40/40 39/40 40/40 40/40 
!!&1!±Q 40~40 40740 40740 40740 40740 0 0 0 0 0 0 0 0 

1 Notes: 1) The number to the left of the slash 
indicates response units completed on positive 
trialsJ the number to the right of the slash 
indicates response units completed on negative 
trials. 2) The data for #19 are included here. 
They are not included in the statistical tests 
reported in the text. 



E:x:periDlent 1: Learning Data 

Nu~ber of response units co~pleted 

on positive and negative trials 

( continued ) 
Subject D A Y 
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11 12 13 14 15 16 17 18 19 20 
Discrimination Group 
W19) 39/4o 4o/4o 40/40 4o/4o 4o/4o 4oj4o 4o/4o 4oj4o 4o/4o 4o/4o 
#17 36/16 40/11 40/12 39/24 37/12 40/ 4 40/ 2 40/ 1 40/ 0 40/ 1 
#18 37/37-40/40 40/40 40/35 40/37 40/25 40/21 40/ 1 39/ 3 40/ 1 
#37 40/30 40/11 40/13 40/ 7 40/20 40/19 40/ 2 40/ 1 40/ 2 40/ 2 
#40 39/ 5 40/ 4 40/ 2 40/29 40/12 40/ 1 40/ 0 40/ 4 40/ 1 40/ 4 
#!+2 ~o7§o 4§74~ ~ 4o7jo ~o7!9 4o713: 40} 2 ~ ~07 2 ~07 2 Md:n 9 3 2 40723 0 2 0 9 0 0 2 ~ 0 2 0 2 . 

Not Run Group 

NOT RUN 

S+ Only Group 
#21 38/-- 397-- 38/-- 37/-- 39/-- 37/-- 38/-- 38/-- 40/-- 39/-­
#22 40/-- 40/-- 40/-- 38/-- 40/-- 40/-- 40/-- 40/-- 40/-- 40/-­
#23 40/-- 40/-- 40/-- 40/-- 40/-- 40/-- 40/-- 39/-- 39/-- 40/-­
#43 40/-- 40/-- 40/-- 39/-- 40/-- 40/-- 40/-- 40/-- 40/-- 40/-­
#44 40/-- 18/-- 39/-- 40/-- 40/-- 40/-- 40/-- 39/-- 40/-- 40/--
182 4o?-- 4o7~- 4o?-- jo7-- 4o7-:- 4o?-- 4o7-- jo7-- 4o7-- 4o7--Md:n 0 -- 0 -- 0 -- 9 -- 0 -- 0 -- 0 -- 9 -- 0 -- 0 --
Partial Group 
#6 40/40 40/40 40/40 40/40 40/40 40/40 40/40 39/40 40/40 40/40 

#74 40/40 39/40 40/40 40/40 40/40 40/40 40/40 46/40 40/40 40/40 
#16 40/40 40/40 40/40 38/37 33/35 34/30 33/30 25/27 11/14 17/16 
#32 40/40 40/40 39/40 38/40 39/40 40/39 40/40 40/40 40/40 40/40 
#33 40/40 40/40 40/40 40/40 40/40 40/40 40/40 40/40 40/40 40/40 
tD;t. 4o74o 4o}4o 4o74o 4o74o 4o74o 4o~o 4o}4o 4o54o t'74o 2illQ Mdn 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 40740 



Experiment 1: Learning Data 

Number of response units completed 

on positive and negative trials 
(Phase 2 ) 

Subject D A Y 
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21 . 22 23 24 25 26 27 28 29 30 31 
Discrimination Group 
(#.19)40/40 40/28 40/1 40/0 40/ 0 40/0 40/0 40/0 40/0 40/ 2 40/31 
#17 40/ 0 40/ 0 40/ 2 39/ 0 40/ 0 40/ 0 40/ 0 40/ 0 40/ 0 40/ 0 39/ 0 
#18 37/ 4 40/ 1 37/ l 39/ l 40/ 0 40/ l 40/ 0 40/ 2 40/ 0 40/ 0 40/ 0 
#37 40/ l 40/ 2 40/ 6 40/ l 46/ 0 39/ 0 39/ l 4o/ l 40/ 0 40/ 4 40/ 0 
#40 29/ 1 40/ 1 40/ 0 40/ 0 40/ l 40/ 0 40/ 0 40/ 2 40/ 2 40/ 0 40/ 0 
~ 4o7 ! 4o7 o ~ 4o~ o 4o7 2 4o7 o 4o7 o 4o7 ~ 4o7 o 4o72i 4o7 8 Mdn 0 o l ~ 0 0 0 0 0 0 0 0 0 0 0 0 0· 0 

Not Run Group 
#.27 37/39 40/40 40/40 40/40 39/ 2 36/ 2 40/ 4 40/ 0 40/ 0 39/ 6 40/ 0 
#29 39/40 40/40 40/40 39/36 39/37 40/31 40/19 40/18 40/ll 40/27 40/19 
#30 31/33 39/39 40/40 40/40 38/37 35/30 40/15 40/. 6 40/ l 40/10 40/ 8 
#47 39/40 40/39 39/40 40/17 40/.l 40/ l 40/ 0 39/ 0 39/ 1 40/ 2 40/16 
#48 40/40 40/40 40/39 40/27 40/ 5 40/ 6 46/ 4 40/ 3 40/ 2 40/ 0 40/ l 

~~ 40
74° 4°74° ~ !HiLI ~07 § 4§7 l 4°7 } 4°~ l 487 i 4°7 i 4°7 g Mdn 39 0 0 0 40740 4073! 9 0 0 2 0 0 

S+ Only Group 
#21 4o{4o 4o74o 40/33 40/ 5 40/ o 4o/ o 39/ o 4o/ o 40/ o 4o/ o 40/ 1 
#22 40/39 40/ 5 40/ 3 40/ 1 40/ 0 40/ 0 40/ 1 40/. 0 40/ 0 40/ 0 40/ 0 
#23 39/39 36/22 40/12 40/ 4 40/ 2 40/ 0 40/ 4 40/ 3 40/ 1 40/10 40/ 5 
#43 33/33 40/40 40/30 40/ 8 40/ l 40/ 0 40/ 1 40/ l 40/ 0 40/ 1 40/ 0 
#44 40/4o 40/39 40/31 40/16 40/ 9 40/ 4 40/ 2 40/ 2 40/ 2 40/ 2 40/ 0 
18§. 40740 !3SfilL 407~! 40716 407 t 407 1 ~ ~ 407 2 407 ~ 40~ l Mdn 0 39 ~ 0 0 7 0 0 0 ~ ~ 0 l 0 0 1 

Partial Group 
# 6 27/30 4o74o 4o/4o 4o/4o 40/4o 40/20 4o/ 4 40/ o 4o/ o 4o/ o 40/ o 
#74 40/40 40/40 40/40 40/ 7 40/ l 40/ 0 40/ 2 40/ 2 40/ 0 40/ 0 40/ 3 
#16 29/37 29/29 38/35 39/33 19/ 9 27/ 1 34/ 3 35/ 1 35/ 0 31/ 0 36/ 1 
#32 36/34 40/39 40/32 40/ 6 40/ 1 39/ 0 40/ 0 36/ 1 39/10 37/ 1 39/ 0 
#33 40/40 40/40 40/40 40/40 40/34 36/ 3 39/ 5 40/ 3 39/ 0 38/ 4 40/ll 
li2!± ~ 40740 40740 40740 4073£ ~0~19 40711 40711 407 6 ~ 407 2 Mdn 3E73ff 0 0 0 0 0 37 0 2 9 2 0 3 0 39 0 ~ 0 1 



Experiment 1: Test Data 

Total responses to each stimulus 

on first test day 

Subject T R I A L S T I M~U S 
~~ T@ N@ N@ N@ S S@ 

Discrim on roup 
#17 47 0 23 36 0 11 53 0 
#18 45 4 19 49 0 11 65 11 
#37 89 1 37 75 0 17 88 0 
#40 53 0 5 32 0 5 48 0 
/&_ lg.8 14 ~ 48 b 24 62 1 1 
Mean ~ 2 .2 48:0 T37b b3.2 4:'4 

Not Run Group 
#27 39 16 32 24 2 29 44 10 
#29 119 95 108 61 5 20 130 33 
#30 73 18 33 67 7 31 72 1 1 
#47 63 10 26 12 . 5 3 34 3 
#48 38 3 16 25 0 8 19 0 
~ 61 10 ~~.2 3~.0 0 0 gt.o 

6 
65.5 2'5.3 - 15.2 1o.s Mean 3.2 

S+ Only Group 
#21 50 20 50 5 0 1 43 5 
#22 78 0 31 22 0 0 60 0 
#23 74 41 61 30 0 0 73 64 
#43 83 3 23 7 0 0 34 1 
#44 49 40 40 16 0 1 42 9 
li!J:L '~·7 21 4~.0 8 0 L 86 21 
Mean 20.8 l4.'7 o.o 0.7 5b.5 1'b.'7 

Partial Group 
# 6 101 2 42 47 0 9 83 5 
#74 93 24 59 49 0 4 83 8 
#16 72 22 36 39 10 30 51 11 
#32 74 1 29 60 4 13 46 1 
#33 132 41 99 45 4 10 77 39 
/a!L ~~.8 8 ~ 42 1 1 66 12 

Tb.'3 47.0 3.2 11.2 67.7 -Mean 53.3 12.7 
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s® 
12 
12 
15 
10 

1b 
18 
99 
35 
19 
3 

12 
'3'f':'O 

23 
12 
56 
8 

16 
!ll_ 
27.0 

36 
47 
62 
25 
29 
41 
4o.o 
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Experiment 1: Test Data 

Responses summed over stimuli 

on first test day 

all all all all all all all Subject ® @ ® T N s 
trials trials trials trials trials trials trials 

Discrimination Group 
#17 136 0 46 70 47 65 182 
#18 159 15 42 68 60 88 216 
#37 252 1 69 127 92 103 322 
#40 133 0 20 58 37 58 153 
fi!JL 180 28 100 121 ~~.2 112 ~ Mean 172.0 ~ 55.4 88.8 85.2 2 

Not Run Group 
#27 107 28 79 87 55 72 214 
#29 310 133 227 322 86 262 670 
#30 212 36 99 124 105 118 347 
#47 109 18 48 99 20 56 175 
#48 82 3 27 57 33 22 112 
lilYL 101 16 44 102 

56.3 
~ 161 

Mean 153.5 39.0 'S'7":) 132.0 97.5 279.8 

S+ Only Group 
#21 98 25 74 120 6 71 197 
#22 160 0 43 109 22 72 203 
#23 177 105 117 176 30 193 399 
#43 124 4 31 109 7 43 159 
#44 107 49 57 129 17 67 213 
18§_ ~ 42 ~~-7 164 10 154 ~ 37.5 134.5 -Mean 1 2.7 15.3 100.0 2 9 

Partial Group 
# 6 231 7 87 145 56 124 325 
#74 225 32 110 176 53 138 367 
#16 162 43 128 130 79 124 333 
#32 180 6 67 104 77 72 253 
#33 254 84 138 272 59 145 476 
iDL 1~2 21 

1gr.5 
148 44 112 ~ Mean 207.5 32.2 162.5 bT:3 120.3 2 



Experiment 1: Test Data 

Total responses to each stimulus 

on second test day 

Subject 
T@ T@ TRI~ ST~t&L T@ NR N@ NW SR S@ 

Discrimination Group 
#17 2 0 1 10 0 0 4 1 
#18 .13 2 2 22 0 8 29 0 
#37 65 3 26 49 2 21 41 2 
#40 25 0 0 12 0 4 26 1 
li£_ ~ 4 1 1 .!L.. 0 2 ~t.s b Mean T:1J -s:o 21.2 0":'4 '""7.0 

Not Run Group 
#27 10 0 1 5 0 0 6 1 
#29 70 26 75 20 0 0 86 20 
#30 51 15 24 42 8 2 54 21 
#47 53 4 9 11' 1 5 19 4 
#48 44 0 4 13 0 0 0 0 
~ 24 2 20 0 0 0 10 b 42.0 ~ - 15.2 1 .. 5 T:2 -Mean 22.2 29.2 

S+ Only Group 
#21 13 0 17 8 0 0 8 1 
#22 1 0 0 0 0 0 0 0 
#23 1 1 8 15 0 0 0 13 3 
#43 23 0 25 3 0 0 14 0 
#44 32 24 13 0 0 0 18 7 
18§_ b 0 1h 0 0 2 8 2 

5.3 T:1j - 0.3 10.2 -Mean o.o 2.2 

Partial Group 
# 6 20 1 8 15 0 0 21 0 
#74 0 0 5 0 0 0 0 1 
#16 54 4 24 39 2 6 27 1 
#32 22 1 9 19 0 4 27 2 
#33 47 19 25 13 0 1 27 6 
fD5_ 16 0 16 1 2 0 21 0 

26.5 4:2 T4:5 '14.5 - T:1J 1.7 Mean 0.7 20.5 
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Experiment 1: Test Data 

Responses summed over stimuli 

on second test day 

all all all all all all 
Subject ® ® ® 

all 
T N s 

trials trials trials trials trials trials trials 
Discrimination Group 

#17 16 1 1 3 10 5 18 
#18 64 2 11 17 30 30 77 
#37 155 7 63 94 72 59 225 
#40 63 1 6 25 16 29 70 
/i!}L 84 h 21 ~~.2 ~ -~S.6 112 
Mean 76.4 20.4 100.4 

Not Run Group 
#27 21 1 2 11 5 8 24 
#29 176 46 123 171 20 154 345 
#30 147 44 48 90 52 97 239 
#47 83 9 23 ' 66 17 32 115 
#48 57 0 4 48 13 0 61 
~ ~ rb ~~-0 46 0 ~~-3 Ttt.2 -- ~ Mean 72 .. 0 

S+ Only Group 
#21 29 1 17 30 8 9 47 
#22 1 0 0 1 0 0 1 
#23 24 11 26 34 0 27 61 
#43 40 0 25 48 3 14 65 
#44 50 31 20 69 0 32 101 
18§_ ~f.8 2 1.L. 22 L 18 42 - '3'4:0 Tb.7 52.8 Mean 7·5 17.5 2.2 

Partial Group 
# 6 56 1 17 29 15 30 74 
#74 0 1 5 5 0 1 6 
#16 120 7 57 82 47 55 184 
#32 68 3 31 32 23 47 102 
#33 87 25 35 91 14 42 147 
ID!L g~-5 -b 24 ~§.2 .....2_ ~t.o 64 
Mean 28.2 17.0 96.2 
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Experiment 1: Test Data 

Total responses to each stimulus 

on both test days 

Subject T (w) A LQU N (G) IN M<WJ L S Uml s~ sjl T@ T@ TW NR 
Discrimination Group 

#17 49 0 24 46 0 11 57 1 12 
#18 58 6 21 71 0 19 94 11 13 
#37 154 4 63 124 2 38 129 2 31 
#40 78 0 5 44 0 9 74 1 12 
/8?._ ~ 18 48 61 ,L_ 26 ~6 14 ~5.o Mean 9.2 5.b 32.2 69.2 1.0 20.6 90.0 5.'"B" 

Not Run Group 
#27 49 16 33 29. 2 29 50 1 1 19 
#29 189 121 183 81 5 20 216 53 147 
#30 124 33 57 109 15 33 126 32 57 
#47 116 14 35 23 6 8 53 7 28 
#48 82 3 20 38 0 8 19 0 3 
li.!!J_ 8~ 12 tb 4f.2 0 0 ~~.2 11 26 
Mean 107.5 33:2 4.7 Tb.'3 19.0 40:7 

S+ Only Group 
#21 63 20 67 13 0 1 51 6 23 
#22 79 0 31 22 0 0 60 0 12 
#23 85 49 76 30 0 0 86 67 67 
#43 106 3 48 10 0 0 48 1 8 
#44 81 64 53 16 0 1 60 16 23 
li:!J£ 111 21 

g4.8 
8 0 4 

*g·5 tb~ 87.5 26.2 Tb.'5 - -r:o Mean o.o 
Partial Group 

# 6 121 3 50 62 0 9 104 5 45 
#74 93 24 64 49 0 4 83 9 47 
#16 126 26 60 78 12 36 78 12 89 
#32 96 2 38 79 4 17 73 3 43 
#33 179 60 124 58 4 11 104 45 38 
D:L 101 8 -ih-ib b 1 ~ 12 ~1.8 Mean 119.3 20.5 7· 1.5 T3.0 .2 '"i'4"3 
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Experiment 1: Test Data 

Responses summed over stimuli 

on both test days 

all all all all all all 
all Subject ® ® ® T N s 

trials trials trials trials trials trials trials 
Discrimination Group 

#17 152 1 47 73 57 70 200 
#18 223 17 53 85 90 118 293 
#37 407 8 132 221 164 162 5.47 
#40 196 1 26 83 53 87 223 
£42 264 ~ 121 1Z~ ~g.8 ¥,h 420 
Mean 248.4 75.8 127.0 336.6 

Not Run Group 
#27 128 29 81 98 60 80 238 
#29 486 179 350 493 106 416 1015 
#30 359 80 147 214 157 215 586 
#47 192 27 71 165 37 88 290 
#48 139 3 31 105 46 22 173 
li!1!L ~~~.8 ~ 1~~.3 ~ ~ 84 226 
Mean 20 .o 150.8 423.0 

S+ Only Group 
#21 127 26 91 150 14 80 244 
#22 161 0 43 110 22 72 204 
#23 201 116 143 210 30 220 460 
#43 164 4 56 157 10 57 224 
#44 157 80 77 198 17 99 314 
li!!§_ 21~ 44 ~ 186 12 +tb ~:z:o 
Mean 170.5 45.0 7.2 168.5 17.5 7 302.7 

Partial Group 
If 6 287 8 104 174 71 154 399 
#74 225 33 115 181 53 139 373 
#16 282 50 185 212 126 179 517 
#32 248 9 98 136 100 119 355 
#33 341 109 173 363 73 187 623 
D!L ~ . j~-7 121 180 

iA.3 
148 ~ Mean 2 9 132.7 207.7 154.3 
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Experiment 1: Indices of auditory control 

Multiplicative Indices Additive Indices 

Subject T~; A ~~ T ..... T(i)-Ntf) Ti)-ft9 T-IG 
Discrimination Group 

T+N 

#17 .516 -- .686 .561 3 0 13 16 
#18 .450 1.000 .525 .486 -13 6 2 -5 
#37 .554 .667 .624 .574 30 2 25 57 
#40 .639 .357 .610 34 0 -4 30 
fi.42 .6~:Z: -:m -:m -:m 46 ...!b 22 ~g.2 Mean .559 • .5 57 20.0 11 .6 

Not Run Group 
#27 .628 .889 .532 .620 20 14 4 38 
#29 .700 .960 .901 .823 108 116 163 387 
#30 .532 .687 .633 .577 15 18 24 57 
#47 .835 .700 .814 .817 93 8 27 128 
#48 .683 1.000 .714 .695 44 3 12 59 
f42 ~ 1.000 1.000 ·280 82 12 i~.o 146 
Mean .72 .873 .766 . ·752 6o.3 28.5 135.8 

S+ Only Group 
#21 .829 1.000 .985 .915 50 20 66 136 
#22 .782 -- 1.000 .833 57 0 31 88 
#23 .739 1.000 1.000 .875 55 49 76 180 
#43 .914 1.000 1.000 .940 96 3 48 147 
#44 .835 1.000 .981 .921 65 64 52 181 
I8L ~ 1.000 -:m ~ 10~ 21 ,..0 ffi7o 2 
Mean 1.000 9 3 .go 71 .o 26.2 53.8 5 

Partial Group 
1J 6 .661 1.000 .847 .710 59 3 41 103 
#74 .655 1.000 .941 -773 44 24 60 128 
#16 .618 .684 .625 .627 48 14 24 86 
/J32 .549 .333 .691 ·576 17 -2 21 36 
#33 .755 .937 .919 .833 121 56 113 290 
tf~4 ~ -:Wo -:m <l22 g~.8 -,b -b 12~ 
Mean • 57 .7 • 35 .719 129.3 

1~ann-Whi tney U 
D vs S+ 0** 0** 0** 0** 5-7 0** 0** 
D vs N 5 5 3* 7 5 7 4-~ 
D vs P 5 2* 3* 4 5 3* 2* 
S+vs N9-10 3-6* 6 ,.10 ,.10 9-10 9 
S+vs P l** 4* 0-1** ,.10 >10 :>10 9 
N vs P >10 >10 ~10 '>10 ,.10 .,.10 .,.10 

* P<.05 
** P<.Ol 
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Experiment 1 : Indices of Visual Control 

Multiplicative Indices Additive Indices 

T@ w® s@ ® T@-T@ Ill@ II@ ~® ®-® Subject T®+T® N~tJ@ s@+ s® ®+® 
Discrimination Group 

#17 1.000 1.000 .983 .993 49 46 56 151 
l¥18 .906 1.000 .895 .929 52 71 83 206 
#37 .975 .984 .985 .981 150 122 127 399 
#40 1.000 1.000 .987 .995 78 44 73 195 
fi.42 ~ :~~1 -:m .882 ~ ~ 82 m:o Mean .9 7 .9 5 .956 84.2 23 • 

Not Run Group 
#27 .754 .935 .820 .815 33 27 39 99 
#29 .610 .942 .803 .731 68 76 163 307 
1)0 tf ·190 .879 .797 .818 91 94 94 279 
#47 .892 .793 .883 .877 102 17 46 165 
J{48 .965 1.000 1.000 .• 979 79 38 19 136 
£42 ~ 1.000 ~ :~ig ~ 4h -tb 112 
Mean 5 .925 • 52 183.0 

S+ Only Group 
#21 .759 1.000 .895 .830 43 13 45 101 
#22 1.000 1.000 1.000 1.000 79 22 60 161 
//23 .634 1.000 .562 .634 36 30 19 85 
//=43 ·972 1.000 ·979 .976 103 10 47 160 
#44 .559 1.000 .789 .662 17 16 44 77 
/i46 .841 1.000 ~ ~ ~ 8 

4+.7 
162 

Mean .794 1.000 3 • 22 16.5 125.5 

Partial Group 
# 6 .976 1.000 .954 .973 118 62 99 279 
#74 -795 1.000 .902 .872 69 49 74 192 
t116 .829 .867 .867 .849 100 66 66 232 
#32 .979 .952 .961 .9tS5 94 75 70 239 
#33 .749 .935 .698 -758 119 54 59 232 
~34 -:m :§~~ ~ -:B ~ 40 ~ 208 
Mean • 7 • 77 57.7 230.3 

Mann-Whitney U 
D vs S+ 5-7 9 7 >10 0** 2* 3* 
D vs N 4 6 2* ">10 8 9 9 
D VS P 8 7 5 8 >10 ,.10 10 
S+vs N >10 >10 ,.10 ~10 9 )'10 ,.10 
S+VS p ~10 >10 >10 6 0** 4* 0** 
N VS· P >10 >10 >10 7 '>10 ')'1 0 '>'10 

* P<:.05 
** P<.Ol 
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Experiment 1 : Trial Analyses 

T@>N@ TQ.,. H (ii) 
TOTAL. 

T@>N@ T'>N 

PROPORT 1cn.1 '\){c tm A" 
Subject 

PROI'Oftltotll 'Dtcu-nAL PRoPoRTIOll 'De<II'IIIIL PR.ofot.T16Iol btcll'llll. 

Discriminat1on Group 
0/ 0 - 8/ 9 .889 13/22 .591 #17 5/13 .385 

#18 5/13 .385 3/ 3 1.000 6/10 .600 14/26 .538 
#37 11/13 .846 3/ 5 .600 11/16 .687 25/34 .735 
#40 11/11 1.000 0/ 0 - 2/ 6 .333 13117 .765 
!J42 15/l6 -:m 6/ 7 -:m 6/7 -:m 27/30 ~ 
Mean .71 • 9 • 7 .70 

Not Run Group 
4/ 5 5/ 7 16/22 //27 7/1 0 • 700 .800 .714 .727 

#29 15/17 .882 17/17 1.000 18/18 1.000 50/52 .962 
#30 11/17 .647 7/10 .700 7/13 .538 25/40 .625 
#47 15/17 .882 8/10 .800 12/13 -923 35/40 .875 
448 8/ 9 .889 1/ 1 1 .ooo 3/ 4 ·750 12/14 .857 
ii!±!L 1 2/1 2 1. 000 6/ 6 1.000 8/ 8 1.000 26/26 1.000 
Mean .833 .883 .821 .841 

S+ Only Group 
3/ 3 7/ 8 17/19 #21 7/ 8 .875 1.000 .875 .895 

#22 10/10 1 .ooo 0/ 0 5/ 5 1.000 15/15 1.000 
.~23 9/11 .818 8/ 8 1.000 13/13 1.000 30/32 .937 
;¥43 13/14 .929 2/ 2 1.000 10/10 1.000 25/26 .962 
/!44 7/ 8 .875 10/10 1.000 12/12 1.000 29/30 .967 
1146 11/11 1 • 000 6/ 6 1.000 10/10 1.000 27/27 1.000 
Mean .916 1.000 -979 .960 

Partial Group 
3/ 3 9/ 9 23/25 # 6 11/13 .846 1.000 1.000 .920 

#74 6/ 9 .667 5/ 5 1.000 10/10 1.000 21/24 .875 
#16 12/17 .706 7/ 9 ·778 11/15 .733 30/41 .732 
1132 8/14 .571 1/ 3 .333 7/12 .583 16/29 .552 
#33 15/16 .937 10/11 .909 15/15 1.000 40/42 .952 
iD!L 8/ 9 -:m 5/ 6 -:m 10/10 1.000 23/25 ~ 
Mean .7 9 • 09 .886 • 25 

* Mann-Whitney U There were 13 cases through- D vs S+ 1** out the test in which a differ- D vs N 8 ent number of responses occurred D vs P 8 to a T ® trial than to its S+vs N 6-9 matched N ® trial; in 5 of S+vs P 4* these cases more responding N vs P ::>10 occurred to the T ® trial. 
* p < .05 

** p <:.01 



Experiment 1: Intertrial Responses 

Number of Intertrial Responses per Session 
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S SUBJECT 
#~~~~e#37#4o#42#27#29#3o#47#48#49#21#22#23#43#44#46#6 #74#16#32#33#34 

2 o o o o o o o 4 2 s 289 o o 3 3 6 m - 24 o o 57 3 
3 0 0 0 0 0 0 6 0 1 1 17 0 0 9 2 4 9 0 0 1 0 0 0 
4 0 3 0 0 1 0 1 0 0 1 13 0 0 0 0 0 8 1 0 0 4 1 1 
50 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 00 0 0 
6 010 01 0 010 2 0 0 0 00 0 0 
710 0 00 0 0 2 0 0 0 0 010 0 0 
8 0 1 0 0 0 1 0 0 'i 0 0 0 0 0 0 3 0 
91010 0 210 6 3 0 0100 0 0 

10 3 3 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 
1 1 0 1 2 0 0 NOT 0 0 0 0 1. 0 0 0 0 0 0 0 
1 2 0 0 1 0 0 1 0 0 1 0 0 0 2 0 0 9' 0 
1 3 2 0 3 0 0 RUN 2 0 0 1 3 0 0 1 0 0 0 0 
14 0 0 3 1 0 1 1 0 1 0 0 0 0 0 1 2 0 
15 0 12 - 1 1 1 0 1 0 0 0 1 0 12 0 
16 0 5 10 7 2 1 9 3 0 8 2 1 3 2 0 6 2 
17 1. 13 2 0 0 0 0 0 0 0 0 0 8 1 0 1 5 2 
18 0 4 1 3 1 0 3 1 0 1 0 1 1 8 0 1 0 
19 1 3 1 4 4 0 3 1 0 5 0 0 2 7 0 8 2 
20 0 3 3 3 2 2 6 2 0 4 2 0 7 1 3 0 16 5 
21 0 3 0 5 2 1 31 4 2 7 .12 0 3 2 1 0 0 0 7 5 1 1 0 
22 0 7 1 8 5 0 7 2 0 3 3 0 3 3 0 8 3 0 2 1 0 1 9 4 
23 0 2 0 3 2 0 6 2 0 1 2 0 4 2 0 6 1 0 2 4 3 5 1 
24 0 0 0 4 1 0 7 1 0 4 11 1 1 2 2 4 2 0 4 2 1 1 0 0 
25 0 0 1 0 0 1 6 2 0 1 6 0 0 2 3 4 1 0 0 4· 3 18 2 
26 0 1 2 0 2 1 5 4 0 0 1 0 0 1 0 0 0 3 2 2 0 6 6 
27 0 0 1 2 3 0 7 4 0 1 2 0 5 1 0 1 0 1 0 3 0 14 0 
28 0 7 0 2 2 0 11 1 0 4 2 0 0 1 0 6 1 0 1 0 0 120 3 
29 1 2 0 1 1 0 4 2 0 3 1 0 2 4 0 2 0 0 0 1 0 455 1 
30 1 0 0 2 2 0 1 1 1 0 0 0 1 0 0 1 3 0 0 2 3 289 0 
31 0 1 0 1 1 0 5 2 3 1 1 0 1 2 0 1 3 0 1 1 0 248 0 
32 6 6 6 7 4 14 12 9 11 0 1 11 4 4 3 2 16 4 2 13 5 41 4 
33 0 20 0 27 17 2 25 20 2 9 3 4 17 14 1 - 9 0 12 12 3 25 15 

- signifies no data on intertrial responses for that day 



Experiment 2: Learning Data 

Uumber of response units completed 

on positive and negative trials 

Discrimination Group D A Y 
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s 1 2 ___2_ 4 _...2__ 6 _2._ 8 _.2._ 1 0 
19 4o/-- 4o/-- 4oT.~ 37/-- 40/~- 4o/39 40/40 4o/4o 40/40 4o/ 8 

#21 40/-- 39/-- 4o/-- 4o/-- 4o/-- 40/37 4o/4o 40/31 38/15 4o/ 4 
#35 39/-- 40/-- 40/-- 40/-- 40/-- 40/40 40/40 39/40 40/37 39/28 
#42 38/-- 4o/-- 4o/-- 4o/-- 40/-- 39/37 4o/4o 40/4o 40/4o 40/21 
#47 32/-- 37/-- 40/-- 38/-- 40/-- 40/40 40/33 40/15 40/10 40/ 2 
tQQ 4o~-- 4o~--.4o~-- 407-- 407-- 4o~4o 4o74o 4o74o 4o~4o 4o74o 
Mdn 39 -- 0 -- 0 -- 0 -- 0 -- 0 39 0 0 0 0 0 39 0 15 

Control GrouP. 
#41 39/-- 407-- 40/-- 39/-- 39/-- 40/33 35/ 9 39/ 9 40/ 1 40/ 0 
#46 38/-- 40/-- 40/-- 40/-- 40/-- 39/38 39/ 7 40/ 1 40/ 1 40/ 1 
#49 39/-- 40/-- 40/-- 39/-- 40/-- 40/38 40/19 40/20 40/ 2 40/ 1 
tQ1 ~07-- 4

o
7 

__ 4o7 __ 4o7 __ ~ 4o74g 4cif2z 40718 4o7 4 !QL5_ 
Mdn 9 -- 0 -- 0 -- 39 -- 39,7== 0 3 39 1 o 13 0 1 ~ 

D P ase 2 
s 11 12 13 14 

A 
15 

y 
16 17 18 1 20 

Discrimination Group 
#9 40/ 6 40/ 0 40/ 9 40/11 40/4 

#21 40/ 7 38/ 8 40/ 5 40/ 3 40/ 5 
#35 40/16 40/ 7 40/12 40/ 9 40/ 9 
#42 40/ 5 40/ 9 40/ 2 40/ 1 40/ 4 
#47 40/ 0 40/ 1 40/ 0 40/ 4 40/ 2 
fi2Q 40740 40723 !:±QLJ_ !:±QLJ_ ~ 
Mdn 0 7 0 7 ~ ~ ~ 

N.R. 40/ 1 40/ 5 40/ 1 39/ 1 
N.R. 40/ 4 40/ 4 40/ 4 40/ 0 
test 40/12 40/10 39/ 6 40/ 2 
test 40/ 2 40/ 0 40/2tf40/30 
test 40/ 2 40/ 0 40/ 6 40/ 0 
test ±QL_j_ !Hi.L.Q 22L1Q ~ - ~ ~ ~ ~ 

Control Group 
#41 39/ 0 39/ 0 40/ 0 39/ 1 40/ 0 
#46 40/ 0 40/ 1 39/ 0 40/ 0 40/ 0 
#49 40/ 2 40/ 1 39/ 1 40/ 2 40/ 0 
!21 !iQLQ 407 0 2il_Q 407 0 !iQLQ 

test 39/ 0 37/ 0 32/ 3 34/ 5 
test 40/ 0 40/ 0 40/21 40/30 
test 39/ 1 40/ 1 40/ 8 39/ 6 
test ~ 407 0 ~ ~ 

Mdn ~ 0 1 ~ 0 1 ~ - ~ 0 0 ~ ~ 
D A Y 

~ 21 22 23 24 25 26 27 28 
Discrimination Group · 

#9 40/ 0 40/ 0 40/ 0 40/ 0 40/ 0 40/ 1 40/ 1 39/ 0 
#21 40/ 0 40/ 1 40/ 0 40/ 0 40/ 1 40/ 1 39/ 0 40/ 3 
#35 40/ 6 40/ 4 40/ 3 40/ 3 40/ 1 40/ 0 40/ 1 40/ 0 
#42 40/11 40/ 5 40/ 1 40/ 1 40/ 1 40/ 0 40/ 0 39/ 0 
1/47 40/ 0 40/ 0 40/ 0 40/ 0 40/ 0 40/ 0 40/ 0 40/ 0 
ti5o ±QL_J_ iQL'_j_ ±QL_J_ ~o7 o ±QL_J_ ±QL_t ftof o ±QL_J_ 
1>1dn~~~ 0 0~~ o 0~ 
Control Group 
#LJ-1 38/ 8 367 0 38/ 0 36/ 0 38/ 0 37/ 0 29/ 0 22/ 0 
#46 40/32 39/17 40/ 8 40/10 40/11 40/ 3'40/ 4 40/ 1 
#49 40/ 1 40/ 0 40/ 0 40/ 0 40/ 4 40/ 2 40/ 0 40/ 0 
#51 YiL 4 !J:s;jf__Q !iQLQ 407 0 ]!jj_Q 2SiLsl ~ 25L.± 
~ ~~ ~ ~ 0 0 ~ ~ ~ ~ 
-

29 30 

test 40/ 1 
test 40/ 1 
test 39/ 1 
test 40/ 0 
test 39/ 0 
test ±QL_j_ - ~ 
test 13/ 0 
test 40/ 1 
test 40/ 2 
test ~6~14 

- 3 1 

N .R. = bird not run; te·st = test for stimulus control given. 
*An arDor caused reinforcement to occur following every s- trial 
on Day 19, for #42 only. This caused s- responding to occur. 
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Experiment 2: Test Data 

Total :responses to each stimulus 

Subject TRIAL S T I M U L U S 

TCD T0 TO NCD N0 NO sQ) s0 sO 
Discrimination Group, first test 
#35 4 0 80 0 0 40 3 2 79 
#42 0 3 64 0 0 4 0 0 41 
#47 0 2 73 0 0 4 0 0 37 
IPZL 6 0 *- 0 4 22 0 0 64 
Mean 3 1 0 1 20 1 1 55 

Control Group, first test 
#41 66 39 2 6 0 0 55 12 0 
#46 76 8 1 8 0 0 68 1 0 
#49 65 44 12 0 0 4 16 10 0 
~ 80 -tr- 41 2~ 11 ~ + 26 14 
Mean 72 14 9 3 2 20 3 

Discrimination G:roup4 second test 
.#9 50 31 7 0 0 6 25 9 51 

#21 70 47 68 0 7 2 16 9 14 
#35 77 66 64 3 4 5 46 39 21 
#42 41 44 24 0 0 0 6 2 1 
#47 40 29 33 0 0 0 8 11 7 
li2SL +*-*-- 0 0 1 12 20 24 
Mean 1 2 2 tg· 15 20 

Control Group, second test 
#41 26 24 31 4 0 0 20 15 33 
#46 64 17 76 8 0 4 62 5 52 
#49 61 30 69 3 0 0 10 1 7 
i2.L -it- -1t- 41 0 2 10 2;2 12 40 
1>1ean 54 4 1 3 29 8 33 
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Experiment 2: Test Data 

Responses summed over stimuli 

all all all all all all ALL 

subject <D 0 0 T N s 
TRIALS trials trials trials trials trials trials 

Discrimination Group, .first test 
#35 7 2 199 84 40 84 208 
#42 0 3 109 67 4 41 112 
#47 0 2 114 75 4 37 116 
fi.20 6 4 1~2 84 ~z 64 182 
Mean 3 3 1 9 77 21 57 155 

Control Group, .first test 
#41 127 51 2 107 6 67 180 
#46 152 9 1 85 8 69 162 
#49 81 54 16 121 4 26 151 
~ 172 141 60 12:2 1~ 146 ~80 
Mean 135 64 20 127 77 218 

Discrimination Group, second test 
#9 75 40 131 155 6 85 246 
#21 86 63 84 185 9 39 233 
#35 126 109 90 207 12 106 325 
#42 47 46 25 109 0 9 118 
#47 48 40 40 102 0 26 128 
lfjQ_ Z1 62 81 161 1 gt 221 
Mean 75 61 75 153 5 212 

Control Group, second test 
#41 50 39 64 81 4 68 153 
#46 134 22 132 157 12 119 288 
#49 74 31 76 160 3 18 181 
UL. 24 48 21 10~ 1~ :Z:2 12~ Mean 78 35 91 12 70 20 
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Experiment 2: Indices of Stimulus Control 

lml ti;Eli ca ti ve indices Additive indices 
TO CD S(l) Subject T 

T+N TQ•NO (])+0 s<I5•S0 T-N TC>fiO <D-0 S<D•S0 

Discrimination Group, first test 
#35 .68 .67 {.78) (.60) 44 40 5 1 
#42 .94 .94 (.00) 63 60 -3 0 
#47 .95 .95 (.00) 71 69 -2 0 
II$_ --:&- -49- t:m - 4Z -* 2 0 
Mean 2 • 5 (.6o) 57 0 0 

Control Group, first test 
#41 .95 (1.00) .71 .82 101 2 76 43 
#46 .91 (1.00) .94 ·99 77 1 143 67 
#49 .97 .75 .60 .61 117 8 27 6 
iD.L .8~ cltr .;26 .;28 1;26 ~6 ~8 20 
~,rean .91 1 .70 .75 113 12 71 34 

Discrimination Group, second test 
#9 .96 .93 .65 .73 149 68 35 16 
#21 .95 .97 .58 .64 176 66 23 7 
#35 -95 .93 .54 .54 195 59 17 7 
#42 1.00 1.00 .51 (.75) 109 24 1 4 
#47 1.00 1.00 .55 .42 102 33 8 -3 
#50 ~ ·28 • 21 .4~ 160 22 2 4 Mean 9 .97 .55 .59 149 51 14 

Control Group, second test 
.56 #41 ·95 1.00 .57 77 31 11 5 

#4-6 ·93 .95 .86 .93 145 72 112 57 
;¥49 .98 1.00 .71 .91 157 69 43 9 
!2..1_ ~ .80 -:*- .66 22 + 6 1 1 
IIIJ:ean ·9 .94 .77 118 43 21 

N:ann-Whitney U 
Discrimination Group 2d test vs Control Gioup 1st test: 

3-5 8-12 3 6 5 2 1** 3 

Discrim.ination Group 2d test vs Control Group 2d test: 
3-5 )1 0 6 5 5 >1 0 7 5 

* P<.05 
** P<.02 

Note: Parentheses ( ) around a multiplicative index of control 
indicates that only a small number of responses entered into the 
caluulation of this index. 



Experiment 2: Trial Analyses 

T(])>T~ N(I)>N0 s(!)>sQ) 

Subject PI\OPOA.TtOW PROf'CJllitON 'P~ol'QtcriOI<£ 

Discrimination Group, Phase 1 
#35 1/ 1 0/ 0 1/ 2 
#42 0/ 1 0/ 0 0/ 0 
1/-4 7 . 0/ 1 0/ 0 0/ 0 
li2L 3/ 3 0/ 1 0/ 1 
Mean 

Control 
#41 
#46 
#49 
ia. 
Mean 

Group, Phase 1 
9/10 0/ 0 

18/18 2/ 2 
9/10 0/ 0 
4/ 4 7/ 9 

15/15 
17/17 
4/ 8 
8/ 9 

Discrimination Group, Phase 2 
# 9 7/ 8 2/ 3 10/17 
#21 3/ 7 0/ 0 2/ 3 
#35 8/11 0/ 0 2/ 6 
#42 7/1 2 0/ 0 1/ 6 
#47 8/10 0/ 0 8/ 9 
fD.Q_ 1 2/1 5 0/ 3 5/ 6 
Mean 

Control 
1¥41 
#46 
#49 
it2.L 
Mean 

Group, Phase 2 
7/13 1/ 1 

13/13 2/ 2 
12/14 1/ 1 
4/ 7 0/ 1 

6/ 9 
17/17 
3/ 3 
8/10 

TOTAL 
<D>0 

PRotollTIOil "Du•w.fH ... 

2/ 3 
0/ 1 
0/ 1 
3/ 5 

24/25 
37/37 
13/18 
19/22 

19/28 
5/10 

10/17 
8/18 

16/19 
17/24 

14/23 
32/32 
16/18 
12/18 

.667 

.ooo 

.ooo 

.600 

.317 

.960 
1.000 

.722 

.864 

.887 

.679 

.500 

.588 

.444 

.842 

~ 
.609 

1.000 
.889 

-:m-
Mann-Whitney U 
C1 vs D2 1* 
C2 vs D2 6 

* p ( .05 
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Experiment 2: Intertrial Responses 

Number of Intertrial Responses par Session 

SUBJECT 
Session 

...it!l m m #42 ru 1122 lli #46 ru. ~ 
1 16 7 56 40 0 3 1 0 3 4 
2 0 0 1 0 0 1 3 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 
,- 0 0 0 0 0 0 0 0 1 0 ::; 
6 0 0 0 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 
9 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 
11 0 0 0 0 0 0 0 2 0 0 
12 0 0 0 0 0 0 0 0 0 0 
13 0 0 0 0 0 0 0 0 0 0 
14 0 0 0 0 0 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 
16 Not Run 0 0 4 0 0 0 1 
17 0 0 0 0 1 0 1 0 0 0 
18 0 0 0 0 0 0 0 0 0 0 
19 0 0 0 0 0 0 0 1 0 0 
20 0 0 2 0 0 0 0 0 0 0 
21 0 0 0 0 0 0 0 1 0 0 
22 0 0 0 0 6 0 0 0 0 0 
23 0 0 0 0 4 0 0 0 0 0 
24 0 0 0 0 0 0 0 0 0 0 
25 0 0 0 0 0 0 0 0 0 0 
26 0 0 0 0 0 0 1 0 0 0 
27 0 0 0 0 0 0 0 0 0 0 
28 0 0 1 0 0 0 0 0 0 0 
29 1 0 0 0 1 0 0 0 18 0 
30 0 0 0 0 0 0 0 0 1 1 

Note: Tests for stimulus control given 
on days 16 and 29. 

- no data for this day 



Experiment 3: Learning Data 

Number of response units completed 

on positive and negative trials 

FRET RAINING AND PHASE 

Subject D A Y 
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1 

2 3 4 5 6 7 8 9 10 11 
Discrimination Group 
#4 60/--.60/-- 57/-- 60/-- 40/40 40/40 40/40 40/40 39/34 40/12 

#14 60/-- 60/-- 56/-- 57/-- 40/37 40/40 40/39 40/18 40/ 3 40/ 0 
#20 6oj-- 57/-- 59/-- 59/-- 38/39 39/36 40/26 23/14 4o/ 4 4o/ 2 
m ~ !±iL:= --- 6o7-- 4o7~8 4o74o 4o7~* .2Mll 4o7 ~ 4o7 o Mdn 007== ~ 57/-- 59 -- 0 9 0 0 0 39710 0 0 1 

Control Group 
#31 58/-- 60/-- 58/-- 59/-- 40/35 40/36 40/13 40/ 3 40/ 2 test 
#34 60/-- 57/-- 60/-- 59/-- 40/40 40/40 40/38 40/36 40/30 test 
#37 47/-- 42/-- 15/-- 58/-- 31/29 39/28 36/10 35/ 8 39/ 3 test 
ID .51L.:::: ~ ~ ~ 22ili 40730 ~ !±SiLl_ 4§7 2 test 
Mdn ~ ~ ~ ~ 39,735 0 2 407TT 407'7 3 ---

P H A S E · 2 

Subject D A Y 
12 13 14 

Discrimination Group 
#4 40/30 40/ 5 40/ 3 

#14 37/ 6 39/ 3 40/ 0 
#20 40/14 40/ 6 40/ 3 
. Ill!± .1.QL.1.2. ~ .2.2L1 
Mdn 40717 ~ ~ 

15 

40/ 5 
40/ 0 
40/. 4 
!iSiLQ 
~ 

16 

40/ 1 
40/ 0 
40/. 4 

~ 



Experiment 3: Test Data 

Total Responses Responses Summed 
to each Stimulus over Stimuli 

Subject 
_:m)le'XOgD~!Q~§S.§O ~ ~ .Q_ ...L _!L ..L 
Discrimination Group - first test day 
#4 36 35 36 8 0 5 24 15 29 68 50 70 107 13 68 
#14 28 19 34 0 0 4 20 6 30 48 25 68 81 4 56 
#20 33 33 36 15 2 0 28 8 16 76 43 52 102 17 52 
/i2};± ~ ~ 21 0 0 0 11 _.2. 1 2 _52 __.2.9_ _n ____8_7 0 __.2§_ 
Mean33 29 52 b 1 2 22 9 22 OT ~ 50 94 9 ~ 
Control Group - first test day 
#31 36 21 14 36 9 7 33 15 8 
#34 31 33 36 31 31 23 36 32 28 
#37 28 2 24 24 1 10 28 1 24 
!21 28 20 20 20 0 20 16 11 24 
Mean 3T 19 23 2'g TO T5 '2tr TO 2T 

105 45 29 71 52 56 
98 96 87 100 85 96 
80 4 58 54 35 53 
64 _27 64 68 40 _51 

87 lf5 59 73 53 b5 

Discrimination Group - second test day 
#4 28 24 19 2 0 0 4 6 6 34 30 25 71 2 16 
#14 7 4 8 0 0 0 0 1 2 7 5 10 19 0 3 
#20 32 14 20 20 0 0 19 2 .2 71 16 22 66 20 23 
ft24 3 6 .2.2_ ~ 2 _Q _Q ££ _1_ 11 64 .2.§. ~ --2.§_ 2 ...!!-:! 
Mean 2b W 20 b' 0 0 12 4 5 L'i4 22 25 03 b 21 

Control Group - second test d·ay 
#31 36 4 7 29 1 1 31 6 2 
#34 28 31 29 28 17 14 30 32 27 
#37 36 8 15 27 0 0 32 0 12 
ID .a 14 11 20 6 ..2 ~ ~ £Q 
~~an 33 T4 17 2b b 5 32 15 15 

96 11 10 47 31 39 
86 80 70 88 59 89 
95 8 27 59 27 44 

--*~~-!-1+-ij 
Discrimination Group - both test days 
#4 64 59 55 10 0 5 28 21 35 102 80 95 178 15 84 
#14 35 23 42 0 0 4 20 7 32 55 30 78 100 4 59 
#20 65 47 56 35 2 0 47 10 18 147 59 74 168 37 75 
#2 4 ~ 59 Z!: 2 0 0 i2 1 6 ~ ill __1_5_ _I]_ .185. 2 8 2 
r-:tean 59 47 52 12 1 2 35 TI 27 105 bT trf 1'58" 15 75 

Control Group - both test days 
#31 72 25 21 65 10 8 64 21 10 
#34 59 64 65 59 48 37 66 64 55 
#37 64 10 39 51 1 10 60 1 36 
#61 .22. 2!t TI 40 6 ~ 5.2. 4o 44 
Mean b3 33 4T 54 Tb 20 bT 3T 3b 

201 56 39 118 83 95 
184 176 157 188 144 185 
175 12 85 113 62 97 
151 80 1.Q.§. J1.Q. ...ll _uQ_ 
T7E -nT 97 137 90 ~ 

14o 

ALL 
TRIALS 

188 
141 
171 
12~ 
15 

179 
281 
142 
165 
192 

89 
22 

109 
144 
91 

277 
163 
280 
269 
247 

296 
517 
272 
337 
355 
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Experiment 3: Indices of Stimulus Control 

after Both Test Days 

MultiElicative indices Additive indices 
Subject 

~ 
(]) $CD T T·N T+N Q)+e s<D+se TO·NO <D-e s<D-se 

Discrimination Group 
#4 .922 .917 .560 .571 163 50 22 7 

;#14 .961 -913 .647 .741 96 38 25 13 
#20 .819 1.000 .713 .825 131 56 88 37 
~ ·282 1 .ooo 

* <l22 "'"*- --it- 42 2:I 
~lean .923 ·9?7 • 32 .717 1 3 44 21 

Control Group 
#31 .587 .724 .782 .753 35 13 145 43 
#34 .S66 .637 .511 .508 44 28 8 2 
#37 .646 .796 .936 .984 51 29 163 59 
£§1_ 1*- ~ .6;24 ·262 ~ 12 :I1 12 
Mean 1 • 721 .703 21 97 29 

Mann-vlhi tney U: 

o* o* 5 9 o* o* 5 7 

* P<.03 
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Experiment 3: Intertrial Responses 

:Number of Intertrial Responses per Session 

SUBJECT 
Session 

.JB. ill #20 #24 m D.!i m ru 
2 36 17 17 9 3 119 18 35 
3 53 5 13 12 7 178 7 35 
4 56 3 16 6 90 5 48 
5 60 7 21 28 24 112 7 53 
6 77· 16 19 47 30 127 7 63 
7 79 ::50 30 55 49 95 24 42 
8 79 66 27 46 43 75 20 41 
9 78 39 1 1 27 43 83 20 46 

10 68 42 16 28 31 94 31 43 
1 1 53 34 14 32 33 123 13 29 
12 61 17 35 36 16 93 13 29 
13 44 11 40 42 39 93 26 67 
14 40 14 37 27 52 81 46 60 
15 45 10 41 21 48 52 48 49 
16 42 15 37 12 22 43 40 44 
17 34 22 31 9 42 82 22 35 
18 17 2 16 17 23 37 9 30 

- no data for this session 



Subject 
2 

Experiment 4: Learning Data 

Number of response units completed 

on positive and negative trials 

P R E T R A I N I N G 

D 

AND 

A 

P H A S E 

y 
3 4 5 6 7 8 9 10 

Discrimination Group 
#2 58/-- 60/-- 60/-- 60/-- 40j38 40/33 40/16 40/ 8 40/ 3 
#7 49/-- 46/-- 59/-- 59/-- 39/36 40/39 40/40 40/40 39/40 

#28 58/-- 59/-- 60/-- 59/-- 40/39 40/36 39/20 40/11 40/ 6 
m 6~~-- ~ ~o~-- 6o~-- ±QL2§_ ~ 4o74o :ME~ 
Mdn 5 --~ 0 -- 59 -- 4073E 40737 0 30 40724 39lT7 
S+ Only Group 
#16 58/-- 50/-- 56/-- 59/-- 52/-- 59/-- 60/-- 60/-- 59/-­
#36 59/-- 59/-- 60/-- 60/-- 60/-- 60/-- 60/-- 59/-- 53/--

Partial Group 
#23 51/-- 60/-- 59/-- 60/-- 40/40 40/40 40/40 40/40 40/40 
#60 60/-- 58/-- 55/-- 60/-- 4.0/40 40/39 40/40 40/40 40/40 

PHASE 1 ( con t' d ) PHASE 2 

Subject D A Y 
11 12 13 14 15 16 

Discrimination Group 
#2 40/ 3 40/ 8 39/ 2 40/ 2 40/ 1 40/ 0 
#7 40/40 40/40 40/40 40/31 40/20 40/ 0 
#28 39/ 0 40/ 0 40/ 1 39/ 0 40/ 0 40/ 1 
W..2§.L.12.29.L9_~.1QL___1_2.1LQ2.1LQ 
Mdn 3979 4079 39Tf 4071 4371 4C5"lO 
S+ Only Group 
!l 16 60/-- 59/-- 60/-- 57/-- 39/38 36/ 8 
#36 60/-- 60/-- 60/-- 60/-- 40/14 40/ 0 

Partial Group 
/123 39/39 40/40 40/40 40/40 34/36 40/11 
1/60 40/40 40/40 40/40 40/40 40/37 39/ 2 

Median value for #16, 
#36, #23, and #60: 39/37 39/ 5 

143 
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Experiment 4: Test Data 

Total Responses Responses Summed 
to each stimulus over Stimuli 

ALL 
Jl_ ~ ~ ..1- ..JL ...§_ TRIALS 

Discrimination Group- first test day 
#2 32 1 24 1 0 0 28 1 23 61 2 47 57 1 52 110 
#7 36 5 36 28 4 9 36 3 21 100 12 66 77 41 60 178 
#28 36 23 33 5 0 0 28 6 29 69 29 62 92 5 63 160 m. .2.§. 4. ~ _]_ ....Q. _..g l2. ....Q. g.§. ..1.§. 4 6 4 J..3! __52 ...22 1 46 
Mean 35 8 32 1 0 1 3 32 3 25 77 12 bo 75 14 59 149 

S+ Only (#16,#36) and Partial (#23, #60) Groups - first test day 
#16 36 8 24 33 0 11 36 4 13 105 12 48 68 44 53 165 
#36 36 4 24 30 0 5 29 0 32 95 4 61 64 35 61 160 
#23 36 1 35 36 4 29 33 5 36 105 10 100 72 69 74 215 
li.§2 }Q_ 1 8 ~ 3 3 0 26 .2& 0 ~ .1.Q2 1 8 ____2Q _2_1 ..22 _Q9_ 219 
Mean3D 8 30 33 1 TS' 33 2 29 103 1T 70 74 52 b4 190 

' 

Discrimination Group - second test day 
#2 20 0 15 0 0 0 14 0 5 34 0 20 35 0 19 54 
#7 24 7 24 28 4 0 33 8 16 85 19 40 55 32 57 144 
#28 34 13 30 0 0 0 16 3 1 50 16 31 77 0 20 97 
#33 32 1 o 3o 6 o 1 32 o a _lQ 1 o --22 __7__g --1.. _21_ 136 
:Mean 27 7 25 9 1 o 24 3 1 2 """'DO 1T 37 b5 1 o """3B' 1 oS 

S+ Only (#16,36) and Partial (#23,60) Groups - second test day 
#16 11 0 0 3 0 0 7 0 0 21 0 0 11 3 7 21 
#36 9 0 8 ·1 0 0 10 1 4 20 1 12 17 1 15 33 
#23 36 2 24 34 0 18 36 0 32 106 2 74 62 52 68 182 
~ E.. 4 ~ 25. 0 14 36 4 }Q 108 __.§. _§_1._ __7li ~ _'l_Q I 203 
Nean 23 1 17 1! 0 8 22 1 18' b4 3 "43 '"42 20 '4T 110 

Discrimination Group - both test days 
#2 52 1 39 1 0 0 42 1 28 95 2 67 92 1 71 164 
#7 60 12 60 56 8 9 69 11 37 185 31 106 132 73 117 322 
#28 70 36 63 5 0 0 44 9 30 119 45 93 169 5 83 257 m. 68 14 64 13 0 ~ 21 0 ~ 148 14 120 146 16 120 282 
Meanb3 Tb :Jf T§ 2 3 55 S 37 ffl 23 9f 135 24 9S' 256 

S+ Only (#16,36) and Partial (#23,60) Groups - both test days 
#16 47 8 24 36 0 11 43 4 13 126 12 48 79 47 60 186 
#36 45 4 32 31 0 5 39 1 36 115 5 73 81 36 76 193 
#23 72 3 59 70 4 47 69 5 68 211 12 174 134 121 142 397 
#60 u gg, 7.!± .§.§. _Q 40 12. ...1 Q2: £12 26 183 .1.9..2. 108 lli 422 
Mean 59 9 47 51 1 2b 55 3 47 TOO 14 119 lTO ~TOO 299 
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Experiment 4: Indices of Stimulus Control 

after Both Test Days 

MultiElicative indices Additive indices 
Subject 

A ~ A T 
T+N T-N '1®-ll® ®® E®-ECD 

Discrimination Group 
#2 .989 1. 000 .979 .977 91 39 93 41 
i¥7 .644 .869 .856 .863 59 51 154 58 

/128 ·971 1.000 .726 .830 164 63 74 35 
iiiL ~ :§g~ -:m 1. 000 1~0 61 

* 
61 N 

l11ean 7 9 .917 1 1 1 53 1 1 50 

S+ Only (#16,36) and Partial (#23,60) Groups 
#16 .627 .686 .913 .915 32 13 114 39 
#36 .692 .865 .958 .975 45 27 110 38 
#23 -525 .557 .946 •932 13 12 199 64 
i/60 .610 -:m .821 -:m 61 ~4 18:£: 68 
Nean .613 • 9 .927 .9 2 38 21 153 52 

~-1ann-'l'i"hi tney U: 

o* 5-6 8 1 o* 4 7 

* P<.03 
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