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ABSTRACT

Seven experiments are reported which demonstrate and.
analy:e interference with au~oshaping from unsignaled USs.
In Experiment 1, eight groups of 10 homer pigeons each
received conditioning sessions consisting of an 880 s wait
followed by a train of USs sPaced 10.5 s apart, followed by a
second 880 s wait. For all groups except one, one of the USs
in the train was signaled by a 10 s red keylight ·CS. The
position of this single trial in the train was varied across
these groups; for the remaining group, all 'the USs were
signaled by the CS. Conditioning of the CS was shown to be a
function of the position of the CS in the train.
Specifically, conditioning was achieved only when the single
trial appeared at or near the beginning of the train
(referred to as the trial location effect) or, when all USs
were signaled by the CS.

The trial location effect was analy:ed in Experiments
2 through 4 which showed that the interference from prior USs
cannoLbe explained by any of the currently accepted
explanations. Further analysis showed that the source of the
interference is blocking of conditioning of the CS by the
preceding USs which become established as signals of the next
US.

In Experiments 5 - 7 it is shown that blocking from
unsignaled USs can be prevented through prior conditioning of
the CS. It is argued that this result requires a view of
conditioning as producing a long term change in the
associability of the CS. A recent model of conditioning
which encompasses such a change in associability is reviewed.
A preliminary examination of this model shows that it might
provide an account for the present ~esul~s.

iii



ACKNOWLEDGEMENTS

It qUickly becomes obvious to anyone working on a
project the size of this dissertation that such projects must
reflect the guidance and contribution of individuals other
than the author. The present thesis and the author owe"a
debt of gratitude to many people who contributed in various
ways to the development and fruition of this project. I
would like to take this opportunity to thank them.

First, and-foremeost. I wish to express my gratitude
and appreciation to my supervisor, Dr. Herb Jenkins. His
contribution is inestimable. and without his careful
consideration and prudent criticism this thesis would never
have acheived the scope or clarity it curren~ly attempts.
Second, I would like to thank my parents, Constant~ne and
Theodora Lambos, for the h~lp and support they
unquestioningly provided from the beginning of my years in
graduate school to the present. Their contribution will
never be forgotten. Finally, I would like to thank a number
of individuals for their friendship and loyal~y during my
years as graduate student, and for their support through
times good and bad. These include ~everlY McLeod
(especiallY), Murray Go~dard, Sruce L1dsten, Sonnie Royle and
Russ Adams, Eric Schaller, Janet Wilson, Tania Masi~g, Barb
O"Srien, and all of Team H.O.S.E. Finally, I wish to thank
James MacRae for a careful reading of the thesis in its draft
form and for some very Wonderful Wednesdays prior to trlat.

WAL

1v



TABLE OF CONTENTS

ABSTRACT ••-; ••••••••••••••'•••••••••••••••••••••••••..••••••.i i i

LIST OF ILLUSTRATIONS •.•••••••••••••••••••• :••••••••.••.••.• vi

INTRODUCTION ••••••••••••••••••.•••...•.••.' ••.•.•.•.••.••.•.. 1

Review of Literature on Interference •••...•.....•.... 2

Introduction to the Present Experiments ••••• ~ 14

CHAPTER 1: EFFECT OF THE TEMPORAL LOCATION OF A CS-US PAIRING

IN A TRAIN OF CLOSELY SPACED UNSIGNALED USs ..... 16

Experiment 1 •••.••••.••.••.... , ••.........••..•..••• 16

CHAPTER 2: EXPERIMENTS 2 - 4: EXPLORATION OF THE ROLES OF

PRE- AND POST-TRIAL USs IN THE TRIAL LOCATION

EFFECT AND TESTS·OF VARIOUS ACCOUNTS OF THE

EFFECT ...••.•.•••••...........•..... , • , . , •...... 39

Experiment

Experiment

Experiment

z _ ,' 39

3 ••••••••••••••••••••••••••••••••• :~ •••• 45

4 ••••••••••••••••••••••.••••••••••••••••• 58

CHAPTER 3: EXPERIMENTS 5 - 7: A TEST OF THE HYPOTHESIS THAT

RESPONDING TO THE CS LATE IN THE TRAIN WHEN ALL

USa ARE SIGNALED IS SOLELY THE RESULT OF

GENERALIZATION FROM EARLY TRIALS IN THE TRAIN ... 64

Experiment. 5 ••••••.•.••••.....•...•....•••••........ 64

Experiment 6~ ••••.•••••••..•.• ,.••...•. '•.••.••...•... 70

Experiment 7 •••..•••..••..••••..••.••...•.....•• ,.··77

CHAPTER 4: GENERAL DISCUSSION ••· .. • 84

Application'of a current model to the present data •• 85

v



US to US signaling and other conditioning phenomena.93

Trial spacing••••••..•...••......•••..••••.•••.•• 96

The US preexposure effect and blocking by
contextual stimuli •••••.••••...•.•...••..•....• -.103,

SUMMARY ••••••••••••••••••••••••••••••••••••••••••••••••••• 106.

REFERENCES •••••••••••••••••••••••••••••••••••••••••••••••• 109

..

'\
\

r -

vi



LIST~OF ILLUSTRATIONS

Figure

Table

1.

1.. .-
.22

.................•...•.•..•.•.... 25

Figures 2a and 2b •••.•••••"•••••••••••••••••••••.••...•••••• 27

Figures 3a and 3b •••...• ~ •••••••..•.• _••••••••.•••••••.•.. 29

Figure" 4. , ••••.••.•.•.•••...•••••••... 30

Figure 5. • •••..•.•....••.••.•..• 42

Figure

Figure

6.

7.

.................... .. -.. .-.

.. .. . .. .. .. . . .. .. .. .. .. .. .. .. .. .. .. . .. .. .. . .. .. .. .. .. .. .. ..43

.48

Table 2 ••...•...•..•..•.•••.•.••..••••.•...••••.••.•••..••• 52

Figure 8 ••.•..•••..••...••.••• n ••••••••••••••••• _ ••• _ ••• "•• 53

Fisur".e

Figure

Figure

9.

10.

11.

12. . • . • • . . • . . • . . • .

13. • . . . . . . . . . . . . . .

• •••••••••••••••••••••••••••• 60

· •.......•......•..•.......•. 68

. . . . . . . . . . . . . . . . . . . . . . . .71

•••..•.......................•.• 74

.79

Figure 14 ..••...•.••..•.•...........• __ •....•...•........S~

•

vii



INTRODUCTION

Classical (or Pavlovian) conditioning refer. to the

process by which a previously neutral stimulus becomes a
-- .......---~

signal for another, biologically significant stimulus, as a

result of temporal pairings of the two stimuli. Prior. to

conditioning, a neutral stimulus will normally evoke a

nonspecific orienting reaction.in an experi~ntal subject.

Following successful conditioning, the previously neutral

stimulus will evoke a reaction in the subject which is

(usually) similar to the stronger reaction evoked by the

significant,stimulus with which the neutral stimulus was

paired.

Understanding the process or processes which underlie

classical conditioning has-~~ a subject of importance to

the psychology of learnins for nearly a century.

time of Pavlov's (1927) demonstration of classical

From the

conditioni~g in 1899 to the present day, a substantial bocy

of research a:1d theory has accumulated on' the question 0:- the

essential conditions for establishing a previously neutral

stimulus (the conditioned stirn\;.lus) as a signal ::0:- a

biologically significant stimulus (the unconditioned

stimulus) ..

0 ··~. unders~~di:1Z of these conditi~~!t has been

recogni=ec for al~ost 20 years that repeated te~pora:

1. ---
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~..
pairin~. of the to be conditioned stimulus (CS)'with an

uncondition~d stimulus (US) are not sufficient to ensure that

~".

..

conditioning of the CS will occur. If USs are also presented

in the absence of the CS. conditioning which would otherwise

occur can be prevented even ~ough the CS-US pairings are

themselves not altered. A great deal of research o~er the

• last 15 years or so has been aimed at understanding the

•
process by which the unsignaled USs prevent the CS-US pairing

from bringing about conditioning. Furthering our

understanding of this process is the specific purpose of the

present expQ~iments.

Basic conceptions in the current literature of how

unsignaled USs interfere with conditioning are reviewed

in the following section. Although the first experiment of

the present thesis demonstrates a source of interference that

is not anticipated by the existing conceptions. certain of

these basic conceptions may

theory of interference that

source.

nevertheless ?rovide a general

a'''es to this unanticipated

The following review therefore ~rovides necessary

background for the presen~ and discussion of the ?:-esent.

---
:--esult.s ..

Review of Literature ~n Interference

?avlov (1927) believed that pairing a CS with a US was

sufficient to bring abo~t conditioned res?Cnding to the CS ;~

~

certain other basic cond~ticns (such. as~t~e general health

and alertness of the ani~al) were ~et.
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since been referred to as the ££J:I1.iguity ~.!!.!!\)n:!P~ (Spence,

1951; Jenkins and Lambos, 1983). Research since Pavlov's

time has shown. however. that CS-US pairings are not in fact

sufficient to ~nsure that conditioned responding will emerse.

An important set of experiments showing the insufficiency of

the contiguity assumption was carried out by Rescorla (1968a,

1968b. 1969). Rescorla demonstrated that CS-US pairings that

would otherwise result in conditioning could be'prevented

from doing so by the addition of unsignaled USs between

trials. Moreover. Williams and Williams (1969) showed that ,

Because the addition of

previously acquired responding could be eliminated by the

. '-addition of unsignaled-·USs.

unsignaled USs leaves.unchanged the number and contiguity of

CS-US trials, these results show that CS-US contigui~y is not

solely responsible for establishing the CS as a signal 'and

that stimuli sur,roundins the CS-US pairing (as well as t~

pairing i"tself) must -lOe considered in order to understand

whether CS-US pairings will render a CS a signal for the US.
,

Several explanations have been offered for haw-

unsignaled USs interfere with conditioning to a CS. The
.:» ~

first of these was proposed by Rescorla himself. Rescorla~s

(1969) results led him to restate the essential conditions

~of CS-US association in terms of the construct of

contingency. Two events, such as presentation of the CS and
.......

presentation of the US, ar~ said to be related through ~

(positive) conti,n~cy when the presence of one is associated



,

4

with the presence of the other and the absence of one is

associated with the absence of the other.

---
Pavlov's (1927)

belief that CS-US contiguity was sufficient for the CS to

become a signal for the US fulfilled only the first half of

these requirements. The addition of unsignaled USs can

remove the contingency between the CS and the US, and thus

prevent the CS from becoming a signal of the US.
\

Another phenomenon which showed that" CS-US contiguity

was not sufficient to produce conditioning was Kamin's (1969)

demonstration of blocking. Kamin showed that a previously

conditioned CS, ~, could block acquisition of conditioned

--

responding to a subsequently added stimulus, ~. Although ~

preceded and overlapped the US (ie. was contiguous with it),

it did not acquire the ability to evoke a conditioned

response.

"The blocking phenomenon and the effects of CS-US

contingency h~ each sti. ulatec a substantial body of theo:-y

and :-esearch aimed at establishing"the essential conditions
c

~ar the formation of an association between a CS and a US.

Psychologists have been reluctant to accept Rescorla~s (1969)

proposal that CS-US contingency is the essential condition of

association for at least two reasons. First, blocking occurs

even though in the blocking procecu:-e stimulus ~, the

subsequently added sti~ulus, ·covaries perfectly wich presence

and absence of the US, and is therefore in a contingent

relation with the US. Second. conti~sency is a statistical
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concept requiring the accumulation of events occurring at

different times C),;er the course of ,conditioning.

5

Condltioning, however, is characterized by gradual trial by

trial changes in behavior. It would be desirable to have a

trial by trial account of conditioning which did not require

the statistical summation of events over long periods, but

nevertheless was capable of accounting for the effects of

contingency on conditioning (Rescorla and Wagner, 1972;
~

Jenk~ns and Lambos, 1983).

Current theoretical conceptions of the conditioning

process may be viewed as an attempt to account for the,
apparent importance of CS-US contingency (as demonstrated by

interference from unsignaled USs) without abandoning Pavlov's

(1927) contiguity assumption (Jenkins and Lambos, 1983).

These thoories may be placed in one of two broad categories,
•

competition theories and comparison theories. Competition

theories (eg, Rescorla and Wagner, 1972; Mackintosh, 1975)

share the assumption that unsignaled USs interfere with

conditioning by conditioning some other stimulus, ~suallY the

context or background. This other stimulus then competes

with the CS f~~ associative strength. Comparison theories

(eg. Gibbon, 1981), on the other hand, deal with the effects

of unsignaled USs by postulating that the rate of US delivery

in the CS is comparee to the ~ate of US delivery in the

experimental setting. and respcnses to a CS appear when the

rate during the CS is sufficiently his~er than its rate in
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the experimental settink.

are reviewed below.

Examples of both types of theories

/

There are several theories based on competition.

first competition theory to explicitly address Pavlovian
r

The

conditioning was proposed by Rescorla'and Wa~ner (Rescorla

and Wagner, 1972; Wagner and Rescorla. 1972). The central

concept of the theory was that of competition between

concurrent'stimuli for a limited quantity of associative 1r
strength, or signal value. According to the R~scorla-Wagner

theory, a given US supports a limited amount of conditioning.

The degree to which a CS will acquire signal'value or

associative strength is a function of the~ifference between

the current signal value of the CS (together with the signal

value of all other concurrent stimuli) and the maximum value

level, conditioning to the CS becomes complete.

supportable by the US. As the CS approaches the maximum l
I

With two additional assumptions, the Rescorla-Wagner

theorY can account for both blocking and the effects of

unsignaled USs on conditioned responding. One assumption is

that the streng~h of a compound ·CS is the sum of the

strengths of its components. The other is that the context

of the learning situation, or the background, is a

conditionable stimulus like any other. Given these

assumptions, the equations of the theory can account for both

blocking and contingency effects as follows. In blocking,

the sum of the co~pound stimulus consisting of ~, the
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preconditioned stimulus, and ~, the subsequently added

neutral stimulus, is equal to the maximum level supported by

the US on the very first AB-US pairing by virtue of the

previous conditioning of ~. Because ~ -is already fully

conditioned, and the value of ~ is zero, the sum of the

elements in the compound is maximal for the US from the very

_first AB-US pairing. Because no discrepancy exists between

the strength of the compound and the maximum level, the

pairings do not condition ~ which, therefore, remains

neutral. The equations of the theory thus neatly account for

blocking without changi~g the underlying i'mpo"rtance of CS-US

contiguity for conditioning.

This account of blocking also predicts the disruptive

effects of unsignaled USs on the acquisition,and maintenance

of conditioned responding. According to the theory, the
~

pre6en~ation of .the US without the CS will condition the

background more strongly than the presentat ion of a .~"

ac~ompanied by a C$. To the extent that the CS signals the

US, the background will be protected from conditioning by the

~timulus ""esent at the time unsignaled USs are presented,

the context acts like a blocking stimulus.

)

----'
\

,

/

US. •Because the background or context <lS,l is a cond'ltionable

The equations of

the theory make the same prediction with regard to blocking

whether the blocking stimulus is a discrete CS or the context

of conditioning. The Rescorla-Wagner theory is thus able to

account for both the blocking phenomenon and the effects of
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unsignaled USs, and does so without abandoning the essence of

Pavlov's assumption that CS-US contiguity was sufficient to

bring about learning about the CS.

An important property of the Rescorla-Wagner theory is

.' that it is a single process competition theory. In a single

process theory, signal value (V7- is the only property of the

CS that is altered by conditioning. There are, however~

other competition models which also account for the effect of

unsignaled USs but which differ from the Rescorla-Wagner

theory in that they are dual process models (Zeaman and House,

1963; Sutherland and Mackintosh, 1971; Mackintosh, 1975). -In

a dual proc~ss theory, conditioning alters the attention

getting value, or salience, of the stimulus as well as its

signal value. Dual prOCBSS models were originally invoked to

account for results from discrimination learning' studies

where it was shown that concurrently present stimuli inter~ct

,
with one another in learn"ing trials" a phenomenon called "'"

stimulus selection (Mackintosh, 1974). The phenomena of

•blocking and overshadowing, for example, demonstrate that

conditioning to a stimulus over trials depends on more than

the constant physical properties of that stimulus and the

reinforcement schedule associated with it. Several

researchers (Mackintosh, 1975; Pearce and Hall, 1980) have

treating

account for the effects of unsignaled USs by

e effects as examples of stimulus selection and

analyzable t rough a dual process approach., A relatively
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recent example of a dual process conditioning theory i8

Mackintosh's (1975) attentional theory. Mackintosh's theory

postulates that pairings of a CS with a US result in two

changes in the CS. One is the associative strength of the

CS. as with the Rescorla-Wagner theory. But Mackintosh's

theory claims further that conditioning trials also bring

about a change in the associability (ie. the salience or

attention getting value) of a CS, and specifies rules for the

direction of that change. Because the associability of the

CS (which may be thought of as the degree to which a subject

will attend to theCS) determines in part the change in

associative strength of that CS on the next trial,

Mackintosh's theory provides two components which jointly

determine the change in strength of a CS as a result of CS-US

pairing~.

Mackintosh's theor~ accounts for blocking and for the

effects of unsignaled USs in the following way. The rules

for changing the associability of a CS stipulate that

whenever a CS predicts an otherwise unexpected US, the.

associability of the CS will increase. Conversely, the

associability of a CS will decrease whenever the CS "signals

no change in Feinforcement from the level expected on the

basis of other events" (Mackintosh, 1975,·p. 287). In

blocking. CS ~ already predicts the US at the time when

stimulus ~ is added. so the associability of ~ rapidly

declines until it is unconditionable. Hence ~ is blocked.
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Blocking of the CS due to a decline in associability is also

said to occur in the case of UnSignale~uss. Here, if

unsignaled USs are presented at a sufficient rate, the

background, X, becomes a better predictor of US delivery than

the CS, ~, so the associability of the CS declines, and it

daes not condition. In contrast to the Rescorla-Wagn7r

theory, changes in associative strength are mediated'by

changes in associability, as well as occurring as a-direct

consequence of reinfo~cement'and nonreinforcement.

Mackintosh's theory is nevertheless a type of

competition theory. The competition is not for a limited pool

of signal value, as with the Rescorla-Wagner theory, but

between concurrently ~vailable stimuli for salience or

associability. On reinforced trials, the relatively stronger

stimulus undergoes an increase in associability and the

relatively.~eaker stimulus loses associability. Thus stimuli

~. compete with each other, and in most circumstances only one

of several available CSs will come to evoke conditioned

responding ..

Other types of dual process learning theory have been

offered (Pearce and Hall, 1980; Wagner, 1978, 1984). The

distinctions between these models and Mackintosh's theory,

although not unimportant, do not warrant elaboration for the

present purpo~es. Rather, the distinction between single and

dual component competiti~n mcdB;ls is the important issue at

this point.
.;;

The experiments presented in the present thesis
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speeifically address this issue, and the distinctions that

are· brought out in this r""iew will guide the interpretaton

the data presented in the body of this work.

Not all models of Pavlovian learning assume that the

CS competes wi th other elements, however. A very dt'ffer'ent

view of signal learning, which also addresses how unsignaled

USs interfere with the effect of a CS-US.pairing, is providod

by Scalar Expectancy Theory or SET (Gibbon, 1977; Gibbon and

Balsam, 1981; Jenkins, Barnes, and Barrera, 1981).- SE! loo~s

,

to comparison, rather than competition, to un~erstand the

effects o~ unsignaled USs on conditioning, SET is perhaps

• •
mos~ily approached through· a discussion of trial spacing

effects.

It has been demonst~ated in several Pavlovian

conditioning arrangements that the rate at which subjects

learn to res~ond to the CS is determined in part by the

temporal spacing of trials. Long inter trial intervals lead

to more ra~id acquisition of conditioned r?sponding (on a per

US basis\ than do short ones (Prokasy, 1960, 1965; Gormezano

and Moore, 1969; Gibbon, Locurto and Terrace, 1975; Gibbon,

Baldock, Locurto, Gold, and Terrace, 1977). This ·,..esul t haS"

been under investigation for several decapes, as no theory or

theory of signal lea,..ning would be complete if it could not

account for an effect as basic ~3 tria.l spa,cing.
";.

SET (scalar exp~ctancy theo~y) provid8s one account ot

trial s?~cins effects. According to this theory, two
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independent expectations for an unconditioned stimulus are

f~rmed during conditioning. One of these is the expected

rate of US. occurrence in the experimental setting or context •

.The other is for the rate of US delivery during the CS, or

signaling stimulus. According to scalar expectancy theory,

the speed of acquisition of a conditioned response i~ a

direct function of the' ratio (expectancy during CS to overall

expectancy) of these two independently established

expectancies. Thus long inter trial intervals lead to rapid

acquisition of conditioni~g because for a conditioned

stimulus of a given duration, longer intertrial durations

lead to a lower overall expectancy for the US. This makes

the ratio of expectancy during the CS to overall expectancy

larger, leading to the faster emergence of conditioned

responding.

From the point of view of this discussion, what is

interesting about scalar expectancy theory is that, according

to this theory, adding CS-US ,pairings to a conditi.oning

experiment should have the same effect on acquisition as

adding unsignaled USs between trials (Jenkins, et al., 1981).

Both operations would be expected to retard conditioning.

to the same extent, beca~se the overall expectancy is
i'

determined by the average rate at which USs are presented.
I

and
~

Specifically, expectancie~are calculated as mean rates of US

occurrence, both for the conditi~ning session as a whole (CS
r

and nonCS periods) and during the presence of the CS (CS
















































































































































































































































