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ABSTRACT

Seven experiments are reported which demonstrate and.
analyze interference with autoshaping from unsignaled USs.
In Experiment 1, eight groups of 10 homer pigeons each
racaeived conditioning sessions consisting of an 880 g walt
followed by a train of USs spaced 10.5 s apart, followed by a
second B80 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 C(S. Conditioning of the CS was shown to be a
function of the position of the €S 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 analyzed in Experiments
2 through 4 which showed that the interference from prior USs
cannot be explained by any of the currently accepted -
explangtions. 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 c¢an be prevented through prior conditiconing 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 ¢f thig model sghows that it might
provide an account for the present resultas.
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INTRODUCTION

Classical (or Pavlovian) conditioning refers to the

process by which a previousf} neutral stimulus becomes a

——
- -

.eignal for another, bilologically significant stimulus, Qs a
result of temporal pairings of the two stimuli. Prior. to .
conditioning, a neutral sti&ulus will neormally evoke a
nonspecific orienting reaction. in an experimental subjeﬁt.
Following successful conditicning, the previously neutralv
stimulus will evoke a reaction in the subject which is

(usu#lly) similar to the stronger reaction evoxed by the
sign;fic;nt.stimulus with which the neutral stimulus was
paired.

Understanding the process or processes which underlie
classical conditioning has_kewen a sublject of impecrtance to
the psychology of learning for nearly a century. From the
time ¢f Pavlev’'s (1927) cdemonsiration of classical
conditioning in 15992 to the present day, a substantial body
of research and theory has accumulated cﬁ'the guestion ot the

essential conditions

(5.

or establishing a previcously neutral
stimules (the conditicned stimulus) as a signal for a
biologically significant stimulus {(the unconditioned

"stimulus).

The purpose of the present experimentis is Lo

e,
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i
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1

our understanding of these conditiofns. It has been
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pairings of the to be conditi;ned gtimulus (CS)-with an
unconditioned stimulus (US) are not sufficient to ensure that
conditioning of the CS will occur. 1If USs are alsoc presented
in the absence of the (S, conditioning which would otherwise
occur can be prevented even though the C5-US pairings are
themselves not altered. A great deal of resear?h over the
lagt 15 ye;rs or so has been aimed at understanding the
process by which the unsignaled d%s prevent the CS—US pairing
from bringing about conditioning. Furthering our
understanding of this process is the specific purpose of the
resent experimentg.

Bagic conceptions in the current literature of how
unsignaled USs interfere with conditioning are reviewed
in the following secticon. Although the first exper%ment,cf
Ehe present thesis demeonstrates a source of interference that
is not aﬁticipated by the existing conceptions, certain of
these basic conceptions may nevertheless provide a general
theory of interference that a ies to this unanticipated
source. ?he ?ollowing Teview therefeore provicdes necegsary
backgreound for the preseﬁggtiag\and discussion of the present

ragults.

nterference

r
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Review of Litera

Paviov (1927) believed that pairing a CS with a US was

*h
cr

sufficien

b

to bring about cenditioned respending to the €S If
" N
ch as ™Lhe general health

1

certain cther hasic conditicns (s

[

.

and alertness of the animal) were met. Thisz assumpticn nhas

—



since been referred to as the contiguitx agsumption (Spence,

- .
-~

~ .. 1951; Jenkins and Lambos, 1983). Research since Pavlov’s
time has shown, however, 'that CS~US pairings are not in fact
gufficient teo insure that condition;d responding will emerge.
An impeortant set of experiments showing the insufficiency of
the contiguity aséumption was cérriad out.by Rescorla (19683.
l965b. 1969) . _Réscorla demonstrated that CS-US pairings that
wouldlotherwise result in conditionins could be‘prevented
from doing so by the addition of unsignaled USs between
trials. 'Noreovér. Williams and Williams (1%69) showed that
previously écquired responding could be eliminated by th?

'l\hddition of unsisnalednUSs. Bacause the addition of
unsignaled USs legaves unchanged the number and coetiguity of
CS~US trials, these results show that C5-US contiguity isénot
solely responsible for establish{ng the CS as a signal "and
that gtimuli surrounding the CS-US pairing (as well as E;ip
pairing itself):must-E% considered in order te understand
whether CS-US pairings will render a CS a signal for the US.

Several explanations have-Been offered for how’

unsignaled USs inte

1

fere with cenditioning to a CS. The
I A -

first of these was propesed by Rescorla himself. Rescorla’s

(1969) results led him Lo restate the essential conditions

>

of CS-US association in fterms of the construct of

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

e
presentation of the US, are said to be related through a

(positive) contineency when Lthe presence of one 15 associated

b



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

associéted with the absence of the other. Pavlov’s (1927)

-

belief that (S-US contiguity was sufficient feor the CS to
become a signal for tne US fulfilled only the first half of
these requirements. The addition of unsignaled USs can
remove the céﬁtingency betwéen thé €5 and the US, and thus

prevent the CS from becoming a signal of the US.
- N -

Another phenomgnon which showed that CS-US contiguity
was not sufficient to produce conditioning was Kamin’s_(l969)“
demongtration of blocking. Kamin showed that a previously
conditioned CS, A, could block acquisition of conditicned
responding to a subsequently added stimulus, B. Although B
precéded and overlapped the US (ie. was contiguous with it),
it did not acquire.the ability to evoke a conditioned
r35ponsé.

The blocking phenomenon ana<the effects of CS-US

contingency haveé each stimulated a substantial bedy of theory

and research aimed at establishing the essential conditions

=

for the formation of an assecociation between a CS and a US.

Psyvchologists have been reluctant to accept Rescorla’s (1969)

o

- L3 - * i3 - -
proposal that CS-US contingency is the essential condition cf

W

association for at least Ltwo reascons. First, blocking cccurs
even though in the blocking procedure stimulus 3, the
subsequently added stimulus, covaries perfectly with presence
and abspnce of the US, and is therefore in a contingent

relation with the US. Second, contingency 15 a statistical
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concept requiring the accumulation of events occurring at

.

different times Gver the course of conditioning. :

. i
Conditioning, 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
- v

the statistical summation of events over long periods, but
nevertheless was capable of acceounting for the. effects of
contingency on conditioning (Rescorla and Wagner, 1933}
Jenkins and Lambos, 1983).

Current theoretical concepﬁions of the conditioning
process may be viewed as an.attempt éo account for the

.

apparent importance of CS-US contingency (as demonstrated by
interference from unsignaled USs) without abandoning Pavliov's
(1927) contiguity assumption (Jenkins and Lambos, 1983).
These thgories may be placed in one of two breoad 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,‘usually the

~

context or background. This other s3timulus then competes
with thé CS for asseociative sirength. Comparison theories
(eg. Gibbon, 1981), on the other hand, deal with the eff;cts
of unsignaled USs by postulating tﬁaﬁ the rate of US delivery
in the CS is compared tb the rate of US delivery in the

experimental setting., and respenses to a C5 appear when the

rate during the S is sufficiently higher than its rate in
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the experimental setting. Examples of both types of Eheories
are reviewsed below.
There are several theories based on competition. The

first competition theory to explicitly address Pavlovian “Q
. _

conditioning was p:éposed by Rescorla and Wagner (Rescorla

—_—

and Wagner, 1972; Wagner and Regcorla. 1972). ‘The central
concept of the theory was that of competition between

] concurrent 's.timuli- for a limited 'quantityrof assgociative }
strength, or éignal value. According to the Rescorla-Wagner
theory, a given US ;upports a limited amount of conditioning.
The degree to which a €S will acguire signal value or
associative shirength is a function of the difference between
the current signal value of the CS (together with the signal
value of all other concurrent stimuli) and the maximum wvalue
supportable by the US. As the C5S agproaches the maximum

‘ level, conditioning to the CS becomes complete.

With two additiconal assumptions, the Rescorla-Wagner
theory can account for both blocking and the effecis of
unsignaled USs on'conditioqéd responding. One assumption is
that the strength of a compound €S is the sum of the
strengths of its components. The other i; that the context
oé the learning situ?tion. or the background, is a
conditionaﬁle stimulus like any other. Given these
assumptions, the egquations of the theory can account for both
blocking and contingency effects as follows. In Slocking,

the sum ¢f the compound stimulus consisting of A, the



preconditioned stimulus, and B, 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 A. Because A ‘ig already fully
con@itioned. and the value of B is zero, the sum of the
elements in the compound is maximal fof the US from the very
first &Equ_pairing. Because no discrepancy exists between
the strength of the compound and the maximum level, the
pairings do not conditiqn B which, therefore, remains

neutral. The equations of tge theory thus neatly acccocunt for
blocking without ;h;ngiqg the Qﬁderlying'idﬁa}tance of Cs5-US
conti;uity 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 khaory, the

—
presagntation of .the US without the CS will condition the:

background moré strongly than the preéenta;ion of a H&\\h-_;
accompanied by a CS. To the extent that the C5 signals the
US, the background wili be protected from conditioning by the
US. Because the backgr%und or context (X) is a conditionable
stimulus present $£ the time unsignaled USs are presented,
the context acts like a blocking stimulus. The equations of
the theory make the same prediction with regard to blockin#

whether the blocking stimulus is a discrete €S or the context

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

account for beoth the blocking phenomehon and the effects of



unsignaled USg, and deoes so without abandoning the essence of
Pavioﬁ’s assumption thgt CS—-US contiguity wag sufficient to
bring about learning about the CS.

An important property of the Rescorla—waéﬁer theory is
that it is a single process competition theery. In a single
procqss.theorj, gsignal value (V- is the only property of thé
€S that is altered by conditioning. There are, however,
other competition meodels which also account for the effgct of
unsignalea USs b;t which differ from the Rescorlé—ﬂagner
theory in that they are dual process models (Zeaman and House,
1963; Sutherland and Mackintosh, 1971; Mackintosh, 1975). -In
a dual p%ocqss theory, conditioning alters the attention
éetting v#lue, or sélience, of the stimulus as welil as its'
signal value. Duai process models were originally‘invoked to
account for results from discrimination learning studies
where it was shown that concurrently.present stimuli interﬁst
with one anothar in learning trials, a phenomenon called k\
stimglus selection (ﬂackintosh. 1974). The phenomena of
.blocking and overshaaowing, for example, demonstrate that
conditioﬁiné to a stimulus over trials depends on moré.than
the constant physical preoperties of that stimulus and the
reinforcement schedule associated with it. Several
researchers (Mackintosh, 1975; Pearce and Eall, 1980) have
attempte to account for the effects ofvunsignaled USs by
treating thege effects as examples of gstimulus selection and

analyzable thirough a dual proéess approach. . A relatively



recent example of a dual process conditioning theory is
Mackintosh’s (1975) attentional theory. nackiﬁtosh's theory
postulates that pairings of a CS with a US result in two
changes in the CS. One is the asscbiative strength of the
CS, as with the Rescorla-Wagner theory. But Mackintosh’s
theory claimg further that cond;tioning trials also bring
about a change . in the asébciability (ie. the salience or
attentio; getting value) of a CS, and specifies rules for the
direction of that change. Because the associablility of the
CS (which may be thought of as the degree to which a subject
will attepd to the CS) determines in part the change in
aésociative strength of that CS on the next trial,
Mackintosh’s theeory providés two componaents which jeintly
determine'the change in strgn%ﬁﬁvof a CS as a result of (CsS-US
pairingg.

Mackintosh’s theory accounts for blocking and for the
aeffects of unsignaled USs in the following way. The rules
for changing the associability of a CS5 stipulate that
whenever a CS predicts an otherwise unexpected US, the.

¥

associabhility of the CS will increase. Conversely, the

-

associability of a CS will decrease whenever the.CS "signals
no chaﬁée in reinforcement f{rom the level expected on the
basis of other events” (Mackintesh, 1975,'»p. 287). In
blocking, C5 A already predicts the US at the time wg;n
stimuluz B is added, so the associability of B rapidly

declines until it is unconditionable. Eence B is blocked.
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Blocking of the CS due to a decline in asgociability is also
said to occur in the case of unsignaled USs. Here, if
unsignaled USs are presented at a sufficient rate, the
background, X, becomes a better predictor of US delivery than
the CS, A, so the associability of the CS declines, and it
does not condition. In contrast to the Reéborla—ﬂagngr
theory, changes in associative strength are mediated by
changes in associability, as well as occurring as a-direct
consequence of reinforcement- and nonreinforcement.
Mackintosh’s the;ry is nevertheless a type of
compaetition theory. The competition is not for a limited pool

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

between concurrently Ivailable stimuli for salience or

'éssociabi;ity. On reinforced trials, the relatively stronger

stimulus undergoes an increase in associability and the

relatively weaker stimulus loses asscciability. Thus stimuli

5\-compet9 with sach other, and in most c¢circumstances only one

of several available CSs will come to evoke ceonditioned
responding.

Other types of dual process learning theory have bgen
offoered (Pearce and Hall, 1980; Wagner, 1978, 19845. The

distinctions between these models and Mackintosh’s theory,

‘although not unimportant, do not warrant elaboration for the

present Purposes. Rather, the distinction between single and
dual component competition mpd&ls is the important issue at

this point. The experiments presentéd in the present thesis
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gpecifically address this issue, and the distinctions that

are. brought out in this reliew will guide the interpretaton

'/;f the data présented in the body of this work.

Not all medels of Pavlovian learning assume that the
Cé competes with other elements, however. A very different
view of gignal learning, which also addresses how unsignaled-
USs interfere with the effe;t of a C5-US pairing, is provided
by Scalar Expectancy Theory or SET (Gibbon, 1977; Gibben and .

Balgam, 198l; Jenkins, Barnes, and Barrera, l1981).° SEI lookgs

to compariscn, rather than competition, teo un@erstand the
ef;ects of unsignaled USs on conditioning. _SET iz perhaps
most _easily approached through a discussjon of trial sbacin%
effects. |

It has been demonstrated in several Pavlovian
ccnditiﬁning arrangements thét the rate at which spbjects
learn to respond to the (5 is determined in part by the
temporal spacing of trials. Long intertrial intervals~lead
to more rapid acgquisition of conditioned résp;nding (on a per

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

and Moore, 196%; Gibbon, Locurteo and Terrace, 1975; Gibbon,

‘Baldock, Locurto, Gold, and Terrace, 1977). This result has

been under investigation for several decades, as no theory or
theory of signal learning would be complete if it could not
account for an effect as basic Ss trial spacing.

¥

SET (scalar expactancy theory) provides one account of

trial spacing effects. According to this theory, Lwo
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independent expectations for an unconditioned stimulus are
formed during conditioning. One of these is the expected
rate of US.occurreﬁce in the experimental setting or context.
. The other is for the rate of US delivery during thé'CS. or
signaling stimulus. According to scalar expectancy theory,
the speed of écquisition of a conditioned response is a
direct function of the ratio (expectancy during CS to overall
axpectancy) of these two independently established
expectancies. Thus long intertrial intervals lead to répid
acquisition of éonditioniﬁg because for a conditioned
stimulus of a given duraticon, longer intertrial duarations
lead to a lower overall expectancy f;r the US. This takes
the ratio of exgectancy ddring the CS to overall expectancy
larger, leading to the faster emergence of conditioned
responding. | - . -

From the point of ﬁieﬁ of this_di;cussion. what is
'interesﬁing about scalar expectancy téeory is that, according
to this theory, adding CS-US pairings teo a conditioning
experiment should have‘the same effect on acquisition as
adding unsignaled USs between trials (Jenkins, et al., 1981).
Both operations would be expecﬁed to retard conditioning, ipd
to the same extent, becasse the“oﬁerall axpectancy is

¥

determined by the avearage rate‘at which USs are presented.
F .

Specifically, expectancied are calculated as mean rates of US

cccurrence, both for the conditioning session as a whole (CS
r

and nonCS periods) and during the presence of the CS (CS
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periods only). Adding‘ai;her a CS-US pairing or an
unsignaled US does not change the average rgte of US

. occurrence in Ehe presence of the CS, but it does change the
average rate in the session. Hence thé ratio of expectancies
is reduced and conditioning is retarded.

- -

Scalar expactancy theory .thus provides an answer to
the problem of understanding the effects of unsignaled USs in
classical conditibnipg studies which is rather different than
the one provided by the Rescorla—-Wagner or Mackintesh
thecries. Whereas these latter theories look to compaetition
between stimuli, either for a limited pool of signal wvalue or
for canditioﬁability, SET, points toward the comparison of
expectancies for the US between the signal and the overall
_context (see Jenkins, et al., 1981 or Gibbon, 1981, for a
fuller discussion).

It follows from the preceding discussion that these
two clagsses of theories can be empirically distinguished &n
the basis of whether or not adding signaled USs digrupts

conditioning to the same degree as adding unsignaled USs.

The evidence on this point is mixed. Jenking et al. (1981}

——,

conducted several studies which did not produce evidence of a

difference between signaled and unsignaled USs, providing
support for SET. These results have been supported and
éxtended in experiments by Jenkins and Lambos (1983) and by
Balsam (1984). Durlach (1983), on the other hand, was able

to show that signaling intertrial USs with a tone stimulus

A



gignificantly reduced the disruptive_effects of USs added
betwesan CS5-US pairings. \

This concludes the review of the exis;ing'literatu:e
regarding the interference with conditioning which ‘results
from unsiéﬁ%led US presentaticons. In the following section,
the bearing of the present experiments oﬁ this igsue is
examined. -

Introduction to the Present Experiments )

The first experiment Iin this thesis-was motivated (iq
part) by a desire to test t;é adequacy of scala} expectahcy
theory as an account of interference from unsignaled USs
in Pavlovian conditioning experiments. According to SET, the
proportion cf USs which are gignaled by the C5 is not a
variable of importance because it has no effect on the
expactancy ratio. On the other hand, both the Rescorla-—
Wagner tﬂeory ané Mackintosh’s theory prediék that this
variable has important effects on conditiconing. The
propeortion of USs which are signaled was manipulated in
Expefiﬁent 1. In addition, SET is En averaging theory:_ The
expectanc;es for‘the us thé; make up -the expectancy ratio are
praesumed to reflect average values for the session; and local
variations in US rate with respect to the temporal loccation
’ Qf trials do not, according to SET, play a reole in
determin;ag the degree or rate of acguisition (Gibbon and
Balsam, 1981). This prediction was also tested in Experiment

1

1 through manipulations in the local (ie. immediately

-
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preceding) rate of US presentation with respect to trials.

The experimental arrangememnt employed in the studies

-

to be reported here is the autoshéping preparation (Brown and -
»

Jenkins, 1968). In this arrangement a spot of light is

projected onto a hinged plastic key prior to the dellvery of _

mixed grain to a food-deprived pigeon (Columba livia). When

these pairings of keylight and food (CS and US) occur.in a .
context in which. no other CSs or USs are presented, pecking
directad at the spot rapidly emerges. This pecking has been
demon§§rated te be'a form of conditioned responding with

properties similar to those shown by conditioned respending

in other Pavlovian conditioning arrangements (Williams and

Williams, 1969; Hearst and Jenkins, 1974).



CHAPTER 1°

EFFECT OF THE TEMPORAL LOCATION OF A CS-US PAIRING

&
IN A TRAIN OF, CLOSELY SPACED UNSIGNALED USs.

Experiment i

Introduction

-

According to Scalar Expectancy Theory (SET), the
proportion of USs in a conditioning sesgssicon that are signaled
by the CS makes no difference with regard to the expected
rate of acquisition of conditioned responding to the CS.
Mereover, the local tempo;al context of a trial with respect
to other USs is not expected to affact the speed of
acquisition. This is contrasted with predictions made by the
Rescorla—Wagner formulation. According to this theory, the

higher the proportion of USs which are signaled by the CS,

the greater the level of cenditiconing to the S is ‘expected

tc be. Furthermore, the local contex: of the :trial is
expected to play a role because it is expected to affect the -
signal value of the context at the time of the Lrial.

-t
I

In Experiment 1, an unusual conditiconing arrangement
was employed in which all the USs in each sgssion were

presented Iin a closely spaced temporal train.
except one, only one of the USs was signaled by the CS, with

the position in the train ¢of the CS-US pa

-
-

e

ng differing

across these groups. For the last group, all the USs in the
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triiﬁfyera signaled by the C5. According te the account of
intesrference due to ungignaled or signaiad USs provided by
SET, all the-groups would be expected tQ acquire at about the
same ra&e. .Accordins to the Rescorla—-Wagner theory, or
Mackintosh’s theory, on°£he othar hand, those éroupa in which
the CS wasgs presented early in the train should show the
highest level of conditioning. The groups for which the CS-
US pairing was presented later in the train would be expected
to suffer gréater interference owing to the éfeater
opportunity for conditioning of the context (or for the
associability of the context to be increased) prior to the
Ccs5-us pairﬁng. Finally, the group for which all the (C5s were
signaled should show the sirongest acquisition, because in
that group there was the least opportgnity for contextual
conditioning. Experiment 1 examined these predictions.
Method - ~

Subijects. Subjects were 87 adult racing homer pigeons

-

obtained from local breeders. All subjects were maintained

s

b

e

on ad 1 tum weight for a: least two weeks after they were

received at the colonyv. They were deprived to 80% of

A

.
ibitum weight prior to receiving any experimental

P
n
[l
b

treatment. Subjects were housed between experimental
sessions in' a single windowless ccleny room. The colony was
illuminated beftween 7:30 AM and 10:30 PM. The temperature

was maintained at 21 degrees centigrade.

Apoaratus. The same apparatus was used feor each

"1

-
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’experiment }eporﬁed in thig thesis. At no time over :the
course of the experﬁments reportgdlhere was any change in the
apparatus'int;oduced. Six modified Lehigh Valley animal
conditioning chambers were used. The exterior dimensions
ware 56.5 em x 40.5 cm x 42.5 em. The interior of each
chamber was partitioned into two sections by an intelligence
panel—;HTEh measured 30.5 cm high x 34.8 cm wide. The larger
of the-two sections measured 30.5 c¢m high x 34.8 cm wide x
34.9 cm deep, but a 7.6 cm high platform was inserted;
raiging the floor and reducing the height to 22.9 cm. The
‘pigeon subjects were placed in this part of the chamber. On
the front of the inteiligence panel were two 3.2 cm square
hinged plastic keys which activated a microswitch when
presséd with a feorce of mere than 15 N. The two keys were
located 1 cm apart,'12 cm above the platform floor and 4 cm
from the left and right inside walls ¢f the chamber
raspectively. In the center of each key was a 0.7 cm
diameter circle which could be illuminated with red light.
The rignht key wés covered Qith tape and not used in any
experiment. . - .

Fou7 centimeters above the platform floor, centered on
ﬁhe piii;(Jwas a 5 x 7 ¢m opening through which mixed grain
could be made available via a scolenoid—-operated hcopper. The
hopper opening contained a 28 vol:t GE 1829 light bulb which
wés lit whenevér”bhe hopper was activated. An infrared

Phototransmitter ancd receiver 1 com behind the hopper opening
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and on either side of it allowed recording when a subject’s
“head was in the hbpper. Hoﬁselightiﬁg was achieved by two

GE 1829 bulbs on the intelligence panél. The bulbs were -

located 3 cm from the ceiling of the chamber and 2 cm apart.
Whiternoise'was always delivered at 70 dB (measured in-the
center of the chamber) through a three—inch speaker -attached
to the rear of the panel. Ventilating fans operated

continucusly in each chamber to provide fresh air.

The scheduling of eyzﬁts was achieved using a

Commodore 8032 PEEﬂ/pé;;ter. Responses to the left key or

the;photocsl{/peam wore measured in real time by a machlne

language polling routine which was called from a BASIC,

-
program. , Listings of all the programs used, which were

written,ﬁy the auther, are availahle upon request.

s

.~ Hopper Training Procedure. The same hopper training

— -

prbocedure was used for evéry experiment reportgd hegg. The
procedure consisted of two stages. In the first stage, the
hopper was raised before the pigeon was placed iﬁ the
chamber. The house}ights and white noise were turned on and
the subject was placed in-the bo#. As seon as the photocell
beam inside the hopper opening was broken, a timer for tﬁat
chamber was started, which held the tray up for LS 3.
Following this, the hopper was lowered for 20 s and then
raised until 15 s after ghe beam was broken again. From this

point on the duraticn for which the hopper was held up was

changec to 4 35, and 18 more USs were given. The hopper
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always femained up until the timer was acgtivated so that a

subject could not miss a_feeding by failing to arppreocach the

hopper. A total of 20 USs was thus given, the first two of
N

lS/g,durétiSF‘and the remaining 18 of 4 s duration. Fifteen

s

r . . .
seconds after the 20th feeding, the houselights:wqqe turned

h Y

of f and the subject remained in'the blacked—out chamber until
the end of the training.session. Subjects were given a
maximum of one half hour to take all the USs. Following
either this period or immediately after all six subjects had
fed 36 times, subjects were removed from the- chamber. Every
chamber opergted independently of all the bthers during this
procedure. Five sessions of this phase of hopper training
were_3;§en on consecutive days;

During the second phase of hopper training, the
procédure‘was changed so that the timers which endea the-USs
were activated as soon as the hopper was raised. Thus USs

wore now scheduled independently of the subject’s behavior.

The time between feeder offset and the onset of the following

-feeding remained 20 s. The program recorded the latency to

enter the feeder for all USs and printed these data folloewing

the session. This phase of the procedure was run for 3

seésions on conqecutive days. Any subject that did noﬁ eat
reliably was removed from the experiment at this point, as
well as other subjects (chosen at random) as needed to bring

the total_numbé}-of birds in the experiment down to 80

sub jects.
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Acquisition Treatments: Figure 1l pﬁéws the procedures
-

used ' in Experiment 1. Subjects were divided at random inté
eight gréups of 10 subjecfs.each. The partlof'éha procedure
common to all subjects was as féllowsc Subjects we;e placed
in the chambers with only the ventilation fans and white
noise on. Approximately 5'seconds after the last subject
had been put into the conditioning chamber, the houselights
were ééiivated and the hoppers gﬁre simultanecusly raised and
held up for 10 seconds. This unsignalgdﬂfeeding gserved to
defihé the start of the first waitigg period in the session.
It had énoﬁher functioq as well.  In autoshaping experiments
it is not uncommon for subjects to display a rigid or frozen
posture at the start of conditioning sessionsg, which is
presumed to-be an emotional response to the stresses of
handling and transport to the chamber. The first feeding
served to reduce the amount of time subjects spent'in Ehis

state.

Following the first 10‘5 feeding, an 880 s wait
(houseligﬁts on, no CSs or USs) was séheduled. At the end of
this wait, a series or train of 16, four—second USs was
presented. The time betwasn the offset of cne US and the
enset of the next was 10.5 s {(see Fizure l). This geries is
hereafter referred to as the train of USs. Following the
train of USs, a second 880.5 wait was scheduled. At the end
of this period, the houselights yeré turned off and subjocts

wera removed from the boxes. All 6 boxes were programmed to
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Figure 1. The design used for Experiment 1. Time is read’

3

along the bottom axis, and the shaded patterns repregent (Ss

and USs. The Figure is not drawn to scale.
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operate identically and simultaneoualy'for all gessions.

The groups differed in terms of which US in the train,

-

of:USs wag praeceded bf a CS. The CS was praesantad by

3 .
-

illuminating the small circle on the. response key with red
light feor 10 saco;gs. The offset of the CS always occurred
égmultaneously with the énset of the US (feeder up). For
seven of the eight groups, only cne CS per éaily sessioﬁ'was
schéduled. For Group B/lst (read "CS presented before lst US
in train”) the CS signaled the first US in the train of USs.
For Grogp B/2nd, the CS was presented .5 seconds after the
end of the first feédingnin the train, and signaled the '
second US in the train of USs. GroupslB/SEQ. B/4th, B/5th,
B/%th, and B/l'6th also received a single CS at the positions
indicated by the designation of ghe Sroup. AﬁAeighth group,

Group B/All, received a CS before each of the 16 USs. When

compared with those groups that received a single €S at

" different locations, this group provides informatioh on the

effect of signaling other reinforcers in the train on the

,acquisition of responding to a C5 at a given positioen in the

train.

Sixteen training sessions were run on consecutive

-

davys. The dependent wvariables of interest were the number of

+

. 1
trials™ presented before the acquigsition criterion was met
(the same as the number of sessions for all groups except for
B/All), and the rate of responding toc the €S ocver sessions.

The criterion for acquisition of conditioned responding was
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at least one responge to the key—light CS on 4 out of 5

consecutive trials. The acéuisition sBcore was the trial
- . T hE
number at_the beginning of the set,of trials 'on which the

criterion was met. Gibbon and Balsam (1981) reported that

this criterion was more reliable than the criterion of number
of trials presented before the first response.

Results . -

x
Hopper Training. By the end of the second phase of _

hopper training, all but 3 subjects were esating grain from
the hopper over 95% of the time. The 3 &ubjects which did
not eat reliably were remov;z from the éxpe;iment at tﬂis
point, along with 4 cther rénddﬁ%y chosep subjects in orde:
to. obtain 80 naive subjects to be divided into eight gfoups

of ten‘squects each.

|8
Acguisition. The number of subjects in each group that

met the acﬁuisition criterion is giveh in Table 1. A Chi-
squared test based on acquired vs. not acquired X group was
highlyﬂ significant, X2(7) =53.33, p < .0l. Examinati;n of
Table 1 shogs that Groups B/lst and B/ALL acquired fully,
Gréup B/2nd showed moderaée acquisition, and all other groups

showed little acgquisition, accounting for the significant

result. There were no significant differences among

The term "trial” has been used ambigucusly in the
learning literature. To avoid confusion, in this thesis the
term trial is used oaly to mean "CS-US pairing™, where both
CS and US are pressnted. Unsignaléd US presentations, and
nonreinforced €S presentations, are not referred to as trials.

-

-:

(L ]



.}

Table 1

Acquisition scores from Experiment 1

-
Group z.éhbjects.acquired Median §cquisi§ion gcore
.Bflst 100 2

A B/2nd ~ 70 o 2
B8/3rd 20 - 2.5
’B'/4th" 10 1
8/5th 10 ‘ 2
B/9th 8 ! -

B/16th 10 14
B/All 100 2
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acquisition scores for those subjects that did acquire.
) Figure 2a shows the rate of reéponding to the CS ovar
segsions for all groups otﬁer than GroupAB/All. which is
considered separately. Figure 2b show§ the total numbgr of
responses made to the CS for the 16 sessions of ghe
acquisition phasgse for the same groubs shown in Figure 2a. It
is clea; from these data that the position in the train of -7
the signaled US had a_large_éffect on thé Hevelopment of
- pecking to the CS. In particular, Groups B/lst and B/2nd-
showéd rgpid dgveldbment of responding te the Cé while
none 5% the. octher groups acquiréd therconditioned response of
pecking to:%S. éroups_B/Srd, B/4th, and B/5th did show some
responding in sessions 2 through 5, but responding was
not sustained and disappeared by gession 6. The.data'iﬁ
Figure 2a were subject to a multivariate profile analysis of
repeaieg measures (Bock, 1975; Morrison, 1976). The .analysis
revealed a significant effect of CS location, F(6,63) =
10.73, p < .01, session, F(15,49) =11.86, B'< .21. and a
gignificant group x sassions inééraction, F(90,§84) = 1.56, p
< .01. Fogt hoc tests revealed no significant differences
in.performance bet;een G;oupg B/lst and B/2nd, nor among
Groups B/Srd; B/4th, B/5th, B/9th, and B/léth.
Total responses over gessions (shown in_ Figure 2b)
were analysed by a sﬁepw;se chvilinear regression of

response totals on the number of USs which preceded the CS

{Group B/ALL was excluded from this analysis). Beth the
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Figure Z2Za. Rebponse.rata tec the CS over sessicns, Experiment

l. Group B/All is not shown in the Figure.

Figure 2b. Mean total responses to the CS for each of the
groups in Expériment l that receieved a single CS per

gsession.

—
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linear and qd&dratic trends were significant, linear trend,
F(2,47) = 6.56, p < .01, quadratic trend, F(2,47) = 18.76,

P ¢ .0l. The quadratic equation accounted for 44.4% of the
total‘v;riance in response totals. Tﬁe decline in responding‘
as the CS was moved into the block over groups is

significantly curvilinear, as can be seen from inspection of

-

Figure 2b. .

éigure 3a shows responding over sessions to (CSs feor
Group B/All in‘the gsame positions in the train wbere the CS
was scheduled for the other 7 groups. These data were '
obtainéd‘within—subjects rather than bebween—sﬁbjects, as in
Figure 2;. For Group B/ALL, CSs at every posgition ;eré
strongly responded to, even where no conditioned responding
was measured in the associated group that was given only that
CS (compare, for example, positi;; 9 vs. Group B/9th).
Figure 3b shows total résponses to the CS at the same
positions shown in Figure 3a. It i3 clear from this figure
that the CS5 at position 1 eveoked more responding than CSs at
the other seven positions. This difference was significant
based on a paired t-test between the total responses to the
cS ét rposition 1 and pooled total respenses Lo CSs ét all i
other pqsitions,'t(9) =“2.45, =3 < .05.

Within—session-response patterns could be assessed only
for Group B/ALL because all other groups received only a

single CS% per dally session. The within—-session pattern of

conditioned responding for Group B/ALL appears to have



Figure 3a. Response rate to the CS at positions 1, 2, ..., 16
over sesgions, Group B/All, Experiment 1. Data are within-
subjects.

H
Figure 3b. Mean total responses to the CS at positions 1,

2, ---. 16 for Group B/All in Expeg}ment 1. ‘Data are within-

~ subjects.
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Figure 4. Within—seésion resporse in Group B/All from

sessions. 2 and 5 of Experiment 1.

£
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changed from early to later sessions. Figure k shows the
within—session pattern of raesponding from sessioﬁ% 2 and 5,
respectively. In session 2, Group B/ALL shoﬁed a substantial -
decline in resgsponding go the CS between the first and second
positions in the train. By éessicnvs’this drop appears.to be .
redﬁced. A statistical -analysis Ef this pattern did not

?eveal a gignificant 1nteractfon between block position and
session. However, comgaring ses;ions 2 and 5 it is evident
from the figure that in session 2, CSs at later positions
received a far smaller proportion of the responses directe;

to the hs in positio; l_than was the case in session 5. In
other words, the curve for session 5 is flagtef than the.
curve for session 2, which resembles the between—groups
"pattern.for Ggoups B/1lst, B/2nd, ..., B/léth. The reasons

for examining this change in pattern over training sessions
will become clear to the reader when Lhe results for Group ~

B/All are discussed in Chapter 3. . ) \\

Dizacussion

The results from Experiment 1 show that wﬁen USs are
presented in a closely spaced train and only one US is
4
signaled,- the positicon of the (3-US pa}ring piays a
substantial role in determining whether or not a CS will be
.conditioned. Trials which wene preceded by ‘as few as two
cloéely spaced unsignaled USs were not effeétive in bringing

about conditioned responding. On the other hand, when all

USs in the train were signaled by the CS5, responding was



acqﬁired to CSg at every block position. This pattern of
results raises two major questions which the remainder of the

- -
thesis explores. First, what is the process by which

;nsign;led USs coccurring immediately p;ior to the CS-US
pairing prevent acquisition of responding to the CS?7 Second,
th does signaliﬁg the prior USs by the CS allow the
#cquisition of.re;ponding toe the €5 throughout the train?
The discussion now turns to a consideration of these two
questions. The implications of these findings for the
theories of cenditioning reviewed in the introduction are
taken up in th; discussion that feollows and again in greate}
detail in the General Discussion of this thesis.

Cbnsider first the results from the single-—-trial
..groups in ékperimént }. Fer the purposes of exposition, the
differential.acquﬁsition measured across the wvarious tempor;l
posiéisné in the feeding train (when the (S appears only at
that position) will be referred to as the "trial location
effect™. What is ﬁhe‘nature of the process by which late
trials in the train are prevented from being.effe&tive?
Consider the following possibilities.

One possible cause of the trial loéation effeét is
satiety. As the number of USs priof to the trial increases,
sﬁbjects ingest moré food, and might bescome relatively
more satiated and tﬁus less likely to respon@ to the CS.

Although this account is attractive for its simplicity, it

does not sqane with the fact that Group B/All responded to
-

»
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CSs at all positicons in the train of USs. Satiation due to
repegated USs would be expe&ted to affect subjects in thi;'
Vgroup as well as the others. Nonethelgss. satiation priocr to
the first encounter with the CS could affect acquigition
differently than satiation which takes place over the courée
of massed trials, and the satiation hypothesis therefore
needs to be tested directly. .
Another wa?'in which preceding USs might interfere.
with a CS-US trial is through inhibition of conditioning
from prior reinfercement. Both Catania (1973) and
Williams (1983) have argued tha£ reinforcement generaktes an
_inhibitory after—effect capable ¢of interfering with
subseguent conditioning. Although they developed the o
evidence -for inhibition due to reinforcement in cperant
rather than in Pavlovian conditioning it is posgible that
inhibition underlies the tfial location effect in
auteshaping. -
The satiety and inhibition accounts are based on
rather different processes, but they are similar in cne
sense. These accounts of the trial locétion effect do
not depend on_asscciaﬁive processes but ratber on
‘unconditional or direct effects of the USs occurring prior Eo
tHe cs-Us pgiring. These accounts may be contrasted with

another class of explanations, tc which we now turn, which

look to associative procesgses in order to explain the trial

location effect.
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Onp possible explanation of the‘triél location effect
;s'Bééed on an associlative process th;t was described in the
Introduction, namely blocking of acquisition to the (S due
to conditioning of the context‘by the preceding unsignaled
Uss* (Kamin, 1969; Rescorla and Uaéner. 1972).» Tomie (1981)
and;othe§s have. provided evidence that contextual blocking
can occur in autoshaping’ (Blanchard and Honig.-l976;-Tomie,
19753. 1976b; Baker and Ma&kintosh. 1977; Randich and
Lolorgo. 1975). ' l

-~ -

A fifth possible accoung of the trial location effect is

offered by scalar expectancy theory. The design adopted in

Expariment 1 might have eliminated scalar expectancy theory !

{(SET) as an account of the trial location effsct except for
the unexpectedly rapid acquisition which was measured-in Ehat

study (see bglow). Although scalar expectancy theory is an

avaeraging thgbry. the averaging is presumed to take place at

-
L}

the time: each US is presented (Gibboﬁ and Balsam, 1981).

.Thus as each US in the train was presentea in the first
session, the ovérall expectancy for the US increased. Thig
-increasé leads in turn to é decrease in the expectancy ratiq
for .the CS, which, acbording to the theory, will decrease the
.p;ogébility of-;esponding tp the CS. It is conceivable,
therefore, that tge deterioration in the expectancy ratioc as
thé position of the trial is moved further into the block is
responsible %or the trial location effect. This account is

Plausible in the light of the extremeiy rapid acquisition

< -
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measured in Experiment 1,_which indicates that-the‘first
trial had a large effect.“ Hence prior USs might act teo
disrupt learning which would otherwise result from the tfial
in a fashien wnich is consistent wifh scalar expecpancy.

theory (SET).

There is, however,-a probiem with thie account. The

_durations of the wait before the train and of the wait in the

CS may be used to calculate the expectancy ratio for the C5
at any location in the train. If these values are compared
with the values reported ;n several published studies (eg.
Gibbon, et al., 1977; Jenkins et al, 198l; Jenkins and
Lambos, 1983), the number of subjects that acquired in

g&e B/3rd through B/léth groups of Expe:iment 1 ii expected
Eo'be far higher than was found. For example, the value of
the expectancy ratio at the %th positzon is 10.7:1. Gibbon
et .al. (1977) report that 100% of subjects exposed to an ;
expectancy ratio of 8:1 or 12:1 acquired conditioned
responding. But in Experiment 1, no subject in Group B/94h
emitted more than 6 reeponses to the CS, and all were made In

the first two sessions after which responding ceased

,completely in all subjects. The account offened by SET is

therefore, not in accord with 'the data on the trial location

effect.

-

It is, however, possible to moedify SET to accommodate

the results on -the trial location aeffect (from.the single CS

location groups). Although the present statements on SET
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(Gibbon and Balsam,,198f) assumea that ekpectancy for the US

is the arithmetic average of variable interUS intervals over

.

the.experimental context, this assumption could be modffied
without changing the basic conception of the theory by
assuming.that recent interUS iritervals receive a heavier

weighting in overall US expectancy than intervals more

distant in time. Another way to express this is to assume

that the averaging of variable intervals is exponential rather

than linear. Asg the CS is moved further into the train the

number of recent short interUS intervals grows, so

exponential averaging (rather than linear) might accouht for
the trial location effect. Killeen (1981) has provided a
formal theory based on the concept of an expdnentiall}‘

waighted moving averége to account for effects of local’
. . .
averaging.

These four hypothetical accounts of the local contex:

- . .
effect (satiety, inhibition, context blocking, and

-

exponential avergging within SET) are considered in further
.detail in the discussion of Experiments 2 and 34, which
provide empirical evaluations of these possibilities.:

There remains another possible cause.of the trial
location effect. Unsignaled USs occurring regularly just
prior_to the trial might int;rfere with acquisition to the CS’
by acting as ,alternative signals to the trial CS (Egger and.
Miller, 1963; Jenkins et al., 1981). If so, acquisition tol

the keylighﬁ CS might be blocked (Kamin, 1969). The blocking
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stimulus would not be the conte#t, as in the Regcorla-Wagner
thecory, but a prior US servin§ as a ;ignal-of the next US.
Suppert for this notieon ¢an be founﬁ in.the literature.

Egger and Miller (1963) showed that USs delivered immediately
priof éo CS-Us pairinés (in.their ”reduqdant" group) could
pravent conditioping that would otherwi;a raegsult from the
pairing‘(as @éasured iq a gréup for which'tﬁe ;re-trial USs
were delivered at other times during the sassio%,'their
"simple condiﬁioning" group). Eggér and.Miller k1963).held
that thié result was due to the differénce in the

predictiveness of the intervening stimulus between the

redundant and simple conditiconing groups. They write "...Ehé
first pellet élways predicts the delivery, 2 sec. later, of
three additional pellets....?hus the iﬁtervening stimulus is
redundant, even though it is folloéed by primary reward”
(Egger and.Miller, 1963, p. 133). Theirwproceduré for

>

establishing the intervening stimulus as a reinforcer was

»
.

Pavlovian conditioning: . Their result implies that the
associative strength of the interven%ng CS was lower i; the
redundant group because the pre—trial,ﬁs signaléd the post—-
trial USs, 'interfering with cenditioning. The procedures
used in Exﬁeriment 1 for the groups that received the pairing
at positions other than the front of the train are

procedurally analagous to those used in the Egger and Miller

{1963) study.

The trial location effect may, .therefore, involve
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competition between the keylight CS and precéding USs acting
as sisﬁals.- This hypothesis ig tested directly in
Experiments 3 snd 4. Discussion of the rasults'from Group

B/All is_postponed until Chapter. 3.

e



CHAPTER 2 '

EXPERIH?NTS 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

A

Experiment 2

Introduction,

In-the discuésion Af the {gsults of Experiment 1, it
w#s mentioned that satiety might provide a simple,
nonasso;iative account of the trial location effect. As more
USs-precéde'the trial, subjects might ingest enough grain to.
become satiated and‘fail to acquire conditionéd‘fespondingr
Another nonassociative account of the trial location effect
considered above was that.conditioning ﬁo the trial cue might:

be disrupted by inhibition generated from pre—trial

reinforcers.

These two nonassociative accounts of the trial

location.effeét make a similar prediction. If either
satiation o} inhibition from the USs in the train Qere
interfering with conditioning of the (S, gaen on the
plausible asgsumption that both satiation ;nd inhibition would
increase with the magnitude of reinforcement;la longe; pre—
trial US woulalﬁe expectaed to cauze more <disruption ;haneone
of short duration. Expériment 2 was designed to test this

hypothesis directly'using a simple design. Two groups were

Y

) . 39
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compared using the B/2nd proéedure'from Experiment 1, where
the_éinsle daily CS preceded the sacond US‘in'the*trgin. The"
sroups &iffared only in the duration of the first US in the

»

train. For one group, the first Us iﬁ’fhe tréin (o;éurring"
immediately prior to the.trial)‘was madé to be 16 seconds in
duration. For the other group, the duration was the usual 4
seconds, as in Experiment 1. Thus for this group the
duration of the US which preceded the trial was edual to the
total duration of the 4 USgs which preceded the trial in group
B/5th of Experiment l. If Group B/é?g in Experiment 1, which
showed vefy little acquisition, did not acqui}e because of
preftrial inhibition or satiation, then the group which was
given the 16 second US befﬁre the trial in ﬁhe present
experiment shouid also not écquire.- 1f, on the other-hand;
the duration of the US pr%gfﬂto‘the prial did not play a reole
in Experiment 1, then both groups in the current s;udy should
show the same level of acquisi;ion_as Group B/2nd from
Experiment 1.

Method

Subjects. Twenty-four experimentally naive racing homer
pigeons were ﬁaintained at 80% of their free—feéﬁing weights.
érocédure. Subjects were hopper trained according to the

same procedures used in Experiment 1. Following t?is.

subjects were randomly assigned to the. two groups used in

this experiment.

The design of this experiment is shown in Figure 5.



41

Gfoup Short B/2nd was treated idénticalf; to Group B/énd_in!
Experimentdl. Group Long B/2nd was also treated idenéically
to Group B/Znd (ﬁxperiment 1) except that the first feeding
ia the train was changed fromlé g8 to 16 2 in duration. All
other session parameters and procedures were identical to
those used for Group B/2nd in Experiment 1. i

The experiment w;s ;un in two replications with six
sub jects per group in each replication. As in Experiment 1,
16 acquisition sessions were given.
Results

Figure é shows the development of responding to CS
over tﬂe 16 sessions of this study. Both groups showed
partial acquisition to the CS5. A profile énalysis of
_repeated measures revealed a significant main effect of
sessions, F(l15,6) ; 4,39, p < .05, but no significant effect
of gro&p (4 second vs 16 second prior feeding) and no group

~ -

by session~jnferactionl- :

fh@\results for the groups run in this experimeni may ‘

be compared with those of Group B/5th from Experiment 1. The

mean total responses. t¢ the CS over the 16 sessions of

There was in fact a significant difference in the
effect of feeder duration between replications for which no
explanation can be offered, as two groups of naive subjects
were given identical procedures approximately one month
apart.=— It is interesting that the effect of feeder duration
was in opposite directions in the twe replications. In
neither replication taken alone was there a significant
effect of feeder duration; therefore data were c¢ombined over
replications. v



Figure §.\The_design used in Experiment 2. The amount of
food presented befo;e the trial in Group Long B/2nd is equal

to the amount received by Group B/5th in Experiment 1.

-
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Figure 6. Response rate to the CS over sessions, Experiment
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acqufbition training for thege three groups were: 95.1 for
Group Short B/2nd, 106.1 for Group Long B[an; énd 5.1 for
Group B/5th (Experiment 1). The groups. differed ]
sighfffcaﬂély, F(2.313'¥_§.7, p < .05. a ﬁlanheﬁ comparison
of Groups Sho;t B/2nd and Long B/2nd with Group B/5th from‘
Experimgnt l was found to be highly significant, F(l,31) =
7.31, p < .02.

It is also interesting to compare the two éroups from
the present séudy with Group B/2nd from Experiment 1. The
mean number qf total responses for this group from thg
acquisitioﬁ’phase was 167.0. Allhough this figure is higher
than ‘that associated with either of the two groups in the
current study. the diffgrence‘betwéen this mean and two
means from this experiment is not significant based oﬁ'an
ANOVA (F(2,31) = .802). |

-

Discusgion

s

Thfs experiment eliminétes-tﬁe inhibition and satiety
hypothesss as’accounts of the trial location effect.
The duration of the US presented immediately prior ,to the
trial was found not to affect the acquisition of responding
to the trial and therefgre could ndtlbe resp;nsiblé for the
much greater in£erference with gcqui;ition at the B/5th
positipn_as compared with the B/2nd position in Experiment 1.
If reinforcement—produced inhibition or satiation were

interfering with conditioning to the trial CS at the late

block peositions, then a larger reinforcement woﬁld be

&
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expected to result in either more inhibition or more satiety.
If this were true, Group Long B/2nd should not ha@a responded
to as_great a degree ag Group Short B/2nd; in fact the mean
for Group Long B/2Znd w§s_greatef than that aséociated with
Group Shert B/2nd. ?Further evidence that the trial location
effect does not result from either of these ?rocésses is

provided by Experiment 3.

Experiment 3

Introduction

In the discussion of Experiment 1 several hypothetical
accounts of the érial location effecgﬁbased on associative
processes were suggested. Tolreviewf these are the context
blocking account, the modified scalar expectancy account, and
the accgﬁht based on blocking from one US serving as a signal
for the next in the train. The present experiment'was‘aimed
at empirically differentiating among these accounts.

‘The-.strategy of Experiment 3 reliea on a difference
between the first two alternatives and the US signaling
account. The context blocking and exponential aveQaging
hypotheses depend entirely on those USs which grecede the
trial, but the US signaling account depends both on the USs
prior to the trial and on the subsequenﬁ‘opportﬁnities to
learn that one US predicts another in a short-time. Hence 1if
the US signaling aééount‘were correct, the manner in which

USs are preésented following the trial might determine the

degree of interference due to the pricr USs.
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The choice of design for the present experiment was
guiﬁed by the distinction brought out above. In several-
conditions tpq.pra—érial contexts'wére identical; but
followiné the trial the temporal distribution of USs differed
for each group. Specifically, the proporfion of USs which
closely followed one another was varied across Eroups. If
the interference at later locations in the train were due to
pre—trial USs being aétablisﬁed as signalg for a clesely
following-US, then the proportion of USs in the session which:-
"follow one aﬁother after a short interval sﬁould plaw a role
in egtablishing those USs‘as éignals. According té the US
signaling acciynt, the higher the proportion of-USs'which
lwére followed closely in time by another US, the more they
should interfere with the CS;US pairing.

. ‘ Suppeort for this contentigk is found in a previously
published report. Recall that Egger and Miller (1963) were
agie to show interference with cénditicning of a CS by
presepting a US Just prior to the CS—US pairing (their
"redundant” group). They ,also includ;d an Tinformative"
group in that study which received the same procedure used
for the redund;nt sSroup except that unsigngled USs weras
presented randd;ly during the intertrial intervals: The CS
showed significéntly more conditioning in the informative
group than in the redundant group. According to Egger and

Miller, the difference between these two groups is due +to the

disruption of the signal value cf the pre—t%¥ial US owing to
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the unsignaied intert;ial USs. The procedure used in
Experimeﬁt 3 was based on a similar argument.

The-procaaﬁre for Experiment 3 is s?own in Figure 7.
For every group the daily procedure was identical up to and
including the part of the seszion where the trial was
scheduled. This procedure was the same asg thag,usgg‘for
Group B/3rd in Experiment 1. ThHe present study provides a

. .
direct replication of that procedure, shown at the top of

Figure 10, labeled Group B/3 Train% For Group B/3 Random, -
- !

-

the remaining USs in the train were presgsented randomly over
the session in runs of one and two USs. The éxact
'dist:ibution used varied each session‘in accordance with the
random event generation routine in the scheduling program.,
The ‘prediction was that if the temporal distribution of USs
following the trial were altered such that one US could not
be used teo predict that another was soon to follow. gubjects
would show acquisigion of conditioned respeonding at positions
wpere it othérwise would not ;merge. Three other groups were
iﬁcludad. For Group B/3 Triplet the USs were dalivered in
closely spaced runs of length three, separated by vafiabla

-

durations. For this group, two—thirds of the USs were

.

closely followed by another US. Group B/3 Split Train was’

included to control for the difference in the immediate_post—

trial context of the US beiween Groups B/3 Train and B/3
Random. For this group, the rémafnder of the train was

presented intact after a wait of about 8 minutes. Fourteen

+
s

r



- .
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Figure 7. The design uged in Experiment 3. The procedure for
each group is identical up to and including the Eime of the
trial. Groups differ in the number an& temporal distribution

of USe following the trial.
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of the 16 USs in the train were followed closely in time by

another US. - If the trial location effect were caused by USs

. acting as blbckins gtimuli, then this group would be expected’
to ;how.similag acquisition performance to Group.Bfé Train. |
Finally, Group‘BIS Only received only’ the fiFst three USs in
the train and neo other USé in the session. ‘The purpose of
this group was to assess the effects of three prior closely
spaced USs §n conditioning in tﬁé abgence of other ﬁSs in the
gession. L
Method
Sub jects. Sixty experiméntally naive édult racing homer.pigeons
were used. They were maintained at 80X of their ad libitum
weights.
Proceduré..There were five groups of n=12 subjects each_used
in this expefiment. Group B/3 Train was a replication of
Group B/3rd in Experiment 1. The remaining-four differed
from Group B/3 Train only with respect to the number and
temperal distribution of USs following the trial. Fer alil
the other Grogps, there w;s a wait (no CSs or USs£ of at
least 188.5 s which began immediately following the trial. ’
This time period- corresponds to the time that would have |
passed if the remainder of the t;ain had.béen ;chéduled as it
had been for Group B/3 Train.

Aftér this wait, the groups received the followiné

treatmonts. B/3 Random differep from Group B/3 Train in that

the remaining 13 USs in the train were distributed in runs of
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Yength cne or two USs dverAthé last 380 seconds of the
sessién with irraguiar time intervalé separatigg the runs:
(seé Figure 7). Hhan-USs ware d;livered in pairs'they were
-separated'by.id.s saconds, as they.would héve bean in the

train. Between runs, .there was a minimum 43.5 § and a mean

of 79.7 s. Three runs of length 2 and seven of length 1 were

r
-

given in each sess;on. .
| G}oup B/3 Triplet received a procedure similar to

Group B/3 Random except thé& the remaining USs always
"oeccurreds in runs of three. There were four‘runs of length
three-with a mean separati&n‘of 172.5 5. As with Group B/3rd
Random, the initiation of the runs over the last 880
seconds of the session occurredhat random times aexcepit for
the restricti;ns imposgd by the 43.5 éiminimum Qait betwaen
runs.

Tﬁé fourth group in this study is Group B/3 Split
Train. In Eﬁis condition, the.;emainingIIS USs in the train
(which followed the trial immediately for Group B/3rd-Train)
wereae instead pre;entéd in a train after a delay of 535
seconds. The USs ocgurred with 10.5 s separation. Hence the
train was split inte two parts of‘unequal length: the ff;él
part three USs long and.the second part 13 USs long.

The fifth and last group is Group B/3 Only. ‘for
this group, the remaining USs in the train were not

delivered, and a l.Q68.5 s walt foilowed the trial. The

session ended after this wait was over.
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Sixteen sessions of these procedures were run for each .

group. . L ) .

Regults ]
Table 2 shows Ehe percentage of subjects in gach group
that acguired and the adqﬁisition scores for subjects tﬁat
did. acquire. The nﬁéﬁer of éubjects that acquired among
Eroups differed gignificantly on a CHi—Squared test, X2(4) =
29.9, p < .00l. Examination of Table 2 indicates that Group
B/3 Rahdom acquired_fﬁlly, Groups B/3 Only and_B/§
Tripleﬁ,showed partial'acquisition; and GrgQ?s B/3 Train
and 8/3 Split_Block showed very marginal acquisition (1 oﬂt:
of 12 squec£s in each case). As in Experiment_l, the

/ .
acquisition scd?es for those subjects that did acquire did

pot differ significantly.

Figure 8 shows response rate to the CS over sessions’
for all groups. Response rates are in general accord with
acquisition frequencies. The data in Figure 8 were analyzed
via pfofile_analysis. The analysis revealed a significant
main effect of sessions, %(T314I7’= 2.98, p < .01, a
significant effect of treatment, F(4,55) = 3.29, o < .02,
and a marginally significant treatment by session interaction
F(60,158) = 1.50, p < .05. A comparison contrasting Groups
B/3 Train and B/3 §plit ?fain with the other groups
(collapsing over sessions) revealed that the difference

between these sets of groups was highly significant, F(l,55)

= 12.35, p < .001. This comparison supports the hypothesis



Table. 2 ) -

Accuisitic;n scores from Experiment 3 ) -
Group _ 4 Subjecgs scquired Median Score
B/3 Train cegT3 . 2 4
B/3 Split Train _Bl 8.3 . . 2
. B/3 Random 100.0 . 6
B/3 Only _ 66.7 3
-B/3 Triplet - . 50.0 2.5
L ] E
F
&
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that the trial loéation effect depends on the extent to which
the occurrence of one US predicts that ancther US will follow
clésely in time. There were no .significant differences ‘among

Groups ‘B/3 Random, B/3 Only, and B/3 Triplet.

Discussion : : - . .

These results support the US to US signaling account

of the trial:location effect. The percentage of subjects

-

that’ébquire& in each greoup was a function of the proportion
of USs following the trial that were followed closely -in tiﬁe
by anecther US. When this proportion was reduced
sufficiently. the interference seen in Groups B/3 Train and
B/3 Split Train was sggnificantly reduced.: The fact that -
ccnditioning ﬁf the CS at position 3 could be brought about
by manipulating the post—-trial diétribution of USs suggestg
that cémpetition from USs gcting as signals is tha cause of
the trial location effect. At the séme time; these :esults
show the inadequacy of any account of the effect which looks
solel?rto the pre—grial context. Such accounts include the
exponentiai averaging medification to scalar expectancy
theory discussed above, the satiety account, and the
inhibition account. Moreover, the fact that the pre—trial
context was the same'for_all Eroups eliminates a ;ontext
blocking interpretation. If conditioning of the context were
interferin%bwith the acquisition pf cenditioned responding to
the €S, such contextual conditioning would be expected to be

the same prior to the trial for all of the five STOUPRS.
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However the ZEroups differed in pepfofmance basad on tﬁq'
'temporal distribution of USs following'thg trial. Tﬁese
resuita estgblish that the source of the trial location
effect is ébmpgtition for associative st%ength from
ﬁnconditioned gtimuli occurring pria;_to the bShUS-pairing.
The-fact that uﬁsignhied U%s can act as sighals for
each pther in the autoshaping paradigm ' is a novel finding.
In the general q;scussion-of these experiments, the role that
this type of US signaiing could Play iﬁ a variety.of other,
more common cond{i&onihg preparations is considered.

Presently, the results of this experiment raise another

question.

Recall that in Exper;ment 1, th; group that received
the CS-US pairing at the second position i? the prain {(Group
B/an)'showea ovéf 693 acquisition. Considering that Group
B/3rd showed almost no responding to the CS, why dié the
B/2nd subjects show 50 much acquisition? If th érior
closely spaced USs are sufficient teo interfere with
c%nditioning {when all the USs are closely spaced), why is
one US pot enough? One possible answer is simply that two
USs provide a better signal than one US, even after the USs
are established as signals. In fact, it is possidble that the
massing of US presentations experienced by subjeq}s during
tray training plays a role in the égterference s&bsequently

measured when the €S is introduced. If so, two closely

spaced USs could serve as a cue that USs are currently
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. magsed, whiie a single US such as the one preéen;ed aé the
start of the segsion might not. | ‘

‘ Another tentative answer is that responding to the CS‘
at position 2 dévelops before subjectd learn that when one us
occurs, another-wili soon follow, bﬁt by position 3, (after
Ju;t two‘USs) the US has become a signal tﬂ;t another US will
follow. Ih‘any case, if responding to the CS at pogition 2
is'acquired befbpe'éubjects digcriminate that USs are clésely
spaced..sueh responding might gfrsist even if gubjects -

subsequently learé that USs signal one another. In other
words, it is suggested that US to US signaiiﬁg can interfere
with the acquisition, but not the maintenance, of conditioned
responding. o

The preceding accéunt needs explication. Assume that
different predictors of the US compéte for predictive
strength, and further that the first source which acquires
such-stréhgth will block-out other sources. This is akin to
the competition assumption of tﬁe Rescorla-Wagner theory
(Rescoria and Wagner, 1972). In the present series of

- experiments, the two sources which compete are the trial CS

and the previous US. The US is estaﬁiished ags a predictor as

a result of the repetitibn of USs in the train or during
ﬁopper training, but because USs also occur singly (at

th% start of the session), at least two USs are necessary to
signal that subsequent USs follow in a short time. The trial

CS also predicts the next US. According to this wiew, the



question of importance is which is established as ;.Bignal-
first, the CS or the precéding US; The answer is that for
the arrangement used in Experiment 1, it depends on the
location of the CS in the block. The further into the train
;ﬁat’the CS is placed, the more likely the subject will
discriminate that USs are massed (and therefore each US
Apredicts thé next US) before the subject learns that the CS
predicts the US. Given the data from Experiment 1 it appears
that pogition 2 is a half way peint in_}his competition for
associative strength, and hence gréups receiving this
treatment not only show partial acquisition but high
intersugaect variability.

This view has several implications. One of these,is

o

"that the development of US to US signaling must either be
lrapid, being complete in a sizgle exposure te the train of
USs, or be estabTEgEed during hopper training. This is not
unusual, however. In other autoshaping studies, acquisition
has been demonstraﬁed to be complete in less than six trials
{eg. Jenkins et al., 198l). It is therefere, not unlikely
that the USs could be established as signals before or

some time during the first session. Another implication-of
the view that the CS ;ompetes for conditioning with the USs
in the train is that if learning about the témporal
distribution of USs in the session, including the single US

delivered at the start of the session, is egtablished

before the subject has experience with the (S, acquisition to
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the CS should be blocked, even at the 2nd position, where in

original training acquisitiorn would be moderate. This

{fmplication was tested in Expariment 4. '
Expariment 4

Introduction

The preceding discussion implies that 1if the CS-US

pairing appears ai an unfavorable posgsition in the train at

the start of conditioning. so théE the US to US siénaling is
established before the CS becomesgs a signal, then shifting ths

. _ 4
location of the CS so that it precedes the Znd US in the

trainrsﬁould have no effect. On__the other hand, shifting'the
positio%:of the. CS to the first position should bring aboutn
strong acquisgition éince the blocking. stimulus (the first US
in tﬁa train) will not yet have occurred. This implication
was tested in Experiment 4.

ﬁethod

Subjects. The 70 subjects were the same ‘as those used in the
single location groups in Experimént 1 (B/ist, B/2nd, ...,
B/l16th but not B/All);/;Subjeéts were maintained at 80% of
their ad libitum-géights.

Procedure. Experiment 4 is a follow up study to Experiment ll
and was actually run immediately following that study.
However, because the implications of-these data were not
fully understood until Experiment 3 was completed, these
raesults are presented in a different order than the order in

which the data were collected.
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The position of tha CS in the train of USs was changed
for some of'the groups in Experiment 1 but not for others.
-Groups B/lst ana B/an‘continded to receive the gam;
treatment as in Experiment 1, but all other groups.received a
new treatmenﬁ. Each of the other groupg except Group B/All
was divided at random into two groups of five/pigeons each,
and one of these groups was now given the gsame treatment
being given to%?roup B/lst; the other received the treatment
given to Group B/2nd. )

Six sessions o% these treatments were Eun. The
dependent variablgé of interest again were acquisitibn speed,
rate of responding to the CS over sessions, and total number
cof responses:emitted during each phase.

-

Results

The results from Experiment 4 are presented in Figure
9. As can be seen in this figure, the shift to the B/lst
ﬁrocedure brought about rapid developmen% of responding to
the CS, replicating the effect of this procedure from

.
Experiment 1. A statistical comparison of responding over

the first 6 sessions between the %roup shifted to the B/lst
procedure in th; présent study and Group B/ist from
Experiment 1 reveéled a significant main effect of sessions,
F(5,14) = 12<79. p < .001, but no significant difference
bétween groups, F(l1,18) = 0.66, and no group by sessions

interaction, F(5,14) = 1.33, p < .4. This comparison

indicates that the reg&i&iaiyomkihe group shifted to the

~—



Flgure 9. Response rate to the €S in the last three sessions
of?Experimant 1 and.the gix gessions ¢of Experiment 4. The
group labeled "—>B/l" i=m compriped_of those éubjects from
Groups'B/Brd,A.... B/léth in Experiment 1 that were
subgequently shifted to the B/lst procedure. The group
labeled "—-—>B/2" 1is comprised of ﬁhe subjects from Groups
B/3rd, ..., B/léth in Experiment 1 that were shifted to the
B/2nd procedure. The .subjects in Groups B/l.aﬁd.B/Z were the

same subjects from Groups B/lst and B/2nd in Experiment 1 and

"continued teo receive the same treatment ag in Experiment 1.
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B/lst procedure are quite comparable to the group that
originally waé expoged to this procedure.
Those subjects shifted to the B/2nd procedure did not

acquire conditioned responding to the CS, whereas thosge

trained under the B/2nd procedure from the outeset (Experiment
1) did acquire. A single feeding pridr to the trial.can -
block respénding to a CS when there has been previous
exposure to the train of USs.

Discuséion

The results of Experiment 4, when compared with
certain results obtained in Experimen; l, lead to the
following summary. When subjects are trained from the ocutset
with the €S in the second posgition, (i.e., after the first US
in the train and begbre‘the ﬁecond). a substantial level of
conditioned responding develops (Experiment 1). If, however,
they are first trained with the CS presented in a later
position iﬁ the train, where conditioned responding deoes not
develop, and are subsequently trained with the CS shifted
forward to the second position, very little conditioned
rgsponding develops. This is what would be expected'on the
view that US to US signaling c¢an block CS to US signaling.
Péior exposure to the train of USs would establish the first
US in the train as a signal that. subsequent USs will follow
in a short time. When the CS is sgifted forward in the train
to a position in which it wouid normally condition, the

already acquired signaling function of the first US in the
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train blocks conditioning to the CS.
The group which was shifted to the B/lst procaedure in
the present experiment responded indist{pguishably from Group
B/lst in Experment 1, which received that procedur; f?oﬁ the
outset of training. There was, therefore, no evidence for
latent acquisiticon to the CS.during training in a late
posgsition. Rather, it appears that the CS was not conditioned
until its location was changed so that it sigﬁaled the very

-

first US in the train.
The equiﬁalence in the rates of conditioning between
the shifted group and the group originally exposed to the
B/lst procedure has another implication which neegs'to be
considered. The block;ng account assigns the loss of
conditibnébility to exposure to the train of USs prior to
the receipt of the CS in a normally conditionable 1o%§tion.
The subjects in Experiment 4 were, however, alsoc exposed to
the CS in a position where it does not condition prior to
their exposure to the €S in a conditionable position.
Another possgsible account of the results from Experiment 4 is
that exposgsure tp the €S 'in a position where it does not
condition might degrade the CS (the animal might learn to
ignore the CS) and this, rather than blocking from US to US
signaling, might be responsible for the subsequent failure to
" condition when the €S is shifted forward. Against this
account is the observation that if the CS'is shifted forward

=0 that it precedes the first US in the train, it cqnditions
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as rapidly as it does whén i; is gresented in that position
'from'the oﬁtseé_of t}aining. The Cérddes not; therefore,
appear to be dééradad b} being exposed in anrunfavoréble
location. The results éf the péesent éxper{ment 1eﬁd further
suppcrt-to #n axplaﬂation’of the trial location effect in
terms of blocking by US to US signaling.

The discussion now turns to the analysis of the B/All ~

N

group in Experiment 1, about which very little has been said

to this point.



CHAPTER 3

EXPERIMENTS 5 THROUGH 7:
A TEST OF THE HYPOTHESIS THAT kESPbNDING TO THk cs LATE-
IN THE TRAIN WHEN ALL USs AﬁE SIGNALED IS SOLE;Y THE-RESULT
OF GENERALIZATION FROM EARLY TRIALS IN THE TRAIN

/

Experiment 5

Introduction .//

The trial location effect is interpreted as the result
of blocking of Pavlovi:n conditioning by pre—trial USs which
themselges become signals for the trial US. The resultq df
Experiment 1 showed, howéver, that blocking is preventad.whﬁn
all of the USs in the train are signaled by the C5. Why does
gignaling all the USs in the‘train attenuate blocking from US
to US signaling? R ‘\\ﬁ,/f

Examination of the change, over sessions, in the
pattern of withi;—session responding in Group B/All in
Experiment 1 (see Figure 4, p. 30) suggests that responding
in this g?%ﬁp'appeared firat to CSs early in the train and
subsequently to all the CSs in the train. This pattern
suggests at least two hypotheses for the origin of responding
ts the later trials. First, this responding may have

appeared as a result of genqralization from early 39 later

positions of the CS. In other words,‘the rgason that

64
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B S vow

' gubjects respbndad to the CS when it was presented at later

.-

positions was that it resembied (identical except for
posiéion) the CS which was conditicned at the front. of thed
train. Second, conditioning of the CSs at the front of -the
trainﬂggy have made poésible independent conditioning %j
the éSs presented late in the train. If so, a component‘of
3eneralization.miéht'be involved, buﬁ migh% not be the sole
. ) b 3 :
caus; of responding to CSs later in the train. ®
How might the conditioning of Cés.eariy in thé train
of USe make conditioning later in the train possible? A&
-possibility which has been described previcusly ig -that
;ignaling_;he USs at ﬁhe front of the train prevents
conditioning of the context ané therefore eliﬁinates
competition\fgf asgociative gtrength from the context.
Several reséarchers have found significant effec?s of ..
signaligghintertri§1 USg with another signal on acéuisition
berf;rménce‘to the trial CS (Durlach, 1983; Tomie, 1981;
Randich and RABé, 1984)."Théwéxggriment reported by Durlach
-(1983)7is the most relevant to the arrangements psedyin the

present‘experiments. Durlach (1983) showed thgg;whether a

keylight CS came to élicithcondftioned rogponding depended on -

T e .

. whether intertrial USs were rignaled by a tone. She -

_'coqciuded that the tone prévented the context from becoming a
gignal; and in so doing prevented the context from
”intérfering wi;h“acquisition to the geylight CsS. Perhéﬁs the

€CSs im the train act in the Same fashion to prevent context

-
2

L - .



'cond;tioning.-thé-'revention of the trial location effect

through signaling/ might se. |
:Oﬁ the other hand, responding, to trials laté in the.

train may reflect only the conditioning of a CS earlier in
the t;ain. The qonditioning of the CS in one_position could
rasult in respénding té‘the CsS }nllater positionsg either
through generalization, as mentioneéhabove, or by enébling
CS—Ué pairings late in the train to produce conditioning. ©OfF
course, some combination of generalization and conditioning
could»al;o be Iinvolved. ¢
- Exﬁ?rimenp 5 attempted to provide empirical support

« for either the context blocking interpfetaticﬁ or the
generalization (possibly plus conditioning) interpretation.
Like Experiment 4,;Experiqent 5 was a follow up study to
Experiment 1 and was run concurrently with Experiment 4. The

procedure for the B/All group was altered by removing the CSs
from the 2nd through lgth locations in- the train. This should
allcw the ;onteﬁt to become conditioned by the now unsignaled
USs batweeh.tthfirst and last positions in the train. If the
gtatus of the\contpxt_ft the time of the trial played a role
in the qpndiéioned rasponding to the CS. at posifisn 16, then
responding to the CS at position 16 should be reduced compared

- with the leve;'maintained when all USs wero slﬁnaled.

reflecting the role of the signal value of the context.



Method

. Subjects. The subjécts were the 10 pigeons which made up

67

Grotup B/All in Experiment l. Subjects were maintained a? 80%
of their ad libitum weights. /) (

Procedure. The.procedure used for Gro#p B/All in Experiment 1
wés changed by rémoving the Cé_from the 2nd through 15£h
positions of the train o% USs so that only the first and last
USs in the train were signaled by the CS. All othéer
parameters were identical. Six gessions of this treatment
were run.

Results.

Figure 10 shows rifponding to the lst and lé6th CSs in
the train over the last 3 éessions_of Experiment 1 and the 6
sesgions of Experiment 5. It is clear from this figure that
responding at neither ‘location was a?fe;ted by the removal of
the CS as a signal of the interven;ng 14 USs in the train.
The mean rates to the lst and 16th CSs on the last session of
Experiment 1 were 2;96 responses per s (SD = 1.21) and 2.07

reshonses rper g, (SD = 1.60) respectively. ©On the last -

session of Experiment 5 the means were 2.52 (SD = l1.£4) and

©2.02 (8D = 1.37) responses per s. The difference between

these two sets of rates deoes not approach significance.

Discussion

The fact that removing the CS from all but the first
and last USs in the train did not affect respondlng at

posxtich 16 is contrary to the hypothesis that respondlng in
/ Y
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Figure 10. Rate of responding to the CS at pcsitions 1 and 16
over the last three sessions of Experiment 1 and the gix

sessions of Experiment 5. The designations along the

-

abscissa are of the format "Experiment Number, Session™. The
- *
CS was removed from positions 2 through 15 following session

1,16.
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Group B/All throughout the train is due to the prevention of
context conditioning. Since the 14 intervening unsignaled
USs are expected to have conditioned the context, the
prevention of the trial location effect through signaling
does not seem to dépend en the prevention of context
conditioqing. "This is contréry té the result predicted on
the Rescorla—-Wagner theory.

Removing the CS5 from positicens 2 to 14 ragically
'changed the proportion of USs which were gignaled, and
thereby also changed the contiﬁ%ency of the CS with respect
to the US. Coﬁtingency_of US on CS does not seem to play é
role in deteréining the level of mai;tained_responding to a
CS once acquisiticn has taken place.

It is nog Known, howevegw what(affect this procedure
wouldlhave on subjects exposed to it from the outsét of
conditioning. The course of acquisition of responding to the
CS might be affecte& by the intervening unszgnaled USg even
though they did not affect maintained responding.

These results do éupport the alternative‘accounts of
responding iﬁ Group B/All, namely generalization from CSs at
favorable 1ocafions or generalization plus conditloning of
CSs at later locations enabled by conditioning of the CS in a
favorable location. Tpe purpose of Experiment 6 was twofold.
First, Experiment 6 provided a test of whether withholding
the CS from the positions 2 thfough l4 in the traiﬁ would

affect subjects differently if it were done from the outset

e
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of training. Second, Experiment 6\was conduéted to help in
determining whether generallzation %1one accounted for the
responding to the CS at position 16 iin the B/lst & B/l6th
procedure.

€xperiment 6

Introduction

The plan of Experihent 6 ig shown in Figure 11. There
wore three groups iIn the first phase. One was treated
identically to Group B/All in Experiment l. Ancther was
given the same procedure for Group B/lst & B/léth in
Experiment 5, but from the outset of conditiéning.l A third
group was trea&ed identically to Groué_B/lst in Experiment 1.
If generalization across positions from position 1 to
position 16 were the sole cause of responding to ﬁhe CS at
position 16 in Group B/All, then there should be no
difference in acquisition to the CS at location l1é between
Groups B/All and B/lst & B/léth. )

The generalization hfpothesis was further-tested in
the second phase. Here, the €S was removed from all but
the last US in the train for Groups B/All and B/lst & B/léth,
and was ghifted to t?e B/lé6éth location for_Group B/lst. 1f
responding to the CSs late in the tfain in Groups B/éll or
B/lst & lé6th were simply a form of generalization, it would
be expected to extinguish without the continued presence of
the £S at the earlier position(s). On the other hand, if

responding to the CS at location 16 persisted 'indefinitely

-



Figure l11. The design used for Experiment 6.
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aven after the CSs a£ favorable locations were rembved, then
it would be necessary to conclude that generalizatioﬁ w;s‘not
the sole cause of the responding throughout the late
positions of the train in Group B/All.

Method "

Subiects. Eighteen experimentally naive homer;pigeons.were
maintained at 80% of ad libitum weight. ]
Procedure. Figure 11 shows the procedure for the acquisition
and test phases of Experiment 6. Tkere were three groups of
6 pigeons each. Group B/All received the same treatment as

Group B/All in Experiment 1. Group B/lst & B/l6th differed

from Group B/All only in that the second throughﬁfifteehth

g

USs_in the train were not signéled by theVCS. Néte thaU?this
group received the same procedure used for Group B/lst &
B/léth in Experiment 5 except that it_was here giveg frdm the
outset of conditioning. Lastly, Group B/lst was given the
same treétment as Group B/lst in Experiment 1, that is only
thé first US ih the train of 16 USs wag preceded by the
keylight stimulus.. The‘acquisition pPhase ¢f this study was
run for eight sesgidns. Aside from the location or locations

of the CS-US pairing(s) in the train, the session parameters

were identical te those used in Experiment 1.

In the se;ond phase, which began on the day following
the last sessioﬂ of the acgquisition phase, all subjects in
each of the three groups from phasé 1l were shifted to the

procedure used for Group 3/16th in Experiment 1. That is,
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the single CS per session p;eceded the i6th feeding in the
 train, and there were no other (CSs presented. Twenty—nine,l
sesgaione of this phase were run.

Reguits:

Fisuge 12 showg the results for the 8 acquisition .
sessions of phase 1 and the 29 sessions of phase 2. The five
curves in the first part of the figure show responding to CS-
1l for all groups (ie..Gfoup B/lst & léth, CS 1, Group B/lst &

1]

léth €S 16, etec.). Regarding the acquisition sesgsion

1), it is clear from thisg figure that responding to the CS
positions 1 and 16 in each group developed rapidly and was
gustalined over the course of the gight sessions. Since no’
responding occurred to the CS in-position 16 over the course
of the first 8 sessions when it was the only CS (Group B/léth
of Experiment 1), the responding measured t§ the €S which
preceded.the.léth UsS in Group B/1st & l6th from the present
study indicates that signaling only‘the first US in the train
ﬁas a large effect. A statistical comparison of the total
responses t§ the CS at position 16 over the first eight
segssions of acquis;tion was made between Gfoups.B/lst & léth

and B/All from the present study and Group B/léth from

-~

Experiment 1. The difference between these two {(sets of)
groups was significant, F(1,19) = 7.21, p < .02. This

hY
comparison demonstrates the large effect of signaling the

first US.in the train with the CS as opposed to leaving it

unsignaled.



Figure 12. HResponse rate to thé CS in each phase of
'Experiment 6. The five curves in the left;hand portion of
the Figure show respbnding to tﬁe CS‘in Group B/All.at
positions 1 and 16 ("All @ 1“'and "all @ %6"). responding

to the CS in Group B/Ilst & 16§h at these two positions’
("1%16 @ 1" and "1&l6 @ 16™), and respoﬁding to the CS in
E}oup B/lst. The thre; curves on the right-—hand side of the

Figufe show responding in phase 2 to the CS for the same

three groups. In phase 2, the CS was removed from all

positizzf except position 16. “\\\\
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Comparins‘Group B/lst & 1l6th with Group B/All,
réspondins to the CSs at poqitions Y aﬁd 16 was analyzed by:a
multivariate profile analysis. There was no significant
difference in résponding to‘the CS.at posiﬁions 1l versus 16
(a within-~subjects facﬁor),.no main effect of group (ie.
traatmeﬁt). and no significant¥interactiop of group witﬁ CS.

location. Thus Group B/lst & 16th and Group B/All did not

A
-

differ significaAtlf with respéct to responding t; the CS.
With regard torphaée 2, Figure 12 shows that
respopding te the CS at-position 1lé in all 3 groups was
"sugtained for the 29 segsionsg of this procedure: thére was ﬁo
indication of a decline ;n responding to the CS over the
colirse of thése sessions.r Nor Qas there a significant
difference among the three groups (now treatead identically)

in rate of responding te the CS.

Discussion

Thé Fesqltsnﬁgpm both phases of Experiment‘é provide
information on how signaling an early US prevents the trial
.location,effect. The important result fro& phase'l is that
acquisitiog of conditioned responding to the'CS which
signaled the léth US in the t}ain depended only oh‘th?.first
US in the train also being sig&aledf It-méde no diffe}encg
whether the USs at posiéignslz through 14 were signaled, even
though the peéeentage-of USs which were signaled whg. ' e

radically differen& across the three groups. This regull

-

-
[y

shows that neither proteétion from context conditioning nor’

bl
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CS-US contingency can explain the disaeggarance of the trial

location effect when all the USs in the train are éisnalqd'by -

.

the CS. ' ’ . -

The Phase 2 results demonstrate that once conditioning

— -

" has esecurred to the €S in a favorable location——one at which

conditioning would not occur initially—= responding continues

even though the CS is .nc longer meing présented it the

favorable location. The source of responding to CSs late in

. . .
the train cannot, therefore, be due solely to generalization
across locations. If it were, removing the source. of that

[ -,

generalization would be expecied to result in extinction at
[ 9

the later location, and that did not' occur. On the other

e -

. . 1 -

hand, seneralization must play a nole.because Group B/lst

from this experiment responded to the CS at’positiog 16 on
-’ - .

the very first session that the CS was presented there.. It

is clear that bdboth generalization and conditicning at the
. s

-

later locations contribute to the responding to €Ss later in
the train of USs.
The maintenance of responding when the (5 igs presented
} - .
only at position 16 railses several questions. Firgt, is 1t
the case, as seems likely, that the presentation of the US

following the CS i1s necessary to daintain respending? If so,

[N

has prior conditicning altered the sugsceptibility of the CS
to clacssical cenditioning; i.e., is the CS-~US pairing now

capable of bringing about classical conditioning in a .-

[ ]

position where conditioning would, as we have seen, otherwise



be blocked by tha_sisnal.value of prior USs? Alternatively,

the US could be serving as ah operant reinforcer of the

-

pecking response even Though the response had its origin in

gseneralization from classical conditioniﬁs of the CS in a

favorable location. °In other words, maintenance could be due

to a response—reinforcer relation rather than a Cs-USs -
relation. If so, the process would conform to superstitious
operant conditioning (Skinner, 1948; but se2 Staddon and

Simmelhag, 1971) since the presentation of the reinforcer is

not contingent on the respeonse. Experiment 7 was designed to

]

resclve these issuesu - .

N~

. . Experiment 7 s

Introeduction

fhe plan of Experiment 7 was as follows. The sub jects
from Experimeﬁt‘é were first'placed on extinction by
presenting thé €S after the last US in the train rather than
before-it. If‘the US was responsible for maintaining

responding to the CS in phase 2 of Experiment 6, then

rgsponding should cease when the CS was unpaired with the US.

In the second phase;” the CS was again paired with the last US

—

LS
in the train to determine whether reacquisition would occur.

As noted previously, the test for reacguisition bears on the

question of whether responding to a previously conditioned CS

when presented only &n position 16 reflects the potentiation
N !
of classical conditioning by prior conditieming or

alternatively, noncontingent operant reinforcement of
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generalized responding. If it were the latter, reliable
acquisition'as'a function of pairings would not be expected
since opportunities afte} extinction for strangthgning
résponées in this way might be no greater than when the CS is
presented in éosition 16 without prior conditioning. ‘On the
'other'hénﬂ. if prior conditioning prevents bdlocking by prior
USs, thereby making the (5-US péiring in the late position
effective for classical conditioning, reliable reaquisition
as a funct;og of CS-US pairings would be expected.

LY

Method

+

Subfects. The same subjects and apparatus used in =

Experiment 6 were used.

* -

Procédure.‘There were two rphases in Experiment 7. In phase
1, the €S which previocusly signaled the US at pesition 16 in
the train was placed‘on extinction Sy presen;ing‘it .5 sec
after the 16é6th and last feeding in fhe train instead of 10
sec prior to it. ALt this position it -was not folléwed by a
feeding. This proéedure was run for 16 sessicns. In phase
2, the CS was again presented'prior tc the last US in the .
‘train for ;6_sessions. .
Results 1

The results from phase 1 of

]

xperiment 7 are shcown in

ry

igure 13. RespoQSing declined steadily over these sessicons

anc was eliminated by the last three sessions of this

The results from the reacquisiticn test are ghown in



Figure 13. Responding to the CS in the last three seszsions of
Experiment 6. phage 2 (when all subjects received the CS at
position 16) and phase 1 of Experiment 7. The CS was no
longer reinforced in phase 1 of Exper;mant 7. Subjects in
the three groups used for Experiment;6. phase 1 were treated

identically in Experiment &6, phase 2 and in both phases of-

Exberiment 7.
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Figurs 14. Responding to the CS Iin the last three sessions of
phase 1 (extinction) and the 16 sessions of phase 2
(reaquisition), Experiment 7. In phase 2 the CS was once

again presented prior to the 16th US in the train (l{.e. the

B/lé6th procedure).



Reaponssa per Secand

Figure 14

0.4 -
0.3 -
0.2—

off

1,14

2,5 2.9 2,13

Phaose,Session
B/1&1S + s/All o B

I‘fl

Bl 0



81

Figure l4. SubjJects gradually reacquired conditioned
rasponding to the CS at the B/léth location until-such
responding reached the level it had attaingd iq the previous
treatments. A one way ANOVA on total responses to the<CS
from this phase revealed no significant differences ameong the
groups. In all groups, the degree o% reacquisition was
substantial. The mean responses per s for all subjects
during the last thre; saessions of phase 2 of Experiment é was
1.58 (SD = 1.445 whereas for the‘iast three gsessions of
reacquigition the mean was .16 (8D = 1.63). The difference
betwean these means indicates that the degree cof recovery was
less than 100%, but the difference does not approach

significance.

Discussion

Since extinction of responding to the CS was complete
in 16 sessions, the results from phase 1l make it clear that
the US following the keylight stimulus at position 16 was
necessary for the maintenance of responding teo that CS. The
sustained responding teo the CS at position 16 measured in
phase 2 of Experiment 6 was, therefore, dependent on there
being a US following the (CS.

Although no acquisition was measured when tﬁé cs
preceded Lthe US at the last position in the train in original

training {Group B8/16th, Experiment 1), reliable acquisi

b
(r
[VR
¢}
b

in this positicen did pecur following extinction after

cenditioning at a faverabdle location. The reacguisition ¢f



conditioned responding provides further evidence that the
responding to all CSs seen in Group B/Allﬁ(Exporimants 1 and
6) is not due solely to éenaralf:ation from CSs at favorable
locations. . If this responding resulted only from
generalization acrosg leocations in the train, then neither
the sustained responding measured Iin phésa 2 of Experiment 6
nor the reaquisition of responding feollowing extinction in
phase 2 of Experiment 7 should have occurred.

The reaquisition of ceonditioned fespondins further rules
out superstitious cperant cond!tionins as a primary cause of
this responding as well. Responding toc the €S at the end of
the extinction sessions and during the first two recovery
sgssions was ho{ greater than was found in the later
pﬁsitions of the train in Experiment l. Since noncontingent

(i.e. superstitious) reinforcement did not result in

@
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[ 300
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n Experiment 1 for Groups B/3rd, 8/4th, etc.,
there is no reaseon Lo suppose that it would do so here.
Rather, the reaquisition measured in this experiment
indicates that pricr conditioning of the CS at a faverable
location appears to have altered the conditionability of the
CS. Another way Lo state this is that prior conditioning
seems to have prevented, or at least greatly atienuated,
blecking from prior USs.

These results ralise the question, nat changes teo a (S

take place as a result ¢f conditioning that could prevent the

CS—US association frem being blocked by US-to US
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asgociations? One possibllity which has been invoked in -
explanations of conditioning which might account for the
current results is that CS conditionability (or '
associability) might change as a function of experience with
the C5. In the Intreducticon te this tbé%i; several recent
accounts of Paviovian conditioning were revzépbd. The;e it
was noted that certain theories locked to changes in
associability to account for Pavlievian conditioning phenomena
(Mackintosh, 1975; Pearce and Hall, 1980). irf ;t were
prossible te understand how the assqciability of a CS changes
following experience with the CS, independently of its
associative 'strength, it miéﬁt be possible to acqount for the
data from the present experiments through a current theory of
Pavlovian conditiening. This task is taken up in the General

Discussion which follows.



CHAPTER 4

GENERAL DISCUSSION

The principal results of the present experiments may
be summarized as fcocllows.

1., When USs are presented in a ciosely spaced train

(which is preceded and followed by a long wait), and only one
of the USs in the train is signaled by a CS5, conditioning -to
the CS falls off sharpl; as the CS is moved further inte the
train (Experiment‘iﬁﬁx

2. When all the USs in the train are sisnaléd by the
CS, however, respondiné occurs to all CSs within a few
sessions (Experiment 15.
3. The i?terference from the unsignaled USs when only
one US is signaled is not due to satiation or inhibitien —
(Experimilt 2), nor to competition for signal value f{rovw
contextual conditioning (Experiment 3), nor can it be
explained by medifying SET to make %he background expectancy

depend on the exponential averaging of past interUS intervals

{(Experiment 3). Rather, the in
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4. Signaling Bwven one of the USs at a favorable
location (i.e., the front of the train).enables (S3 at all
locations to evoke respbndins (Experiments 5, 6).

5. Responding is maintained tc a CS at an -

e
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unfavorsble 1ocatioﬁ even when the C5S is no longér prosented

in a favorable lecation (Experiment 6).
g

6. Following conditioning at a favorable leccation, the

CS can be extinguished and subsequently reconditioned if

placed at an ctherwise unfavorable &pcaticn where agquisition

without previcus conditioning does not occur {(Experiment 7)

Two questions raised by the results reviewed above are

discussed. First, do any of the current models of Pavlovian

conditioning explain these results? Secand, what role migh

blocking by the unconditioned stimulus play in conventional
conditioning arrangements? .

Application of a Current Model to the Present Data .

In the Intreoductien to this thesis, several formal
!

models of Pavlovian conditioning were reviewed and the
distinction between single and dual process models was
emphasized. Single process models such as the Rescorla-—
wagner theory stipulate that conditioning invelves changes
the associative strength of a stimulus as a result of
pairings with another stimulus, Lthe US. This may be

contrasted with dual process thecries such as Mackintosh’s

(1975) in which CS-US pairiags lead not only tc changes in

er

ative sirength but %o changes in th
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conditionabiliiy of the CS. The present data on the
prevention of blocking by prior conditioning require a view
of conditioning as resulting in a long lastiﬁs change in the
asgociability of the conditioned stimulus. I will examz;e
the question of whether the present data on the change in
associability due to conditioning are consistent with
Mackintosh’s (1975) dual process conditioning, which is the
best developed dual process theory at present.

Accerding to Mackintosh’s kl&?S) theory, the salience
of a CS, which in part determines whether it will be
conditioned, is not a fixed ﬁroperty.qi the CS but is a
variable quantity which changes as a_résult of conditioning
:rials.' Mackintosh writes "This idea is formally equivalenf
to one of the main tenets of two stage, attentional theories
of learning, namely, the assumption that the preobablility of
attending to a seimulus deterﬁines the probability of
learning about that stimulus and may itself change with

Lil

experience. {Mackintosh, 1975, p. Z294).
According to Mackintosh, the asépciative strength,

vcs' changes on a conditioning

ir

rial according to the

following formula (Mackintosh, 1975, egquaticn 2): -

3 -~
v =&l -V )
) cs - A CA ‘UCS

5
where A i3 the maximum asgeciative strength available from
+

the US, = is a learning rate parameter, and X represents
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or conditicnability of the CS. {The eguaticn (s

-

the one given Iin the Rescerla-wagner theory,
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except .that where vcs appears in Mackintosh’s equation the
total V, based on all gtimuli with signal value, not Jjust the
CS, appears in the Rescorla-Wagner theory.) In Mackintosh’'s

theory the salience of a €S changes in a positive or negatiﬁé
4

direction on conditioning trials according to the_fcllowing

equations (Mackintosh, 1975, equations 4 and 5):

LS

/_\,o(c‘:-is positive when 1 - vcs < k - Vx ‘

..and

AO(C: is negative when 1 —-*Vcs > )\ - Vo l

where Vx is ﬁhe'associative strength of ail stimgli other
than the CS present on that trial. These equations state
that the associability of a CS inéreases onla conditioning
trial whenever the CS has a higher associative level than all
other CSs also presented on the same trial, and that-the
agsgociability of a CS decreases whenever it is presented in
conjunction with other (¢Ss which have a higher {(or equal)
total associative strength. Thus when two unequally
conditioned CSs are presented in a compound, the mere fully
conditionéd €S will undergo an increase in asscciability and
the less fully conditicned CS will underge a decrease in

—

aszseciakbility.

*h

It is of interest to examine the ability o

Mackintesh’s theory to account for the most importa results

3
r

on

b

from the present experiments, namely the trial locat

effect and its prevention through signaling USs at the front

L4
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L] .
of the train, the failure to acquire following a shift from a

late position to B/2nd as contrasted with acquisition when
shifted to B/lst, the maintenance ©of responding which occurs
when the CS is shifted forward to a late location, and the
reacquisition of responding whkch occursa following
extinction. _—

R In Mackinteosh’s theory, the trial locat;on effect
may be understood as a rapid decrease in alpha for the (5-
when it is presented late in the train (position 3 oé
later) which prevents conditiconing to the CS. This would
occur because eacﬁ US is predicted by a prior US, whereas
only one of the USs is predicted by the CS. VUS will
therefore be greatar thgn vcs when the procedure allows the
acquisition of US to US signaling before CS to US signaling
~is acquired. As a result, alpha for the CS will decrease.
As discussed above, this account requires the assumption that
US to US signaling is a&quired either during or before the
first conditioning session (during hopper trainingl). The
prevention of blocking through signaling all the USs in the
train Iis dpe to a rapid increase Iin alpha for the CS due to
conditioning in a favorable location, which leads to
independent conditioning of CSs at late positions in the
train as well as to generalization of responding acress
locations.

2. The difference in acgquigitidon seen when the CS was

moved te position B/lst as opposed to 3/2nd is, on
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Mackintosh’s theory, due to an increase in alpha for the CS
when it is shifted to B/lst but not‘to B/2nd. . When shifted
te B/2nd, the B;cond US in the train ie already better
predicted b; the first US so alpha for the CS remains low and
tha C5 does not condition. When shifted to_B/ls;. on the
other handt‘;he CS is the best predictor of tbe first US in
the train, and so undergoes a rap;d increase{;n alpha, -
leading to conditioning. A problem with this rnterﬁretation
is that if the alpha level of the CS at ﬁhe later locations
was reduced because the prior -USs were conditioened first,
acquigition at position 1 following the shift 'should be
slower than original acquisition at the B/lst position.
Acquisition was npt significantly slower in the shifted gEroup
t;;n in the group trained at the B/lst position from the
cutset, although there was a difference in the predicted
direction. Since the magnitude of the expected offect
depends on unspecified parameters of the theory, the failure‘
to find a significant effect is not decisive evidence against
the theory. ‘

.3' The maintenance of responding when the CS isg
shifted forward, to a late position in the train, can be
explained on Mackinéoéh’s theory as follows. At the time of
the shifzt, Vcs and alpha for tﬁe CS will be at high values
resulting from conditioning at an early location. If V and

cs

Vu~ are each conditioned to asymptote before the ghift, Vcs

will equal V = at the outset. Under this condition, or if

u
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vcs is less than Vus due to the greater number of US-US

pairiﬂgs, equq&igﬁ 5 states that alpha for the CS will
decrease. Mackintosh’s discussion leaves open the question
of whether.per%érmance depends on Vcé and alpha or only on
Vc;. In order to accommodate the present results, however, in
which responﬁiﬁ% to the CS in a late positioﬁ continues, 1t
appeara,ﬁgg;ssary to assume  that pe;formaﬁée does not depend
on élpha since.'as has been shown, the theory implies a
daecrease in alpha for the CS when it is presented late in the
érain.' There is Qo reason, accerding to th? theory, for Vc
tc-decréase when the CS is shifted even if alpha for the CS
is substantially reduced, éﬁd respoqding—is theréfo;e
'expedtéd to continue. ” -

- 4.. Recépditioning'in the late (normally blocked)
position following e;tinction can be accounted for only if it
is assumed that alphé for the CS is restored to a high value
as the result of extiﬁction. ﬁackintosh does not discuss the
application of his theory to extinction, except to state that
-it is assumed that on nonreinforce? trials the value of

I
lambda igs either zero or some negative number. Let us assume
!

i\
that the wvalue isg zero, as it is assumed with the Rescorla-

P

Wagner theory. Then the rules for c¢hanging alpha stipulate
. P .

that alpha for the CS will decrease only ifl 0 - VcS

> IO—'
Vx , where X is the continued presentation of the
background. Since the CS on its first nonreinforced

presentation will have a higher value than the background,
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the qdantity on the left side-of the inequality will be
,greate{r than that on the rjght. Alpha for the CS should
therefore decrease. Thus based on Mackintosh”s egquaticons, in
extinction the alpha level of a CS should decrease until
alpha for the CS becomes less than the value of alpha for the
background. This appears to be problematic for the
application of Mackintosh’s theory to the reacquisition in a
late position after extinction, but another interpfetation of

the extinction procedure employed in Experiment 7 is

possible. Recall that in that study, extinction was achieved
by moving the position of the C5 so thav¥"it immediately
followed the last US in the train. It is possible,
therefore; to consider all USs in the train to be reinforced
triéls (A+) except the last US in the trainl_which might be

considered a nonreinforced compound ceonsisting of the prior

US and the €S. In conventional notation, A+ trials preceded

\\\\kB=fprasentations. Accerding to Mackintosh’s theory,

alternating A+ trials with AB— presentations would establish
a high alpha level for the added stimulus, B. Mackintosh
writes "If A alone signals reinforcement and AB signals

nonreinforcement, then GRB will tend to increase rather than

decreasgse, since B must be a better predictor of
nonreinforcement than A." (p. 289). Thus, the conditions for
extinction in Experiment 7 might Egesult in an increase in the
associability of the CS. This increase in associability

would account, in theory, for the reacquisition of
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conditioned respohding when the CS was ;nca again moved to
position 16.

There are several implications of this interpretation
of Hackiﬁtosh's theory. The first is that if the CS were
extinguished well after the last US in thé train rather than
immediately after the last US, alpha for the CS would be
expected to decline as a result of extinction trials and
reacquisitién in a late position would not be expected. A
second implication is that if, prior to original exposure to,.
the B/léth preocedure for a group of subjects, the CS were
rresented following the train as it was in the first phaqe of
Experimént 7, original acgquisition at the B/léth position
would be expected. " This is for the same reason that
reacguisition following extinction would be expected.
Unfortunately, the data needed.to examine these predictions
have not been collected.

Mackinteosh™ s (1975) theory is able to account for the
ma jor resultsrfrom the experiments reported in this thesis.
The application of Mackintoéh's theory to the present aata
has been post Qég, however, and further empirical tesitis such
as those suggested above are needed to determine the adegquacy
of the theory for the set c¢f phenomena associated with the
trial location effect. Whatever the goodness of fit of
Mackintosh’s theory to these phenomena, it remains'evident
that some form of dual process theory of conaitioning iz

required by the demonstration of long lasting ghanges in
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associability due to conditioning.

The discussion now turns to the second of the two
questions raised above, namely how might blocking from US to
US signaling play a role in conventionai-tondikioning
arrangements.

0US to US Signaling andIOther Conditioning Phenomena

The experiments reported in this thesis demonstrate

that USs can function as powerful blocking stimuli in
autoshaping. Little gptention has previously been pald to
the US as a potentlal blocking sFimulus because'the
uncdhéitioned'stimulus is normally viewed as the to—-be-—
predicﬁed avent in classical conditioning rather than as =&
signaling, or predictive, stimulus. The present .
demonstration that US signaling can block ceonditioning to a
CS ralses the question of whether US sigﬁalingrmight be
involved in, or even be the major cause of, certain other
effects in claésical conditioning; i;\éarticular. the effects
of trial spacing and of preexposure to the US on subsequent
conditianing.

Before considering the relation of US to US signaling
with thes§ esnditioning phenomena, however, a brief
digression is necessary. Although it is of interest to
consider the pcesible involvement of US to US sigﬁaling in
certain phenomena of clasgical conditioning it must be
recognized that the present experiments on US to US gignaling

involva a number of sgspecial conditions. It is posgible
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that these special conditions are necessary for US to 0s
gignaling tco occur. If so; the applicabllity of US to US
—

signaling would be limited. These chéitions are summarized
below.

The procedures employed in the present experiments
éiffer from those employed in more conventional Pavliovian

o

cénditioning arrangements. There are at least five4;f .
properties of the procedures used in most of the exgeriments
reported here that may be considered special conditions.
First, the 10.5 s interval between USs in the train is
shorter than the interval used in mest autoshaping
procedures, which typically vary from 30 seconds to several
minutes (eg. Gibbon et al., 1977; Jenkins et al., 1981l; but
not always: see Figure 7.1 in Gibbon and Balsam, 1981); As
discugsed aboée.-the relation between interUS interval.and us
te US signaling is unk$own. Second, e;idence for US to US
signaling in the present experiments was obtalned when only
one of the USs was signaled. In mogt conventional procedures
all USs are signaled by the €S, and in-Experiment 1 it was
demonstrated that blocking by US to US signaling was
prevented when all USs were signaled by a CS other than the
preceding US. Third, in these experiments the CS almost
entirely filled the interval between USs whereas in the
typical case the CS is short relative to the inter-US time.

This could be ah important condition for blocking a CS from

US to US gignalink because within the train, the prior US

e
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provides as much information.about the time of delivery of
the next US as does the CS. This is not true when the CS is
short relatfve to the interval between USg. Fourth, in the
present experiments'tha train of USs was surrounded by long'
wailts, which 1s not the case in the typical conditioning
-procedure. This could be important because—iﬁa Us to US
interval was very short relative tg the long waits. Such a
procadure would be expected to establish each US as a highly
predictive tempcoral signal for the next US in the train,
which may enable the US to act like a blocking stimulus.
Fifth and finally, the interval between USs (excepting _the
time between the feeding at the start of the session and the
beginning of the train) was fixed rather than variable. In
Experiment 3 blocking from US te US signaling was prevented
Sy varying (among other things) the intefvals between USs
following the trial. In conventional conditioning priocedures
the interval between trials or USs typically is wvariable.

I now return to consideration of the topic brought out
above, namely the relation of US to US signaling to trial
spacing effects ard US preexposture phenomena. Assuming
that the five conditions discussed above are imﬁbrtant ones
for‘establishing US to US signaling, and subseguent blocking
from this source, it is not possible to calculate the degree
to which US to US gignaling plays a rele in conventional

conditioning arrangements. Even in the face of these
y £

difficulties, however, there is evidence in the literature
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which tends to support the notion that ‘trial spacing effects
and_&he US preexposure phenomenon may depend in part on
blecking or overshadowing by US to US signaling.

Trial Spacing

Jenkins, Barnes, and Barrera (198l) suggested that the
trial spacing' éffect might be due to blocking by US to US
signaling:

One food delivery «c¢an serve as a signal for the next

food delivery and can therefore compete with the

autoshaping stimulus 83s 2 signal for food. In theory,
the autoshaping stimulus would be subject to a greater
degree of overshadowing (see Kamin, 1969) from a prior
food delivery when trials are closely spaced, and this
could account for the slower acquisition of auteshaped

kevypecking. (Jenkins et al., 1981, pp. 257-258).

Althdugh Jenkins et. al. (198l) tested this possibility
in three experiments (numberg 2, 3, and 4), they did not find
positive evidence of the overshadowing or blocking which they
hypothesized to coccur. The experiments by Jenkins et. al.
(1981) attempted to assess the possibility that US to US
signaling was responsible fo the trial spacing effect by
varving the temporal location of unsignaled USs with respect
to the following trial, or, in another experiment, comparing
acquisition with or without a US immediately prior to the
trial. . No significant effects of the temporal location of
unsignaléd USs with respect to the trial nor of the
presentation of a single US immediately before the trigl werae

found. They concluded that the trial spacing effect was not

explicable on the basis of US to US signeling.
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On the basis of the present resu;ts it i3 apparent
that the condit{;ns of those experiments were not sufficlent
to establish strong US to US sgsignaling. The results of
Experiment 3 suggest that to establish US to US signaling a
high proportion of USs mugt be followed after*a short time by
a US. US to US signaling could be the cause of the trial
spacing effect when the pr;portioﬁ of USs that are followed
closely by another US is higher than that employed in Jenkins
et. al’s. procedures (i.e. when the temporal spacing employed
in a eonditioning arrangement applies to the entire series of
trials in a conditioning session rather than to the immediate
antecédgnts‘qf widely spaced trial clusters).

The present serles of studles provides évidence that
the -trial location effect arises.és a result of blocking or
ovarshadowing of autecshaped keypecking in which the blocking _
stimulus is the previous US. The poss;pility thét us to‘US
dignaling plays a role in trial spacing therefore remains a -
salient one. In massgsed trials procedureé. evaery US excerpt
the first is preceded clesely in time by another US, and
animal subjects may not show the acquisition of conditioned
respondiﬁs begause the USs acquire signal value before the CS
is able to do so. Assuming that USs which occur under widely
spaced intervals do not signal each other as“effectively as
those occurring closer in time, it is not difficult to

explain the trial spacing effect as a function of blocking by

.US to US signaling.



Evaluating the pracadins hypothesis on the basis of
Ehe data either reported h;re or in the literature is,
however, nq§ feasible. For example, the esxperiments reported
in this paper did not systematically explore the function
relating the temporal separation of feedings to blocking by
US toe US signaling. The limits ;r boundary conditions over
which US spacing and regularity can vary without disruptiﬁg
US to US signaling are therefore unknown.

- The near complete absence of conditioning in the groups
in the present series of experiments that recgived the (5-US
pairing late in the train, coupled with the results from
Experiments 3 and 4, demonstrates that autoshaping is not
hecessarily a function of the relative waiting time ratio,
since that ratio was held constant. Because the most diract
explanation of trial spacing effects is based on the scalar
expectancy formulation, it is necessary to ask what, if not
scalar expectancy, is responsﬁble for poor performance under
conditioning regimes in which all US-US intervals are short.
Interference generated from US to US signaling becomes a
possibilityAat this point. This conclusion is supported by
the results from Experiments g and 5 that showed that
conditionigg of the context, an alternative explanation for
trial spacing effects, did not seem Lo play a roie in ;he
trial location effect and therefore is less likely to play a

role in trial spacing effects.

QOther evidence exists in the literature which supportis
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the contention that U5 to US signaling plays a role in
mediating trial spacing effects. Lucas and Wassgerman (1982)
exglored the effect of changing local trial spacing in %;
autoshaping procedure invelving heat as the US and baby
chicks as subjects. Their results ;Lowed that the length of
the previous i;tertrial interval affected responding_&o the
autoshaping signal while the length of the interval p;ior to
that did not. While they interpret their findings as
suggoestive of a_moving average version of ghe scalar
expectancy acéount. they did not include the control
conditions necessary to rule out the possidbility that
lengthening the intertrial interval contributed to
performance as a result of disruptin; US to US signaling.
Since the interlUS intervals in their study were in the range
of 6 to 96 seconds, it iz possible that subjects learned that
USs often occurred closely together and thus resﬁonded
gignificantly less following the shorte? (& and 12 second)
intertrial intervals.

More indirect evidence that US to US signaling plavs
a role in trial spacing effects comes €from a study by

Salafia, Mis, Terry, Bartosiak, and Datson (1973). These

th

researchers studied the ef £
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ec increasing the interitrial

intervals on conditicning o

"
Ie

ctitating membrane

[

he n

response of the rabbit, comparing fixed and wvariable ITI

U

reginmes. Altheough the range of values of ITI duration they

o - . .
employed cdid not include any values as small as the 10.5
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second interval between USs in the present experiments, they
nonetheless found sisnificant effects of the degree of
varlation of intertrial iﬁtarval: Specifically, the shape of
the fupction relating ITI duraéion to acquisgition scéras was
gignificantly different for constant and variable ITI groups,
Subjects in the 60 sgcond }TI‘condition acquired
significantly faster than those in the 30 second ITI

—

condition for groups th@t raeceived fixed, but not wvariable,
RN
ITI durations. In fact for sroﬁps that received a variable
IJTI regime, acquisition scores were .poorer at the 60 second
value than at the thirty second value. The authors discuss
the pessibility that this difference was a function cof
temporal conditioning in the fixed ITI groups, which could °
also be expressed in terms of US to US signalins. For

.

exanple, in temporal cenditioning, the US is repeagedly

presented at fixed intervals in the absence of an explict CS.
This arrangement is, of course, highly similar te that

-k

employvyed in the present experiments.

o

pa

This evidence is alse indirect, and the effects

reported by Salafia et al. (1973) are small. While this

location would evoke conditioned responding providing that
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the first US in the train was precedad by the same CS. The
. ‘. * - .

procedures used in Expgrimants 1, 5. and 6 established
Aciearly that the acquisition.of CRs by tﬁe late block CSs
dapended.on thére being a CS—US_pairing at the front of the
train. This being the case, it is expected that when CS-US
péirings are presented under variable ITI regimes, there
should not_be a large difference in responding to CSéAi

following short ITIs and CSs following long ITIs. Only

I
-

when the local temﬁéral context of each CS-US. pairing is held \3
constant for a particular treatment, as was- done in the
present studies, would such Jdifferences be expected to
emerge. =
The preceding discussion has implications for the
averaging of waiting times presumed to occur by scalar
expectancy theory (SET)ZK One of the . assumptions of SET is
that animal subjects average expectancies or waiting times
not only within interreinforcement pericds but across
variable interreinforcemeunt intervals as well (Gibbon and
Balsam, 198l). According to SET, therefore, it should make
no~differenée whether USs occcur at regular or irregular
intervals.l Gibbon et al. (1981) present only- indirect
evidence that this is true, however. As long‘as acquisition

can spread from~6Ss occurring at favorable locations Lo CSs

. \ : ' . . .
occurring at unfavorable locations, the evidence provided by

~

Gibbon et. al.\is inconclusive. SBehavior that appears tc

reflect the averaging of inter-US intervals may be due
. -
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instead to the transfer of conditioning from favorable to

T Tunfavorable iocations. The results of Experiments 3 and 4

suggest that fixed inter-US interval regimes may affect
animal subjects in the autoshaping preparation in different
ways than regimes in which the inf&rval bétween USs wvaries.
Unfortunately, the total time period over which USs were
presented was.not held constant.betwean Groups B/3 Split
Train .and B/3 Random, and either or both of these factors may

have led t# the prevention of blocking in Group B/3 Random.

r
!

Nevertheieés. the analysis of trial spacing effects based on

—

scalar timing may require reevaluation in the light of the

-
¥

present results. o

In summary, the question of whetherlblocking of
acquisition by US to US signaling-plays a role in the tria;
spacing effect is an-open one., The results p;esented here
suggest new research into this possibility, but do not in énd
of themselves establish such a rele. Moreover, it has been
argued th&t the prévention of blocking acﬁeived through

&

signaling USs by the CS calls for a different set of
procedures for investigafing the_effects of fixed versus
variable interfood intervals on the acgquisition of
autoshaping. Because the studies cur}ently available in the
literature (Gibbon et al., 1977; Salafia, et al. 1973; Prokasy
and Chambliss, 1960) did not control for the generalizaticn
of responding across lecations in the train seen in the B/All

group , the small effects reported are net firm evidence
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against the aiistence of larger effects when all trials are

presented in the same location with respect to prior USs.

The US Preexposure Effect and Blocking by Contextugl Stimuli-

xit has been repeatedly shown that!ﬂé—only.pretraining
has a deleterious afféct oﬁ subsegquent acquisgition of
conditioned responding in autoshaping (Engberg, Hansén;— ~
Welker, and Thomas, 1972; To?ie, 1976a, 198l; Downing and

-

Neuringer, 1§76: Wasgerman, 1973). [(In the past decade or so,
the nearly unanimous consensus on the scurce or origin of
this effect has been blockiné que to co&iextual conditioning
(Randich_and Ross, 1984). The generality of the finding that
ﬁanipglating contextuai stimulil between prea-— #nd'main
training alleviates much of the retardation suggests thét a
strong case has been. made for the hypothesis that associative
competition from contextual conditioning underlies the US
preexeposure effect in autoshaping as well as other
Pavlovian conditioning preparations (see Tomie, 1981, or
Randich and Ross, 1984 for reviews). Although if is very
likely that contextual conditieoning plays a rble:_;n US—only
pretraining .the USs might still come to signal one another
and interfere with subsequent acgquisition through bloéking by
US te US signaling. In this section the'poés?bility that US
to US signaling might alse contribute to the US preexposure
effect is considered. ' '

.The regult that most strongly suppoerts the context

blocking account of the US preexposure phenomenon is the fact
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that a change in context between the pretraining phase X&nd
the acquizition test alleviates -most of the retardation
caused by US—-only pretraining. Although this argues in favor
of a context blocking interpretation of the us preexposure
effect, it doesg not rule out the possibility that US to US
gsignaling also contributes to the retardati;n of ;Fquisition
that follows Ué—only pretraining. This is because it is
possible that US to US signeling may'itself be context
specific. This could occcur if the blocking stimulus in the -
pfesent_experiments were not merely the prior US in thé train:
but the compound stimulus composed of the prior US plus the -
static contéxtual cues. 1In this case, chang}ng the context.
of conditioning might alleviate retardation caused by
interference from US to US signaling. Qf course, in the
absence of any evidence this is pure speculation.

With regard to the literature, there are no repo}ts
addressing the US preexposure effect that consider US to US
signaling {(referred to either as such.ér as temporal
conditioning) as a possible detérminanp of the phenoménon.
Because so little is known about the doma;n of conditioning
arrangements which will produce US to US signaling, it is
impossible teo know whetger the typical pretraining
procedures employed in US preexposure studies (i.e., VT-30"
schedule of unsignaled US delivery) establish USs as signals

for other USs. Given the number of special conditions used

in the present procedures, it is not likely that relatively
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widely spaced random US pres?ntations bring about the typé of
UsS to US signaling.demonstrgled in the present studies.

Thus as with trial spacing effects, neither the
literature nor the present experiments provide a clear
estimation of the importance, if any, of US to US signaling
on the US preexposure phenomenon. It would be intéresting to
know whether tﬂe US preexposure effact could be attenuated by
fully randomizing the presentation of the pretraining USs. .
Again, moré research is needed to-conclﬁde anything other

than that it is possible for US to US signaling to underlie

the US preexposure and context blecking phenomena. .



SUMMARY

The experiments reported in this thesis deménstrate a
relatively new form of interfergnée with Pavlovian
conditiconing from unsignaled USs occu;ring closgsely prio: to:
the trial. Traditional -analyses of interferenca.with
conditioning from unsignaled USs have loocked to three Fqurces
to explain the interfer@ncé: (a) the weakening of CS5-US ,
contingency cadsed Ey éhe unsignaled USs, (b) blocking of
c;nditioning due to competition for associative.stnength from
contextual stimuli, or (c] a degrading of the scaiar
expectanc; ratio pertaining to the CS due to an increase in
overall expectancy for the US. ft was shown in gseveral
experiments that none of these accounts of the effects of
unsignaled USs apply to the interferenéé with condihioning
demonstrated in the first experiment. Othp? experiments
demonstrated additionally thatlthe interfarencs waslnot due,
to satiation from the added USs, nor from inhibition produced
by the US, but fram associative blocking in which the
blocking stimulus is itself an unsgignaled US which becomes
qonditi?ned as a gignal.for another US. This type of )
blocking stimulus is an unusual cone not previously identified_

in the autoshaping literature and only once suggested in the

broader literature on'Pa%lovian conditioning. The discussion
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of this form of blocking suggestslthat it may play a role in
understanding more conventional conditioning phenomena such
as the trial spacing effect and the US presexposure effect.

-_ - Eséablishing USs as blocking étimﬁli yas‘achieved
through an unccnventionél conditioning arrangement in whiéh
all the USs in a1 conditioning segsion (excépt the first in
qach'session) were presented in a closely spaced tempeoral
train. ,The train of USs was both precedéd‘and folfé#éd by *
long waiting periods in which neitﬁef CSs nor USs were
presented.

Interestingly, blocking of conditionipg te a CS within
the traiﬁ of USs was prevented if (a) all the USs in the

train were signaled by the €S, (b) if the CS appeared both at
the front of the train‘and at a later, normaily;gfgcked
location, or (c) if the CS was originally presented at the
front of the train gnd éubsequently shifted in pasition to a
late, normally blocked position. Experimental anélysis of
the prevention of blocking th}ough these proce&ures revealed
that blécking was prevented because conditioning the CS (when
it was pr;sented at the front of the train) resulted in a
long term, and possibly irreversible, increase in‘the
associability of the CS.

Iﬁ the discussion secﬁ;on it was suggested that one
way to understand both the blocking of conditioning by
unsignaled USs agd the prevention of this blocking through

prior conditioning was given by a dual process theory of
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conditioning. In this type of theory changgs i; the
aggsociative strength Ffra stimulus (one process) oe;ur
separately from changes in the as?ociability of the stimulus
kthe'sggo;a process}. Accoraing to this type of theory both
associati?e strength and associability can be altered by
experience wi{h the.stimuius in question. A detailed look at
one formal theory of this é@%e (Hackinﬁosh’s (1975)
attentional theory) rewveals that this theory appears te coffer a
“promising opportunity teo understand, within a sgsingle
theoretical framework, both blocking and the prévention of-
blocking.from the unceonditioned stimulug in Pavlovian‘

-

conditioning.

William A. Lambos
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