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. Abstract

In a typical blocking experiment an association between a
conditioned stimulus (CS) and an unconditioned stimulus (US) is first
established by CS-US pairings. Concurrent presentation of the
previously conditioned CS with a second CS is then shown to prevent or
attenuate conditioning to the second CS. In the present blocking
experiméh&g a US-US association was first established by preexposure
with repeﬁted fixed interval US presentations. A single CS was' then
paired with a US that followed a prior US by the same fixed US-US
interval that was used in preexposure. The interval between the US
prior to the CS and the US gaired with the Csaéas called the critical
US-US interval. In Experiment 1, a 10.5-sec fixed interval between
USs was used to show that this procedure can block acquisition to the
CS. In Experiment 2, blocking was also shown with a 100.5isec fixed
interval between USs. Expériments 1 and 2 provided evidence in
support of th? hypothesis that blocking by a US-US association occurs
when the prlor US predicts the time of arcrival of the US with which
the CS 1is paired (time of arrival hypothesis). In Experiment 3a,
manipulating the amount of preexposure at a 10.5-sec US-US interval

showed rapid blocking of a CS-US association by a US-US association.

Experiment 3b showed that the results from Experiment 3a were not
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consistent with one alternative account. This alternative account
~suggested that blocking in Experiment 3a occurred because subjects did
learn the CS-US association, but compet{ng respon;?z elicited By
learning a short interval US-US association prevented the expression
of this learnlng: Experiment 4 showed tﬁat blocking w&s attenuated
with added USs in preexposure at longer US-US intervals than the
U critical US-US interval. .ﬁxﬁep}ment 5 showed that the results'fron
Experiment 4 were not due to a2change in the temporal distribution of
USs from preexposure to training. The relationship of US-US blocking
to current theories of learning and to other conditio&ing phenomena

was discussed.
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CHAPTER 1
[NTRODUCTION

The study of assoclative learning seeks to determine how
organisms learn relaflons between stimuli. One paradigm for
investigating associagive formﬁtion is to present an organism with an
originally neutral stimulus followed by the presentation of a
biologically significant stimulus. For example, Pavlov (1927)
presented hungry, healthy dogs with the rhythmic ticking sound of a
metronome followed b& food &elivery. By measuring salivnfion. Pavlov
discovered that subfects initially salivated only upon food delivery,
but, after metronome-food presentations, subjects saliyated to the
sound of the metronoée alone. Pavlov referred to the metronome sound
as .the conditional stimulus (CS) and food delivery as the
unconditional stimulus (US). Responses to US presentation were P
referred to as unconditional responses (URs).‘aﬁd responses elicited
by the CS following CS-US- pairings were conditional responses {(CRs).
Blocking

For the analysis of associative learning, it is useful to
iden;lfy procedures that prevent or reduce CR acquisition. One such
procedure is referred to as blocking. Blocking was reported by Kamin
(1968, 1969). In one experiment (Kamin, 1968), the following
procedure was used to show blocking. In each of 4 sessions, 4, é-uln,
white noise CSs were presented and followed Ilmmediately by shock.

Then, in each of two-sessions, four compound CSs consisting of the



\ .
white nolse and a light were presented followed immediately by the
shock. Subj;cta were then given four presentations of the light
alone. Control groups received either identical compound CS training
witkgut prior noise-shock training, equivalent noise-shock training'
only, or noise-shock training following, rather than preceding,
compo;nd CS training. Results showed that subjects given prior noise-
shock pairings showed EPCh weaker CRs to the light in comparison to
control groups. The CR was the level of fear shown by subjects.
Kamin suggested that conditioning depended on US "surprisiqgness".
When the US ;aa surprising, CS-US pairings resulted in con&itioning of
the CS. If however, US occurrence was already predicted by other
available stimuli, the identical CS-US pairings would not result in
conditioning of the CS. ThuS. subjects given noise-shock pairings
followed by compound noise and light-shock pairings showed poor
conditioning to the light because the shock was not surprising; the
shock was already predicted by the noise.

Blocking of condltioning to a CS, by the concurrent
presentation of another previously éonditiohéd CS, has since been
shown in many.experiments (Allaway, 1971; Blanchard & Hdnig. 1976
Dickinson, Hall, & Mackintosh, 1976; Dickinson & Mackintosh, 1979;
Kremeé..Specht. & Allen, 1980; Mackintosh, Dickinson, & .Cotton, 1980;
Mackintosh & Turnérr—1971: Rescorla & Durlach, 1981; Rescorla &

Hagqgr. 1972; Straub & Gibbon, 1983; Tomie, 1976a,b; Wagner, Mazur,

Donegan., & Pfautz, 1980: Wagner & Rescorla, 1972). &
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The present experiments show blocking of conditlioning to a CS
when US occurrence is predicted by a_ prior US rather than by a
concurrent CS.

A Simple US-US Blocking Design ~

A simple US-US blocking design, applied to the case In which

the US paired with the CS is predicted by a prior US, is as follows.

In preexposure, eXxperimental subjects receive a train of USs separated
by a fixed US-US interval. This train of USs is preceded and followed
by a time-period in which no events are presented. Preexposure in
this simple US-US blocking design corresponds to the first phase of a
CS-US blocking experiment in which subjects are~g1ven initiai CSy-Us.
palrings. By ﬁresenting Uss at fixed US-US jnpervals, each US not
only elicf%g UR; but signals the time of arrival of a subsequent US,
[n'training, the identical train of USs is presented but, in addition,
the second US in the train is éignalled by a CS. Training in this

simple US-US blocking design corresponds to the second phase of a

7 blocking experiment in which subjects are given CS;-CS,-US pairings.

The second US in the train is signalled'by both the first US in the
train and the CS. If the first US signals- the time of arrival of the
second US, the CS-US association might be blockéd. in coaparison to
control subjects. Control subjects receive identical training bﬁt do

not receive US preexposure. Thus, attenuated CR acquisition fn

-

Cy .
experimental, in comparison to control, subjects would be consistent
N

with the hypothesis that a CS-US association 15 blocked if, as a

result 6f preexposure, the delivery of the US with wpich the CS is
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puiréd is predicted by the prior US. There is some support for the
claim that if a US arrives at an unexpected time blocking is
attenuated (eg. Schreuers & Westbrook, 1982) although there have also

been failures to find this result (eg. Kohler & Ayres, 1979).

Alternative Interpretations of Attenuated Acquisition

in a Simple US-US Blocking Design

In this simple US-US blocking design, attequatéﬁ CR
acquisition in experiﬁental in comparison to control, subjects would
be consistent with several alternative Tﬁterpretations These
alternative_interpretations include processes such as habituation,
learned US independence, learned laziness‘gnd contextual condithning
as well as predictions derived from theory (Scalar. Expectancy Theory
(SET) and the Opponent-Process Theory).
Habituation

Many experiments show a progressive decline in the vigor of
elicited behavior when a stimuIG‘}ls repeatedly presented (Thompson &
Spencer, 1966). Davis (1974) found a progressive .decline in the
startle response in rats wheh a brief, ioud tone was presented every
30 seconds when relatively quiet noise was in the background. Various
theorists have proposed characteristics of the US which may be
weakened when subjects receive repeated US presentations. Taylor
(1956) claimed that US presentations reduced the sensory impact.of the
US. FKamin (1961) maintained that US presentations attenuated an

"internal emotion reaction" to the US. Macdonald (1946) suggested

that US presentations redgced the "motivational reaction” to the US.
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Auitﬁand Baum (1970) and Gamzu (1977) argued that US presentations

reduced the "novelty” of the US.

presentatiops result in US habituation.

thher. there is abundant evidence that acquisition of
conditioned responding is more rapid when subjects are given more
intense or larger USs (Annau & Kamin, 1961; Fitzgerald & Teyler, 1970;
Ost & Lauer, 1965; Sheafor & Gormezano, 1972; Spence & Platt, 1968;
Wagner, Siegel, Thomas, & Ellison, 1964). Therefore, in a simple US-
US blocking design, experimental subjects may show attenuated CR
acquisition because subjects have habituated to the US and the A\
weakened US subsequently results in poor CR acquisition. Sln;e
control subjects do not receive USs prior to CS-US training,
subjects would not have habftuated to the US and CR acquisition would

»

be strong.

The Opponent-Process Theory [—\ \\\‘

The Opponent~Process Theo;yde gcquired motivation (Soclomon,
1977; Solomon & Corbit, 19%4) proposes that the relat(be strengths of
two opposing processes determines an organism's affective response to
the US. The opposing processes are ldentified as an.a process,
elicited by a US, and a b process, elicited by the a process. The a
procesé is postulated to show lLittle habituation or sensitization io ‘

the US, whereas the opposing b process increases in intensity and

duration and shows decreased onset latency with repeated USs.” When a-

N
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b is positive the organisg is in the A state and when a-b is negative
the organism is in the B state. The model also assumes that
excitatory classical conditioning results from an assaciation between
the CS and the A state of the US.

The model predicts, in a simple US-US blocking design, that
the second Uslin the train will result in a stronger b process in
experimental subjects exposed to prior USs, in comparison to control

)

subjects. Therefore, the net A state will be‘lower. since a-b will be

~
—

lewer. for experimental, in comparison to contro{i\:ubjects. The
result will be attenuated CR acquisition in experimental, compared to
control, subjects:

Learned US Independence

Alioy and Ehrman (1981) claim that subjects given US

? .
presentations form a cognitive expectation that USs will be “

independent of all other events, including the CS. Further, tgjs
cognitive expectation qfoS‘independence hinders later detection of

cs-us deﬁendence whqﬁ/sﬁbjects are subsequently given CS-US pairings. -
(

Alloy and Ehrman (1981} predict that in a simple US-US blocking
design, attenuated CR acquisition in experimental subjects given USs

prior td CS-US training results because subjects are slower in

Vel

4 ‘1Bérning subsequent CS-US dependency in compariscn to control subjects

which do not have an- expectation of US independence. )

8 account bears some relation to a learned irrelévance

account suggested by authors {for example, Baker, 1976; Baker &

Mackintosh, 1979) who assume that subjects receiving uncorrelated CS-



US presentations learn this lack of correlation which interferes with

conditioning when subjects subsequently receive correldted CS-US

presentations.

Learned Laziness

Engberg, Hansen, Welker, and Thomas (1972) showed that pigeon

subjects previously receiving random food presentations showed
attenuated CR acquisition in coﬁparison to subjects not receiving
prior random food présentatlons {control group). Subjects given
operant tread{;»pfess training showed more rapid CR acquisition in
comparison to both the control group and the group receiving prlor
random food. S

Engberg et. al. (1972) suggested that subjects receiving
random food presentations before CS-US training were made lazy and
this "learned laziness” interfered with subsequent CR acquisition.
Subjects given operant treadle-press training before CS-US training
were more industrious and this "learned industriousness” facilitated
CR a;quisition.

In a simple US-US blocking gesign. Engberg et al. (1972)
might suggest that CR acquisition would be atéenuated in experimental
subjects receiving USs prior to CS-US training, in comparison to
c@ntrol subjects, because "learned laziness” in equrimental subjects

would interfere with CR acquisition.

’/-“—/
——

Context Conditioning '
In a simple US-US cking design, experimentél subjects are

given USs prior to CS-US tra{ning) Control subjects receive fdentical [ﬁzﬁ
e
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CS-US tralning but are not given prior USs. A context conditioning
account suggesfa experimental subjects receiving USs prior to CS-US
training receive those USs in conjunction‘ylth various stimuli. These
stimuli consist of the features of the experimental c?amber-(e.g.
amount of illymination, ambient noise level, etc.) and\are called
contextual stimuli or context (Rescorla & Wagner, 1972).

Bxpeéimental subjects recéiving CS-US training in a context
previously associated witﬁ US presentations should show attenuated CR
acquisition because the context-US_aasociation biocks the CS-US -

"association. Control subjects receive CS-US training in a context not
previously assoclated with US presentations. Therefore, CR '
acquisition should be less attenuated in control subjects, in "2
comparison to ekperlmental subjects, because the context-US
asgsoclation less effectively blocks the CS-US association.

A variety of experimental findings support the interpretation
that subjects given USs prior to CS-US training learn a context-US
association which can later block a CS-US association. For example,
CR acquisition is stronger if prior USs are-given in a context
different from the one in which CS-US training is given, in compgrison
to when prior USs are given in the identical context in which CS-US
training is given (Balsam & Schwartz, 1981; Hinson, 1982; kandich &

N

Ross, 1984; Tomie, 1976a,b; Tomie, Murphy, Fath, & Jacksoh, 1980){§$>

This may result because when the context is altered between US

presentations and CS-US training, the altered context less effectively



blocks the CS-US association. When the context is not altered it more
effectively blocks the CS-US association.

Further, if the context i{s presented alone fbllowlng us
presentations, and before CS-US training, CR acquisition 18 more
robust, in comparison to when CS-US training is given immediately
following US presentations (Hinson, 1982; Randich, 1981). This may
result because presentations of the context alone extinguish the
context-US association. Thus, an éxtinguished context-US association
will less effectively block the CSLUS association. When the context
is not extinguished the context-US association more effectively blocks
the CS~US association.

_Finally, several studies suggest that subjects given
unsignalled USs before target CS-US training show attenuated CR
acquisition,” in coﬁparison to subjects given signalled USs before
target CS-US training (Baker & Mackintosh, 1979; Cannon, Berman,

. Baker, and Atkinson, 1975; Randich, 1981). This may result because
when the prior USs are signalled by another CS, the context-US
association is weaker and less effectively blocks the target CS-US
association. When the prior USs are unsignalled, the context-US
?ssociation is stronger and more effectively blocks the target CS-US
association,

Scalar Expectancy Theory (SET)

Scalar Expectancy Theory (SET) provides a different

explanation for attenuated CR acquisition in a simple US-US blocking

design (Gibbon, 1981; Gibbon & Balsam, 1981). According to SET, the

i
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critical variable for conditioning is the rétio of the average US
expectancy in the CS to the average US expectancy in the context.

This ratio is similar to Relative Waiting Time (RWT) (Jenkins, Barnes,
& Barrera, 1981). Experiments have shown that a ratio in excess of
two is required for the emergence of conditioned responding (Gibbon,
1981; Gibbon, Locurto, & Terracg. 1975). Large ratios (and ;trong
responding) result when each US is preceded b¥4a short CS and there 15
a long time between U$s in the context. Small ratios (and weak
responding) result when each US is preceded by a long CS and there is
a short time between USs in the context. Por experimental subjects
given USs prior to CS-US training, the average US expectancy in the
context would be higher in comparison to control subjects not given
USs prior to CS-US training. In a simple US-US blocking design, SET
predicts that experimental subjects given prior USs should show
attenuated CR acquisition because the ratio of the average US
expectancy in the CS, to the average US expectancy in the context is
lower, in comparison to control subjects not given prior USs.

Thus, in a simple US-US blocking design there are many
alternative interpretations of attenuated CR acquisition. The present
thesis attempts to rule out these alternative interpretations and show
blocking of conditioning to a CS when the US with which the CS is
paired is signalled by a prior US.

Before preceding to the thesis experiments the evidence 6n
US-US learning and blocking of CS-US learning by US-US learning will

be reviewed.



11

US-US Learning in Operant and Classical Conditioning

The present thesis will show that a CS-US assocliation can be
blocked if the US paired with the CS is predicted by a prior US.
There is evidence in the literature that subjects can learn a US-US
association and that a US-US association can block a CS-US

association.

US-US Learning in Operant Conditioning

US-US Learning in Operant Conditioning with Food as the US

In operant conditioning subjects may learn a food~food
assoclation when a relatlionship exists'between food delivery and the
probability of subsequent food delivery. In one experiment, Catania
and Reynolds (1968} showed with various constant-probability‘uariable
interval (VI) schedules (for example, VI 79 geconds, VI 379 seconds,
VI 40.5 seconds), that when the probabllity of reinforcement shortly
after reinforcement was made high, the local rate of responding ﬁt
that time was relatively high. Purther, when the probability of
reinforcement was held roughly constant over the time since
reinforcement, local rates of responding remaineﬁ relatively constant
as fime pasgsed since reinforcement. Results from Catania and Reynolds -
(1968) may be understood in terms of a US-US assocjation. When the
probability of reinforcement shortly after reinforcement was made
hights food presentation signalled that a subsequent food presentation
would be available soon. Subjects may have learned this food~food.
relationship and evidenced this learning by increased responding

immediately following food delivery. When the probability of
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reinforcement after reinforcement was made constant over all VI
intervals, food delivery signalled that a subsequent food presentation
would be available at a number of different timeg. Subjects evidenced
learning this food-food relationship by maintaining constant
responding following food delivery.

In addition, many studies show that subjects given food

programmed on a fixed interval schedule show increased respondiang as

the time for subsequent food delivery comes closer (the fixed interval

"scallop”) (Dews, 1970; Parmer, 1963; Ferster & Skinner, 1957;
Millenson, 19633 échneider. 1969; Staddon, 1972). This may result
because subjects.are learning a food-food association. Specifically,
food delivery may not only reinforce responding but signal the time at
which the next delivery of food will become available. Subjects
eviaence learning thig food-food association by increased responding
as the time for the next delivery of food comes closer.

US-US leerning in Operant Conditioning with Shock as the US

In operant conditioning subjects may learn a shock-shock
assoclation when a relationship exists between shock delivery and the
probability of subsequent shock dellvery. Davis, Memmott, and Hurwitz
(1975) showed subjects evidenced little fear in the first minute
following éhock when shocks were separated by three minute intervals.
Subjects receiving equivalent average shock rates, but random times
between shocks, evidenced more fear in the flrsﬁ minute following '
shock. This may result because when shocks were separated by three

minute intervals, shock delivery signalled that a subsequent shock
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would follow in three minutes. Subjects evidenced learning this
shock-shock relationship by evidencing little fear in the first minute
following shock. When shocks were separated by random tiﬁes. ‘shock
delivery may have signalled that a subsequent shock presentation w&;id
follow at a number of different times. Subjects evidenced learning
this shock-shock relationship by remaining fearful following shock
delivery.

In addition, when shocks are programmed on a fixed interval
scﬁqule. subjects show increased fear as the time for shock comes
closer (Azrin, 1958: Hendry, Yarczower, & Switalski, 1969). This may
result because when shocks are separated by 5 fixed interval, shock.
may signal the time of arrival of a subsequent shock presentation.
Subjects evidence learﬁing this shock-shock association by increased

fear as the time for the next delivery of shock comes cloger.

US-US Learning in Classical Conditioning

Drug Administration

One paradigm for investigating classical conditioning {s drug
administration (for example, Siegel, 1979). In drug administration
the CS consists of those external cues or procedures reliably
. preceding drug administration. The actual central drug effects
constitute the UR. Several studies show that the CR may be opposite
in direction to the UR (for example, Krank, Hinson, & S{egel, 1981;
Pavlov, 1927; Siegel, 1979). Tolerance to drug administra;ion muy'

result because as the association between predrug signals and drug

2
’;.-



14

administration increases over trials, drug compensatory CRs would be
. expected to increasingly cancel the drug URs.

There is evidence that a US-US aasociation may form with drug
presentation serving as the US; For example, Greeley, L&, Poulos,
and Cappell (1984) found that subjects given a high alcohol dose
.reliablﬁ preceded by a low alcohol dose showed greater tolerance to
the high alcohol dose, in comparison to subjects randomly presented
low and high alcohol dosea. Purther, Greeley et al. {1984) found a
drug-opﬁoaite respoﬁse conditioned to the low alcohol dose and that
tolerance was extinguished by repeated presentations of the low
alcohol dose alone. An association between USs in drug conditioning
is especially noteworthy because the response elicited by.a drug
signalling subsequent drug delivery could be opposite te the UR
normally elicited by the drug.

| Elocking of a CS-US Association by a Ué—US Association

Egpger and Miller

Blocking of a CS-US association by a US-US association was

shown by Egger and Miller (1963). In Egger and Miller (1963), four
groups of subjects wefe used. For one group of subjects (Group SIMPLE
CONDITIOﬁiNG) a two-second CS overlapped three food pellets delivered
in the last .5 seconds of the CS. In addition, 35 food pellets were
rnndouiy presented in the session. Group REDUNDANT received CS-US
training similar to the CS-US training received by Group SIMPLE
CONDITIONING. However, the three food pellets were signalled by a

food pellet .5 seconds prior to the CS and there were no extra food
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pellets presented. Group INFORMATIVE received training identical to
Group REDUNDANT but, in addition, 35 food pellets were randomly
delivered in the session. In Group INFORMATIVE a food pellet leas
reliably signalled the delivery of food pellets since additional food
pelléfs were randomly presented in the session. Therefore, since the

S
T .
food pe{}et‘prior to the CS less reliably signalled the delivery of ///>
I L

{
" the three subsequent food pellets, the CS was an informative cue

signalling the delivery of the threé food pellets. Finally, group
PSEUDO-CONDITIONING receiveq explicitly unpaired CS and food
presentations. Conditioned response strength was assessed in a
secondary reingorcement paradigm in which every third response on a
lever was reinforced by CS presentation. Results showed Groups SIMPLE
CONDITIONING and INFORMATIVE pressed the lever significantly more than
Groups PSEUDO-CONDITIONING and REDUNDANT. Egger and Miller (1963)
suggested that if the prlor food pellet rellably signalled the
delivery of the three subsequent food pellets, the CS-US association
would not form because the CS was not "Informative". The CS was
ihformative. however, if there was no food pellet prior to the CS-US
pairings (Group SIMPLE CONDITIONING) or if the prior food pellet did

not reliably predict the delivery of the three subsequent food pellets

{Group INFORMATIVE).

Py, o S
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Alternative Interpretations and Epper and Miller

N
It fs important to consider the Egger and Miller study in

relation to the alternative Interpretatiohs of attenuated acquisition
in the gsimple US-US blocking design previou discussed, Results
from Eg_éer and Miller were not consistent with ha ttion, Opponent-
Process' Theory, learned laziness, learned US independence, SET or
context conditioning. These alternative 1nterpretgtions all predict
a;ténudted CR acquisition in Group INFORMATIVE 1n'compari;on to Group
REDUNDANT. Because subjects in Group INFORMATIVE received more USs
tha; subjects in Group'REDUNDANT. CR acquisition should be attenuated
in Group INFORMATIVE compared to Group REDUNDANT.‘ Since Group
INFORMATIVE showed better acquisition than Group BEDUNDANT. results
were not conslétent with the alternative interpretdtions of attenuated

acquisition in the simple US-US blocking design previously discussed.
Lambos

The e peggment from Lamboé (1986) most relevant to the
present thesls \{s Experiment 3. All 5 groups received a single C5-US
pairing each day aAnd the data of interest were the acquisition of the_
keypeck response to this CS over days. In Experiment 3, there were 5
groups of subjects. . Group B/3 TRAIN received a CS signalling the
third US In a train of 16 USs separated by 10.$—éec US;US.intervals.
The 4 additional groups differed only in the evehts presented.after
the CS-US pairing. PFor Group B/3 RANDOM, the interval between each of
fhe 13 USs after the CS-US pairing was random. For Group B/3 SPLIT

b3

TRAIN there was a wait of about 8 minutes before the 13 USs after the
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CS-US paliring were presented at 10.5-sec US-US Intervals. For‘Group
B/3 TRIPLET, 12 USs after the CS-US pairing were delivered at 10.5-sec
US-US intervals in\\giﬁ/;;\}qgg h three. ® The 4 triplets of USs after
the CS-US pairing were separated by variabl; durations. For Group B/3
ONLY there were no events presented dfter the CS-US pairing. Results
showed gﬁgniricantly attenuated acquisition in Groups B/3 TRAIN and
B/3 SPLIT TRAIN 1& comparison to the other groups.

Lambos (1986) suggésted that attenuated acquisition in Group
B/3 TRAIN and B/3 SPLIT TRAIN occurred because each US rellably
signalled that another US would follow in 10.5 seconds. When the USs
after the CS-US pairing were presented at more widely spaced US-US
intervals, a US was a less reliable signal that another US wouid
follow in 10%§ seconds. Acquisition was stronger® therefore, when the
USs after thg CS-US pairing were presented at intervals longer than
10.5 secoA;s {Group B}a RANDOM and B/3 TRIPLET). Lambos (1988) noted
that results from Experiment 3 were not consistent with several
alternatlve‘lntergretations. These alternative lnterpretations were
not all the same es the alternative interpretations of attenuated
acquisition in a simple US-US blocking design previously discussed.
Most relevant for the present thesis, however, was that Lambos (1986}
noted that resuits from Experment 3 were difficult to reconcile with a‘
context conditioning account. Groups 5/3 TRAIN, B/3 SPLI;>;ﬁAIN. B/3
RANDOM. and B/3 TRIPLET received about the séme number of USs (Groﬁb

B/3 TRIPLET received one less US than B/3 TRAIN, B/3 SPLIT TRAIN and

B/3 RANDOM). Since the USs were presented in.contexts of identical
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session length, context conditioning and blocking of the CS-US
association by a context-US association should have been equal in
Groups B/3 TRAIN, B/3 SPLIT TRAIN, B/3 RANDOM, and B/3 TRIPLET.
Results showing poorer acquisition in Groups B/3 TRAIN and B/3 SPLIT
TRAIN in cpmparison to Groups B/3 RANDOOM and B/3 TRIPLET ﬁere not
consistent with a context conditioning interpretation.

Alternative [nterpretations and Lambos

It is important to gonsider Experiment 3 in Lambos (1986) in
relation to the other alternative Interpretations of attenuated

acquisition in a simple US-US blocking design previously discussed.

- This is necessary because some alternative interpretations relevant to

-

the present thesis were not addressed in Lambos (1986} .

. [t 1s difficult to reconcile SET with results reporth in
Experiment 3 by Lambos (1986). (In Lambos (1986} Experiment 3, a
modified version of SET was discussed, although earlier experiments

had rejected an unmodified version of SET). Subjects in Groups B/3

-

TRAIN, B/3 SPLIT TRAIN, B/3 RANDOM, and B/3 TRIPLET received about

equal average US presentation rates in the context and €CS. According
)
to SET, sinceJthe ryfﬁo'df the average expectancy for a US in } e CS

. to the average expectancy for a US in the context would be

approximately equal for Groups B/3 TRAIN, B/3 SPLIT TRAIN, B/3 RANDOM,
)

and B/3 TRIPLET, responding should also, be about equal for these

groups. kesults showing significantly poorer acgquisition for Groups

B/3 TRAIN and B/3 SPLIT TRAIN compared to Groups B/3 RANDOM and B/3

TRIPLET were not consistent with SET.

. - (

/
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Results from Lambos {1988) are also difficult to recongile
with Opponent-Process Theory or habituation. Results may, howeyer, be
accounted for by learned laziness or learned US'lndependencef These
alternative interpretations could specify th;t learned laziness. or
learned US independence may be greater when subjects receive USs at
shorter, in comparison to ionger. US-US intervals. If learned
laziness or learned US independence was greater with USs at shorter

Us-us intervgls. acquisition in Groups B/3 TRAIN .and B/3 SPLIT TRAIN

would be attenuated in comparison to ‘Groups B/3 RANDOM and B/3 TRIPLET

recelving USs at lonéer US-US intervals.

Thesis Objectives ) C::
The present Ehesis attempted to e;¥eﬁd the‘results reported
by Lambos (1986) and ‘Egger and Miller (1963) in several important
ways. First, the ghesis attempted to show blocking of a Cs-Us

assoclation by a US-US ;gsociation using procedures more closely

resembling a typical blcking experiment. In blocking, CS4y-Us

training occurs prior to
S

us-us tréining occurs prior\to US-C$-US training. In Lambos (1986} -

\
' =CSa-US traig)ng. In the present thesis

and.Eggeg\and Miller (1353 , US~US training occurred at the same time

as CS-US training. 8
Secondly, the thesis éttempted’to determine whether blocking

of a CS-US association by a US-US association could be demomnstrated
H

using longer US-Ué‘intervals than those reported by Lambos (1988) and

Egger and Miller (1963). B8locking of a CS-US association by a US-US

a
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assoclation was shown only with a 10.5-sec US-US interval in Lambos
(19868) and a 2-sec US-US interval in Egger and Miller (19@3).

Thirdly, the thesis attempted /to obtalin evideﬂap on the
rapidity by which a US-US association ferms, as assessed by its
ability to block a CS-US association. This was accomplished @y
parametricall anipulating the number of short (10.5-sec} US-US
intervals ved by subjgct; prior to CS-US trainming. a

Finally, the thesis attempted to extend the resultf reported

by Lambos (1988) and Egger and Miller (1963) while controlling for

alternative interpretations of the results. These alternative

interpretation? included habituation, Opponent-Process Theory, learned
laziness, learned US independence, contex£ conditioning and SET.
Although these alternative interpretations were strained to account
for Egger and Miller';\(lgsa) study, learned laziness aﬁd learned US
independence were possible aléernative interpretations for .ambos'
(1986) study. nggﬂf’the thesis attempted to éﬁfroborate the
conciusion suggested by Lambos (1986) and Egger'anthlller (1963) that

a US-US association can block a CS-US association.

\



CHAPTER 2

INTRODUCTION TO THEé[S EXPERIMENTS
Therthesis contains 5 experiments (lubelled Experiméntsflfb.
inclusive). E;periments 1-5 show that a prior US can signal the time
of arrival of‘a subsequent US, with which the CS is paired, and block
the CS- association. Most {mportantly, Experimenté 1-5 were
designe evaluate alternative interpretations of the resu]ta..‘

To shoﬁ-blocking of a CS-US association by a previously
acquired US-US association, the present experiments used the
autoshaping preparation (Brown & Jenkins, 1968). In the nutoahnpihg
preparation, hungry pigeons are presented with the brief fllumination
of a keylight followed by food delivery. In these experlments.-the
food consisted of mixed gréin. Subjects evidence learning the
keylight-food association by approaching and peqking the keylight CS,

Experiments 1-5 had three separate phases. In the first
phase, subjects were taught to eat reliably out of the food mngnzine
when thelfood magazine was operated. Re&iable eating was obtalned

when subjects were giwen a total of 100 food magazine preseqtations.

This phase was referred to as feeder training.

In the second phase, all subjects, except those designated as

NOP (no prezexposure), received US presentations at certain US-US
intervals. The US-US intervals varied with the group of subjects and
the experiment. This phase was referred to as preexposure. [In pre-

exposure {and in later training). all subjects were (nitially glven a

21 O
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10-sec priming US. The priming US helped alleviate the effects of
subjecta being transported from the colony room to experimental
chambers. Subjects that do not recelve a priming US qften remain
frozen in the chambers, presumably because of the emotional effect of
handling and transporaticn to the chambers. Subjects then received a
train of USs at various US-US intervals. For example, subjects may
have received a train of USs at very short US-US intervals. This
train of USs was preceded énd followed by a time period in which no
events were presented. This time peribd in which no events were |
presented waa necessary in order to present additional groups of
subjects with extra USs or USs at longer US-US intervals, while
keeping session length constant across groups.

Finally, in the third phase, subjects were given a single 10-
sec rgd keylight presentation which signalled the second US in the
traln of USs. This phase was referred to as training. The interval
between the first and the second US in th; train (the second US in the
train having been signalled by the CS) was called the eritical US-US
interval. The term critical US-US interval was used because the
Interval betwgen the first and second US in the train of USs would
determine the degree to which the first US in the train signalled the
time of arrival of the second US In the train. The dependent variable

was the amount of pecking at the red keylight CS in the train.

-

Experiments 1-5 attempted to show that a high rate of pecking to the

CS would occur if the CS-US association was not blocked by the US-US
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assoclation. A low rate of pecking to the CS would vccur if the CS-US
association was blocked by the US-US association.
EXPERIMENT 1

The effect of US preexposure should depend on the timing of
US-US intervals in preexposure in relation to the critigal Us-UsS
interval in training. The critical US-US interval in training is the
interval between the first US and the secondlUS in the train {the
second US in the train being signalled by the CS}).

If blocking deﬁends on the ability of a prior US to predict
the time of arrival of the US with which the CS is paired, blocking
should be greater when all the US-US intervals in preexposure are the
same as the critical US-US interval in training than when US-US
intervali‘ln preexposure are differégg,from the critical US-US
interval in training. The.first exper&ment examined the hypothesis
that Q US-US association can better block acquisition of a CS-US
associatiﬁn when US-US'intervals were equal in preexposure and the
critical Ué—US Interval In training, in comparison to when US-US
intervals were frequently longer in preexizzt}r than the critical US-
US interval in training. .

The design of Experiment 1 islillustrafed In Plgure 1, In

*
';}iperiment 1, and all subsequent experiments, groups received a 10-sec
priming US at the beginning of each preexposure and training session.
Group SHORT-SHORT then received a train of USs with short US-US
intervals. Group LONG-LONG received long US-US intervals in both

preexposure and tréining except that the very first US-US interval in
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Eeslgn of Experiment 1. S refers £:‘§HﬁRT. L to LONG
and NOP to NO PREEXPOSURE. -The dots refer to feedings.
The large dot at the beginning of the session
corresponds to the 10-sec priming US. The smaller dots
correspond to the d4-sec USs. Only 4 of the 16, 4-sec
feedings in preexposure and training are shown.
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the train of USs was a ‘short interval equal in duration to US-US

intervals in the train of USs in Group SHORT-SHORT. Two other gfoups
served as additional controls. They received the same training
conditions as Groups SHORT-SHORT and LONG-LONG respectively but
recelved no preexposure (Group NOP-SHORT and Group NOP-LONG). In edch
training session a single CS was presented. It signalled the second
US in the tr;In which in all cases followed the first US in the train
after a short interval., The interval between the first.and the second.
US in the train (the second US in the train having been signalled by
the CS) was called the critical US-US interval. As a consequence of
lthese conditiona, the temborﬁl distribution of Ués in Groups SHORT-
SHORT and LONG-LONG was unchénged from preexposure to training. The

single CS also occurq?d\{n qgactly the same temporal context of a’ ‘z\a

»
prior qu_ggbequgnt/hs in all groups.

" On tﬂe hypothesis of blocking by a US-US association, the
effects of preexposure should be greater in Group SHORT-SHORT in
comparison to Group NOP-SHORT than in Group LONG—LQNG ih comparison to
Group NOP-LONG. This is so because in Group SHORT-SHORT all USs
(except the primlng US and the last US in each ;ession) are separated
by the same short interval which is also the critical interval in
l?raining. In Group LONG-LONG, on the other hand, only the first pair
of USs in preexposure is separated by the short critical Us-US
interval: the remaining USs are separated by a much longer interval.

Thus, in Group SHORT-SHORT the presentation of a US more reliably

predicts that another US will follow in a short time.
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-Method ’

~

./ Subjects. Subjects were 36 naive; unsexed adult homing
pigeons maintained at 75% of their free-feeding weigh;. They were
housed in individual cages with free access to wﬁter and grit,

Apparatus. Six modified Lehigh Vaiféy plgeon chambers were
used. They were equipped with a speaker, a solenold-operpted {eeder.
a ventllating fan, two houselights, and two response keys. The right
key was covered and only the left key was used. Chambers had exterior

"dimensions of 56.5 x 40.5 x 42.5 cm. Chamber interiors were separated
Sy an intelligence panel measuring 30.5 x 34.8 cm. Pigeon subjects
were placed in the larger of the two sections measuring'aé.s x 34.8 x
3.9 cn. A 7.8 cm floor platform was inserted in the larger section,
raising the floor and reducing the height to 22.9 cm. The speaker was
located on tﬁevlower left‘of the intelligence panel. The left
respdnse key was a 3.2 cm square of hinged plastic located 12 cm nbdve
the platform fioor and offset from the midline of the panel by 1.6 cm.
?me center of the key was a .7 cm dlameter circle which could be'
backlighted by a white lamp encased in a red plastic cap.

Centered on the front panel, 4 cm above the floor, was a 5§ X
7 cm opening through which mixed grain was made available by feeder
operation. An infrared phototransmitter and receiver posiltioned 1 cm
behind and on either side of the feeder opening was operated when the
pigeon's héad entered the feeder opening. Chamber illumination was

provided by two houseliphts mounted 3 cm from the ceiling and

separated by 2-cm. Lahps were enclosed In housings which directed the
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light to the ceiling. Keylight, feeder light and houselights were
" miniature white bulbs, GE 1829. Masking noise was provided by
ventilating fans. Programming and recording waslaccomplisheJ by a
Commodore PET computer located in an adjacent room,

Procedure. Subjects were trained to eat from the feeder.
When subjects were first placed in the chamber, grain was available in
the raised feeder. After subjects had taken grain, an automatically
programmed food delivery schedule was used in which the feeder-up
period and interfeeding interval for each US was timpd from tﬁe
interruption of the photocell bean. Subjects were allowed to eat ﬁBr
15 seconds for the first 3 USs and 4 seconds for the ;bﬁaining 27 USs.’
The interfeeding interval was 15 seconds. Two sessions of this phase =~
of feeder training were given. In the third session,.subjects
received 40, 4-sec USs separated by one minute intervqis scheduled
independently of behavior. Subjects were then randomly divided into 4
groups of 9 subjects. (:f

) Five US preixposurg sessions followed feeder training. At //H\

the beginning of each preexposure session Group SHORT-SHORT received a
10-~gec US. The 10-sec US at the beginning of each session was the
priming US. The priming US was followed after 880 seconds by a train
of 16, 4-sec USs at 10.5-sec US-US intervals. After the last US in
the train theré was a 1350-sec period In which no events were
presented. The houselights were then turned off to end the sessioﬁ.
Group LONG-LONG also received a 10-sec priming US at the beginning of

the session followed after 880 seconds by a train of 16, 4-sec USs.
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The first two USs in thg train were seﬁarated by 10.5 seconds. The

remainder were separated by 100.5 seconds. Following the final Us,

the houselights were turned off and the session ended. The session
length was approximately 40 minutes in both groups. Groups NOP-SHORT
and NOP-LONG remained in their homecages during this time. |

Tén CS-US training sessions followed US preexposure. In all
groups a single red keylight CS was presented per training session.
In each case onset of the CS was 0.5 seconds after the offset of the
first US in the train of USs. Offset of the CS occurred 10 seconds
later and was coincident with the onset of the second US in the train
of USa. It should be noted tH;t for the groups which received
preexposure, the number and timing of USs during training was
unchanged from pfeexposure. Groups-NOP—SHORT and NOP-LONG recelved
the same training as Groups SHORT-SHORT and LONG-LONG, respectively.

Results and Discussion. Results from Experiment 1 are shown

in Figure 2 and Table 1. Averaged over the 10 sessions of CS-IS
training, Group SHORT-SHORT showed less acquisition to the CS than did
Group NOP-SHORT (U = 4, p < .005). Group LONG-LONG also showed less
acquisition than Group NOP-LONG (U = 19.5, p < .05). Group NOP-SHORT
did not differ significantly from Group NOP-LONG (U = 35, p > .05).
Group SHORT-SHORT showed less acqulii;)on thﬁn did Group LONG-LONG (1}
=4, p < .005). There was a greater preexposure effect, as implied by
the time of arrival hypothesis, {n Group SHORT-SHORT_in comparlson-to

Group NOP-SHORT than in Group LONG-LONG in comparison to Group NOP-.

LONG. N
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Figure 2. Mean respongses per second to the CS in Exp,eriment 1.
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\Jl::\
A 4
Table 1 N4
i . : '
n
Mean responses per second to the CS in Experimentl//j\
. {t s andaard error)
Group . Responses per second -
SHORT-SHORT (n=9) ' .26 t .16 )
. ‘ ' . ST
NOP-SHORT (n=9) L, 2.24 £+ .44 . L
LONG-LONG (n=9) - 1.75’6 .28
NOP-LONG (n=9), , 2.63 + .36
. *
-
’ ) .
) - ' . . v
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.
A greater preexposure effect in Groua SHORT-SHORT and Gyoup
LONG-LONG in cpmparlson to corresponding control. groups, provides the
evidence foghgipgklng of a CS-US association by a breviously

1 ' .
g//,fegxab}iahed‘U§:a§\§ssoc1ation. Even when Groups SHORT-SHORT and LONG-

LONG were equated on the number of USs in preexposure and trnlnlnzl
the posi£ion of the CS with ;:;pect to the first and second US in the
train, the séssion lengthﬁép preexposure and tr&lnlng, and. the events
in each session prior to the CS-US.pairing, Group SHORT-SHORT showed
attenuated CR acquisition In comparison to Group LONG-LONG. Results
show that the development of a C§~US association was blocked by a US-
US association.

These results are difficult to reconcile with the nonblockiqg
accounts previously identified. One important reason why other
nonblocking accounts cannot account for attenuated CR acquisition in -
Group SHORT-SHORT in comparison to Group LONG-LONG, is that they
can&ot account for the dependence on the timing of USs in preexposure
in relation to the critical US-US interval in training. Only when the
critical US-US interval, between the first US in the train and the
sacond, signalled US, equais US-US Intervals in preexposure is the €S-’
US association blocked.

Other accounts do not make this prediction. For exampie.

preexposure with USs could result in - habltuation and a consgquent

attenuation of acquxg;tion in training. Although that could accouﬁt
for the differeqﬁes in acquisition between Groups SHORT-SHORT and NOP-

SHORT and between Groups LONG-LONG and NOP-LONG. it could not account

«
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for greater blocking in Group SHORT-SHORT than in Group LONG-LONG in

as much as the same number of USs were received by these groupé in

|-

" preexposure. Moreover, less long-term habituation may occur with

higher-rate US presentations (Davis, 1970): a finding in the opposite
direction to the present one of poorer acquisition with USs presented:_
at a higher rate in preexposure (Group SHORT-SHORT) than at a lower
rate (G:oup LONG-LONG} .

. Contextual ‘conditioning suggests a CS-US association can be
blocked in a particular context {f subjects have previously received
Us presentations in that context. In Groups‘SHORT—SHORT and LONG-
LONG, events prior to and immediately after the CS were identicaf.and
groups were equated on the number of USs received in preexposure and
tralning in sessions of identical length. In fact, it {s possible
that contextual associative strength wés higher for Group LONG-LONG,
than for Group SHORT-SHORT, because Group SHORT-SHORT had a long
period of time after the last US iﬁ which no events were presented.
Thus, there was more ppportunity for contextual extinction during the
last portion of each preexposure and training session in Group SHORT-
SHORT compared to group LONG-LONG. Poorer contextual conditibning at
the time of the CS presentation in Group SHORT-SHORT would result in
stronger, rather(than weaker QR acquisitlop.\}n comparison to Group
LONG-LONG. N /T

The Opponent-Process Theory suggests that attenuated CR
acquisition In subjects given prior USs results because of a

strengthened b process and a weakened A state,during CS-US pairings.

N



The Opponent-Process Theory can adequatély account for differences in
acquisition bgtween Groups SHORT-SHORT and NOP—SHOR& and between
Groups LONG-LONG and NOP-LONG. (Note that habituation accounts could
also account for poorer acquisition in Group SHORT-SHORT compared to
Group NOP-SHORT, and for poorer acquisition in Group LONG-LONG
compared to Group NOP-LONG). However, the Opponent-Process Theory
cannqt account for attenuated CR acquisitio@ﬁln Group SHORT-SHORT in
comparison to Group LONG-LONG. The Opponent-Process Thqory predicts
ldentical CR acquisition because the b proceas elicited by a US would
be equivalent in subjects équated for US number in preexposure and
training.

Scalar Expectancy Theory holds that CR acqulsitién 1s a
function of the ratio of average expectancy for a US in the CS to the
average expectancy for a US in ‘the context: Less acquisition in Group‘
SHORT-SHORT than in Group LONG-LONG s {ncompatible with SET because
subjects in each group have equal average US expectancies in the CS
and equal average US expectancies in the context,

The hypotheses that US preexposure results in learned
laziness (Engberg et al., 1972), or learned US independence fAlloy an&
Ehrman, 1981), are also unable to account for attenuated CR
acquisition in Group SHORT-SHORT in comparison to Group LONG-LONG
unless it is held that subjeéts are made lazier or form a stronger
expectation of US Independence by shorter rather than longer Us-us
intervals in preexposure or training. These alternative

interpretations were also possible for the results of Experiment 3 Iin
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Lambos (19868) (see Introduction). Results from the next experiment

bear on this possibility.

EXPERIMENT 2

Experiment 2 investigated whether blocking by a US-US
association extends to longer fixed intervals between USs or is
reastricted to the very short fixed intervals of 10.5 seconds used iﬁ
Experiment 1., A closely related questionf—also unanswered by the
first experiment, is whether the first US in the train élicks '
acquisition because it signals that the second US in the train will
occur in a short time or, on the other hand, because It signals the
time of arrival of the second US in the train (the second US in the
train belng signalled by the €S). This latter possibility is referred
to as the time of arr;val hypothesis,

The design of Experiment 2 is illustrated in gg;ure 3. The
design included all four combinations of s;ort aﬁd long US-US
intervals in preexposure and training. In addition, Groups NOP-SHORT
and NOP-LONG were given training without US preexposure. According to
the time of arrival hypothesis, blocking of a CS-US association by a
US-US association would only be obtained when US-US intervals in
preexposure are the same as the critical interval in training but not
when that interval is changed from short to long or long to short
between preexposure and training.

In Experiment 2 only a single pair of 4-sec USs was presented

in each training session rather than a train of 18, d-sec USs as in

- e



Figure 3.

Design of Experiment 2. S refers to SHORT, L to LONG
and NOP to NO PREEXPOSURE. The dots refer to feedings.
The large dot at the beginning of the sessjon
corresponds to the 10-sec priming US. The smaller dots
correspond to the 4-sec USs, Only 4 of the 16, 4-sec
feedings in preexposure are shown.
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Experiment 1. The use of a single palr of 4-sec USs provided a closer
parallel to the typical blocking experiment in which the pretrained C$
is presented during training only in compound with the to-be-
conditioned CS. Experiment 2 also provided further tesats of the
applicabillty of certain nonblocking accounts to attenuated
acquisition in groups given US preexposure.
Method

Subjects. Subjects were 60 naive, unsexed adult homing
pigeons maintained af 75% of their free-feeding weight. They were
housed in individual cages with free access to water and grit.

Apparatus. The apparatus was the same as was used in
Experiment 1.

Procedure. Subjects were first trained to eat from the
feeder using the same feeder training regime as used in Expebiment 1.
Subjects were then randomly divided into 6 groups of 10 subjecfa each,

Five US preexposure sessions followed feeder tralning. At
the beginning of each preexposure session Groups SHORT-SHORT and
SHORT-LONG recefved a 10-sec priming US Followed after 880 seconds by
a train of 16, 4-sec USs at 10.5-sec US-US intervals. After the last
US in the traln, a 1350-se¢ period followed in which no events were
presented. The houselights were then turned off and the session
ended. Groups LONG-LONG and LONG-SHORT also received a 10-sec priming
US at the beginning of the session followed after 880 seconds by 16.
4-sec USs at 100.5-sec US-US intervals. Following the last US, the

houselights were turned off and the session ended. The session length
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was approximately 41 minutes In each of these grouhs. Grbup NOP-LONG
and Group NOP-SHORT remained in their homecages during this time.

Ten CS-US training sessions followed US preexposure. All
groups received a lq;aec priming US at the beginning of each traininé

-

session; After an 880-3ec walt a .single pair of 4-sec USs was
presented. The second US of the pair of d-sec USs was preceded by a
10-sec red keylight CS, the offset of which coincided with the onset
of the US. At the offset of the US, the hougelights were turned off
and the session ended.

K]

In Groups SHORT—SHORT; LONG~-SHORT and NOP-SHORT the pair of
4-sec USs following the 880-sec wait was separated b§ 10.5 secondas.
Therefore, the total length of the session was approximately 15
minutes In these three groups. In Groups LONG-LONG, SHORT-LONG, and
NOP-LONG the pair of 4~sec USs following the B80-sec wait was
separated by 100.5 seconds. Therefore, the total length of the

session was approximately 16.5 minutes in these three groups.

Results and Discussion

The results of Experiment 2 are shown in Figure 4 and Table
2, 5ﬁppond1ng in Group SHORT-SHORT was significantly less Eagn in
Groﬁb NOP-SHORT (U = 21.5, p < ,025), whereas.resbonding in Group
LONG-SHORT was not less than in Group NOP-SHORT. Responding in Group
LONG-LONG was significantly less than in Group NOP-LONG (U = 23, p <
.025), whereas responding in Group SHORT-LONG was not less than in

Group NOP-LONG,
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Table 2

‘30

Mean fesponaes per sec to the CS in Experiment 2

Preexposure

Short US-US interval'

Long US-US interval

No preexposure

a. Group SHORT-SHORT

b. Group LONG-SHORT
"¢€. Group NOP-SHORT

(* standnrd'error)

‘\-
Training

Short US-US Long US-US
interval Interval

24 + .118 2.04 + .30d

1.61 + .28 1.10 *+ ,26°

.85 + .27 1.97 + .20f

’ r

d Group SHORT-LONG

(D

Group LONG-LONG
Group NOP-LONG
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These findings show that blocking by a US-US association I3
not restricted to the case in which the‘US predicts that another US
will follow in a short time. The critical result demonstrating
blocking with long US-US intergals is that Group LONG-LONG showed
slgnificantly less conditioning thgn Group NOP-LONG whereas Group
SHORT-LONG did not. The reduction in conditioning to the €S cannot
therefore be attributed to mere-US preexposure. The reduction depends
on the timing of USs ln-pregxposure in relation to their timing in

training.

An unexpected result was that Group BONG-SHORT showed

slgnificanély stronger conditioned responding to fhe CS in training
than did Group NOP-SH RT~U = 25, p < .05). Dﬁring training, the CS$

/
ln' roup LONG-SHORT was presented and reinfocced during a period which
may have been inhibitory. The long US-US intervals in preexposure
could have established a US as a signal that no US would occur within
a short period immediately following_the US. 1If so, the CS during
trainlng\was being presented and reinfbrced in conjunction.with an
inhibitory state, a condition that has been shown to result in
increased CR acqﬁlsltion {Wagner, 1969a,b).

Results also showed significantly attenuated CR acquisition
in Group SHORT-SHORT in comparison to Group LONG-LONG (U=12, p <
.005). These results may indicate be£ter blocking of a CS-U§
association by a US-US association with short (10.5-sec) in comparison

to longer .-£100.5—sec) US-~US intervals.



This result requires further elaboration with respect to the
time of arrival hypothesis. When subjects are given short (10.5-sec),
in comparison to long (100.5-sec) fixed Interval US presentations, the
expectation for a US which follows a prior US may be greater for short
(10.5-sec) In comparison to long (100.5-sec) fixed interval US
presentatidns.  One possibility 13 that the overall quantity of
expectatioq*for the arrival of a US may be equivalent for short and
long fixed interval Us presentations. and this expectation may be
maximal at the time at whggch the US wouid ha&e been presented (that
time being established in preexposure). However, there may be greater
variability in the expectation for a US after preexposure atjlong.
(100.5-sec) in comparison to short {10,5-sec) US-UQIIntervals. With
greater variabllity in the expectation for a US, the peak of
expectation at the time at which a US would have been presented ip_
preexposure would be lower in the longer (100.5-sec) US-US interval
case.

Resultg from Expegimeng'a show blocking of a CS—US
association by a US-ﬂS assocliation when no addlt}onal USs were
presented after the CS-US pair.. In Experiment 1, blockiné of ; Cs-uUs
association by a U?-US assoclation was shown with additional USs
presented after thé CS-US pair. Resujts fron Experiment 2 increase
the sim{larity between the typical blocking experiment and US-US
blocking in which a pretrained stimulus is presented only in compoﬁnd
with the to—be-conditlondﬁ CS. One anomaly in the results, however, Al

was that résponding in Group NOP-SHORT was lower in Experiment 2 than .

(o



tn Experiment 1. This difference 1a not readily accounted for.

The results of Experiment 2 also provide further evidence
agalnst the other previously ldentified {nterpretations of reduced
Sﬂﬁditionlng to the CS following US preexposure. None of the other
poasible'accounts explain why the reduction depends on having US-US
Intervals in preexposure equal to the critical US-US interval,

Alternative interpretations of Experiment 1 suggested that
learned laziness or Iea}ned US independence might somehow be
facllltafed wﬁen USs are presented at a high ra?e. That possibility,
is, however, not in accord with the present results &ince these
alternative interpretations fail to account for attenuated acquisition
in Group LONG-LONG ih comparison to either Croups SHORT-LONG (U = 23,
p < .025) or LONG-SH&RT (U =27, p < :05. averaged over the last 5
sessions). Possible accounts based on habituation. Opponent-Procgss:
Theory, context éonditionlng. or SETralso fail for the sahe basic
reason; they do not account fo; the depgndence on the timing of USss in-

preexposure in relation to their timing during training.

EXPERIMENT 3a C;:j

Experiment 3a investigated US-US learning by parametricaliy ‘
manipulating the number of short interval {10.5—sec} Us-Us

presentations in preexposure. Experiment 3a attempted to determine

e .
the rapidity with which a short interval US-US association can form,

., '
. a3 assessed by th%\ability of the US-US association to block the CS-US

-

[
asgociation, A

\—‘.



One problem, however, with lnvestigating the rapidity by
which a short interval US-US association can form, {s that a UsS-US
association may also form when subjects are glven feeder Cpaining.

For example, i{f short US-US intervals were used in feeder training,
only a few short US-US intervals in preexposure might be requined tor
a short interval US-US association to block a CS-US association.

This, however, wouid not show rapid blocking of a CS-US associatlon by

a short interval US-US association, aé a US-US association may also

have formed in feeder traininag. . *

To ensure that subjects were nét learning a short interval
. A :
“
(10.5-gec) US-US association in feeder training., prior to preexposure,

Experiment 3a used long (100.5-sec) intervals between USs in feeder

training.

Method (;:} \\\

Subjects. Subjects were 50 naive, unsé;ed adult homing
pigeons maintained at 80% of thelr free~-feeding welghtfm They were
houéed.in individual cages with free access to water and grit.

- Apparatus. The apparatus was the same as was used in

Experiment 1.

Procedure. Subjects were first trained to eat from the
feeder.  Long interfeeding Intervals were used in feeder training.
When subject; were first placed in the chamber, grain was made
avallablé in the‘raised'feeder.-‘After subjects had taken prain, an )
automatically programmed foodgdelivery schedule was Yised in which the

N\ ©
‘feeder-up peried and interfeeding Interval for each US was timed from
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the Interruption of the photocell beam. Subjécts were allowed to eat
for 15 seconds for the first 3 USs, and 4 seconds for the remaining 37
USs. The interfeeding Interval was 100.5 seconds. Three sessions of
this phase of feeder training were given. In the next two sessions,
aubjects received 20, 4-sec USs at 100.5-sec US-US interQals scheduled
independently of behavior. -Subjects were then randomly divided into 5
groups of 10 subjects. ) } .

Praequaure'followed feeder training. Group SHORT-5 reéeived
a 10-sec priming US followed after 880 seconds by a traln of 16, 4-sec
USs at 10.5-sec US-US intervals. After the last US in the train, 880 .
seconds followed in which no events were presented. The houselighQs
were then turned off tc end the seasion. Group. SHORT-5 received 5
sesslons of US preexposure. Groups SHORT-3 and SHORT-1 received the
 identical number and distribution of USs in preexposure but received
only threéd &nd one preexposure session, respecti&ely. before beiqg
returined to home cages.

Group 2 SHORT-5 received a 10-sec priming US followed after
880 seconds by a pair of 4-sec USs separated by 10.5 seconds. After g
the last US in the pair, 1083 seconds followed in ﬁhich no events were
presented. The houBellights were then turned off to end the session.
Groﬁp 2 SHORT-5 received 5 preexposure sessions.

Group LONG-5 was first presented a 10-sec priming US followed

after 880 seconds by a train of 16, 4-sec USs at 69-set US-US
. 9

’

- interv&ls. After the last US In the train, the houselights were

turned off to end the session. GrouplLONG—5 received 5 preexposure



sessions. The session length for all groups in preexposure apd
training was approximately 33 minutes,

Ten CS-US training sessions followed US preexpoaure: All
groups first received a 10-sec priming US followed after 880 seconds
by a train of 16, d4-sec USs at 10.5-sec US-US Intervals. After the
lqst US in the train, 880 seconds followed in which no events wer
presented. The houselights were then turned off to end the seaslzg?
US parameters in training were ldentical to those used in preexposurae
in Groups SHORT-5, SHORT-3, and SHORT-1. The second US in the traln
of USs was preceded by a 10-sec red keylifght CS, the offset of which

coincided with the onset of the US. -

Results and Discussion

Results from'Ekperiment ak'hre shown in Figure 5 and Table 3.
Responding in Group SHORT-5 was significantly less than in Group LONG-
5 (U =6, p< .005). Responding in Groups SHORT-3 and SHORT-1 was
also less than in Group LONG-5 (U = 26, p < .05 and U = 20, p < .028,
respectively). However, responding in Group 2 SHORT-5 was BOt less
than in Group LONG-5 (U = 43, p > .05).

The finding that acquisition in Group 2 SHORT-5 was not
attenuated leaves open the posslbillty that multiple US presentations
are necessary for a US-US association \b;% it is also posslble that
more preexposure sessions with a pair of USs would have established a

US-US association, as assessed by the ab@lif;hET‘the US-US assoclation
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Fi'gure 5. Mean responses per second to the CS in Experiment 3a.
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Table 3
Mean responses per second to the CS in Experiment 3a

(* standard error)

Group Responses per second
SHORT-5 (n=10) ' 17 2 14
SHORT-3 (n=10). ‘ .72 £ ,20
SHORT-1 (n=10) e .69 t .39
2 SHORT-5 (n=10) 1.24 + .36
e

LONG-5 (n=10) 1.42 £ .28 .

( .
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to block the CS-US association. However, in general, results trom
Experiment 3a show rapid acquisition of a US-US agsociation, as
assessed by the ability of_the US-US association to block the‘CS—US
association. With a short (10.5-sec) critical US-US interval,
subjects with only one session of preexposure, with 16 USs at short
{10.5-sec) US-US intervals, showed poorer CR acquisition than subjects

receiving more preexposure with longer (100.5-sec) US-US intervals.

EXPERIMENT 3b

Experiment 3b investigated whether weaker responding in Group
SHORT-5 compared to Group LONG-5 in Experiment 3a resulted because
subjects in Group SHORT-5 did not learn the CS-US as;ociation whereas
subjects in Grqup LONG-5 did learn the (S-US asscciation.
Alternatively, it Is possible that attenuated responding represented a
performance effect rather than blockiﬁg of the CS;US'association.
Group SHORT-5 may have lgarned the CS-Us asgociation. but competing

responses elicited by learning a US-US assogiation may have attenuated

the expression of this learning.

Group SHORT-5 in Experiment 3a might have learned a short
interval US-US association in priexposure and, in training, remained ’

close to the feeder site shortly Eftér the first US in the train.

This competing response might have resulted in less keypecking even

though subjects might have learned the CS-US association. Group LONG-

5 in Experiment 3a might have learned a long interval US-US

)]
association in preexposure and, in training, might not have remalined
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4
cloge Lo the fereder site shortly after the first US in the train.
Since there would be no competing response elicited by the first US in
the traln, Group LONG-S.in Experiment 3a would ﬁave responded more to
the keylight.

Performance, rather than associatjve, accounts of blocking in
autoshaplng have frequently been considered (Balsam & Schwa}tz. 1981;
Engberg et al., 1972; Gamzu, Williams & Schwartz, 1973; Tomie et al.,
1880). Por example, Balsam and Schwartz (1981) proposed an 5
alternative account of their data which suggested that context
blocking might result because the induction of activity in pigeon
subjects following US delivery in a context might interfere with
‘subsequent keypecklng. It should bé noted, however, that Balsam and
Schwartz (1981) did not believe that this performance account could

</ ;dequately account for their results.

Experiment 3b tested the_.possibility that attenuated CR
acquisition in Group SHORT-5. in comparison to Group LONG-5, in
Expe;iment 3a resulted because the CS-US association did not form. In
Experiment 3b, Groups SHORT-5 and LONG-5 from Experiment 3a received
CSs in extinction separated by long intervals. If attenuated
responding in Group SHORT-5 compared to Group LONG-5 in Experiment 3a
resulted bgcause a shqrt interval US-US association resulted in
activity incompatibie with keypecking. US removal should result in_
increased keypecking in Group SHORT—S. Alternatively, if ad%%nuated
respoﬁding in Group SHORT-5 compared to Group LONG-5 in Experiment 3a.

resulted because the CS-US association did not form, Group SHORT-5



should continue to show attenuated responding compared to Group LONG-
5
Method

Subjects. Subjects were 20 unsexed adult homing pigeons used
in Experiment 3a. Subjects previously were in Groups SHORT-5 and
LONG-5. Subjects‘were maintained at 80% of their free-feeding weight
and were housed in lndlvidﬁal cages with free access to water and
grit.

Apparatus. The apparatus was the same as was used in

Experiment 1. )

Procedure. All subjects were tested in extinction with tﬁe
rea keyiight Cé. Five, 10-sec CSs, at 170-sec i rvals, were
presented in each of four sessions. No other events were Bresentad.
Following the last CS, -the houselights were turned off to.end the

session. The session length was 15 minutes for both Groups SHORT-5

and LONG-5.

Results and Discussion

Results from Experiment 3b are shown in Figure 6 and Table 4,

‘l
Averaged over the 4 extinction sessions, Group LONG-5 responded

significantly more to the CS than Group SHORT-5 (U = 12.5, p < .005).

Responding in Group SHORT-5 remained low. Responding in Group LONG-3.

declined over extimrction sessions until, in the last session, there

. 53 .
were no differences in responding between Groups LONG-5 and SHORT-5.

Results from Experiment 3b were consistent with the
v

hypothesis that attenuated responding in Group SHORT-5., compared to
e o]

-
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Mean responses per second to the CS iIn Experiment 3b.
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Table 4
Mean responses per second to the CS, over 20 extinction
triails, in Experiment 3b’

(+ standard error)

Group Responses per second
SHORT-5 (n=10) .03 * .02
LONG-5 (n=10) . .44 £ .13

N
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Group LONG-5, in Experlhent da was an associatlive deficit. Results
WSEE not consistént with one alternative account ot the results trom
Experiment 3a. This account suggested that Group SHORT-5. in
comparison to Group LONG-5, did learn the CS-US association. but
competing responses ellcited by learning a short interval US-US

association prevented the expression of this learning.

! EXPERIMENT 4
Experiment 4 attempted to show that the time of urrivu{

hypothesis may predict results directly opposite to other alternative
interpretations such as habituation, Opponent-Process Theory, learned
laziness, leacned US lndep;hdence. context conditioning or SET.
Experiment 4 tested whether a short interval US-US association may be
‘attenuateh if, in addition, subjects receive more USs in preexposure
at longer US-US intervals. Thus, weaker.blocking of a CS-US

§
association by a short interval US-US association (and, therefore,

b@ CR‘acquisi_gion) may be shown in subjects receiving rriore USs in

preexposure,
The design of Experiment 4 is illustfated in Figure 7. 1In

Experiment 4, Group SHORT received preexpo;ure with a train of USs

separated by short US-US intervals. In training, the single CS

signalled the second US of the train. Groups SHORT-10 EXTRA and

~ SHORT-30 EXTRA received identical training and the same number . of

short US-US intervals in preexposure. Groups SHORT-10 EXTRA and

SHORT-30 EXTRA also received éatra USs at longer US-US intervals in



Figure 7.
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Design of Experiment 4. The dots refer to feedings.
The large dot at the beginning of the session
corresponds to the 10-sec priming US. The smaller dots
correspond to tbe 4-sec USs., Only 4 of the 16, 4-sec
feedings in preexposure and training are shown.
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preexposure. Group SHORT-10 EXTRA received 10 extra USs at lonper US-

US Intervals and Group SHORT-30 E%?RA recelved 30 extra gﬁs at longer
US-US intervals, In comparison to Group SHORT. This design resembles
Egger and Miller's (1983) experiment because a short interval US-US
assoclation was attenuated by presenting additional USs at longer US-
US Intervals. The design less closely resembles Lambos (1986). In
Lambos (1986) a short interval US-US association was atéenuated by
preJQgifng USs at'ldnger Us-us intervals, ;ht subjects with an
attenuated short interval US-US .association (for example, Group B/3
Random) received the same numben of USs coﬁpaéed to subjects with an
intact short interval [S-=US associati;n {for examéle. Group B/3
Train). _

Because Groups SHORT-IOXEXTRA and SHORT-30 EXTRA received

eitra USs at longer US-US intervélé. a uUs wou{§iless reliably predicg
a subsequent US following in a short Intervalj Thus, blocking of the
cs-Us associat{on by a short interval US-US association would be
attenuated.in Groups SHORT-10 EXTRA .and SHORT-30 EXTRA in comparison

to Group SHORT. Ther;?ﬁreT—eﬂua

Groups SHORT-30 EXTRA and SHORT-1

quisition should be stronger in

*

EXTRA, in comparison to Group
1

SHORT. Alternative interpretationg ‘such as habituation, Opponent-

Process Theory, learned laziness.”learned US independence, context
conditioning and SET predict Metter CR acquisition in-Group SHORT in

comparison to Groups SHORT-30 EXTRA and SHORT-10 EXTRA.
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Method

!
Subjects. Subjects were 30 nalve, unsexed adult homing

pigeons malntained at 75% of their free-feeding weight. They were
housed in individual cages with free access to water and grit,

o

Apparatus. The apparatus was the same as was used ln
Experihent 1.
Procedure. Subjects were first trained to eat from the
‘feeder uslng the same feeder training regime as used In Experiment 1.
Subjects were then randomly divided into 3 groups of 10 subjects.
- Five US preexposure sesslions followed feeder tralning. Group
SHORT received a 10-sec priming US followgg afteT 880 seconds b& a
train of 16, 4-sec USs at 10.5-sec US-US iftervals. After the last US
in the train, 880 seconds'followed in which no events were presented,
The houselights were then turned o}f to end the session. Group SHORT-
10 EXTRA also received a 10-sec priming US and a2 train of 18, 4-sec
USs at 10.5-sec US-US intervals. In addition, 10 evenly sphced 4-sec
USs were presented, 5 prior and § afﬁer the train of USs. Thus, Group
SHORT-10 EXTRA recejived a 10~sec priming US followed by 5, 4-sec USs
at 143-sec US-US intervals, the train of 16, 4-sec USs at 10.5-sec US-
US intervals, and 5 additional 4-sec USs at 143-seé US-US Intervals.
Following the last US, the houselights were tirned-off to end the
session. Group SHbRT—SO EXTRA also received a 10-sec, priming US and ﬁ
train of 16, 4;sec USs at 10.5-sec US-US intervals. In addition, 50
/eyenly spaced 4-sec USs were presented, 15 prior and 15 after the

train of USs. Thus, group SHORT-30 EXTRA received a 10-sec priming US
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followed by 15, 4-sec USs at 51-gec US-US intervals, the traln ot 16,
4-sec USg at 10.5-sec US-US intervals, and 15 additional 4-sec USs at
Sl-sec US-US Intervals. Following the last US, the houseliphts were
turned off to end the seasjoﬁ. The session length in all groups in
preexposure and training was apprgxlmately 33 minutes.

Ten CS-US training sessions followed US preexposure. All
subjects recelved a 10-sec prlmf%g US followed after 880 seconds by a
train of 18, 4-sec USs at 10.5-sec US-US intervals. After the last Us
in the train, 880 sécoqgg fgllowed in which no events were presented.
The houselights were then turned off to end the session. Thus..the us.
distribution {n training was identical to the US distribution rec ived
by Group SHORT in preexposure, In addition, the second US in the
train of USs was prec;ded by a2 10-sec red keylight CS, the offset &f
which coincided with the onset of the US. '

Results and Discussion

Results from Experiment 4 are shown in Figure 8 and Table 5.
Group SHORT showed weaker respondigg in comparison to Group SHORT-10
EXTRA (U = 22, p < ;025) and GnuﬁSPSHORT-SO EXTRA (U = 10, p < .005).
Group SHORT-10 EXTRA also showed weaker responding in comparison to Y
Group SﬁORT-SO EXTRA (U = 12, p < .005).

Results were.consistent with the time af arpiyal hypothesis.
Preexposﬁre educed subsequent CS conditioning when short US-US
intervals werfe the same as the critical US-US interval in training:

Conditioning\to the CS was stronger when US-US intervals in

preexposure were frequently longer than the critical US-US interval,

; o
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Table 5
Mean responses per second to the €S in Experiment .

(£ standard error)

Group , Responses per second
]
oL
SHORT (n=10) ST IR Y
SHORT-10 EXTRA (n=10) .38 * .12
SHORT-30 EXTRA (nm=10) ' 1.43 + - 29 o
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even thoupgh subjects recelving US-US intervals longer t‘han the
critical US-US Interval r.ecejved more USs i.n preexposure.,

Results were not congis ent with alternative accounts. Habituation,
Opponent-Process Theory, learned ‘laziness, learn;h US independence,
context condltloﬁing. and SET all predict, in their present level of
develbpqggt. weaker, rather than stronger, conditioned responding as
USs are added In preexposure.

It is important to consider an extension of a context
condltloniné analysis which may provide an alpernative interpretation
for the resu;ts of'Experiment‘4. Note that iﬁ Experiment 4, Groups
SHORT-10 EXTRA and SHORT-30 EXTRA not only received more USs in
preexposure but received a greater change in the US scﬁedule from
preexposure to training in comparison to Group SHORT. Group SHORT
receIVﬁd the identical USs in preexposure and trﬁining. ‘Groups SHORT-
10 EXTRA and, SHORT-30 EXTRA did not receive the extra USs in training.
It context were a compound stimulus consisting of cues normally
considered context (ambient noise level, houselight illumination,
"etc.) plus schedule-generated US cues, Groups SHORT-30 EXTRA and
SHORT-10 EXTRA may have had a greater contextual change from
preexposure to training comparéd to Group SHORT. Since the context
was altered more from preexposure to training for Groups SHORT-30

TRA and SHORT-10 EXTRA. in comparison to Group SHORT, blocking of
the CS-US association by context may have been attenuated in Groupé

SHORT~30 EXTRA and SHORT-10 EXTRA, in comparison to Group SHORT.

Thus, this alternative interpretation also predicts poorer CB
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acquisition in Group SHORT in comparison to Groups SHORT-10 EXTRA and

SHORT-30 EXTRA.

S
This alternative interpretation is, supperted by Neely and
Wagner's (lg;Ry study showing that cues prodnced by the S schedule

must also be accounted for in a context blocking analysis. Experiment

5 tested this alterpnative interpretation.

EXPERIMENT 5
Experiment 5 attempted to rule out an alternative contextual
conditioning interpretation for the results of Experiment 4. Thers
were two groups of subjects In Experiment 5, Group SHORT-30 EXTRA and
Group SHORT. Group SHORT in Experiment 5 received the same

.

conditioning history as Group SHORT In Exper}qspt 4. However, Group

SHORT-30 EXTRA in Experiment 5 was giveﬁ the aqéﬁxtra USs both‘ln
preexposure and training. In Experiment 4, Group SHORT-30 EXTRA was
given the 30 extra USs only in preexposure.

Like Experiment 4, the time of arrival hypothesis pledlcts
better blocking of a CS-US association by a short interval us-us
association in Group SHORT. in comparison to Group SHORT-30 EXTRA.
This is because in Group SHORT-30 EXTRA blocking of the CS-US
association by a short InterVﬁl US-US association would be attenuated
since subjects receive extra USs in p;eexposuremand training at longer

US-US intervals., TI “the time of arrival hypothesis predicts better

CR acquisition in Group SHORT-30 EXTRA in comparison to Group SHORT.
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The alternative contextual conditioning interpf
Experiment 4 predicis better context blocking in Group SHORTjSO EXTRA
o comparison to Group SHORT. This is because Group SHORT-30 EXTRA
receives more USs in a context in preexposure in comparison to Group
SHORT. Because the US schedule is not altered from preexposure to
training ~in Group SHORT-30 EXTRA (as-it was in Experiment 4),
contextual associative strength 1s not attenuated from preexposure to
tralning. Thﬁs. the alternative confextual conditioning
interpretatlzn from Experiment 4 predicts better CR acquisition-in-
Group SHORT in comparison to Group SHORT-30 EXTRA:A -

Method

Subjects. Subjects were 20 naive, unsexed adult homing
r

pigeons maintained at 80% of their free-feeding weight. They were

housed in individual cages with free access to water and -grit.

Apparatus,, ﬁﬁEjE?paratus was the same as was used in.

-
T

Experiment 1. . <\// ‘)

- Procedure., Suﬁjécts were first trained to eat from the

\ . ;
feeder using the same feeder training regime as used in Experiment 1.

Subjects were then randomiy divided into 2 groups of 10 subjects.

Y . :
Five preexposure sesaigns followed feeder “training. Groups
Ny ;

SHORT and SHORT-30 EXTRA recel}éd the same preexposure as . .
l.< AN
corresponding groups in Experiment 4. . ) ®

Ten CS-US training sessions followed preexposure. Each éroup
recejved the same US distribution as it received in preexposure. In

addition the second US in the train of USs was preceded by a 10-sec
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ted keylight €S, the offset of which colonctded wlth the onset ol the
Us. Unlike Experiment 4, Group SHORT-30 EXTRA recelved the 30
additional USs in preexposure and tralning.

Results and Discussion. ,

Results frpm Experiment 5 are shown in Flgure 9 and Table 6.
Group SHORT showed weaker responding compared to Group SHOﬁT—SU EXTRA
(U=17, p < .01).

As 1P‘Experiment 4, results were consistent with the time of
arrival hypothesis. Subjects in Group SHORT received USs in
preexposure at short (10.5-sec) US-US intervals. In Group SHORT,
preexposure resulted in each US signalling a subsequent US following
in a short interval. When Group SHORT received a CS-US pairing but
the signalled US was preceded 10.5 seconds eariier by a US, the CS-US
ass&ciatgon was blocked by a short Interval US-US association.
Subjects in Group SHORT-30 EXTRA received [S$Ss in pregxposure at short
(10.5-sec) and long (Sljsec) US-US intervals. In Group SHORT-30
EXTRA, preexposure resulted in a US signalling a subsequent US
following in either a short or long interval. When Group SHORT-30
EXTRA received a CS-US bairing and the signalled US was preceded 10.5‘
seconds earlier by a US, the CS—qu;;sociation was less effectively

blocked by a short interval ¥S-US associations in comparison to Group

SHORT.
B

. .‘,
‘0 In Experiment 4. an alternative contEx{ual conditioning
interpretation was presented which could account for the obtained

results. This account suggested that fﬁe context consisted of both
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Table 6

Mean responses per sccond to the CS

{(+ standard error)

P

in Experiment 5

per s&cond

.11

.27

Group - Respohses
SHORT (n=10) .17 £
SHORT-30 EXTRA (n=10) 1.03 %
{ B
&) .
4 e
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characteri;tics of the experimentn] chamber and the US disteibution o
the chamber. Since Group SHORT-30 EXTRA recetved 30 extra USs in
preexposure but not in tralning, context may have been significantly
altered from preexposure to training. This altered con;uxt would less
effectively block the CS-US association, in comparison to Group SHORT. °
in which the context was not altered from preexposure to training. -
In Experiment 5, Group SHORT-éO EXTRA recelved more USy in
. preexposure and training in comparison to Group éHORT. Context
conditioning should have been greﬁter in Group SHORT-30 EXTRA in
comparison to Group SHORT. The context, consisting of.cues normally
considered context blus cues generated bi‘the us ﬁlstrlbution. was nqt‘
altered from preexposure to training for both Group SHORT and Group
'SHORT-30 EXTRAFQT;herefore. blocking of the CS-US assoclation by a
context-US association should have been greater In Qroup SHORT-30
EXTRA in comparison to Group SHORT. //,f\\
| Results showed greater acquisition in Group SHORT-30 EXTRA in
comparison to Group SHORT. Results were consistent with the time of .
arriv?;'hypothesjs but were not consistent with an élternative
- I
contextual conditioning interpretation suggested to account fof.the

§
results of Experiment 4.

—~
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CHAPTER 3
GENERAL DISCUSSION

Experiments 1-5 showed a CS-US assocliation can be blocked by

r

a US-US association, When the critical US-US interval equalled US-US_

intervals in preexposure, subjects showed weaker responding compared¥
to subjects in which the critical US-US interval was shorter than many
US-US intervals in preexposure. This resulted even when gubjects were
equated on US number and average US rate in preexposure and-tfainlng
(Experiment 1). The result was not'specific to short Usfﬁs intervals

or continued exposure to the US train in training, as attenuated

responding also resulted with long US-US intervals and the

continued exposure to the US train in training (Experiment
Blocking of a CS5-US aasociation b& a US~-US association resulted with

only one session of preexposure at”short {10.5-sec) US-US intervals
. e . _
(Experiment 3a). Purther, blocking of a CS-US association by a us-US
- /“\ i

association was not consistent with one alternative account of the
— i )
resulta from Experiment 3a. This account suggested that '

: < [
" Experiment 3a learned the CS-US association but compeliqi responses

interval US-US association prevented the

.
~3

elicited by learning a'fhor
3 \ '

expresslon of this learning (Experiment gb). Finally, blocking of a

CS-US assocjation by a short interval US-US association was stronger
’ .

when subjects received only short US-US intervals- in preexposure, in

comparison to subjects given extra USs in ‘preeposure at longer US-US

-

intervalsk(Experinent 4). This resulted even when the US distribution

[

L
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was unchanged from preexposure to training (Experiment 3).  Resulty

from Experiments 1-5 support the hypothesis that blocking occurs

because the prior US predicts the time of arrival of the US with which

X

the CS is paired. Results were not consistent with alternate accounts
including habltuation, Opponent-Process Theory, learngy/laziness.

~— learned US independence, context conditioning or SET.

us-us Blocglng ;nd Current Theories of Learning .
, The present results show that a US-US association can block';
Cs5-Us assoclation.“ The results extend blocking to the case In which a
€S-US association is blocked.by'a US-US association, rather than a C§-
K\‘“—}—N?\us or g;ntext-us assoclation. .
Current theories of learning include theories developed by
Rescorfﬁ and Wagner (Rescorla & Wagner, 1972; Wagner & Rescorla,
1872), Wagner (Wagner, 1981), Pearce and Hall iPearce & Hall, 1980)
and Mackintosh {Mackintosh, 1975). Becausge these'thgor125‘can account
for blocking they can also account for the results of Ekperlments 1-5,
since Experiments 1-5 also demonstrate blocking. To account for the
results of Exssriments 1-5, howaver the theories must posit that the
blockinf \atimulus is a prior US, rather than the confext or a
o)

concurrent CS. .

- US-US Blocking and the Relative Waiting Time Hypothesis

Results from Experiment 1-5 are {nconsistent with the
Relative Waiting Time (RWT) Hypothesis (Jenkins ! Barnes, & Barrera,

-

1981). The Relative Waiting Time Hyp&?heals is similar to SET but

suggests that the ratio of the relative walting time for a US in the Y

<
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context to the relative ﬁaitlng time for a US when the CS is present
~(the RWT ratio) determines conditioned responding. According to RWT,
larger rati{os correapond to Ilncreased responding. -
Results from Experiments 1-5 showed fespondlng was not .
Importantly a function o? the RWT ratio.  This was clearly seen in
Experiment 5 in which subjects with a Yower RWT ratio (Group SHORT-30
EXTRA) showed better’/ rather than poorér?f*espondlng in comparison.to
suzgécts with a- higher RHT ratio (Group SHORT). Results from
Experiments 1-5 supporg results by Langs (1986): Lambos (1986) also
showed‘CR acquisition was pbt importantly a function of the RWT ratio.
For example, suﬁj@bts withijone CS-US pairing showed significantly
stronger r;spond\ g) with equal RWT raiios. when the CS signalled'the
first, rather thai the sixteenth, US in a ‘train.of regular recurring,
closely spaced USs|
¢ Most lexing for the hypothesis thél a US-US association

can block a CS-US associatlon is the resglts of an experiment by

Jenkins, g%rnes. and Barrera (1981, Experiment 9). 1In Experi;ent 9, 5» '
groups of stbjects received 35 préexboqure sessions in whicﬁ 30, 3-gec
USs were delivered at a fixed interval of 65 seconds. Subjects then
received one 10-sec CS which signalléﬂ the 16th US. Forvgpé"é;oup of”
subjects’the 16th US occurred exactly as it dj& in p;eexposure (65
seconds aftef the fifteenth US). For another group of subjects the

4
sixteenth US occurred shortly after the fifteenth US (13 seconds after

<

the fifteenth US). The other 3 groups of subjects recejved the 18th //

1
US at intervals intermediate between 13 and 65 secondg‘after the
BN

——
.
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fifteenth US. Results showed no significant diflerences {n CR
acquisition between groups. Results were Inconsistent with resulty
from Experiments 1-5 which showed better blocking of.a CS-US
éggoéiation when the critical US-US interval equal led US-US intervals

N “
in preexposure.

One explanation may be that a US-US association onl;P}orms ir
there is a long time period where no events are presented {(a long
empty interval) which precedes and follows US presentations, For
example, Group SHQRT-SHORT in Experiment 1 recelved = trpin of 16 USs

: . .
preceded and followed by a long*empty intervg}ﬁ’ This procedure may

hl. did
b »

have resulted in a US-US a§sociation. Subjects in Jenkins et
not receivd US pr%?entations preceded and followed by a long empty
.interval. This procedure may have prevented the format{on of a US-US
association. ,
_ e
However, results from Experiment 2 showed blocking of a CS-US
association by a US—ngassociation with lbng Us-us interyals {for
example, Group LONG-LONG compared to Group SHORT-LONG). Group LONG—
‘presentatggqs. This miéht suggest that a long gmpty;i;terval
tpreceding, but pot following, the US train may be essentiﬁl for the
fdrma;iod’of'a US-US association. ‘ |
-
However, the hypothesis that é preceding long q@pty Interval
is essential for US-US aasociative.formation cannot account for
results from other studies. For example, Catania and Reynolds (1968)

showed in operant conditioning with food as the US, that when the

!
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probabllity of reinforcement soon after relnforcement was hipgh, with
no long empty interval preceding US presentatlun, local responding at
that time was high, in comparison to subjects in which reinforcement
probability was constant throughout the seésion. Results were
consistent with the hypotheslis thét subfects learned a US-US
asgocigtion without a fong empty interval preceding US presgntation.
Subjectq ev&denced learning this US-US association by increaged
respon‘ding when US probability' was high. |

An additional possibflityAmay b‘be that' a US-US asséciation may
fqrm without a long empty interval preceding US pi'eaentation but} the

.US-US assooiation will not necessarily block a CS5-US association.

Results from Catania and Reynolds (1968) may 4§ the fo;mation of a

US-US association without a long empty intervrecyﬂ@ us

presentatiens but thiﬁ: US-US association may not blogk a CSK.US

»

Mi{ller (1963) .the average wait for a US when a US was presented was

-+

much shorter than the average US wait in the session.

* .

It is possible that Jenkins et al., (1981, Experiment 9) did
not show US-US blockim® because their experiment'.dici' not. use a

sufficlently large- sample of subjects to obtain .s.ignifica‘n't blocking,
. . » * .

- |
1 |

whelreas Experiments 1-5 did. In Experiment 1, nine'subjects per grﬁ'u_p

. = - T w



were used and In Experiments 2-5, 10 subjecta per group were used. In

Jenkins et al., 1981, Experiment 9, 4 subjects were used in eanch of

‘four groups and three subjects were used in one group, L
{

US-US Learning and Other Conditioning Phenomena

US-US learning may be involved in otgér cond{tloning
phenomena. For example, blockiné of a C5-US association by a US-US
aifociation may be involved in the US preexposure effect and CS-US
contingency. Further, US-US learning may_ be involved in studles of
habitu;tton. However, it is—important to explicitly note that neither
the time of amrival hypothed’i nor the data provide a Qasis for
extrapolating US-US learning from the éixed US-US interval case to the
variable US-US interval case, Therefore, the involvement of a us-us ',
assocliation in other conditioning phenomenon depends on the untested
assumption-thg;\a ﬁS-US association may form and block a CS-US
association witﬁ variable US—US‘intervals.

- - . -
US-US Blocking and the US Preexposure Effect

-

Blocking of a CS-US association by a US-US associatinn may be
involved in the, US preexposure effect. The ¥S preexposure effect is

the finding that subjects given prior USs show attenuated CR

3

acguisition in compariéon to subjects not given priur USs.

-

-'Results from Experiment 2 showed that a US preexposure effec%vj

was obtained when_US—US intervals in preexposure were equal to the '

critical US-US interval. . Thus, in Expemiment 2, Group SHORT-SHORT

- A
showed ,attenuated CR acguisition in comparison to Group NOP-SHORT and

Groyp LONG-LONG showed attenggted CR acquisition In mparison to
-t . '

e

at

.



Group NOP-LONG. Groups LONG-SHORT and SHORT-LONG did not, however,
show attenuated CR acquisition in comparison to Groups NOP~SHORT and .
NOP-LONG, respectively. Thus, results from Experlmenﬁpﬁ suggest that
the US preexposure effect may depend on the maintenance of equal US-US
intervals In preexposure and CS-US training. In fact, many US
preexposure studies have used fixed and equivalent_ US-US intervals in
‘ ) . N
preexposure And CS—Qﬁ trainlng"(for example, Balsam hnd Schwartz,
1981; Mis and Moore, 1973), or variable and equivalent US~U§ 1nte;vals
in preexposure and CS-US tralning (for ex?mple. Downing and Neuringer,

1976; Engberg et al., 1972; Hinson, 1982; Randich, 1981;: Randich and

Haggard, 1983; Randich and LoLordo, 1979: Tomie, 1976a,b;. Tomie et

al., 1980). ) -~

'In the autoshaping paradigm. US-US intervals in preexpogure

and/CS-US training are commonly programmed qanging from a VT 15 to~“VT
s . - : * ’

second schedule (Downing and Neuringer, 1976: Engberg et al.; 1972:

Tonfer 197Bh,b} Tomle et ai.. 1980). Since the present experiments

'shoy blocking of a CS-US association by a US-US association.mith -

100..5-sec US-US intervals, US-US-intervals in autoshaping studies of

the US preexposure-effect are wel{ within- these limits. As noted (ﬁ//’—
earlier, however, blocking of a CS-US association by a US-US
aﬁiﬁgiation. as- an interpretation of autoshaping studies’ of the US

preexposure effect, depends on the untested assumption that a US-US
Il . . . \

association will fo#ﬁﬁiﬁi}bJOCk a C5-US .association with variablk US-
» N )

US intervals. ' e
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In condltlon{ng paradigms other than the autoshaping

paradigm, US preexposure'studies often use equal, but much longror
(lonéer than 100.5-sec), average US-US intervals in preexposure and
CS-US training (Hinson, 1982; Randich, 1981; Randich and Haggard,
1983; Randich and LoLordo, 1979). Por example, in r&bblt eyelid
conditioning, Hinson (1982) used three minute éverage US-US Intervals-
while in rat fear conditionling, Randich and LoLordo (1979) used 27
minute average US-US intervals. In the present experiments, plocking
of a CS-US association by a US-US association with tpqsé longer US-US

’

intervals was not examined.

The US‘preexposdre effect may be determined by a number of
facfors, only one of which may be blocking of a CS-US assoclation by a
US~US association. For example, US-US blocking does not account for
the finding "that only one prior US may attenuaté CS-US learning
{Cannon, Berman, Baqu. & Atkinson, 1975);"Neverthe1ess. in a number
of US preexposure stﬁdies. US-US intervals are not altered rrém *
preexposure to CS-US g;?ing.‘:aesults from the present experiments
suggest that this conditiAn might ﬂ;ve been important for studles
obtaining a US preexposure effect.

: . N

USxUS Blocking and CS-US Contingency ‘
N

Anothér frequently investigated findfng In &lasslical )

conditioning i{s the contingency between a CS and US necessary tor C \\\___.f////

- .
-

acquisition. Many experiments show that CR acquisition, normally
' +

. produced by CS-US pairings. is attenuated when extra USs are addedT“i::)

S
reducing tﬁé:ginS contingency (Ayres, Benedict, & Witcher, 1975;

e

. & - '
) [f’ . r\jf— ' .f*EE .



Durlach, 1983; Dwgck and Wagner, 1970;“6amzu and Wi{lllams, 1971, 1973;
Gibbon, Locurto, & Terrace, 1975; Goddard and Jenkins, 1987: Jenkins
et al., 1981; Rescorla, 1966, 1968). The present experiments suggest
that attenuated CR acquisition with poorer CS-US contingency may
‘resulé because the addition of extra USs results in shorter US-US
intervals. Results from Experiment 2 suggested that blocking of a CS-
ds asséciatloq by a US-US assoclat}on‘was greater with.shbrter, rather
than longer, US-US intervals (Group SHORT-SHORT in comparison to Group
LONG-LONG). 'Therefore, the addition of extra USs might result in

stronger'blocking of a C5-US association by a US-US association, than

when extra USs are not added.

~
o

In many'noncgytingent CS-US presentations, US-US intervals
are within the 100.5-sec US-US interval i{n which the present

experiments demonstrate blocking (for example, Durlach, 1983: Goddard

LI

and Jenkins, 1987; Jenkins et al., 1981). Further, US-US intervals
. ﬁﬁs .

are not as variable as™one might expect. Because there is often a

substantial minimum interstimulus interval between USs (Durlach, 1983;

Goddard and Jenkins, 1987: Jenkins et alf, 1981}, US-US intervals

resenble to some extent the fixed US-U§,:;;erval case in which the

. s ' '
__;/r_// present giPeriments demonstrate blocking.
N LS

~In CS-US noncontinéancy if the extra USs are signalled by
another CS, CR acquiaitiog is stroﬁger than if thﬁgjxtra USs are
unsignalled (Durlach, 1983; Goddard and Jenkins, 1987). This might

result because signalling extra USs might a{fenuaﬁe context
A S .

- conditioning which would otherwise-brdék target CS-US conditioning if

—— -

<
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"the extra USs were unsipgnalled. Another poss}bllity might be that as
a US-US association might bIBck a Cs-Us associntiqg (Experiments. 1-5),
a C5-Us association hight block a US-US assoclqtioﬁ. Thus, when extra
USs are signalied. a Us-us ;ssoclatiqn might be blocéed. Becduserthu
Us-Us associafifn would not form, the US-US ?ssoclatlggzgould\ggf e
block the.target CS-US association. For example Daj?a et al. (1975)
¥ L\b__/4j‘ found that when shock.USs were separated by armiﬂute intervals,
,f’":gg?ject; were significantly less tearful in the f{;at minute Yollowing
v ' shock than when shock USs wgre'sigﬁalled by a.t:;? cs., éa;ults were
.bonsisteh{lwlth the. suggestion that when shocks were ugsignallqu:
" -
subjeFts learned a,shock-shock assoclation and evidenced learning this

association by showing less fear in the first mlnute-fofigziﬂg shock.

When shocks were signalled, subjects did not learn a shock-shock o

association. ‘23

f >
Furthgr. blocking of a CS-US association by a US-US . (J\

e

o

association gp noncontingency accommodates results showlng that 1f a
few chance CS-US pairings are presented in successlﬁn. earlyflh
noncontingency, Cﬁ acquisition is obtained (Ayfes et al., 1975;

. Benedict and Ayres, '1972). whenjgﬁuus pairings are presented earéy in

noncontingency, it is possible that a CS-US associgt;on forﬂgkprlor to
a Ué—US association. Thus, a US-US associatioﬁ‘;jll not effectiyely
block a CS-US association. When CS-US pairingy are not presented
early in ncncontingency, a US-US éssociation mj?‘quickly for'm
(Experiment 3a) and block a CS-US association. This explaqétlon has

also been suggested by Lambos (1986). Presenting USs separate from

. — .
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CS-US  training may result in context blopking (eg. §¢g_Ayrcs, Bombace,
Shurtleff(\and Vigbrito. 1985} but thié‘ﬁpes not necessarily mean that
when USs anE“ES-US pairings are not sepa;ated (aﬁ in noncontingency)
the results are also due to context blocking. When USs are presented
in the same session as CS-US training attenuated CR acquisition can
still be the result of a US-US association blocking a CS-US

association.

US-US Learning and Habituation

Final{y. US-US learning may be a factor In studies of
habituation. Many studies have shown that responsiveness to a US
declines over repeated stimulué presentations {see Thompson and |
Spencer, 1966 for a review). Because USs are frequently presented at
regular, recurring intervals (for example, Bridger, 1961; Buchwald,
Halas, & Schramn, 1965; Davis and Wagner, 1968; Geer, 1966; Prosser &
Hunfer. 1936; Simons, Dunlop, Webster, & Altkin, 1968; Thompson and
Speﬁ er, 1966), studles of habituation more closely resemble the
present experlments_which show US-US learning at fixed US-US intervals

(as assesged by the blocking of CS-US learning). At constant US-US

" intervals, one US may serve to signal the time of arrival of a

sgbsequent US and decreasing US responsiveness might reflect the fact
that each US presentation may be predicted by a prior US. This is
consistent with results showing that when a Us is predicged by a p;lon
CS, there is frequently a conditloneQ diminution of the UR {Brown,
Meryman, & Marzocco, 1956; Buckland, Buckland, Jamieson, & Ison. 1969:

Donegan, 1980; Hoffman & Searle, 1965: Kimble and Ost, 1981; Klmmef.

4
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19686}, In addition, habltuation often occurs more rapldly with short,
rather thgn long US-US intervals (Bridger, 1961; Buckwald, et al.,
1965; Davis, 1970; Geer, 1968; Simons, et al. 1966), compatible with
results frgh Experiment 2 showing better blocking at short, rather
than long,” US-US intervals. Similarly, some habjituation studies
‘guggest habituation is mo;e rapid with constant, rather than variable,
US-US intervals {Davis, 1970; Mackworth, 1968:; McDaniel and White,
1966: Pendergrass and Kimmel, 1988). This, of course, might reflec
the fact that a US is a better predictor of the time of arrival of a
subsequent US when US-US intervals are fixed rather than variable.
Problematic for a US-US associative account of habituation is
the finding by Davis (1970) that if a US was preceded 2 seconds
earlier by a prior US, habituation was weaker, rather than stronger,
for subjects exposed 1 minute or 24 hours earlier to USs at 2-sec,
compared to l6-sec, US-US intervals. Further, US-US learning may not
be the only associative factor involved in habituation. Other studies
show habituation may be context-specific, sugéesting context - US
associations may also be a factor in habituation {Peeke and Veno,
1973; Wagner, 1978). Nonetheless, US-US learning should certainly be
considered as one factor which may be'involved in studies of ¢

habltuation. -
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0 0 0 0 .3 6 2.2 2.4 2.0 .93
0 0 0 .5 T .5 .4 3 .2 .34
3 1. 8 2.7 2.7 7 7 1.9 1.4 1.60
0 0 0 0 0 3 2.2 1.9 1.9 .95
.03 .11 .25 .61 .91 20 1.05 1.14 94
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Group 2 SHORT-5
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Appendix D

Responses per Second over the 20 Extinction Trials

for Subjects in Experiment 3b

Group SHORT-5

Sesslon

Subject

9 10 11 12 13 14 15 16 17 18 19 20

8

17
.0

0 1.1 0 o

0

.8

.08

W01
)

.03

.01

10

.05 .03 .05 0 0

.01

.02 ,06 0 .01

.03 0

.11

.01 .11 .01 0

.11

Group LONG-5

Segssion

Sub ject

10 11 12 t3 14 15 18 17 18 19 20

9

0

.60

0

.2

0

.71.71.5 0

1.22.3 0

0

2.4

3 2.53.53.41.8

0 1.05

0

.5

.8 1.7T73.5 0

.9 2.1 .3

.25
.61

1.21.61.1 .6

4

1

0

.2 1.0 0

.71.41,01.2 1.8 1.41.5

.5

.34
01.14

0

0

0

1.0 2.3 3.2 3.53.12.03.01.862.01.1

7

.01

.10
.35

1

0

10 1.4 1.3 0

.10 .04

.15 .01 .14 .04 0 O

.14 .40

1.08 .98 .92 .66 .56 1.02 .55 .68 .77 .81

X
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Appendix E.

Responses per Second over the 10 Sessions
for Subjects in Experiment 4

Group SHORT

Session
1 2 3 4 5 8 7 8 9 10
0 0 0 0 0 0 H 0 0 0
0 0 0 0 ¢ 0 0 0 0 0
0 3.7 1.8 .4 2 1.2 1.2 1.4 g .9
.1 1.1 0 0 1 0 0 0 0 0
0 .1 0 4 0 0 0 o 0 0
g 0 o o 0 0 0 0 0 0
] 2.0 .3 2 0 1 .3 .5 5 .3
0 o 0 a 0 0 0 \0 0 0
0 0 g .9 2 0 0 .1 0 .1
0 o .1 0 0 o 0 0 0 0

.01 .89 .23 .19 .08 .13 .15 .20 .14 .13

Group SHORT-10 EXTRA.

Session

1 2 3 4 5 6 7 8 9 16
q 0 .1 0 .4 2 i | 0 0
0 1.4 1.4 1.2 1.1 1.4 1.2 1.5 1.5 1.2
.1 1.2 0 1 .3 0 o 0 0 0
0 0 0 0 .3 0 0 0 0 0
0 .4 8 3 .5 8 1.3 2 1.1 i
0 .2 .1 9 .9 .6 5. i | 1.¢ ,1.2
0 .3 1.4_) 7 .8 .9 .8 .6 .9 Y
.3 .6 10 6 2 0 .1 0 0 0
0 .5 LT 1 0 0 0 0 0 0
0 0 0 0 0 0 2 o 1 0

.08 .46 .55 .39 .45 .39 .43 .25 .46 .38

.14

1.19.

.17
.03
.61
.55
.71
.28
.13
.03
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Group SHORT-30 EXTRA
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.26 1.18
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Appendlix F

~Responses per SeéE%d Over the 10 Sessions

for Subjects in Experiment 5
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