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ABSTRAaCT

The present sorics of oxperuments tried to provide
information about tihe associative value of the C8 in
backward conditioning and further our knowledge of approach
behavior (APPR ) towards a C8 which signals absence of an
aversive US. In all experiuwents, the US was a foot-shock
{.5 mA, 2 sec) and the CS was a platform accassible for
short rtime periods eéch trial. Time spent on the platform
was used as a measure of APPR behavior.

Experiment 1 compared the effects of backward,
differential, and explicitly unpaired procedures with a
random procedure on the development of APPR™ behavior. The
results showed rapid acquisition of APPR behavior in each
of the experimental groups in comparison with the random
group. In a subsequent rastardation-of-acguisition test
{(forward pairings), all experimental groups showed gradual
suppression of aPP& behavior, suggesting conditioned |
inhibition to the platform-CS in each of the experimental
groups. Experiment 2 studied the effect of the number of
backward pairings on APPR . The results showed that five
or ten daily pairings were sufficient for the rapid
acquisition of APPR behavior, while one daily pairing
produced wDR' behavior (a behavioral tendency opposite to
APPR™ behavior). In a subsequent retardation-of-acquisition
test, the experimental group exposed to five daily pairings
showed rapid suppression of APPR behavior. These results

were interpreted in terms of possible differential level of



conditioned inhibition to the CS produced by differential
number of US-CS pairings. Experiment 3 studied the effect
of ITI lengths on the development of APPR behavior in
backward conditioning. A strong APPR  behavior was observed
when the ITI range was long (2 to 4 min), but not when ITI
range was somektimes shqrt (10 sec) and sometimes long (5
min). These results éhéwed that the C5 must reliably signal
a relatively long' period without shock for the development
of APPR  behavior. In Experiment 4, conditioned inhibition
to the CS in backward pairings was evaluated independently
of APPR  behavior, in the context of a conditioned
suppression paradigm. The results showed that Us-cs
pairings procedure oroduced less suppression of drinking
than CS-US pairings, but no response acceleration in
comparison with the control condition. Time spent on the
platform and behavioral observations failed to provide
evidence of the inhibitory properties of the CS in the
backward conditioning group possibly due to extiaction
during testing sessions.

In conclusion, it seems that under specific coﬁditions,
the CS in backward conditioning acquires inhibitory
assbciative value and a conditioned inhibition mechanism
would be partly responsible for APPR™ bhehavior. However,
temporal'contiguity seems to be an essential eiement to
APPR™ behavior. At a theoretical level, a modified stimulus
substitution model could he concidered as an alternative to

a4 contingency model explaining APPR™.
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Chapter 1

THE SLIGN-TRACKING PHENOMENON

Sign-tracking in appetitive contexts

In Pavlovian appetitive conditioning, animals have a
tendency to approach and make contact with a conditioned
stimuius (CS+) which signals the presentation of an
appetitive unconditioned stimulus (US), such as Ffood.
Animals also have a tendency to move away from a
conditioned stimulus (CS ) which signals the absence of an
appetitive US (Hearst, Bottjer & ﬁalker, 1980; Hearst &
Franklin, 1977; Wasserman, Franklin & Hearst, 1974). This
phenomenon has been termed "sign-tracking" (Hearst &
Jenkins, 1974) and relates to behavior directed towards or
away from a stimulus which is part of a particular
stimulus-reinforcer felation. Approach towards cs” anad
withdrawal from CS héve been referred to as APPR' and
WDR™, respectively, by Leclerc and Reberg (1980}, and
Leclerc (1985).

Sign-tracking has been shown to be quite a general
phenomenon in appetitive conditioning (sec Hearst &
Jenkins, ,1974; Schwartz & Gamzu, 1973 for reviews). For
example, it has been observed using a variety of appetitive
USs such as food (Hearst & Franklin, 1977), water (Jenkins

& Moore, 1973), electrical brain stimulation (Peterson,
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Ackil, Frommer & Hearst, 1972), heat (Wasserman, 1973),
access to a "social place" (Peecle & Ferster, 1982), and
sexual reinforcer (Rackham, 1971). Stimuli such as a
keylight (Hearst, Bottjer & walker, 1980), illuminated
levers (Peterson, 1972), clicker (Wasserman, 1972) and
white noise (Farthing, 1971) have been used successfully as
CS+ and CS-, The phenomenon has been studied using a
variety of species as subjects such as pigeons (Wasserman,
Franklin & Hearst, 1974), chicks (Wasserman, 1973), monkeys
(Gamzu & Schwam, 1974), rats (Peterson, 1972) and children

(SainSbury, 1971,

Sign-tracking in aversive contexts

Although Hearst and Jenkins' (1974) original efforts
were concentrated on providing'evidence in support of a
sign-tracking phenomenon in appetitive contexts, they dig
suggest that sign-tracking could most probably be extended
Lo aversive contexts. ‘This suggesticn has been confirmed by
Leclerc and Reberg (1980): Counterparts of appetitive
sign-tracking were shown to consist of withdrawal behavior
(or WDR+)»from a stimulus (cs™) which signals an aversive
US, and approach behavior (or APPR™) towards a stimulus
(CS™) which signals the absence of an aversive US, such as
shock.

Leclerc and Reberg (1980, Experiment 2) reported a

robust aversive sign-tracking phenomenon using forward and
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backward conditioning procedures. The ultimate goal of
their study was to compare sign-tracking responses by rats
to a CS+ and CS~ for shock in the same experimental
setting. An innovative and apparently conducive element in
this study was the type of CS used. It consisted of a
platform made available to the animals when the upper part
of one of the chamber's wall automatically retracted. Tne
platform was used to signal the occurrence or nonoccurrence
of unavoidable, inescapable shock. Following Rearst and
Jenkins' (1974) observation that the topography of the
contact response to the CS often ressembles the topography
of the response produced by the US,lit seemed likely that
the physical properties of the CS-platform would facilitate
the development of aversive sign-tracking behavior by '
allowing jumping and/or fleeing which are the responées
produced by the US.

The procedure used by Leclerc and Reberg (1980,
Experiment 2) consisted of three phases: baseline, training
and extinction. During training (6 sessions), oné
experimental group, Group BKwD, was exposed to a backward
conditioning procedure while another experimental group,
Group FRWD, was exposed to a forward conditioning
procedure. More séeciEically, backward conditioning
consistea of a shock (2 sec, 0.5 mA) followed, 10 sec
later, by a 60-sec platform presentation and then by an

intertrial interval (ITI): In this condition, the platform
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signaled a no-shock peried. 'fhe tforward conditioning
proceaure consisted or a 60-sec platform presentation
followea, lu-sec later, by shock and then by an ITI: Here,
the platform signaled shock presentation. For both
experimental groups, a training session consisted of 10
shock and platform presentations with intertrial intervals
averaging 3 min.

Control groups were either exposed to random (Group
Rand) or shock only (Group Shock) procedures. The random
procedure consisted of 10 shocks and 10 platform
presentations -occurring randomly. However, shock and
plactform never occurred simultaneously so that subjects
could not avoid or escape shock by jumping on the platform.
Group Shock received 10 shocks per session (no platform
presentation). Conditioning sessions were followed by
‘extinction sessions which were the same for all groups and
consisted of 10 platform presentations in the absence of
shock.

Training rasults showed that, when compared to Group
Rand, Group BKWD spent significantly more time on the
platform CS, and Group FRWD acquired a tendency to withdraw
from the platform CS. The extinction data showed that, for
Group BKWD, responding was high during early sessions and
gradually decreased in later sessions. Group FRWD showed
the opposite effect: Responding was low during early

sessions and gradually increased as sessicns progressed.
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The performance of Group Rand remained approximately the
same during extinction sessions as during training while
that of Group Shock initially showed an increase from
baselihe levels followed by a decrease toward the end of
extinction sessions.

Training data for Groups BKWD and FRWD were taken as
evidence for APPR™ and WDR' behavior .nd therefore as
evidence for counterparts of appetitive sign-tracking in an
aversive context. While previous studies had provided some
positive results of wDR™ behaviors {e.g., Karpicke & Dout,
1980) or reported small aversive sign-tracking effects
(e.g., Barttler & Masterson, 1980}, Leclerc & Reberg (1980)
provided evidence for strong APPRf andIWDR+ bepavior within
the same context. ’

Recently, Leclerc {1985) attempted to evaluate whether
a stimulus-reinforcer mechanism (platform signaling a
no-shock period) or a response-reinforcer mechanism
(jumpiing on the platform to escape the grid floor) was
responsible for APPR behavior in backward conditioning.
The conditioning chambers used in Experiment 1 were the
same as those described in Leclerc and Reberg (1980,
Experiment 1). There were three phases: baseline, training
1l and training 2. EBach baseline session consisted of ten
60-sec platform presentations while no shock was
administered. In training 1, subjects were exposed to

either backward, forward or random presentations of
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platform and shock. For all groups, the jump-up response
was prevented by means of a transparent barrier which was
placed in front of the platform wall, thus preventing the
animals from jumping onto the platform. Training 2
consisted of removing the transparent barrier and exposing
all subjects to backward pairings of shock-platform. The
results showed that subjects which were exposed to backward
pairings in training 1 spent more time on the platform than
subjects which were exposed to forward or random
procedures. These results suggested that APPR behavior is
acquired because the platform signaled a no-shock period
and therzfore that a stimulus~reinforcer mechanism might be
responsible for the acguisition of APPR behavior.

In another experiment, Leclerc (1985, Experiment 2bh)
evaluated the effect of punishment on the maintenance of
APFR behavior using an omission procedure. The results
showad that APPR behavior is very resistant to punishing
operant contingencies suggesting that a stimulus-reinforcer
imechanism could play an important role, nct only in the
acquisition, but also in the maintenance of APPR™ behavior.

Lecierc (1982, unpublished work) also observed a strong
APPR™ behavior in the context of a differential
conditioning paradigm. The experimental setting and the
platform conditioning bbxes wefe identical to the ones used
by Leclerc and Reberg (1980) and by Leclerc (1985), The

procedure consisted of two phases: bhaseline and training.
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During each of the four training sessions, Group at X, was
exposed to 10 trials in which a 30-sec platform
precencation was Eoilowed, 10 sec later; by shock, and iD
trials in which a 30-sec buzzer was never followed by
shock. A second group, Group A"x+, was exposed to 10 trials
in whiéh a 30-sec buzzer was followed, 10 sec later, by
shock. Plactform and buzzer trials were presented in a
random sequence within sessions and the inter-stimulus
interval averaged 60 sec.

Subjects in Group A+x- spent very little time on the
platform which signaled shock, while subjects in Group a"xt
showed a strong APPR  behavior to the platform which
signaled a period of no shock. Based on Rescorla and
Wagner's (1972) model of Pavlovian conditioning, it is
assumed that inhibitory associative value was acguired by
the €8~ (platform) in Group A"X' and was responsible for
the observed APPR ™ behavior. According to their model, a
conditioned excitator (cst) and a conditioned inhibitor
(CS7) are defined in parallel but opposite fashion: A
conditicned excitator signals a greater probability of US
occurence than in its absence and a conditioned inhibitor
signals a lower probability of US occurence than in its
absence. When a neutral C8 is nonreinforced in compound
with an excitatory C§ (CS+), as in the differential
conditioning procedure just described, the model assumes

that the neutral stimulns will acquire inhibitcry
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associaiive value. There is considerable evidence in
support of this assumption (e.g9., Pavlov, 1927; Rescorla &
Lolordo, 1965; Bull & Overmier, 1968; Hammond, 1968).

It is not clear, however, if APPR behavior observed in
the backward conditioning procedure (Leclerc & Reberg,
1980; Leclerc, 1985) can also‘be attributed to inhibitory
associative value of the CS. The effect of backward
conditioning on behavior is controversial and different
views pertaining to this issue will now be presented and

discussed.



Chapter 2

THE NATURE OF THE CS ASSOCIATIVE VALUE

IN APPR BEHAV1OR

In his recent work, l.eclerc (1985) concluded that APPR’
behavior in backward conditioning was the reasultc o£ two
processes: One that consists of rats' natural tendency to
jump when exposed to aversive stimuli (this process is
similar to a species-specific defense-reaction mechanism as
described by Bolles, 1970), and a 5econd that consists of
approaching (or making contact with) a reliable signal of
no shock. The latter process implies that the platform
became a conditioned inhibitor which, in turn, was at least
partly responsible for the observed APPR behavior.
However, the associative value of the C8 in a backward
conditioning procedure remains an issue of controversy. The
next section presents an overview of the type of problems

found in dealing with backward conditioninyg procedures.

The associative value of the CS produced by backward

pairings

The particular sequence of events in backward
conditioning has made predictions rather difficult. Since
the CS in backward pairings is prescnted shortly after the

US, it has been assumed to leave the C$S associatively
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neutral (Mackintosh, 1974; Schwartz, 1978). In contrast,
many views of conditioning have assumed that the CS
acquires asscciative value. However, within these views,
ﬁhere has been disagreement as to whether the €S acquires
excitatory or inhibitory value: Behavioral change has been
assumed to result from backward pairings between US and CS,
yielding excitatory éonditioning (Heth & Rescorla, 1973;
Shurtleff & Ayres, 1981; Spetch, Teflecki, Pinel, Wilkie &
Treit, 1982; Keith-Lucas & Guttman, 1975} or from forward
pairings bhetween C5 and the absence of US, yielding
inhibitory conditioning (Moscovitch & Lolordo, 1968; Heth,
1976; siegel & Domjan, 1971).

In a review of the literature pertaining to backward
conditioning, Spetch, Wilkie and Pinel (1981) stated that
"The time for disputing whether backward conditioning is
possible is past... it is time for systematic exploration
of the conditions under which it occurs..." (p. 174). They
presented four studies to support that conditioning can be
established through backward conditioning procedures. In
all the studies presented, the reported effects of backward
bairings resemhled the effect of Forward pairings. They
concluded by listing three features common to studies which
have successfully demonstrated (excitatory) backward
conditioning: the use of aversive USs, a small number of
US-CS presentations, and a surprising US.

Hall (1984) re-examined the literature pertaining to
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backward conditioning wich the objective to determine
whether backward conditioning results in conditioned
excitation or inhibition. However, in his review, Hall only
included studies using the traditional Pavlovian paradigm.
He thus excluded studies using the conditioned emotional
response paradigm which are "fraught with varying problems
which make inferences about the contribution of US-CS
trials to the establishment of excitatory and/or inhibitory
CRs tenuous" (p. 1863).

Hall stated that, in most studieé, methodological
inadeqguacies result in a failure to demonstrate inhibition
effects. According to Hall, Rescorla's (1969)
retardation-of-acquisition or summation tests should be
used whenever the objective of a study is to measure
inhibition. Basically, the retardation-of-acquisition test
consists of exposing subjects first to an inhibitory
conditioning procedure and then to an excitatory
conditioning procedure. The retardation of excitatory
conditioning in the second éhase of training is used as a
measure of inhibitory conditioning acquired in the first
phase of training. The summation test consists of the
simultaneous presentation of a known excitatory CS (Sl) and
a possible inhibitory CS (82). If S, is a conditioned
inhibitor, responding will he reduced. Hall cited three
studies, two by Siegel and Domjan (1971, 1974) and one by

Plotkin and Oakley (1Y75), in which backward pairings were
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shown to result in inhibitory conditioning when a
retardation-of-acquisition test was used as a measure of
conditioning. Hall claimed that Spetch et al. (1981) draw
conclusions based on studies which were not adequately
designed to demonstrate inhibitory effects (i.e. a
recardation-of-acquisition test or a summation test was not
used) or which did not allow clear inferences about
excitatory or inhibitory conditioning (i.e. such as studies
using a cohditioned emotional response).

However, even the retardation-of-acquisition and
summation tests should be used with caution. Some studies
(Pearce, WNicholas & Dickinson, 1982; Baker & Baker, 1985)
have shown, for example, that the results from a
retardation-of~acquisition test may be confounded by latent -
ihhibition and US preexposure effects. This is particularly
true when a negative correlation procedure is used, as
nonreinforced exposures to the CS and unsignaled shocks
increase retardation. A possible mechanism of the CS and US
preexposure effects is that of learned irrelevance. Because
the C5 or US is presented by itself, subjects are assumed
to learn that the CS or US is not related to anything of
significance which disrupt subsequent learning that the ¢S
signals tpe US (as in a retardation~of-acquisition test).

A retardation-of-acquisition test may not be as
sensitive a measure of conditioned inhibition as Hall

professes it to be. However, the test remains a measure of
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conditioned inhibition and, keeping in mind that the
results of the test may be confounded by interference
phenomena, it is.useful whenever the objective is to
determine whether or not a specifié procedure yields
conditioned inhibition. Should a more sensitive measure of
conditioned inhibition be necessary, as when the objective
is to compare the relative “amouﬁt“ of conditioned
inhibition produced by several procedures, both a
retardation-of-acquisition test and a sumnation test must
be administered, the rationale being that the two tests are
not influenced by the same proactive interference
{Rescorla, 1969; Baker & Baker, 1985).

Although there is strong evidence supporting the
contention that backward conditioning leads to conditioned
inhibition, there remains two possible ways how the CS may
acquire inhibitory associative value. A contingency view
would enmphasize that the CS signals a low probability of US
presentation due to the otfset of the US (Rescorla, 1967).
Another point of view would describe the CS in relation to
the subsequent period of time without the US: 'This
contiguity view would emphasize the forward pairing of the
CS and a no-shock period (Moscovitch & Lolordo, 1968).

The observations made by Moscovitch and Lolordo (19638,
Experiment 2) support the view that forward pairing of CS
and a shock-free period is responsible for behavioral

change. They compared two groups of dogs exposed to a
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backward procedure in which the ITI averaged 2.5 min. In
the first group, the minimum ITI was 2 min and the maximum
ITI was 3 min. In the second group, ITIs were of random
duration, ranging from 0 sec to 15 min. They reported that
the CS acquired inhibitory properties in the first group
but not in the second group. The authors concluded‘that the
CS in backward cénditioning acquired inhibitory properties
only if it reliably predicted a period of safety. wWhen the
iTls were of random duration, the CS was a poor predictor
of safety and consequently did not acquire inhibitory
properties.

Other observations make a comprehensive interpretation
of backward conditioniné difficult to formulate. For
example, it appears that.the first few backward pairings
result in conditioned excitation while additional pairings
produce conditioned inhibition (Heth, 1976; Pavlov, 1927;
Razran, 1956). Heth (1976) used a backward conditioning
procedure in which the US was a shock and the CS a 2 sec
combined presentation of a light and buzzer. The amount of
suppression of bar pressing produced by the CS was used as
4 measure of conditioned excitation acquired by the CS.
Heth reported an initial decrease in bar pressing,
indicating conditioned excitation, followed by an increase,
indicating conditioned inhibition. Therefore, it is ,
suggested by those data that the number of pairings would

be an important wvariable determining the outcome of



15
backward conditioning.

In summary, there is evidence to support the contention
that the C8$ acquires inhibitory properties in a backward
conditioning procedure. However, there iz still
considerable doubt surrounding the efEect of this procedure
and some studies (Moscovitch & Lolordo, 1968; Heth, 1976)
seem to indicate that certain conditions must be met for
backward pairings to yield conditioned inhibition.
Conseguently, it would seem premature to draw any
conclusion at this time regarding the associative nature of
the CS in a backward conditioning procedure such as the one

used by Leclerc and Reberg (1980) and Leclerc (1985).

Experimental work

The experiments in the present thesis were designed to
orovide information about the associative value of the CS
in backward conditioning and further our knowledge of
approach and contact behavior (APPR ) elicited by a CS
signaling "absence of" an aversive US. The backward
cqnditioning procedure used in the present series of
experiments was based upon the original experiments of
Leclerc and Reberg (1980). However, subjects were exposed
to forward conditioning trials rather than to extinction
following preliminary backward training. Such forward
conditioning would constitute a retardation-of-acquisition

test whereby the acquisition of the CR wonld be retarded
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{Rescorla, 1969).

The first experiment compared the effect on behavior of

a backward conditioning procedure with the effect of
differential, explicitly unpaired andg truly random
procedures known to endow the CS with inhibitory properties
(Rescorla & Wagner, 1972). Approach and contact behavior
elicited by the C$ and the amount of conditioned inhibition
acquired by the CS were measured and compared. Subjects
exposed to backward, differential and explicitly unpaired
conditioning procedures were expected to acquire APPR
behavior, while subjects exposed to a‘truly random
procedure were not expectad to do so. Furthermore, if APPR
behavior is due to the inhibitory properties of the CS, the
retardation-of-acquisition test (Rescorla, 1969) should '
reveal that the CS in one or more of the conditioned
inhibition procedures acquired inhibitory properties.

The second experiment investigated the role played by

the number of backward pairings on the development of APPR™
behavior. If a few backward pairings endow the CS with
excitatory properties, as demonstrated by Heth (1976) in a
conditioned suppression paradigm, subjects would be
eéxpected to withdraw from the CS, i.e. should show WDR+
behavior?and not APPR™ behavior. If additional pairings
endow the CS with inhibitory properties, subjects would

then be expected to approach and contact the CS.

Furthermocre, a retardatcion-of-acquisition test should
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evaluate inhibitory properties to the CS following
differencial number of backward pairings.

The third experiment investigated the role played by

the intertrial intervals on APPR behavior and attempted to
parallel Moscovitch and Lolordo's (1968) procedural
manipulations. If long ITI durations are necessary to endow
the CS with inhiBitory values (Moscovitch & Lolordo, 1968),
then the CS in backward conditioning wﬁich reliably signals
a relatively long period withdut shock is expected to
elicit APPR™ behavior whereas ITIs that are sometimes short
and sometimes long in duration are not expected to prcduce
strong APPR ™ behavior.

In the fourth and last experiment, a conditioned

suppression procedure was used to identify the nature of
the CS following exposure to backward pairings. Approach
and contact behaviors were measured in testing sessions and
the position of the rat in the experimental box was
recorded manually during training sessions. The CS
presentations would be expected to facilitate the licking
response in the backward group and result in the
acquisition of APPR behavior whereas it should suppress
the licking response in the forward group and result in the
acquisition' of wprt behavior. Subsequent forward
presentations of the platform and the US
(retardation-of-acquisition test) should result in a

gradual suppression of the licking response in the group
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previoulsy exposed to backward pairings as well as in the
acquisition of wor™t behavior. The results are expected to
evaluate whether the CS in backward conditioning acquires

inhibitory properties.
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Chapter 3

Experiment 1
THE EFFECTS OF CONDITIONED INHIBITICN FROCEDURES OnN THE

DEVELOPMENT AND PEKSISLTENCE OF APPR ™ BEHAVIOR

The aim of this study was twofold: first, to measure
the rate of acquisition of the approagh‘(APPR_) behavior
produced by differential, backward and explicitly unpaiced
conditioning procedures (training l) and second, to measure
conditioneq inhibition produced by each of these procedures
by means of a retardation-of-acquisition test (training 2).
In training 1, subjects were either exposed to 1
(a) differential, (»n) backward, (c) explicitly unpaired, or’
(d) truly random‘conditioning procedures. Training 2
(retardation-of-acquisition test, see Rescorla, 1967)
consisted of forward presentations of platform and shock.
Increase in time spent on the platform (the main dependent
variable) was used as a measure of the rate of acquisition
of the APPR behavior (training 1) and a decrease in time
spent on the platform as a measure of the.acquisition of
wna* behavior, a behavior opposité to APPR . Resistance to
acquisition of the NDR+ behavior in training 2 was
considered an indication of the amount of conditioned
inhibition to the CS acquired in training 1.

Leclerc (1982, unpublished work) observed APPR
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behavior when using a differeatial conditioning procedure.
According to Rescorla and Wagner (1972), the CS in a
differeantial conditioning procedure acquires inhibitory
properties because of the nonreinforced presentations of
the CS with an excitatory Cs . Similarly, the CS in an
explicitly unpaired procedure acquires inhibitory
properties because of nonreinforced presentations of the CS
with an excitatory context (Rescorla & Wagner, 1972).
Consequently, it can be argued that APPR ™ behavior could be
produceq by such procedures and its development could be
~attributed to the inhibitory properties of the CS. The
present experiment attempted to replicate Leclerc's (1982)
Observations. The inhibitory properties of the CS should be
apparent in training 2 (retardation-of-acquisition test)
where subjects would be exposed to a positive contingency
between CS and US. Such a positive (or forward) contingency
is known to produce withdrawal (WDR*) behavior away from
the C3-platform (Leclerc & Reberg, 1980).

This experiment also attempted to verify Rescorla ani
Wagner's (1972) prediction pertaining to compound CSs which
signal the same event. The model predicts that if the two
CSs are equally salient, they will compete for associative
strength. In training 1, one group was exposed to backward
presentations ﬁf shock-platform only while another group
was exposed to backward presentations of

shock-platform/buzzer combined. In this latter group, if
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the platform and buzzer were equally salient, the platform
would share inhibitory values with the buzzer and
acquisition of APPR™ behavior was expected to be acquired
at a slower rate than in the group exposed to the
cs-platform only. Training 2 was also expected to reveal
that the amount of conditioned inhibition acquired by the
platform was less in the group exposed to the compound CS.
This should result in faster learning in training sessions.

Rescorla (1967) also suggested that a truly random
proceduie would leave the CS associatively neutral at
asymptote since the CS and the U5 occur randomly and
independently of each other. Such a procedural strategy was
included in Experiment 1, and consisted of random
presentations of CS and US. The rate of acquisition of
APPR  behavior in this group was expected to be less than
in the other groups. In training 2, this group continued to
be exposed to random presentations of the C8 and US (while
all other groups were exposed to a forward procedure) in
order to evaluate the change of behavioral tendency
produced by a forward procedure.

In summary, in training 1, all experimental groups were
expected to acquire APPR behavior but procedures which
included CS compounds should do so at a slower rate in
comparison with the control procedure. Since it was not
known, a priori, whether different amount of conditioned

%nhibition would be produced by the experimental



22
procedures, no other prediction could be made about group

differences in training 2.

Method

Subjects

The subjects were 80 naive adult male hooded rats. They
had free access to food and water at all times in their
home cages. They were maintained on a 12:1Z light:dark
cycle (lights on at 0700 h EST), and were run during the

light cycle.

Apparatus

Four 23.0 X 20.8 X 20.3 cm commercially made platform
boxes (model 85200, Lafayette Instrument Co., Indiana) were
used. Two of the walls and the ceiling (used as a chamber
door) were made of clear Plexiglas and the two other walls
were made of stainless steel. The grid floor was wade of 15
parallel stainless-steel bars, 1.1 em apart and 0.5 cm in
diameter.

The apparatus also featured a platform made available
to the animals when the upper part of one of the stainless
steel walls automatically retracted forming an alcove
measuring 12.5 X 12.5 X 20.0 cm and located 8.3 cm above
the grid floor. The platform wall took approximately 2.5

sec to retract or close. Shocks were never delivered on the
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platform area.

Four coumercially made shockers (Model 82401, Lafayette
Instrument Co., Indiana) were used to deliver scrambled
shock through the grid floor. The intensity of the shock
was set at 0.5 mA and the shock duration was 2 sec. Masking
noise of 72 dB (as measured from the inside of the
conditioning chamber) was on in the experimental room
during conditioning sessions. The buzzer was approximatelj
3 4B over background masking noise,

Timing and delivery of all stimuli presentations were
controlled by a TRS-80 Model 4 computer system (Tandy
Corp., U.S.A.). Time spent on the platform {(the dependent
.variable) was recorded automatically by means of a
photocell system specially desiqgned to detect the animals' *
presence on the platform. A response was recorded when at
least one of the two light beams over the platform area was
broken and the five beams above the grid floor (and

immediately next to the platform area) were unbroken.

Procerdure

The procedure consisted of three phases: baseline,

training 1 and training 2.

Baseline. All subjects were exposed to ten 60-sec
platform presentations per daily sessions. No shocks were

administered during this phase which lasted five sessions.
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The intertrial intervals ([fI) averaged three minutes: The

minimum ITI was 1 min, the maximum was 5 min.

Training 1. Since there can be large individual
differences in rats' spontaneous tendency to jump on the
platform (as observed by Leclerc & Reberg, 1980), subijects
were assigned to one of five groups on the basis of their
baseline performance. As in pfevious work (Leclerc &
Reberg, 1980; Leclerc, 1985), subjects were classified as
"high" responders if théir average time spent on the
platform when it was presénted was over 21% or as "low"
responders if their average time on the platform was less
than 21%. A roughly equal number of high and low responders
were assigned to each of the five groups {(n=16 per group)
to prevent the possibility of group differences before
training.

For each group, the US was a scrambled foot-shock (2
sec, 0.5 mA) and the CS a 6U-sec platform presentation.
Each session lasted approximately 40 min and included 10
trials. Training 1 consisted of four sessions administered
on four consecutive days, Time spent on the platform was

the dependent variable.

Table 1 presents a summary of the particular procedure
associated with each group. There were four experimental

groups: Groups Diffcond (differential conditioning), BKPLB
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Table 1. Summary of the procedure tor each of the four
experimental groups and the control group in

in Bxperiment 1.



Condition . Group CS+ CS- Cs
Expérimental Diffcond buzzer Platform -
BKPLB none Pl + buzzer -
BKPL none Platform -
UNP none platform -

Control RAND - - _ platform

Note. pl = Platform. Dash = not applicable.
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(backward conditioning with the CS$ being the combined
presentation of platform and buzzer), BKPL (backward
conditioning with the CS being the platform only), and UNP
(unpaired presentation of the CS-platform). There was one
control éroup: Group RAND (random).

Group Diffcond was exposed to a differential
conditioning procedure which included two different Eypes
of trials. One type of trials (positive trials) consisted
of a 60-sec buzzer presentation (CS+) followed by a l0-sec
interstimulus interval and shock onset. The other type of
trials (negative trials) consisted of a 60-sec platform
presentation (CS )} which signaled a shock-free period which
varied between 60 and 180 sec. There were five positive andl
five negative trials which were distributed randomly in
each session.

Group BKPLB was exposed to a backward conditioning
procedure. Bach trial consisted of shock presentations
followed, 10 sec later, by simultaneous 60-sec
presentations of platform and buzzer. The minimum
intertrial interval was 60 sec and the maximum was 5 min,
the average being 3 min.

Group BKPL was also exposed to a backward conditioning
procedure, This group differed From Group BKPLB only in
that shock was followed by 6U0-sec presentations of platform
alone, i.e., no buzzer.

Group UNP was exposed to 10 platform and 18 shock
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presentations. Platforms and shocks were programmed so that
they were never presented in close temporal contiguity. The
interstimulus intecrval averaged 85 sec, the minimumn being
10 sec and the maximum 3 min.

Group RAND was exposed to 10 random presentations of
shock and 10 random presentations of platform programmed
independently in each session. However, shocks were never
delivered during platiorm presentations so that subjects
could not escape shock by jumping on the paltform. The
minimum intergtimulus interval was 5 sec and the maximum

100 sec.

Training 2 (Retardation-of-acquisition test). Follawing

the last day of training 1, all subjects (except those in
Group RAND) were exposed to a Forward conditioning
procedure. Each trial consisted of 60-sec platform
presentations (Cs™) followed, 10 sec later, by shock. A
session consisted of 10 trialg, the intertrial intervals
averaging 3 min (minimum of 1 min and maximum of S min).
Training 2 lasted six sessions. For Group RAND, training 2
consisted of a continuation of treatment received in
training 1, i.e., exposure to randem presentations of shock

and platform.
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Results

Figure 1 shows the average percentage of time spent on
the platform for each of the groups during each session of
baseline, training 1 and 2 (seec Appendices 1 to 5 for data
for the various groups, and Appendix 6 for a sumnary of the
statistical analyses made on the baseline, training 1 and 2
data). The results from each phase were analysed using a
two-way analysis of variance and Tukey's ratios (Kirk,
1968) were calculated to make group comparisons when

appropriate. A rejection level of .05 was used for all

analyses.

Baseline. A S{Groups) x S(Sessions) analysis of '
varlance revealed a significant main effect of Sessions
iﬁ (4,300) = 2.48} . This significant efiect reflects a
small but reliable increase in time spent on the platform
for all subjects in later baseline sessions. There were no

significant differences among the groups.

Training 1. As shown in Figure 1, the four experimental
groups, Groups Diffcond, BKPLB, BKPL and UNP, spent more
time on the platform than the control group, Group RAND.
Time spent on the platform increased for all groups as
sessions ﬁrogressed. A 5(Groups) x 5(Sessions) analysis of

variance indicated a significant main effect of Groups
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Figure 1. Mean percentage of total time spent on the
platform for each group during each session of

baseline, training 1 and 2 in Experiment 1.
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@ (4,75) = 7.71), and of sessions [F (3,225) = 43.65).
Group comparisons revealed that Group RAND spent
significantly less time on the platform than the other
groups.

In order to evaluate whether groups differed in terms
of their rate of acquisition of appr™ behavior, time spent
on the platform for the first two placform presentations of
the first session was compiled for each group. A S(Groups)
X l(Trial) analysis of variance failed to indicate a
significant difference among groups, although Groups BKPLB
and RAND showed a tendency to spend less time on the
platform than the other groups.

In order to evaluate the number of backward and forward
pairings received by subjects in Group RAND, interstimulus '
intervals (ISIs) were compiled. It was Found that, during
training 1, there were seven instances when the shock
_preceeded platform presentations by 10 sec (backward
pairings), and five instcances when platform preceeded shock
by 10 sec (forward pairings). This information provided
support for the "truly random" nature of the procedura

used.

Training 2. Figure 1 shows that on Day 1 of training 2,
all groups maintained the same level of performance as on
the last day of training 1. In all groups exposed to the

forward procedure, time spent on the platform gradually
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declined as the training sessions progressed.

A 5(Groups) x 6(3essions) analysis of variance showed a
significant main effact of Sessions ﬁa (5,375) = 30.43 and
a significant interaction (£ (20,375) = 3.73] . Tests of
simple main eEEects revealed that Group RAND (exposed to a
"truly random" procedure in training 2 as in training 1)
was the only group which showéd no significant change in
time spent on the platform throughout the sessions, the
errall mean percentage time for the six days being.67.4%.
For all other groups (Groups Diftcond, BKPLB, BKPL and
UNP), time spent on the platform gradually decreased
throughout training 2. Between groups comparisons revealed
that Group RAND spent significantly more time on the
platform than Group UNP on Days 4 and 6. No other

comparisons were found to he significant.
Discussion

Iraining 1. The first goal of this study was to compare
the rate of acquisition of APPR  behavior produced by
conditioning procedures known to yield conditioned
inhibition. The analyses failed to indicate any significant
differences among experimental groups. Therefcre, we can
only conclude that in the present experimental paradigm. we
were unable to detect possible differential effects of

differential, backward and explicitly unpaired procedures.
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All procedures produced APPR behavior, and its acquisition
was as rapid for subjects exposed to backward pairings of
platform and shock as For subjects exposed to differential
and unpaired conditioning procedufes.

The performance of subjects in the two backward qgroups
(Groups BKPLB and BKPL)} was rather unexpected in that both
groups spent a comparable amount of time on the platform
and the rate of acquisition of APPR behavior was similar
in the two groups. These results suggest that the add%tion
of the buzzer during platform presentation did not produce
a decreaselin the associative value of the platform, as
would have been predicted from Rescorla and Wagner's
(1972) model. According to their formal model, learning on
any given trial can be expressed as Follows:

av =o§5(k— Vi)

whera AV represenis the change in associative strength that
occurs as a result of conditioning;e¢and,?are constants
representing the salience and intensity of the CS and US,
respectively; Ais the asymptote of conditioning that the US
can support;aAV is the total associative strength of all the
stimuli in the context. When conditioning involves compound
étimuli, each stimulus equally shares the total associative
strength of the compound and the growth of associative
strength is:

AV (buzzer) = X({a - Vi)

AVF, (platform) = Y(N - Vi )
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The only difference lies in the values of the constant X
and Y, part of which is determined by the salience of the
CS: it X = ¥, then AVg(buzzer) = &Vp(platform). However, if
X =Y, then AavVg(buzzer) (or > Avp(platforn\).

Perhaps associative strength was not shared equally by
the platform and the buzzer because the platform, having
auditory, visual and tactual cowmponents, was a inore salient
stimaulus than the buzzer. In cases where one stimulus is
more salient than the other, the modal predicts that the
more salient stimulus will acquire wmore assoclative
strength than the less salient stimulus. This process wouid
resemble an overshadowing mechanism (Kawin, 1968). Such an
interpretation of the results can explain, at least parktly,
why the performance of the two backward groups, Groups
BKPLB and BKPL, was similar. There was, however, no
independent evaluation of an overshadowing mechanism in
this experiment.

The results also showed that subjects in all
experimental groups displayed similar behavioral tendencies
early in training 1, It seems that two trials were
sufficient to endow the CS with some associative value in
all the grbups.

From a conditioned inhibition analysis of APPR™
behavior, the rapid acquisition of this behavior is
surprising since conditioned inhibition is considered to be

a relatively slower process than conditioned excitation



35
(Rescorla & Wagner, 1970). Perhaps, in the present aversive
sign-tracking preparation, behavioral changes requirad
less C8 conditioning than in other preparations (such as in
condicioned suppression). For example, since it has been
proposed that APPR behavior involves responses which are
part of the animals' defense repertoire (Leclerc, 1985), it
is possible that a cs (i.e., the platform), which supports
such behavior, would be more readily associated with a

non-shock and safety period than would a more neutral CS.

Training 2. The second goal of the study was to measure
and compare the amount of inhibitory conditioning produced
by the differential, baékward and explicitly unpéired
conditioning procedures. Subjects in all groups were
expected to slowly acquire wpr' behavior in training 2,
thus revealing the Cs inhibitory properties acquired during
training 1 (Rescorla & Wagner, 1872). There was a rapid
decline in time spent on the platform in all experimental
groups and the statistical analysis failed to indicate
differences among groups. This may he taken to indicate
that a similar mechanism of action was present in those
procedures.

The results also showed that time spent on the plaﬁform
in the control group was maintained throughout the sessions
and therefore, that time spent on the platform increases to

8 certain level of performance with repeated exposures to
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noncontingent platform and shock presentations (craining 1)
and then is maintained constant if exposure is continued.
The level of performance reached by the control group was
guite high (mean percentage time was 67.4%) and possibly
reflecting the natural tendency of animals to Flee from a
place of danger (the grid floor). The high level of
performance of the control group is atlleast partly
responsible for the lack of significant differences between
the control group and the =2xperimental groups.

An important observation i3 that time spent on the
platform in Group UNP declined more rapidly than in Groups
Diffcond, BKPLB and BKPL, although a significant difference
among groups was not found. It would appear that the CS in
Group UNP did not acquire as much inhibitory properties in
trainingy 1 as it did in the other experimental groups. A
possible explanation is that although Group UNP was exposed
to unpaired CS and US presentations, the time periods
between CS and US were szometimes very short (e.g.{ 10 sec).
Consequently, Group UNP could have been axposed to a
certain number of Fforward trials in training 1 which could
have reduced the amount of inhibition acquired by the CS.
In training 2, the CS could then have acquired excitatory

properties more veadily than in other grcups.

Procedural and theoretical limitations in Experiment 1

CS-only (platform) and US-only (shack) procedures were
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not included. a CS-only (no shock) procedure would
provide some information on the percentage of time spent on
the platform which could be attributed to the ratsg! natural
tendency to jump on the platform in the absence of shocks.
A US-only (no platform) procedure would allow an assessment
of how fear of the context alone was responsible for APPR
behavior. a Group CS and a Group US were not included in
Experimént 1l since data from such groups were previously
reported by Leclerc and Reberg (1980).

Leclerc and Reberg (1980, Experiment 1) included a
CS5-only group as a point of reference about APPR™ beﬁavior
in the absence of shock. The procedure consisted of two
phases: training and extinction. During training, one
experimental group, Group BKWD, was exposed to a backward
conditioning procedure while the other experimental group,
Group FRWD, was exposed to a forward conditioning
procedure., There were two control groups. Group RAND
received random shock and pPlatform presentations ang Group
CS-only received platform presentations but no shock.
During extinction, all groups were exposed to platform
presentations only (no shocks).

Training results indicated that Group BKWD spent
significantly more time on the platform than Group FRWD
while Groups RAND and CS-only spent ahout 50% of the time
on the platform. Data can be taken as evidence Ehat

performance above 50% is due to conditioning.
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In another experiment, Leclerc and Reberg (1980,
Experiment 2) included a shock-only control qroup during
training to assess (in Extinction sessions) how much time
spent on the platform could be attrihuted to escape from
the grid floor where shock was administered. Experiment 2
essentially replicatéd Experiment 1 Jjust described above.

Extinction results showed that Group BKWD spent more
time on Ehe platform than the other groups, including Group
SHOCK (shock-only), for the first 15 extinction sessions.
This data indicated that while fear of the context is
responsible for APPR to a certain degree, it certainly
does not account for the high percentage of time spent on
the platform by Group BKWD.

Objections may also be raised as to the truly random
nature of our Group RAND especially since it differed from
Group UNP only in the minimam and maximum 1TI. For our
random procedure, we followed the model in which the CS
equally predicts the US and its absence. We therefore chose
a minimum interval of 5 sec and a maximum of 100 sec
between shock and platform to allow for some backward and
some focrward pairings. For our unpaired procedure, we chose
4 winimum interval of 10 sec and a maximum of 180 sec
betwean shock and platform to decrease the probability of
backward and forward pairiags. Problems in obtaining a
truly random precedure had been acknowledged by Leclerc and

Reberg (1980, Experiment 1l). However, the results in
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Experiment 1 seemea to support that we were successful in
designing a truly random procedure,

Another limitation of Experiment 1 was the overall lack
of control for latent inhibition and U5 preexposure
effects. Latent inhibition may have developed in all of the
experimental groups in training 1 since platform
presentations were not reinforced (platform presentations
were followed by a period without shock). A US preexposure
effect may have resulted also in all groups in training 1,
exXcept Group Diffcond, because the US was not signalled.
Consequently, the results Ffrom the |
retardation-of-acquisition were likely confounded by latent
inhibition and us preexposure effects. Because there was
no control, it was not possible to determine to what extent’
the retardation of acquisition of wor™" behavior could be
attributed solely to conditioned inhibition. However, it
seemed logical to assume that, since all groups (except
Group Diffcond) were exposed to the same sources of
confounding effects, any differences among groups in the
degree of inhibition measured by the
retardation-of-acquisition test could be attributed to the
conditioning procedure. Retardation of acquisition in Group
Diffcond was also comparable to that of the other

experimental groups.
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Chapter 4

Experiment 2
THE EFFECTS OF THE NUMBER OF PAIRINGS
ON THE DEVELOPMENT AND PERSISTENCE OF APPR BENAVIOR

IN BACKWARD CONDI'TIONLNG

The results of Experiment 1 indicated that
differential, backward and explicitly unpaired conditioning
procedures result in the development of APPR™ behavior.
When groups exposed to these procedufes are thén exposed to
a Forward conditioning procedure, wpR' behavior is
developed very slowly, thus suggesting that a similar
mechanism of action is responsible for APPR™ hehavior, and
such a mechanism could be conditioned inhibition.
Experiment 2 attewmpted to Focus more directly on the
question of the associative value of the CS in the backward
conditioning procedure.

The results of several studies ares conflicting in that
they have reported that backward conditioning could yield
conditioned excitation, or conditioned inhibition, or Soth.
Some authors (Pavlov, 1927; Heth, 1976) have suggested that
backward .conditioning could involve a two-stage process:
the CS is excitatory in the early stages of training but
gradually acquires inhibitory properties in later stages of

training. Heth (1976) has presented experimental evidence
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L0 support this view.

Heth (1976) used a backward conditioning procedure in
which the US was a shock and the CS a 2 sec compound
Presentation of light and buzzer. The amount of suppression
on bar pressing produced by the CS8 was used as a measure of
acquired fear of the CS, indicating conditioned excitation.
Heth reported that, early in traiaing, the CS hagd acquired
conditioned excitation, but with additional training, it
had developed conditioned inhibition properties. These
results indicate that conditioned inhibition in a backward
procedure would be a function of the number of Us-Cs
pairings.

Post-hoc analysis of the results in BExperiment 1 did
not allow any conclusions to bhe drawn regarding the
possibility of such a two-stage conditioning process in the
groups which had been.exposed to backward conditioning.
Experiment 2 was designed td lock more specifically at the
existence of a two-stage conditioning process in the
particular backward conditioning procedure used in the
present preparation. Also, it was believed that the rasults
of Experiment 2 would provide additional information about
the minimum number of trials required for the development
of APPR ,behavior.

The results of a preliminary study conducted with these
goals in mind indicated that possibly as few as three

backward pairings {administered one a day) were sufficient
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to produce a high level of APPR behavior. However, the
group exposed to only one backward pairing per session was
also exposed to 9 “"random" presentations of C8 and US
within the same sessions. A closer look at the programmed
random presentations of CS and US revealed that the average
time intervals following each event turned out to be quite
long (56.2 sec). Consequently, the random presentation of
CS and US could betLier be described as "explicitly
unpaired" presentations of CS and US. Since, as reported in
Experiment 1, explicitly unpaired presentations of C8& and
US produce eftects on behavior which ares similar to those
produced by a backward conditioning procedure, it seemed
likely that the rate of acquisition of APPR behavior was
influenced by the combined effect of backward pairings and '
of the “random" CS and US presentations. Expériment 2
attempted to eliminate sources, other than backward
pPairings, contributing to inhibitory conditioning.

In Experiment 2, groups were exposed to either 1, 5, or
10 backward presentations of shoeck and platform per daily
session while control groups were exposed to either 1, 5,
or 10 random presentations of shock and platform per daily
session. If, 'as suggested by Heth (1976), the First Ffew
backward pairings endow the CS with excitatory properties,
then the group exposed to 1 daily backward pairing should
not acquire APPR  behavior, and instead should show wDR'

behavior, Acquisition of APPR behavior should be slow in
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the group exposed to 5 daily backward pairings. However, by
the end of the training sessions, this group should spend
significantly more time on the platform than the control
group exposed to 5 daily random presentations of €% and Us.
Acquisition of APPR™ behavior should be very rapid in the
experimental group exposed to 10 daily presentation of
US-CS and subjects should spend significantly moce time on
the platform than the control group exposed to 1lU daily
random presentations of CS and US. During training 2
(Retardation-of-acquisition test), all subjects were
exposed to C5-US forward pairings. It was expected that
subjects previously exposed to 1 daily‘backward pairing
would not show any ratardation in the acquisition of WDR'
behavior whereas subjects previously exposed to 5 and 10
daily backward pairings would show persistence in APPR

behavior, indicating retardation in wor' acquisition.
Method

Subjects

The subjects were 48 naive adult male hooded rats. They
had free access to food and water at all times in their
home cages. They were maintained on aI12:12 light:dark
cycle (lights on at 0700 h EST), and were run during the

light ecycle.
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Apparatus
The experimental setting, the CS8 and US were identical

to the ones used in Experiment 1.

Procedure
The procedure consisted of three phases: baseline,

training 1, and training 2.

Baseline. Subjects were exposed to ten 60-sec platform
presantations per daily session. Intertrial intervale
lasted a minimum of 60 sec and a wmaximum of 300 sec. There

were five such sessions during this phase.

Training 1l. Subjects were distributed in six groups,
each with a roughly equal number of "high" and "low"
responders (determined using the same criteria as in
Experiment 1).

For each group (N=8), the US was an electric foot-shock
(2 sec, 0.5 mA) and the CS was a 6l0-sec platform
presentation. Training 1l lasted for 7 days.

Three of the six groups were experimental groups
exposed to baékward conditioning and differed only in the
number of exposures to backward pairings per daily session.
The tirst group, Group BKl, was exposed to 1 backward
presentation of the US-shock and CS-platform per session;

the second group, Group BKS5, was exposed to 5 backward
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Presentations of US-shock and Cs-platform; the third group,
Group BK1U, was exposed to 10 backward presentations of the
US-shock and CS-platform. For these three groups, the
backward conditioning procedures consisted of the
presentation of the US-shock followed, 10 sec later, by a
6U-sec presentation of the CS-platform. The intertrial
intervals averaged 3 min, with a minimum of 6l sec and a
maximum of 300 sec. A session lasted approximately 5 min,
22 min or 43 min for Groups BKl, BKS and BK10 reépectively.

The three other groups were control groups exposed to a
truly random procedure and also differed only in the number
of exposures to the CS ana US per daily session. Groups
RD1, RDS, and RD10 were exposed to 1, 5, and 10 random
presentations of Cs énd US per daily session, respectively,

For the three control groups, the truly random
procedure consisted of random presentations of the US-shock
and of the CS-platform. However, to ensure that subjects
exposed to random presentations of CS and US would also be
exposed to forward and backward presentations of CS and US,
as it should in a truly random procedure, backward and
forward pairings were always included in each session. For
th2 seven sessions of training 1, Group RD1l was exposed to
a minimuﬁ of 1 and a maximum of 2 backward trials, a
minimum of 1 and a maximum of 2 forward trials and a
minimum‘of 3 and a maximum of 5 random presentation of CS

and US (for a total of 7 exposures to the CS-platform and 7
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exposures to the US-shock); Group RDS was exposed daily to
1 backward trial, 1 forward trial and 3 random
presentations of CS and US; Group RD10 was exposed daily to
2 backward trials, 2 forward trials and 6 random
presentations of CS and US. For each group, presentations
of forward and backward trials were dispervsed randomly
within each session. Each session averaged duration was 5
min for Group RD1, 22 min for Group RD5 and 43 min for

Group RD1iO.

Training 2. Twenty~four hr after the coupletion of

training 1, all subjects were exposed to a Eorward |
conditioning procedure. The procedure consisted of the
presentation of the CS-platform followed, 10 sec later, 5y
the US-shock. Groups BK1l and RDl were exéosed to 1 forward
daily presentation of platform and shock; Groups BK5 and
RD5 were exposed to 5 forward daily presentations of
platform and shock; Groups BK10 and RD10 were exposed to 10
forward daily presentations of platform and shock. The
session duration for each group was as in training 1.

The forward procedure, which has shown to produce WDR+

behavior (a behavioral tendency opposite to APPR  behavior)
in the p;evious expariment, was introduced as part of a

ratardation-of-acquisition design.



47

Results

Figures 2, 3 and 4 show the average time spent on the
platform for each experimental group compared to its
control group during each of the three phases of the
experiment (see Appendices 7 to 12 for data for the various
groups, and Appendices 13, 14, and 15 for a summary of the
statistical analyses madge on the baseline, training 1 and 2
daté from each experimental group and its control qroup).
Figure 5 shows the average tiwme spent on the plntform for
each of the experimental group followiné exposurs to 7
backward pairings in traininag 1 (sce Appendix 16 for data
for each group, and appenaix 17 for a swamary of the
statistical analyzisz). Figure 6 shows the average time
spent on the platform For Group BK5 and Group BKLO
following exposure to 30 backward pairings in training 1
(see Appendix 18 for data for each group, and Appendix 19
for a sum ary of the statistical analysis). The results
were analysed using two-way analyses of variance and
Tukey's ratios (Kirk, 1968) were calculated to make group
comparisons when appropriate. The rejection level used was

.05 for all analyses,

Baseline. Generally, time spent on the platform
increased from the Ffirst baseline session to the subsequent

ones. The 2(Groups) x 5(Sessions) analyses of variance
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Figure 2. Mean percentage of total time spent on the
platform for Group BKl compared to its control
group, Group RD1l, during each session of baseline,

training 1 and 2 in Experiment 2.
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Figure 3. Mean percentage of total time spent on the
platform for Group BK5 compared to its control
group, Group RD5, during each session of baseline,

training 1 and 2 in Experiment 2.
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Figure 4. Mean percentage of total time spent on the
platform for Group BK1l0 compared to its control
group, Group RD10, during each session of

baseline, training 1 and 2 in Experiment 2.
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Figure 5. Mean percentage of total time spent on the
platform for each experimental group during each
of the first 7 trials of training 1 in

Experiment 2.



55

ONINIVHL

v—v (8=N) 0IMg

— (8=N) SMg
0—a (8=N) I)g

S S N |

o.oocoo
N ¥ M N -

JNIL WHOLLY1d IN3DHId Nvaw

Q9 © .0 o
‘qmwh



56

Figure 6. Mean percentage of total time spent on the
platform for Groups BK5 and BKlU during the first

thirty trials of training 1 in Experiment 2.
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performed to compare each experimental group to its proper
control group revealed no significant effect of Session,

Group, or Interaction.

Training 1. As shown in Figure 2, experimental Group
BK1 spent less time on the platform than its control group,
Group RD1l. A 2{Groups) X 7(Sessions) analysis of variance
revealed no significant main eEEect‘oE Group or Session but
a significant Iateraction, EHG.BQ) = 2.74].'Tests of simple
main effects revealed that Group BKl spent significantly
less time-on the platform than Group RD1l on Day 4 of
training. However, this pattern of behavior was not
maintained on the following days. On days 5 and 6, time
spent on the platform increased in Group BK1l and on the
last day of training (Day 7), Group BKl and RD)l spent an
equal amount of time on the platform.

As shown in Figure 3, experimental Group BK5 spent more
time on ;he platform than its control group, Group RD5. A
2(Groups) x 7(Sessions) analysis of variance revealed no
significant main effect of Group or Session but a
significant Interaction, [3(6,84) =42.57]. Tests of simple
main effects indicated that Group BK5 spent significantly
more time on the platform than Group RDS on Days 3, 6, and
7.

As shown in Figure 4, experimental Group BK1l0 also

spent more time on the platform than its control group,
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Group RD10. A 2(Groups) x 7(Sessions) analysis of variance
revealed a significant main effect of Groups, Eg(l,l4) =
11.75] and a significant main effect of Sessions, (E(6,84)
= 5.3@] + but no significant Interaction. Group BK10 spent
more time on the platform than Group RD10 from the very
first session and throughout training 1. In Group RD1O,
time spent on the platform on the first day of training was
slightly above that of the last day of baseline and o
increased on the sécond day of training. However, on the
third day, time spent on the platform went down and
remained at a much lower level than that of Group BK10.

As shown in Fiqure 5, performance of the three
Jexperimental groups was compared after 7 backward trials
representing the toEal number of sessions in training 1 for:
Group BKl. Group BK10 spent significantly more time on the
platform following 7 backward trials presented within a
session than Group BK1l following the same number of trials
but presented one per session. A 3{Groups) x 7(Sessions)
analysis of variance revealed a significant méin effect of
Groups,

@K2,21) = 4.87], a significant main effect of Sessions,
@36,126) = 9.0{], and a significant Interaction,
EﬂlZ,lZS) = 3.6é]. Group comparisons indicaced that Group
BK10 spent significantly more time on the platform than
Group BKl on trials 4, 5, and 7. Group BK1D also spent

significantly more time on the platform than Group BK5 on
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trial 6 but this tendency was not maintained and the two
groups spent a comparable amount of time on the platform on
trial 7.

As shown in Figure 6, performance of Group BK5 and
Group BK10 was also cowmpared atter exposure to 3U backward
trials representing 6 sessions for Group BK5 and 3 sessions
for Group BKl{. Group BK1l0 speat significantly more time on
the platform than Group BKS5. A 2(Groups) X 3(Sessions)
analysis of variance revealed a significant main effect of
Groups @3(1,14) = 4.3{], and a siénificant main effect of
Sessions, @uz,ze) = 8.3{], but no significant Interaction;
Group comparisons indicated that Group BK5 and Group BK10D
differad only on the last block of 10 trials, that is,
following exposure to 30 backward trials.

In summary, APPR behavior was readily produced when 10
US-CS pairings a day were used, was producad more slowly
with 5§ pairings a day, but was not produced when there was

only 1 pairing a day.

Training 2. As shown in Figure 2, time spent on the
plétform in Groups BKl and RD1 was maintained at a level
comparable to that of baseline during all of training 2. A
2(Groups) x 7(3essions) analysis of variance indicated that
there were no significant effects of Groups, Sessions or
Interaction.

As shown in Figure 3, on Days 1, 2, and 3 of training
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2, time spent on the platform in Group BKS was comparable
to that spe&tmon the last day of training 1. On Day 4,
performance decreased and this pattesrn was maintained
during the remaining sessions (except for Day 7 where there
was a slight increase). Performance of Group RD5 was
maintained at an averaged baseline level throughout
training 2. A 2(Groups) x 7(Sessions) analysis of variance
revealed only a siqaificant main effdct of Sesslions,
C[E.14) = 6202 .

As shown in Figure 4, on Days 1 and 2 of training 2,
Group BK10 maintained a level of performance comparable to
that of the last day of training 1. On Day 3, vime spent on
the platform decreased and continued to decrease over the
next three sessions, but slightly increased on the last
day. Performance of Group RD10 on Day 1 was also comparable
to that of the last day of training 1. However, performance
declined steadily on the following sessions. Froum days 4 to
7, performance had returned to baseline levels. A 2(Groups)
x 7(Sessions) analysis of variance revealed a significant
main effect of Groups, [F(1,14) = 17.67), and a significant

Jmain effect of Sessions, [?(6,84) = 8.34], but no
significant Interaction.

In summary, the forward procedure in training 2
producéd wor™ behévior in all groups, and only Group BK10

hY

showed strong resistince to develop such bihavior.
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Discussion

Data from traiaing 1 secmed to support Heth's (1976)
contention that a few backward pairings will result in the
CS acguiring excitatory properties. Exposure to repeated
pairings generates inhibition. Group BKl acquired wor™”
behavior: On bay 4, this group spent signiticantly less
time on the platform than its control group, Group RDLL.
This difference, however, was not maintained in subsequent
sessions, due to the fact that time spent on the platform
increased in Group BKl. Group BK5 acquired APPR behavior:
but a significant difference was not cobtained between that
aroup and its control group, Group RDS, until the third
session of conditioning. Group BK1l0 showed rapid
acquisition of APPR behavior as indicated by a high level
of time spent on the platform from the very first sessiorn
of conditioning. This level was maintained throughout
training 1.

while the results indicate that the number of pairings
is a variable which affects acquisition of APPR behavior,
the number of pairings per session seem to he a vafiable
which affects the rate of acquisition of APPR behavior.
As indicatea by the analyses which compared the performance
of the experimental groups in training 1, 7 backward trials
presented in one session would produce APPR behavior

whereas 7 backward trials presented one a day would result
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in wDRY behavieor. Moreover, 30 backward trials presented 10
a day would produce significantly more APPR™ behavior than
30 backward trials presented 5 a day.

Some studies (Kaplan, 1984; Ewing, Larew & Wagner,
1985) have examined the effects of manipulations of ITI
duration on sign-tracking behavior in an appetitive context
using tracelc0nditioning procedures. Kaplan (1984), for
exanple, exposed five groups of pigeons to a 12 sec CS
(green key light) followed after a 12 sec gap by a 3 sec
access to grain. The five groups differed in the duration
of the ITI which averaged 15, 30, 6U, 120, or 240 scc.
Kaplan reported that an approach behavior was ‘acquired with
ITI averaging more than 60 sec while a withdrawal behavior
was acquired with 171 averaging less than 60 sec, Kaplan
concluded that, in a trace conditioning procedure, when the
151 (gap between the C$ and US) is held constant, the CS
can acquire inhibitory or excitatory values depending on
the duration of the ITI.

The effect of massed versus spaced trials was also
studied by Ewing, Larew and Wagner (1985) using a
conditioned emotional response. In Experiment 1, rats were
exposed in training to two CSs, one CS (CS1) preceded hy a
short ITI (60 sec), the other’CS (C52) preceded by a long
ITI (600 sec). Testing sessions consisted in preéenting
each of the two CSs, unreinforced, while the subjects were

bar pressing for food. Suppression ratios indicated
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significantly more suppression to CS2 than to Cs1. The
authors concluded that short ITis can result in a decrease
in conditioned excitation and also suggest involvement of
inhibitory backward conditioning. |

Perhaps in a parallel fashion, in an aversive conteaxt,
massed trials in a trace conditioning procedure would
produce conditioned inhibition while spaced trials would
produce conditioned efcitétion. In our backward
conditioning procedure, 10 trials per session may have had
- a comparable effect to massed trials, that is, contributed
to inhibitory conditioning while 1 and % trials per session
may have had a comparable effect to spaced trials, that is,
contributed to excitatory conditioning. This effect might
explain, in part, why 3U backward trials produce more
conditioned inhibition in Group BKl0 (exposed to 10 trials
per session) than in Group BK5 (exposed to 5 trials par
session).

Another possible way to explain our results would be to
look at the effect thac 10 trials per session as compared
to 5 and'l trials per session may have had on contextual
conditioning. Baker, Singh and Bindra (1985) suq@ésted that
the growth of conditioned inhibition to a CS is mediated by
.the development of strong excitation to the conlkext.
According to the same authors, the context would have
acquired strong excitatory properties in our backward

procedure because it was the only cue signaling the 0S.
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Baker et al. reported on several manipulations that
modified contextual conditioning but not on the number ot
trials per session. It seems logical to assume however that
10 trials per session would produce more excitatory
contextual conditioning and therefore more conditioned

inhibition to the CS than S and 1 trials per session.

The data from training 2 (retardation-of-acguisition
test) showed that time spent on the platform in Group BKl
.was comparable to that of its control group, Group RD1,
that is, Group BKl continued to display WDR+ behavior.
Performance of subjects in Group BKl indicated that
learning the signaling value of the CS in the forward
conditioning procedure (training 2) was not retarded by
previous conditioning in training l. This suggests that
although the sequence of events during training 1 and 2 was
‘different, the CS retained the same associative value,
conditioned excitation, in the two phases.

Group BKS, when compared to its control group, Group
RD5, showed some resistance to the acquisition of ‘.\'DR+
behavior. However, there were no gignificant differences
between the two groups which might iadicate that, while 5
daily backward pairings are sufficient for APPR behavior
to develop, it might not be sufficient for the CS to
acgquire inhibitory properties.

Group BK1l0 showed significantly more resistance to
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acquire WDR+ behavior than its control group, Group RD1O.
Such pertormance would indicate that the C§ acguirad
inhibitory properties in training 1.

- Altogecther, the present results indicated that 1 daily
backward presentation produces WDR' behavior while 5 and 10
daily backward presentations produce APPR behavior.
However, 10 daily backward preﬁencations would be requiced

for the CS to acquire inhibitory properties.
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Chapter 5

Experiment 3
THE EFFECTS OF ITI DURATION
ON THE DEVELOPMENIT AND PERSISTENCE OF APPR BEHAVI1OR

IN BACKWARD CONDITIONING

The results obtained in Experiment 2 would suggest that
the number of pairings is a détermining factor in the
development and persistence of APPR behavior in backward
conditioning. The CS acquires inhibitary associative value
provided that there are repeated US-CS pairings. In an
effort to further investigate the associative value of the
CS in backward conditioning, the effect on the development
and persistence of APER  behavior of another variable, ITI
duration, was studied.

Moscovitch and Lolordo (1968, Experiment 2) compared
the effects of ITls of long duration to the effects of ITIs
of random durations on the associative value of the CS in
backward conditioning. Tweo groups of dogs were exposed to
backward pairings in which the 1TrIs averaged 2.5 min. In
the first group, ITIs were 2, 2.5 or 3 min. In the second
group, the CS§ Qas followed at any time from 0 sSec to 15 min
by the shock of the succeeding ﬁrial. Following backward
conditioning, CS presentation during Sidman avoidance

responding resulted in decreased rates in the first group
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but not in the second group. Moscovitich and Lolordo
concluded that the CS in backward conditioning acquires
inhibitory properties only if it reliably pradicts a period
of safety. When IVIs are of random duration, the C35 is a
poor predictor of safety and, therzfore, does not acquire
inhibitory properties. Conditioned inhibition in backward
pairings would result from a Fforward association between
the C5 and a period of safety rather than between the CS-
and US termination.

In this experiment, two groups of rats were exposed to
backward pairings (training) in which the ITIs averaged 3
min. The two groups differed from each other in that, in
the first group, the minimum I?I was 2 min while in the
second group, the minimum ITI was 10 sec. If, as suggested
by Moscovitch and Lolordo (1968), long ITI durations make
the CS a good predictor of safety resulting in conditioned
inhibition, then the first group should rapidly develop
APPR  behavior in training. Similarly, if random ITI
durations make the CS a poor predictor of safety, then the
seéona group should not develop APPR behavior. Extinction
testing followed training sessions in order to evaluate the

persistence of APPR behavior in the absence of shock.
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Methed

Subjects

The subjects were 16 naive adult male hooded rats. Thney
had free access to food and water at all timés in their
howe cages. They. were maintained oﬁ a 12:12 light:dark
cycle (lights on at 0700 h EST), and were run during the

light cycle.

Apparatus
The experimental setting and conditioning boxes were

identical to the ones used in the previous experiments.

Procedure
The procedure consisted of three phases: baseline,

training and extinction.

Baseline. Subjects were exposed to ten 30-sec platform
presentations per daily sessions. There were 5 baseline
sessions and the intertrial intervals averaged 3 min, with

a minimum ITI of 1 min and a maximum of 5 min,.

Training. A foughly equal number of "high" and "low"
responders (determined by performance during baseline

sessions) were distributed in two groups (N=8) in which ITI
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duracions averaged 3 min. However, the two qgroups differed
in that, for the first group, Group BKav, the minimum ITT
duration was 2 min and the maximum was 4 min, while for the
second group, Group BKshlg, the ITL Auration was 10 sec.in
five trials and 5 min in the remaining 5 trials. Short ITIs
(10 sec) and long IYIs (5 min) were distributed randomly
throdghout each training session in Group BKshlqg.

For each group, the US was a foot-shock (2 sec, 0.5 mA)
and the Cs was a 30-sec platform presentation. The first
testiﬁg session starced 24 hr after the last baseline
session. Bach daily training session lasted approximately
30 min and included 10 baékward presentations of platform

and shock. Training lasted 7 days.

Extinction. Twenty-four hr after the last training
sesslon, extinction testing began.‘Each daily session
consisted of ten 30-sec platform presentations. There were
7 sessions of extinction trials. Shock was never presented
in these sessions. The miniwmum ITI was 1 min and the

maximum was 5 min, the average being 3 min.
Results
Figure 7 shows the average time spent on the platform

for each group during the three phases of the experiment

(see Appendices 20 and 21 for data for eact of the two
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Figure 7. Mean percentage of total time spent on the

platform for each group during each session of
baseline, training and extinction in

Experiment 3.
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groups, and Appendix 22 for a summary of the statistical
analyses made on the baseline, training and extinction
data). A two-way analysis was performed on each phase of

the experiment and a rejection level of .05 was used.

Baseline. A 2(Groups) x 6(Sessions) analysis of
variance revealed a significant main effect of Sessions,
13(5.70) = 3.8?], indicating an increase in time spent on

the platform with repeated baseline sessions.

Training..On Days 1 and 2 of traiﬁing, subjects in
Groups BKav and BKshlg spent a comparable amount of time.on
the platform. However Erom Day 3, time’ spent on the
Pplatform continued to increase in Group BKav while it began
to decrease in Group BKshlg. Tﬁis pattern of behavior was
maintained until the last day of training..a 2(Groups) x
7(3essiong) analysis of variance showed a significant main
effect of Session, [?(6,84) = 2.22]and Interaction,

[2(6,84) = 3.18]. Tests of simple main effects revealed
that, on Days 4, 5, 6, and 7 (last day), Group BKav spent

significantly more time on the platform than Group BKshlg.

Extinction. On the first extinction session, Group BRav
spent less time on the platform than it had on the last day
of training and thisg decline in performance was maintained

for 5 consscutive sessions. On Day 6, performance went up
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but declined again on the next day (last session). Group
BKshlg showed the opposite pattern of behavior. On the
first extinction session, subjects spent more time on the
platform, and a small but gradual increase was maintained
until Day 4. On Days 5, 6, and 7, performance remained
stable. However, the difference in performance between the
two groups failed to reach statistical significance and
therefore, the rate of extinction would have been similar.
A 2(Groups) x 7(3essions) analysis of variance did not
indicate significant main effects of Groups, Sessions or

Interaction.

Discussion

The present data replicated Moscovitch and Lolordo's
(1968) observations that ITI duration has an effect on what
the subjects learn about US/CS relations. In Group BKav,
the platform reliakbly signaled a period without shock and
as a result, would have acquired inhibitory properties
reflected by the development of APPR behavior. In Group
BKshlg, the platform did not reliably signal a pericd
without shock and as a result, APPR behavior did not
develop in that group. There was, in Group BKshlg, a
tendency to approach the platform early in training, but
this may reflect the rats' natural tendency to jump and/or

flee to a non~-shock area when the US iz a shock
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adminiztered through a grid floor (Leclerc, 1985).

A closer look at individual performances of the
subjects in each of the two groups revealed another
difference between Groups BKav and BKshlg. All subjects in
Group BKav gradually acquired APPR behavior as training
pfogressed. On the last day of training, time spent on the
platform for all but one subject was over 70%. However,
there was much variability in performance among subjects in
Group BKshlg. On the last day of traininyg, time spent on
the platform for three subjects was over 70%, while time
spent on the platform for four subjects was under 10%. Such
variability among subjects might be an inevitable etfect of
the poor predicting value of the CS when ITIs are sometimes
short and sometimes long.

The present results also support Moscovitch and
Lolorde's (1968) contention that inhibition in backward
conditioning results from a forward pairing between CS and
a "safety period” rather than from backward pairings per se
between the CS and US termination. This view implies that
I''Ll duracion would not have any effect on behavior if
behavior resulted from the formation of an association
between the CS and US termination. That APPR™ behavior
developed in Group BKav but not in Group BKshlg provide
strong evidence that the CS in backward pairings acquires
inhibitory properties only when it reliably predicts a

salfety period.
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During extinction sessions, APPR™ behavior in Group
BKav decreased rather slowly when comparea to Group BKshlg
who stayed, more or less, at a performance level similar to
what it was at the end of training. However, the results
from extinction sessions failed to indicate a significant
difference between the two groups perhaps partly because of
variability in performance among subjects in Group BKshlg.
For exaiple, comparing performance of the first and last
day (Day 7) of extinction in Group BKshlg revealed that
time spent on the platform increased for four subjects and
decreased for three subjects. The within group differances
might account for the unexpected overall stability of Group
BKshlg's performance in extinction. Moreover, group
differences may have become apparent with more extinction
sessions. Leclerc and Reberg (1980, Experiment 2), for
example, observed that it took 16 extinction sessions for

APPR™ behavior to return to baseline level.
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Cnapter 6

Experiment 4
APPR BEHAVIOR &ND CONDITIONED SUPPRESSION

FOLLOWING BACKWARD CONUDITIONING

The results of Experiment 1 suggested that conditioned
inhihition is a likely mechanism responsible for the_
development and persistence of APPR behavior, and the
results of Experiments 2 and 3 provided parametric
information which specify the conditions under which the
inhibitory associative value of the C5 can develop in our
particular backward conditioning procedure. Ih this last
experiment, Experiment 4, an attempt wa:s made to evaluate
more directly the associative value of the CS using a test
of conditioned suppression and a test of the CS-produced
behavioral tendencies.

The experiment consisted of three basic phases similar
to the ones used in the work_previously presented: a
baseline in which all subjects were exposed to
non~reinforced presentations of the Cs-platform; training 1
in which subjects received either forward, backward or
random pairings of shock and platform; and training 2 in
which all subjects received forward pairings of platform
and shock. In addition to this general design, a

conditioned suppression procedure (referred to as test 1)
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was included between training 1 and 2 and presented again
after each session of training 2. Purthermore, a test of
CS-produced behavioral tendencies (referred to as test 2)
was made concurreatly with suppression testing sessions.
The animal's position in relation to the platform was
monitored throughout this experiment {except in test 1),
and provided independent information aboﬁt the animél‘s
behavioral tendencies during conditioning sessions. Thére
were three main dependent variables: the suppression rétio
(in test 1), time spent on the platform (in test 2), and
the rat's position in the experimental box.

The predictions for test 1 were as foliows: At the
completion of conditioning sessions (in training 1), data
should reveal that, in comparison with the group exposed to '
random pairings, the group previously exposed to forward
platform-shock conditioning will show supprassion of the
licking response, while the group previously exposed to
backward training will show little suppression in
responding. Also, after each session of training 2 (forward
pPlatform-shock pairings), data should reveal that, in
comparison with the group exposed to random training, the
rate of the licking response will continue to be suppressed
in the forward group but this CS+ suppression effect should
be retarded in the group previously exposed to backward
training.

The predictions for test 2 were as follows: After
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training 1,ldata*should reveal that, in comparison with the
~ group exposed to random training, subjects in the group
exposed to forward training will spend litcle time on the
platform while subjects in the group exposed to backward
training will spend increasing time on the platform. After
~ each session of training 2, data should reveal that in
comparison with the group exposed to random training,
subjects in the group exposed to torward training will
continue to spend little time on the platform while the
group exposed to backward training will show alg;adual
daecrease in time on the platform.

The predictions for the behavioral observations‘were'és;
follows: In training 1, data should reveal that, in |
compariscn to the group exposed to random training,
subjects in the groups exposed to forward trainihé‘will
show a gradual tendency to withdraw from the platEorm whilef-
subjects in the group exposed to backward training;will |
show a gradual tendency to approach the platform. In ‘1,
training 2, data should reveal that, in comparisan with;the‘
group exposed to random training, subjects in the group
exposed to forward conditioning will show a tendency to
withdraw from the platform. Subjects exposed to backward
conditioning should gradually acguire the tendency to

withdraw from the platform.
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Method

Subjects

The subjects were 24 naive adult male hooded rats. They
had fgee access to food at all times in their home cages.
Howevér, access to water was prohibited 24 hr prior to
sessions of test 1 (test of the licking response) at which
time the animals would be given free access to water for 30

min daily following the testing session.

Apparatus

The experimental boxes used were the same as described
in the previous expeciments exceﬁt for two modifications.
The first modification consisted of installing in each box
a4 transparent Plexiglas barrier to zover the platform wall.
The barrier prevented the animals from making contact
and/or jumping on the platform while allowing them to see
and hear the platform opening and closing (see Leclerc,
1985, for a description of a similar experimental setting).
The barrier was used throughout the experiment except
during testing sessions of the APPR  behavior (test 2). The
second modificacion consisted of inserting in each chamber
'‘a stainiésg-steel drinkiﬁg tube which protruded about Ffive
,'cm-inside the chamber on the wall facing the platform.
- water1Eot;les wera attaéhed to the outside walls of the
“ éh§mber'by'ﬁeans.of coiled wires. A.stainless—steel plate

i
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measuring 14 x 20 cm was placed on the grid floor to
provide for a complete circuit when the rat was in contact
witu the drinking tube. The plate and the tube weore
connected to a drinkometer circuit. Bach .5 sec period
during which the rat made contact with the drinking tube
was programmed to be recorded as a single count.

The drinking tube modifications were made to the
experimental chambers for all testing sessions of the
licking response (test l). During training sessions and
testing sessions of the APPR  benavior (test 2), the
drinking tube and associated apparatus were removed from
the chambers.

Timing and delivery of all stimuli presentations as
well as the recording of t;me spent on the platform was
done in the same fashion as described in Experiment 1.

Rats were run four at a time in four separate chambers.

Procedure

Table 2 shows the different phases in the procedure.
There were three basic phases: baseline, training 1, and
training 2. In addition, a conditioned suppression
procedure (test 1) and a test of CS-produced behavioral
tendencies (test 2) were made after training 1 and after

each session of training 2.
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Table 2. Summary of the different phases and of the
procedure for each of the two experimental groups

and the control group in Experiment 4.



&3

Stimulua
Phane droup c3 ca+ c3- us
Step 1 all tube - - -
Baseline Step 2 groupa pl - - -
Step 3 tubs+pl+ - - -
Plexl
BK - none pl+Pleaxi shock
Training 1 FD - plePlexi none shook
RD pltPlaxi none nons shock
all
Tant 1 groups tube + pl + Plaxiglaa none
all
Teat 2 groups platfors only none
Reaturn all
sesnion groups same a8 Training 1 shock
BK - pl+Plexi - shook
Training 2. ¥D - plePlexi - shook
RD - plt+Plexi - shock
all
Test 1a groupa tube + pl + Plexiglas '’ none
all
Test 2b groups platfora only none
Dash = not applioable. Pl = platform; Plexi = Plexiglas.

_ lete.

& Test | was adainistered after each day of Training 2.
b Test 2 was administered after sagh day of Tralning 2.
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Baseline. Baseline sessions were divided into three
steps: the first step consisted of habituation training
‘with the drinking tube; the secbnd step concisted of
exposure to non-reinforced platform presentations; the
third step consisted of non-reinforced platform
presentation with the Plexiglas barrier and the drinking
tube being presented in order to assess possible effects of
platform presentations per se on the licking response. All
subjects were exposed to the three steps which lasted for a
total of 8 days. Prior to all sessions involving the
licking response, subjects were deprived of water for
twenty-four hr and were provided access to water in their
home cages for 30 min following each session. The following
section is a more detailed description of each step.
Step l: Water deprived subjects were placed in the
experimental chambers for 30 min periods where they could
drink freely from the tube protruding from the wall inside
the chamber. Each .5 sec contact made with the drinking
tube was registered as one count. The total number of
:counts representing the total drinking time of éach subject
was registered automatically. There were two sessions in
step one and all subjects were drinking from the tube by
the end of the second session. No CS or US were presented
during those two sessions.
Step 2: Drinking tubes were removed from the couditioning

boxes. Subjects were-éxposed to ten 30-sec platform

v
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Presentations. Time between platform presentations averaged
3 min. Baseline for time spent on the platform lasted for
three daily sessions.
Step_3: Follcwing the last session of step 2, animals were
again deprived of water. Twenty-four hr later, drinking
tubes were reinserted in the chambers, Plexiglas barriers
were installed (co prevent animals from jumping on the
platform) and subjects were placed in the chambers. Total
drinking time for each rat was registered automatically as
in phase 1. Ten sec of licking with no pauses of more than
2 Sec resultaed in an automatic 1l0-sec presentation of the
platform. Minimum duration For each trial was 20 sec and
the session ended when the rat had been exposed to 5
platforms (see Coulombe & White, 1982 for a similar
supprassion procedure}. The measure used was Kamin's
suppression ratio (Annau & Kamin, 1%51) which is calculated
by using the total number of counts registered 10 sec prior
tc each platform presentation and during each platform
presentation {(cotal number of counts during platform
presentations divided by the total number of counts prior
to platform openings and during platform presentations). A
ratio near .0 would indicate that the platform CS decreased
the rate_oE the licking response while a ratio near .5
would indicate that the platform C8 had no effect on the

licking response.
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Training 1. Before the First training session, subjeéts
were distributed in three groups (N=8), BK, FD or RD. Two
criteria of performance were taken iato consideration for
distribution: average time spent on the platform (sten 2 of
baseline) and the .average suppression ratio (step 3 of
baseline). As was done in previous experiments (see
Experiment 1 for details), a roughly equal number of "high"
and "low" platform responders were distributed in each of
the three groups. Care was taken to distribute in each
group a roughly equal number of subjects whose drinking
behavior was suppressed by platform presentations.'(lt is
important to note here that by the third session of phase
three, the licking behavior of only two subjects seemed to
be slightly suppressed when the platform was presented).

For all three groups, training 1 started 24 hr after
the completion of the baseline phase. The CS, here, was a
30-sec platform presentation with the Plexiglas barrier
positioned to preveant the jump-up response. The US was a 2
sec electric foot-shock (0.5 ma). Training 1 lasted four
consecutive days (see Leclerc, 1985, for a similar
experimental paradigm).

The first group, Group BK, was exposed to a backward
conditioqing procedure consisting of 10 presentations of
the shock-US, each followed, 10 sec later, by a 30-sec
presentation of the CS-platform. The second group, Group

FD, was exposed to a forward conditioning prbcedure
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consisting of ten 30-sec platform presentations each
followed, 10 sec later, by the shock-US. For both groups,
Group BK and FD, the minimum intertrial interval was 60 sec
and the maximum 300 sec, for an average of 3 min. The third
group, Group RD, was exposed to a truly random procedure.
Each session consisted of two backward trials, two forward
trials and 6 random presentations of platform and shock.
Backward‘trials, forward trials and presentations of
platform and shock were distributed randomly during each
session (for the rational and details about this procedure,
refer to Experiment 2). The ITLs ranged from a minimum of

60 sec to a maximum of 180 sec.

Test 1 (measurement cf the licking response in a

conditioned suppression procedure). Following the last

session of training 1, all animals were deprived of water
for 24 hr. The following modifications (described in the
section on apparatus) were made to each experimental
chamber: a stainless-steel drinking tube was inserted in
the wall, a stainless-steel plate was placed on the grid
floor, and the Plexiglas barrier was installed. _

For all groups, (BK, FD and RD), test 1 consisted of
10-sec plgtform preséntations triggered automatically when
a rat licked continuously for 10 sec (the procedurz has
been described in details in step 3 of Baseline). The

session ended when the rat had been exposed to 5 platform
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presentations. The dependent Variable was the number of .5
Sec contacts with the drinking tube. It should be noted

that no shock was administered in test 1.

Test 2 (measurement of time spent _on the platform in an

extinction procedure). Immediately followiny test 1, all

animals were provided with water in their home cages. The -
following day, the drinking tube, stainless-steel plate and
Plexiglas barrier were removed From each chamber. Test 2
consisted of ten 30-sec platform presentations, with a
minimum of 60 sec and maximum of 300 sec (average time of 3
min) between presentations. No shock-US was presented
during the testing session. The dependent variable was ﬁime
spent on the platform when it was accessible to the

subjects.

Return to training 1 conditions. Following the twe days

of testing (test 1 and test 2), Groups BK, FD, and RD were
exposed, for one session, to the same conditicning
procedures as during training 1: Group BK was exposed to a
backward conditioning procedure; Group FD was exposed to a
forward conditioning procedure; Group RD was exposed to a
truly random conditicning procedure. This session was
included to ensure. that time was not a variable affecting

the possible retardation effect in training 2.
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Training 2 (Retardation-of-acquisiticon test): Forward

conditioning. Twenty-four hr following the “return to

training 1" session, Groups BK, FD, and RD were exposed to
a forward conditioning procedure consisting of ten 30-sec
platform presentations followed, 10 sec later, by a
shock-US. As in training 1, jumping on the platform was
prevented by a Plexiglas barrier. Twenty-four hr following
each session of training 2, test 1 ﬁas administered;
twenty-four hr following test 1, test 2 was administered
{the procedures used in tests 1 and 2 were described
previously). There were a total of 4 sessions of training 2
as well as 4 sessions of each test, tests 1 and 2. Tests 1
and 2 were administered after each training session rather
than following the four days of traihing in order to
evaluate the development of wor' behavior in each groun.

Tests 1 and 2 were administered on alternating days for
each group in order to counterbalance for a possible eflect
of test order. For example, 24 hr following the first
session of training 2, Group BK was exposed to test 1 and
the following day (48 hr following the first session of
training 2), to test 2, Then, 24 hr following the second
session of training 2, Group BK was exposed to test 2 and
the nextlday (48 hr following the second session of

training 2), to test 1.

Behavior observations and recording. During all phases
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of the experiment (except in test 1), an observer recorded
manually the rats' positions in the experimental chambers.
The Plexiglas wall of the experimental chamber that was
facing the observer was divided vertically in three equal
sections by means of narrow strips of masking tape.
Position 0 was "on" the platform, position 1 was "near" the
platform, position 2 was “"middle", and position 3 "far"
from the platform. The tip of the rat's nose defined the
position of the animal in relation to its proximity to the
platform. _

During training 1, training 2 and test 2, a tape
recorder was turned on with every platform opening. A
"beep" on the recorder indicated to the observer the
specific time to record the position of the rat in the
chamber. The rats were run four at a time but two rats only
were observed on a trial., The position of the first rat was
recorded 2 sec and 10 sec after platform opening; the
position of the second rat was recorded 20 seec and 28 sec
following platform opening. At the next trial, the position
of the two other rats were recorded in the same manner. The
positions of each rat were recorded for a total of 10 times
per session (twice per trial every second trial). During
four nonconsecutive sessions, a second observer also
recorded the subjects' positions in the chambers. The
observétions of the two observers were then compared and

reliability indexes were calculated.
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Resulcs

Data are presented according to the three main
dependent variables: the suppression ratios, the time spent
on the platform and the rats' positions on the . grid floor
in relation to the platform. Table 3 presents a summary
indicating where data analyses on each of the dependent
variables revealed significant and nonsignificant

diftferences among groups.

l. Suppression ratios (test 1l).

Figure 8 shows the mean suppression ratio obtained én
the last day of baseline, in the testing session following
4 days of training 1, and in each of the four testing '
sessions following 1, 2, 3, and 4 days of training 2 (see
Appendix 23 for data for each of the three groups, and
Appendix 24 for a summary of the statistical analysis). A
3(Groups) x 6(Sessions) analysis of variance was used to
analyse the results and Tukey's ratios (Kirk, 1968) were
used to make group comparisons when appropriate. A
rejection level of .05 was used for all analyses.

On the last day of baseline, presentation of the
platform had little effect on behavior: Rats in all groups
spent as much time licking the tube during platform
presentations as théy did prior to platform presentations.

In the testing session after completion of training 1,
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Table 3. Summary indicating where statistical analyses
revealed significant and nonsignificant results
for each of the three dependent variables in

Experiment 4.
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Phase Test Position
) 1 2
Step 2 - NS NS
Baseline

Step 3 NS - - .

Training 1 - after completion S NS NS

Training 2 ~ after 1 day S NS NS

‘ 2 days S NS NS

J days NS NS NS

4 days NS NS NS

Note. Analyses were not applicable.



Figure 8. Mean suppression ratio for each group on the
last day of baseline, in test 1 after completion
of training 1 and in each of the testing session
after 1, 2, 3, and 4 days of training 2 in

Experiment 4.
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presentations of the platform suppressed the licking
response in Group FD but not in Groups BK and RD. In the
testing sessions after each day of training 2,
presentations of the platform seemed to lose some of its
suppressing effect in Group FD. However, for the first two
testing sessions (craining 2), the licking response
continued to be significantly more suppressed in that group
than in Groups BK and RD. By the third and fourth (last)
testing sessions, platform presentations was suppressing
the licking response at comparable rates in all groups. A
3(Groups) x 6(Sessions) analysis of variance indicated a
significant main effect of Groups, ﬂg(Q,Zl) = 8.6{], of
Sessions, [E(5,10) = 16.74), and of iateraction,
E(10,105) = 4.04]. |

Post-hoc data analyses of the first latency period (time

delay between the onset of the trial and the first platform

presentation) and the latency periods between each

subsequent platform presentations.

Further analyses were done in suppression testing
session in an attempt to investigate the possible effect of
contextual control in each of the groups. Figure 9 shows
the time to the first platform presentation following the
rat's entry in the box (first latency period) and the
latency periods between subsequent platform presentations

in the suppression testing session following 4 days of
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Figure 9. Mean total time (in seconds) for the first

latency period
for each group
training 1 and
atter 1, 2, 3,

Experiment 4.

and subsequent latency periods
in test 1 after completion of
in each of the testing sessions

and 4 days of training 2 in
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training 1, and in each of the four testing sessions
following 1, 2, 3, and 4 days of training 2 (see Appendices
25 to 29 for data for the testing sessién after cowmpletion
of training 1 and for each testing session following 1, 2,
3, and 4 days of trainiﬁg 2; see Appendices 30 to 34 for a
summary of the statistical analyses made on the testing
session after completion of training 1 and on each testing
session following 1, 2, 3, and 4 days of training 2 data}.
The results of each testing session were analysed using a
3(Groups) ¥ S5 (Trials) (trials were substituted for
sessions) analysis of variance, followed, when appropriate,
by comparisons using Tukey's ratio. The rejection level

used was .05.

After completion of training l. The first latency
period was significantly longer in Group BK than in Group
RD. Moreover, the latency periods between subsequent
platform presentations decreased significantly in Group BK
and FD but not in Group RD. A 3(Groups) x 5(Trials)

analysis of variance revealed a significant main eftect of

Groups, [E(2,4) 8.3{], a significant main effect of
Trials, [F(4,84)

(R(8.84) = 2.94]

20.4@], and a significant Interaction,

Training 2.

After 1 day of training 2. The first latency period was

significantly longer than the latency periods between
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subsequent platform presentations in both Groups 8K ana RD
put not in Group FD. A 3(Groups) X 5(Trials) analysis of
variance revealed a significant mein effect of rrials,
[E(Q, g84) = 7.l§l and a significant Interaction,

E(s,84) = 2.27).

After 2 days of training 2. The first latency period

was significantly longer than the latency periods bhetween
subsequent platform prasentations in all groups (Groupns BK,
FD and RD). A 3(Groups] x S(rrials) analysis of variance
revealed a significant main eftect of Trials,

[Eea,84) = 10.44].

After 3 days of training 2. The first latency period

was significantly longer than the third and fourth latency
periods only (time between the second and third platform
presentation and between the third and fourth platform
presentation) in all groups (Groups BK, FD and RD}. A
3(Groups) x 5(Trials) analysis of variance revealed a
significant main effect of Trials, [£(4,84) = 3.2?].

After 4 days of training 2. The first latency period

was significantly longer than the latency periods between
subsequent platform presentations in all groups {Groups BK,
FD and RD). A 3(Groups) x 5(Trials) analysis of variance
revealed a significant main effect of Trials,
(ra,84) = 4.40).

In summary, after each of the four days of training 2,

the first latency period was longer than subsequent latency
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periods in all groups except after the first day of

training 2 where this effect was not observed in Group FD.

2. Time spent on the platform {(test 2).

Figure 10 shows the mean percentage of total time spent
on the platform for each group in basel.ne, in testing
sessions following 4 days of training 1 (thera were no data
collected during training 1 sessions since the jump-up
response was prevented), and in each of the four testing
sessions following 1, 2, 3, and 4 days of training 2 (see
Appendix 35 for data for each of.the three groups, and
Appendix 36 for a summary of the statistical analysis. The
resﬁlts were analysed using a 3(Groups) x 6(Sessions)
analysis of variance followed, when appropriate, by Tukey's’
ratios. A rajection level of .05 was used.

During the last day of baseline, all subjects spent
very little time on the platform. In the testing session
following completion of training 1, all subjects continued
to spend little time on the platform. In the testing
sessions of training 2, all subjects spent more time on the
platform with repeated sessions. For the two last testing
sessions (after 3 days and after 4 days of training 2), all
subjects spent significantly more time on the platform than
in the testing session following completion of training 1.
A 3(Groups) x 6(Sessions) analysis of variance indicated a

significant main effect of Sessions only, EF_(3,10) = 15.25]
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Figure 10. Mean percentage of total time spent on the
platform for each group during baseline,
test 2 after completion of training 1 and
test 2 after 1, 2, 3, and 4 days of training 2

in Experiment 4.
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3. Behavioral observations.

Figure 1l shows the average frequencies in positions 1,
2, and 3 for each group during training 1 (4 days
collapsed) and the average frequencies in positions 0, 1,
2, and 3 for each group during test 1 after completion of
training 1 (see Appendix 37 for data for each group).
Figure 12 shows the aQerage frequencies in positions 1, 2,
and 3 for each group during training 2 (4 days collapsed)
and the average frequencies in positions 0, 1, 2, and 3 for
each group during test 2 after each day of training 2 (4
days collapsed; see Appendix 38 for data for each group).
For each rat, the total number of observations for each
position was transformed into a singl? score using Dual
Scaling (Nishisato, 1980), (see Appendices 39 and 40 for
the transformed unweighted scores for each group for
training 1, test 2 after completion of training 1. training
2, and test 2 following each day of training 2). This
method not only allows the transformation of a discrete
variable to a continuous variable but each score indicates,
on a scale, a rat's preference for a particular position
compared to the general tendency of the group (D. Coulombe,
personal communication, April 1988). A 3(Groups) X
l{Seszion) analysis of variance was performed on the
unweighted scores obtained with the Dual Scaling method for
each phase of the experiment (training 1 and 2), for test 2

after completion of training 1 and test 2 in training 2 (4
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Figure ll. Average frequency in position 1l (near),
2 (middle), and 3 (far) for each group during
the four days of training 1, and average
frequency in position 0 (on), 1 (near),:
2 (middle), and 3 (far) for each group during
test 2 after completion of training 1 in

Experiment 4.
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Figure 12. Average freguency in position 1 (near),
2 (middle), and 3 (near) for each group during
the four days of training 2, and average
frequency in position 0 (on), 1 (near),
2 (middle), and 3 (far) for each group during
test 2 after each day of training 2 in

Experiment 4.
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days collapsed; see appendix 41 for a suawary of the
statistical analyses made on training 1, on the testing
session after completion of training 1, and on the tasting
sessions after each day of training 2 data).

A reliability index was calculated for each rat's
position data. This was based on 40 trials (four
nonconsecutive sessions of 10 trials). Reliability indexes
varied Erom 94% to 100%.

Training 1. The rats in all groups showed no prerference
for either position 1, 2, or 3. A 3(Groups) x l(Session)
analysis of variance did not indicate a significant
difference among groups.

y

Test 2 (after completion of training l)}. The rats in

all groups showed a tendency to spend more time in
positions 0 (on) and 1 (near) than in positions 2 and 3. A
i(Groups) x l(Session) analysis of variance did not
indicate a significant difterence among groups.

Training 2 (forward conditioning). The rats in all

groups showed a prelference for positions 2 (middle) and 3
{(far). A 3(Groups) x l(Session) analysis of variance did
not reveal any significant difference among groups.

Test 2 (in training 2). All rats showed a tendency to

spend more time in positions 0 (on) and 1 (near) than in
positions 2 and 3. A 3(Groups) x l(Session) analysis of
variance did not indicate a significant difference among

groups.
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Discussion

The results will be discussed in the order in which
they were presented: A discussion pertaining to the results
from the suppression ratios and from the post-hoc analysis
of the latency pericds will be presented first, followed by
a discussion of the time spent on the platform and of the

behavioral observations.

1. Suppression ratios.

After completion of training 1. The results indicated

that the CS suppressed the rate of the licking response in
Group FD but not in Groups 8K and R0, thus suggesting that
the CS in Group FD acquirad excitatory associative value
but not in Groups BK and RD. The results also indicated
that Group BK developed little suppression to the C8
suggesting that the CS could have been inhibitory. However,
the animals in Group BK did not show less suppression to
the CS than the animals in Group RD. Consequently, while
our conditioned suppression procedure was successful in
showing the excitatory value of the CS in the forward
procedure, it failed to provide a clear indication of the

inhibicory value of the CS in the backward procedure.

Training 2. The prediction that exposure to backward
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pairings in training 1 would retard tﬁe snbsequent
suppression of the licking response in training 2 was only
partially coanfirmed by the present data. On the one hand,
platform presentations did suppress the licking response
significantly more in Group FD than in Groups BK and RD for
the first two testing sessions. On the otnher hand, nlattorm
presentations continued to suppress the licking response at
colparable rates in both Groups BK and RD. Conseguently,
the retardation eflfect observed in Group BK can not
necessarily be attribuced to the conditioning to which it
was exposed in training 1.

A reason for the lack of difterences in suppression
ratios in Groups BK and RD might have been related to
diZficulcies inherent to a conditioned supuvression
procedure. Hall (1984) and Hurwitz and Davis (1983) argued
that because several prcblemg are encountered in a
conditioned suppression procedure, suppression ratios can
only provide a gross estimate of diractionalitv. For
instance, Hurwitz and Davis stated that both CS and pre-CS
rates may change because of the conditioned suppression
procedure. Since CS rates are measured relative to pre-CS
rates in suppression ratios, a snifbt in pr2-CS rates
confounds interpretation of the ratio. For example, an
increase in both pre-CS and CS-rates of licking, would
rasult in suppression ratios being approximately .S.

Primarily because suppression ratios did not give a
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clear indication of the associative value of the CS in our
backward procedure, latency periods were used as another
measure to acquire more information on the effect of CS8
prasantation during suppression testing sessions. A
definition of latency pericd, the rational for choosing
this measure, predictions on how groups should differ, and
a discussion of the results from the post-hoc data analyses
will be presented next.

First latency period (time delay between the onset of the

trial and _the first platform presencation) and the latency

periods between each subsequent platform presenktations in

suppression _testing sessions (test 1).

The first latency refers to the time period when the
rat was placed in the experimental chamber until the first
platform presentation. Subsequent latency refers to the
time period when the platform closed until the next
platform opened. It was assumed that the more fear
associated with the context, the longer it would take a rat
to scart licking and therafore that the first latency
period would provide with an estimate of the initial level
of fear associated with the context (Baker, Singh & Bindra,
198l). It was further assumed that the latency period
between Cs-presentation would continue Eo measura the level
of fear associated with the context. Although the first

latency period and sudsequent latency periods may not be
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totally cowmparable at a conceptual level Eecause certain
conditioning elements may be present in one period and not
in the other, it was felt that such a measurement strategy
could be justified because the context was the same
througlicut the session.

Disruption of the licking respdnse was reflected by
latency periods because platform presentation was dependent
on tie rat licking continuously for 10 sec with no pauses
of more than 2 sec. A long latency period would indicate
that the rat was not licking or licking with pauseé of more
than 2 sec (described in details in the section on the
procedura). A short latency period {(minimum time being 20
sec; would indicaﬁe that the rat licked continuously f£or 10
sec.

One can indeed make predictions about how the groups
should dirffer on these measures in the suppression testing
session atter completion of training 1. According to
Resccorla and wagner's (1972) model of conditiening, the
context would acguire all of the excitatory conditioning in
both Groups BK and RD because it provides the only cue for
the US. However, the CS would acquire inhibitory value in
Group BK because it signals a period of no shock while it
would remain associatively neutral in Group RD because it
does not reliably signal the US or a period of no shock. In
Group FD, the CS would come to acquire all of the

excitatory conditioning and block conditioning of the
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context.

Furthermore, nonrainforcement in the testing session
should reduce fear of the context (Rescorla & Wagner, 1972;
Baker, Singh & Bindra, 1981). This effect should be of
consequence in Group BK but not for the other groupsz since
a background of excitation is necessary for the expression
of conditioned inhibition but not For the expression of
condicvioned excitation (Rescorla, 1979: Kaplan & Hearsec,
1985). Extinguishing the context might therefore be
expected to reduce tﬁe ability for inhibition to manifest
itseli behaviorally in Group BK.

Therefore, the predictions after completion of training
1 would be that (1) in Groups BK and RD, the first latency
period would be longer than in Group FL but (2) only in
Group BK, the duration of the latency periods would
decrease significantly within a session.

In training 2, which consisted of forward conditioning,
the context would acquire a minimal amount of excitation in
all qroups (Rescorla & Waqgner, 1972) and the effect of
nonreinforcement on the expression of the conditioned
response would be minimal. However, because of training 1,
Group BK would be expected to show retardation of
acquisition, Group FD would continue to show the same
behavior as in training 1 and Group KD would be expected to
show rapid acquisition. The predictions, after 1 day of

training 2, would be that (L)in Group BK, the first latency
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would continue to be longer than in Group FD and the
duration of subsequent latency periods would again decrease
significantly duriag the session (2) in Groub.FD, the
latency periods would continue to remaiﬁ constant
throughout the session and (3) in Group RD, the First
latency period would decrease to a level comparable to
other latency periods within the session. After 4 days of
training 2, there would no lonyer be diflerences among

groups.

aAfter completion of training L. The results from the

post-hoc analyses revealed significantly more contextual
excitation in. Group BK than in Group RD. Results also
showed that the level of contextuai excitation was higher
in Group FD than in Group RD but the difference was not
significant. Latency periods decrease significantly within
the testing session in both Groups BK and FD. Thus most of
the predictions based on Rescorla and Wagner's (1972) model
were contirmed except that for the associative properties
of the context in our Group RD.

Patterson and Overmier (1Y8l) reported similar resulcs
about contextual associations. The experiment consisted in
three phases: (1) training dogs on a Sidman avoidance
schedule then (2) exposing the dogs to aversive
.conditioning using excitatory, inhibitory or truly random

procedures and (3) testing of the manipulable background
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stimulus (a tone) by presenting it while the dogs were
responding on the avoidance schedule. The tone increased
the rate of responding after serving as a contextual
stimulus in the group exposed to inhibitory conditionind
but had little effect in the groups‘exposed to excitatory
and truly random condicioning. ‘The authors concluded that,
as predicted by Rescorla and Wagner's (1972) model,
contextual stimuli in an inhibitory procedure are
excitatory while in an excitatory procedure, contextual
stimuli are associatively neutral. However, in contrast to
the prediction that contextual stimuli would be excitatory
in a truly random procedure, they would be neutral.

Additional support for an increased aversivenessy
interpretation of the context in conditioned inhibition
proceaures has been provided by Fanselow (1980). Basically,
the experimental procedure consisted in exposing rats to a
signal (tone) negatively correlated with shock in one sgide
of a choice apparatus and to shock only in the other side
of the apparatus. Daily sessions lasted 66 min and were
divided into four periods of 16.5 min. Each period was
divided into 33 intervals of 30 sec each. There were f;ve
shocks presented fandomly during a pericd and each shock
was presented at the start of an interval. Rats spent two
periods in the signaled side of the shuttle box and two
periods in the unsignaled side. The two periods in the

signaled side consisted in presenting the tone for 7 30-sec
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intervals, each predicting a minimum of 150 sec without
shock. Preference tests ceonsisted in removing the partition
and allowing the rats to move about freely in the shuttle
box fér 8 min just prior to conditioning on Days 1, 4, 7
and 10, Fanselow assumed that rats would spend less time on
the side with more contextual fear based on findings on
sign—trackihg experiments (Karpicke, Christoph, Peterson
and Hearst's, 1977) that rats move away Erom fear cues. A
tilting floor mechanism was useda to measure automatically
the time spent on each side of the apparatus.

Reéults indicated that the rats prefered the side where
shock alone had been presented. Typically, rats have been
reported to choose signaled over unsignaled unescapable
shock situations and several theoretical interpretations
such as the preparatory-response and the safety signal
hypotheses have been proposed to explain this finding.
Fanselow proposes the contextual-fear hypothesis (Rescorla
& wagner, 1972) to explain why rats did not choose the
signaled side as would have been predicted by most current
theories. Basically, the contextual-fear hypothesis assumes
that a safety signal attenuates extinction of contextual
fear during the IT! and consequently the context acquires a
high level of fear. Thererore, according to the
'contextual-fear hypothesis, the context was more aversive
on the signaled than the unsignaled side which explains why

the animals chose the unsignaled side.
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In summary, Rescorla and Wagner's (1972) model and
previous studies (Patterson & Overmier, 1981: Fanselow,
1980) are providing both theoretical and empirical
backgrounds in our understanding of our present data. More
specifically, the platform CS in our backward conditioning
'procedure signaled a shock-free period just as the tone CS
in Fanselow's negative correlation group. Platform
presencations would have attenuated extinction of
contextual fear during ITIs. This would provide a
theoretical explanation why the context in our backward
procedure acquired a high level of contextual excitation.
In Group BK, the significant decrease in latency periods as
the session progressed suggested that contextual excitation
may indeed haﬁe extinguished rapidly because of
nonreinforcement in the testing session. The effect of a
progressively less “"fearful® context would have been an
increase in the rate of licking independently of Cs
presentations. As mentionned earlier, an increase in pre-CS
rates confounds interpretation of suppression ratios.
Perhaps the suppression ratios showed more suppression of
the licking response than expected in Group BK for this
reason.
A decrease in latency periods was also observed in

Group FD and was not predicted originally. However, the
first latency period indicated a higher level of contextual

excitation than expected and consequently, it is not
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surprising that an effect of extinction would also be
evident in that group as a result of nonreinforcement in
the testing session. As predicted by Rescorla and wagner's
model, extinction of contextual fear 4id not reduce the
ability of the CS to suppress licking as indicated by
suppression ratios. Such results provide furtber support to
the assumption that contextual excitation is not necessary

for the expression of conditioned excitation.

Training 2. Post-hoc analyses did not reveal any
significant differences among groups from the very first
testing session suggesting that the level of contextual
fear was comparable in the three groups after the very
first day of training 2. 'The results did indicate a general
main effect of trials (excevt in Group FD after one day of
training 2): The duration of latency periods decreased
significantly during each testing session. Such a decrease
replicates the effect observed in Group FD in the testing
session after completion of training l: Forward
conditioning seems to produce some contextual excitation
which extinguishes during testing sessions. However,
independently of this effect, the CS seemed to have
retained its excitatory value throughout a session as
suppression ratios indicated suppression in all groups.

In summary, the data on latency periods after

completion of training 1l suggested a high level of
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contextual excitation in Group BK which extinguished
rapidly during a testing session. Extinction of background
excitation would have reduced the ability for inhibition to
manifest itself. The level of contextual excitation in
Group FD was not significantly lower than in Gfoup BK
suggesting a fairly high level of excitation. An effect of
extinction of contextual excitation was also cbserved in
that group but did not seem to be accompanied with
extinction of excitatory conditioning to the Cs. Latency
periocds suggested that coentextual association might have
been neutral in our random group. In the testing session
after each day of training 2, data on latency periods
indicated extinction of contextnal excitation in all groups
but a continued effect oF CS presentation was indicated by
suppression ratios.

In conclusion, results provided evidence that an
excitatory background is Recessary for the expression of
conditioned inhibitien but failed to provide clear evidence
of the associative valye of the CS in the backward
conditioning procedure. The effect of fear of the context
on the development of APPR™ behavior is not clear at this
time. It seems likely that fear would produce APPR
behavior, more fear being translated by an increase in such
behavior. Data on time spent on the platform should provide

us with relevant information. about APPR™ tendency.
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Time spent on the platform

After completion of training 1. Group BK showed a

tendency to spend more time on the platform than Group FD
but the difference was not statistically different. Perhaps
this was due partly to the fact that performance level was
very low in all groups. Névertheless, the present results
are in contrast with those obtained by Leclerc {(1985). In
Leclerc's (1985) study, subjects were exposed to a
backward, forward or random conditioning procedure in which
the CS was a platform and the US a shock. The jump-up
response was also prevented by means of a Plexiglas barrier
‘during training l. During training 2, all subjects were
exposed to a backward conditioning procedure. Leclerc
{1985) found that previous exposure to backward
presentations of the platform facilitated the acquisition
of APPR  behavior when rats were given access to the
platforh in subsequent backward training.

Perhaps a facilitative effect was not observed here
because of procedural differences: In this experiment,
BPPR  behavior was measured in the context of an extinction
procedure (i.e., platform alone presentations), while in
Leclerc's (1985) study, it was measured in the context of
backward conditioning. As previously observed by Leclerc
(1979, Experiment 2), extinction testing following mere
exposure to backward, forward, or random pairings of shock

and platform did not allow for group differences (on the
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time—spent-on-the—platform variable), and therefore was not
considered a sensitive transfer test. The present data
could also be explained in terms of the lack of test

sensitivity of the procedure.

In training 2. The prediction that forward pairings

would produce a gradual decline in time spent on the
platform for Group BK whi;e maintaining performance of
Group FD at a low level was not confirmed by the present
results. After the second day of training 2, the results
indicated a tendency in Group BK which was consistant with
the predictions but significant difrerences among éroups
were not obtained. Moraover, all groups showed a gradual
increase in time spent on the platform as testing sessions
were repeated.

A reason why the predicted differences among groups
Were not obtained might again have been because the overall
performance was quite low in all groups.‘For example, time
spent on the platform in Group BK was 25.3 $ after training
1. Consequently, to obtain the predicted decrease in
training 2, subjects in Group BK would have had to stop
responding.

The increase in the level of performance with repeated
testing sessions might have been a result of an extinction
Process due to nonreinforcement during testing sessions,

all rats spending more and more time on the platform as the
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platform gradually lost associative values. Another
possible explanation for the increase in performance level
in testing sessions may be that, while the C$-platform with
the Plexiglas barrier acquired excitatory properties during
training sessions-because it was associated with shock, the
CS-platform alone (without the barrier) in testing sessions
acquired inhibitory properties because it was associated

with absence of shock.

3. Behavioréi observations.

Rats in all groups did not show a preference for either
positions 1, 2, or 3 throughout training l. In comparison
to Group RD, Group BK did not show the expected tendency to
spend more time in position 1 ("mear") and Group FD to
spend more time in position 3 ("far") in training 1.

In test 2 after completion of training 1, all groups showed
a tendeﬂcy to spend more time in position 1 ("near").

In training 2, behavioral observations shdwed the
expected tendency to withdraw from the platform: Groups BK,
FD, and RD showed a preference for position 2 ("middle")
and for position 3 ("far") with exposure to forward
training. However, in tests 2 (after each of the four
sessions of training 2), all groups showed a tendency to
spend more time "on" the platform or in position 1

{("near").

It is not clear why subjects showed the predicted
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woR™" behavior in training 2 and yet, in tests 2 (atter each
session of training 2) showed APPR™ behavior. Extinction
due to nonreinforcement during testing sessions or
conditioned inhibition to the Cs-platform were proposed, in
the previous section (Section 2. Time spent on the
platform), as reasons for the increase in the level of time
spent on the platform in tests 2. Since we are referring
here to the same phenomenon, the same reasons would apply
and therefore will not be presented again.

In summary, data from our conditioned suppression
procedure clearly shewed that a backward conditioning
procedura yields a high level of contextual fear but did
not clearly support a conditioned inhibition view. Rescorla
and wWagner's (1Y72) model was useful in providing a
theoretical explanation why Groups BK and RU did not differ
in suppression testing sessions. During training sessions,
the context in Group BK would have acquired excitatory
value being the only cue for the US and extinction of this
contextual fear during ITI would have been attenuated
because of the presentation of the safety signal (the
platform). Moercover, during testing sessions,
nanreinforcement in Group BK would have resulted in
decreasing contextual fear, reducing the ability for
inhibition to manifest itself behaviorally.

Data from time spent on the platform and behavioral

observations did not support a sign-tracking point of view,
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likely because of lack of sensitivity of our procedure.
Nevertheless, the following conclusionQ can be drawn: Fear
of the context does not seem to contribute to the
acquisition of APPR behavior. Moreover, preventing the
animals Erom jumping on the platform during training
sessions hinuers the manifestation of APPR  behavior when
subsequent testing sessions are nonreinforced but not in
subsequent reinforced sessions {Leclerc, 1985). These
observations add to our understanding of APPR behaviof and

will be discussed further in the following chapter.



126

Chapter 7

The general objective of the previous experiments was
to identify the mechanism responsible for APPR behavicr in
a backward conditioning procedure. Overall, the
experimental data presented here tended to support the
contention that APPR behavior resulcts from inhibitory
properties acquired by the CS in backward conditioning.
Data from Experiment 1 showed that the CS in US-CS pairings
produces as much APPR behavior as the C$ 1n differential
ana explicitly unpaired conditioning procedures. Since, in
othef contexts, both differential and explicitly unpaired
conditioning procedures have been known to produce
conditioned inhibition, perhaps a similar mechanism of
action is present in backward conditioning. Alcernatively,
conditioned inhibition might be only one of the mechanisms
responsible for APP® behavicr in our varticular
experimental preparation.

Data frow Experiment 2 showed that daily exposure to a
single US-CS pairing produces wbRY behavior while daily
repeated US-CS pairingé produce APPK behavior. Data from
Experiment 3 showed that US~CS pairings produce APPR
behavior only when the CS reliably signals a shock-free
period. other studies in which different experimental
environments and procedures were used have also shown that

conditioned inhibition in backward conditioning depends on
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the same two factors, namely repeated exposure to US-CS
pairings (Heth, 1976) and a shock-free period ftollowing CS
offset (Moscovitch & Lolordo, 1968).

In Experiment 4, the three predictions made pertaining
to Grbup BK.were not confirmed: (1) there was as much
suppression in that group as in the controi group (2) there
were no strong APPR behavior and (3) subjects did not
spend more time “near® the platform. An extinction process
in testing sessions (test 1 and test 2) was sugqgested as a
reason why the predictions were not confirmed. This
sugygestion was supported by the resulcs cbtained from
latency periods. The rapid decline in the time between
platform presentations as a testing session progressed was
interpreted in terms of extinction of excitatory value of
the context. This process would have had little effect on
the licking response in Group FD because the excitatory CS,
independently of the associative value of the context,
continued to suppress licking. Extinction of contextual
excitation would have affected the licking response in
Group-BK because the inhibitory €S was dependent upon
contextual excitation: A Cs can not inhibit fear when there
is no fear to ianhibit. The two other measures used in
Experiment 4 to measure APPR behavior (tiﬁe spent on the
platform and positions in the experimental box), may also
have been affected by extinction due to nonreinforcement in

testing sessions. As discussed previously (Discussion,
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Experiment 4), this suggestion is supported by previocus
observations made by Leclerc (1979, 1985).

Alternacively, one could claim that our suppression
ratios indicaved that the CS in our backward procedure did
not acquire or acquirad very little conditioned inhibition.
Baker and Baker (1985) have claimed that, particularly in
the case of a negative correlation procedure,‘inhibition
acquired by the C$ is a summed effect of latent inhibition
and US preecxposure effscts. '

Baker and Baker trained rats on a VI schedule for food
then exposed them to context conditioning consisting of
shock presentations in the negative correlation group and
signaled shock presentations in the signaled groun.
Following this, the negative correlation group was exnosed
to shock only or elicker only on alternating days. 'The
signaled shock group was exposed to signaled shock or
clicker only on alternating days. This training was
followed by a retardation test which consisted in
reinforced lignt presentations (rather than reinforced
Clicker presentations). By using a novel stimulus, the
auvthors wanted to verify if retardation of acquisition
expected to occur in the negative correlation group could
be attributed to latent inhibition and US preexposura
effects, The signaled shock group would also be expected to
show some retardation of acquisition because of latent

inhibition but would be eéxXpected to condition faster
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because signaling the shock would have blocked the US
preexposure effect. As predicted, the zignaled shock grouon
conditioned faster than the negative correlation qroup.
Baker and Baker ccncluded that, in a retardation test,
ditferences in rates of acquisition reflect dirfferences in
the level of associative value acquired by the CS but also
latent inhibition and US preexposure effects.

Our backward conditioning procedure has much in commuon
with a negative correlation group: The US is unsignaled and
the CS signaled a period of nc-shock. Therefore, it is
possiblé that during conditioning sessions, nonreinforced
CS presentations and unsignaled US presentations resulted
in latent inhibition and US preexposure elffects. The
retardation test might have shown slower conditioning in
Group BK because of the combined effect of inhibitory
conditioning to the C8, latent inhibition ana US
precxposure.

In order to discriminate hetween these interference
phenomenon and conditioned inhibition, Rescorla (1969)
suggested that both a retardation and a summation test be
administered. Chances are that a stimulus which passes both
tests is a conditioned inhibitor. Only a retardation test
was used'in the present series of experiments mainly
because a summation test was not easily conceivable in our
paradigm. Nevertheless, this omission may present as a

weakness and limits the assumptions which can be made
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concerning the associative value of the CS in our bhackward
procedure.

More information might have been provided by direct
observations of the rats' behavior with some modificatiens
to the method of observations used in Experiment 4. For
exaple, recording a rat's position Fifteen times (every 2
sec) during CS presentation, rather than twice, might have
considerably increased the accuracy of the information
provided by recording the positicn of the rat in the
eiperimental box. The addition of other behavioral
categories such as Ereezing, rearing,‘and orientation
towards the CS might have provided some indication of what
the rat was doing during CS preséntation. In turn, such
behavioral observations might even have providad some
indication of the associative value of the CS.

recording of the rat's behavior might specially have.
been important in conditioned suppression testing.
Extinction of contextual excitation was suggested as an
explanation why CS-platform presentations did not prouuce
an acceleration of licking in Group BK but aversive
sign-tracking would also have produced this effect. The
prediction that CS presentations would Facilitate licking
in Group BK was based on the assumption that, -in a
conditioned suppression procedure, an excitatory CS
suppressgsflicking because it elicits Ffear while an

inhibitory C5 facilitates licking because it inhibits fear.
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nowever, from a sign-tracking point of view, an opposite
effect might be expectea depending on the location of the
CS relative to the licking tube: An inhibitory CS, located
far from the licking tube, might suppress licking because
it elicits APPR  behavior. 1ln tperiment 4, licking tubes
were installed on the’wall'opposite to that of the
CS-platform. ThereEore,\iE platform presentations elicited
orienting dr tracking behaviors in Group BK, it would have
prevented these animals from licking the tube. Altiough no
direct okservation of this prediction was made here, it
finds support in some studies in whicn the animals were
ovserved systematically.

The physical location of CS in relation to the
manipulanuum was previously identified as a factor which
exerts a strong influence on conditioned suppression in
rats (e.g. Karpicke, Christoph, Peterson & dearst, 1977).
The authors reported that a visual C$ which signaled shock
produced more suppression of operant responding when it was
located near the manipulandum than when it was located far.
Results were interpreted in sign-tracking terms: Animala
have a tendency to move away from signals of aversive USs,
such behavior being incompatible with the instrumental
response. According to the authors, this would provide an
account of why a visual excitatory CS will produce a
differen; magnitude of suppression depending on its

physical location in relation to the maaipulandum.



132

Perhaps, in a parallel fashion, the location of a
visual inhibitory CS, in relation to the manipulandum,
affects the magnitude of conditioned facilitation. A CS
which signals absence of shock might facilitate operant.
responding when it is located near the manipulandum but not
when it is located far from the manipulandum. In Experiment
4, CS-platform presentations may not have facilitated
licking because the platform was located tar from the
licking tube. |

Karpicke et al. (l977)_also suggésteu that a complete
account of conditioned suppression should consider the
eftect of C$ presentations on both the emotional response
and on C8-directed behaviors. Furthermore, willigan,
Emmett, Cote, and Ayres (1987) suggested to iaclude not
only Cs-directed behaviors but also the animals' general
behavior. For example, in conditioned supprassion testing,
suppression accompanied by freezing would provide evidence
for excitatory conditioning, but if suppression was
accompanied by movements such as walxing around, snitfing,
approaching the Cs, excitation would be questionable. This
suggestion found support in Ayres, Haddad, and Albert's
(1987) observations of freezing following one-trial
backward conditioning which was accompanied by suppression.

Fanselow's (1980) experiment described earlier
(Discussion, Experiment 4) sSuggests that an aversive

context may exert a strong influence on sign-tracking
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behaviors. He reported that animals showed an aversion to
the side where shock-trec periods were signaled which could
be interpreted as withdrawal behaviors from a CS . Such
resulrs stand in contrast with the findings reported in the
present series of experiments where approach behaviors were
consistently observed toward a CS . Our experimental
paradigm differed in many ways from the one used by
Panselow. Two of these differences, ;he Cs and the testing
procedure used, will be discussed to provide a possible
explahation for the conflicting results.

.Fanselow used a tone CS. Auditory signals have baen
shown‘to support little or no sign-trackinj behaviors
because‘such stimuli are not easily located by the animals.
Localizability of the 8 is nsually a condition which muast
be met for sign-tracking behaviors to occur (dearst &
Jenkins, 1974). In our experiments, we used a platfprm Cs.
As mentioned previously, a platform may have been quite
conducive to sign-tracking behaviors because of its
auditory, visual and tactual components.

The context can be analysed in the same way as any
other CS (Baker, Singh & Bindra, 1980), and therefore can
be assumed to elicit sign-tracking behavior as any other
CS8. The results reported by Fanselow can be reconciliated
with the predictions made from an aversive sign-tracking
point of view if it is assumed first that the context

produced withdrawal behavior because it reliably signaled
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the US and second that the context rather than the tone
produced sign-tracking behavior because its physical
properties were more conducive to sign-tracking. Perhaps,
as well, animals' tendency to withdraw from an aversive
context is simply much stronger than that of approaching a
signal of no danger.

‘The overall picture is a little more complex however
since in both df Fanselow's groups (the group exposed to
the negyatively correlated signal ang the group exposed Lo
shock only) the context was aversive and therefore should
have produced withdrawal behaviors in both groups. This
brings us to the discussion 6f the second difference
between Fanselow's paradigm and ours which may account for
some of the differences. Fanselow's testing procedure
consisted in presenting the animals with a choice between
two excitatory contexts, one assumed to have acquired a
higher level of excitation that the other. The animals
chose the side that had acquired less excitatory value. It
is not clear, in such a situation, what the predictions
would be from a sign-tracking point of view but it is
likely that the results reported by Fanselow would not
contradict those predictions.

In our testing situation, the animals 4id not have a
choice but to remain in the aversive context but we did
observe that they persistently tried to escape from the

experimental hoxes by pushing with their nose against the
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Plexiglas door, specially during ITIs. If the animals in
the backward group would have had a choice between
approaching (jumping on) the platform or withdrawing from
the context, they would have likely chosen the later,
perhaps even it it only meant going to a less aversive
context.

Fanselow's work was discussed here mainly because it
has some interesting implications about aversive
sign-tracking. First, it implies that the context, just as
any other CS, may produce sign-tracking behaviors. Such
being the case, one may wonder about possible interactions
between the signal value acquiredlby the context and by a
discrete CS during a conditioning session. The results in
Fanselow's experiment may be taken to suggest that a "weak"
CS  (because of its modality, localizability and other
physical properties) presented together with a "strong" CS+
would result in withdrawal Erom the CS' rather than
approach toward the C8 . Second, it implies that when
confronted with two excitatory signals that have acquired
difterent levels of excitation through conditioning, the
animals will approach the lesser of the two excitatory
signals. It would be most interesting to test the above
predictions using the experimental paradigm described in
this thesis.

In summary, it is possible that an inhibitory CS

elicits several types of behavior, which, in conditioned
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suppression testing, interferes with the operant response.
Furthermore, perhaps a localizable (i.e., visual)
inhibitory CS elicits CS-directed behavior. In cases where
the visual inhihitory C8 is located far from the response
manipulandum, CS-directed behavior might interfere with the
operant response. Direct observations and recording of the
rat's behavior during conditioned suppression testing may
have provided some information on these points. Finally,
perhaps the context can also elicit sign-tracking behavior
which interferes with the acquisition of discrete
CsS-directed behavior. This might occur in much the same way

as stimuli compete for available conditioning strength.

Present data and theoretical implications

‘Most contemporary learning theories do not present
models that can easily account for sign-tracking behaviors,
excitation following one backward trial and inhibition with
repeated trials. Each theory presents particular strengths
and weaknesses, some focusing more upcn behavioral changes
observed during conditioning, others on the learning
processes underlying those behavioral changes. It was
discussed earlier how predictions of associative models
such as Rescorla and Wagner's (1974) can account for the
role played by the context in our backward procedure and
how such pairings can produce conditioned inhibition. The

model fails however to predict excitation fFrom one daily
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backward pairing and also fails to predict CS-directed
behaviors. Dickinson's (1980), Pearce and Hall's (1980) and
Wagner's (1981) models will now be discussed to present
alternative theoretical explanations to our results.

Dickinson's and Pearce and Hall's models are two of the
few contemporary models of conditioning which can offer
some account for sign-tracking behavior. In these models,
behavioral changes during conditioning are assumed to
reflect learning and as such to provide valuable
information as to the nature of the learning process.

Dickinson's model is based on the principle of
stimulus-substitution and two assumptions ére critical for
an account of sign-tracking. The first is that exposure to
a CS and to a US or exposure to a C5 in the absence of the
US results ia the formation of excitatory links between the
CS and US or between the CS and absence of the US. This
assumption stands in corntrast with Rescorla and Wagner's
(1974) model where it is assumed that exposure to a CS8 and
absence of the US rasults in the formation of an inhibitory
link between representations of the CS and the US. It is
particularly because of this assumption that Rescorla and
Wagner's model can not easily account for APPR bhehavior
elicited by the CS .

The second critiéal assumption in Dickinson's model is
that the form of the response elicited by the CS and by the

US will be similar. According to Dickinson, when a CS
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signals a US, two independent excitatory links are formed
between representations of the two sitmuli: one that
represents the encoding of the sensory-perceptual
properties of the US, the other that represents the
encoding of the affective (or motivational) value of the
US. when the CS signals no US, not only are the same two
independent excitatory links Formed but élso an excitatory
link between the representations of the CS and the absence
of the US. This third excitatory link would represent
encoding of an opposite affective value to that of the US
itself. Thus the model predicts that a CS paired with
absence of shock will acquire positive affect and therefore
elicit approach behavior. In our backward conditioning
procedure, an excitatory link would have been formed
between the CS platform and the shock-free period resulting
in APPR behavior, a behavior reflecting an opposite
affective value to fear.

Dickinson's model offers an account of APPR behavior
without making reference to a conditioned inhibition
mechanism. However, from this account it is not clear how
processing of the US might have taken place since it is
assumed in the model that a link between a CS5 and US can
only occur in a forward fashion. Clearly Dickinson's model
emphasises the importance of contiguity in our experimental
paradigm and implies that APPR behavior may develop in a

fashion similar to APPR' behavior, both resulting from
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forward associations between the CS8 and absence of the US
and the CS and the US respectively.

Pearce and Hall's (1980) model also focus upon
behavioral éhanges during conditioning. This model shares
some of the same assumptions as Dickinson's model which
stand in contrast to Rescorla and Wagner's (1974) model.
For example, exposure to a CS which signals absence of the
US is assumed to resﬁlt in the formation of a
representation which is indgpendent of that established by
a CS which signals a US, and the CS, not the US, is assumed
to be processed to the extent that it has been paired with
a surprising event.

An assumption unique to Pearce and Hall's (1980) model
and which also contrast with Rescorla and Wagner's (1974)
model is that CS-US pairings decrease CS associability.
Associability of the CS can best be defined in terms of
re;ponse—eliciting properties of the CS. During
conditioning, CS associability is assumed to be high for
the first ﬁrial and to decrease with repeated CS-US
pairings. At asymptote, CS associability is assumed to be
Z@ro.

Follbwinﬁ Pearce and Hall's (1980) model; orienting
responses (OR) toward the CS have been used to provide a
behavioral index of the amount of attention the CS receives
and therefore of the level of associability of the C§

(Pearce & Kaye, 1985). It is important to specify here that
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OR is defined in terms of approaching and contacting the C§
and therefore in terums of behavicrs referred as
sign-tracking behaviors in this thesis.

In the First of a series of experiments, Pearce and
Kaye (1985) measured the strength of the QR in an
inhibitory procedurz using a light as the C3 and food as
the US. During Stage 1 of the experiment, the experimental
group, Group L , was exéosed to iﬂ sec light presentations
and food. Delivery of food never occured during light
presentations and was withheld for one minute after
termination of light presentations. There were two control
groups, Group 1.° and Group RC. Group L° was also exposed to
light presentations but food was withheld during Stage 1.
Group RC was exposed to random'presentations of light and
food. During Stage 2, all groups were exposed to light
presentations which signalled the delivery of food
constituting a retardation test.

According to Pearce and Hall's (1980) model, during
Stage 1, the strength of the OR to the light should be at a
high level initially and ultimately decline in all groups.
However, the strength of the OR in Group L~ should persist
longer than in Groups L° and RC, reflecting processing of
the CS which is essential for conditioning to take place.
Dﬁring Stage 2, the OR should recover in all groups because
of tﬁe surprising element of the CS signalling the US but

reco&ery should be slower in Group L because of
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conditioning in Stage 1. From a sign-tracking point of
view, the opposite predictions can be made for Stage 1. Not
only would the strength of the OR (approaching and
contacting the CS) be expected to decrease in Group L  but
a withdrawal behavior should be observed in that group and
not in the control groups. In Stage 2, slower recovery
would also be predicted.

Pearce and Kaye (1985) report that the OR in Group L
décline at a significantly lower rate than that in the
control groups as predicted by Pearce and Hall's model. It
is not clear why the aniﬁals in Group L did not acquire a
withdrawal behavior. The authors do mention that their
results contrast those of several studies reporting
withdrawal and mention that this difterence might be due to
differences in density and magnitude of food presentations
and the use of diiferent species {rats as opposed to
pigeons). Perhaps also the relatively few subjects used
(N=8) in each group may also account for their findings.
Nevertheless, Pearce and Kaye sustain that their results
support the contention of central processing of the CS
which eventually decreases with repeated pairings as
reflected by a decrease in the strength of the OR. The
findings in the series of experiments presented in this
thesis contradict Pearce and Hall's assumption that the
strength of the OR decreases with repeated exposure. Time

spent on the platform consistently increased with repeated



142
US-CS pairings in our group exposed to backward
conditioning. Consequently, Pearce and Hall's model does
not offer any theoretical explanation for our results.

Let us now consider Wagner's (1981) SOP model (Standard
Operating Procedures of memory) which presents an account
of how memory processes may influence conditioning. Wagner
stipulates that an association between a CS and a US will
only be formed to the extent that they are rehearsed
together. Ekposure to a CS or to a US initially produces a
representational activity, Al, which decays to a secondary
representational activity, A2, which in turn decays to
inactivity. According to Wagner's model, excitatory
conditioning resuls from Al processing of the CS concurrent
with Al processing of the US. Inhibitory conditioning
results from Al processing of the CS concurrent with A2
processing of the US.

The outcome of backward pairings is not obvious from
Wagner's model. To account for conditioned inhibition in
backward pairings, it must be assumed that anAISI of 10 sec
(as used in the series of experiments presented in this
thesis) was sufficient time for US representation to decay
to a secondary representational activity (A2) at the time
of CS presentation. An alternative account could be that a
secondary representational activity (A2) of the CS
rehearsed with an initial representation of the US (Al) can

produce conditioned inhibition in the same fashion that an
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Al representation of the CS8 rehearsed with an A2
representation of the US is assumed by the model to yield
conditioned inhibition.

In a series of experiments on distribution-of~trials
effect, Erwing, Larew and Wagner (1985} discuss the effect
of short ITI intervals and how inhibitory backward
conditioning can be anticipated by wagner's SOP model in
such cases. Since details of the experiments were presented
earlier (Experiment 2-Discussion), they will not be
presented again. The authors suggest that short ITI (60
sec) produce conditioned inhibition because of Al
processing of the CS8 concurrently with A2 processing of the
US from the previous trial. This provides support to the
assumption made earlier that a 10 sec ISI in our bhackward
procedure may have resulted in A2 processing of the US-with
Al processing of the CS resulting in conditioned
inhibition.

However, there are some problems with this
interpretation of our results. In Experiment 2, exposure to
one backward pairing per session clearly produced opposite
behavioral tendencies to exposure to ten backward pairings
per session assumed to be due to excitatory and inhibitory
conditioning, respectively. Assuming, as stated earlier,
that leérning took place as a result of A2 processing of
the US concurrent with Al processing of the CS, then

exposure to one backward trial per session would yield
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conditioned inhibition with repeated sessions.

If we consider our alternative assumption, that Al
processing of the US concurrent with A2 processing of the
CS can result in conditioned inhibition, then Wagner's
(1981) model clearly predicts conditioned excitation Erom
one backward trial and conditioned inhibition from ten
backward trials. Wagner's model can not be used to account
for behavioral changes such as sign-tracking behaviors
observed during conditioning. However, to accomodate our
findings of excitation and inhibition in backward

'conditioning, the model can be extended by making the

v
assumption that the order of presentation of the stimuli is

of no consequence and therefore, as stated above, that Al
processing of the US with A2 processing of the CS produces
conditioned inhibition. A comparatively simﬁle assumption
can not be . acorporated into Rescorla and Wagner's (1974)

model to account for our results.

In summary, in order to account for thé present
findings, a theory must predict excitatory conditioning
from one backward conditioning trial and inhibitory
conditioning from additional conditioning trials, and
account for APPR behavior. Although some of the findings
can be reconciled with Dickinson's (1980) or Pearce and
Hall's (198l) excitatory link model of conditioning, the

*‘first model provides no account of backward conditioning
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while the second makes predictions of sign-tracking
behaviors which are opposite to those we observed.

Rescorla and Wagner's (1972) or Wagner's (1980) inhibitory
link model also fail to account For all our findings. While
our results are consistent with Rescorla and Wagner's
predictions concerning fear of the context, the model fails
to predict that excitatory conditioning should result from
one backward pairing and both models fail to predict APPR
behavior,

Perhaps with gdditiﬁnal assamptions, these theories
_would be able to handle the present data. For example, it
might be necessary to assume that both contingency and
contiguity mechanisms are present in APPR behavior: The CS
~would acquire inhibitory properties because it is
‘negatively correlated with the US (Rescorla & Wagner, 1972)
and APPR behavior would develop because of the temporal
contiguity between the CS and a subseguent no-shock period.
Other assumptions may have to be provided to predict how
learned associations can be translated into CS-directed

behaviors such as APPR .

Future experimentation in aversive sign-tracking

An aversive sign-tracking analysis has been suggested
to account for the results of the present studies and
temporal contiguity between CS-offset and a subseguent

no-shock period has been suqgested as a necessary element
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to APPR behavior. However, much experimental work is stiil
needed to establish the generality of the sign-tracking
phenomenon in aversive contexts and to provide support to
the assumed associative mechanism underlying APPR behavior
in backward condictioning.

APPR behavior was studied here primarily in the
context of a backward conditioning brocedure. Although such
approach behavior was also observed in the context of
explicitly unpaired and difrerential conditioning
procedures, parametric studies should be carried out to
evaluate the effectslof variables such as
stimulus-reinforcer correlation and temporal parameters
(e.qg., iﬁter—stimulus intervals and inter-trial intervals)
in these procedures. Since these variables have been shown
to play a role in the acquisition of appetitive
sign—trécking (see Hearst & Jenkins, 1974; Schwartz &
Gamzu, 1977 for reviews), their role must also be
investigated in aversive sign-tracking.

Other variables such as CS modality and localizability,
and physical properties of the CS and the US have been
identified as affecting the development of appetitive
sign-tracking and were suggested by Hearst & Jenkins (1974)
as variables that would likely be important in aversive
sign-tracking as well. Moreover, selective association
between certain types of CS and US has been‘demonstrated

(Garcia & Koelling, 1966; Shettlewofth, 1978; Shapiro,
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Jacobs & Lolordo, 1980), and perhaps the chocice of
particular combinations of CS and aversive US also affects
the rate of acquisition and the topogyraphy of sign-tracking
behaviors.

The need to further investigate the role played by such
variables on APPR behavior becomes evident in light of the
results presented by Spetch, Terlecki, Pinel, wWilkie and
Treit (1982). They used a backward conditioning procedure
but reported woR” behavior and excitatory conditioning. The
US used was a shock to the rat's back and the CS was a
recvractable metal prod. Perhaps the Cs-prod may have
readily acquired excitatory propérties because it was
perceived as a predator or as an object causing pain, thus
supportive of WDR+ behavior and of a backward association
with shock. The CS-platform used in the series of
experiment presented in this thesis may have been
responsible for learning to occur selectively in Eavor of
an association between the CS and a period with no shock
because it could easily be perceived as a "safe place”.
Consequently, the CS-platform might have been wmore
supportive of a forward association with a safe period than
a possible backward association with shock. Such
contlicting reports of animals' performance ia conditioning
experiments suggest. that the choice of partirular
combinat@ons of CS and aversive 0S may markedly affect

sign-tracking behavior. Future experimental work should try



148
to determine the extent to which these factors affect
aversive sign-tracking behavior.

It would also bhe imperativé to replicate Experiment 4
to record behavioral observations with the modifications to
the recording procedure suggested earlier and, most
importantly, to VeriEy the assumption made that v
suppression, in Group ﬁK, might have been due to APPR
behavior.

Other studies should also further investigate thé
respective role played by contingency and contiguity in
APPR™ behavior. It was suggested that, in a backward
conditioning procedure, temporal contiguity between CS and
a shock-free period may be an essential element Ffor the
acquisition of APPR behavior. This assumption, however,
would require experimental evidence. Experimental work -
would consist in manipulating the degree of contingency
between CS and US and of contiguity between the CS and the
shock-free period to determine the effect aof these
manipulations on the acquisition of inhibition and APPR
behavior.

An experiment could attempt to manipulate the
contiguity between the CS-platform and the shock-free
period by first exposing two groups to forward conditioning
of CS-buzzer and shock. Then, one groun is exposed to
backward conditioning of shock and CS-platform with random

presentations of the buzzer while the second group is
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exposed to backward presentations of shock and TS-platform
with CS-buzzer presentations during the intertrial
intervals. Under such conditions, the negative contingency
‘between US-shock and CS-platform is the same in the two
groups but the temporal contiguity between the CS and a
shock-free peridd is altered in the second group by buzzer
presentations. If APPR behavior is acquired in the first
group because the CS reliably signals a "safe period", then
presenting the buzzer might retard the acquisition of APPR
behavicr in the second group.

| Other experiments could attempt to manipulate the
degree of contingency between US and CS without
manipulations to the tempqral relationship between the CS
.and the shock-free period. Such studies might provide some
indication of the extent that conditioned inhibition plays
a role in the acquisition of APPR behavior.

Finally, it would be important to evaluate more
directly the role of context conditioning in our Pavlovian
aversive conditioning preparation of aversive
sign-tracking. Since there are important procedural and
empirical similarities between aversive and appetitive
sign-tracking (Leclerc, 1985), one way to approach the
study of context conditioning in aversive sign-tracking
might be to attempt to parallel appetitive sign-tracking
procedures which deal with the gquestion of context control

in conditioning (Kaplan & Hearst, 1985).



150

A general strategy used to evaluate contextual
associative value consists in modifying the hypothesized
associative value of the context while leaving intact the
assoclative strangth of the CS. The CS is then presented in
the modiZied context and changes ia behavior are assumed to
be revealing of the nature (i.e., excitatory, inhibitory,
or ﬁeutral) of the original contextual associative value
{Balsam, 19§5).

An example of this strategy could be incorporated in an
experiment consisting of three phases. In Phase 1
(conditioning phase), APPR behavior to the platform (CS )
would be produced by backward pairings of shock-platform
(Group APPR ), and WDR' behavior to the platform (Cs™)
would be produced by forward pairings of platform-shock
(Group wua*;. In Phase 2 (treatment phase), platforms would
not be presented and half of the animals in each group
would be exposed to the context alone (Group
APPR /Extinction and Group WDR'/Extinction) while the other
half would stay in their home cage (Group APPR /Home Cage
and Group WDR+/Home Cage). In Phase 3 (CS alcone phase), all
subjects would be exposed to platform presentations in the
absence of shock. It can be predicted from Rescorla and
Wagner's (1972) model that Group APPR /Extinction
should respodd les:s than subjects in Group APPR /Home Cage.

If this prediction was confirmed, it would provide

added support to the suggestion made earlier (in Experiment
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4) that a background of excitation is necessary for the
expression of conditioned inbibition. It would also provide
some evidence that é background of excitaticn is also
necessary for the development of APPR behavior. The data
would parallel those.of Kaplan and Hearst (1985, Experiment
1} who concluded that, in appetitive sign-tracking,
contextual excitation is necessary for the develooment of
conditioned inhibition. In conclusion, studies of
contextual control in aversive sign-tracking should help to
identify more precisely the Pavlovian mechanism responsible

for both APBR™ and WDR' behavior.
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Appendix 1. Individual data (percent time on olatform) for
Group Diffcond for each baseline, training 1

and training 2 sessionsg in Experiment 1.



Training 1

Training 2

Baseline

CGroup Diffcond

Subject
gession 1(2) 2(3) 3(8) 4(17) 5(6) 6&(7) 7(14) 8(2)
1 12.2  11.0  40.8 3.4 0 4.6 5.2 0
2 3.7 3.7 43.7 4.3 2.2 9.8 1.0 0
3 5.0 16.7 19.8 2.5 1.3 28.9 6.0 0
4 15.7 24.0 10.0 .9 0 58.7 13.4 16.7
5 0  40.9 5.3 2.5 23.5 14.7  18.3 0
1 56.1 84.8  96.5 14.9 94.1  72.3 92.8 70.9
2 68.7 99.3  99.0 45.7 76.1  44.9 97.4 92.2
3 83.3 55.7  92.3 B87.0 76.6 75.5 95.9  95.1
4 98.8 86.1  98.9 99,0 89.6 100 86.8  90.3
1 100 90.6  97.5 98.6 89.9  92.1 100 88.9
2 29.3 34.1  71.5 89.6 98.9  30.0 95.7 86.9
3 0 8.5 3.0 99.2 82.6  99.1 42,8  57.2
4 0 0 4.8 98.3 30.0 59.8 13.4  66.3
"8 0 .7 38.6 10.7 59.7 60.0 14.3  66.8
6 0 1.8 6.2 3.0 68.3  62.4 13.7  76.5
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Group Diffcond

Subject

11(10) 12(3) 13(9) 14(15)‘ 15(16)

9(7) 10(8) 16(6) X
1.8 4.7 14,3 6.3 0 82.0 15.7 5.2 13,0

0 13.7 3.8 0 2.1  68.4 1.9 5.8  10.2

0 6.4 0 0 5.0 65.4 17.5 9.8  11.5
26.2 5.7 0 0 33.6  36.1 0 66.7 19.2
19.3 2.7 4.9 18.2 - 50.5 53.4  16.9 19.3  1a.2
4.5 89.1 68.9 82.8 70.4 56.8  50.0 70.0 66.§
45.2  92.1 99.4 97.7  99.0 100 84.5 80.0  82.6
0.3  94.8 94.2 89.3  94.5 89.2  91.6 90.0  85.1
74.8 - 81.5 95.2 95.3  95.6 94.0  71.9 100 91.1
2.6 93.8 97.0 90.5 97.2 95.7  77.0 100 90.7
74.7 96.1 76.3 96.2 68.2 96.2 83.5 98.5 76.6
92.2 83.2 94.7 86.0 T1.5 84.7  70.3 100 69.4
3.0 62.6 88.7 46.2 92.2 90.3  81.7 90.0 57.3
50.5 26.6 93.7 26.8 92,0 19.2  72.0 90.3  45.1
46.1 39.2  96.2 13.7  85.8 38.5 90.0 42.2 42,7
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Appendix 2. Individual data (percent time on platform) %or
Group BKPLB for each baseline, training 1

ana training 2 sessions in Experiment 1.



Group BKPLB

Subject

Session  1(8) 2(6) 3(7) 4(12) 5(13) 6(10) 7(11) 8(12)
1 0 2.0 13.8  12.6 10.5 5 17.6  61.7
o 2 0 4 6.2 2,0 16.7 1.0 32,0 13.4
% 3 0 3.7 34.0 3.0 4.1 2.8 4.0 3.6
g 4 9.6 8.6 18.1 8.0 2.2 3.3 20.9 0
5 8.6 2.0 41.8 10.7 12,2 13.1 16.7 0
o 1 68.0 55.2 72.4  57.3 96.0 81.3 71.9  §9.7
g 2 97.8 92.5 91.6  96.7 99.6  99.5 93.8  9s.8
< 3 39.6 86.3 100 95.7 100 99.1 96.5  98.5
£ 4 89.8 99.3 99.7 100 100 99.8  92.0  99.7
1 100 100 100 100 99.5  99.7 98.6 100
N 2 98.6 99.5 91.7  88.2 10.0  39.5 85.4  98.8
2 3 40.0 29.8 87.2  57.8 0 10.0 43.6  99.1
a4 38.1' 10.0 99.6 1.3 0 0 84.8 99.9
B 5 39.6 10.0 78.3  19.8 2.5 0  66.6 44,9
6 78.8 0 8.7 36.0 0- 0 18.2 80.4



l1es

Group BKPLB

Subject

9(5)  10(11) 11(4) 12(13) 13(2) 14(7) 15(12) 16(7) X
1.3 18.8 T 3.5 34.5 14.5 11.6 62.2 16.6
0 26.3 1.0 24.5 0 37.9 0 22.7 11.5
5.5 57.2 3.9 51.0 0 49.2 9.2 28.2 16.2
1.0 40.4 6.3 16.6 0 56.6 14.1  15.5 13.8
0 56.7 10.0 9.4 0 44.3 7.3  18.3 15.7
44,0 55.2 19.5 60.1 0 86.8 27.1  47.5 57.0
87.3 78.2 80.0 100 59.8 100 98.7 97.3 91.9
89.4 92.2 89.0 92,6 94.0 93.8 89.3 97.0 90.8
90.0 80.6 93.3 95.0 91.8 94.9 90.1 99.5 94,7
" 76.3 92.7 94.8 96.8 77.3 97.0 91.5 62.2 92.9
94,9 94.2 95.7 95,5 0 76.0 92.8 85.7 77.9
47.4 ° 95.6 86.1 95,3 9.3 51,2 50.5 49.3 53.6
56.6 95.4 82.7 95.3 0 39.3  80.3 50.0 52.1
56.1 94.8 92.4 66.2 67.3 46.3 87.2 100 54,5

75.8 91.6 73.2 66.0 70.0 13.3 51.8 59.0

45.8
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Appendix 3. Individual data (percent time on platform) for
Group BKPL for each baseline, training 1 and

training 2 sessions in Bxperiment 1.



Group BKPL

Subject
Session  1(5) 2(10) 3(11) 4(9) 5(2) 6(15) 7(16)  8(18)
1 2.1 1.0 5.5  36.7 0 7.4  36.6 9.7
o 2. 9.3 0 0 10.6 0 2.2 3.0 2.0
= )
% 3 53.1 0 0 8.9 0 8.8 0 1.3
5 g 54.3 0 7.5 3.5 0 9.5 0 36.5
5 31.8 8.7 14.4 18.8 7.0 28,0 1.8  42.6
L1 99.6 74.5 86.8 79.5 17.9 73.5 32.5  35.§
D g 89.8 98.5 98.8  99.5 100 90.3 98.2  46.5
o . .
-5 3 100 100 90.0  90.0 98.2 97.2 99.7 69.4
|91
Bq 9.9 98.8 89.8 99.8 99.0 83.1 100 69.4
1 88.4 89.9 89.6 99.5 99.7 94.4 9go.5 90.0
o 2 79.5 100 43.9  89.7 40.0  98.4 98.9 90.0
2 3 39.5 99.0 11.9 69.7 19.0 97.9 94,7 100
el ¢
-E 4 69.0 68.4 3.3 74.5 67.2  67.7 3.6 89.9
8
B 5 78.9 94,4 0 99.9 69.8  44.9 13,7 go.g
6 18.1  41.5 14.3  88.2 89.4  55.1 27.7 99.5
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Group BKPL
Subject

9(3) 10(12) 11(5) 12(6) 13(11) 14(1) 15(14) 16(8) X
4.6  57.7 0. 0 0 s2.7 9.7 16.4  15.0
2.3 24,8 0 0 0 0 8.8 41.0 6.5
1.3  35.8 0 4 0 0 41.6 41.9 12.1
0 29.9 75.1 0 0 6.6 23.0 24.2 16.9
6.4 17.9 35.4 0 0 4.6 11.6 28,5 16.2
53.0 69.1 98.5 0 14.8 172.8 89.2 88.3 67.1
76.5 96.8 95.3 26.3 52.8 89.5 96.5 94.5 B4.4
91.7 96.5 96.7 55,2 76.2 95,2 96.7 $6.5 90.6
94.7 89.4 96.2 75.8 84.2 95.7 96.7 94.8 89.7
92.7 95.2 95.8 85,2 67.2  85.2 95.3 94.5 91.4
47.0 95.4 92.5 86,7 9.7 95.8 96.5 77.2 77.6
60.8 96.2 52.5 9.8 25.8 93.3 86.0 64.2 69.2
76.6 86,6 0 96.5 9.5 18.7 76.5 45.3 55.4
81.0 79.6 0 97.0 28.7 65.7 45.0 20.5  57.0
556.7 84.6 2.3 96.0 0 54.8 84.7 19.8 52.0
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Appendix 4. Individual data (percent time on platform) for
Group UNP for each baseline, training 1 and

training 2 sessions in Experiment 1.



Group UNP

Subject

8(8)

(Session  1(1) 2(2) 3(3)  4(a) s(s) 6(6) 7(7)
1 3.2 0 44.2  60.7 4.8 5.3 3.3 12.2
o 2 2.2 0 21.7 32,9 0 0 2.8  30.2
a3 0 0 2.5 27.2 3.0 0 0 25.7
g 4 9.7 0 8.0 15.3 1.g 7T 10.2 - 11.5
5 12,2 0 14.7  17.0 0 4.2 20.8  37.8
L1 9.2 0 88.5 2.7 0  48.3 11.2 73.5
D2 5.2 0 74,0 94.7 0  54.7 46.2 4.2
g 4 54.0 0  93.7  93.0 0 96.2  73.0  46.5
& 4 36.5 0  93.3 g84.2 0 93.5 82.2  16.7
1 88.5 0 78.0 91.8 0 93.2 93,0 0
N 2 84.9 0  93.1 94.0 0 83.9 93,1 9.0
> 3 94,4 0  89.6 93,7 0 94.6 91.5 9.2
:g 4 3.3 0  94. 94.8 0  94.6 92.3 g3.2
& 5 91.4 0 92,9 o93.5 0 94.1 94.4  36.3
6 94.3 0 93.2 94,0 0 85.4 94.6  93.4
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Group UNP

Subject

9(9) 10(10) 11(11) 12(12) 13(13) 14(14) 15(1) 16(10) X
1.0 0 0 0 50.2 1.5 23.1  10.5 13.8
2.8 0 0 25.8 50.7 0 6.7 28.3 12.8

10.3 0 19.0 13.5 60.7 0 11.2 78.8 15.7
7.8 0 20.0 4.8 53.3 0 26.5 11.2 11.3
5.5 0 5.7 0 11.8 0 60.3 4.0 12.1

35.7 ' 17.2 7.7 7.5 34.0 79.0 36.7 10.0 32.9

83.3 5.2 53.2 15.8 39.2  94.0  90.0 0 51.2

90.7 84.0 79.7 41.5 75.3  94.3 20.3 99.3 65.1

94.0 65.8 84.0 6.8 84.3 94.5 38.2 100 60.9

84.2 56.3 93.7 0 83.2 94.7 99.8 92.2 66.5

0 93.6 84.6 0 85.6 94.9 81.8 95.8 62.1
0 85.0 94,1 0 84.4 94.9 100 98.7 64.4

39.2 94.8 92.4 0 85,0 94.6 100 100 73.1

45.5 28.6 94.7 0 66.4 94.6 100 100 64,5

84.4 75.1 94,2 0 93.1 94.9 100 100 74.8
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Appandix 5. Individual data (percent time on nlatiorm) Ffor
Group RAND for each baseline, training 1 and

training 2 sessions in Experiment 1.



Group RAND

Subject
Session 1(1) 2(2) 3(3) 4(4) 5(5) 6(6) 1(7) 8(8)
1 56.3 .5 .2 54.5 .6 1.3 .3 15.8
o 2 52.5 10.8 12.2 33.3 4.8 1.7 1.0 6.7
=
a3 33.2 23.3 29.8 21.0 11.8 14.2 54.2 4.8
[1]] .
3 4 19.8 32.5 27.5 7.3 7.7  37.5 25.8 4.2
5 25.5 21.8 21.0 25.0 5.7 26.7 16.0 6.8
Lt 83.7 68.7 27.7 20.3 5.2 82.5 68.5 27.0
B 2 66.7 86.5 42.8 100 7 16.7 25.8 28.8
|
.5 3 58.8 99.2 80.0 70.0 .2 69.8 T 98.5
8 4 90.2 80.0 79.7  99.8 0 96.0 72.3  88.2
1 99.7 100 77.3 100 10.0 99.8 93.0 96.7
N 2 99,5 100 60.7 90,0 0 100 29.7 76.8
o 3 99.8 39.8 90.0 10.0 0 90.0 5.7 0
i
.5_ 4 100 10.0 56.0 10.0 0 96.3 3.7 10.0
e 5 99.3  10.3 43.2 0 0 98.7 13.5  50.0
6 4.8 30.2 45.8 0 0 99,8 9,8 39.5



1y

Gfoup RAND

Sub,ject

92.0

10.0

2.3

9(9) 10(10) 11(11) 12(12) 13(5) 14(2) 15(3) 16(4) X
7.1 3.7 2.5  16.7 0 28.3  47.5 4.7  15.0
4.5 1.2 5.2 3.0 0 85.8 36.7 5.3  16.5 -
7.0 3.3 7.7 58,7 13.0 96.7  10.8 40.5  26.9
6.8 3.7 17.2 19.5  14.2 72.8  42.3 60.3  24.9

24.0 2.3 20.7 21.2  17.2 79.8  47.8 65.5  26.7

89.3 69.8 4.8 78.7  75.2 75.0  75.7 59.7  57.0

80.5 56.8 24.7 99.0  90.0 92.8 99.2 46.5  59.8

100 99.7 76.3 66.7 100 79.8 99,5 55.3  72.2

89.8 100 100 83.5 100 98.0  98.8 69.7  84.1

100 - 59.7 100 78.7 100 100 100 78.2  87.1

0 o o 30.5 100 99.8  78.3 69.7  58.4

0 0 0 1.2 70.0 99,0 2.8 100 38.0

0 o0 0  28.5 74.0 100 .7 12.5  31.4
o 0. .2 38.2  49.2 100 1.7 77.3  36.4
o 0 100 100 39.7

38.7
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Appendix 6. Summary of the statistical analyses made on
baseline, training 1l and training 2 data in

Experiment 1.
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Baseline
Source. 8s DF M3 F
A 4817.77 4 1204.44 1.21463
S.WQ 74371.2 75 992.616
B 2007.85 4 501.963 2.48086
AB 2352.9 16 147.056 .726798
BS.WG 60700.3 300 202.334
P(FA) =  .311245
P(FB) = ,0432853
P(FAB) = .766878

Training 1
Source 89 DF MS F
A 45557.8 4 11389. 4 7.70495
S.WG 11086.5 75 1478.2 )
B 41822 a 13940.7 43.6548
AB 5905.26 12 492,104 1.54101
BS.WG 71851.3 225 319.339
P(FA}) = 1.011858-04
P(FB) = 1.74135R-09
P(FAB) = ,110595

Training 2
Source a3 DF MS F
A 23574.3 4 5893.56 1.27707
S.WG 346119 75 4614,92 )
B 75009.9 5 15002 30.4324
AB 36752.3 20 1837.61 a,7277
B3.WG 184860 . 875 492.961
P(FA) = ,285844
P(FB) = 4,36599E-10
P(FAB) = 5.7104E-0§
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Appendix 7. Individual data (percent time on platform) [or
Group BK1l for each baseline, training 1 and

training 2 sessions in Experiment 2.



lel

Group BK1
Subject

Session  1(1) 2(2) 3(3)  4(8) (1) 6(6) 7(3)  8(4) X
1 6.7 3.3 6.7  23.3 0 10.0  40.0 8.3 12.3
. 2 8.3 3.3 0 35.0 0 6.7 0 . 96.7 18.8
A3 0 0. 3.3 100 0 0 98.3 83.3 35.6
8 0 0 0 96.7 0 6.7 100 28.3  29.0
" s 0 1.7 3.3 78.3 0 3.3 68.3  80.0 29.4
1 0 1.7 0 3.3 0 0  36.0 1.7 5.2
.2 0 0 68.3 0 1.7 36.7 53.3  98.3 32.3
-y 0 0 20,0 1.7 0 0 100 0 15.2
£ 4 e o o o 0 0 58.3 0 7.3
E? ‘s' b'r 1.7 8.3  176.7 0 0 26.7 0 14.2
T s 0 100 100 0 18.3 0 100 93.3  51.5
7 5.0 0 100 0 11.0 6 60.0 32.0 26.0

1 0 0 88.3 0 3.3 0 100 0 24.0
2 0 5.0  96.7 0 0 0 48.3 0 18.8

~ 3 o o 0 0 0 0 100 0 12,5
g 4 0 0 1.7 0 0 0 1.6 0 .4
g 5 0 0 98.3 0 0 0 o 0 12.3
© g 0 0 38.3 0 0 0 0 0 4.8

7 0 0 0 0 0 0 0 0 0
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Appendix 8. Individual data (time spent on platform) for
Grouo RD1 for each baseline, training 1 and

training 2 sessions in BExperiment 2.



Baseline

Training 1

Training 2

183

Group RD1
Subject
Sesaion 1(5) 2(6} 3(7) 4(4) 5{5) 6(2) TN 8(8) X
1 0 0 60.0 0 21.7 23.3 46.7 19.0
2 0 0 93.3 (] 23.7 8.3 80.0 25.7
3 0 0 6.7  98.7 (i} 91.7 10.0 13.3  27.8
4 0 3.3 71.7 0 93.3 8.3 48.3  28.1
5 0 3.3 85.0 0 70.0 5.0 100 32.9
1 3.3 3.3 5.0 75.0 0 100 21.7 8.3 26.5
2 0 0 0 90.0 0 38.3  86.7 50.0 34.0
3 31.7 0 0 85.0 70.0 §6.7 100 85,0 49.6
4 0 0 (i} 93.3 0 98.3  93.3  90.0 51.5
5 0 0 0 98.3 0 100 100 70.0  46.0
6 0 0 0 100 0 0 100 100 37.5
7 5.2 0 0 100 0 0 60.0 §7.0 27.1
1 0 0 o 16.7 0 0 100 100 27.1
2 0 0 0 0 0 0 100 100 25.0
3 0 0 0 ) 0 6.0 100 100 25.6
4 0 0 0 0 o §5.0 15.0 100 21.3
5 0 0 0 0 0 3.3. 100 100 25.4.
6 0 0 0 0 0 0 100 100 25.0
7 0 0 0 0 0 0 0 78.3 9.8
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Appendix 9. Individual data (percent time on platform) for
Group BKS for each paseline, training 1 and

training 2 sessions in EBExperiment 2.



Baseline

Training 1

Training 2

185

Group BKS
Subject
Session  1{9) 2(10) 3(11} 4(12) 5(9) 6(10) 7(11) 8(12) X
1 0 16.0 1.3 21.3 3.3 28.0 11.3 11.3  11.6
2 1.7  51.0 1.0 3.0 70.7 37.0 2.0 20.0 23.3
3 1.0 30.3 3.3 5.7 8.3 12.3  12.0 28,3 20.2
4 3 12,7 2.7 5.0 54.3 29,7 5.7 38.0 18.7
5 1.7 12.7 2.3 6.7 40.7 3.7  35.3 24.3  15.9
1 0 13.7 2.0 76.3 100 22,1 0 8.3  32.5
2 53.0 45.0 93.0 75.0 100 31.0 39.7 80.0 60.7
3 100 79.3 75.3 98.7 100 0 77.3 79.3  76.2
4 33.3 100 99.4 100 100 0 17.3 100 68.8
5 0 100 80.0 60.0 100 0 100 100 67.5
6 33.0 80.0 94.7 80.0 100 0 86.0 100 71.7
7 54.7 40.0 100 60.0 100 0 99,7 99.7 69.3
1 40.0 20.0 98.7 100 100 o 80.0 99.7 §7.3
2 37.3  60.0 60.0 80.0 94.0 0 100 100 66.4
3 0 47.7 80.0 100 97.0 0 80.0 100 63.1
4 0 39,3 60.7 100 20.0 o 60.0 78.7 44.8
5 0 0 28.0 100 0 100 40.0 60.0 41.0
6 19.7 0 ¢ 93.0 0 97.0 0 19,7 28,7
7 0 96.3 0 80.0 0 99.0 18.3 15.0 38.6
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Appendix 10. Individual data (percent time on platform) for
Group RDS for each baseline, training 1 and

training 2 sessions in Bxperiment 2.
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Baseline

Training 1

Training 2

Group RD5
- Subject
Seasion 1(13) 2(14) 3(15) 4(16) 5(13) 6(14) 7(15) 8(16) X
1 3.3 2.7 0 11.3  10.3 5.7 10.0 26.3 8.7
2 0 2.3 7 13.3 64.7 1.0 0 34.3  14.5
3 1.3 - 7.0 10.0 25.0 .80.3 1.0 19,0 10.0 19.2
4 10.0 9.7 3.3 19.7 52.3 5.3 56.7 32.0 23.6
5 5.3 46.0 5.0 30.3 35,3 28.0 32.7 18.0  25.1
1 .7 41.3 54.3 . 20.3 98.7 9.0 42.0 6.0 34.0
2 .7 80.0 58.0 1.0 100 60.0 17.3 20.0 42.1
3 .3 0 10.0 0 40.0 66.7 19.3 0 17.0
4 1.3 55.7 99.3 0 75.0 59.0 20.0 0 38.8
5 1.7 40.0 100 1.0 71.7 80.0 0 0 36.8
6 0 80.0 60.0 1.3 19.3 80.0 0 17.3  32.2
7 2.3 60.0 78.7 1.7  29.7 91.7 0 0 33.0
1 0 40.0 100 0 18.0 95.7 13.0 0 33.3
2 2.0 20.0 0 11.6 20.0 59.7 0 0 15.9
3 2.0 24.0 7 5.3  49.3 99.7 14.0 0 24.4
4 2.3  36.0 11.3 4.3 20.0 80.0 0 0 19,2
5 13.3  97.0 1.2 3.0 3a7.3 80.7 .7 0 29.9
8 16.0 11.0 16,3 11.3 25.7 20,0 7 0 11.9
7 12.3 5.7 5 6.3 80.0 0 0 13,3

1.3



188

Appendix 1l. Individual data (percent time on platiform) for
Group BK1l0 for each baseline, training 1 and

- training 2 sessions in Experiment 2.



Baseline

189y

Training 1

Training 2

Group BK10
Subject
. Seagion 1{(1) 2(2) 3{3) 4(4) 5(5) 6(6) 7(7) 8(8) X
1 1.3 2.3 32.5 12.3 0 +5 6.5 0 6.9
2 «7 10,8 31.7 1.9 0 14.8 2.3 0 7.8
3 +5 8.3 8.8 1.7 .8 7.3 2.0 ] 3.7
4 0 1.7 1.3 0 4.8 14.8 1,6 2.8 3.4
5 0 2,2 6.7 1.8 0 27.2 0 2.3 5.0
1 65.0 37.7 g86.8 76.5 13.7 89.8 87.8 8.2 71.9
2 80.0 95,8 99.2 93.3 96.8 T7.8 82.0 lao 90.6
3 100 99.3 90.0 100 97.5 94.8 97.0 96.3 96.9
4 100 100 100 100 99.0 79.3 100 87.2 95.7
5 100 90,5 io0¢ 87.2 9a.7 100 100 100 8.3
6 100 95.8 97.8  92.3 97.0 98.2 100 100 97.6
7 100 100 i00 98.3 100 i00 100 98.0 99.5
1 100 96;2 87.8 95.2 g4.0 100 100 100 97.9
2 99.3 100 100 88.7 100 lo0 99,8 98.3 99.5
3 100 78.7 100 97.7 92.7 66.2 78.7 8%.0 87.9
4 59.8 41.3 89.8 100 96.7 100 97.3 35.0 177.5
6 - 96.2 15.3 19.8 100 99.5 lo0 99.7 .7 66.4
6 16.2 60.5 0 100 4.0 100 57.3 1] 44.6
7 72.0 33.8 €0.0 88.8 29.0 100 46.3 5 53.8
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Appendix 12. Individual data (percent time on platform) for
Group RD1U for each baseline, training 1 and

training 2 sessions in Experiment 2.
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Baseline

Training 1

Training 2

Group RD10
Subject
Session  1(1) 2(2)  3(3)  4(4) 5(5) 6(6) (1)  8(8) X
1 0 1.7 17.7 1.0 1.0 .5 0 3.5 3.2
2 S 4.2 T 10.2 .5 4.8 0 11.8 4.1
3 8 142 1.7 0 41.0 6.8 ) 12,7 9.7
4 17.6 3.2 .5 7.3 14.8  £0.7 5 22,0 15.8
5 84.7 1.0 2.5 22.3 5.7  23.2 o 27.2  20.8
1 12.2 35,7 1.0 8 10,7  60.8 3.2  79.7 25.5
2 .7 83,2 0 4.2 67.7 99.8  90.0 94.0 55.0
3 1.2 99.13 0 0 80.7 81.2 0 59.0 41.4
4 0 99.2 0 0 100 90.0 3.3  69.5 45.3
5 29.3 39,5 .3 0 100 100 0 80.0  43.6
6 0 95.7 .3 8.0 100 80.0 7.5  80.0 46.4
7 o 100 0 0 100 100 28.8  79.5 51.0
1 0 90.0 2.2 0 100 100 10.0 100 50.3
2 0 90.0 2.2 0 90.5 0 10,0 41.3 29.3
3 .8 90,0 0 4.7 29.8  10.3 2.0 44.5 22.8
4 3.2 80.0 0 1.0 3.2 0 3.5  14.5 14.4
5 0 90,0 0 T 15.7 7.0 1.5 0 14.4
6 0 89,5 0 0 0 .3 0 4.7 11.8
7 .7 99,2 0 1.3 ) 28.2 ) 0 16.2
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Appendix 13. Summary of the statistical analyses made for
Group BK1l and Group RD1l on baseline,
training 1 and training 2 data in

Experiment 2.



Baseline

Source 83 DF M3 F
A 53.488 1 53.488 +0100997
S.Wa 74144.3 14 5296.02
B 2976.55 4 T44.138 1.63789
AB 626.41 4 156.603 . 34469
BS.WG 25442.4 56 454.328
P(FA) = «918161
P{FB) = «176556
P{FAB) = +847364

Training 1
Source 88 DF MS F
A 8295.48 | 8295,.48 1.20342
S.NG * 96505.8 14 6893.27
B 6997.06 6 1166.18 1.7601
AB 10894.1 6 1815.68 2.74038
BS.WG 55655.5 84 662.565
P(FA) = ,291321
P(FB) = .116651
P(FAB) = .0174742

Training 2
Source 83 DF MS F
A 4273.09 1 4273.09 .642588
3.WG 93097.3 14 6649.81
B 4667.39 6 777.898 1.78837
AB 1054.84 6 175.807 «+404175
BS.WQ 36538,1 84 434.977
P{FA) = ,55851
P(FB) = ,110654
P{FAB) = ,874672
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Appendix 14. Summary of the statistical analyses made for
Group BKS and Group RD5 on baseline,
training 1 and training 2 data in

Experiment 2.



Baaeline
Sourace S8 DF Ms F
A 1.871 1 1.871 1.66197E-03
S.WG 157581.6 14 1125.83
B 1307.38 4 J26.848 1.57766
AB 774.551 4 193.638 +934667
BS.WG 11601.7 56 207.173
P(FA) = «. 966992
P{(FB) = «191932
P(FAB) = «547809

Training 1}
Source 88 DF M3 F
A 25555.4 1 25555.4 4.10674
3.WG B87119.3 14 6222.81
B 4808.41 6 801.401 1.45192
AB 8636.69 § 1422.78 2.5777
BS.WNG 46364.5 84 551.958
P{FA) = .0596504
P(FB} = .204052
P(FAB) = ,0240101

Training 2
Source S8 DF MS F
A 23661.1 1 23661.1 6.02029
3.WG 55023,1 14 3930.22 '
B 10273.8 6 1712.29 2.01739
AB 4606.08 6 767.68 «804465
BS.WG 71296.4 84 848.767
P(FA) = .0264865
P(FB) = .0716358
P(FAB) = .50309¢
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Appendix 15. Summary of the statistical analyses made for
Group BK10 and Group RD10 on baseline,
training 1 and training 2 data in

Experiment 2.
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Bageline
Source 88 DF MS F
A 205.119 ;| 205.119 2.512517
S.WG 1142.92 14 81.6374
B 238.563 4 59.6406 «982425
AB 467.205 4 116.801 1.924
BS.WG 3399.62 56 60.7076
P{FA) = 132273
P(FB) = +5742
P{FAB) = «118174

Training 1
Source S8 DF MS F
A 24114.2 1 24114.2 11.7503
S.WG 28731.2 14 2052,23
B 2757.27 6 459.544 §.39831
AB 380.719 6 63.4531 «74539
BS.WG 7150.7 84 85.1274
P(FA) = 4.26193E-03
P{FB) = 2.09824R-04
P{(FAB) = .616538

Training 2
Source 88 DF M3 F
A 27944 1 27944 17.6767
S.Wa 22133 14 1580.93
B 9316.91 6 1562.82 B8.34157
AB 1754.17 6 292.362 1.57054
BS.WG 15637 84 186.154
P(FA}) = 1,15628E-03
P(FB) = 8.84898E-06

P(FAB)

«165162
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appendix 1l6. Individual datal(percent time on platform) for
Group BKI1U, Grbup BKS and Group BKl for each of
the first seven trials of training 1 in

Experiment 2.
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Percantage of time spent on platform

.

Group Rat 1 2 3 4 ] 6 7
1 0 0 10 T0 100 100 78.3
2 1] 13.3 0 0 38.3 100 0
3  16.7 51.7 100 100 100 100 100
4 0 0 70 100 100 95 100
BK10Q 4] 10 0 8.3 100 100 100_ 100
6 0 100 100 100 100 100 100
7 18.3 60 100 100 100 100 100
a Q t0 0 (1} 85 100 100
X 4.4 29.4  56.0  71.3 - 96.7  99.4  g4.8
9 100 100 100 100 100 100 100
10 0 0 0 66.7  88.3 0 0
11 0 0 0 0 0 0 0
BK5 12 0 95 0 0 96.7 0 100
5(9) 0 0 0 0 0 0 0
6(16) 60 1.7 0 6.7 0 0 0
7(11) 1.7 o 0 0 8.3  Bl.7 100
8(12) 3.3 78.3 100 100 95 88.3 75
X 20.6 34.4 25.0 34.2 18.5 33.8 16.9
1 0 0 0 0 0 0 0
2 1.7 0 0 0 1.7 100 0
3 0 68.3  20.0 0 8.3 100 100
4 3.3 o 1.7 0 76.7 0 o
BK1 5 0 1.7 ) 0 0 18,3 11,0
6 0 6.7 0 0 0 [}] 0
7 36.0 63.3 100 58.3 26,7 100 60.0
8 1.7 98,3 0 0 0 83,3 32,0
X 5.2 32.3  15.2 7.3 14,2 51.5  25.4
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Appendix 17. Summary of the statyistical analyses made for
Group BK1l0, Group BKS and Group BKl on the
first seven trials of training 1 in

BExperiment 2.
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SOURCE Ss DF MS F

A 50958.6 2 25479.3 " 4.86526
S.WG 10997.7 21 5236.99

B 42990.7 6 7165.11 9.02914
AB 34540.7 12 2878.39 3.62721
BS.WG 99987.8 126 793.554

P(FA) = .0179968

P(FB) = 2.85B06E-06

P(FAB)

2.31261E-04
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appendix 18. Individual data (percent time cn platform) for
Group BK5 and Group BK10 for the first thirty

trials of training 1 in Experiment 2.



Subject

Group Session 1(9) 2(10) 3(11) 4(12) 5(9) 6(10) 7{11) 8(12) X
1&2 26.5 29.4 47.5 75.2 100 26.6 19.9 59.2 48.0
BK5 3 & 4 66.7 89.7 87.4 99.4 100 0 47.3 89.7 72.5
5&6 16.5 90.0 87.4 70.0 100 0 93.0 100  69.6
1 65.0 37.7 86.8 76.5 73,7 89.8 87.8 58.2 71.9

BK10 2 80.0 95.8 99.2 93.3 96.8 77.8 82.0 100  90.6
3 100 99.3 90.0 100 92.5 94.8 97.0 96.3 96.9
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Appendix 19. Summary of the s;atistical analyses made for
Group BK5 and Group BK10 for the first thirty

trials of training 1 in Experiment 2.



205

SOURCE S8 DF MS F

A 6391.75 1 6391.75 4.84094
S.WG 18484.9 14 1320.35

B 5382 2 2691 8.33574
AB 171.969 2 85.9844 2.66348
BS.WG 9039.16 28 322.827

P(FA) = .0429972

P(FB) = 1.76444E-03

P{FAB)

« 771317
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Appendix 20. Individual data (percent time on platform) for
Group BKav for each baseline, training 1

and extinction sessions in Experiment 3.



Baseline

Extinction

207

Training

Group BHav
Subjeot
Sesaion 1(1) 2(10) ~ 3(3) 4{12) 5(13) 6{14) 7(15) 8(4) X
1 2.0 0 0 39.0 1.0 7.5 0 26.0 9.4
2 8.5 0 1.0 26.5 0 6.5 0 28.5 8.9
3 2.5 1.5 6.0 27.0 1.0 7.5 0 22.0 8.4
4 4.0 2.5 9.0 36.0 3.0 29.5 4.0 43.0 16.4
5 2.0 () 15.5 26.5 2.0 9.5 4.0 48.5 13.5
6 2.0 7.0 21.0 21.5 5.0 8.0 7.5 40.5 14.2
1 96.8 41.0 95.7 83,5 67.9 46.1 2,1 §0.6 61.7
2 90.2 95.9 98.5 100 100 61.8 7.5 84.4 79.8
3 95.3 100 97.9 89.6 99.4 77.4  44.6 99.4 88.0
4 89,9 100 100 98.9 94.2 87.4 66.3 78.4 89.4
5 82.2 100 100 94,8 95.8 79.4 61.9 89.9 88.0
6 71.7  99.0 98.4 97.4 93.8 65.0 47.5 88.7 82.7
7 95.1 100 100 96.4 100 71.3 25,9 98.2 B5.9
1 88.5 100 95.3 96.4 82.7 70.3  29.2 65.4 82,2
2 99.5 100 84.2 98.4 94.2 39.5 7.4 64.7 178.5
3 656.6 86.9 59.4 97.4 87.4 . 29.8 14.7 61.8 73.5
4 48.2 84.3 63.9 87.4 85.3 26.1 22.5 75.4 62.8
5 29,2 178.4 67.8 . 93.6 31.1 54.1 6.6 64.3 61l.5
6 65.8 70.7 82.1 95.7 80.3 95.3 17.6 78.8 53,1
7 32.5 23.7 80.4 79.9 38.5 91.8 24.6 74.9 73.3
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Appendix 21. Individual data (percent time on platform) for
Group BKshlg for each baseline, training 1

and extinction sessions in Experiment 3.



Training Baseline

Extinction

Group BKshlg

Subject
Searlon  1(9) 2(2) 3(11) 4(16) 5(5) 6(6) (7}  8(8) X
1 .5 o 0 2.5 0 1.5 0 49.5 6.8
2 1.0 0 o o .5 8.0 6.0 27.0 5.3
3 16.0 10.0 1.5 (Y 11.0 7.0 8.5 28.5 10.3
4 36.5 1.0 0 0 36.5 44.5 2.5  31.0 18.9
5 41.5 0 0 4.5 20.0 25,0 8.5 42.5 17.8
6 26.5 2.5 1.5 36.0 15,5  28.0 3.5 13.0 15.8

1 87.6 0 11.9 43.3 86.4 7.0 84.3 69.6 57,5
2 91.2 H 42.7 1.9 768.7 80.0 100 92.1 170.5
3 78.9 0 68.6 98.9 B86.8 100 17.6 68.1 64.9
4 83.4 0 19.7 58.0 88.9 100 3.2 ?9:? 54.1
5 91.1 0 0 100 53.2 100 0 62,6 50.9
6 82.3 0 0 80.2 22.2 84.7 o 39.2 38.6
7 98.9 5.9 0 9g.8 2,1 100 0 30.9 41,0
1 94.4 2.6 20.9 87.8 20.5 97.4 0 27.4 43.9
2 100 14.1 17.1 85.9 11.5 80.1 29.8 26.7 46.9
3 93.7 3.1 38.7 90.6 33.5 71.2  217.2 58.6 52,1
4 78.4 50.0 30.5 88.4 65.4 51.9 7.0 74.6 55.8
5 Bl.3 48.2 57.7 178.6 40.1 23.9 13:2 56.9 49,7
6 72.2 52.9 59.9 86.8 22.7 70.2 3.5 66.7 54.3
T

60.6 61.7 73.1 70.5 25.0 34.0 10,1 558.9 48,9
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Appendix 22, Summary of the statistical analyses made for
Group BKav and Group BKshlg on baseline,
training 1 and extinction data in

Experiment 3.



Baseline
Source 88 DF MS F
A 7.033 )| T.033 8.08328E-03
8.%WG 12181,3 14 870.093
B 1558.27 5 311.655 J.BEBEA
AB 171.249 5 34.2498 425151
BS.WG 5639,15 70 80.5592
P{FA) = «927012
P(FB) = 4.04489E—03_
P{(FAB) = .830773
Training
Source 88 DF M8 F
A 22401.8 1 22401.8 4.15
3.WG 755717 i4 5398.36
B 4517.25 6 752.75 2.22246
AB 6500 6 1083.33 3.18357
BS.WG 28584.3 84 340.289
P{FA) = 05848
P(FB) = +04909
P{(FAB) = 7.47112E-03
Extinction
Source 88 DF MS F
A 6522.34 1 6622.34 1.65047
S.Wa 56325.4 14 3951.82 '
B 1989.59 6 331.599 +896161
AB 3350.037 6 §58.339 1.50894
BS.WG 31081.8 84 370.022
P{FA) = +217937
P{FB) = 502773
P(FAB) = +18445
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appendix 23. Individual data (suppression ratio) for
Group BK, Group fD and Group RD for each
baseline, test 1 after completion of
training 1, and after 1, 2, 3, and 4 days

of training 2 sessions in Experiment 4.
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Bagseline Training 1 Training 2
Group Rat Day After After Day

1 2 3 Completion 1 2 3 4

1 .38 .29 +43 «40 +21 + 26 .05 +15

2 «37 .49 +46 «39 47 .38 «35 .02

3 34 «39 .48 40 «43 «33 .31 +40

8 +40 «53 .50 42 +44 «36 +10 .02

BK 8 <13 42 .30 «42 .18 +J0 «26 .11
18 +49 «29 «37 4B «31 +53 .01 «40

15 .34 .43 .46 .38 «13 .38 21 .21

16 <44 «43 «51 42 .41 «36 «10 .09
X + 29 42 +45 42 «35 +35 « 20 22

21 .35 «50 «37 0 «18 .09 «30 «27

6 +20 «31 +46 +02 +25 0 «13 0

7 .05 + 20 «25 .18 o 0 +03 0

4 .38 « 49 <46 0 .01 .04 .11 .31

FD 13 .32 .48 .41 .01 23 .01 ,01 .17
22 +37 .38 +49 «11 N «34 07 .11

23 .49 .45 .51 0 0 19 .14 .17
24 + 26 +38 47 .10 34 «37 «20 14
X «30 +40 «43 .06 +16 +15 14 «22

9 .39 .29 - 48 +49 ..50 31 +46 «46

10 + 25 «42 «49 04 + 34 .08 .05 »01

11 40 .42 .37 .30 0 0 .02 .23

12 +48 44 47 +43 «39 «43 42 31

RD 17 34 «43 ° .43 + 36 _«18 «40 24 «40
14 .30 40" .49 «+40 «35 36 .27 o

19 +43 51 «46 +45 .38 «37 «41 « 37

20 .37 .42 .45 «45 «39 .23 .12 .36

X +38 «42 46 38 +35 «31 .30 31
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Appendix 24. Summary of the statistical analyses made tor
Group BX, Group FD and Grcup RD on suppression
ratio data in baseline, training 1 and

training 2 in Experiment 4.
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SOURCE Ss DF MS F

A .659938 2 + 329969 8.6896
S.WG 79743 21 .0379729

B .976299 5 .195286 16.7404
AB +470813 10 .0470813 4.03645
BS.WG 1.22472 105 011664

P(FA) = 2.09134E-03

P{FB) = 1.23748E-07

P{FAB)

2.23455E-04
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appendix 25. Individual data (latency periods) for
Group BK, Group FD and Group RD for test 1
after completion of training 1 in

Experiment 4.
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Latency Periods {in secondas)

Group Rat First Sacond Third Fourth Fifth
1 440.5 24.0 30.0 76.0 20.0
2 766.0 66.5 20,5 21.5 22,0
a 1006.0 104.5 20.0 20.0 25.5
8 200.5 358.5 20.0 20,0 20.0
BK 5 341.5 37.0 46.0 28,0 66.5
18 250.5 36.0 20.0 60.5 20.0
15 471.0 36.5 20.0 26.6 20.0
16 128.0 223.0 20.0 20.0  104.0
X 449.2 110.8 24.6 34.1 37.3
21 331.0  152.5  216.5 150.5  122.0
6 316.5 111.0  140.0 160.0 98.5
7 111.0 62.5 62.6 43.5 54.0
4 432.5 324.5 90,5 122.5  164.5
FD 13 363.5 222.5  214.5 129.0  177.5
22 605.5 108.5  102.5 44.5 64.5
23 166.0 222.5  318.0 162.5  201.0
24 182.0 233.5  127.6 53.0  138.5
X 13,4 179.7  159.0 107,0  127.6
9 62.0 205.0 28.5 20.0 20.0
10 440.0 49.0 155,5 33.0 65.0
1 460.5 67.5 27.0 54.0 47.0
12 171.0 20.0 20.0 92.5 20.0
RD 17 44.0 1.0 30.5 26.0 20.0
14 48.0 26.0 20,5 20.0 53.5
19 99.0 60.0 120.0  130.0 20.0
20 63.0 5.5 70.0 30.0 72.0
X 173.4 66.8 59.0 50.7 39.7
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appendix 26. Individual data (latency periods) for
Group BK, Group FD and Group RD for
test 1 after 1 day of training 2 in

Experiment 4.

v VT P T S R P T TR T

r—

e e s e

oo e Lot A




219

Latency Periods {(in seconda)

Group Rat Firat Second Third Fourth Fifth
1 89.5 42.0 35.0 74.0 20.5

2 204.5 66.0 20.0 75.0 61.5

3 56.0 40.5 42.0 25.5 51.5

8 389.0 20.0 74.0 171.5 203.5

BK 5 113.5 93.5 20.0 44,5 43.5
13 154.0 176.5 25.5 114.5 20.0

15 189.5 111.5 23.5 20.0 30.0

16 1084.0 25.0 20.0 169.0 20.5

X ) 285.0 71.9 32.5 86.8 56.4

21 51.0 67.5 ai.0 187.5 65.0

6 18.5 47.0 38.5 38.0 39.0

7 11.0 130.0 3a18.0 500.0 255.0

4 13.5 126.0 133.0 122.5 306.0

FD 13 68.0 101.0 32.0 63.5 48.5
22 341.5 106.5 159.0 88.5 86.5

23 J449.5 150.0 326.5 201.5 211.0

24 140.5 169.5 58.0 24.5 20.0

X 124.2 117.2 137.0 153.4 128.9

9 30.5 47.0 20.0 48.0 116.5

10 504,56 80,5 26.5 51.0 20.0

11 B43.5 194.5 429.5 70.0 327.5

12 437.5 20.0 110.0 20.0 104.0

RD 17 91,0 256.0 71.5 53.5 al1.o
14 614.0 35.0 63.5 48.0 20.0

19 74.5 38.5 29.5 20.5 49,6

20 65.0 20.5 20.0 20,0 20.0

X 332.6 67.6 96.3 42.6 86.9
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Appendix 27. Individual data (latency periods) for
Group BK, Group FD and éroup RD for
test 1 after 2 days of training 2 in

Experiment 4.



221

Latenoy Pericds (in seconda )

Group Rat Firat Second Third Fourth Fifth
1 65.5 151,56 144.0 84.5 46.5

2 305.0 43.0 28.0 20,0 38.0

3 313.5 35.5 81.5 47.5 49.0

8 329.0 29.5 54.5 79.0 78.0

BK 5 30.0 38.0 39.5 67.5 47.0
18 96.5 - 20.0 20.0 20.0 20.0

15 70.0 31.0 59.5 al.5 20,5

16 135.5 42.5 ' 174.6 157.0 142.0

X 168.6 48.9 75.2 62.1 55.1

21 2958.0 106.0 51.0 50.6 57.5

6 266.0 132.5 124.0 52.0 58.0

7 176.5 224.5 88.0 66.0 186.0

4 209.5 115.5 120.5 58.5 §0.5

ED 13 236.0 142.6 105.0 102,0 62.0
22 145.56 53.5 45.5 20.5 67.0

23 156.0 50.5 §3.5 93.0 31.0

24 83.5 131.5 33.5 20.0 61,5

X 196.4 119.4 77.6 67.8 71.7

9 36.5 77.5 34.5 35.5 54.0

10 276.0 305.0 566.5 399.5 182.5

11 438.5 205,5 220,5 151.5  357,0

12 166.5 20.0 20,0 30.0 20.0

RD 17 65.0 25.5 64.0 30.0 25.0
14 100.5 35,56 20.0 30.5 20,0

19 42,5 22,0 20,6 20,0 20.0

20 71.5 26,5 68.0 J1.5 118.0

X 148.3 8%.7 126.8 81,1 99.86
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Appendix 28. Individual data (latency periods) for
Group BK, Group FD and Group RD for
test 1 after 3 days of training 2 in

Experiment 4.
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Latency Perioda (in seconds)

Group Rat Firat Second Third Fourth Fifth
1 90.0 115.5 129.0 73.0 77.0

2 111.5 100.0 56.0 20.0 35.5

3 158.0 33.0 30.5 25.0 20.5

8 249.5 82.0 184.5 257.0 261.0

BK 5 25.5 50.0 43.5 47.0 32.0
18 447.5 81.6 28.5 51.5 233.5

15 50.0 20.0 23.5 20.0 40.0

16 214.5 86.0 111.0 71.0 60.5

X 168.4 72.3 75.8 70.6 95.0

21 34.0 148.0 27.5 30.0 33,0

6 103.5 53.5 54.5 61.0 31.0

7 44.5 194.0 82,5 - 145.0 399.0

4 118.5 79.5 32.5 43.0 31.5

FD 13 97.5  100.5 89.0 33.5 58.0
22 116.5 204.5 168.0 90.0 101.0

23 - 216.0 74.5 35,5 69.5 56.5

24 148.0 40,5 50.5 28,0 20.0

X 109.8 111.9 67.5 62.6 91,1

9 27.0 29,5 23.5 36.0 20,0

w0 16,5 365.5 153,0 140.0 116.5

11 316.5 492.5 74.0 425.5 59.0

12 126.5 - 29,0 46.5 34,5 73.0

RD 17 34.0 43.5 43.0 37.5 62.0
14 74.5 42,0 29.5 58.0 125.5

19 55,0 30.5 8.5 25.6 30.0

20 117.0 41,5 . 145.5 55.0 52,0

X 133.4 134.3 69.2 101.5 67.3
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Appendix 29. Individual data (latency periods) for
Group BK, Group FD and Group RD for
test 1 after 4 days of training 2 in

Experiment 4.
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Latency Periods {in seconds)

Group Rat Firat Seoond Third Fourth Fifth
1 81.0 00,5  102.5 83.5 42.5

2 200.5 70.5 34.0 35.0 10.0

3 160.0 45.0 50,5 36.5 30.0

8 278.5 45.0  100.5 161.0  191.5

BK 5 78.5 23.0 64.5 21.5 53.0
18 56.0 45.0 38.0 26.0 65.5

15 92.0 27.0 27.0 28.6 33.5

16 80.0 79.5 50,5 27.5 31.0

X 128.3 54.4 58.4 51.2 60.9

21 51.5 100.5 30.5 95.5 49.0

6 120.0 71.0 75.5 43.0 28.0

7 52.0 136.0  155.5 126.0  201.5

4 97.5 83.5 66.0 67.5 48.5

FD 13 39.0 56.0 36.0 32.0 45.0
22 408.5 84.0 28.0 31.5 34.5

23 109.5 76.0 59.0 32.5 33.5

24 57.5 38.5 20.5 22.5 71.0

X 116.9 80.6 58.9 56.3 63.9

9 32,0 41.0 27.5 27.5 29.0

10 298.5 180.0 19,5  211.0  197.5

11 309.0 200.5 103.0  118.5 89.0

12 85.0 104.5 28.5 75.0 76.5

RD 17 22.0 35.5 33.5 27.5 47.0
14 49.5 37.0 116.0  252.0  207.5

19 49.0 20.0 29.0 38.5 78.0

20 70.5 34.0 20.0 83.5  122.0

X 114.4 81.6 68.5  104.2  10a.3
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Appendix 30. Summary of the statistical analyses made for
Group BK, Group FD and Group RD on latency
period data in test 1 after completion of

training 1 in Experiment 4.



P(FAB)

6.27498E~03

SOURCE ss DF Ms F
A 197947 2 98973.4 8.34236
S.WG 249143 21 11864

B 1.05246E+06 4 263115 20.4822
AB 301933 8 37741.6 2.93799
BS. WG 1.07907E+06 84 12846

P(FA) = 2.46741E-03

P(FB) = 1.59179E-07



Appendix 31. Summary of the statistical analyses made for
Group BK, Group FD and Group RD on latency
period data in test 1 after 1 day of

training 2 in Experiment 4.



e
)
[X=

MS

P(FAB)

.029559

SOURCE 3S DF F
A 13496.4 2 6749.19 +161595
S.WG 876958 21 41759.9
B 483428 4 120857 7.12713
AB 308159 8 38519.8 2.27158
BS.WG 1.42441E+06 84 16957.3

- P(FA)} = . 852285
P(FB}) = 1.51848E-04
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appendix 32. Summary of the statistical analyses made for
Group BK, Group FD and Group RD on latency
period data in test 1 after 2 days of

training 2 in Experiment 4.



SOURCE ss DF MS F
A 18639 2 9319.5 .311767
S.WG 627742 21 29892,5

B 162589 4 40647.2 10.4835
AB 37618.3 8 4702.28 1.21279
BS.WG 325689 84 3877.25

P(FA) =  .739438

P(FB) = 1.15482E-05§

P{FAB)

«301031
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Appendix 33. Summary of the statistical analyses made for
Group BK, Group FD and Groupn RD on latency
period data in test 1 after 3 days of

training 2 in Experiment 4.



.549393

SOURCE 85 DF MS F

A 3202.5 2 1601, 25 0665998
S.WG 504901 a1 24042.9

B 69145.5 4 17286.4 3.22132
AB 37166.3 8 4645.78 +865742
BS.WG 450764 84 5366.24

P(FA} = .935429

P(FB) = .0163017

P(FAB) =
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Appendix 34. Summary of the statistical analyses made for
Group BK, Group FD and Group RD on latency
period data in test 1 after 4 days of

training 2 in Experiment 4.



S8

SOURCE DF MS F

A 12669.5 2 6334.75 +545879
S.WG 243698 21 11604.7

B 50011.4 4 12502.9 4.39668
AB 15154.8 8 1894.34 .666153
BS.WG 238871 84 2843.71

P{(FA) = +592246

P(FB) = 3,15796E-03

P(FAB)

H

’

+721303
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Appendix 35. Individual data (time spent on platform) for
Group BR, Group FD and Group RD for each
baseline, test 2 after complestion of
training 1, and after 1, 2, 3, and 4 days of

training 2 sessions in Experiment 4.



Baseline Training 1 Training 2
Group Rat Day After After Day
1 2 3 Completion 1 2 3 4
1 g 1.7 1247 16.0 30,0 7.0 60.7 70.0
2 3,7 12.7 8.2 6.3 5.7 8.5 61.3 31.7
3 14.0 85.0 54.0 58.7 85.0 48.0 85,0 89.3
8 50 O 11.3 1.0 9.3 17.7 4.7 51.7
BK 5 11.3 16.0 5.7 8.3 20,0 7.0 6.0 13.7
18 6.0 3.0 4.5 75.0 96.3 84.3 76.3 91.0
15 3.3 20.7 55.0 14.7 72.6 88.3 90.7 98.7
16 2.7 1.0 10.0 22.0 76.3 52.0 80.3 83.0
X 5.8 20.4 20,2 25.3 49.4 39.2 56.8 66.1
21 4.7 4.0 2.7 1.0 4.7 1.3 2.3 5.3
& 3.0 4.0 3.5 1.0 2.0 2.5 63.7 58.0
7T 8.3 4.3 2.3 3.3 4.7 27.3 66.3 45,7
4 7.0 62.7 B89.0 86.3 93.3 62.7 95.3 92.7
FD 13 1.7 5.0 62.3 21.3 35.7 36.7 22.3 -58.0
22 6.3 .3 3.3 0 48.3 25.7 46.3 85,0
23 3.7 2.3 .6 0 11.0 31.3 52.3 T1.7
24 2.3 27.0 45.3 R 72,7 50.7 174.7 656.0
X 12.8 13.7 26.1 14.1 3¢4.2 29,8 52.9 69.1
9 11.7 14.3 2.3 11.3 8.0 4.8 22.3 11.3
10 11.7 35.7 23.7 98.7 89.0 100 92.0 85.7
11 o0 2.7 5.3 0 0 0 0 0
12 6.3 32,3 41.3 67.0 36,0 14.3 B81.3 97.7
RD 17 0 3.0 1.3 20.3 64.7 22,3 55.3 44.7T
14 29.3 87.3 .58.3 30.0 . 74.7 43.0 75.7 38.0
19 0 0 6.7 8.7 9.0 14.7 17.7 63.0
20 . 2.3 10.3 13.3 63.3 93.0 48,7 B85.3 84,7
X 7.7 23.2 - 19,0 45.0 46.8 31.0 53.7 51.8
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Appendix 36. Summary of the statistical analyses made for
 Group BK, Group FD and Group RD on time spent

on platform data in baseline, test 2 after
completion of training 1 and test 2 sessions

during training 2 in Experiment 4.



SOURCE SS DF MS F

A 1214.97 2 607.484 +14007
S.WG. 91077.4 21 4337.02

B 26436.3 5 5287.27 15.247
AB 5280.34 10 528.034 1.52271
BS.WG 36411.3 106 346.774

P{FA) = . 870094

P{(FB) = 2,29019E-07

P{FAB)

141142
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appendix 37. Individual data (positions) for Group BK,
Group FD and Group RD for training 1 and for
test 2 after completion of training 1 in

Experiment 4.
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Position

Test 2

Training 1

1

Rat

Group

21

13

16

15

14

14

12

12

15

13

11
23

22

BK

11

18

12

26

15

™

22

‘18

16

4.3 2.1 1.9

1.8

3.3 3.2

3.5

11

22

21

"1

16

18

18

10

17

11

12

29

13

FD

33

22

15

17

23

14 13

13
2.5

24

3.3 1.9

3.1

1.8

4.5

J.¢

15

10

15

10

20

14

10

10

27

11

14

21

12 v

15 11

17 14

"RD

13

20

14

17

10

13

19

12

15

13

20

-
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Appendix 38. Individual data (positions) for Group BK,

Grocup FD and Group RD for training 2 and for
test 2 after 1, 2, 3, and 4 days of training 2

in Experiment 4.



Position
Training 2 Teat 2

Group Rat 1 2 3 1] 1 2 k|
1 9 8 23 17 18 1 .

2 6 14 20 10 15 3 12

3 11 16 13 29 5 2 4

8 9 22 9 10 18 10 2

BK 5 3 11 . 26 T 14 8 11
18 8 9 23 36 4 0 0

15 16 16 15 a5 5 0 0

16 14 18 8 27 7 2 4

X 2.2 3.5 4.3 5.3 2.7 B 1.2

21 11 11 18 0 17 13 10

6 2 21 11 13 12 7 8

7 12 21 1 14 10 4 12

4 18 22 0 33 6 1 0

FD 13 6 29 5 15 10 5 10
22 3 g8 29 18 14 6 2

23 12 14 14 18 14 6 2

24 18 18 4 22 15 2 1

X 2.6 4.7 2.8 4.2 3.1 1.4 1.4

] 5 21 14 13 24 4 7

10 3 21 16 26 2 1 2

11 12 8 20 0 0 13 27

12 6 23 11 19 4 10 7

RD 17 6 10 24 25 7 2 6
14 9 22 9 27 8 3 2

19 7 22 11 3 25 7 5

20 8 14 18 as 2 0 3



appendix 39. Transformed unweighted scores {(Dual Scaling)
for Group BK, Group FD and Group RD on
position data for training 1 and test 2 after

completion of training 1 in Experiment 4.



Training 1 Tent 2
Group Rat . Rows Columns Rows Columna
1 -0.8130 1 G¢.99%0 ~0.5237 1 1.7537
2 0.0229 2 ¢.5738 ~0.7562 2 -0.6945
3 0.1736 3  -1.2370 0.7050 3 -0.5762
BX 8 0.4334 -0.7260 4 -0.3072.
5 0.3858 -0.6918
18 =0.8001 1.1843
15 1.9509 0.8058
16 1.6779 0.1021
21 0.7954 -0.8206
6 -0.8860 -0.6424
7 1.5000 -~0.8097
FD 4 -0.1752 2,2348
13 -1.8434 0.4726
22 =-2.3085 -0.6314
23 =0.0519 -0.6424
24 0.3171 -0.7411
8 0.1392 -0.4260
10 ~0.4694 2.2348
11 =-1.5017 =0.3915
RD 12 0.0176 0.7738
17 0.5769 -0.8700
14 0.5082 1.6602
19 -0.1479° -0.7864
20 0.4334 1.1008
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Appendix 40. Transformed unweighted scores (Dual Scaling)
for Group BK, Group FD and Group RD on
position data for training 2 and test 2 after
1, 2, 3, and 4 days of training 2 in

Experiment 4.



Training 2 Test 2
Group Rat Rows Columna Rows Columns
1  -1.183 1  0.6888 0.0882 1 - 1,0041
2 -0.7489 2 0.7870 ‘—0.7630 2 0.4578
3 0.1938 3  -1.3252 0.8258 3 '-1.2708
BK 8 0.7640 ~0.6035 4 -1.3388
5 ~1.5652 -1.0945
18 -1.1798 1.5129
15 ~0.0783 1.4484
16 0.8709 0.6969
21 -0.5027 -1.6838
6 0.5308 ~0.5488
7 1.0232 -0.5410
'FD 4 1.9593 1.2837
13 1.3407 -0.4303
22 -1.9831 0.0555
23 0.0480 0.0555
24 1.4021 0.4978
9 0.0935 -0.4681
10 -0.1722 1.1838
11 -0.7878 -2,3815
RD 12 0.5049 ~0.2285
17 -1.3061 0.4869
14 0.7640 0.7432
19 0.4984 -1.0703
20 -0.4832 1.3253



248

appendix 4l. Summary of the statistical analyses made for
Group BK, Group FD and Group RD on position
data for training 1, test 2 after completion
of training 1, training 2 and test 2 atfter 1,
2, 3, and 4 days of training 2 in

Experiment 4.



Training

Source 88 DF M3 F
Between 2.13385 2 1.06692 1.02469
Within 21.8656 21 1.04122
Total 23.9995 ’ 23
Probability of F = ,377784

After completion of Training 1
Source ' 88 DF MS F
Batween 2.03845 2 1.01923 +974589
Within 21.9618 21 1,0458
Total 24.0003 23
Probability of F = .604161

Training

Source g8 DF Ms F
Between 2.99407 2 1.49704 1.49663
Within 21,0058 21 1.00027
Total 23,9998 23
Probability of F = « 245942

After each day of Training 2
Source gs DF M3 F
Between 786826 2 .393413 .3521
Within 23.464 21 1.11733
Total 24,2508

Probability of P = +711833





