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ABSTRACT

Fifty-four rats were used in a factorial study of the
magnitude éf sensory preéonditioning (SPC) as a function of
preconditioning stimuli intensities. ‘The method used to |
measure the strength of SPC was a conditioned emotional re-
sponse (CER) presented so.as to interfere with the animals's
performance on another condiﬁioned're5ponse, bar-pressing,
during critical test periods, The independent variable mani-
pulated was the intehsity of the preconditioning stimuli.

The preconditioning stimuli had three intensities, and'every
combination resulted in a different treatﬁent group,. eighteen
in all (nine experimental,Anine control) .

It was found that thevExperimental groups gave signi-
ficantly fewér bar-press responses during the Transfer test
than did the Control group. It was concluded that, although
SPC had been demonstrated, this interpretation was contingent
upon a pronounced sex differeﬁce in the second critical
("cs") test, That is, the males were much more sensitive to
the SPC procedures than were the females and hence displayed

significantly more evidence of the transfer effect.
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The multiple comparisons of the Experimental treat-
ment- groups showed that'ﬁhe preconditioning order, tone at
low intensity, asynchronously paired with light at highiin—
tensity, produced much greatér transfer effect than any
other intensity combination. This finding is comparable to
the results obtained in standard conditioning experiments,
in which a weak CS preceding the onset of a U strong UCS,
generally produces éreater'strength of response than when

the CS and UCS have other intensity valués;
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PREFACE

This study was inspired by a pilot study involving
sensory preconditioniﬁg, undertaken in an.undergraduate com-
parative psychology course. |

Dr. Hugh Kirby deserves special acknowledgement for
his'encouragement and counsel in the development of this
study. The author also wishes to express his gratitude td
Professor A, A. Smith for hi% coopération in providing
Statistiéal édvice. Similar graﬁitude must also be extended

to Professor V., Cervin and Dr. H., McCurdy for their Counsel.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PREFACE .

LIST OF TABLE

TABLE OF CONTENTS

- . . - - ‘e -

S . - - - - " - e

LIST OF FIGURES . . . . e .

Chapter : _
I INTRODUCT ION - - . - - -
- Partial Review of the SPC Animal
Studies . e e . . .
Some Theoretical Interpretations of
SPC . .. .. . .
The Present Study . . . .
II METHOD . . . . . . . .
Subjects . . . . . .
Apparatus = . . . . . .
Procedure . . « . . . .
Response Measures and Statistical
Analysis of Data - . . .
IIT  °© RESULTS . . v . o« « . .
General: Statistical Considerations
Antecedent Conditions . . .
*Main Results . . . . . .
Iv DISCUSSION OF RESULTS . . . .
Suggestions for Further Research .
Y SUMMARY . . . . - . - .
APPENDIX A ' Subject Weights in Grams . - .
APPENDIX B Food Reduction Schedule . - -
APPENDIX C Corrected Individual Responses
by SPC Groups . - . - -
APPENDIX D Fecal Bolus ("D") Scores . . .
BIBLIOGRAPHY . . . - - . . .

VITA AUCTORIS

- - - - - .

Page
iv
vi

vii

16
19

20
20
21
23

28
31
31
33
34

44
53

54

56-7

58

59
60

61-2 .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LIST OF TABLES

Table : ‘ Page
1 Stimulus Conditions
(Reid, 1952, p. 25) . - - . . . . 7
2. Training ‘and Test Procedures and
Stimuli Intensities . . . . . o e 30
3 Total number of responses by SPC groups

evoked during the Stable ("S"),
Transfer (YT"), and Conditioned
Stimulus ("CS") tests . . - . . . 35

4 Analysis of Co-variance of Control

Groups: Stable and Transfer Scores . - . 37
5. ~ Analysis of Co-variance of Experimental

Treatment Groups: Stable and Transfer

Scores . . .« . . . . . - .. 39
6 Analysis of Co-variance of Control

Treatment Groups: Stable and

Conditioned Stimulus Test Scores . . . 41
7 Analysis of Co-variance of Experimental

Treatment Groups: Stable and

Conditioned Stimulus Test Scores . . . 43
8 Mean Drop in Conditioned Stimulus Test

Scores by Experimental and Control

Groups, and Sex, Disregarding Treatment . - 49

vi

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LIST OF FIGURES

Figure : : Page
1 Skinnexr Box 22a
2 Sensory Preconditioning Box 22b
vii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER I
INTRODUCT ION
Pavlov (1927) condifioned a salivation response in a
4Idog'to the periodic onset of a light, such that the condi—
tioned stimulus.(CS), light, when presented alone would
elicit the response. He then presented a second stimulus,
tone, in conjunction with the original CS, light, for a num-
ber of trials. After this training waé completed (pairing
light and tope); it waé‘then_shown'in test trials that the
- tone alone elicited the salivation response, although with
less magnitude than the response evoked by the original CS,
light.. A variation of this procedure, called Sensory Condi-
tioning, in which the first and second order stimuli werev
presented together, prior to conditioning proper, was
attempted by several expérimenters, using human subjects
(Prokofiev and Zeliony, 1956; Kelly, 1934; Carson, 1936;
Bogoslavski, 1937). After a specified number of pailrings of
the two stimuli, first order conditioning (light eliciting
the salivation response, in the above example) was then
established to one of the stimuii. Tests were then

1
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adminis?éred to see 1f the second order stimulus (tone
eliciting the salivation responsé in the above example)
would produce the saﬁe condiﬁioned response. These experi-
menters, however, could draw nolreliable conclusions regard- "
.ing the effecfiveness of this procedure since controlvsubA
jects had not been employed. As a result, it could not be
_ determined whether the effects of stimulus géneralization
and familiafity with the‘second order stimulus were contfi»
.buting to the magnitude of response elicited by the second
order stimulus. Hence,lno reliéble demonstration of Sensory_
Conditioning had been established.
Brogden (1939), following.the reasoning of the sen—‘
- sory conditioning experiment and utilizing more refined‘pré—
cedures, designed an experiment to answer the following |
question: "... if an‘organism be given successive experi-
ences of two temporally éimultaneous sﬁimuli exciting two
sense modalities without evoking any observable response,
and if after this contiguous sensory experience, one
stimulus be made a conditioned signal for the activify of a
given behavioral system by appropriate training, will the
other elicit a similér conditioned response without the
usual training?" (p. 323).

In this classic experiment, eight dogs were placed

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3

in a sound-proofed and light-shielded experimental chamber.
. The experimental’dogsvﬁere présented with the sound of a
bell and the flash of;a Iight in combination for two seconds..
Twenty of these stimulus combinations were given daily for
ten successive days. The eight dogs were then randomly dis-
tributed tqlone'of two groupé. Left forelimb flexion, with

~ shock as the unconditioned stimulus (UCS), was conditioned
to bell in one gfoup (group‘BE).> The bell sounded for two
‘sécohds and was followed immediately by fhe shock which con-
tinued for 1/10 of a'secénd. The second group (group LE)
was conditioned to the left forelimb flexion.response in the
-same manner except the cdﬁditioned stimulus (CS) was light.
Conditioning proceeded at the rate of 20 trialé pef day
until the CS (either light or bell) evoked the leg-flexion
respohse, théreby avoiding the shock. Then, after the con-
ditioned flexion response réached 100 per cent (20 shock-
avoidance flexion responses in one test period) in the BE
group (conditioned to Bell), it;was given 20 trials of
Light alone each day until it no longer producea the flgxion
response. Group LE (conditioned to Light), on the other
hand, was given 20 trials of Bell alone untii the flexioﬁ
response was extinguished.

Two control groups, consisting of four dogs each,
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were employed in order to test for stimulus generalization.
One group, BC, was trained in the same ﬁanner as the BE group
in the shoek—avoidanée leg-flexion reéponse. The day after
the Successfui coméletion of this response (100 per cent |
avoidance),.light was presenﬁed alone for 20 trials per day
until the avoidance response was extinguished. Similarly,
the other control group, LC, was trained to avoid shock‘by
making the leg-flexion resPohse; excepﬁlthe conditioned sti-
‘mulue in tﬁisvcase was'light. After training, group LC was
presented with bell alone for 20 triale per day until the‘
iavoidance response was extihguishea;

The reSulfs revealed that beth experimental groupsf‘
(BE and LE) made a significant number of leg—flexion‘res-J
ponees to the stimulus not directly aseociated with the
.shock, whereas neither contfol gfoﬁp (BC and LB) did; Brog-
den concluded that the flexioh respense, elicited by the sti-
mulus not associated with shock, muet be due to the‘prior
association of light and bell. He inferred that the experi-
mental Ss, by virtue of the initial continuous presenfation
of the two preconditioning stimuli, had formed some kind of
"bond". or "link" between ﬁhe two, whefeas the control groups,

which had had no such pairings, made no such association.
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Brogdenhcalled‘this learning phenomenon "Sensory Precondi-
tioning". |

- The sensory preconditioning (SPC) parédigm consists
of the following three phaées: (1) repeéted contiguous, un-
reinforced presentation of stimuli, (e.g. light and tone)f
(2) establishing a resbonée to’oné oflthese stimuli (e.g.
light); and (3).testing forvthe tranéfér of the response to
the other stimulus, (tbne).» |

Since Brogden's initial study, there have been
several others reported in the literature that will be re-
viewed here. Although theie.have beeﬁ several SPC experi—
meﬁts conducted, using human subjects,’it is felt that cross-
-species differences sﬁch as the human's capacity for verbal
response mediation, may méke_direct compafisons misleadihg.
Therefore, only animal studies wili be discussed (for a more

thorough review of the relevant human and animal literature,

see Seidel, 1958; Kirby, 1963).

Partial Review of the SPC Animal Studies
Of the twenty stuaies of SPC so far reported, half
of them have used animal subjects; The five studies reviewed
here have been selected as the most infofmative and repre-

sentative. Only one animal étudy of the ten reported in the
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literature failed to provide positive evidence for SPC.
?his study will be reviewed first.

Reid (1952) conducted an experiment to'show that the
SPC effect, originally réported by Bfogden, may have been
due to a faulty control procedure; More specifically, he
speéulated that as the control subjects (Ss) in Brogden's
original study héd had no experience with the transfer test
stimulus in the preconditiqning phése, as compared to the
experimental Ss, the transfer effect may have been due to
differences in fémiliarity'with.the transfer test stimulus,
‘favouring thé e%perimehtal groﬁp,,and thus biaéed the re-
sults. His'experimént included this control procedure; i.e.,
he exposed the cdntrolsz-to,the trapéfer test stimulus
during preconditioning training.

Reid distributed sixteen pigeons to four groups (two
experimental groups and two control groups of four Ss each).
In phase one, the experimental Ss received 200 paired pre-
sentations of light and buzzer for l%'sec. duration each
(see Table I). In the second phase, half of the experimehtal
Ss, (group BE) were trained to make a pecking response to
criterion (pecking for a food reward on 24 of 25 trials

within 5 sec. of the termination of the buzzer CS). The
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other half of the experimental subjects (group LE), were
“trained identically‘except the CS was light, rather than
buzzer. In the third, or test phase, administered immedi-
ately aftér the training criterion had been reached, the
transfer test stimulus (buzzef for the LE group and light
for the BE group) was presented 25 times under the same con-
ditionélasvin training, except no reinforcement was.given.,

"The design of the experiment is shown in Table 1.

Table 1

Stimulus Conditions
(Reid, 1952, p.25).

Phase ' ‘Buzzer Light Buzzer Light
Control Control Experimental Experimental

I Pre-training L B (B+L) (B+L)

IT Training B . L B L

OI Test L. B L B

The two control groups (BC and LC) had the same
treatment throughout the three phases as had their respec-
tive experimental comparison group (see Table 1 abové),
except that in the first phase, only one of the two precon-
ditioning stimuli (light for the BC group and tone for the

1C grogp) was presented.

The results provided no evidence for any effect of
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8
the contigﬁous presentation of stimuli given to the experi-
mental groups. it waé‘céncluded thatlthese negative fihd—
ings indicated the‘unsatisfactory.nature of Brogden's (1939)

'original experimental design (i.e;, lack of control for |
stimulus generalization).

Howarth (1960), in another study of the SPC pheno-
menon, teétedvtheveffect of both the temporal separation and‘
the contiguoqs'pairihg of the preconditionihg‘stimuli, |
utilizing the control procedures suggested by ﬁeid. Thirty
animals weré‘distributed'to thrée groups of‘ten Ss each.
Group I, the temporally concurrent'grdup, received 500
paired presentations of light and sound -in one, lZS—minute_
period. Group II, the temporally spaced group, received 500
separate presentations of lighﬁ and sound which were never
concurrent (f.S sec. between presentations). Group III, the
control group, received no stimulus presentations during the
first phase; however, they were placed in.the experimentai
apparatus for the same period of time as the other two
groups (125 mins.). Immediately after the preconditibning
rhase, all groups were trained to avoid shock by jumping a
hurdle within 2 sec., following the onset of,the CS, light.

'The criterion for learning was 10 successive avoidance re- -

sponses. In the third, or test phase, sound was substituted
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for light as the CS, énd the amount of transfer effect was

- measured by training the animal to the same'léarning criterj
ion as in phase II. Howarth's results indicate that the
temporally cohcurrent group (Group I)'showed the precondi;
tipning effect, whereas the temporally spaced and the con-

trol groups (Groﬁps II and III, respectiveiy), did not. It
was concluded that SPC had been démonstrated and that Reid's
criticism was unjustified. ».

'Silvér'and Meyer (1954) conducted the first animal

SPC study within a leérﬁing theory frameWork (for a disqus—‘
sion of the theoretical'inferprétation of the SPC experiment,
see below). ‘Their experimenﬁ was derived frém an interpre-
tation of the SPC experiment as a type of mediated étimulus
generalization. The authors reasoned.that the preéentation‘
of paired.preconditioning stimuli in the preconditioning
phase 1is likened to classical conditioning;' Each stimulus
is considered to be an unconditioned stimulus (UCS) for é
response that is.not directly observed, and each is poten-
tially a CS for a second response, similar to the oné
elicited by the other stimulus, After preconditioning, a
response, which resembles the entire complex, follows pre-
sentation of either stimulﬁé.

They further reasoned that if an instrumental re-
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10
sponse is subsequently conditioned to one of these stimuli,
several invariant stimulivare present. These include the'
stimulus itself, stimuli derived from its UCR, and stimuli
derived from its CR. Since the latter stimuli are presum-
ably similar to those produced by the UCR to the other pre-
conditioning stimulus, the presentation of this stimulus
could be expected, in critical tests, to yield positive
transfer.

Silver and Meyer randomly assigned 120 rats to six
groups, three control and three experimental, of 20 Ss each.
The first control group received no preliminary training.‘
The second control group was. exposed to a pseudo—conditioning
series of 3000 buzzer presentations during a period-of 4 hr.
20 min. The third, another pseudo~conditioning control
group, was presented with light ihstead of a buzzer for 3000
presentations. All three control groups were then divided
into sub-groups of ten aniﬁals each. Half of these animals

~were then conditioned to run to light and tested for trans-
fer to buzzer, and half were conditioned initially to buzzer
and tested for transfer to light.

The first experimental group was given prelimina;y
training which consisted of 3000 simultaneous presentations

of buzzer and light (called simultaneous preconditioning).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11
Afﬁe; this traiﬁing, half of the rats of this group were con-
ditioned to run to liéht and tested for transfer to’buzéer;
the other half was conditioned initially to buzzer and test-
ed for transfe?,to light.

The second experimental group was divided into two
sub~-groups from the beginniﬁg. The first sub-group, in pre-
conditioning, received light, followed by buzzer, for 3000
trials. These Ss were then. trained to run to 5uzzer and
‘tested for transfer to light. The remaining half of the
second experimental group was first expésed to buzzer, fol-
lowed by light, and then was conditioned to light and tested

for transfer to buzzer (called forward preconditioning).

The temporal relations of the preconditioning phase

of experimental group II (forward preconditioning) were re-

versed for experimental group III (backward preconditioning),

while all other stimulus presentation procedures remained

" the same.

The results demonstrated the transfer effect to an
extent that cannot be attributed to pseudo—conditioning. It
was found also that the temporal relationship of stimuli
presentation in preconditioning affects the amount of trans—‘

fer that is obtained. The forward presentation procedure,

in preconditioning, was superior to either the backward or
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t12
‘the simultaneous presentation procedures. Silver and Meyer
concluded Ehat, althouqﬁ the mediating CR remained obscure,
conditions designed to' facilitate its fixation resulted in
increments in SPC of the kind to be expected.
It should be noted that SPC is an inferred concept.
In standard éonditioning, fof éxample, effective condition-
‘ing is behaviorally observable from the conditioned response
elicited by the CS.presentations. In the preconditioning
phase of SPC experiment, there is no obsefvable response,
indeed none is specified. The SPC paradigm, therefore,
always includes a standard conditioning procedure (phase‘II
of the SPC paradigm),_uéingiohe of the preconditoning stimuli
as the CS. The effect is then measured by-substitufing the
other preconditioned stimulus in the transfer test (phase
IIT of the SPC paradigm). If such response transfer takes
place, it is inferred that SPC has been demonstrated. It
should be noted that whether SPC is, or is not demonstrated
depends, aﬁohg other things, upon the standard conditioned
response.
Kirby (1963) was the first to report the use of a
Conditioned Emotional Response (CER) or fear-éonditioning
" as a measure of SPC. 1In this experiment, 32 rats learned a

bar pressing response for food reinforcement in a standard
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13
Skinner box. After the learning criterion was reached, the
animals were randomly.distributed into eight groups, foﬁr
experimental and four control. During the preconditioning
phase, the firét experimental group received 200 asynchron-
ous presentations of buzzer and light. That is, the stimuli
wefe overlapped, the onsetléf the second stimulus following
2 sec. after the onset of the first, then both stimuli ter-
minated simultaneously another 2 sec. later. The first con-
"trol group received 200, four sec. presentations of buzzer
‘alone. The second experimental group réceived the same
treatment as the first except it received only 100 stimuli
presentations, Similarly, the second control group received
thé same tréatment as control group I but only 100 érials of
buzzer were presented. The third experimental group received
200 asynchronous presentations of light and buzzer, while the
third control group received 200 presentations of light alone.
" The last eXperimental group received 100 asyhchronous pre-
sentations of light and buzzer, and the last control group
100 presentations of light alone. The Inter Trial Iﬁterval
(ITI) was constant at 30 seconds for all groups.
In the CER training phase of the experiment, the
first two experimental and control grdups were each divided

into 2 sub groups, the first of each receiving 20 trials of
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.light lasting for 4 sec., its offset coinciding with the
onset of the UCS (shock) which continued for another 2 sec.
(forward conditioning). The second sub group each received
20 trials o6f the UCS (shock)vfor 2 sec., its offset coincid-

~ing with the onset of’the buzzer which éontinued for anothér
4 sec. (backward conditioning). The third and fourth ex-
perimental and control groups received the same treatment in
this phase of the experiment as did’experimental and control
groups I and II except that théy, instead of buzzer, re-
ceived light as the CS in their respective procedures.

In the transfef test (phase III), the day following

CER training, all subjects were again placed in the Skinner
box and were allowed4to press the bar for a food reward. In
this test phase, .the first.and second expérimental and con-
trol groups received a 4 sec. preséntation of buzzer every
30 sec., beginning 30 sec., after the test session began.

The remaining experimentai and control groups received the
same treatment except light was presented instead of buzzer.
Daily test sessions were continued until all fear of the
transfer test stimulus was extinguished. The following day,
all groups were given a Conditioned Stimulus ("CS") test, in
which the Ss were presented with the stimulus that was paired

with shock in phase II (CS of original CER training). This
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15
additional phasé, it was rationalized, would provide some
basis for comparihg £he relaﬁive strengths of SPC and stand-
ard conditioning;

The results indicated that the number of exposures’
to thévpaired preconditibning stimuli has little effect upon
the magnitude'of‘SPC.- The mean drbp difference of the ex-
perimental (but not ﬁhe control) subjects in the groups
whexre light preceded.buzzer in onset in the preconditioning
phase, was significant. This was inﬁerpreted as positive
evidence for SPc; No such differences between experimental -
and control groups was found in the case in which buzzer
preceded light in onset dufing.the precénditioning phase.

In commenting upon‘his results, Kirby (1963)‘was
-unable to account for ﬁhesé'étimuli ofder presentation dif?
ferences (i.e., the light—bﬁzzer ordér producing positive
transfer in every case, the buézer—light order in no case).
Whethef it reéulted from the relative intensities of the two
preconditioning stimuli (e.g., weak light CS, strong bﬁzzer
UCS, if the preconditioning stimuli afe S0 designatea), or
ﬁo the auditory or visual CS properties in the conditioning
of a fear response in CER training, was, and remains, an

open question.

There are several remaining animal studies investi-
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gating SPC which will not be reviewed here; however, the
‘variables studied and their findings will be discussed at

appropriate times throughout this study.

Theoretical Interpretations of the SPC Experiment

A review of the literature reveals that many facts

regarding the demonstration of this, at times elusive pheno-
menon are known. Some of the findings in the SPC experiment
are similar to standard conditioning; others, apparently, are
not. Silver and Meyers (1954), for example, report that
asynchronous presentation of the preconditioning stimuli
facilitates learning, a result that is also found in standard
conditioning (e.g. the study of CS-UCS intefvals). Contrary
to standard conditioning findings, Hoffield et al. (1960),
and Kirby (1963), report that once a certain number of pre-
conditioning trials nave been given, the effect of continued
presentation thereafter sééms irrelevant,

On the other hand, SPC has several peculiarities
which sets it apart from standard conditioning procedures.
In the preconditioning phése, no objective behavioral re-
sponse 1is specified by the experimenter. Secondly, another
issue clearly defined is that reinforcement, as it is under-

stood in the standard conditioning experiment (Hull, 1943),
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appears to be irrelevant in preconditioned learning. This
finding is of particular significance since Hull's formula-
ti&n of reinfo:cement (drive reduction) has been controversial
in learning theory for many years. Osgood (1953), a S-R
(stimulﬁs—response) theorist has conceded that the SPC data
provide a strong argument ggainst the notion that reinforce-
ment is a necessary condition for learning.

Some of the SPC literature has beeﬁ used to refute or
to uphold two interpretations of SPC, namely Stimulus-Response
(S-R), and Stimulus-Stimulus (S-S) learning theory. There-
fore, some discussion of these major theories secems appropri-
ate at this time.

Osgood (1953), has argued that the SPC effect can be
ascribed to response mediation. He claims that, "a common
perceptual reaction" (e.g. attentional) is elicited initially
by the preconditioning stimuli and if one of these is now
conditioned to a new reaction {(e.g. an avoidance response),
the self-stimulation produced by the mediation process (i.e.
by the common unobserved UCR) is responsible for the‘”bond”
between the preconditioning stimuli. <‘here are other varia-
tions of this S-R explanation (e.g. Coppock, 1958; Mower,
1960) but in éll cases there is some unobserved resmonse or

image that mediates between the two vreconditioned stimuli
-~
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which evoks the conditioned response.

The S-S contiguity theorists, notably Anokhan (1961),
Bi?ch_and Bitterman (1949), claim that "convergence of hetero-
geneous stimulations“{ or'"sensory integration” (afferent
modificétion) is responsible for the alleged "link". Birch
and Bitterman state that, "When two afferent centers are
continuously aétivated, a fuﬁctional relation is established
between them such that the subsequent innefvention of one
will arouse the other." (1951, p. 358).

Regarding this theoretical controversy, Seidel (1959)

states,

... ambiguities lead to the ultimate conclusion
that the difficulty in deciding upon the currect
functional explanation for the mediating process
resolves itself into a pseudo problem for psycho-

logy. (p. 67) ‘

Due to these and other considerations, a number of
experimenters (Seidel, 1958; Brogden, et al., 1958) maintain
that SPC requires another interpretation as a phenomenon'of
learning. In conclusion, it seems that if SPC deservés in-
dependent consideration as a learning phenomenon, as’both
Seidel and Brogden argue, then the various parameters affect-
ing its magnitude should be systematically wvaried in order to
find the conaitions necessary for preconditioned learning to

take place; thereby enabling predictions to be formulated.
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Thé éresent Study
This study attempts to overcome one of the parametric
deficiencies by the systematic manipulation of the stimﬁli
intensities involved during preconditioning training. It is
known that, in standard conditioning, the intensity of the CS
affects the magnitude of the response (Raéran, 1957; Premack,
1965) . HoQéver, this variable has not been systematically
"varied in the SPC experiment.‘ In the present study, tone
(at three intensities) will precede the onset-of light (also
“at three intensities); Another expeximent at the Uhiversity»
of Windsor is‘being conddcted{ in which the order of presen-—
tation of the p:econditioning stimuli is reversed (Skillinq;
1966). These two studies, alike in all other respecf;, offer
a parametric approach to thé further‘understanding of'the SeC
phenomenon.
The null hypothesis pertains throughout the present
.study for all experimeﬁtal and control subjects., It is ex;
pected then, that the magnitude of SPC, as measufed in the
Transfer test phase,. is not a function of the intensity of
the preconditioning stimuli. As the evidence for SPC in this
experiment is the difference in Transfer test scores between
the experimental and control groups, it is further expected

that these scores will not differ significantly.
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CHAPTER II
METHOD
'Subjegts

Fifty—four rats of the Strague-Dawley strain, 27 male,
27 female, were selected from the Univer#ity of Windsor |
Colony. This nuﬁber of Ss could hot be run on one occasion,
due to the limiﬁations bf cage'and’experimental space. Con-
sequently, they had to bevrun in'two‘éeparate‘batches. The
first batch (NbZO plus spares) were of the third generatioh
of the Univefsity of‘Windsbr breeding programme,., Their
average age at the éutset of the experiﬁent'was 105 .days.
The second batch, also of the thira‘generatibn, contained 34
Ss (plus spares), and their average age was 160 days (age
differencés between batches; will be discussed fully in the
Results section, below). The parental population of thesé
rats was obtained from a reputable breeder (Simonson Labora-
tories).

In order to avéid a rapid weight loss, the Ss of
each batch were subjected to a gradual food reduction
schedule over a two-week period, prior to the experiment

(see Appendix A for details). After habituation to this

20
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procedure, all Ss rémai;ed on the two hour feeding schedule
throughout the experiment. Feeding was arranged by groups
such that all animais had been food deprived for the same
approximate,lengthvof time (22 hdurs), prior to their par-
ticular daily experimental training. All Ss were weighed
regularly, prior to, during and after the experiment. An
analysis of the périodic weight data showed no excessive -
loss; however, one S had to be replaced by a "spare" due £o

rapid weight loss resulting from a broken incisor (tooth).

Apparatus

Two pieces of appéfatus were employed; a Skinner box
in’which bar press response training and the Transfer test
took place, and.a Sensory.PreCOnditioning box in which pre-
conditioning and CER training were given. The Skinner box 
was a Gréson—Stadler, sound-proofed conditioning chamber
(model E3125B) having the dimensions of 9%" high x 7 5/8"
wide x 11%" deep. It was equipped for light and sound
stimulus presentations.' The food pellet dispenser was
located outside of the conditioning chamber. The Ss were
trained to press a bar for a food reward on a continuous
reinforcement schedule. The activation of the bar delivered

a pellet of food into the food tray located on the floor to
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the left of the bar (see figure 1). The food reward or rein-
‘forcement was‘avsucrose pellet (Alfred Noyes Sucrose Pelléts,
.045 gm. weight).

The SPC box chsisted of four identical compartments
arranged in.line‘(see'figure 2). The box was constructed éf
"% in. black plastic except'for the front side which was
clear, thereby allowing observation by £h¢ experimenter as
well as for visual inspeétion of the stimulus by the S. Eacﬁ
compartment had the interior dimensions of 7" high x 7%" wide
X 9k" deep, and each had an electrifiable grid floor. Iin
front of each compartment,'an electrié light bulb (6 watt,
l12‘volts) was éentrally mounted on anlattached stimulus
panel. Two sound speakers were located on the stimulus panel
and were centrally positioned sﬁch that each speaker serviced
two compartments. Both light and tone intensities were
manually variable in both the Skinner box and SPC box. The
three intensities of tone were apprqximately 73, 82 anﬁ.

92 decibels. The three intensities of light were 1.7, 4.0
and 26.0 foot candles. The programming of reiﬁforcehent
trials and stimulus presentations was controlled by related
Grason-Stadler equipment.

The sound-proofed experimental room was relatively

free of external noise. Throughout the experiment, the room
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Figure 1

Skinner Box .
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Figure 2

Sensory Preconditioning.BoX
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was kept dark except fo: a small observation lamp suspended
over the experimenter’'s table.’ The Ss were transported to
and from the.experimental room in covered plastic pails.
During bar-press response training, and the Transfer and CS
tests, the animals were processed indi&idually. During SPC
and CER training, they were processed inAgroups of 2, 3, or
4 animals. The Ss were brought from the‘coiony room to the
experimental room immediately'priorvto, and returned immedi-
ately after daily experimentafion; otherwiée, the subjects
remained in théir colony'room home cages (2 animals per cage).

Water was available ad lib in the home cagé at all times.

Procedure
In this experiment.thgre are three sepérate training
- procedures (bar-press response, preconditioning, and condi-
tionined emotional response), and two tést procedures (trans-
fer and conditioned ‘stimulus tests). Each will be described

in detail immediately below.

1. Bar-Press Response Training Procedure
As mentioned above, all animals were gradually
- accustomed to being deprived of food for 22 hours each day,
over a l4-day period (see appendix B for the schedule of

gradual food deprivation). The day following the completion
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of the food reduction schedule, each animal was placed indi-
vidually in the Skinner box for 5 min. in order to famiiiaré
ize it with the ‘apparatus. This daily procedﬁre continued
for two more daYs. The day following, bar-press training for
5 min.'per day was beguﬁ; Initiaily, in bar-press responsé

-training, the bar was émeaféa with wet mash and five “freea
pellets were placed in the food delivery tray as an induce-
ment for the animal to épproach the bar, This practice of
"primiﬁg“ was given in successive daily training sessions
until no longer required. In addition to this priming tech-
niqﬁe,vresponse éhaping waé aiso empléyed, if necessary.
Thét is, the experimenter, by a remote éontrol swifchy rein-
forced the animal when its behavior was bar-orientated. The
number of bar-pressing reéponses was automatically recorded
and the animal was reinforcéd with one pellet of food for
each bar-press response. Daiiy'sessions of training con-
tinued until the subject had reached the training criterioﬁ,
an asymptote defined as three or more approximately equal
scores on four successive training sessions. After the sub-
jects had met this criterion, they were randomly assigned,
on the basis of sex and weight, tb the preconditioning train-
ing groups as shown in Table 2 below.

Nine experimental groups of four animals each (two
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male and two female), and nine control groups of two animals
"each (one male énd one female), comprised ali'the treaﬁmeﬁt
groups, as galled for by the design‘of the experiment. One
control and one experimental group represented each of the
nine possibie treatmeht combinations (three intensities of
“light and three intensities.of tone), hence there was a total

of nine experimental and nine control groups (see Table 2). .

2. Sensory Preconditioning Procedure

The day following the completion of bar-press response
training, groupAsensory preconditioning training (groups of
2, 3 or 4 Ss) was started. The preconditioning (PC) stimuli
for the experimental groups were presentéd'asynchronously:
that is, the onset of the second stimulus, light, was pre-
ceded 2 sec. by the first stiﬁulus, tone, and both terminated
simultaneéusly énother»2 sec. later. This technigue of for-
ward conditioning (the first stimulus is designated the CS
and the second stimulus, the UCS) has been demonstrated to be
a more effective conditioning procedure than either simul-
taneous or backward presentation of the CS-UCS order in SéC
experiments (Silver and Mever, 1954; Hoffeld, Thompson and
Brogden, 1958). The Transfer test stimulus, tone, was pre-
sented alone during Preconditioning training to all control

i 34037
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animals for 4 sec. The average Inter-Trial Interval (ITI)

for both experimental and control'groupsvwas 30 sec. (range
15 - 37 sec.). All animals received two days of precondi-
tioning training at the rate of 100 trials per day, méking

a total of 200 trials in all.

3. Conditioned Emotional Response Procedure

The day following preconditioning, group CER training
(groﬁps of 2, 3 or 4 Ss) started for all animals, and con-
tinued for two days with 20 triais administered per day,

making a total of 40 CER training trials. All Ss were admi-

-nistered light as the CS which was paired asynchronously with

shock (UCS). The intensity of the light used in this phase
of the expériment was the same as the particulér S had re-
ceived in preconditioning training. The level of shock was
determined empirically by the experimenter. This assessment
was made immediately after the completion of SPC training.
This was done by individually placing each S in the SPC box
and slowly increasing the shock intensity until pronounced
diécomfort (jumping, urinating, deficating) was observed, the
particular shock level being noted and duplicated in CER
training. In all cases, the CS, light, preceded the onset of

shock by 2 sec. and both terminated together 2 sec. later.
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As in preconditioning training, the inter-trial-interval in
CER training was randomly varied, éveraging 30 sec. with a

range of between 15 and 37 sec.

4., Traﬁsfer Test Procedure .

The day following the completion of CER training,
the Transfer test was given. Each 8 was placed individually
in the Skinner box for a 5 min. period and was allowed to
press the bar for food reinforcement. The Transfer te;t
stimulus toné (of 4 sec. duration); was presented periodic~
ally, beginning 18 sec. after the S was plaéed in the appa- -
ratus. The inter-trial-interval was identical to that inll
use during both preconditioning training and CER training.
The number of CR's (bar—presseé) evoked during thié test

- session was autoﬁatically recorded in the same manner as in
original bar-press response training. .baily 5 min. test
sessions were administered until the S'svrate of bar-pressing
approximated that of the oiiginal criterion estimate, i.e.,

until fear of the Transfer test stimulus was extinguished.

5. Conditioned Stimulus Test Procedure
The day following the completion of the Transfer
test, the final test was administered. This test is the

Conditioned Stimulus (”CS”) test. This test, also given
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.in the Skinner box, involves substitutihg the stimulus used
és the CS (light) during CER training. The number of CRs
(Bar-press responses) evoked were recorded, and all other
experimental conditions were the same as iﬁ the Transfer

test, described immediately above.

Response Measures and Statistical Analysis of the Data

Three main response scores were obtained for each
ey

subject. They are: (1) a "Stable" ("S") response score,
which is the mean number of bar-press responses for each S

over the last four test sessions of bar-press response train-

ing; (2) a "Transfer" ("T") test score, which is the number
of bar presses emitted during the Transfer test; and (3) a.

"Conditioned Stimulus ("CS") test score, which is the number

" of bar presses evoked during the"CS"test. In order to make
these scores indicative of the treatment and test conditions,
folloWing the procedures employed by other workers (e.g.,
Brady, 1951; Kirby, 1963; Singh, 1959), the number of re-
sponses evoked before the first and after the last stimulus
test presentation (tone or light) were subtracted from the
total number given during the 5 min test (Transfer and CS
test). The number of bar-press resvonses evoked during the

same temporal periods in the training sessions, thus deter-
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mining the Stébie ("S") response score of each S, were.sub-
tracted from the total number given duriﬁg the five min.
session in the same manner as deécfibed above. Thus, the
rst, "s", and "CS” scoies ére equated temporélly.

Two subsidiary measures were also obtained. The
first is the ﬁumber of‘fecal bolugés (called thehDefecation'
score) depositedlduriﬁg all training and test phaées of.the
experiment. The secbﬁd is the number of baf-press responses
evoked du:ing the time of the 4 secoﬁdvpresentations of béth
the Transfer tesﬁ stimuius_(Tone) and»the "Ccst test-stimulué
(Light). | -

The complete design of the experiment is shown in

Table 2, below.
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Table 2

Training and Test Procedures and Stimuli Intensities®

: Transfexr CS
Response Training N/Gp Sex Group Preconditioning CER Test Test
' ' Stimuli Stimuli Stimulus Stimulus
4 2M, 2F E Tl - L1 L1 - shock T1 Ll
(dependent variable) 4 2M, 2F E T2 - Ll 'Ll - shock T2 L2
4 2M, 2F E T3 - L1l Ll - shock T3 L3
Acquisition of bar 4 2M, 2F E Tl - L2 L2 - shock T1 Ll
press response, all 4 2M, 2F E T2 - L2 L2 -~ shock T2 L2
animals, Aftex 4 2M, 2T E T2 - L2 L2 - shock T3 : L3
criterion reached, 4 2M, 2F E TL - L3 L3 - shock T1 Ll
Ss randomly assigned 4 2M, 2F E T2 - L3 L3 - shock T2 L2
on basis of sex and 4 2M, 21 B T3 - L3 L3 - shock T3 L3
weight to one of the 2 1M, 1F -C Tl - alone L1 - shock T1 Ll
18 treatment groups, 2 1M, 1F C T2 - alone . Ll - shock. T2 L2
listed opposite, 2 1M, 1F C T3 - alone L1l - shock T3 L3
2 1M, 1F C Tl - alone L2 - shock T - Ll
2 1M, 1F C T2 -~ alone L2 - shock T2 L2
2 1M, 1F C T3 - alone L2 - shock T3 L3
2 1M, 1F C Tl - alone L3 - shock Tl Ll
2 M, 1r C T2 -~ alone . L3 - shock T2 L2
2 iM, 1F C T3 - alone L3 -~ shock T3 L3
Nuwber of trials or Presentations 200 (100/day) 40 (20/day) 10 10
Apparatus: Skinncr box SPC box SPC box Skinner box
* Stimulus Intensitices = male E = experimental ' T = tone
EIﬂ:jmﬁigantjﬂiiNMMu F = female C = control - L = light
T2 -~ Med, -- L2

, : ' o
T3 —-- Low —- L3 _ : .
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CHAPTER III
RESULTé
Generai: Statistical Considerations
Before presenting the results, it is most appropriate,
gt this point, fo diséuss the difficulties involved in the
statistical analysis of the data. It had been planned'origi—_
~nally to apply thelRegression'Ana;ysis modél (see Kirby,‘
1963, p. 130 ff.) iﬁ_‘the analysis of the scores. It had
alsp been planned; in fhe initial design of the experiment,
to place an equal'number of Ss in each experimental and con-
trol treatment group. However, when the design had 'to be un-
balanced (4 Ss in E groups, 2 Ss in C gréups), because of
the limitations of Ss, colony room space, and competing ex-
perimentai room time commitments, ﬁhe.Regression Analysis
model could not meet ﬁhese'altered ébnditions (assumption of
or orthoganality or equal number_of replicatiops). Aé a
consequence, other statistical models'had to be considered,
These alternative$ wiil be discussed briefly, immediately .

below.

The first poSsibility was to apply an analysis of

31
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covariance technique. After much celculation and consulfa;
tionr this model ultimately had to be rejected also, since
it could not adequately handle fhe before-after ("sr~-rq")
scores of fheiunbalanced design.

The‘secend method to be considered was to apply the
Inflexion Ratie technique;l However, there is one inherent
-weakness in this model: it assumes a relationship between ;heﬂ
two scores (before—after),'while what is most preferred'in |
the kind of measures obtained in the present experiment, is

) a method whieh will test the scores fof such a relationship.
Consequently, this method was aleo rejected,

The next alternative was to eonsider e,non-parametric.
statisticai test. This‘poseibility'wae seon rejecéed becaese
there is, at present, no known model'of this type which will
allow the examination of co&ariates. | |

After these methods were rejeeted fer the reasons
indicated, it was decided to adopt the following procedure.
In a SPS experiment of the present type, the critical
measure of the SPC effect is the difference between the ex-
perimental and control scores. Specificaily, the experi-
mental Ss should show a significant decrement in the Transfef‘
test eituation while the control Ss ehould not, If heifhef

the E nor the C Ss show thevdrep'(or both do to a similar
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degree), then it canhot be'conclﬁdéd that the phenomenon'hés

‘been demonstrated. With these possible outcomes in mind, it

can be argued that it is legitimate to analyse the C and E
group scores separately, rather than together (the preferred

method, of course). It can be further argued that if the

analysis of the C group scores shows no significant before-

after difference, then it is permissible to perform a similar

analysis of the E scores. Now, if the E scores (before

. versus after) differ significantly, a significant decrement

in respoﬁdiné in this casé, then it can be rationalized tﬁat
the SPC effect has been demonstrated. The proposed model is
not as powerful a statisfiCalitest as is‘désired but it will.
allow, wiﬁh réasonable cer#ainty, the adequate asseésment of
thé two scoresi Therefore, it was decided to analyse the
scores on_this basis, using Analysis of Covariance (see
Winer, é. 595 ££f). Since thefe are three_main.scores {("s",
"T", and "Cs") to be analysed, two at a time ("S" vs. "T";
JS“ vs. "CS") for the sepafate assessmeht of the E and C

groups, this means that there will be four analyses in all.

Antecedent Conditions
Before going on to present the main findings, it must

be shown that no significant differences exist between the
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two batches of Ss. If this éﬁtecedent condition proves to -
be hon—§i§nifiéant,lthen it is justifiable #o go on to
examiné "S - T - CS" scores. If no differences are obtaihéd,
then it'is legitimate’fo conclude that the SPé effect, if
vdbfained, is a result of the SPCvtreatment procedures em-
ployed,‘and-ndt to any othér."undontrolled: variable.

It is possible that diffe?enées, due to S age and
‘experimenter'training‘sophistication, between batches I and
‘iI, contributéd‘to the before—afker score aifferences. Two -

comparisons were used to assess thié;possibiiity. First, a
t-test compatiSon Qf-the'mean number of minutes required to
learn the bar-press respohse‘by'batches was made., - Second,

a t-test comparison of fecal boluses depdsited during CER
training;,by batches,vwas made, - Bdth comparisdns were non-
significapt {pli.OS). Therefore, it waé concludéd that age
differences and batch differences,dia'not'céntribute signif.

ficantly to the before-after score differences.

Main Results
The total number of responsesAobserved in the "S",
"T" and "CS" tests, as previéusiy'defined, are shown in
Table 3. The individual séofes on all tﬁree measures,by

treatment group can be found in Appendix C.
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Table 3

Total number of responsés by SPC groups evoked during the Stable ("S"), Transfer ("T"),.
! and Conditioned Stimulus ("CS") tests ' ' '

(N=54, 4 per experimental group, 2 per control group)

Preconditioning stimuli Total no. - Transfer Total no. ."CS" Total no.
for experimental and - stable - test transfer test ' "CS" test
respective control groups responses stimulus test stimulus responses
- ("s") - . responses ' ‘
- i « - il (IITII )
Tl - L1 ' » . . 280 . - . TL . -138 L1l 186
Tl R 78 . TL 74 Ll . 85
T2 - L1 , , 259. ST2 217 oLl - 232
T2 - 138 T2 142 Ll 125
T3 - L1 - 328 T3 6 ‘L1 94
T3 ' 133 T3 '52. L1l 48
T1 - L2 .. 263 Tl - 211 L2 S 242
TL 117 STl © 98 L2 80
T2 - L2 ‘ 293 -T2 - 261 L2 269
T2 © 148 T2 122 L2 84
T3 - L2 A 255 T3 © 220 L2 223
T3 . 122 .. T3 124 . L2 : 127
T - L3 . 238 | TL 191 L3 256
T1 . 130 . T 113 © L3 . 136
T2 - L3 312 - T2 238 L3 . 297
T2 ' : , 184 .- m2 81 L3 105 et
T3 -~ L3 o 207 B T 167 L3 198
T3 102 . T3 - 116 L3 134
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l.' Contrél Group Comparisons - Transfer Test
The first analysis of the data‘was performed on'the'
control groups, which Were'exposéd:in preconditioning tolthe
Transferltéét'stimulus é;ggg. It was argued above that if'

. the analysis_revealed no feliable differencelhetween the
Zbefore ("S") score and the éfter:("T“).scofe, then it would
be iogical to pérfo:m‘a-simiia;‘éﬁalysisIof the EXperimentalvf
groﬁp's béfo:e—after sCores.' ”

The results of the.Control:Ss"scores ("S"‘veréus'

UT") are shown in'Téble 4 bélow. An inspection of the rows

~of Table 4 shows the amount of variation in the scores as a
result of the various ébntrol treatments imbbSed on the Ss.
The F-ratio associated Withbthe firét factor, light,.ié.less
than one, from which it is-concludéa that the "S" and npn
scores dO‘pOt differVSignificahtly; Likewise,‘thé second;
factor, tone, and thé'first—order'interactioﬁ,‘light x‘tohe,’
show only dhanée differences on‘the fWo measures (both F4‘
ratios are‘less than 3.98; the required minimum value, to be:
significant'atlthe 5iper'ceﬁt levél of‘confidehce.) inisum—
mary, these results show that the;Contr01‘Ss do not display
a decrement in respondiné in the Transfér test, a necessary‘
“condition, it may be added, for the demonstration of SPC in

-~

the Experimental treatment groups.
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Table 4

Analysis of Co-Variance of Control Groups: Stable and Transfer Scores

(N=18)

Source of . N ~Adjusted sums ' KDegrees of ‘Mean F Significance
Variation -ofisquares Freedom . Square ratio (1) level ’
Light - 35166 - 2 175.83 1 - n.s. (2)
Tone . . ~ 268.09 . . - 2. 134,05 1 N.S.
Light x tone . '3004.28 2 1502.14 3.16 N.S.

Residual variance . 5224.48 - 11 474 .95

— e m— G e e S e G —— o G e v et e G GG et Gmme St St e e A G MG et e EEWe et St S Gt S e G B e e e e e e amee e

(1) F ratio of 3.98 or greater required to be significant at 5 per cent level of

confidence , : , .

(2) N.S. = non-significant

L€
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2. Expériméptal Gfoup Cpmparisons - Transfer test
The secénd analysisfwas perférmed on the beforeb("S")
"and affer (") scOres_df the various experiﬁental treatménts
administered in the stady; An.ekémination of Table 5, below,
by the factors involved (sex, tone, light) will immediateiy
reveal to the reader thatlthere are'hore sources of varia;
tion in the scores asvcomparéd to a siﬁilar analysis pér—‘
formed on the control Qroups‘(fable 4). Thi$ is accounted
for bf the fact that séx'differences had'to be ignored>in the
- Control groué comparisohs. That is, since there was only opé
male and one female S iﬂ eécﬁ controi treatment group; the
sek factor hadlto be’éxciuded in the aﬁalysis. In the Exéeri-:
‘mental gfoups, it wili be:reCalled; two Ss of each éex'were‘ |
exposed to each treatmenf,.thereby allowiﬁglﬁhe presentj
| énalysis‘to examine scoreéfoﬁ this factor,

The F—rati¢ column (last on right of the table) indicates
that two main faétors (tone and light) and one triple intér—
action.factor (sex x tone x iight)‘are highly reliable in
accountin§4f§r a difference in résponse raté in the Transfer'
test (there is one chance or'less-in‘lOO that F-ratios of
these magnitﬁdes would be observéd on the basis qf chance
alone. The other faétors (séx, gex x tone, sex x light,;

-

tone x light) did not COhtribute signifidantly to the
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Analysis of Co-variance of Experimental Treatment Groups:

Table 5

Stable and Transfer Scores

(¥ = 36)
N

~ Source of Adjusted sums Degreeé of Mean - . F _ Significance
variation of squares freedon - squares ;atic»‘l) level'(2)
Sex . . . u ... .=  .472,09 . 1 c t 472,09 S 274 NS,

'Tonc. .« e e 3'.‘. = H 4ii8.36'- 1. “ ~::2 ;':>1 2059.18 - ;1.96 | <1 pér‘cent
Light .l. . ;‘. . . = ‘3424.56 1;‘ 2 . o ‘1712;28 | 09.95 <i.pefAcenc'
Sex x tone . . . .= 321,92 o 160,96 <1 w.s.

Sex x light . . . ., = 802.48'7 . 2 401.24 2,39 N.S.

Tone x light . . .=  1816.40 | 4 454.10 2.8 N.S.

Sex x tone x light = . 6110,47 o 1 4 - 1527.62 - 8.88 (1 pef cent
lRésidual variance o _ 2926.63 B ‘li“ " i72.12 |

(1) The F-ratio is obtained by dividing .the mean square (MS) of each factor by the mean

square of the residual variance or unaccounted for varlance.
(2)

An F—ratlo of at least 6,11 is requlred in order to be 51gn1f1cant at the 1 per cent

level of confldence

et
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observed variance in the Transfer ("T") test scores, and will

not be mentioned again in this thesis.

' The factor of Tone, of course, is the most important

measure involved as it is presented periodically, it will be

recalled, during the Transfer test. The other factors that

contribute to the variance (sex, light, and their inter-

actions) are ' constitutional or antecedent conditions. For
example, light is intimately assoc¢iated with tone in precon-
ditioning training and with shock in CER tréining but "object-

ively" is absent in the Transfer test. Although the inferred

mediation or neural process operant through the three phases

of the experiment (tone - light; light - shock; tone alone

in the Transfer test),‘may evoke a whole chain of events in

the Transfer test'(e.g;, tone meané light; light means shock;
therefore S stops résponding because of‘fear5, it is the
factor of tone alone which can be ihtefpreted most simply,
most directly in ﬁhe above anal?sis. In review, these results

show that the experimental groups did display a decrement in

responding in the Transfer test, the necessary condition for .

the demonstration of SPC.

3. Control Group Comparisons - cOnditioned Stimulus Test

> The third analysis was performed on the "S" and "CS"
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Apalysis of Co-variance of Control Treatment Groups:

Table 6

Test Scores

Stable and Conditioned Stimulus

(N = 18)
Source of - Adjusted éums _ ;.Degreesvbf Mean F | ..ASignificance
variation of'sguares- | . freedom rquare§~ ratio-(l) ;level‘(2)
'Ligﬁ# . ;i. . 179 5 , 89.5 <1 "-‘ ﬁ.s..
Tone . . .4+ o0 .= i219 "2. 609.5 <r N.S.
Lighg x thé g 4701 ' 5  2395.5 1;7;‘ N.S.
Residual variance . . . = 7659 ‘}1i- 6963

. Sy G I — G w——  G— — g Gmn  w— G Gy W — — G — p— — oo Gm— — — — — — — — ——— S—— G— — V—  Sd GeETD GEm— S C—— w— — e — W—

(1) P-ratio of 3.98 or
confidence

greater required to be significant at 5 per

(2) N.S. = non—éignificant.

cent level of

1874
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scores of the various éxperimental treatments administeied
in the study. The Conditioned Stimulus (CS) test was admin—.
istered,'it will be iecailéd, to ensure that CER training had
beenieffective; Table é,ibelow, shows that the effect of thé i
CS, light, was not a gignifiCant source of variance between |
the two sets of scores'("S" - "Ccs")., 1In addition, neither
tone nor thelight—tdne.interaction_was a significant source
of Variance. It was énncluded thatithe Control Ss had not

been effectively fear conditioned in CER training.

4. Experimental éroupyCompafisons - Conditioned Stimulus Test - -
The fourth anélysis waslperformed on tne "S" and
res” scoreé of the various experiméntal treétments.. Tnble 7,
A‘below, shows that only tnnebandulightwete significant
(p € .01) sources of variance.in thé»éata. It was concluded
-that the éxperinental Ss had been effectivélYiféar condivt

tioned to the CS, .light, during CER training.
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Table 7

Analysis of Co- variance of Experimental Treatment Groups- Stable and Condltloned Stimulus

s Test Scores

| ‘ (N = 36)
Source.of , VAdjusted sumsT Degrees of ; Mean - A F Sicnificance
variation o ' of squares freedom squares ratio (1) level (2)
SeX v 4w w e .= 199 1 S 199 41.33 NS, |
Tone . . . . .« o = 3000 2 1se0 10,87 <1
Light o v . . . . . = “Ua2ar -2 - le2a 1177 <1
Sex x tone . . .-.:=’ . _.306 - 2 - 153 1.15- | | N.S.>'
Sex x light . . ; ; = i :t _ 855' o | 2h ;' T 443.v o 3.22 | V_N;Sl
‘Tone x.light . : . = : , 832", o | 4 - l ‘ 2oe " 1.57 ' N.S.
Sex x tone x light ,=r *.v417 o _;~4”‘ o 104 {1 N.S.
Residual variance = .5346 . bl7‘ o ‘\138 |

— e ew—r w— m— — ¢ o w— G Mt mY et S Gmem W G wmmg  Gm) et TOWS Gt e et Mt Mt St et e e Gmme e Gmmy e Sees ey e G et et e G o

(1) The F-ratio is obtained by dividing. the mean square (MS) of each factor by the mean
square of the residual variance or unaccounted for variance,

(2) An P-ratio of at least 6.11 is requlred to be 51gn1f1cant at the 1 per cent level of
confldence. . ‘ . :

£




. CHAPTER IV
DISCUSSION OF RESULTS

The purpose of this experiment was to demonstrate the

\ Lo

‘effect of varied prebondiﬁioning‘sfimuli iﬁtensities upon the

. magnitudé of SPC. All Ss were-first'trained to press a Béf:v
for food reward.;>0nce this response'had stabilized, pre-
‘coﬁditioning and CER tra;niﬁg”phases were édministered; and'
were follbwéd'byltheffran§f¢£ ;ﬁdﬁCS"teété."If will aléo[bé f'
rec;lled ﬁhaﬁvtﬁe‘main'measuré,of SPC 'in this study was‘é o
diffefeﬁtial deérément iﬁ‘bére§res§ fesponse rate in thév’
Transfer Eest;'vThevéSsumptibn wés'made.fhat if the Experi-'ﬁ -
meﬁtal Ss showed a resPOnse deéréméht on this measufeivbu£
the Control‘Sé did'not; then it cpula be'conéfuded'fhat'the
SpC effecﬁ had been oﬁtéinéd.

Befdre discussing_th9 main‘findings of this sfudyi-
several antécedept méésures wil;'ge examined as pbssibleluné‘
congpol;éd soﬁrces of bias infthe data.

| The first invol;es ensuring ﬁhefneutrality of the
transfer §timulus(‘tone; 'It‘is‘possible, fér example, that ;
. the preSentatiénléf éone;inlitseif, might spontaneouslyl'

L
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evoke a fear response; thereby inhibiting the bar-press

' response during the Transfer test. There are two sources of
~information which discredit. this possibility. The firsf,'

and- foremost, concerns Transfer test response rates. If

tohe, at any of the three intensity levéis employed, producés k“‘
a fear response, then thé‘contfol animalé.shéuld show a sig-
. v . ) hd :

nificantly lower bar-press response rate in the Transfer
test compared té*their Stablé (or "S")‘rate of responsé.‘ Thé
stétistical resﬁlté indicatevthatlthere is.no significqnt
difference between the ﬁwo measures‘for the Control S$~"‘.
Second, in a:pilot study, Which'is not reported in the TheSis,'”'
a group o: fod; animals were pfesented with féne alone,'thé“
day atter a sﬁable bareéress rate had been established in
the same manner és had been done in the experiment proper."
The t%o scores ("Sﬁ, and the pre—stimulus test) did not aif—
fer significanﬁly (é>.°b5)f‘ The“TransfeF'stimulus Tone, -
thereforé,.is considefed "neutraif and ié not likely td é&oke
a fear response. | T

Another possibie spurcé of bias refers to 5a£ch dif-
ferences in two.of thé critical training stages of the expéri-
ment (bar-press respdnse and CER). A t-test was used to com-
pare the two batches in terms of the'ﬂumber of minutes to

-

learn, to criterion, the bar-press response. The results of
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' this tést'were nbn—significant (p.).05). A second measure
which miéht :eflect batch differences was the number of

.fecal boluses (called the D-score) deposited'during CER
training; "Thé D—ééﬁres of thé two batches were comparéd by

"a tPtéS£. The results were nbn-significant (p) .05). Thefe—.
fdre, it ié concluded that any differences which may be,ob—-ﬁ
served aré not Aue tO'differentiai rafes'oflfear condition~
ing between the two batches, as shoﬁn by the defecatioh |
scores, The main results ﬁililhow be discuSséd.

Tﬁe anéiysis Qf the Transfer test séores of the Ex-

' perimentai and‘Cbntroi groups demonsﬁrated'the'SPC effectlﬁ
(seé Tables4 ana-s). However, befpre ﬁhis intérpretation-*
can be acceptéd, it is first necessary to examine tﬂe "CSF

test results. The "cs" teét was administgfed, it will be '
recalled, to demonstrate that a feérlresponse had beén estab-
lished. It might be observed that the Experimental Ss show
less inhibition of the baf press response during this test, .
but the Control Ss would-be expected to show a significant-
ly greafer drop in rate of respoqding. ‘These differéntial
rates of response, 1if obsérvéd, can be interpreted to result
from different extinction rates between the two groups (Ex-

‘Tperimental vS. Control). That is, it'is possible that the

-

Experimental Ss exposed to tone - light pairings in precon-
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" ditioning may show less.fear‘of the CS, light, in the "Cé"
test because its feér'of the transfer test stimulus (Tone),
during the Transfer éést,.héd.beén extinguished, prior‘tg-
| their exposure to the “éS" test. The ¢oﬁtrol Ss, on the
-other'hand, exbosed only to to#e in Preconditioning, may not
‘show reduced'fearvof the CS, light, in‘the'"CS“ test, simply
becéuse of their different,preconditioning experience,
Another hypothetical outcome is that reported by Kirby (1963),
in which he observéd-nd difference/in bar-pfess rates in the
"CS" test; both the Experimental and Coﬁt?oltgroups showed- a
‘highly significant decrement‘invrespoﬁse ﬁqmpared to their
stable response rate,
The results of the "CS" téSt, considéring the pdssi—;
bilities ;ﬁggested.aboVe‘appear tofﬁe'confounding. T%e Coﬁ—
: trol.Ss did‘nbt décrease,their‘rate of response, thus sug:
gesting‘thaé a fear respohsg had not been established. fThe'1
_Experimental Ss, however, did significantly decrease their
response fatéduring‘the‘“CS“.tes£. Thésé results might be '
interpretéd to mean tﬁat since the Control Ss had noé been
effectively féaf-conditioned in CEE training, then any con-
clusion about the'demonsfration of SPC in.the Experimental
“Ss (who show fea£ of the CS‘test'sﬁimulus)'remains ambiguous.

-

‘Some of the subsidiéry measures will have to be examined in
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detail<beforg any such conclusion can be drawn; These measf
‘ures are the D-scores during CER training, and sex différ-_

- ences in thé Control Ss. |
A t-test was aéplied to'fhe mean number of fecal
boluses debosited b¥ the'Experimeﬁtal‘and Control Ss during
CER training. The ﬁéan difference‘bet&een-the groups was
.'non-significaht'ﬁp}.OS). This suggests, atuleasﬁ, that -
'both the Experimeﬁtal and Control'Ss’aisplayéd equal feér'of
the CER training procédure (éee Abpendix D for bolus scores);
-In the-statistiéal énalysié of the Transfer and CS'v.I
test scores‘for the Control Ss, the factor of sex differ-
enéés had t;‘bevignored becau$e of_the-insignificant number .
of replicatioﬁsA(minimum 6f'2”Ss of.each'sexbrequiréd).
Therefore; if was decidéd.to investigate.sex differe;ces ié
the Transfer and "CS" test results. The mean decrement bef
tween the Stable response score and the Transfer and "CS"
test score (i,e;, "S" - "T" and "S" - "CSA) was calculated '
opposing sexes of th§ Céntrol énd Exberiméﬁtal Ss, but dié-,

regarding treatment differences. The results are shown in

Table 8, below.
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Table 8

"Mean Drop in Conditioned Stimulus Test Scores by Experimentai

and Control Groups, and Sex, Disregarding Treatment

Group . S Sex Mean Conditioned Response

Test Drop ("S"-"CS" scores)
' Control M 18.6
Control F 5.2
Experimental M 12.0
Experimental . F 7.6

Examining the Control Ss, the first factor to be

noted is that the female«Ss,.comparEH to the male Ss, do not

_seem to have been effectively fear-conditioned, as both rates

y . : o
of decrement should be approximately equal between the sexes.
In examining the mean drop in response in the Experiﬁental SS,

it again appears that the female Ss show léés effective

establishment of the fear response conditioning procedure

than do £he‘male Ss, although this‘observatibn may be con-

founded by the hypctﬁesizea extinction factbr commented upon 
above. If these analyses, both logical and statistical, are.
accepted by the reader, then it may be concluded that a pro-
minent sex difference hés been observed in the present study,

N
the males showing a much greater sensitivity to the SPC ex-

“periment than do the females. A second conclusion alsé fol-

-

lows from these analyses: that a positive demonstration of
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the SPC effect has beeﬁ obtained. This intérpretation is
more readily acceptable when it hasraisé been shown, in the
,analysis oﬁ the E treatment grbups,'that 5éx was observed to
be a‘signifidant facforAin the rate of response transfe¥ in
~the Transfer test,:thé females,agaip $howiqg'léss of the"
éffectvthan do the-maleé'(ﬁéan droﬁ rates of 15.7 and 21.4A” '

' respectively); | | | | | |
’in the light Of”tﬁé‘abdve arguments; the cdncluéion R
_that a'reliablevdémonétration of'thé SPC'phenomendn has '
occurred. seems justifigd. ’A theofe¢ica1_fa¢tor which may be .
“aduced tb further feinforceﬁthis thclusion may be stated as
followé."The ;;iﬁal, it Wiii be remembéréd, is in a sta£é 6ff
conflicting driveé (ﬁuhger VS. feaf) during both thefTrahsfé# 
and "cs" tests.‘.fhat ié, the aniﬁai.has'béen deprived forv
22 hours p;ioi to theséqriticai teéts, and it’has‘alsb.beén
conditioned to fear the éritical‘test sfimulus. On practical
grounds, it would seemvdifficult féf the Experimental S to
suppress a strong huﬁger drive, which it has the oéportunity
to alleviate, when e#posed to the pefiodic appearance{bf the}
transfer test stimulus, while the'Control‘subject under the
same conditions ﬁight not show tRis suppression. The faqt
“that Ss.so low on the phylogenetic scale as is'the rat,

-

exposed to either an Experimental or Control treatment

. N }
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procedure, show such differences in suppréSsidn of a strong

hunger drive, is here taken to be a strong argument for tﬁe
SpC phenqmenon in generél,as'Well'as for the results of the
present study in particﬁlér.' | -

~ The effect sf the'préconditionihg gtimuli intensities

upon the magnitude of SPC seems to be akin to the laws of .

. standard conditioning. It is known from standard condition-
ing that the best conditioning arrangement is one in which

‘_ﬁhevCSfis relatively weakicompared to the UCS (Kimble, 1961;'

Razran, 1957).. Sincecthe ?resent study isla parametric one, ‘53
using three intensities of bothtfone and light, ihdividual
preconditioning stimulus tréatments can be examined to see

if the‘fame relationships péftain in the SPC paradigm.
According to the Kimble ahd the Razran speculations, the pre;
conditioning stimulus intensity a?rangement most conducive

to the transfer effect would be the Tohelj - Light, pairing.,

An examination of the Transfer test scores (Appendix C)

_reveals that this arrangement results in greater transfer’

effect than any other stimulus combination. It is also
: (

apparent that some preconditioning pairings are less effect-

ive in promoting the SPC effect than are others. For ex-

-~

E_ample, of the treatment groups using the Tone , pairings

(with Light 1, 2, or 3), not one shows the transfer
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phenomenon. Wlth similar precondltlonlng stimulus 1nten51—‘
ties and procedures, Klrby (1963, see Chapter I for a revieW’
of this study) also did not get a reliable meésure of SPC.
The ether precenditioniﬂg stimulus pairings show only mode-.”
rate te_little evidence<ef the effect. The;efore,vfrom
‘these resulte, it appeare thet preconditioning.stimulus in-
tensities are very important in obtaining a successful demon-
stration of the phenomenon, the T4 —.Ll cpmbinétieq speeifie;
-ally, broviding thelmeximal_SPCleffect, |

In concludihéuthis discussion, it must be admitted
that the present statqs of SPC is that(-although generally'
accepted as’undeﬁieble empiricai fact, it is a Qeak and un—e.
steble affaif. But the present author ie in agreemeht with'
Bitterman, Reed, and Kubala when they wrote: | |

\
... the study of sensory preconditioning has

not progressed beyond the earliest stages,

and the negligible effects sometimes reported
may reflect only the fact that optimal condi-
tions have not been employed .... that these
experiments have, on occasion, given positive
results may be taken as evidence for the
strength, rather than the weakness, of sensory
precondltlonlng. (1953 P. 179).

The results of the present study glve further credence to

this statement.
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. Suggestions for Further Research

1. The undérstanding of ‘the conditions éffecting the
" occurrence 6f SPC and its méghitude»WOuld be clearer if it
'were not compiicated by ‘having to’use an - unobserved, inferred',
behavioral response in the precohditioﬁing phase of the ex-
perimenﬁ,' The sophistiéatéa téchniques of cortical implants
may provide a method byVWHiéh‘to traée £he more preéise'l
neural changes océurriné during SPc; o

2. | Female'subjeéts do not seem as sensitive .to thevCER”;
training procedutes as‘d¢‘the méle_subjects; Therefore,bit“
would‘seem‘préférabie,td use.malé‘éubjecﬁs in future stﬁdies
if the ma%ima1 transfe: effect i§ to,ﬁe obtained.

3. -  ‘1£ seéms that the preconditioning stimuli intenSif‘
ties moét coﬁdﬁeive to:déménstfating'the SPC effect as indi-
cated by the findings of this study and as predicted by |
standard coﬁditioning procedures,.shOﬁld bé utilized in
future research, (speéifically; weak CS, followed in onset
by stroné ucs). |
4.A - Although there is nb'evidenge in the present study
to make such an asserﬁion, it seems that fhe CS-UCS interval
is very important in determining the magnitude of transfer.
(Hoffeld et al., 1958). Therefore, it is suggested tﬂat a

longer CS-UCS interval be employed in future studies,
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CHAPTER V
SUMMARY
The purpose 6f the present'experiment was to study
the magnitude of sensofy prééondifioning as a function Of .
.preconditioning.stimulus intensitiés.’lThe design called for
eighteen different treatment gfoups (nine Experimental'and
nine Control groups):: The experimental group treatments
,conéisted ofvthe asynchfonous presentatidn‘of tone (at three
intensity levels) and light (also at Ehree intensity levels).
Eacﬁ of these.expefimental_groups had its réspective'control
group, in which only the first precondiﬁioning stimulus
(tone) was presented during fhe preconaitibning'phase. A
.bar—pressiﬁg‘response Was firmly established prior to spcC
training.. A fear response (CER) Was ﬁtilized as part of the’
SPC training procedure‘ahd'providedﬁthe resbonse conditioﬁ'
necessary to measure the SPC effect. VA second critical te§£
("CS" test) provided a measure of the gffectiveness of the.
fear conditioning procedure employed,
It waé found that the Expefimental groups gave signi-

.. ficantly fewer bar-press responses during the Transfer, test

.

54
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than did the Control group. It was concluded that, although
SPC had been demonstrated, this interpretation was contingent:
upon a pronounced sex difference in the second critical
("CS") test., That isl the males were much more sensitive to
the SPC procedures than Were'the“females and hence displayed‘
significantly more evidence of the tfansfer effect,

The multiple comparisons of the Experimental treat-

. ment groups showed that the‘pfeconditioning'order, tone at -

low intensity, asynchronously paired with light at high in-
tensity, produced muéh‘greater transfer effeét than‘any other

intensity combination.. This finding is comparable to the: '

results obtained in 'standard condifioning experiments, in

which a weak CS preceding the onset of a i =#"; stroné ucs,

'generally produces greater strength ofvresponse,than when

the CS5 and UCS have other intensity valués,

Several suggestions for future research are made.
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' Male Subject Weights ‘in Grams

S Number Sex = Weight Prior to gYWEigHt after "CS" test
' ~CER Training ' o

425 - . 419
451 - - 447
502 o496
409 401 .

S506. . 511

f473. 470 .
516 . . . 492
469 . . 470
423 - .7 -a20

o481 v 5 477
450 . 446
570 - N . 575
492 . . - 501
483 o 482
..-468 - -7 460
o526 - 523
491 . 496

421 0 - 416 -
436 . . 430 -

431 - 427

399" S 395
. 341 o - 338

388 .. -390
366.- . . ., 364

404 . - . 401

0345 0 348

357 o 352

VCONOU A WNE

I—l
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REEERRRERERERREEREREREREEREEZREE
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Female Subject Weights in Grams

S Number Sex Weight Prior to: Weight after "CS" test
' CER Training = : '
19 F 273 .+ 262
20" Fo 303 | 301
21 . F ..300. 296 .
22 . F 267 271
23 F. 260 . 254
24 " F 271 261
25 F 290 293
26 - F 281 ¢ . 282
27 F 294 284
29 F 312 309
30 F 239 - 238
31 F. 254 250
‘32 - F 252 253
33 F 264 268
34 F © 301 293
35 F 207 307
36 F 254 251 .
77 F 278 265
78 F . 260 263
80 F. 251 247
83 - F 256 248
86 - F 222 226
87 . F 215 - 219
88 F 226 229
89 F 246 241
92 F 278 272
93 . F 225 224
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Appendix MB"

Fourteen Day Gradual Food Reduction Schedule

'Animals Fed

Days : o B ' From . o To

1 - 2" ' 4 | | ;9.(')'0 a;fn.‘ ‘ 5.00 p.m.
3 = 4 . 9.00am : 4.00 pum.
5 - 6 . '10.00 a/m. .  4.00 p.m.
7 - g R ' 10.00 a‘.m.‘- L 3.00 pum.
9 - 10 o 1100 am 3,00 p.m.
1 o-12 e ©-11.00 ‘a_.r‘u.» 3.00 pm.
13 -14 'li._OO,a.fﬁ'. o 1.00 p.m.

,
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* Appendix "C*

Corrected Individual Responses by‘SPC Groups evoked:during the -
Stable ("S"), Transfer ("T"), and Conditioned :
Stimulus ("CS") test by treatment group*

(N=54, 6 animals x 9:groups)

LIGHT 1 ~ LIGHT 2 - LIGHT 3
s T cs S T CS s T cCs
T
o
N
E.
62. 64 64 | 81 90 63 f 93 49 o1
T 105 69.. 74 | 75 74 .75 51 26 47
0, 48. 43 .52 - F 68 55 71 | 97 90 77
N 44 41 40 50 42 60.°§ 71 73 82
& o . T .
74 64 67 67 53 . 22 88 0 0
64 78 58 8l 69 62 § 96- 8l 105
;
100 3 20.7_‘72 71 75 80
T 111 2 46 91 .70 47 58
o 4 56 0 22 44 30 28 33
N 61 1 6 48 36 17 27
E ' ,
77 0 8 56 33 .43 55,
56 52 40 . 66 69 73 79
l J

* Scores are inserted in the experimental design above,
the first four scores in each cell are experimental
animals in the sex order of M, M, F and F, The last
two scores represent control animals in the sex order
M, F.
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60
Appendix "D"

Total Subject Fecal Bolus‘("D“) Scores Duriﬁg CER Training

S. Number Sex - "D" Score S Number  Sex "D" Score
1. M - 18 : 19 F 14
2. M 11 ) .20 F 11
3 M 13 - .21 F -9
4 M 14 0 22 F .21
5 M 9 . - .- 23 F 12
6 M 20 - 24 F 15
-7 M 16 . .25 F 16
8 M 14 26 ' F 14
9 M - 10 - 27 'F 17
10 M 11 .. 29 " F 18
11 M 19 30 F 11
12 M 18 . 31 . F 12
13 M 15 . 32 " F 11
14 M 21 . 33 . F 18 - .
15 M -8 -+ . 34 F 17 -
16 M 16 - 35 .. F 20
17 M 12" . " 37 F 15
62 M 14 . 77 F 14
64 M 13 - 718 F 19
67 M 20 -+ .. 80 F 12
68 M 17 . 83 F 8
69 M 11 86 F 11
70 M o, - 23 - 87 F 20
71 M 17 . .88 ! . F 13
73 M 4. . 8 . _F 19
74 M ir - .92 'F 23
75 M 18 ' ‘ 93 F 11

’
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