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INTRODUCTION

Classical conditioning may be viewed as a relatively simple and
objective experimental method of studying learned changgs in behavior.
The traditional view of classical conditioning maintains that when a
conditioned stimulus (CS) is paired with an unconditioned stimulus
(US) on a number of occasions, an association is formed such that the
CS now elicits a response called the conditioned respoﬁse (CR), that
it aid ndt éiicit before ﬁhe»pairingg (Hilgard and ﬁarquié, 1940;
Kimble, 1961; Prokasy, 1965). The US acéording to this view must be
able to evoke readily and consistantly an unléarned unconditioned
response (UR), which is highly similar to the CR. The CS is defined
as a neutral stimulus in the sense that the original response to the
CS is assumed to be unlike the CR that subsequently develops.

One of the difficulties with this view of the condi:ioning process
is tﬂat in several classical conditioning situations the CS elicits an
original response which is similar in many respects to the CR. For
example, investigators studying thé’galvanic skin response (GSR)
typically present a series ;f CS alone trials to habituate an original
GSR which is similaer in form and magnitudelto the conditioned GSR
(Wickins and Harding, 1965). This same problem is present in the case
of the heart-rate response (Fitzgerald, Vérdaris, and Teyler, 1966),

a reactioq that was stu&ied in the present-investigation; However, it
is important to realize that the occurrence of an original response to

the CS that is like the CR does not necessarily indicate that conditioning
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did not occur. Rather, the issue loses some of its significance if

one view§ the pairing of the CS and US as ;ne of the essential requirements
for conditioniqg to occur. In discussing this problem of having the CR‘
like the original response toithé CS, Kimmel (1966) has reaffirmed the
position taken by many investigators of the phenomenon (Fitzgerald,
19663 Gringé, 1963) that the occurrence of conditioning should be judged
in terms of the performance of an experimental group relative to that

of a control group that does not receive for%ard pairings of the CS

and US. Given this view of conditioning there is no reason why the CR
could not be like the original response to the CS. This will be the
position adopted in the present paper.

Although electric shock ié the most commonly used US in aversive
conditioning situations,'intense sound, bright light, an air puff directed
to the cornea of the eye, and acid applied to the mouth have also been
employed. Pavlov (1927) observed that the effect of increasing US
intensity was to increase the magnitude of the CR. As will be indicated
below, the results of more recént studies, in most'cases, agree with
the findiﬁgs of Pavlgv. | |

In the typiéal conditioning experiment the CS begins'a brief time
before the»onset of the US. The time between the beginning of the CS
and the beginning of the US is called the CS-US interval. 1If the CS
terminates before the onset of the US the procedure is termedltrace
conditiéning. If the CS overlaps the USyin time the procedure is
termed delayed conditioning. Pavlpv (1927) was the first investigator
to study these variébles and found that.delayed cohditioning generall?

resulted in a CR of a greater magnitude or probability than did trace



conditioning. Since the time of Pavlov this observation has been repeat-
edly confirmed, although the number of studies is small. Results of
several recent studies investigéfing trace and delayed classical con-
ditioning will be discussed below.

The broad purpose of tée present investigation was to study the
effects of trace and delayed conditioning on the heart-rate response
in rats as a function of US intensity. The following is a summary of
the pertinent experiments that have explored the effects of these two

variables in classical conditioning situations,

Studies Varying US Intensity

Most of the evidence of the effects of US intensity in classical
conditioning has come from human-eyelid conditioning studies. These
studies have repeatedly demonstrated that the rate of acquisition and
asymptotic level of the CR increase as the intensity of the US is
increased (Burstein, 1965; Burstein, 1967; Passey, 1948; Prokasy,-l967;
Ross and Hunter, 1959; Spence and Platt, 1966; Suboski, 1967). The
general procedure used in all of the egperiments consisted of fairing
a tone or light (CS) with air puffs (US) of wvarying strengths to the
cornea of the eye in a between subjects design. |

There are several studies of autonomic nervous system conditioning
that have looked at the effects of US intensity. Wickins and Harding
(1965) investigated the effects of US intensity upon human GSR. A
within subjects (Ss) design was employed, in which‘each S received two
different CSs, each of which was paired with a US of a different inten-

sity (1.5 or 2.5 ma. shock), Twenty trials were presented to each §



at a 1 sec. CS8-US interval. They found that the magnitude of the condi-
tiocned GSR was greatest to the CS that was éaired with the strongest US.

Some evidence is available to suggest that the relationship of
inéreaéing CR magnitﬁde with~increasing US intensity may also Be'présent
for classically conditioned heart-rate.responses in humans. Bersh,
Notterman, and Schoenfeld (1956), using a trace ¢onditioﬁing procedure
with a 6 sec. CS-US interval and two values of US intensity (20 br 28
volts AC), found that after 11 paired trials the conditioned heart-rate
response was greater in the group receiving the more-intense US, There
is also evidgnce in an experiment by Obrist, Wood, Perez-Reyes (1965),
for this effect of US intensity on the human ca;diac response, Each S
received 16 pairings of a 2 sec. visual CS and one of two shock intensities
(1.88 or 3.86 ma.). The group that received the more intense US exhibitéd
a larger conditioned heart-rate response than the group receiving the
less intense shock.

All of the studies cited above offer supporf for the notion that the
strength of the CR increases as the intensity of the US is increased.
One must note, however, that a basic problem‘encountered in all condi-
tionihg studies’invblving human Ss is the inherent complexity of the
organism. For example, Hastings and Obrist (1967) argue that many of
the human cardiac conditioning studies are confoqnded by the effects of
verbally mediated instructional sets, and suggest that the resultant CR's
may not be based on the traditional CS-US pairingé. Perhaps, then, in
an analysié of the effects éf'US intensity on conditioning it is more
profitable to consider those experiments‘utilizing infrahuman 8s, in

whom such sets would not be relevant factors.



In one of the few animal studies in which US intensity has been
varied, three separate tone CS's were randoﬁly preéented to each dog
(Dykman, Gantt, and Whitehorn, 1956). Associated with each €S was a
US of a different intensity. Each of the four §§ received over 500
reinforced trials., The effect of US intensity on the cardiac CR was
similar to that reported in the human literature in that‘the magnitude
of the CR was greatest to the CS paired with the more intense US.

A coﬁtradictory finding was reported by Warstler and Ost (1965),
who studied szlivary conditiening in the dog. Three.different concen-
trations of acetic acid (0.3, 1.5, and 7.5%) were used as the USs. The
animals were given 10 reinforced trials per day for 10 days. The authors
found that the CR magnitude of the high US group was less than that of
the intermediate US groﬁp. The authors suggested that other studies of
Us iﬁtensity might have obtained an inversion had they used a very strong
us,

A similar result was obtained in a recent study by Holdstock and
Schwartzbaum (1965) in which the effect of two values of US intensity
(0.5 and 115 ma, shock) on the condifioned heart-rate response of re-
strained rats was investigated. Each S received 80 acquisition trials
during five days of training. Theée investigators found that the magni-
tude of the CR, which in this tase was a deceleration in heart rate, was
greatey with the 0.5 ma. than with the 1.5 wma. US. Unfortunately, the
method that Holdstock and Schwartzbaum used to pfesent tpials mekes it
difficult to drav any conclusions regarding their results. Their method
consisted of giving the CS only when there was no struggling in a 5 sec,

peried prior to the time that the CS was scheduled to occur, Thus, CS
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presentations were made contingent upon the absence of struggling. It
is not possible té know what effect this procedure might have had on the
outcome of their study.

To summarize, the results of most of the experiments cited above
indicate that as the intensity of the US is increased the magnitudé
of the CR also increased, however, there are two notable exceptions
to this general finding. In additjon to its effect on the magnitude
of the heart—rate‘CR in infrahumans, there is evidence to suggest that
US intensity may also influence the direction of that response. By
direction is meant whether the cardiac CR is an acceleration or a
deceleration in rate relative to some baseline. Fitzgerald, Vardaris,
and Teyler (1966), in a study involving 55 dogs, gave each subject 30
acquisition ﬁrials during two days of training, The US was a 9.9 ma.
shock delivered to the hind quarters of the aniwal. The results indi-
cated that the vast majority of Ss exhibited an accelerative CR. 1In a
similar study invelving 60 dogs, fitzgerald (1966) presented each §
with 12 acquisition trials.and found that the predominant heart-rate
CR was again accelerative;

Dykman, Gantt, and Whitehorn (1956),.0n,the other hand, using a less
intense shock of 1.8 ma, delivered to the front paws of the dog, reported
finding a large number of Ss showing a decelerative CR. 1In a study by

ties

e

Lang. and Black (1963), invevtigating the effect of three US intens

(3,4 and 8 ma.) applied to the paws of the dogs, more deéelerative

responses were observed at low shock levels than at high shock levels,
McDonald, Stern, and Hahn (1963), in a study using unrestrained

rats and 2 1.5 w2, foot shock to the § through a grid floor, presented



216 trials over 27 days and obtained results indicating that the CR was
an acceleration in heart rate, Fehr and Stern (1965), in a study using
unrestrained rats and a 1.5 ma. foot shock, presented the animals with
200 ﬁaired trials over four_days. They obtainea én aécelerative CR.
Black apd Black (1967) also utilized freely moving rats and a 1.5 ma.
foot shock. The animals received 30 paired trials in the single training
session, The CR in this study was also a heart-rate acceleration.

Quite different results have been obtained in several other studies
involving restrained rats., Fitzgerald, Vardaris, and Brown (1966), used
a 1.8 ma. shock delivered across the chest of the animals, These animals
received 42 paired trials over tw0‘days. In this experiment the CR was
not an acceleration in heart rate but a deceleration. The experiment of
Holdstock and Schwartzbaum (1966), using a 1.8 ma. US and restrained rats,
obtained a deceleration in heart rate as the CR. These seemingly contra-
dictory results could be due to the fact thaﬁ the Ss in the former
studies, showing'accelerative CR's, were freely moving while in the
latter studies the Ss were restrained. Conceivably this restraint on
the Ss activity preventedAskeletal responses-ffom occurring which ﬁight
have produced an acceleration in heart rate to the CS. An alternative
explanation is that the restrained Ss struggled during the intertrial
interval and with the onset of the CS stopped struggling. If this occurred
a decelerative CR might be expected, Howéver, as Fitzgerald,4Vardaris,
and Brown (1966) pointed out, struggling, in general, was infrequent in
their experiment.

Black (1965) also agrees that "“skeletal activity artifacts" do not

appear to account for heart-rate conditioning in dogs. Obviously, the



results of the heart-rate conditioning experiments conducted under the
paralyzing agent, curare, indicate that conditioning can occur in the ah-
sence of any skeletal activity (Black, 1965; Black, Carlson, énd Solomon,
19625 Yehle, Dauth, and Schneiderman, 1967). Still other possible explana-
tions of the variation ?n direction of the CR's are (1) that the subjec-
tive intensitieé of the US's méy_have differed in the restrained and un-
restrained situations due to the different locations of the shocking
electrodes and (2) that the higher resting heart rate of restrained Ss
may have influenced the direction of the CR.
It will be recalled that in the stu@ieS'using freely moving Ss a

1.5 ma. shock was delivered to the feet of the animals through a grid

@ floor, while in the studies using restrained Ss a 1.8 ma. or 1.5 ma.
shock was delivered to either the chest or the tail., It could be argued
that the foot shocks were more noxious than either the chest or the tail
shocks because of the high density of nerve endings in the feet relative

'7 td the chest or tail, Following this line of reasoning and recalling
tha; Holdstock and Schwa;tzbaum found less deceleration in the group
receiving the more intense US, we might expect the Ss receiving the more
noxious foot shock to show an accelerative CR, and the chest énd tail
shock animals to show a decelerative CR. Moreover, had Holdstock and
Schwartzbaum wused a2 US intensity higher than 1.5 ma. it is conceivable
that ﬁhe heart-rate CR would have been accelerative. One purpose of this
’study is to explore this-pdssibility gy étudying the effects of a wide
range of US intensities on both the magnitude and direction of the heart-

rate CR in rats,



Studies Comparing Trace and Delaved Conditioning

A second purpose of this study is to look at the effects of trace
versus delayed conditioning on‘the magnitude gnd direction of the heart-
rate response in rats. Church and Black (1958), investigating cardiac
conditioning in the dog, used a 4.5 ma. shock delivered to the hind paws
as the US. The factorial experiment included a 5 and 20 sec, CS5-US
interval and a trace and a delayed conditioning factor. The animals
received only 10 acquisiﬁien‘trials. The results suggested that the use
of delayed coﬁditioning resulted in an acceierative CR tﬁat had a gfeéter
magnitude than the CR obtained using trace conditioning. The authors
found that this.difference was apparent only at the longer CS-US inter- .
val. While tﬁis observed difference did not reach statistical signifi-
cance, one possible reason for this was the failure of the investigators

to give the animals pre-training adaptation to the restraining device.

during the training period and correspondingvvariability in heart rate.

Black, Carlson, and Solomon (1962) conditioned dogs using a 4.5 ma.
US delivered to the hindpaw of the Ss. The authors reportéd that the
magnitude of the CR was greater for the dogs trained under a delayed pro-
cedure than those trained under a trace procedure., They also reported
that the animals in the trace conditioningAgroup éave more de;elerative
CR's (33%) than animals in the delayed group (1%).

Another of the few studies comparing trace versus delayed procedures
is that of Schneiderman (1966). Several values of CS-US interval (0.25

to 2.0 sec.) were factorially combined with trace and delayed procedures
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in this study of the rabbit's nicitating membréne response. The results
indicated that the frequenéy of CR's was reliably higﬁef under delayed
conditioning than under trace conditjoning for all values of CS-US
interval.
Ellison (1964), on the other hand, studying salivary conditioning in
dogs, found no differences betweén trace and delayed conditioning with
an 8 sec. CS-US interval, but found delayed superior to trace at a CS-US
interval of 16 sec. The author ascribed his results to the ineffective-
ness of a trace procedure in producing a stable CR at long CS-US iﬁtervals.
Delayed éonditioning has generally been shown to result in CR's of
greater magnitude than has trace conditioning. 1In the case of heart rate
there is also the suggestion that the direction of the response can be
influenced by the use of tracebor delayed procedures. In the investi-
gation of the effects of these variables a factorial design was employed
with trace and delayed groups for every level of US intensity so that
ahy interactions between the US intensity factor and the trace versus

delayed factor could be assessed.
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Method

Subjects Two hundred and twenty-four experimentally naive, female,
Long-Evans rats ranging in weight from 175 to 225 gm. served as Ss for
this experiment, The Ss were obtained from Packard Farms, Beaverfon,
Oregon, and were housgd under conditions of constant illumination and ad
1ibitum food and water in the University of Oregon Medicél School animal
care facility. Two days prior to training, the Ss were placed in indivi-

dual cages,

Apparatus The Ss were held in a commercially available restraining
device consisting of a half-cylinder of piastiq mounted on a flat plat-
form. The half-cylinder had removable inserts at either end that could
be positioned to hold the Ss securely without any apparent undue pain or
discomfort. Typically, the rats readily entered the restraining apparatus
and did not struggle appreciably during the testing period, The restraining
device was'located in a deactivated refrigerator shell to prevent extraneous
sounds frog_reaching the Ss. This refrigerator was provided with a fresh
air supply, a dim house light, and white noise (84 db sound pressdre level
relative to 0.0002.dynes/cmg). A switching circuit was employed that
made it possible to test two animals concurrently, each in a separate, -
isolated refrigerator. Trials were presented alternétely to the two Ss.

The S's electrocardiogram (EKG) was recorded on a Grass model IIID
polygraph by means of subcutaneous needle éiectrodes located on either
side of thé thoracic cavity.‘ A sensitive microswitch wasvpositiéned on
the EKG oscillograph pen to effect a contact closure on the Rbcomponent

of the QRS complex. This event in turn triggered a pulse-forming circuit
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that provided pulses to the input of a Hewlett-Packard electronic counter.
The counter in conjunction with a prinfing counter"provided a printed
record of the number of heart beats in discreet time'intervalsnfor.each
trial, Reliaﬁility of operqtion of the counting circuit was checked by
displaying the output of the pulse former on the polygraph, 1In this
manner the original EKG could be directiy compared with the input to the
counter-printer (Fitzgerald, Vardaris, and Teyler, in press).

Gross body movement was also recorded during the coursé of the experi-
ment by means of a ceramic phonograph cartridge mounted under the rat.
restraining device, in such a way that the tip of the cartfidge touched.
the base of the r;strainer.' Yhen the Ss moved, the cartridge tip was
displaced which in turn generated a small voltage. The output voltage
of the phonograph cartridge was electronically integréted, resulting in
a relay contact closure aftef a predetermined>amount of movement had occurred.
The closures occurring during predetermined pefiods for each triai were
automaticaily printed out by a printing counter. The sensitivity of the
integrating device was adjusted just below the level that prevented nor-
mal respiratory activity from being detected,.

The US was a lsec,60Hz, AC shock produced by a Foringer constant
current stimulator and delivered through the EXG electrodes. An oscillo-
scope was used to monitor the various shock intensities during the course
of the experiment, The CS was a 1000Hz toﬁe, 16 db above the background
noise present in the refrigerator. 'The duration of the CS for trace and
délayed groups was 1 and 7 seé., respéétively. The CSnwas generated by a
Hewlett-Packard audio-oscillator, amplified, and presented through Whéﬁfe~

dale speakers. The CS-US interval was 6 sac.
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The €S, US, intertrial interval (ITI), and CS-US interval were auto-
matically timed and presented by means of Massey Dickinson transistorized
programming modules. The experiment was conducted in one session of

approximately 4 hours length,

Procedure At the start of the traiﬁing session the pair of Ss to be
conditioned were placed in the restraining devices and EKG electrodes
attached. Each S received an initial 30 min. period of adaptation to the
restraining device énd testing chamber. During this time héart rate and
movement samples were taken at 0,5,10 and 20 min. to obtain a measure of
the degree of adaptation of the S to the environment. The Ss received

no stimuli of any kind when these samples were taken. All Ss then
received 20 CS-alone trials at an ITI of 70, 90, or 110 sec., with a mean
of %0 sec, Following the CS-alone trials, all Ss received 30 acquisition
and 30 extinction trials at an ITI of 160, 180, or 200 sec., with-a mean
of 180 sec. Extinction trials were identical to acquisition trials éxcept
for the omission of the US.

The Ss were divided into 16 groups of 14 Ss per-group; Twelve of the
groups were experimental and four were conditioning control groups. The
12 experimental groups represented six US intensities (0.4, 0.8, 1.2, 1.8,
3.0, and 5.0 ma,) with a trace and delayed group at each shock level. Of
the four control groups, one pair received a 0.4 ma. US and the other
pair a 5.0 ma. US. Within each pair one group received a.l sec, CS corres-
ponding to the trace experimental groups, and the other group received a
7'sec. CS corresponding to thé'delayeavexperimental gréups. The presen-

tation of stimuli for the control groups was identical to that of the
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experimental groups with the exception that the CS followed the US by
70, 90, or 110 sec., with a mean of 90 sec, This interpolated US design
was chosen as the best single control procedure fbr non-associative fac-
tors in the ekperiment.

The measure of conditioning was obtained on each trial by subtracting
the number of heart beats occurring during the 6 sec. immediately pre-
ceeding the onset of the CS (pre-CS period) from the number of heart beats
occurring during the 6 sec. CS-US interval (CS period). This measure
will be referred to as the difference (D) score.. In addition to the pre-
CS and CS period heart-rate totals, a post US heart-rate measure was
obtained by total&ng the number of heart beats occurring in a 6 sec.
period following the termination of the U$. Since heart rate during the
first second following the US could not be recorded dde to technical
difficulties, the heart rate during the next 5 sec, was multiplied by a
constant of 6/5 to obtain a comparable value for comparison with the 6
sec. pre~CS and CS period values.

The data were punched on IBM cards for subsequent computer analysis.1
The IBM cards were verified to insure that the cards were punched properly.
An IBM 1130 with its associated soft-ware was used to analyze the data.

The analysis of variance program included several checks on the source

data so that missing or out-of-sequence cards could be detected.

1 The IBM data cards are available on request from the Department of
Medical Psychology, University of Oregon Medical School.
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Results

Adaptation - All Groups

Mean basal heart-rate levels in the four sampling periods of adapta-
tion were fairly constant a;d similar for all groups. The mean heart
rate of all Ss was 480 beats/min. with a range of group'mean valueé from
465 to 495 beats/min.' In an analysis of variance (Winer, 1962) of these
results, the Groups effect and the Trials effect both failed to reach

significance.2

Pre-CS lleart Rate

CS Alone and Extinction Pre~CS data are important from the stand-

point that the index of conditioning is computed by taking into account
the differences in heart rate between the pre-CS and the CS periods, It
follows that a change in pre~-CS valueg, CS values, or both, will affect
the difference score. Although the'pre~CS values did change during the
course of .the experiment, it will be shown thét'theseAchanges cannot
account for the copditioning data. -

Pre-CS heart rate levéls during CS alone are comparable for all groups.
When averaged écross the experimental groups, pre-CS heart rate increéses
from 471 beats/min, on the first two-trial biock to 474 beafs[min. on the
last two-trial block (F=4.01, §£;9/1404,_2_< .001). 1In extinction the

pre-CS heart-rate levels averaged across the experimental groups decrease

2 The author would like to exXpress his appreciation to Dean Bailey for
assistance in the computer programming. '
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slightly from 470 beats/min. on the first two-trial block to 464 beats/
min. on the last two-trial block (F=4.72, g£?14/2184, g .OOi). There
were no group differences in pre-CS responding during CS alone or during
exfinction.

The results of the pre-CS analysis for the control groups in the CS8
alone and extinction phases of the experiment are similaf‘to those of
their matched experiméntal groups. Separate analyses of variance demon-
strated that there are no significant differences between experimental
and_control groups in either C§8 alone or extinction.. However, the Trials
effect is reliable in both CS alone (F=3.13, df=9/936, p < .001) and
extinction (Ef2-64: df=14/1456, p < ,001).
| Acquisition Figure 1 shows the pre-CS heart rates for the experi-
mental groupsvduring suécessive two-trial blocks of acquisition. The
upper part of the figure depicts the performance of the trace groups at
the six US intensities and the lower graph depicts the pexformance of the
delayed groupé. It is clear from this figure that in contrast to the CS
'aloné and extinction phases of the experiment, dramatic changes in pre-
cs responding occur in acquisition for all groups exceﬁt for those receiv-
ing the 0.4 ma. shock, These changes may be charaéterized as a large
decrease in heart rate with the point of maximum.decrease occurring on .
either the third or fourth two-trial block followed on later trials by a
gradual increase toward the original baseline. fhe magnitude of the
decreage appears to be a function of US intensitf. An analysis of vari-
ance appliéd to these data resulted in a significant effect of Trials
(F=37.26, df=14/2148, p < .001) and a significant effect of US Intensity

(F=3.11, df=5/156, p < .08} The significant effect of US Intensity
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Figure 1. Pre-CS heart rate in beats/minute during successive
two-trial blocks of acquisition. The upper and lower graphs, respectively,
depict the mean heart rate of the trace and delayed experimental groups

at the six US intensities.
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indicates that higher values of US intensity result in increasing degrees
of heart-rate depression. The analysis also resultéd in a reliable inter
action between Trials and Shock Intensity (F=4.21, df=70/2184, p < ,001)
and between Trials aﬁd»Tracevversus Delayed Conditioning‘(ﬁ#2.39, df=14/
2184, p < .015. The interaction between Trials and Shock Intensity means
that the rate of change of pre-CS responding over trials was reliably
different at the various shock levels. The Trials and Trace versus
Delayed interaction is a result 'of pre-CS heart rate changing at a greater
rate for delayed groups as compared with the trace groups.

Figure 2 shows the pre-CS heart rate for the control groups in suc-
cessive blocks of Lwo—trials during acquisition. The upper and lower
halves of the figure depict the mean heart rate of the trace and delayed
control groups, respectively, at the individual US intensities. It should
be noted that these pre-CS measures are not in the same temporal rela-
tionship to the US as are those for the experimental groups. This is |
because the interval between the US and CS for the unpaired control groups
averéged 90 sec., whereas for the experimental groups it averaged 180 sec,
It can be séén from Figure 2 that Qith the exception of the 5.0 ma. trace
group, which shows an increase, there is little evidence that pre-CS
heart rate changes systematically during acquisitioﬁ. A 2x2x2 factorial
analysis of variance comparing these data with those of the matched experi-
mental groups showed a significant effect of Shock Intensity (F=5.65, df=
1/104, p < .05), a significént effect of Experimental versus Control Treat-
ments (F=5.32, df=1/104, p <.05), and a significant interaction between

Shock Intensity and Experimental versus Control Treatments (F=6.89, df=

1/104, p < .05). The analysis also showed a reliable effect of Trials
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Figure 2, Pre-CS heart rate in beats/minute during successive
two-trial blocks of acquisition. The upper and lower graphs, respectively,
depict the mean heart rate of the trace and delayed control groups at

the two US intensities.
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(F=3.75, df=14/1456, p < .001), a significant interaction of Trials and
Experimental versus Control Treatments (§$3.71, df=14/1456, p < .001),

a2 significant interaction among Trials and Experimental versus Control
Treaﬁﬁents and Shock Intensity (F=3.05, gﬁ;l4/1456, B < .001) and a sig-
nificant interaction among Trials and Experimental versus Control Treat-
ments and Trace versus Delayed Conditioning (§?1.75; df=14/1456, p < .05).
These outcomes are not unexpected if one recalls that the pre-CS levels
of the 5.0 ma. experimental groups decreases whereas the 5.0 ma. trace
control group increases, and the other groups demonstrate essentially no

change.

CR Difference Score Data

Experimental Croups The mean CS minus pre-CS difference scores are

presented in Figures 3a through 3f for each experimental group aé a func-
tion of two-trial blocks in the CS-alone, acquisition, and extinction phases
of the experiment. The two curvés in each figure fepresent the heart-rate
changes of the trace and delayed groups at fhe specified US intensities.
An examination of the CS-alone data, plotted in the left-hand panels of
the figures suggests that the initial heart-rate respbnse to the CS is a
dramatic deceleration that habituates over trials. An analysis of vari-
ance revealed that the effect of Trials ﬁas reliasle (§?8§.13, d£=9/1404,
p < .001) as was the interaction between Trials and Trace versus Delayed
Conditioning (F=2.73, §£§9/1404, p < .01). An inspection of the figures
indicates that the interzction is due to the fact that the trace groups,
in general, show a larger original response to the CS than the delayed

groups and that responses made by the trace groups tend to habituate to
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Figures 3a to 3f, Mean CS minus pre-CS difference scores in beats/
minute for each experimental group as a function of two-trial blocks
in CS alone, acquisition, and extinction, The two curves in each

figure represent the difference scores of trace and delayed groups

)

[¢

at the indicated US intensity. .
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a level equal tonor below that of thé delayed groups.,

The center portions of Figures Ba'through 3f show the mean CR diff-
erence scores for each experimental group as a function of two-trial
blocks in acquisition. An exaﬁipation of ﬁhese,figures shows that the
magnitude of the CR for the trace groups increases as a fairly linear
function of US intensity. The CR magnitude of the delayed groups also
shows an increase as a funcﬁionAof shock intensity, up to 1.2 ma.  How-
ever, at 1.8, 3.0, and 5.0 ma. the CR magnitude of the delayed groups is
less than at 1.2 mna. Thése figures also show that the magnitude of the
CR for the trace groups is 1ess‘than that ofAthe‘delayed groups ét éli
US intensities except the 3.0 and 5.0 ma. shock levels, Furthermore, the
rate at which the CR developed secms to be greater for the delayed.groups
than for the trace groups at all levels of US intensity except 3.0 and’
‘5.0 ma. These visually apparent differences were confirmed by an overall
analysis of variance on the acquisition data. This test resulted in a
significant effeét of Shock Intensity (F=8.72, df=5/156, p < .001), a
reliable effect of Trace versus Delayed Conditioning (F=5.84, df=1/156,

p < .05), and a reliable effect of Trials tEé21.69, df=14/2184, p < .001).
This test also resulted in significant interactions between Shock Intensity
and Trace versus Delayed Conditioning (F=3.00, §£F1/156, P < .05), between
Trials and Trace versus Delayed Conditioning (F=6.06, gﬁ;ié/ZlS&, p-< .01),
and between Trials and Shock Intensity (F=6.57, g£:70/2184, p < .001).

The interaction between Shock Intensity and Trace versus Delayed Condi-
tioning is due to the‘fact that the magnitude of the trace CR is less than
that of the delayed CR at all but the highest US intensities. The inter-

actions between Trials and Shock Intensity and between Trials and Trace

versus Delayed Conditioning reflect the different rates of conditioning
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in groups trainea with trace or delayed procedures at different shock
intensities, as a function of trials, .

Another way of 1ookiﬁg at these results is to examine the effects
of trace versus delayed procedures ;nd US intensity, ignoring the rate R
of conditioning. This is séen in Figure 4 which represents the mean CR
data fof the experimental groups averaged across acquisgition trials as
a function of US intensity; VIt‘can be seen from this figure that the
CR magnitude of the trace groups increases monotonically with US inten-
sity, whereas the magnitude of the CR in the delayed groups falls off at
high shock levels. A similar computation involvigg only the last four
acquisition triais revealed the same results, Separate F tests comparing
trace and delayed groups at each US intensity show that the groups différ
only at the 1.2 ma, level (F=14.90, df=1/156, p < .001).

The results of individual comparisons between all trace experimental
groups and between all delayed experimental groups are presented in Table
1. A commnon line between groups indicates no significant‘differeﬁces
between the groupé. For example, the 0.4 ma. trace experimental group
is not reliably éifferent from the 1.2 ma. trace group but is different
from the 1.8 ma. group. This table shows that Fhe ordering of CR magni-
tudes is a linear function of increasing US intensitﬁ for the‘trace.
groups. The ovdering of the delayed CR magnitudes, on the other hand,
is not a linear function of US intensity above 0.8 ma.

Mean CR difference scores for the experimental gfoups during the extinc-
tion phase of the expériment ate seen on the right-hand side of Figure
3a through 3f., An inspection of the performance of the 0.4, 0.8, 1.2,

and 1.8 ma. trace and delayed groups seems to indicate that extinction

. performance is a function of terminal acquisition performance. The 3.0

1



Figure 4, Mean CR difference scores in beats/minute for each
experimental group averaged across acquisition trials as a function

of US intensity.
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Table 1. Results of individual F tests on CR magnitude in

acquisition for the experimental groups.

indicates no significant differences.

A common line between groups



Table 1

Trace Procedure Delayed Procedure
0.4 ma, 0.4 ma.
0.8 0.8
Experimental 1.2 3.0
Groups :
1.8 5.0
3.0 1.8
5.0 1.2

All significant differences are p <.01.
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and 5.0 ma. trace and delayed groups (Figures 3e and 3f), however, exhibit
little or no response decrement in the 30'extinctidn trials, An analysis
of variance applied to these extinction data confirmed these observations.
The test showed that the following effects are significant: US intensity
(E;21.88,§£§5/156, p < .001), Trace versus Delayed Conditioning (F=4,53,
df=1/156, p < .05), Trials (¥=7.09, df=14/2184, p < .001), and an inter-
action between Trials and Shock Intensity (F=1.61, df=70/2184, p < .01).
To determine whether the differences observed in extinction are a
function‘of the starting point, i.e., the terminal level in acquisition,
an analysis of covariance was performed on these extinction data, in which
the performgnca oé the last four acquisition trials was the covariate,.
This analysis resulted in a significant effect of the Covariate (F=81.34,
df=1/222, p < ,001), indicating that the terminal acquisition performance
has a reliable effect on extinction performance, The analysis of vari-
ance of overall extinction performance was repeated with the effeét of
the covariance removed., The only effect of this procedure was to render

the Trace versus Delayed effect nonsignificant, All other differences

were the same as in the non-corrected analysis of variance except that

the F ratios were reduced somewhat,

Control Groups Figures 52 and 5b depict the mean difference score

data of the control groups during the CS alone, acquisition, and extinc-
tion phases of the exﬁeriment as a function of blocks of two-trialé. It
can be seen in the left-hand panels'of‘the figures that the control
groups exhibit a»dramatic initial deceleration in heart rate to the CS

that habituates with repeated presentations of the tone. This result
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Figures 52 and 5b. Mean CS minus pre-CS difference scores in beatg/
minute for each control group as a function of two-trial blocks in CS§
alone, acquisition, and extinction. The two curves in each figure
represent the.difference score heart rate of trace and delayed groups

at the indicated US intensity,
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is comparable to that of all the experimental groups.' A 2x2x2 factorial
analysis of variance on these and the matched experimental groups data
revealed a significant effect of Trials (F=62.45, df=9/936, p < ,001) and
a éignificant interaction among Trials and Shock Intensity and'Trgce»
versus Delayed Conditioning‘and Experimental versus Control Treatments
(F=2.81, df=9/936, p < .01). The interaction appéars to be due, in part,
to the various starting points of the groups in the CS alone phase of the
experiment. No other factors were reliable.

The center portions of Figures 5a and 5b s%ow the heart rate changes
to the CS in the acquisition phase of the experiment. Figure 5a showé
that the heart-rate‘responses of the 0.4 ma, control groups do not
change systematically during acquisition. The 5.0 ma. control groups
shown in Figure 5b, howéver, appear to show an accelerative response to
the CS. This accelerative response to the CS was not observed in any
other group in Fhis study., An overall analysis of variance comparing the
results of the four control groups with those of the matched experimental
groups reéulted in reliable effects of Shockrlntensity (F=12.40, df=1/124,
p < .001);.Experimenta1 versus Control Treatment (F=85.52, df=1/104,

p < ,001), and an interaction betwe;n Shock Intensity and Experimental
versus Control Treatments (§§51.78, df=1/104, p < .001). The analysis
also revealed a reliable effect of Trials (F=2.35, df=14/1456, p < .01),
and significant interactions between Trials and ixperimental versus
Control Treatments (F=4.35, df=14/1456, p < .001), and Trials and

Shoc% Intensity (F=1.90, df=14/1456, p < .05), and a reliable interaction
among Trials and Experimental versus Control Treatments and Shock

Intensity (F=5.32, df=14/1456, p - .001).
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These data were collapsed across the trace and delayed facter in
as much as it did not reach statistical significance and individual F
tests were performed., The comparison between the 0.4 ma. experimental
and cohtfol groups is significant (F=4,71, df=1/108, p < .05), iqidicating
a slight superiority of the experimental groups even at this low intensity
of shock. The superiority of the experimental groups over the control
groups was also signifieant at 5.0 ma. (F=276,77, df=1/108, p < ,001).
These results and ﬁhe interaction in thg analysis of variance reflect
the marked superiority of the paired experimental groups over the un-
paired control groups.

Mean difference scores of the control groups during extinction are
presented on the right-hand panels of Figures 5a and 5b. There is
little evidence of anyAsystematic changes during extinction in these data.
An analyéis of variance on difference scores in extinction between the
experimental agd control groups resulted in significant effects of Shock
Intensity (E=48.35, df=1/104, p < .001), Expérimental versus Control
Tfeatments (F=76.59, df=1/104, p < ,001), and Trials (F=2.02, df=14/1456,
p < ,05),‘and significant interactions between Shock Intensity and Exp-
erimental versus Control Treatments (F=67.66, df=1/104, p < .001),
Trials and Experimental versus Cohtrol Treatments (F=2.75, df=14/1456,
p < .001), and Trials and Shock Intensity (F=1.74, df=14/1456, p < .05).
These results are nainly attributable to the fa#t that the CR's of the 5.0
ma. experimental groups fail to show any decrement in extinction as com-
paréd to the 0.4 ma., experimental groups and the 0.4 and 5.0 ma. control

groups, which had no CR's to-extinguish.
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Unconditioned Response

The direction of the heart-rate response to shock (UR) was found
to change across trials. To elucidate the nature of this change, mean
UR difference scores were computed for the first four acquisition-trials.
This difference score for the experimental groups was obtained by sub-
tracting the héart rate during the 6 sec. pre-CS period from the heart
rate during the 6 sec., post-US period., Thus, a decrease in heart rate
during the post-US period relative to the pre-CS period‘is reflected as
a nééativé‘score. The same mefhod of coﬁputing the ﬁR differenée score
was used for the control groups except thét a 6 sec. pre-US measure
was substituted for the pre-CS measure. Table 2 presents the group
ﬁean UR difference scores for each of the first four acquisition trials
for experimental and control groups. An inspection of individual row
entries for the experimental groups shows that the heart-rate response
generally changes from a deceleration to an acceleration across the four
trialé. Although not shown, the UR on trials 5-30 is similar to the UR
on trial 4. An inspection of individual column entries for the experimen-
tal groups shows that the UR, whether decelerative or accelerative in
nature, increases as a function of US intensity.

A factorial analysis of variance was'performed_bn the UR data of
the experimental groups. This test resulted in a reliable effect of
Shock Infensity (F=2.86, df=5/156, p < .OS), a reliable effect of Trials
(F=89.80, df=3/468, p < .001), and a reliagle interaction between Trials
and Shock Intensity (F=7.51, df=15/468, p < .001). These results are

consistant with the notion that the magnitude of the UR is determined
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Table 2. Mean UR difference scores of the first four acquisition
trials for experimental and control groups. For experimental groups
the difference score is post-US heart rate minus pre-CS heart rate;

for the control groups the difference score is post-US heart rate
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by the strength of the US and that the UR changes across trials. The
analysis also resulted in a reliable interaction between Trials and
Trace versus Delayed Conditioning (F=3.19, df=3/468, p < ,05). This
interaction is the result of the delayed groups showing a larger decel-
erafive UR on trial 1 and aétaining a greater accelerative UR on trial
4 than the trace groups,

Looking now at the UR data of the control groups in comparison to
the exparimental'groups, it is evident that the séme kinds of changes
took place. The UR again generally changes from a deceleration to an
acceleration across the four trials and the magnitude of the decelerative
and accelerative'bomponents are greatest at the High shock level. A
factorial analysis of variance on the control groups and their matched
experim&ntallgroups resulted in a reliable effect of Trials (F=48.59,
df=3/312, p < .001), and interactions between Trials and Shock Intensity
(F=35.92, df3/312, p < .001) and Trials and Trace versus Delayed Condi-
tioning (F=2.99, df=3/312, p < .05), These outcomes indicate that the
coﬁfrol groups do not diffgr reliably from the experimental groups.
The‘changeAin direction and magnitude of the UR is comparable for both

experimental and control groups, suggesting that the presence of the

CR has little effect on the nature of the ﬁR°

Each S's median'number of movements occurring in two-trial blocks
was .subjected to a CS period minus'pre-CS period diffgrence score analysis
to get a measure of the relative amount of movement occurring during
the pre-CS and CS-periods. This computation resulted in group difference

scores that do not differ from zero during the course of the acquisition.
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Discussion

Before embarking on a»detailed discussion of the CR data it is
importaht to dezl with the pre-CS changes in heart rate that weré seen
to occur in this experiment. It will be recalled that the pre-CS heart
rate of the expeéimental S8s decreased substantially at the start of
acquisition training. This decrease was followed on later trials by a
gradual increase toward pre-acquisition levels. Since the CR scores
were computed on the basis of these chaﬁging pre-CS values, it is clear
that ﬁhey ﬁay have been infiuenced by the different base 1evels. However,
because the 2 cquisition CR was a decrease in heart rate relative to the )
pre-CS level, we have a situation in vhich a pre-CS decrease in heart
rate was followed by a further decrease in heart rate to the CS. There-
fore, any bias that a decrease in pre-CS heart rate would impose on the
CR is in the direction of reducing the magnitude of the CR rather than

Fronm tha Taty Af in
Irom the 13w oI 1

g
11T walin
NiTidaas *

(Wilder, 1950; Wilder, 1957) which states that the magnitude of change
of an ongoing autonomic -nervous system response'depends upon the initial
level of that response. Applied to this situation a low basal heart
rate would allow a decrease of lesser magnitude than a higher basal
“heart rate.

This same reasoning would also apply to the changes in pre-CS heart
rate as a function of US intensity that were obtained. It was found that
the higher the shock level the greater the decrease in pre-CS responding.

It was also shown that CR magnitudes generally increased with increasing

US intensity. Thus, if the pre-CS decreases affected the CR's at the
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different US intensities, this effect would have been to minimize differ-
ences between groups.

Evidence that the CR was not an artifact of the pre-CS changes comes
also from the observation that the pre-CS decrease was virtually elimin-
ated in the latter part of acquisition while the CR remained stable.
Furthermore, CR's in extinction were maintained even thoﬁgh pre-CS heart
rate was not depressea. |

The direction of the CR, for all Ss regardless of shock level, was
a deceleration in heart rate. These results do not agree with those of
Lang and Black (1963) who found in dogs that more decelerative responses
occurred at low than at high shock levels. It should be pointed out,
however, that there are obvious species differénces that might account
for the difference. Thé results also do not appear to support our ini-
tial hypothesis that the accelerative CR's reported in grid shocked rats
(Black and Black, 1967; Fehr and Stern, 1965; MéDonald; Stern, and Hahn,
1963) were dué to the greater noxiousness of delivering the US to the
densély innervated feet of the Ss. On the other hand, one could argue
that 5.0 ﬁé. chest shocks were not as noxious as 1.8 ma. foot shocks.
The différences in direction of the CR as reported by Black and Black
(1967), McDonald, Stern, and Hahn'(1963), and Fehr and Stern (1965)‘as.
opposed to Holdstock and Schwartzbaum (1965) and Fitzgerald, Vardaris,
and Brown (1966) are apparently due to other faétors. The most likely
explanation now seems to be the use of freely mo§ing as opposed to
reétrained animals,

This study does not confirm the results of Black, Caflson, and

Solomon (1962) who found that the direction of the heart-rate CR was
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influenced by the use of trace or delayed procedures. They observed

that trace conditioned dogs gave more decelerative CR's than delayed
animals. It will be recalled that in the present study the‘CR for both
the trgce and delayed animals was a deceleration in heart rate. That
theée results do not égree Qith those of Black et al, may not be sur-
prising when one considers that the latter experiment employed a different
species of animal, dog, under the influence of the paralyzing agent, curare.
It is possible, however, the the CS-US interval that we employed was not
sufficieantly long to produce this differential effect.' It will be
remembered that Black et al, observed their trace versus delayed differ-
ences at a CS-US interval of 10 sec.

The magnitude of the decelerative CR, in this experiment, was deter-
mined by the intensity of the US and by trace or delayed conditioning
procedufes. At low US intensities delayed was superior to trace condi-
tioning, while at high US intensities there was no difference. Tﬁese
differential effects produced a significant interaction between US inten-
sity and trace versus delayed procedures. The finding that the magnitude
of the trace CR was seen to increase monotonically as a function of US
intensity is in agreement with the results of many previous classical
conditioniné studies,

The effect of the US intensity variable on the CR performance of the
delayed groups was quite different. This effect manifested itself as a
decrease in CR magnitude withvintense shocks. That the result was not an
artifact of pré-CS levels has previously been established. An examination

of the median CR values of the trace and delayed groups indicated that,
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tbey are sufficiently close to the rean valueé to eliminate the possi-
bility of a skewed distribution affecting the statistical analyses.
ﬁarstler and Ost (1965), in a classical conditioning study of the
sélivary response in dogs, also’found-that CR magnitude was diminshed
at higﬁ US intensities. While offering no mechanisms for the effect the
authors stated that'perhaps had other studies used sufficiently intense
US's they too would have obtained the inversion. The results of the
delayed groups are consistent with the finding of Holdstock and Schwartz-—
baum - (1965) that a more intense shock results in a CR of a lesser magni-
tude. The crucial factor in the present experiment is not so much that
the inversion waé observed for the delayed animals, but that it was not
obseerd for the trace animals. It is perhaps significant in this regard
that the other studies showing an inversion also employed a delayed
conditioning procedure.

One explanation of the CR inversion at high US intensity levels is
that the shocks interferred‘with CR formation through the mechanism of a
powerfu1>emotiona1 reaction (Hilgard and Marquis, 1940). Unfortunately,
this hypothesized mechanism would also predict a diminu;ion in the CR;s
of trace animals at high shock levels,

Another explanation of the inversion is tlat because the CR magni-
tude of delayedvgs was substantial at low shock intensities, a ceiling
was reached wherein the heart rate could decelerate no further. This
is possible'as'thére are known phyéiological.limits that determine the
maximum slowing of Ehe heart rate (Ruch and Patton, 1965). However, if
thisvcéiling effect weré operative, one would expect to see a plateau in the

magnitude of the CR rather than the actual inversion that was obtained.



A third possible ekﬁlanation of the inversion can be offered in
terms of the concept of inhibition bf delay. That is, the CR might have
been delayed.until just prior to the US. This would result in a total
difference score over the 6 sec. CS period that was actually less than
wouid be obtained from animéls not showing inhibition of delay. To
account for the CR inversion using this mechanism it would be necessary
to demonstrate that the delayed groups exhibited more inhibition of
delay at high shqck levels than at low shock levels.

The results of this expefiment showing that the magnitude of the
delayed CR was greater than that of the trace CR are consistent with thg
findings of other studies (Church and Black, 1958; Ellison, 1964; Pavlov,
1927). A comparison of trace and delayed groups revealed that at no
point was thé magnitude of the trace CR reliably greater than that of
the deléyed CR. This relative inefficiency of trace procedures is com-
monly attributed to the decay of the stimulus trace during the interval
of time between the offset of the CS and the onset of the US (Pavlov, 1927;
Kaﬁin, 1961). This notion-is supported by the finding that a trace pro-
cedure becémes progressively 1es§ effective in producing a CR relative to a
delayed procedure as the CS-US interval is lengthened (Church and Black,
1958; Ellison, 1964). The proposed mechanisms for this effect include
the suggestion of Pavlov (1927) that the stimulus trgce in the central
nervous system weakens as a function of time after CS offset, vThe present

resu%ts showing that deiayed conditioning was superior to trace condi-
tioning could be accounted for in terms of the stimulus trace hypotheéis.

An alternative to the stimulus trace hypothesis is that responses

develop during the trace interval that are incompatible and interfere
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with the formation of the CR (Ellison, 1964). It is assumed that these
incompatible reépohses do not occur in deléyed conditioning because of
the presence of the CS. 'The incompatiblé response hypothesis is not
supported by the present resuits in that gross Body movemaents were not
seen to occur in the trace interval. Howéver, this finding does not
eliminate the presence of other mediating responses that were not measured.
Fdr example, movements too discreet to be recorded by the present apparatus
could have occurred and affected the formatién of the CR. Unmeasured
central mediating responses could also fit theAincompatible response
hypothesis.

The extinction data indicated that the higher the acquisition CR
the greater the initial level of responding in extinction and the greater
the response decrement over extinction trials., The only exception to this
was in the 3.0 and 5.0 ma. shock groups, which showed no response decrement
during extinction. This result could be due to the intense shock pro-
ducing a powerful emotional reaction in the Ss, such that they tended to
persevefate learned behavior., fhe observation that the pre-CS heart rate
did not decreaée in éxtinction for these groups as compared witﬁ ali others
also suggests thé presence of a high level of arousal. | |

At this point it would seem appropriate to provide more detailed
comments on the pre-CS heart rate changes tﬁat were fouﬁd in acquisition,
The one previous study that analyzed pre-CS scores (Fitzgerald, Vardaris,
and Brown, 1966) did not find a decrease in pre-CS heart rate on the first
day of conditioning. The 100% group in the Fitzgerald et al, study was

- almost identical to the 1.8 ma. delayéd group in the present study, yet

the pre-CS values did not show the decline. The pre-CS decrease was,
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however, seen on the second day of conditioning. Referring to the lack
of a pre-CS decrease on tbé first day, one main procedural difference
was'that the ITI was 10 min. rather than 3 min., as used in the present
studj. It will be shown be}ow how this variable may have affected the
results, |

In the present study the control groups did not show pre-CS decreases
during acquisition. To measure temporally comparable post-shock heart
rates for the control groups as compared with the experimental groups,
pre-US heart-rate scores were substituted for pre-CS measures. Figures
6a and 6é6b show tbese pre-US measures plotted for the 0.4 and 5 ma,
control groups. These figures sho& that a decrease in heart rate
occurred during the pre-US period for the high shock control groups but
not for the low shock groups.

The observed decreases for the high shock control groups suggest
that the temporal relationships of the shocks may have played a significant
role in determiﬁipg pre-CS heart rate qf the experimental groups. To
test for this ﬁossibility, four naive rats were placed in the experimental
situation and following a-one~half hour period of adaptation, giveﬁ 25
trials of a 1.8 ma. shock at an iTI of 3 min., No otber stimuli were pre-
sent. Heart-rate samples were taken every 20 sec. during the ITI to
detefmine the nature of the UR to shock, The UR to the first shock was
a heart-rate decelerationrrelative to the baseline heart rate taken prior
to the first shock, The UR to the second through twenty-fifth shock was
an initial accelefation in heart rate followed by a deceleration. This
deceleration was maximal on trials 6--11, declining thereafter. This

finding corresponds with that of the present investigation where it was



Figures 6a and 6b, Mean pre-US heart rate in beats/minute for
each control group as a function of two-trial blocks in acquisition.
The two curves in each figure represent the trace and delayed groups

at the indicated US intensity.
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observed that the maximum pre-CS acceleration occurred on the third two-
trial block. Therefore, the decrease in heart rate as measured in the
pre-CS period was actually a part of the.UR to shock. The point in time
at which the response crossed over the baseline from an acceleration to
a deceleration waé from 80-100 seconds after Uslonset. This explains
why a decrease in heart rate was not seen in the pre-CS scores of the
high shock control groups. In this case the CS followed by the US a
mean of 90 sec., an interval of time that would effectively sample theb
UR as it was crossing the baseline from an acceleration to a deceleration.
Referring to the Fitzgerald et al, study, the effect was not obtained
on the first day presumably because the effects of the US normally do not
last for 10 minutes, which was the ITI utilized in that study. The prer‘
CS decreases on the second day of the Fitzgerald et al, study are diffi-
cult to account for unless one hypothesizes a strong emotional response
by thg Ss that effectively changed the time course of the UR to shock.

The present‘gxperiment demonstrated that the UR on initial presen-
tations of the US was a deceleration whereas on the later trials it was
an acceleration. Since tﬁe UR was the same for the control groups as it
was for the experimental groups,‘it can be concluded Fhat the CR had
little effect on the UR. However, the presence of the CS did appear
to affect the UR. This is indicated by the fact that there was a
significant interaction between trials and trace versus delayed condi-
tioning on UR scores. .This interaction indicated that the UR was greater
for the delayed groups than for the trace groups. |

One possible explanation for the decelerative UR on early trials

lies in the novelty of the US on its initial presentatiocns. Whereas the
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original response to the CS was a deceleration it may be that any novel
stimulus, even a noxious US that would normally produce a Heart rate
acceleration, could result in a heart-rate deceleration in rats. After
.séveral presentations of the US it would presumably no loﬁger be novel
and the acceierative response to the painful qdalities of the US would
remain.

The group mean heart-rate levels in the adaptation phase of the
experiment did not differ from one another and there was no decrease in
heart rate over the four sampling periods. This finding is in direct
contradiction to studies showing a decrease in basal heart rate as a
function of time in a new environment (Black, Foﬁler, and Kimbrell, 1964).
In the Black et al, study, the heart rate of freely moving rats
was seen to drop from about 450 beats/min. td about 370 beats/min. after
20 min. In the present study the mean heart rate remained at about
480 beats/min. during the course of the 20 min. period. The higher initial
level and the fact that the heart rate did not decline with time may be
due to the procedure of restraining the animals in the present study.

The interpolated US control groups differed reliably from.their
matched experimental groups. This finding indicates that pseudo-condi-

S :
tioning and sensitization effects played a minor, if any, role in the
present study. Moreover, the direction of .the heart—rateAresponse in
acquisition for the 5.0 ma. control Ss was opposite to that of the ex-
perimental groups. Tbe heart rate of the 5.0 ma. experimental groups

‘showed 2 dramatic deceleration while the heart rate of the 5.0 ma. control

groups showed a slight acceleration. That this effect was not seen in

the 0.4 ma. control groups is undoubtedly due to the ineffectiveness of
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the 0.4 shock, This intensity of shock was, however, sufficient to
support the development of a reliable CR iﬁ-the experimental group.
The accelerative heart rate reaction seen in the 5.0 ma. control groups
is an interesting result that’fears on recent stétements by Rescorla
(1967) and Prokasy (1965). Their investigations.majintain that the CS
- in an interpolated US control procedure can effectively signal a "safe
périod" to the S. The response to a stimulus signalling.a "safe period"
would presumably be different from the respoﬂse to a stimulus signalling
an upcoming aversive event. The accelerative respohse of. fhe.control
groups could then be viewed as reflecting the operation of this mechanism.
The implications of the results of the present study will now be
examined in relation to several major theories of conditioning.
Traditional stimulus substitution theory dates back to the works
of Pavlov (1927). 1In its simplest concéption stimulus substitution theory
maintains that the pairings of the CS and US permits the CS to be substi-
tuted for the US. Accbrding to this théory the CR and UR should be
similar. The contiguity theory of Guthrie (1952) assumes that the mere
occurrence of é stimﬁlus and a reéponse in éontiguity results in a
completé aésociation betﬁeen them. According to this theory, an asso-
ciation is developed between the CS and UR and thus the CR should be
similar to the UR. Both formulations have difficulty accédnting for
the present results as the CR and UR were in opposite directions.
Evidence contrary to these theories has bgen provided by several other
studies (Fitzgerald, Vardaris, and Brown, 1946; Notterman, Schoenfeld,

and Bersh, 1952; Zeaman, Deane, and Wegner, 1954).
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The most detailed formulations éf drive reduction theory have been
put forth by Hull (1952) and Spence (1956). The core of the theoretical
system is that whenever a-response is contiguous to a stimulus, and this
stimulus-response contiguity occurs near in time to the reduction of a
drive or a drive-stimulus, khe stimulus-response association is strength-
ened, Reinforcement is thus defined iﬁ terms of drive reduction. This
hypathesis suggests that the CR should resemble the UR at the time of USV
termination. Drive reduction theory also maintains that the termination
of an intense US is more reinforcing than the termination of a weak US
and that, therafore, intense US's should proéuce better conditioning.

In the presént experiment the UR was accelerative and the CR was
decelerative. It is clear that these data do not agree well with the
hypothesis that the CR resembles the UR at the time of US termination.
However, it must be remembered that the heart rate at the time of US
termination could not be measured due to technical difficulties, and
that the heart rate as measured 1 sec. later may ﬁave been quite unlike
the heart rate at US termination. The results of the trace groups accord

~
with the prediction of a larger CR with a more intense US, whereas the
data of the delayed groups, showing an inversion in the CR nagnitude
function, doc not completely fit the drive reduction ﬁodel. The inade-
quacy of the drive reduction formulation has been referred to in other
studies (Zeaman and Wegner, 1954; Zeaman and Wegner, 1958).

Mediation theory maintains that the pairing of ghe CS and the US
results in the associétion of the CS With a mediating state or response,

which in turn affects some aspect of behavior. Mediating states have

been hypothesized to include fear, anxiety, and expectancy; while medi-



45

‘ating responses would include autonomic and skeletal activity. Mediation
theory is an extension of Hullian learning theory, yet-the emphasis upon
the mediating process and the resultant response-produced stinulation
bring this view close'to Guthrie's théory. The influence of Tolman (1932)
can aléo be seen if one views mediation theory as a more explicit formu-
lation of "sign—siggificanp-aexpectations". Bersh, Notterman, and
Schoenfeld (1957) utilize mediation theory to explain the results of their
series of experiments on.the human heart-rate response. The decelerative
CR that they observed was explained in terms of mediated anxiety, a state
which results in cardiac deceleration. Deane and Zeaman (1958) postu-
late a2 dual mediation theory to account for the accelerative and deceler-
ative CR's they obtained in human heart-rate study. In their conception,
when warnings of approaching aversive stimuli are primarily response-
produced (verbal) cues, the result is anxiety, a state with a diffuse
time course and a physiological correlate of heart-rate acceleration.
When the warning cues are egternal, the result is fear, "a state with a
more discreet temporal property, and a physiological correlate of cardiac
deceleration. Steward (1962) modified the dual mediation theory of Deane
and Zeaman on the basis of obtaining a cardiac deceleration to a US which
was a "pleasant sound". Steward assigned "attention" or "alertness" to
the external cues rather than fear since pleasant sounds are not usually
thought of as being fear producing. The interpretation of cardiac decel-
eration as médiatéd by fear was further weakened by Smith (1963). He
found no decelera;ivé response in a controlled respiration study similar

to a study that obtainéd cardiac deceleration without respiratory controls
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(Deane and Zeaman, 1958). He has, in effect, proposed a respiratory
mediation theory to account for cardiac deceleration .

In the present study there was no evidence to support the view that
the CR was mediated by»skeletal movements, as movements were very infre-
quent. It is possible, however, that had more sensitive recording devices
been used more skeletal movements would have been recorded, While res-
piratory activity wes not quantified, it was observed that there were no
ocbvious respiratory‘irregularities that might be conceived of as medi-
ating the CR. -

A recent interpretation of classical conditioning deserves mention
here. This is thé notion of the instrumental consequences of the CR as
having adaptive value for the §. Kimmel (1968) has attempted to explain
the effect of inhibition of delay as due to differential reinforcement

A
of late responses, 1In other words, the CR in an aversive classical condi-
tioning situation somehow reduces the noxiousness of the subsequent US.
Another view along these same lines is the punishment model cof Fitzgerald
(19é6). This notion, which was developed to offef a mechanism for the
partial reinforcement effeét, can‘also be applied to a 1007 reinforcement
schedule. According to this model, compeﬁing responses, whiéh are assumed
to be responsible for the major loss in CR‘strength during extinction,
occur during acquisition in partial reinforcement as a result of non-
reinforced trials. It was argued that whenvcompeting responses are
present on reinforced triais during—acquiéition, they are punished and

that this punishment reduces the probability of their occurrence during

extinction. It follows from this view, that the CR is somehow instru-
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mental in feducing the noxiousness of the US since if it were not, it
would tend to be eliminated thrqugh the mechanigm of punighment.

It is conce%vable that the CR's seen in the present study reflected
the operétion'of an instrumental response the resﬁl? of which was to
render the US less aversive; That the;CR was larger at more intense
shock levels is consistent with the hypothesis that a highiy aversive

event requires a more vigorous instrumental response to neutralize it.
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Summary

An experiment was conducted to determine the effects of trace versus
delayed conditioning of heart rate in rgstrained rats as a functién of US
intensity. Six intensities of 1 sec. shock (0.4,-0.8, 1.2, 1.8, 3.0, and
5.0 ma.) wefe faétorially combined with trace énd delayed conditioning pro-
cedures. The CS was a 1000Hz tone of 1 and 7 seconds duration for the trace
énd delayed groups, respectively. The CS-US interval was 6 sec. All §s
received a 30 min, adaptation period, 20‘CS-a10ne trials, 30 acquisition
trials, ané 30 extinction trials. The ITI during acquisition and extinc-
tion was variable with a mean of 3 min. -An interpolated US conditioning
control was employed. The index of conditibning was a CS minus pre-CS
difference score, |

The principal findings were:

1) The original response to the CS for all Ss was a pronounced initial

alone trials.

2) - The CR was also a heart-rate deceleration for both trace and delayed
procedures regardless of shock intensity.

3) The UR was a deceleration in heart rate on acquisition trials 1 and
2 and an acceleration in heart rate on trials 3 through 30.

4) The magnitude of the CR increased with increasing US intensity for
the trace groups. Tﬁe function describing the CR hagnitude of the
delayed groups exhibited an inversion at high shock levels,

5) Extinction performance was directly related to the magnitude of the

acquisition CR, except for the 3.0 and 5.0 ma. experimental groups
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that showed no response decrement during extinction.
6) Experimental groups showedfa largé decrease in pre-CS heart rate

that increased in magnitude as US intensity increased. There were

no differences between trace and delayed groups pre-CS heart rates,.

It was concluded that neither shock intensity nor trace versus
delayved procedures have an effect on the direction of the cardiac CR of
rats in this situation., The non-linearity of the delayed groups CR data
is inconsistent with the general effects of increasing US intensity on
the magnitude of the CR in other situations. The linearity of the delayed
groups CR's as a function of US intensity agrees with the results of
many previous invéstigations, The pre-CS changes that occurred were
hypothesized to be a component of the UR to shock; a pilot study lent
support to tﬁis hypothesis. As the CR was a deceleration in heart rate
and the UR was an acceleration in heart rate it was concluded that stimu-
lus substitution theory could not adequately account for the resuits'of
this experiment. Mediation theory cannot account for the present results
in éhat no systematic changes in gross movement were demonstrated, although
other mediéting responses’éould Have occurred that were not measured. The

results could be interpreted in terms of an instrumental conditioning

theory.



50
s References

Bersh, P. J., Notterman, J. M., and Schoenfeld, W. N. Generalization
to varying tone frequenc:es as a function of 1nten31ty of UCS, USAF
Sch. Aviat., Mad. Rep., 1856, No. 56-79,

Bersh, P. J., Notterman, J. M,, and Schoenfeld, W. N. The discriminative
control of a conditioned heart rate response. USAF Sch., Med. Rep., 1957,
No. 57-29,

Black, A. H. Cardiac conditioning in curarized dogs. In W. F. Prokasy
(Ed.), Classical Conditioning: A Symposium. New York: Appleton-
Century-Crofts, 1965.

Black, R. W. and Black, P. E. Heart rate conditioning as a function
of interstimulus interval in rats. Psychonom. Sei., 1967, 8, 219-220.

Black, A. H., Carlsen, N. J., and Soleomon, R. L. Exploratory studies of
autonomlc responses in curarized dogs. Psych. Monograph., 1962, 76, Whole
No. 548, ' .

Black, R. W., Fowler, R. L., and Kimbrell, G. Adaptation and habituation
of heart rate to handling in the rat. J. comp. physiol. Psychol., 1964,
57, 422-425,

Burstein, K, R, The influence of UCS upon the acquisition of the condi-
tioned eyelid respounse. Psychon, Sci., 1965, 2, 303-304.

AT+ At
G

r
~
Rurcteoin v » 1o CONGiITIoning: ansd

SILEA IV NAksg  ive v @

U y and eyel
Psychon. Sci., 196
Church, R. M., and Black, A. H. Latency of the conditioned heart rate
as a function of the CS-US interval. J. comp. physiol. Psychol., 1958,
51, 478-482.

Deane, G. E. and Zeaman, D. Human heart rate during anx1ety. Percept.
Motor Skills, 1958, 8, 103-106.

Dykman, G. A., Gantt, W. H., and Whitehorn, J. C. Conditioning as emotional
sensitization and differentiaticu. Psychol., Monogr., 1956, 70:1,

Ellison, G. D. Differential salivary conditioning to traces. J. comp.
physiol. Psychol., 1964, 57, 373-380.

Fehr, F. S. and Stern, J. A. Heart rate condltlonlng in the rat. J. -
psychosomat., Res., 1965, 8, 441-453.

Fitzgerald, K. D. Some effects of partial reinforcement with shock on-
classically conditioned heart-rate in dogs., Amer. J. Psychol.,, 1946,
74, 242-249,



51

Fitzgerald, R. D., Vardaris, R. M., and Brown, J. S. Classical conditioning
of heart rate deceleration in the rat with continuous and partial reinforce-
ment., Psychon. Sci., 1966, 6, 437-438, -

Fitzgerald, R. D., Vardaris, R, M., and Tevler, T. J. The effects of
partial reinforcemsnt followed by continuous reinforcement on classically
conditioned heart rate in thc dog. J. comp. physiol. Psychol., 1956, 63,
483-480,

Fitzgerald, R. D., Vardaris, R. M., and Teyler, T. J. An on-line method
for measuring heart rate in conditioning expprlncntb. Psychophysiol,,
In press,

Grings, W. W. Classical conditioning. In M. H, Marx (Ed,), Theories
in Contemporary Psychology. New York: Macmillan, 1963, pp. 495-525,.

Guthrie, E. R. The Psychology of Learning. (Revised) New York: Harper,
1952,

Hastings, S. E. and Obrist, P, A, Heart rate during conditioning in humans:
effect of varying the 1nterst1pu1uu (Cs5-US) 1nterval. J. Exp., Psychol.,
1967, 74, 431-442, .

Hilgard, G. R. and Harquis, D. G, Conditioning and Learning. New York:
Appleton-Century~Crofts, 1940,

Holdstock, T. L., and Schwartzbaum, J. S. Classical conditioning of heart
vate and galvanic skin response in the rat. Psychophysiol., 1965, 2,
25"38.

Hull, C. L. A Behavior Svstem, New Faven: ¥Yale University Press, 1952,

Kamin, L. J. Trace conditioning of the conditioned emotionazl responée.
J. comp. physiol. Psychol., 1961, 54, 149-153,

Kimble, G. A. Hilgard and Marquis' Conditioning and Learning. (2nd Ed.)
New York: Appleton-Century-Crofis, 1961,

Kimmel, H.D. Inhibition of the unconditioned response in classical
conditioning. Psych., Rev,, 1966, 73, 232-240.

Lang, ¥W. and BTack A. H. Cardiac cenditioning ir dogs as a function of
US intensity and diffliculty of differentiation. Paper presented at
readings of the Fastern Psychological Association, 1963,

McDonald, D, G., Stern, J. A., and Hzhn, W. W, Classical heart rate
conditionlng in the rat, J. Psychosomat. Med,, 1963, 7, 97-100.

Notterman, J, M., Schoenfeld,-W. N., and Bersh, P. J. Conditioned heart
rate responses in human beings during experimental anxiety. J. comp.
physiol. Psychol,, 1952, 45, 1-8.



52

Obrist, P. A., Wood, D. M,, and Perez-Reyes, M. Heart rate during
conditioning in humans: Effects of UCS intensity, vagal blockade, and
adrenergic block of vasomotor activity. J. Exp. Psychol., 1965, 70,
32-42, ‘

Passey, G. E.,- The influence of intensity of unconditioned stimelus upon
the acquisition of a conditioned response. J. Exp. Psychol., 1948, 38,
420-429. 5

Pavlov, I. P. Conditioned Reflexes. (Trans . by G. V. Anrep). London:
Oxford University Press, 1927, :

Prokasy, W. F. Classical conditioning. New York: Appleton-Century-
Crofts, 1965,

Prokasy, W. F. Unconditioned stimulus intensity and asymptotic performance
in human eyelid conditioning. Psychon. Sci., 1967, 8, 149-150.

Rescorla, R. A, Pavlovian conditioning and its proper control procedures.
Psychol. Rev., 1967, 74, 71-80. '

Ross, L. E. amd Hunter, J, J. Habit strength parameters in eyelid
conditioning as a function of UCS intensity. Psychol. Record., 1959,
9, 103-107. :

Ruch, T. C. and Patton, H. D. Physiology and Biophysics., Philadelphia:
Saunders, 1965,

Schneiderman, N. Interstimulus intexrval function of the nictitating
membrane response of the rabbit under delay vevrsus trace conditioning.
J. comp. physiol. Psychol,, 1966, 62, 397-402.

Smith, R, W. Simple and discriminative cardiac conditioning in humans
with sustained inspiration as respiratory control. Unpublished doctoral
dissertation, University of Comnecticut, 1963,

Spence, K. W, Behavior Theory and Conditioning. New Haven: Yale Univer
sity Press, 1956. '

Spence, K. W. and Platt, J. R. UCS intensity and performance in eyelid
conditioning. Psychol, Bull., 1966, 65, 1-10. ’

Steward, J. R. The effect on heart rate of warnings and receipt of
pleasant and aversive auditory stimuli, .Unpublished doctoral dissertation,
University of Connecticut, 1562,

Suboski, M. D, UCS intensity in eyeiid conditioning. Psychon. Sci.,
1967, 8, 63-64,

Tolman, E. C. Purposive Behavior in Animals and Men. New York: Appleton-
Century, 1932.



53

Yehle, A., Dauth, G., and Schneiderman, N. Correlates of heart-rate
classical conditioning in curarized rabbits. J. comp. physiol. Psychol,,
1967, 64, 98-104, ’ :

Warstler, H. E. and Ost, J. W, P, Classical salivary conditioning in
the dog: effects of three US intensities. J. comp. physiol. Psychol.,
1965, 60, 256-259. '

Wickins, D. 0. and Harding, G. B. Effect of UCS strength on GSR condi-
tioning: a within subjects design, J. Exp. Psychol., 1965, 70, 151-153.

Wilder, J. The law ef initial values, Psychoéom, Med., 1950, 12, 392~
3%6.

Wilder, J. The law of initial values in neurology and psychiatry. J.
Nerv. Ment. Dis., 1957, 125, 73-77.

Winer, B. J. Statistical Principles in Experimehtal Design. New York:
McGraw-Hill, 1962,

Zeaman, D., Deane, G., and Wegner, N, Amplitude and latency characteristics
of the conditioned heart response. J. Psychol., 1954, 38, 235-250,

Zeaman, D. and Wegner, N. The role of drive reduction in the classical
cond?tioning of an autonomically mediated response, J. Exp., Psychol.,
1954, 48, 349-354.

Zeaman, D. and Wegner, N. Strength of cardiazc conditioned responses with
varying stimulus duration. Psychol., Rev., 1958, 65, 238-241. '





