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The Role of Drive Reduction in the Classical Conditioning

of an Autonomically Mediated Response

We propose to show that drive reduction can determine the form
of a classically conditioned autonomic response, and that as a result
there is no fixed relationship of anxiety and heart rate.

A number of investigators have found thet the heart rate changes
during anxious anticipation of an aversive stimulus, but the direc-
tion of change has not always been the same. Same have found the
heart Lo accelerate during anxiety (1, 2, 5, 13, 17), while others
have recorded a slow-down (5, 11, 13, 16, 1?). A resolution of these
discrepant results is offered in the present study.

The most ext:nsive work on heart conditioning hz2s been done
recently by Nottermsn, Schoenfeld, and Bersh {1C, 11, 12). They have
shown that when anxiety is generated by a tone-shock conditioning
procedure the heart siows in rate during the anxiety period between
tone and shock. Zeaman. Deane, and Wegner (19) replicated this
finding and made a detailed beat-by-beat analysis of the form oX
both the CR and UR. It is reporicd in the latter study that during
the 6-sec. CS-US interval, the heart rate CR to the l-secc. tone took
the form of a slight initial rise followed by a deceleration of
greater magnitude and duration. In contrast, the UR to the 6-scc.
shock was a sharp elevation in rate reaching a peak in three seconds,
and then a progressive drop in rate until the pcint cf shock ter-
mination, The over-all picture was that of a slow-down CR and speed-
up UR. An attempt was made to relate the findings to several
theoretical formulations of the mechanism of conditioning. One of
these, the drive-reduction view, suggesteca that the predominantly
decelerative form of the CR was due to the fact that the heart was
decelerating at the time of maximal drive reduction (shock-off).

A direct test of this view was proposed. It consisted of shorten-
ing the duration of the shock US to 2 sec., so that drive reduction
would now occur during the acceleration stage of the UR. The
predicted outcome was a change in the forma of the CR from decelera-
tion to acceleration. The present experiment reporte the result,

METHOD

Apparatus

The apparatus has been described in detail in a previous report
(19). Briefly, it consisted of an electrocardiograph to measure the
heart rate, a 13 V,A.C. shock for thz US, a tone {60 db, 512 c.p.s.)
for the C5, and electronic timers for controlling the sequence of
Stilnulio

Subjects

The Ss were 16 students at the University of Connecticut, 10

males and 6 females. All were paid volunteers,



Procedure

The classical trace-ccnuitioning procedure employed was very
similar to Lnat described in an earlier paper (19); the major change
was the snoriening of the duration of the shock from 6 sec. to 2 sec.
Our technique was closely patterned after that of Notterman, Schoen-
feld, and Bersh (11].

Pre~conditicning.— All Ss were given a series of pre~condition-
ing trials consisting of the presentation of a number of l-sec, tones
spaced at irregular intervals of one to two minutes. Ten of our Ss
were given ten such pre-conditioning trials, and six were given
twenty, before the start of the conditioning trials,

Conditioning.-~ A conditioning trial consisted of a l-scc,.
tone followed in six seconds by a 2-sec, shock. All Ss were given
11 conditioning trials separated by inter-trial intervals which
varied irregularly between one and two minutes,

Cardiograph records were taken on each trial frum about twenty
seconds buefore the tone tu abous forty seconds after the tone. The
Ss were instructed that they would receive a series of tones and a
series of shocks but the order was nut mentioned. The instructions
were identical to those of Notterman, Schoenfeld, and Bersh (11).

RESULTS

Pre-ccrditicning

The response of the heart to tone alone in the pre-conditioning
trials is represented by the dashed line in the lower half of Fig. 1
The response, an unconditioned one, is an immediate drop in rate of
about 2 b/m, with partial recovery during the ten post-tone beats,
The curve is an average of all Ss for all pre-conditioning trials.
Since therc is no appreciable adaptation of this response, the average
curve of the group receiving only ten pre~conditioning trials dif-
fered only slightly from that of the group receiving twenty. For
this reason, the results of both groups have been pooled,

Conditioning

The effect of toune~shock pairing un the heart's response to tone
is shuwn by the solid curve in the lower half of Fig. 1. The majcr
effect hsre, after a brief tone-UR dip, is a rise of about 4 b/m
followed by a fall Yo a level below that of the pre-tone period.

The last two post-tone beats are the next-to-last and last beats
before shock. They have an average ondinal rank of 6.8 and 7.8
counting in the directiun of tone to shock, The shock brings about
a sharp elevation in rate of about 6% b/m., At the time of shock-
off the heart is stroangly acceslerating. All points cn the

Two l-page tables giving the numerical vulues from which
these and the subsequent fipgures were constructed may be found in
the Appendix,



Fig, 1. The form of the heart
rate response during pre-conditioning
and conditioning (lower half). The
top half represents the difference
betiween the two lower curves.
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solid-line curve are the averages of all 16 Ss fcr conditioning trials
2 through 11,

A corrected measure of the effects of conditioning alone i3 pre-
sented in the top half of Fig. 1; it is the difference between the
conditioning and pre-conditicning curves in the lower half of Fig. 1.
This correction is based on the assumption that the tone UR, which
remained constant during the pre-conditioning trials, continues to
have a constant effect ca heart rate during the conditioning trials.
Thus, the tcne UR can be subtracted out of the conditioning curve
vhich presumably centains both the tone UR and CR. The result of this
correction is to bring ocut the predominantly accelerative form of the
CR. Of our 16 Ss, 6 had uncorrected CR's resembling closely the
average corrected CK, that is, with no drop below pre-tone level for
the next-to-last and last beats before shock. The negative values
of the corrected curve signify only that the over-all level of heart
rate is lower during the conditioning trials than the pre-conditioning
trials, because of the Ss' prougressive apprcach to 2 basal state
during the course of the experimental session.

Having shown that the form of the CR i3 an acceleration with a
mavimum amplitude at the third post-tone beat, we show now that this
CR has a gradual cnset. The course of conditioning can be traced in
Fig. 2. On each trial, the mean rates for all Ss of beats 3 and 4
are averaged anc expressed as a difference frau the mean rate during
the ten pre-tane beats on that trial. The differcnce measure was
chosen here merely to cancel cut trial-by-trial changes in over-all
level of heart rate., The solid line shcws a typical negatively
accelerated curve of conditioning., The negative values of the dif-
ference measure during the ten pre-conditicning trizls indicate that
the tone UR has depressed the rate below pre-tone level by approx-
imately 1} b/m. It can be seen from the flatness of the pre-
conditioning curve that the tcne UR showed no tendency to adapt out,
For the sub-group which received twenty pre-conditioning trials, cnly
the data from the second ten of the pre—conditioning trials are
included in Fig. 2.

The next-to-last and last beats before shock were also averaged
and expressed as a difference from the mean of thc ten pre-tone beats
on each trial. Ccnsidering the amcunt of pre-conditioning vari-
ability, we see no convincing evidence of a conditioned deceleration
for this portion of the response,

The data we have jresented clearly establish the fact that the
heart shows a conditioned acceleration in anticipation of a short
shock. This is to be contrasted with the previocus finding of a con-
ditioned decelerstion when a long shock was used (11, 19). Whai the
heart is doing at the time of shock-off seems to make the differzice.,



Fig. 2 The course of con-
ditioning for the uccelerated and
decelerated portions of the CR.



SYNOTE TYTHI~TTMHL JO SEOVHEAY ONIAOW

LYFR LSYTNL-IXIN 4
ANV L3V - . ’

| i

w UOT4BJISTS03D

} UOT3BIAT200®

% any € IVvE.

—

r/tf. 7

o L 8 L 9 S
{ &t P 3 k]

HNINOILIANOO-THd

wdd

(#/8) SOUTHIIATA TNOI-ISOI-—ZNOL~



—iy—

In the light of this finding, we were led tc¢ re-examine the
data from our long-shock experimant.. because we had observed there
some cvidsnce of a slight conditioned acceleration in the beginning
of the CR, just before the large conditioned deceleration. The pos-
cibility was considered that some atypical Ss under the long-shock
condition did not have a neart rate deceleration at the time of
shock-off. Out of the group of 17 Ss we found 4 such cases. Their
data were analyzed separately, and the result is shown in Fig. 3,
The measure here is analogous to that in the top half of Fig. l.
Note that for tnese Ss the heart, at the time of shock~off, has just
passed its peak of acceleratiun, and has not yet started its de-
celeration. Observe that, more importantly, the CR resembles closely
that found in the present experiment with short shock. It must be
emphasized that these Ss were selected only on the basis of the form
of UR, not CR.

The remaining 13 Ss of our long-shock experiment were all
decelerating at the time of shock termination. The form of their
response is shown in Fig. 4. Here the reverse effect is clearly seen,
a conditioned slow-dcwn in rate. A comparison of the course of con-
ditioning of these two contrasting forms of CR is depicted in Fig.

5. The two learning curves are similar in shape and magnitude, with
the short shcck yilelding slightly better conditioning. We view

each curve as representiag the formatiun of a counnection bzstween

the tone stimulus trace and the specific response uccurring at the
time of drive reducticn (shock-off).

The results of both experiments taken together lead te the con-
clusion that the accelerated or decelerated form of the heart rate
CR is not determined directly by the duration of the US, since both
effects were cbiained for different Ss under the same duration of
shock, but rather that the particular phase of the UR occurring at
the time of shock termination is selected for connection t8 the CS
trace. The duration of US selects the type of CR only indirectly

through its control of the UR,

Granting the abuve conclusion, it is not difficult to under-
stand how previous investigators found sometirxs cne and sometimes
another type of heart rate CR., A variety cf types and durations
or unconditioned atimuli have been used with no a'tention to the
important factor ¢t drive reduction which predicts the type of CR
to expect. Farlier studies in cardiac conditioning have not been
reported in sufficient detail to 21llcw us to use them as precise
tests of our conclusicn., No cbviously contrary cases have been
reported,

We wish tc consider briefly the relation of cur results to
theories of anxiety and the imechanism of conditioning. If one
holds to the simple descriptive definitiovn of anxiety as a atate
producerd by some current stimmlus which in the past has been fol-
lowed by a noxious stimulus (4; 15), then the different heart rate
CR's in both’our short-shock and long-shock experiments can be



Fig. 3 The form of the
heart response for Ss whose hearts
Qid not decelerate during a long
chocek,
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Fig, 4, The form of the
heart. response for Ss whose hearts
<2id aecelerate Jduring a long shock.
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Fig. 5 The acquisition of
the conditicned acceleration in the
short-shock experiment compared with
that of the conditioned deceleration

in the long-shock experiment,
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said to have occurred during anxiety. Thus the appropriate state-
ment of the relationship of amxdety and heart rate is that the heart
changes its rate during amxdety, but in a direction determined by
factors other than anxiety,

If one views amxdety as an antonumically mediated response,
conditicned like cther viscero-vascular responses, then the mechanism
by which heart rate is conditioned will alsc be the mechanism by
wnich arxiety is learned, There are at least two schools of thought
on this matter: one which holds that autonomic responses are con-
ditioned according to a contiguity principle (3, 7, 9, 14, 18), and
another which maintains that they are conditioned by drive reduction
(6, 8). Since in the present experiment it was the shock termination
(drive reduction) which proved to be the critical elemsnit in seiec-
ting the autoncrnic response to be conditioned, the rcsults lend most
comfort to the drive-reduction view,

SUMMARY

The heart rate response of human Ss was classically conditioned,
using a i-sec, tene GS and a 2-sec. shock US separated by a 6-sec,
delzy interval. During the anxdety periwd between tone and shock,
the condltloned cardiac response appeared as an acceleration in rate.
This was eontrasted with the conditioned deceleration found Jduring
anxiety when a long {6-sec.) shock was used. The difference in the
form of the two CR's was attributed to the fact that at the time of
shock termination the heart was accelerating in the short-shock
condition and decelerating in the long-shock condition. The results
are seen to faver the view that the mechanism of conditioning for
this autoncmically mediated response was that of drive reduction,
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APPERDIX
TABLE I

Mean heart rate (in beats per minute) during the pre-tone, tone, posi-tone,
shock, and post-shock periods for three groups of Ss. Group I (16 Ss,
received a short (2 sec.) shock; Group II and III received a long (6 sec.)
shock, The columns labelled 'difference! give the mean difference in rate
between pre-conditioning and conditioning. The reported means are of all
Ss under the given condition. Group II contains 4 Ss whose hearts were
not decelerating at the timc of shock termination. Group III contains 13
Ss wrose hearts were decelerating at the time of shock termination. The
post-tone beats labelled NL and L are respectively the next-to-last and
last beats before shock.

Ordinal BReat Group I (Fig. 1 Group I roup III
Nurber L iils:.ﬁi zias;_éi_
Pre- Diff.: Diff.: Diff.:
condit. Condit. Prec.—Cond. Prec.—Ccnd. Prec.——Cond.
Pre-tone 1 78,64 76.42 -2,22 ~1.31 -3.07
2 78.98 76.39 -2.59 -1.72 -2.66
3 79'30 76.73 -2057 "2.00 -2061
4 79.36 5.7% -3.57 -2.73 -2.81
5 78.99 76.16 2,83 -1.68 =2.54
6 78.98 75.98 -3.00 - .73 -2.56
7 79030 75066 ".3061-& "‘2.00 -2.&9
8 7900‘.& 75'87 "3017 "1088 ‘2052
9 78.62 75.89 -2.73 -2.02 -2,23
10 78.34 5.80 ~2.54 ~1..8 -2.89
Tone 76.61 74 .66 -1.95 - L5 -2.32
Post~tone 1 76,50 76.37 - .13 .95 -1.73
2 76.84 77.68 .8l 3.45 -2.07
3 77.31 78.78 1.47 3.58 -3.51
1# 77025 78.06 '81 3056 ".3080
5 77023 76030 = 093 201+2 "'Ll»039
6 —— — (NL) .45 (NL) =4.25
(NL) 7 77.14  73.79 -3.35 (L) -1.38 (L) -4.96
(L) & 7712  73.24 -3.98 — e
Shock 1 76.80 7493 -1.87 - .57 -2.21
2 77.15 78.62 1.47 L.69 - W32
3 7.98 «55
A .44 - .07
5 90&2 -1032
6 9.37 -2.37
7 90&9 "‘2058
Post-shock 1 79.36
z 79.62
3 78.96
'I4' 77.98
5 77.35
6 77.25
7 77.98
8 78.29
9 78.64
10 78.63
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TABLE 11

Differences in heart rate (in b/m) between the mean rate of the ten
pre-tone beats on each trial and the mean rate of the following post-
tone beats: beat 3 and 4 for the short-snock condition (Column 1),
the next-to-last and last beat for the short-shock condition (Cclumn
2), and the next-to-last and last beat for the long-shock condition
(Colum 3)., The differences have been averaged over-1ll Ss and over
blocks of three trials. The number indicating each three-trial bleck
is the middle number of that block. The number of subjects is shcwn
at the top of each column.

X, 2. 3.

Next-to~last Next-to-last
Beat 3 and 4 and last beat and last beat

Rolling Averages Short _Shock Short Shock Long Shock
of 3-Trial Blocks (Fig. 2 ard 5) (Fig. 2) (Fig. 5)
N=16 N=14 N=17
Pre-conditioning
2 -1.48 ~2,17 -1.65
3 ~1.45 -1.10 -1.62
4 ~1.55 - .38 -1.§5
5 ‘1077 S 098 —l.o:?.
6 -1.05 - .76 -1.48
7 -1.23 =2.54 -1.73
8 ~2.20 -2.21 -1.54
g -1.89 -2.63 -1.70
lO = 069 "lolh = 0;8
Conditicning
2 1.05 =2.14 =2.34
3 1.25 -3.06 -3.18
L 1.70 -3.52 -3.35
5 2,11 -3.12 =L.57
6 2.49 -2.57 =471
7 2.70 -2,59 -4.62?
8 3.43 -2.56 -4+ 50%
9 3. 7 -2.29 ‘1#01#9';
it 3.22 ~2.22 -4.30°

*Interpolated



	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022

