JOURNAL OF THE EXPERIMENTAL ANALYSIS OF BEHAVIOR

1967, 10, 119-130

OPERANT REINFORCEMENT OF AN AUTONOMIC
RESPONSE: TWO STUDIES!

ROCHELLE JOHNSON GAVALAS
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Two successive studies were conducted to determine the possibility of operant reinforcement
of nonspecific galvanic skin resistance responses. In the first study, with five experimental and
three control subjects who served for 20 to 30 min a day for 10 days, all experimental subjects
learned to emit more nonspecific galvanic skin resistance responses than their ad hoc matched
controls. In a second study, nine experimental and nine control subjects were matched for
first-day levels of reactivity and yoked for operant reinforcement schedules. Significant differ-
ences between the two groups were found on the last day of conditioning and during extinc-
tion. Six of the nine experimental subjects showed higher cumulative rate curves than their
matched and yoked controls. The concomitant measures (basal resistance, heart rate, etc.)
all supported this finding. It was suggested that operant reinforcement of autonomic response
tends to maintain a certain level of responding in contrast to persistent adaptation in the con-
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trol group.

As early as 1938, operant reinforcement of
an autonomically controlled response (vasocon-
striction) was attempted. The results were
“inconclusive” (Skinner, 1938). Skinner was
explicitly concerned with this distinction in
the development of his system; he distin-
guished operants and respondents on the basis
of their correlation with an observable, ex-
ternal stimulus and not on the more commonly
accepted basis of the autonomic-skeletal di-
vision. In doing this, he left open the theoreti-
cal possibility of modifying by operant means
a response which is autonomically controlled
but is not correlated with any observable ex-
ternal stimulus.

Two major problems of experimental design
exist: (1) controlling for the effect of the rein-

!Reprints may be obtained from the author, The
Space Biology Laboratory, Brain Research Institute,
Health Sciences Center, The University of California,
Los Angeles, California 90024.

?This research was supported by a USPHS Postdoc-
toral Fellowship (5-72-MH-11,225-02) and a grant from
the Vocational Rehabilitation Administration (Grant
RT-2). Special appreciation is expressed to Dr. F.
Kottke and the Department of Physical Medicine and
Rehabilitation at the University of Minnesota for sup-
port and encouragement of the study. Acknowledgment
is made to the Department of Biology, California Insti-
tute of Technology, and to the Brain Research Insti-
tute, Space Biology Laboratory, UCLA, for reproduc-
tion of graphs and typing of the paper.

forcer so that an increased rate of autonomic
responding cannot be attributed to the stimu-
lating effects of the reinforcer, and, (2) con-
trolling for, or eliminating the effect of
mediating skeletal responses. If the autonomic
response is produced by an intervening skeletal
response, the reinforcement may be acting di-
rectly on the skeletal response and parasitically
reinforcing the autonomic response.

Few studies have dealt adequately with
these problems. Kimmel and Hill (1960) and
Fowler and Kimmel (1962) tried operant rein-
forcement of drops in skin resistance in hu-
mans. They found statistically significant dif-
ferences only during the first minute or two of
extinction. Although their experimental and
control groups were yoked for the stimulating
effect of the reinforcer, they were not matched
for initial levels of reactivity. Little time was
allowed for subjects to adapt to the experi-
ment and the whole operant level, reinforce-
ment, extinction program was compressed to
about 20 min. No attempt was made to control
for skeletal mediators.

Lisinia (in Razran, 1961) reinforced vaso-
dilatation in humans with shock termination.
No control group was used, and neither the
effect of the reinforcer nor the potential
skeletal mediators were controlled. After
“several experimental sessions”, during which
subjects were allowed to watch their own
records, conditioning was observed.
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Mandler, Preven, and Kuhlman (1962) re-
inforced drops in skin resistance (GSR) with
money and a flashing light. Nine subjects
received 11 daily sessions of 30 min each. Four
subjects showed significantly high responding
(last 20 min of each day’s run versus first 10
min of each day’s run). They all had had
significantly lower GSR rates during control
periods. No control subjects were used. No
effort was made to control for the stimulating
effect of the reinforcer or for possible skeletal
médiators.

In the two studies reported here, special
efforts were made to control for the stimulat-
ing effect of the reinforcer, initial levels of
reactivity, and potential skeletal mediators.
Concomitant records of several other auto-
nomic responses were used to investigate the
generality of such learning. The general find-
ing of the first study is that operant reinforce-
ment of galvanic skin resistance deflections
(nonspecific GSR’s) is possible. The second
study introduced some better controls and
corroborated the findings of the first study.

STUDY ONE (1961)

Subjects

Eight University of Minnesota female under-
graduates, all paid volunteers, were drawn from
introductory psychology classes. More experi-
mental (five) than control subjects (three) were
used because it seemed likely that each subject
could serve as her own control.

Apparatus

A GSR apparatus designed by D. T. Lykken
was used. A constant current of 50 microamps
was passed through the subject and the voltage
across the subject was read as a linear measure
of her resistance. Readings were accurate to
the nearest 1000 ohms. The amplified signals
were recorded on a Sanborn oscillograph
Model 126.

Procedure

Subjects served for 10 consecutive days. The
first two were operant level days; on the third
day, the reinforcer was introduced and pre-
sented randomly for 10 min. Reinforcement
began on the last half of the third day’s ses-
sion and continued through the next four
days. The last three days were extinction ses-
sions. All sessions were 20 min long except for
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the last two, which were extended to 30 min.

Control subjects followed the same pro-
cedure as experimental subjects except that
they received “random”, noncontingent rein-
forcers during the four-and-a-half days of learn-
ing. Pilot work showed that an experimental
subject was likely to receive 25-30 reinforcers

per 20-min session. Time of delivery of the re-

inforcer was obtained from random number
tables. No reinforcer was administered within
15 sec of another to avoid reinforcement of a
reinforcer-elicited response. Average number
of reinforcers per day for the experimental
group was 23; for the control group 27. An
upper limit of 90 sec between reinforcers was
arbitrarily given to the control group. Thus,
the two groups were fairly well matched for
number of reinforcers but not precisely
matched for interval between reinforcers. An
analysis of the results showed that time be-
tween reinforcers varied more for the experi-
mental group.

All subjects performed a simple, randomly
varied task carefully selected so that it would
be similar from one day to the next, but not
repeatable. These precautions were taken to
avoid conditioning of GSR reactivity to the
repeated elements of task. The task was also
selected so that it would control, to some de-
gree, the attention of the subject, and prevent
“day-dreaming” and sub-vocal elicitation of
GSR responses. A further restriction was that
the task must not elicit associated implicit
verbal responses. The subjects were given
stacks of cards on which were printed nonsense
syllables of low association value (Archer,
1960) and numbers. They were asked to read
through the cards, which were shuffled each
day so that order was never the same.

GSR electrodes were taped on the first and
third fingers of the subject’s left hand. Subjects
were told that the electrodes measured changes
in skin resistance, that the purpose of the ex-
periment was a study of day-to-day changes in
GSR under controlled conditions, and that
a light would come on when their reactions
were going well. Deflections of 2000 ohms or
greater were reinforced by a flash of the light
and the comment, “That’s good”, or “That’s
fine”.

A wooden screen separated experimenter
from subject. Subjects were asked to avoid day-
dreaming and to read the cards at a steady
rate. They were told they could pronounce the
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nonsense syllables any way they wished and
that this task was an irrelevant one, designed
to give them something to do which was the
same from day to day. The experimental room
was sound-proofed and temperature controlled
and the subjects were tested at the same time
each day.

At the conclusion of the experiment, sub-
jects were asked to predict the occurrence of
the light, and to specify what determined the
appearance of the reinforcer and what the pur-
pose of the experiment had been.

The methodology used here was very close
to that used by Mandler et al. (1962), with
some important differences. A control, non-
contingent reinforcement group was used, and
a distracting, continuous task controlled for
attention and ideation. Results were scored in
terms of daily rate of nonspecifics, excluding
the first 2 min, which seemed to represent an
elevated reaction to onset of the experiment.
No nonspecifics occurring within 15 sec of the
reinforcer were included in the final counts
of nonspecifics.

Results

Experimental and control groups differed
significantly in production of nonspecific GSR
deflections on three of the four days of con-
ditioning and on the last day of extinction (if
a score is estimated for one missing subject).
Mann-Whitney U tests (Siegal, 1956) show
that these differences were significant at the
.05 level or better.

There were no significant differences be-
tween the two groups on the first two days of
adaptation or during the introduction of the
reinforcer on day three.

These group differences reflect the differ-
ences seen in the individual learning curves
of Fig. 1. Cumulative curves for control sub-
jects are shown on the same set of coordinates
as learning curves for experimental subjects
who had approximately the same initial (day
1) rate of responding. (Note, however, that
they were not matched for the experiment.)
In all cases the experimental subjects showed
a steeper and more uniform rate of responding
than their ad hoc matched controls. The con-
trol subjects showed a negative acceleration or
bending of their curves, which probably re-
flects their gradually increasing adaptation to
the experimental situation and the reinforcer.
The individual cumulative curves of the ex-
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perimental subjects seemed to vary around a
relatively constant, individually determined
slope.

A slight increase in rate at the onset of the
first full trial of extinction may be seen in two
of the three control subjects (BA and V]) and
in two of the five experimental subjects (WC
and DB). This effect is probably obscured by
the already high rate of responding of two
other experimental subjects (AP and BB).

Responses to the reinforcers were counted to
see if the differences found could be accounted
for by different reactivity to the reinforcer.
The daily record of each subject was inspected
for obvious responses to the light and the
latency of those clear responses was used as a
criterion to evaluate other questionable rein-
forcer-elicited responses. There were no signifi-
cant differences in percent of light-elicited
responses for the two groups on any of the
five days on which the reinforcer was pre-
sented. All but one experimental subject (AP)
and one control subject (S]) showed a decreas-
ing rate of reinforcer-elicited GSR responses as
conditioning progressed from day 3 to day 7.
This finding, replicated in the next study
where very similar curves were obtained, is
important because it shows that GSR “re-
spondents” of this type followed a different
course than GSR ‘“operants” or nonspecifics.
Furthermore, it suggests that the differences
in rate of nonspecifics cannot be explained by
simple differences in responses elicited by the
reinforcer.

Nonspecific responses during the 15-sec
interval after each reinforcer were counted.
Since these responses were not reinforced
for either group, no obvious differences could
be seen, as was expected. These data are
based on very small time samples and may not
be reliable. They suggest, however, that the
experimental group may have been learning
the very subtle discrimination of responding
only after 15 sec had lapsed after reinforce-
ment, during which no responses were rein-
forced.

Some initially low experimental subjects
(for example, RL) showed an increase in abso-
lute rate of nonspecifics, from day 1 to day 10,
while some initially high experimentals (AP
and DB) showed a decline in absolute rate of
responding but not as much as initially high
control subjects (see Fig. 1). This suggests
that Mandler et al. (1962) were not able to de-
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Fig. 1. Study 1: Cumulative GSR nonspecifics for ad hoc matched pairs.

tect differences in their high responders be-
cause of their decision not to use a noncon-
tingent control group. An examination of the
first 10 min versus the last 10 of each day’s run
(Table 1) shows a very consistent trend for
diminished responding over the time within
a session for both control and experimental
groups. Thus Mandler et al. (1962), using the
first 10 min of each day’s run as a basal level,
would further favor initially low responders
because they showed less decrease (less adapta-
tion) over time than did initially high re-
sponders.

Size of both nonspecifics and responses to the
light was evaluated. No difference was found

in size of responses to the light. Amplitude of
nonspecifics tended to be larger for the experi-
mental group throughout conditioning, but
these differences reached statistical significance
only on day 5. Further research is needed to
assess the reliability of this finding.

Basal levels of skin resistance tended to in-
crease over the 10-day period for all subjects;
they increased more for the control than for
the experimental subjects.

Only one subject showed any ability to pre-
dict the reinforcer at the end of the experi-
ment. None surmised the purpose of the ex-
periment nor had any idea of the relation
between GSR deflections and the reinforcer.
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Finally, of two pilot subjects, one seemed to
cough and drop her cards during extinction.
This was also observed in one of the experi-
mental subjects. This raised the question of
whether or not such accidental responses rep-
resent unconscious (skeletal) attempts to elicit
GSR deflections.

In broad outline, these data support the hy-
pothesis that the output of GSR nonspecific
deflections can be modified by operant rein-
forcement techniques. The lack of control over
variability of time between reinforcers may
have exaggerated experimental-control differ-
ences; this was controlled in the later study. It
appears that the use of a distracting task and
the long duration of the study may have con-
tributed importantly to the validity and re-
liability of the findings.

The use of a control group is essential to
this kind of study; otherwise a decreased
tendency to adapt in initially high responders
will not be observed.

It appears that operant modification of an
autonomic response results in a different form
of learning than operant reinforcement of a
skeletal response. Control curves seemed to
show a negatively accelerated cumulative
adaptation curve; while experimental curves
were more constant in slope. The nonspecific
GSR response did not always show an absolute
increase in rate but often appeared to be main-
tained at some level higher than that of the
control group. This may be construed as pre-
venting adaptation. Some heightened reaction
to the onset of extinction may be seen; this
is also seen in skeletal, operant-reinforcement
learning curves.

STUDY TWO (1964)

Subjects

Eighteen college-age girls, all paid volun-
teers, were drawn from the student employ-
ment bureau. The girls were carefully screened
for diseases, especially of the heart and me-
tabolic disorders; no girl under medication
of any kind or with allergies was used. All
served between menstrual periods. Two con-
trol subjects who became dizzy and ill during
the experiment were excluded from the data
analyses.3

*Dr. F. Kottke of the University of Minnesota, has
suggested that this fainting was a result of the extreme
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Apparatus

A standard Wenger GSR apparatus (San-
born model 350-12/E5838) and the accom-
panying palmar electrodes (zinc) and zinc sul-
fate paste were used. Deflections of 400 ohms
or greater were counted.

A small photoelectric plethysmograph that
clipped onto the finger (Kenelco Corp.) mea-
sured finger volume; heart rate was read from
the plethysmograph record.

A belt-type pneumatometer recorded respir-
ation. All responses were amplified and read
out on a Sanborn multichannel recorder. The
room was maintained at a constant tempera-
ture and was soundproofed.

Procedure

The most important innovation was that
subjects were matched on the basis of their
nonspecific GSR rate on the first day of the
experiment. These matched pairs were then
yoked for schedule of reinforcement. Again,
GSR deflections occurring within 15 sec after
the reinforcer were not counted.

The superimposed, “distracting” task was
made more uniform. The nonsense syllables
were spelled aloud once every 5 sec over a tape
recorder; subjects were asked to respond as
soon as they heard them. This had the added
advantage of controlling rate of respiration
as well as subvocal ideation. Subjects were
instructed to sit as quietly as possible. Moder-
ate restrictions were placed on their diet, sleep,
exercise, and smoking during the experiment.
All subjects sat quietly for 25 min before the
experiment began.

immobility of the subjects in this experiment. Ordi-
narily small muscle contractions serve to compress the
veins of the lower extremities and force blood to return
towards the heart (the muscle pump action). Kottke
says: “If a person sits perfectly still without any mus-
cular contraction in the feet or legs, blood eventually
accumulates in the capillaries and veins in the depend-
ent extremities. The vessels must be distended before
any blood gets back to the heart where it can be
pumped into the arterial circulation again. The stasis
of blood in the feet and legs leaves too small a blood
volume returning to the heart to maintain arterial
pressure and, consequently, the subject faints. It re-
quires very little movement to prevent this, but in a
situation such as yours (study two) where you advised
the subject to be quiet, such stasis can occur.” (Personal
communication.) It is interesting to note that this sug-
gests that skeletal responses were quite well controlled
in the experiment.
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Table 1

(First 10 min)

Study One. 1961. Adaptation of Nonspecifics within Daily Sessions Second 10 min

Conditioning Days
Subject 3 4 5 7
A.P.(E) 7.27 2.44 8.27 8.12 4.17
5.92 2.02 4.20 4.58 3.35
B.B.(E) 4.72 6.58 11.15 7.22 7.30
No data 5.17 7.93 2.52 4.80
D.B.(E) 3.92 3.72 4.01 8.96 2.90
1.70 3.02 2.27 1.68 1.07
. W.C.(E) 3.80 3.50 1.45 1.93 2.23
Increasing 8.75 59 91 37 1.16
Initial
Rates ’ V.J.(C) 3.18 142 75 1.00 81
.68 46 1.02 1.25 54
$.J.(C) 2.32 252 347 4.82 No
.60 1.37 1.72 2.65 Data
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Fig. 2. Study 2: Cumulative GSR nonspecifics for matched-yoked pairs.
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Introduction to the reinforcer was limited
to 5 min, rather than 10, on day 3 and ex-
tinction was begun half way through day 7.
Subjects were told that the experiment was a
study of day-to-day changes in various auto-
nomic responses. At the end of the experiment
they were questioned about their subjective
reactions, and the experiment was explained
to them.

Results

Cumulative rate curves (see Fig. 2) compare
favorably with the ad hoc matched pairs of
study one (Fig. 1). Six of the nine subjects
of the present study clearly showed a cumula-
tive gain over their matched control.t The
other three subjects did not. It is possible that
one pair of subjects was not well matched (C]
and SJ). Table 3 shows that initial heart rate
was almost 16 beats per min faster for CJ. For
all of the other pairs, initial heart rate differ-
ence varied from 0.2 to 8.6. It should be re-
membered that in this study an arbitrary time
limit was imposed on the opportunity to learn;
these three subjects might have shown learning
if given an extended series of reinforcement
trials. It is also true that extinction trials were
arbitrarily limited; a longer series of extinc-
tion trials may have been more sensitive to
learning effects.

As in study one, the cumulative curves for
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the experimental subjects roughly approxi-
mate a straight line, with an individually de-
termined slope. With the exception of NB,
none of the experimental subjects maintained
their first (day 1) level of GSR ‘activity.
Initially high experimental subjects showed an
overall decline in rate but did not decline as
much as their matched controls. Initially
low subjects showed an overall increase in rate.
The conditioning is, clearly, superimposed
upon a trend to adapt to the experimental
situation. Absolute rates are shown in Fig. 3.

The cumulative GSR curves for the control
subjects tend to approximate a negatively ac-
celerated curve. This reflects the general trend
for an overall decrease in their absolute rate
from beginning to end of the experiment.
(Control subjects showed a statistically signi-
ficant decline in rate of GSR nonspecifics from
even their lowest operant level day (day 2) to
the last day of conditioning (day 7). Experi-
mental subjects did not.) This in turn prob-
ably mirrors their increasing adaptation to the
experimental situation, the task, and the re-
inforcer.

‘Group differences between experimentals and con-
trols in rate of GSR nonspecifics were significant on the
last day of conditioning, and the second day of extinc-
tion (day nine). (Wilcoxon Matched Pairs, P > .05 or
better.)
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Fig. 8. Study 2: Absolute rates of GSR nonspecifics.
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The absolute level of responding tended to
be slightly lower in this study than in study
one for both experimental and control sub-
jects, perhaps because the distracting task was
a more monotonous one or because larger
(more discriminable) nonspecific GSRs were
reinforced in study one. It is interesting to
note that one experimental subject and one
control subject showed an almost constant rate
of responding throughout the experiment.

The overall course of the autonomic learn-
ing may be most easily seen in a graph of ex-
perimental-control differences, which shows
the relative gain of each experimental subject
over her expected adaptation curve i.e., the
curve of her matched and yoked control (Fig.
4).

Figure 4 shows medians and ranges of ex-
perimental-control differences, over the 10 days
(the mismatched pair, CJ-S], are excluded).
There is an overall increase in the whole dis-
tribution of eight scores; this increase is most
marked on day 6 and the gain is maintained
through day 7. On day 8, the first full day of
extinction, significant experimental-control
differences did not occur: the absolute rate in-
creased in six of the eight control subjects and
decreased for seven of the eight experimentals.
On day 9, significant experimental-control dif-
ferences again occurred. The large range of
day 10 scores suggests that extinction had be-
gun to have its effect (extinction began on the
last half of day 7).

Note that both the medians and the range
of scores show that there were no important

i 2 ] ) ) [) 7 ) * n
T Ve wonr T,

N0 RLINF, BEON EXTIICT.

Fig. 4. Study 2: Experimental-control differences in
GSR nonspecifics.
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experimental-control differences before learn-
ing. Indeed, the results of the first days of
learning (day 3 to day 4) suggest that controls
were favored over experimentals.

GSR deflections elicited by the reinforcer
declined over the four-and-one-half days of
conditioning for both experimental and con-
trol subjects. The two groups did not differ
significantly in the rate of these reinforcer-
elicited respondents and the curves resemble
those found in study one.

Basal resistance, estimated from the 10th
and 11th min of each subject’s daily session,
increased over the 10 days for each group. As
in study one, resistance readings for control
subjects tended to reach a higher level from
beginning to end of the experiment, than
those for experimental subjects.

Because so few studies of this type have been
done, tables presenting absolute scores for all
subjects are given. GSR nonspecifics, heart
rate, and plethysmograph data are shown in
Tables 2, 3, and 4, respectively.

Group rather than individual curves of
heart rate are presented because heart rate
was only a concomitant measure and because

8
I

contTROL\ /

MEDIAN % GSR RESPONDENTS
8

\ /
ol 14
20 -
0=
| 1 | | |
3 . [ . T
[ . —
pratrice REINFORCEMENT I
SEo EARY
DAYS

Fig. 5. Study 2: Percent reinforcer-elicited GSR re-
spondents.
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Table 2
Study Two. 1964. Individual Scores by Days: GSR Nonspecifics
Matched Day 1 Day 2 Day 3 Day 4 Day 5
Pairs E C E Cc E (4 E C E Cc
MT-BS 6.19  5.76 1.58 044 1.39 228 145 073 044 018
SV-JJA 521  6.56 276  0.83 440 152 2.38 1.87 1.67 093
CJ-SJ 402 485 564  6.86 089 277 1.77  4.61 1.70  4.18
LR-SR 303 4.07 2.74 1.40 1.05 149 216 124 309 174
DC-BB 256 142 140  3.51 198 192 060  3.26 067  3.39
NB-KN 148 141 489  0.10 328 127 323 524 510  5.65
KP-TM 099 096 0.66 ?? L15 017 1.25 1.03 1.60  0.11
MH-JJO 037 061 038 015 093  0.06 027 053 074  0.06
BSU-BSA 0.41 1.64 1.67 093 018 046 047 046 236 1.76
Means 277  3.05 241 1.78 170 133 151 211 193 200
Medians 256  1.64 1.67 088 115 149 145 1.24 1.65 1.74
Matched Day 6 Day 7 Day 8 Day 9 Day 10
Pairs E [ E Cc E Cc E Cc E C
MT-BS 057 054 089  0.16 0.63  0.26 0.88 057 3.09 031
SV-JJA 1.59 111 245  0.00 217 025 094 104 2.01 1.70
CJ-SJ 226 471 245 442 123 5.62 1.51 3.11 232 383
LR-SR 245 234 1.69 094 036 0.76 2.39 149 315 043
DC-BB 2.14 226 0.51  0.61 026 141 092 010 279 005
NB-KN 372 048 405 070 434 233 5.17 1.36 331 487
KP-TM 021  0.00 121 005 056  0.10 1.00  0.10 229 005
MH-JJO 022 0.16 228 064 123 0.1 261  0.00 172 0.00
BSU-BSA 1.06 194 0.78  0.56 0.58  2.69 1.76 030 090 2380
Means 1.58 140 1.81 090 126 150 191 090 240  1.56
Medians 159  1.04 1.69  0.56 063 076 151 057 232 043
Table 3
Study Two. 1964. Individual Scores by Days: Heart Rate

Matched Day 1 Day 2 Day 3 Day 4 Day 5
Pairs E Cc E Cc E C E C E Cc
MT-BS 1047  98.7 101.2 909 1003 932 1024  89.7 101.6 922
MH-JJO 898 826 1050  73.7 914  63.3 95.7 675 908 622
LR-SR 85.1  89.1 744 655 740 824 730 805 748 677
DC-BB 835 885 768 898 760 824 714 864 743 803
SV-JJA 830 876 719 796 796 826 829 771 823 864
KP-TM 748 746 66.7  75.7 654 845 747 714 759  85.1
BSU-BSA 675  76.1 69.0 804 709 762 778 742 730 795
NB-KN 674 736 688  67.0 685  59.5 65.7  63.9 788  66.3
CJ-SJ 618 785 615  79.6 690 775 69.1 732 75.7 826
Means 806 849 803 778 768 788 789 756 813 762

12.8 7.9 13.3 9.1 115 11.3 122 84 104 104
Medians 830 848 768 779 740 825 739 752 788 729
Matched Day 6 Day 7 Day 8 Day 9 Day 10
Pairs E Cc E (o E Cc E Cc E C
MT-BS 9.9 830 10L.7 953 99.7 920 9771 975 1047 978
MH-JJO 842  65.6 94 700 9.3 703 989 730 945 710
LR-SR 67.7 659 709  65.6 739 655 752 736 838 766
DC-BB 852 864 688 825 725 912 733 892 740  86.7
SV-JJA 799 756 802 878 785  86.8 80.7 788 790 815
KP-TM 75.71 792 738  76.0 75.7 725 720  76.0 869  88.6
BSU-BSA 675  76.1 690 804 709 762 778 742 780 795
NB-KN 665  68.2 703 639 616  63.8 613  67.1 63.7  68.1
CJ-SJ 618 785 615  79.6 790 775 69.1 732 757 826
Means 760 754 713 719 716 713 784 781 817 812

115 6.8 138 104 126 103 12,5 9.1 9.0 9.7

Medians 75.7 76:1 709  79.6 739 762 75:2 742 790 815
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Table 4

Study Two. 1964. Individual Scores by Days: Plethysmograph Amplitudes
Matched Day 1 Day 2 Day 3 Day # Day 5
Pairs E C E Cc E Cc E C E Cc
MT-BS 11.3 7.2 135 6.8 14.0 5.8 14.2 9.9 125 8.5
CJ-SJ 7.0 5.0 145 29 84 9.9 17.0 6.7 8.2 6.9
DC-BB 83 114 7.1 7.7 122 139 94 170 115 189
BSU-BSA 9.9 7.8 10.1 7.2 4.7 7.7 6.3 6.6 8.3 80
NB-KN 117 72 20.3 5.1 19.8 6.7 80 128 204 121
LR-SR 169 5.7 145 132 177 134 28.1 12.0 76 130
KP-TM 5.8 6.2 6.0 6.2 53 170 99 109 89 143
MH-JJO 12.1 11.2 10.9 8.6 15.1 13.1 128 162 152 157
SV-JJA 163 140 17.3 109 146 152 182 148 182 186
Means 12.1 84 12.8 7.6 124 114 139 115 123 129
Medians 11.3 74 13.5 72 140 131 142 120 115 143
Matched Day 6 Day 7 Day 8 Day 9 Day 10
Pairs E C E C E c E c E c
MT-BS 15.4 8.2 15.1 9.0 92 1Ll 17.1 13.6 52 124
CJ-Sj 11.6 4.6 105 3.1 8.8 8.1 13.8 8.6 82 158
DC-BB 21.7 74 11.6 5.7 115 9.0 14.3 9.3 15.1
BSU-BSA 146 106 4.8 6.4 3.6 9.3 7.0 9.6 6.1 8.8
NB-KN 16.1 34 18.0 7.3 144 107 185 157 210 134
LR-SR 163 144 300 158 166 114 24.1 120 212 163
KP-TM 5.1 124 8.7 9.5 9.6 74 103 103 82
MH-JJO 17.5 8.7 93 122 118 136 120 105 9.0
SV-JJA 9.6 121 153 118 152 146 133
Means 14.2 9.1 13.7 9.1 112 106 145 105 115 112
Medians 154 8.7 11.6 9.0 11.8 10.7 13.8 10.5 85 14.6

experimental and control subjects were not
specifically matched for day 1 levels on this
variable. The nine control subjects had an
initially higher heart rate than their matched
experimental subjects (a mean rate of 84.9
versus 80.6). Nevertheless, by the end of the ex-
periment the experimental group had reached
approximately the same level as the control
group (81.7 and 81.6). As in the case of the
GSR nonspecifics, the control subjects showed
significant adaptation in heart rate over the
10 days; experimental subjects did not.

A scattergram of group means across the
10 days (Fig. 7) suggests that there was a low to
moderate intra-individual correlation between
heart rate and rate of nonspecific GSRs. This
would seem to support the work of Lazarus,
Speisman, and Mordkoff (1963) which stressed
the importance of this kind of correlational ap-
proach to autonomic responses. The N of this
study was too small to permit a precise correla-
tion estimate.

Concomitant changes in plethysmograph
amplitude are shown in Fig. 8. The control
group had a substantially lower initial ampli-

tude, which probably reflects the initial differ-
ence in heart rate between the two samples.
There may have been a general trend in the
control group for a relative increase in am-
plitude from day 1 to day 10 (increasing vaso-
dilatation), whereas the experimental group
tended to remain at about the same overall
level, or to decrease slightly. This, again, may
reflect progressive adaptation or relaxation in
the control group.

The two groups maintained approximately
the same respiration rate throughout the ex-
periment. This reflects the controlling effect
of the task.

Respiration records were evaluated for gross
irregularities and, although the experimental
group tended to have slightly more irregu-
larities, the differences were not significant. No
analysis of reflex-elicited changes in heart rate
or respiration-elicited nonspecific GSRs was
made.

None of the subjects reported any knowl-
edge of the purpose of the experiment or be-
lieved that they could predict or control the
occurrence of the reinforcer.
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Fig. 6. Study 2: Day-to-day changes in heart rate.

DISCUSSION

These studies support the hypothesis that
autonomic responses not correlated with an
observable, external stimulus can be modified
by operant reinforcement techniques. It sug-
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Fig. 7. Study 2: Scattergram of heart rate and GSR
nonspecifics over days.
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gests that there is overlap between autonomic
and skeletal responses, and that they are not as
different in kind as generally believed. Cor-
relation with an eliciting stimulus may be a
more useful distinction for both theorizing and
for research purposes than categorizing re-
sponses as autonomic or skeletal.

Reliable differences between experimental
and matched control subjects in rate of non-
specific GSR deflections were observed in both
studies. It is noteworthy that when the experi-
ment was better controlled and better de-
signed, the difference became more predict-
able; that is, it would be expected that the last
day of conditioning and the extinction trials
would be most sensitive to differences if a
cumulative learning process had in fact taken
place. This was precisely where the differences
were found in study two.

The modification of autonomic responses
may be described as the prevention of adapta-
tion. Overall increases in absolute frequency
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Fig. 8. Study 2: Day-to-day changes in amplitude of
plethysmograph readings.
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of responses of the kind usually seen in skeletal
learning curves are not found. Instead, the
experimental group appears to maintain a
level of responding higher than that of a
matched control group. The control group,
under the conditions of these experiments,
shows decreasing reactivity from beginning
to end.

The heart rate and plethysmograph findings
tend to complement the general findings of in-
creasing basal resistance and decreasing num-
ber of nonspecifics in the control group. These
all seem to describe a progressive state of
adaptation or relaxation in that group.

It is important to note that these studies
were all conducted under conditions of very
mild reinforcement and motivating instruc-
tions, and that the subjects were not aware of
the relation between their responses and the
appearance of the reinforcer. Learning would
be expected to be even greater under more
highly motivating conditions.

In these studies, an artificial time limit was
imposed on learning. It is possible that the
conditioning may have occurred in all sub-
jects if the experiment were indefinitely ex-
tended. Even classical conditioning does not
always succeed with all animals when the
number of trials is arbitrarily limited.

This research raises, but does not answer
the question of whether all individuals may
be conditioned under ideal conditions. It will
probably be impossible to demonstrate con-
ditioning in individuals with initially high
rates who show no adaptation to the experi-
mental situation.

In addition, the response was unquestion-
ably difficult to discriminate and the design of
the experiment forced a fixed-interval schedule
of reinforcement. Furthermore, the decision
not to reinforce responses within 15 sec of the
reinforcer established an upper limit of about
four reinforceable responses per minute.

In future experiments, it may be possible
to generate hypothetical adaptation curves
from data on individual subjects, and thereby
eliminate the need for matched and yoked
controls.

This series of studies brings closer a reliable
and predictable technique for studying
changes in autonomic reactivity over long time-
spans. It has also lent support to the idea that
some autonomic responses can be modified
by operant reinforcement techniques, and that

ROCHELLE JOHNSON GAVALAS

the form of this modification is different in
some ways from traditional skeletal-response
learning.?

Along with contemporary studies of arousal
and habituation, this kind of study demon-
strates that it is no longer necessary to view
autonomic responses within the rigid frame-
work of classical, Pavlovian conditioning.
Autonomic responses exhibit reliable and pre-
dictable variability over time, within indi-
viduals. As such, they may be studied as an
important variable in traditional operant
learning studies; as response systems with im-
portant individual characteristics and indi-
vidual differences; and, finally, as response
systems in their own right, subject to at least
some forms of non-Pavlovian modification.

REFERENCES

Archer, E. J. A re-evaluation of the meaningfulness of
all possible CVC trigrams. Unpublished monograph,
University of Wisconsin, 1960.

Crider, A., Shapiro, A., and Tursky, B. Reinforcement
of spontaneous electrodermal activity. J. comp.
physiol. Psychol., 1966, 61, 20-28.

Fowler, R. L. and Kimmel, H. D. Operant condition-
ing of the GSR. J. exp. Psychol., 1962, 63, 563-567.

Johnson, Rochelle (Gavalas). Operant reinforcement
of an autonomic response. Dissertation Abstracts,
July-Sept. 1963, 1255. Order No. 63-6067.

Kimmel, H. D. and Hill, F. A. Operant conditioning
of the GSR. Psych. Rep., 1960, 7, 555-562.

Lazarus, R. S., Speisman, J. C., and Mordkoff, A. M.
The relationship between autonomic indicators of
physiological stress: heart rate and skin conductance.
Psychosomatic Medicine, 1963, 25, 19-30.

Mandler, G., Preven, D. W., and Kuhlman, C. K. Ef-
fects of operant conditioning on the GSR. J. exp.
Anal. Behav., 1962, 5, 317-322.

Miller, N., Trowill, J., DiCara, L., Carmona, A., and
Banuazizi, A. Extending the domain of learning.
Science, 1966, 152, 676. (Abstract)

Razran, G. H. S. The observable unconscious and the
inferable conscious in current Soviet psychophysiol-
ogy: Interoception, conditioning, semantic condi-
tioning, and the orienting reflex. Psychol. Rev., 1961,
68, 81-147.

Siegal, S. Nonparametric statistics for the behavioral
sciences. New York: McGraw-Hill, 1956.

Skinner, B. F. The behavior of organisms: An experi-
mental analysis. New York: Appleton-Century, 1938.

SSince this study was first submitted for publication,
two studies have been published which support these
findings. Miller, Trowill, DiCara, Carmona, and Banua-
zizi (1966), have reported success in operant condition-
ing of heart rate and vasodilatation in rats under curare.
Crider, Shapiro, and Tursky (1966) have reported suc-
cess in reinforcement of spontaneous GSRs over a short
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