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An instrument that assists subjects in attaining deep muscle relaxation by means of analog
information feedback is described. Subjects hear a tone with a pitch proportional to the
electromyographic activity in a given muscle group. Results showed that subjects receiving
this type of analog feedback reached deeper levels of muscle relaxation than those receiving
either no feedback or irrelevant feedback. The basic method employed-electronic detection,
immediate information feedback, and systematic shaping of responses-would seem potentially
applicable to a variety of physiological events, and might be useful both in behavior therapy
and in certain psychosomatic disorders.

This paper describes the operation of an in-
strument that assists subjects in reaching deep
levels of muscle relaxation by means of analog
information feedback. The new device, which
permits measurement of muscle action poten-
tial levels on a trial-by-trial basis, directly in-
corporates two major principles of operant
conditioning: immediate knowledge of results
and the gradual "shaping" of responses.
Such a shaping of the muscle relaxation re-

sponse is of interest because it suggests that op-
erant conditioning techniques may be success-
fully applied to certain events within the skin
of the organism as well as to externally visible
responses. Perhaps such application to private
events may develop into a major new point of
departure for operant techniques; if human
subjects can be taught greater control over
their internal environment, then the practical
applications are considerable.
Although the basic technique outlined is

potentially applicable to a variety of physio-
logical responses, we decided for practical rea-
sons to focus the beginning investigations on
muscle activity. The latter has been exten-
sively employed in several therapies of sub-
stantially independent origins: progressive re-
laxation, autogenic training, and the behavior
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therapy technique known as systematic desen-
sitization. At the core of each of these three
approaches is a strong emphasis on deep mus-
cle relaxation, which is said to be useful in
diminishing anxiety, in producing drowsy
sleep-like states, and in treating certain stress-
related psychosomatic disorders.

In behavior therapy, which has rapidly de-
veloped into a major therapeutic approach,
deep muscle relaxation is employed exten-
sively. Thus, in the desensitization technique
developed by Wolpe (1958), the variant of be-
havior therapy most commonly employed with
adult patients, deep muscle relaxation is uti-
lized because it is said to be incompatible with
the presence of anxiety.
The major recommendation of behavior

therapy is that it seems to work, at least for
certain disorders. Practitioners report successes
in the order of 80 to 90% with neurotic pa-
tients (Wolpe and Lazarus, 1966). Systematic
desensitization, however, is not without its
problems. Particularly important are some is-
sues, and difficulties, relating to Wolpe's cen-
tral assumption about muscle relaxation. Even
granting the validity of Wolpe's basic assump-
tion about the incompatibility of anxiety and
deep muscle relaxation, supported by the ear-
lier work of Jacobson (1938), and the auto-
genic training literature (Schultz and Luthe,
1959), certain problems remain. Two ques-
tions, in particular, are likely to be significant:
(1) How does the therapist actually know
whether muscle relaxation is present or not?
The usual way is for the patient to signal that
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he is relaxed. However, the demand character-
istics of the behavior therapy situation are
such that the patient is likely to indicate a con-
dition of relaxation even in its absence. (2)
What happens if the patient experiences diffi-
culty in learning deep muscle relaxation? A
common problem is that the patient is not
able to tell whether a particular muscle is
tense or relaxed. At the same time, it is difficult
for the therapist to judge accurately whether
the patient's muscles are tense or not. Conse-
quently, the learning of muscle relaxation may
be slow or may not occur at all.

INSTRUMENTATION
In view of the central importance of deep

muscle relaxation in behavior therapy, and in
light of the difficulties sometimes attendant on
the induction of deep muscle relaxation, we
proposed to develop an instrument with the
following characteristics: (1) There would be
continuous tracking of levels of muscle action
potential. (2) The patient would receive pre-
cise and immediate analog information feed-
back from a given muscle. (3) The information
feedback would be in the form of a tone with
a pitch varying with the level of muscle activ-
ity. (4) The gain of the feedback loop would
be adjustable to permit gradual shaping of the
deep relaxation response. (5) The system
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would permit continuous quantification of
performance as measured by levels of muscle
action potential from trial to trial. Such a sys-
tem would make possible an objective non-
verbal indicator of relaxation. Also, the use of
analog information feedback might serve to
accelerate and intensify the process of relaxa-
tion.

In designing the system, we decided to use
analog rather than digital feedback. The basic
reason for this choice was that an analog signal
provides more information. With a digital (on-
off) signal, such as that previously employed in
the feedback control of levels of muscle action
potential (Hardyck, Petrinovich, and Ells-
worth, 1967); and in the feedback control of
the alpha rhythm (Stoyva and Kamiya, 1968),
it is possible for the subject to be very close to
some specified criterion level without being
aware of it. However, with an analog informa-
tion feedback system, the pitch of the tone
would alter as the subject approached the cri-
terion level. Therefore, the subject would be
able to repeat whatever he was doing to make
the quality of the tone change in the desired
direction. Such an analog feedback system
should be particularly useful in those instances
where the response to be mastered is a very
subtle one.
The essential function of the system shown

in Fig. 1 is to provide the subject with a con-
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Fig. 1. Functional diagram of analog information feedback system for producing deep muscle relaxation.
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stant volume tone that varies in pitch as elec-
tromyographic (EMG) activity changes. That
is, the pitch of the tone tracks the level of
muscle activity; for example, as EMG activity
decreases the pitch becomes lower, as activity
increases the pitch becomes higher. It was de-
cided to present the feedback information
within the pitch rather than the volume con-
tinuum because the range of volume excur-
sions that could be expected would hardly be
conducive to relaxation. Consequently, a volt-
age controlled oscillator was designed to con-
vert the integrated muscle action potential
into an audio signal varying in frequency. The
subject thus receives constant analog informa-
tion with respect to his level of EMG activity.
As shown in Fig. 1 functional diagram,

Grass amplifiers are used to boost the muscle
action potentials picked up with surface elec-
trodes in bipolar configurations.

External to the Grass units is the informa-
tion processor. The channel selector allows the
signals from electrode sites 1, 2, or 3 to be
processed individually, or any combination of
the three may be summed and processed. The
gain of the feedback loop is varied by a 10-turn
precision potentiometer equipped with a dig-
ital microdial readout. Later, conversion
curves are utilized in order to transform the
minute-by-minute microdial readings into ab-
solute levels of muscle action potential in mi-
crovolts. The high-pass filter rejects frequen-
cies below 30 Hertz (12 db down at 20 Hertz)
thus eliminating lower frequency artifacts such
as caused by movement and cortical EEG
rhythms (in the facial region). The Grass am-
plifiers provide high frequency roll-off (ap-
proximately 3 db down at 100 Hertz).
The signal is next rectified and then inte-

grated with a simple RC integrator that effec-
tively tracks the average value of the signal. At
this point, the resulting fluctuating dc voltage
is converted to an audio tone, the frequency
of which is proportional to the dc level. The
integrator output is also sensed by a level de-
tector that energizes a red light (visible only
to the experimenter in the present study) when
the dc signal rises above a certain level and
allows a timer to run whenever the dc level is
below this level. The timer thus accumulates
the time spent in the low frequency (low levels
of muscle action potential) end of the audio
range. A second timer sets the length of the
trials, 1 min in the present study. The gain is

adjusted so that the subject can "score" from
45 to 55 sec per minute trial. Gain setting and
timer accumulation readings are taken after
each 1-min trial. A precise quantification of
the subject's progress can thus be obtained.
A key feature of the instrument is the shap-

ing procedure incorporated into the system.
Readings are taken each minute, and the gain
of the feedback loop is gradually increased as
the subject progresses, making the task more
difficult in the sense that the subject must
progressively decrease his level of muscle ac-
tion potential in order to keep the tone at the
lower frequencies. The subject's behavior is
thus being shaped in the sense that the gain is
carefully adjusted each minute so as to main-
tain performance at the low tone level approx-
imately 85% of the time. This latter figure was
found in the pilot studies to be a criterion that
would not produce frustration and yet would
allow learning to occur.
As a final step in data collection, the sub-

ject's microdial gain settings for each succes-
sive trial are converted into absolute levels of
muscle action potential in microvolts by means
of conversion curves (derived by introducing
50-Hertz calibration signals of known voltage
into the system). The resulting absolute levels
of muscle action potential readily lend them-
selves to graphic representation as may be seen
in Fig. 2.
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Fig. 2. Mean levels of frontalis muscle action poten-

tial levels in feedback, no feedback (silent), and irrele-
vant feedback (low tone) groups. Each group consisted
of five subjects. "F" indicates a feedback session; ,uV
P-P signifies microvolts peak-to-peak.
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METHOD
The primary purpose of this article is to de-

scribe an analog information feedback instru-
ment incorporating the operant conditioning
principles of immediate knowledge of results
and the systematic shaping of responses. How-
ever, in order to indicate the feasibility and
potential usefulness of the feedback device,
data are reported for 15 subjects, each of
whom was told to lie quietly with his eyes

closed and to concentrate on deeply relaxing
his frontalis (forehead) muscle.
One reason for choosing the frontalis was

that this muscle is said to be difficult to relax
deeply (Balshan, 1962). If, however, subjects
could learn to achieve a high degree of control
over this hard-to-relax muscle, then the feed-
back procedure should presumably be readily
applicable to other less-difficult muscle groups.

Electrodes were placed 1 in. above each eye-

brow and spaced 4 in. apart on the subject's
forehead. Resistances were 10,000 ohms or less.
All recordings were taken at approximately
the same time of day, late afternoon or early
evening, and the successive sessions, which
each consisted of 20 one-minute trials, were

separated by at least one day and not more

than three days.

Instructions to the Subjects
The experimental group was told that the

pitch of the tone would vary with the level of
muscle tension in the forehead. They were told
to relax as deeply as possible and to keep the
tone low in pitch.
The constant low tone, irrelevant feedback

group was told to relax deeply, especially the
forehead muscle, and were also told that the
monotonous tone would help them to relax.
The silent group was told to relax as deeply

as possible, especially the forehead muscle.
Subjects were paid $1.50 for each session,

and were also instructed that a bonus would
be given scaled according to rank in the group
of 15; the lower the muscle action potential
levels, the larger the bonus.

Subjects lay on a bed in a dimly lighted,
electrically shielded room. The 20 trials in a

given session were automatically sequenced,
and no subject-experimenter interaction took
place either during or between trials.
Each of the 15 subjects was randomly as-

signed to one of three groups; the experimen-

tal group, which received correct feedback; the
first control group, which received no feed-
back, and the second control group, which re-
ceived irrelevant feedback.

All subjects were initially recorded from the
frontalis on two separate occasions without
any feedback. The mean level of muscle action
potential for the second session was then used
as the baseline because it was assumed that
subjects would be better adapted to the labo-
ratory situation by their second day in the ex-
perimental setting.

After the baseline session (designated Ses-
sion 1 in Fig. 2), each subject was recorded for
four additional sessions. The five experimental
subjects received information feedback on Ses-
sions 2, 3, and 4. For this group, in Sessions 3
and 4, several silent trials were regularly inter-
spersed (trials 11, 14, 16, 19, 20) in order to in-
crease the resistance to extinction of the relax-
ation response. In the first control group, the
five subjects received no feedback in any of the
sessions. In the second control group, the five
subjects received irrelevant feedback, a steady
low tone of the same pitch as that which the
feedback group heard 85% of the time. Also,
as with the experimental group, these subjects
had several silent trials that were regularly
interspersed (trials 11, 14, 16, 19, 20) in Sessions
3 and 4. Session 5, the last day, was silent for
all 15 subjects and was used to compare post-
training levels of muscle action potential re-
sulting from the three earlier treatment con-
ditions.
Although other studies involving informa-

tion feedback training (Engel and Hansen,
1966; Lang, Sroufe, and Hastings, 1967) have
employed yoked controls, pilot observations in
the present experiment, in which the aim was
to produce relaxation, showed that a tone,
rapidly fluctuating in pitch for no apparent
reason, was irritating to many subjects and
was likely to produce arousal rather than re-
laxation. Such pilot observations indicated
that a more demanding control, in terms of
helping the placebo-control group to rival the
performance of the experimental group, was to
present this control group with a steady low
tone. Some pilot subjects had already sponta-
neously made suggestions along these lines,
claiming that simply hearing a steady low tone
would induce relaxation. This idea later
proved to be quite plausible to the control
subjects; they readily accepted the notion that
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a monotonous sound would help them to
achieve relaxation.

RESULTS
Figure 2 shows that there were clear differ-

ences among the three groups with respect to
mean levels of muscle action potential in Ses-
sion 5 (p < 0.009; Kruskal-Wallis analysis of
variance by ranks). Although the feedback
group started with somewhat higher mean val-
ues of muscle action potential in session 1, the
superiority of this group was apparent even on
the first day of feedback (Session 2). This su-
periority in attaining low levels of muscle ac-
tion potential continued throughout the re-
maining sessions.

Perhaps the most striking difference in the
three groups was the per cent decline in mus-
cle action potential levels. When baseline val-
ues were compared with post-training values
(Session 1 versus Session 5), the feedback group
showed a mean decrease of 50%, the no feed-
back group a mean decrease of 24%, and the
irrelevant feedback group a mean increase of
28%.
Although, as Fig. 2 shows, the irrelevant

feedback group had the poorest mean perform-
ance, the most salient characteristic of this
group was its great variability-range of 6.1 to
28.4 FLV in Session 5. For the feedback group,
the range for Session 5 was 5.3 to 10.8 1V, indi-
cating that correct feedback more reliably pro-
duced low levels of muscle action potential
than did irrelevant feedback.

Further support for the statement that cor-
rect feedback more reliably produces deep re-
laxation than does irrelevant feedback, was
demonstrated by comparing one of the subjects
from the low tone group under both irrelevant
feedback and correct feedback conditions. This
subject, who had been one of the two poorest
performers in the irrelevant feedback group,
was provided with correct feedback training
over four additional sessions (Sessions 6, 7, 8,
and 9 in Fig. 3). For this subject, levels of mus-
cle action potential had been high throughout
the five regular sessions. But as may be seen in
Fig. 3, the mean level dropped sharply on the
first day of feedback training, and by the third
day of correct feedback (Session 8 in Fig. 3),
the mean level was down to 10.2 MV-less than
50% of the level for Session 5, and 60% of the
level for Session 1, the baseline day.

An additional observation of interest, espe-
cially to electroencephalographers, was that
cortical rhythms could be quite clearly distin-
guished in the forehead EMG after deep re-
laxation had been achieved. This phenome-
non, although previously noted by Davis
(1959), is difficult to observe under ordinary
conditions because the dense, high-frequency
muscle action potentials from the frontalis
mask the cortical rhythms. After feedback
training, however, most of the EMG activity
drops out of the tracing. Then bursts of corti-
cal frontalis rhythms, in particular alpha (8 to
12 Hertz) and theta (5 to 7 Hertz), are likely to
become quite apparent.
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Fig. 3. Mean levels of frontalis muscle action poten-

tial in same subject under irrelevant feedback condi-
tion and, later, under correct feedback condition. Sub-
ject was one of the two poorest performers in the low
tone group. "S" indicates a silent session (Days 1 and 5),
"LT" a steady low tone session (Days 2, 3, and 4), and
"F" a feedback session (Days 6, 7, 8, and 9). The ordi-
nate, uV P-P, indicates microvolts peak-to-peak.

DISCUSSION
The present results are especially striking in

view of a recent report by Jacobson (1967) on
the effects of training in progressive relaxation.
In this study, the patient was able to reduce
muscle action potential levels in the jaw mus-
cle by about 50% after one month of daily
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practice. Our own data for the frontalis, where
it is ordinarily more difficult to achieve volun-
tary deep relaxation than with the much-used
masseter, show that, with analog information
feedback, subjects were able to reduce muscle
potential levels to 50% of baseline line values
after only three 30-min feedback sessions.
Although this experiment was not a direct

test of the Jacobson procedure, the feedback
technique should permit a precise comparison
with the more traditional methods of relaxa-
tion training. Subjective reports from feedback
subjects have indicated that, in most cases,
deep relaxation of the frontalis muscle is fol-
lowed by a generalization of the relaxation to
other muscle groups. If this observation is later
supported by more objective measures, it may
be possible to train subjects in overall deep re-
laxation through feedback from one muscle
group, rather than training on all muscle
groups as in Jacobson's method.
The practical implication of these results

would seem apparent. Systematic desensitiza-
tion therapy, progressive relaxation, and auto-
genic training, in many independent studies
have attested to the beneficial effects of pro-
found muscle relaxation in alleviating a num-
ber of anxiety and stress-related disorders
(Wolpe, 1958; Jacobson, 1938; Schultz and
Luthe, 1959). A method for reliably accelerat-
ing and perhaps deepening the process of mus-
cle relaxation could have widespread applica-
tion. The analog feedback method should be
particularly useful in producing relaxation in
those patients who have proved resistant to
conventional muscle relaxation training. This
seemed to be the result in our pilot work with
six anxiety patients who reportedly had been
unable to acquire deep muscle relaxation after
training with the modified Jacobson progres-
sive relaxation procedure used by behavior
therapists. Subsequent training with analog
feedback appeared to enable all six to reach
deeper levels of relaxation, whereupon syste-
matic desensitization was begun by the thera-
pist.
Another important application of the feed-

back system now being explored is its use as a
monitor of degree of relaxation during syste-
matic desensitization. Thus, the therapist can
be reasonably certain that the patient is deeply
relaxed before proceeding with each successive
phase of the desensitization. It is also possible
to set an upper limit on the amount of EMG

activity permitted. Beyond this point the anxi-
ety-evoking scene is terminated. With the es-
tablishment of this criterion it is not necessary
to elicit any verbal report from the patient. A
further advantage of this technique is that the
criterion can be set low enough so that the
patient experiences little or no anxiety during
the entire session.

Certain psychosomatic disorders would seem
promising candidates for a feedback approach;
for example, tension headache, said to be as-
sociated with and perhaps caused by sustained
contraction of the head musculature (Wolff,
1963; Ostfeld, 1962).
An additional merit of the analog informa-

tion feedback system presented here is that it
could presumably be adapted for use with a
variety of physiological responses; the basic
principles involved would be the same-precise
detection of the response, information feed-
back, and systematic shaping. In light of Mill-
er's (1969) work on the instrumental condition-
ing of a variety of autonomic responses in ani-
mals, the possibilities of using information
feedback in teaching control of certain auto-
nomic responses in humans would seem well
worth exploring. Pertinent in this context is a
recent statement (Brener and Hothersall, 1966)
that an important determinant of where a par-
ticular response falls on the voluntary-involun-
tary continuum is the availability of sensory
feedback from the response in question. A sys-
tem such as the one described here should, in
many instances, be able to supply the required
feedback.

REFERENCES
Balshan, I. D. Muscle tension and personality in

women. Archives of General Psychiatry, 1962, 7,
436-448.

Brener, J. and Hothersall, D. Heart rate control un-
der conditions of augmented sensory feedback. Psy-
chophysiology, 1966, 3, 23-28.

Davis, J. F. Manual of surface electromyography
(WADC Technical Report, 1959, No. 59-184).

DiCara, L. V. and Miller, N. E. Instrumental learning
of vasomotor responses by rats: learning to respond
differentially in the two ears. Science, 1968, 159,
1485-1486.

Engel, B. T. and Hansen, S. P. Operant conditioning
of heart rate slowing. Psychophysiology, 1966, 3,
176-187.

Hardyck, C. D., Petrinovich, L. F., and Ellsworth, D.
W. Feedback of speech muscle activity during si-
lent reading: two comments. Science, 1967, 157,
579-581.



AN INSTRUMENT FOR PRODUCING DEEP MUSCLE RELAXATION 237

Jacobson, E. Progressive relaxation. Chicago: Univer-
sity of Chicago Press, 1938.

Jacobson, E. Tension in medicine. Springfield, Ill.:
Charles C Thomas, 1967.

Lang, P. J., Sroufe, L. A., and Hastings, J. E. Effects of
feedback and instructional set on the control of
cardiac-rate variability. Journal of Experimental
Psychology, 1967, 75, 425-430.

Miller, N. E. Learning of visceral and glandular re-
sponses. Science, 1969, 163, 434-445.

Ostfeld, A. M. The common headache syndrome: bio-
chemistry, pathophysiology, therapy. Springfield, Ill.:
Charles C Thomas, 1962.

Schultz, J. H. and Luthe, W. Autogenic training: a
psychophysiologic approach in psychotherapy. New
York: Grune & Stratton, 1959.

Stoyva, J. and Kamiya, J. Electrophysiological studies
of dreaming as the prototype of a new strategy in
the study of consciousness. Psychology Review, 1968,
75, 192-205.

Wolff, H. G. Headache and other head pain. New
York: Oxford University Press, 1963.

Wolpe, J. Psychotherapy by reciprocal inhibition.
Stanford: Stanford University Press, 1958.

Wolpe, J. and Lazarus, A. A. Behavior therapy tech-
niques: a guide to the treatment of neuroses. New
York: Pergamon Press, 1966.

Received 19 March 1969.
(Revised 28 July 1969.)


