New Frontiers -
in Biofeedback

Tim Scully

Electronic ping pong, toy monkeys that jump with un-joy, slide
shows for addicts and the universality of body language. One of
biofeedback’s most inventive thinkers glimpses into the future of

an exciting somatic technology.

Exciting new. developments are tak-
ing place in physiological data analysis
and biofeedback training technology.
Simple, first generation biofeedback in-
struments with their beeping tones,
flashing lights and meters are beginning
to give way to more sophisticated
biofeedback systems, sometimes com-
puterized systems. Biofeedback games
have been developed which make
lengthy training easier and more in-
teresting. More is being learned about
how to decode the body's language—to
understand relationships  betweent
physiotogical and psychological events.

Biofeedback involves rmeasuring
biological processes and, feeding the
results of the measurements. back to the
person being measured. Most research-
ers in biofeedback now agree that any
body process which can be measured
can be brought under som‘e'lde-gree of
voluntary control through biofeedback
training. Such control of the body has
proven to be of serious medical interest.
Potentially even more interesting is the
development of voluntary control over
events in consciousness which often ac-
companies_the learning of physiological
control.

‘Neuromuscular reeducation is a
classical example of body-oriented
biofeedback training. People with

damaged muscles can speed the process
of re-leammg control over them
through electromyographlc (EMG)
bioféedback training which teaches
voluntary control -over the electrical
signals associated with muscle action.
EMG training has been used to help
stroke and cerebral palsey victims as
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well as those with muscles damaged by
trauma.

It can take many training sessions for
a person with damaged muscles to learn
to recover control, even with the help
of EMG training. These sessions can be
frustrating and boring, particularly if
the feedback signal supplied to indicate
progress is a simple tone or meter
reading, and some patients have given
up before complete training.

One solution to this problem has
been the development-of biofeedback
games which make the training exciting
and interesting. A television ping pong
game has been modified (Scully, 1977)
so that one of its two paddles can be
contrelled by the patient’s EMG while
the other is controlled with the conven-
tional knob. A patient plays ping pong

‘with the therapist’ while retraining the

damaged muscle. The sensirivity of the
ping pong paddle-to muscle tension is
slowly decreased as training progresses
and the patient learns to recover
strength and fine control in the dam-
aged muscle. This game has also been
used with success by educators: EMG
training with ' young children with
healthy muscles is more fun when it is a
gaime.

EMG- relaxation training has also
become popular in clinical practice, It is
well known. that muscle tension is
usually part of the stress response, and
muscle relaxation has, for many, been
effective in providing relief from ten-
sion. Most EMG relaxation training
has been done by training the frontalis
muscle in the forehead to relax. The ra-
tionale for choosing this muscle was

simply that the frontalis is hard to
relax, and it was hoped that in learning
to let go of tension in the frontalis, pa-

" tients would also learn to relax other

muscles in the body as well as letting go

. emotionally. A problern here is that

relaxing the frontalis doesn't always
lead to relaxed feelings. Some people
still feel tense after their frontalis has
relaxed completely.

Physiological monitoring is beginning
to be used to examine patterns of mus-
cle tension in the body and learn how
these patterns relate to events in con-
sciousness. Gary Schwartz (1976)
reported . monitoring EMG levels in
four muscle groups around the face: the
frontalis in the forehead, the cor-
rugator under the eyebrow, .the
masseter which operates the jaw and
the depressor which circles around and
under the mouth. He asked his subjects
to imagine happy, sad and angry
scenes, all without overt facial expres-
sion, while he averaged EMG levels
over 30 second periods. He found only
small changes in frontalis and masseter
tension levels, but the corrugator and
depressor muscles showed distinctive
patterns of response. Happy thoughts
with unusually low corrugator. tension

levels, sad thoughts produced high cor-

rugator tension, while angry thoughts
were accompanied by high clepressor
tension.

These results may explain why some
patients found frontalis relaxation
training effective as a treatment: for
stress and others didn’t. Possibly the
patients who obtained good results

were tra_lpecl with the sensing electrodes
low énough on the forehead so that

signals from the corrugator were being
picked up. It may eventually be possible
to develop a practical “mirror for emo-
tions” by feeding EMG data from
muscles to a microcomputer which can
sketch covert facial expressions on a
television screen. Such a system would
be .a valuable tool in counseling. Of
course, the mustles in the face aretnot
the only ones of interest, and the in-
sights into relationships between knots
of muscle tension and knots in con-
sciousness which have been gained
from body work such as rolfing and
bioenergetics may prove very helpful in
developing sophisticated biofeedback
systems.
Muscle

tension «sn’t the only



physiclogical response to stress.
Another almost universal response is
the galvanic skin response {GSR): a
brief drop in the electrical resistance of
the skin which follows arcusal ar stress.
GSR instruments have been used in
psychotherapy because they can detect
arousal which the patient blocks from
conscious awareness. Early GSR in-
struments used chart records, meters or
tones to display information about skin
TESPOTLEES. One more TeCent System
(Scully, 1977a), designed for use with
children, activares a toy monkey which
jumps up and down and screams when
a GSR response;is detected,

L

The parole success rates for
graduates of the biofeedback
training program was 23%
higher than for untrained ad-
dicts. '

Byron Allen and Ken Lébow (1974)
developed a slide projector system con-
trolled by GSR for use in their work
with heroin addicts. They collected
slides depicting heroin use and pur-
chase, and connected a slide projector
to a timer so that slides normally ad-
vanced at regular intervals. If a GSR
response was detected, the projector
stopped advancing and began reversing
to earlier slides. It was impossible for an
addict ro ger past 2 slide in the series
unless he could view it without GSR
response.

The addicts responded to almost
every slide at first, but after con-
siderable training, many were able to
learn to stop responding. Some of the
men who stopped responding also
stopped feeling an automatic desire for
herpin:’ the parole success rates for
graduates of the bicfeedback training
program was 23% higher than for un-
trained addicts (Cupp, 1976). But some
addicts learned to stop having GSR
responses without giving up the desire
for drugs. Lebow & Allen {1974) noted
that these men often experienced a
drop in fingertip skin temperature
while watching the slide show.

Peripheral vasoconstriction is a part
of the fight or flight response to stress:
the body withdraws blood from the
hands and feet so that it is available for
the vital muscles and organs. This leads

to a drop in fingertip skin temperature,
It appears that the addicts who were
able to give up their desire for drugs ac-
tually learned to relax while watching
the slide show, while those who were
not able to give up the desire for drugs,
but who did learn to suppress GSR
responses, did so by a stressful active
volitional control process,

An improved slide projector control
system has been briefly tested in the
Gladman Mermorial Hospital drug pro-
gram {Scully, 1976, 1977a). This projec-
tor advanced at regular intervals unless
either a GSR response or a drop in
fingertip skin temperature was
detected. A GSR response caused the
projector to back up three slides and
stop until relaxation occurred, then the
normal advance would resume. A drop
in fingertip temperature caused the pro-
jector to stop at the slide which trig-
gered the temperature drop. The slides
would advance again only after the
fingertip temperature returned to nor-
mal. GSR responses were detected
when the patient became excited or
aroused by an image, while the finger-
tip temperature dropped if an image
was stressful or if the patient tried to ac-
tively suppress a GSR response.

Another innovation tried in this ex-
periment was the use of personalized
slides: photos of the patient’s family,
work associates, places where drinking
or drug use had happened and places
where liquor or drugs were purchased.
The preliminary results were encourag-
ing. GSR responses were produced for
most drug or alcohol related images,
while skin temperature decreases were
detected during slides that pictured
stress points in the patient’s life. Desen-
sitization to the drug images was com-

bined with stress detection and
managetnent training.
Brainwaves, the electrical signals

from the brain which can be detected
on the scalp, are of interest too. Simple
alpha wave biofeedback training
became a fad a few years ago when the
press popularized research reports of
brainwave studies done in Japan and
India in which Zen Monks and Yogis
were found to produce unusual
amounts of alpha brainwaves while
meditating. Many hoped to learn in-
stant enlightenment through brain-
wave training. The results of simple
alpha training vary widely: some do ex-

perience a meditative state of unusual
calmness, but others find alpha to be
nothing special or even uncemfortable.

Simple alpha training involves the
measurement of brainwaves from only
one scalp area. Brainwaves normally
vary all over the scalp, and training for
alpha at one location deesn't pin down
the brainwave activity in other areas,
hence the varied results from simple
alpha training. Another source of this
variation may be individual differences
in correlations between brainwaves and
events in consclousness, i.e.; two peo-
ple producing the same brainwave pat-
terns all over the scalp may still ex-
perience different events in con-
sciousness, though it may be reason-
able to expect that their states of con-
sciousness are much more alike than
two people producing very different
brainwaves.

A two channel brainwave training
systemm has been built which allows a
person to train two scalp areas at one
time. This system is used to train sym-
metrically located scalp areas in the
right and left hemispheres of the brain
to produce alpha waves which are
phase synchronized (i.e., so that the
waves are exactly in step with each
other). Zen monks have been observed
to produced unusually phase syn-
chronous alpha during meditation, one
of the features which distinguish their
alpha
Members of a Zen meditation group
(who are just learning to meditate) are
being trained with this two channel
brainwave system {Nakakshima &
Scully, 1977) and early reports indicate
that this training is an aid to medita-
tion. Even this brainwave monitoring
system is quite simple: more
sophisticated, computerized systems are
likely to replace simpler instruments
because their ability to detect and iden-
tify complex patterns of response can
improve the reliability of biofeedback
training.

from garden wvariety alpha,

Zen monks have been ob-
served to produced unusually
phase synchronous alpha dur-
ing meditation.
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As progress is being made in
decoding the body’s language, it is
becoming clear that some components
of physiological response are universal-
ly similar, while others vary from per-
son to person. Clynes (1973), for exam-
ple, found that distincrive fingertip mo-
tions were identifiable expressing love,
hate, joy and sadness, and that these
patterns were similar for subjects from
the United States, Japan, Bali and
Mexico. Pinneo and Hall {1975) were
able to identify distinctive brainwave
patterns associated with thinking each
of a limited vocabulary of words.
Although these patterns were
somewhat different for different sub-
Jects, they found it negessary to use pet-
sonalized templete patterns for each
subject in order to atrain 55% accuracy
in identifying words as they were being
thought (by computer analysis), Scully
(I1977b} used a computerized
physiological data analysis system to
detect brainwave and GSR response
patterns typical of different ego stares
{affective/hehaviorally defined states of
consciousness from Transactional

- non-verbal

Analysis); once again, although there
were individual variation in response
pattern, the overall patterns for each
ego state were identifiably similar for
different subjects.

To the extent that the body’s
language is universal, it may eventually
prove possible to develop a pracrical
communication system
from computerized physiological data
analysis systems, It is also likely that
practical biofeedback systems will soon
be developed with much more powerful
and specific capabilities than existing
simple systems. These new systermns will
be computer based and will make use of
modern multivariate sratistical tech-
niques, such as discriminant analysis,
to identify the precise pattern of
physiological response which correlates
with a desired event in consciousness.
These systems may make it possible to
develop training techniques for new af-
fective and cognirive skills, opening
new frontiers in inner space. Hopefully
we'll use them ro learn to become hetter
human beings.
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