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The present study was designed to evaluate the efficacy

of utilizing an avoidance conditioning paradigm in EMG bio-

feedback training and to compare this method to the standard

biofeedback training paradigm. Frontalis EMG levels of 20

college students were monitored during non-stress and stress

conditions. Half then received standard EMG biofeedback

training. The other half received biofeedback with contin-

gent aversive stimulation. Both groups received training to

a relaxation criterion of 3 microvolts for 100 seconds or,

for a maximum of two 20 minute sessions. Subjects were then

monitored again during non-stress and stress conditions.

Both groups obtained significant EMG reductions due to

training with no significant differences between them.

Standard biofeedback training required less time for subjects

to achieve the relaxation criterion than did biofeedback with

a shock-avoidance contingency. Possible applications of

avoidance contingent biofeedback were suggested.
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BIOFEEDBACK TRAINING: AVOIDANCE CONDITIONING OF FRONTAL EMG

Relaxation has become an important component of many

therapies in psychology and medicine, as well as a useful

treatment in and of itself. Methods of achieving muscle

relaxation have taken many forms, from eastern techniques

such as yoga and Zen meditation (Benson, Beary, & Carol,

1974) to biofeedback procedures (Coursey, 1975). In the

laboratory, relaxation has been used to alleviate symptoms

of anxiety (Wolpe & Lazarus, 1966), tension headaches (Tasto

& Hinkle, 1973), migraine headaches (Schultz & Luthe, 1969),

insomnia (Borkovec & Fowles, 1973; Hinkle & Lutker, 1972;

Kahn, Baker, & Weiss, 1968), and to facilitate systematic

desensitization (Davison, 1968; Wolpe, 1958; Wolpe & Lazarus,

1966). In addition, researchers have produced encouraging

results in the treatment of essential hypertension by means

of relaxation induced by transcendental meditation (Benson,

Rosner, Marzetta & Klemchuk, 1974), metronome conditioned

relaxation (Brady, Luborsky, & Kron, 1974), yogic breathing

techniques (Datey, Deshmukh, Dalvi, & Vinekar, 1969),

Buddhist meditation exercises (Stone & De Leo, 1976),

progressive relaxation (Byassee, 1976; Jacobson, 1938),

progressive relaxation and hypnosis (Deabler, Fidel, &

Dillenkoffer, 1973), and autogenic training (Schultz &

Luthe, 1969).
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The physiological changes which take place during deep

muscle relaxation have been investigated by Benson and his

colleagues (Benson, 1975; Benson, Beary, & Carol, 1974). He

has labeled these changes the "relaxation response," and

reported that it "appears to be an integrated hypothalamic

response which results in generalized decreased sympathetic

nervous system activity, and perhaps also increased parasym-

pathetic activity" (Benson, Beary, & Carol, 1974, p. 37).

During episodes of deep relaxation the following responses

were said to occur:

Decreases in oxygen consumption, carbon dioxide

elimination, heart rate, respiratory rate, minute

ventilation, and arterial blood lactate . . . skin

resistance markedly increases and skeletal muscle

blood flow slightly increases. The electroen-

cephalogram demonstrates an increase in the

intensity of slow alpha waves and occasional theta

wave activity. Muscle tonus . . . decreases (p.38).

When the first systematic methods of inducing deep

muscle relaxation were being developed there were no devices

available for objectively assessing the level of muscle

tension in order to determine the relative effectiveness of

these procedures. This changed when researchers produced

the electromyograph (EMG), an instrument able to track the

levels of action potential at a particular muscle site.

Budzynski and Stoyva (1969) used an EMG to produce analog
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feedback which was transmitted to the subject in the form of

a tone, the pitch of which varied with the measured level of

tension. Subjects were able to use this instrument to help

relax the frontalis muscle. The procedure proved to be more

effective in lowering subjects' muscle tension than both no

feedback and irrelevant feedback controls. It also gave

researchers an index of relaxation in addition to that

provided by self report data. It remained to be shown,

however, whether feedback training would be more or less

effective than other established relaxation procedures.

Reinking and Kohl (1975) used frontalis EMG to determine

the relative effectiveness of four types of relaxation

training: (a) classic Jacobson-Wolpe instructions, (b) EMG

feedback, (c) EMG feedback plus Jacobson-Wolpe instructions,

and (d) EMG feedback plus a monetary reward. A no training

control group was also employed. Using student volunteers,

subjective reports from all groups indicated significant

improvement on relaxation indices over the 12 training

sessions. No significant differences among the groups

appeared on this parameter. EMG data, however, indicated

that the groups receiving biofeedback were superior to the

group receiving only relaxation instructions in terms of

speed of learning and depth of relaxation. In addition, the

procedures accompanying EMG feedback added nothing to the

dependent measures, although alone they were more effective

than the no training control procedure.



4

Another study which compared relaxation methods was

that of Schandler and Grings (1976). They found frontalis

EMG biofeedback to be superior to Jacobsonian progressive

relaxation training in reducing heart rate and respiratory

rate. Progressive relaxation produced lower EMG levels.

Finally, a study by Haynes, Moseley, and McGowan (1975)

employed only one session during which frontalis EMG biofeed-

back was compared with passive Wolpian relaxation,

Jacobsonian tensing and relaxing exercises, false feedback,

and no treatment. EMG biofeedback produced the greatest and

fastest reduction of frontalis EMG activity, although passive

relaxation also produced significant results. These findings

indicate that the tensing and relaxing exercises character-

istic of the Jacobsonian procedure may be unnecessary in

achieving relaxation. Nevertheless, these exercises may be

useful in training a client to discriminate a state of

tension from that of relaxation.

The site of the frontalis muscle was chosen in early

EMG research because it had been observed in the past to be

a difficult muscle to relax. It was reasoned that if

subjects could learn to control this muscle, then the proce-

dure would work with muscles which are generally easier to

relax (Budzynski & Stoyva, 1969). Indeed, the procedure has

been shown to be effective with the trapezis muscle (Jacobs

& Felton, 1969), the masseter muscle (Budzynski, Stoyva,

Adler, & Mullaney, 1973), muscles within the hand and thumb
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(Hefferline, Keenan, & Hanford, 1959) as well as many other

sites.

When the goal of EMG biofeedback training is the

attainment of a general state of low muscle tension, it is

important to establish that low EMG levels in the target

muscle are accompanied by comparable decreases in tension in

untrained muscles. Research examining the generalization of

low EMG levels in the frontalis is presently inconclusive,

however. Alexander (1975) monitored tension levels in the

arm and leg muscles during auditory frontalis EMG feedback

training. Results indicated that although the training was

effective with the frontalis, corresponding reductions in

other sites did not occur. Furthermore, subjects' assess-

ments of tension reduction failed to correlate highly with

measured levels of relaxation. Evidence in favor of a

generalized state of relaxation resulting from frontalis EMG

control was provided by Schandler and Grings (1976).

Subjects were given auditory frontalis EMG feedback while

measures were taken on a number of physiological responses.

Posttreatment reductions were indicated for measures of

heart rate, respiratory rate, frontalis EMG, systolic blood

pressure, and dominant forearm EMG. No significant changes

were produced on measures of skin conductance, however. In

addition, unlike the Alexander (1975) study, self-report

measures of relaxation did correlate highly with changes

reflected by EMG data.
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Another finding of the Schandler and Grings study

concerned the relative effectiveness of three different

modes of presenting EMG feedback information. In the first

of two experiments both visual and tactile biofeedback were

found to produce significant decreases in heart rate and

extensor EMG. Tactile feedback produced the greatest magni-

tude of control of these responses, as well as significant

EMG reduction. The second experiment compared pulsed audi-

tory EMG feedback to tactile feedback. Both the group

receiving auditory feedback and the tactile feedback group

were able to significantly reduce heart rate, respiratory

rate, frontalis EMG, and systolic blood pressure. Between

group differences on these measures were nonsignificant.

Self-report indicators of relaxation showed improvement for

both groups; however, the group receiving auditory feedback

reported a significantly greater magnitude of tension

reduction. Likewise, both groups were able to lower their

extensor EMG levels, tactile feedback producing the greater

change. Finally, only tactile feedback was successful in

reducing levels of skin conductance.

An earlier study by Alexander, French, and Goodman

(1975) compared the efficacy of auditory and visual EMG

feedback in training relaxation of the frontalis muscle.

They found auditory feedback effective in producing signifi-

cant decreases in frontalis EMG. Visual feedback produced

no significant decreases. The authors pointed out that the
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effectiveness of visual feedback from the specific location

of the frontalis muscle may have been reduced by the neces-

sity of keeping the eyes open. Output from muscles in the

eye region may have contributed to the activity picked up by

the electrodes on the forehead. In addition, no significant

correlation was found between subjective report and measured

EMG activity.

Additional support for the superiority of auditory

feedback for lowering frontalis EMG levels was provided by

Kinsman, O'Banion, Robinson, and Staudenmayer (1975).

Sixty-four subjects were paid $5.00 per hour for three one

hour sessions. For the first five minutes Jacobsonian

tensing and relaxing exercises were employed, Next, subjects

were given three baseline trials followed by 10 training

trials, each lasting 128 seconds and separated by 40 second

intervals. Subjects were assigned to groups receiving

either (a) continuous auditory EMG biofeedback in the form

of continuous clicks, (b) discrete posttrial verbal feedback,

or (c) a combination of the two. A fourth group received no

feedback, but was allowed to listen to a continuous series

of noncontingent clicks which the subjects were told would

help them to relax. At the end of each trial, half of the

subjects in each group were asked to indicate whether they

believed their levels of relaxation had increased or

decreased during that period. Results showed that while

verbal feedback alone did facilitate muscle relaxation,
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biofeedback was significantly more effective in decreasing

EMG activity. Moreover, subjects receiving biofeedback

appeared able to transfer what they had learned during

training sessions to sessions during which no feedback was

provided. Finally, EMG biofeedback appeared to increase the

accuracy of subjects' estimates of their intertrial

performances.

Given the promising results of biofeedback induced

relaxation, researchers found ways to apply this new tech-

nology to a variety of disorders. The following discussion

will focus primarily upon disorders treated by means of

frontalis EMG biofeedback training, although many other

sites have proven effective with a variety of disorders

(see Blanchard & Young, 1974, and Tarler-Benlolo, 1978).

Much clinical research has attempted to apply biofeed-

back training to alleviate the symptoms of muscle contrac-

tion headaches. Preliminary evidence of a relationship

between muscle contraction headaches and level of EMG

activity was provided by Sainsbury & Gibson (1954). Their

finding that the resting level of EMG activity in muscle

contraction headache patients was higher than that of

normals led researchers to hypothesize that a lowering of

EMG levels in these individuals would be accompanied by a

reduction in headache frequency.

A number of studies employing biofeedback in the treat-

ment of muscle contraction headaches have been carried out
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by Budzynski and his associates. The first controlled study

attempted to assess the amount of improvement in headache

symptoms that could be attributed to biofeedback training

apart from placebo or suggestion effects (Budzynski, Stoyva,

Adler, Mullaney, 1973). Headache patients were assigned to

one of three groups: (a) EMG (frontalis) biofeedback

training, (b) noncontingent feedback, and (c) no treatment.

Following two weeks of baseline data gathering on the

frequency and intensity of headache pain and level of EMG

activity, the two treatment groups received 16 sessions of

training over approximately eight weeks. Results showed

that the EMG biofeedback group was able to both lower EMG

levels and decrease the amount of headache activity

experienced significantly more than the false feedback group.

A three month follow up indicated that changes in headache

activity and ability to reduce frontalis EMG levels

persisted.

Subsequent researchers into biofeedback methods for the

management of muscle contraction headaches have produced

extremely encouraging results. This researchwas summarized

in several recent reviews (Beaty & Haynes, 1979; Budzynski,

1978; Diamond, Diamond-Falk, & De Vino, 1978).

Since the Sainsbury and Gibson study (1954), many

investigators have similarly observed higher levels of

frontalis muscle tension among patients with frequent muscle

contraction headaches as compared with normals (Budzynski,
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Stoyva, Adler, & Mullaney, 1973; Haynes, Griffin, Mooney,

& Parise, 1975; Hutchings & Reinking, 1976; Phillips, 1977a,

1977b, van Boxtel & van der Ven, 1978). It cannot be con-

cluded, however, that a causal relationship exists between

muscle tension and headache activity. As Blanchard and

Epstein pointed out, more data is needed on levels of muscle

tension before and during headache activity in order to shed

more light on the nature of this relationship (Blanchard &

Epstein, 1978, p. 114).

Frontalis EMG biofeedback training has also produced

encouraging results in the treatment of chronic anxiety and

insomnia. Raskin, Johnson, and Rondesvedt (1973) treated

10 chronically anxious patients with EMG induced deep muscle

relaxation. All subjects learned to sustain 25 minutes of

deep relaxation of the frontalis muscle with or without EMG

biofeedback. Three ewre able to use relaxation at critical

times to control previously debilitating situational

anxiety. Four subjects previously experiencing tension

headaches were able to ward off headache symptoms as they

occurred by using relaxation skills. Only one subject

experienced a significant improvement in his pervasive

anxiety symptoms. Those with insomnia decreased their sleep

onset latencies; however, most continued to awaken frequently.

Budzynski (1973) reported on a treatment for insomnia

using both EMG biofeedback and EEG (theta) feedback. EMG

feedback in this instance was used to facilitate theta wave



11

production which evidences relaxation and drowsiness, and

to make EEG training more effective. The experimenter had

observed that sleep onset insomnia patients generally have

high EMG levels and activated EEGs. Out of 11 patients

treated by this method, 6 showed improvement, 3 dramatically.

It was reported that patients who showed low EMG prior to

training were able to increase theta without EMG training.

For those with high baseline EMG, however, training in

reducing these levels appeared necessary for successful EEG

training.

Some support for Budzynski's hypothesis that both EMG

and EEG feedback were necessary to alleviate insomnia symp-

toms in subjects with high EMG levels was provided by

Sittenfield, Budzynski, & Stoyva (1976). Twenty subjects

were divided into two groups based upon whether they

displayed high or low EMG levels during a baseline phase.

Half of each group then received eight sessions of theta

feedback training while the other half received four sessions

of EMG feedback training followed by four sessions of theta

feedback training. For the high baseline EMG group, four

sessions of EMG feedback followed by four sessions of theta

feedback proved more effective in increasing theta output

than theta feedback alone. There was no condition in which

subjects received eight sessions of EMG training alone,

however. There were, nevertheless, indications that high

EMG subjects began to increase theta production during the
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EMG training phase, even prior to theta feedback training.

The efficacy of EMG biofeedback alone for treating

insomnia was examined by Hughes and Hughes (1978). Insomnia

patients were given eight sessions of frontalis EMG feedback

training. Data was collected before and after treatment

relative to sleep onset latency, number of times awakened,

and time of final awakening. Although these subjects failed

to lower their EMG levels significantly, their insomnia

symptoms did improve significantly. The authors suggested

that symptom reduction was due to nonspecific effects of

treatment. This difficulty of subjects with high EMG levels

to achieve a desirable level of relaxation is consistent

with previous research and suggests a need for improved

methodology.

Thus far we have seen that biofeedback is an extremely

effective and efficient means of inducing relaxation in many

individuals. Furthermore, reduction in frontalis EMG levels

appears helpful in the treatment of a number of clinical

disorders. Nevertheless, certain individuals, especially

those in clinical populations appear unable to learn to

control their EMG levels, even after extensive biofeedback

training. This failure has led some researchers to search

for correlates of successful biofeedback training in order

to better screen prospective biofeedback clients. Malec,

Phillips, and Sipprelle (1977) found that subjects

displaying high baseline variability of EMG levels tended to
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be more successful during training than those with lower

variability. Personality variables were examined in a study

by Pardine and Napoli (1977). Using the Edwards Personal

Preference Schedule, they found that variables of exhibition,

succorance, deference, and aggression were reliable predic-

tors of successful heart rate conditioning.

Most work in biofeedback has utilized an analog signal

to communicate to the subject his degree of success or

failure in controlling the response of interest. The rein-

forcement value of this signal is believed to depend upon

the cognitive process which gives it meaning (Miller &

Dworkin, 1977, p. 150). In a few studies additional rein-

forcements have been used to supplement biofeedback signals,

or to serve as the only source of feedback to the subject.

Hefferline, et al., (1959), for example, used an aversive

noise to condition a small thumb twitch which was undetect-

able by the subject. In this experiment the correct response

served to delay or terminate the noise which was superimposed

upon concomitant music to which the subject was listening.

Another experiment utilized aversive conditioning procedures

to increase subjects' rate of heart beat (Shearn, 1962).

A Sidman-avoidance schedule (Sidman, 1953; Verhave, 1959)

was used in which a criterion heart rate served to postpone

shock pulses delivered to subjects' ankles. Unconditioned

heart rate responses to the shock were experimentally con-

trolled using a yoked treatment procedure in which control
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subjects received a series of shocks identical in number and

temporal distribution to those of the experimental group.

Five of the six subjects in the experimental condition

increased their percentages of heart rate accelerations across

sessions. All six control subjects showed decreases in

acceleration.

Another study that used avoidance contingencies to

control heart rate was reported by Frazier (1966). A light

served as a discriminative stimulus. During its presenta-

tion, subjects were expected to either maintain or increase

heart rate relative to the previous presentation interval.

Electric shock was used to punish trials in which the total

number of beats per minute was below the previous minute's

total. Subjects were unaware of the response being condi-

tioned. All subjects were reported to have acquired heart

rate control, and this control became associated with the

conditioned stimulus (light). The author further reported

that the response patterns recorded during acquisition and

maintenance represented more persistent increases above

baseline levels than the unconditioned responses elicited by

individual shocks prior to training.

At present there is no report in the literature of an

attempt to use an aversive stimulus to facilitate relaxation

of the frontalis muscle. It is, nevertheless, reasonable to

hypothesize that, in the therapeutic application of biofeed-

back to relaxation, an avoidance reinforcement paradigm
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might prove to be more effective for some subjects than

cognitively derived reinforcers via auditory feedback alone.

The present study is designed to assess the effect of

presenting a contingent aversive stimulus to augment audi-

tory EMG biofeedback training.

Method

Subjects

Subjects were twenty college students who volunteered

in response to a notice posted on a bulletin board or

announced in classes (see Appendix A).

Apparatus

Coulbourn EMG equipment was used to measure and record

muscle tension. The system consisted of the following

components: model S75-01 Hi Gain Bioamplifier/Coupler with

a band pass width from 90 Hz to 1000 Hz, model S76-21

Cumulating/Resetting Integrator, model S76-06 Contour Fol-

lowing Integrator (Average), model S21-06 Bipolar Comparator,

model S24-05 Voltage Controlled Oscillator, model S82-24

Audio Mixer-Amplifier, model S53-21 Universal Timer, model

S61-05 Power Driver, model S96-03 Switch Module, model S62-06

Computer Output, model S22-02 Switch Input, model S52-02 One

Shot, model R21-16 Data Print, and model S15-05 Solid State

Power Supply. Shocks were provided by a Coulbourn E13-05

2-Pole Shocker through electrodes fastened to the subject's

wrist by means of a velcro band. The system also utilized

a Med Associate model DIG-210 Time Base and model DIG-18
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Power Driver. Lehigh Valley equipment was used to time

intervals for the delivery of light flashes and shocks.

These components were the following: model 253-21 Universal

Timer, model 1419 Timer, and model 1360 AC power outlet.

Auditory feedback was delivered from the Audio Mixer-

Amplifier through model SH-803A Rystl M.R. Dynamic Stereo

Headphones. Muscle produced electrical activity was detected

through three silver chloride electrodes 6.5 mm in diameter.

A Sidman-avoidance procedure of reinforcement was pro-

grammed as follows: The experimenter could manipulate a dial

on the model S21-06 Bipolar Comparator which could be set to

determine a threshold EMG level above or below the subject's

EMG level at a particular time. When the dial was turned

to a threshold reading corresponding to an EMG level below

that being produced concurrently by the subject, a signal

was delivered by the Bipolar Comparator which activated the

model 1419 Timer, which was set at 15 seconds. As long as

the subject maintained EMG levels above the level corre-

sponding to the dial setting on the Bipolar Comparator, the

model 1419 Timer continued to operate. After 15 seconds of

continuous operation, the model 1419 Timer delivered a signal

to the model 253-21 Universal Timer which was set at -second.

For the -second during which the model 253-21 Timer was in

operation it delivered a signal which activated the model

1360 AC 110 volt power outlet to turn on a household table

lamp while another signal was sent to the Coulbourn model



17

E13-05 2-Pole Shocker to simultaneously deliver a shock.

The model 1419 Timer would then reset and begin timing

another 15 second interval. If, during a 15 second interval

of the timer's activation, the subject's EMG level decreased

to a point below the level corresponding to the threshold

setting on the Bipolar Comparator, the signal to the model

1419 Timer would cease, resetting and switching off the

timer. In this way, by reducing his EMG level below a

certain point, a subject could prevent the delivery of a

shock and light. The model 1419 Timer could also be reset

and turned off by the experimenter by a resetting of the

Bipolar Comparator dial to a reading corresponding to an EMG

level above that being concurrently produced by the subject.

Traffic safety films depicting victims of automobile

accidents were utilized as "stressors" for the purpose of

obtaining measures during stress before and after training.

The films, "Mechanized Death," "Signal 30," and "Highways of

Agony" were obtained from the Texas Department of Public

Safety, Box 4087, Austin, Texas, 78773. They were shown on

a 16 mm Bell & Howell Autoload motion picture projector.

The subject was seated in a reclining chair located nine

feet from a white wall on which the films were projected. A

table lamp was situated on a 71 cm high table to the right

of the area of the wall on which the image was projected.

The January 1980 issue of Texas Monthly was given to the

subject to be read during the non-stress part of the
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self-directed relaxation phase.

Procedure

Each subject was first given a general orientation

regarding the purpose of the research, an explanation of the

biofeedback apparatus, and a brief overview of the agenda of

the session. The subject was then asked to sign an informed

consent form (see Appendix B). All subjects were made aware

beforehand that the study would utilize films of traffic

accidents and possibly electric shocks.

Following the orientation, all subjects were adminis-

tered the following shock calibration procedure: electrodes

originating from the Coulbourn 2-Pole Shocker were attached

to the subject's wrist. Each subject was asked to inform

the experimenter at what point he could notice the presence

of an electrical shock. A .1 milliamp shock was then

delivered for -second duration. If the subject was unable

to perceive a shock, the experimenter increased the intensity

by .1 milliamp and again delivered a -second shock to the

subject. This procedure was repeated until the experimenter

obtained the subject's report of the minimal shock intensity

perceptible. Following this, the shock intensity was

increased by .1 milliamp increments and delivered for

-second duration until the subject reported that the shock

was at the maximum intensity tolerable. The midpoint

between these two values was selected as the intensity to be

used for that subject if he was later assigned to the group
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to receive biofeedback with contingent aversive stimulation.

After calibrating shock intensity, EMG electrodes were

applied to the subject's forehead. EMG levels were moni-

tored and recorded during a 20 minute baseline period. Just

prior to the initiation of this baseline the subject was

instructed to relax. During the first 10 minutes of the

self-directed relaxation baseline the subject was instructed

to relax while reading a magazine. For the second 10

minutes he was shown a segment of a traffic safety film.

Following baseline the subject was randomly assigned to

either the group to receive biofeedback training alone

(Group 1), or the group to receive biofeedback training with

contingent aversive stimulation (Group 2).

The next phase of the session was devoted to biofeed-

back relaxation training. Subjects were instructed to

listen through headphones to a tone, the pitch of which

would vary with variations in the level of frontalis muscle

tension. By relaxing their muscles they could lower the

pitch of the tone. They were told to lower the pitch of the

tone as much as possible. Subjects in Group 1 were told that

by relaxing they could avoid briefly illuminating a nearby

lamp which would flash if muscle tension was too high.

Subjects in Group 2 were told that relaxation would enable

them to avoid a brief shock in addition to the brief illumi-

nation of the lamp which would occur when muscle tension was

too high.
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During the training phase the experimenter attempted to

shape low EMG levels utilizing the following guidelines:

(a) Subjects were given 60 seconds of training without the

possibility of shock or light stimuli. At the end of this

interval the EMG threshold adjust knob on the Bipolar Com-

parator was activated and the threshold lowered to a level

necessary to activate the 15 second timer. By lowering his

EMG level beyond the level at which the threshold was set,

the subject could deactivate the 15 second timer, thus

avoiding the feedback light (Group 1), or the feedback light

plus electrical shock (Group 2) which were scheduled to be

delivered at the end of the 15 second interval. (b) If the

light or shock plus light were presented to the subject

during three consecutive 15 second periods, the experimenter

increased the threshold level the minimum amount necessary

to deactivate the 15 second timer. (c) If 45 seconds elapsed

during which the 15 second timer was not activated, the

threshold was again lowered the minimum amount necessary to

activate the timer.

Subjects were given biofeedback training to criterion,

or in the event that criterion was not achieved, for a

maximum of 40 minutes over two sessions. Criterion was

defined as maintenance of EMG levels below 3 microvolts for

100 seconds as indicated by ten consecutive 10 second

print-outs. Following training, subjects were monitored for

another 20 minute period of self-directed relaxation during
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which EMG levels were recorded, but no feedback provided.

As during the pre-training phase the first 10 minutes of

self-directed relaxation was conducted while the subject was

allowed to read. During the second 10 minutes subjects were

shown another segment of a traffic safety film.

Subjects not attaining criterion during the first

session received a second session of training during which

they were administered the procedure described above, with

the exception that shock calibration was not performed and

individuals remained in the experimental condition to which

they were assigned during the first session.

Results

EMG data were averaged for each subject for stress and

non-stress self-directed relaxation conditions both before

and after training (Appendix C). A t test for independent

samples was computed on pretraining means to determine

whether the two groups were comparable prior to training.

No significant differences between groups were obtained for

either mean non-stress EMG levels (t [9] = -.01, p , .05), or

for mean stress EMG levels (t [91 = .88, p_ ; .05). A

2 X 2 X 2 (treatments X stress/non-stress X pre/posttraining)

analysis of variance of mean EMG levels indicated no signif-

icant main effect of stress. Significant main effects were

found for the pre/posttraining factor (F [1,18] = 9.40.

p < .01) and likewise for the interaction between stress/non-

stress and pre/posttraining factors (F [1,181.= 10,15, p<.01),
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Interactions between treatments and non-stress/stress as

well as between treatments and pre/posttraining were not

significant. The three way interaction among these variables

was also not significant (see Table 1).

Table 1

Summary of 2 X 2 X 2 Analysis of Variance for Treatments
X Non-Stress/Stress X Pre/Posttraining

Source SS df MS F

Between Subjects

Treatments .057 1 .057 .0012 .973

Within Subjects

Non-stress/stress 3.478 1 3.478 .4489 .511

Pre/posttraining 286.449 1 286.449 9.3971 .007*

Treatments X stress 16.708 1 16.708 2.1566 .159

Treatments X pre/post 20.503 1 20.503 .67 .423

Stress X pre/post 41.703 1 41.703 10.1497 .005*

Three-way interaction .648 1 .648 .1577 .696

* p. .01
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To test the simple effects of the significant inter-

action between the non-stress/stress and pre/posttraining

variables, a 2 X 2 analysis of variance was performed. Both

the non-stress/stress factor, and its interaction with pre/

posttraining were found to be not significant. Only the

simple main effects of pre/posttraining were found 
to be

significant (F [1,19] = 20.41, p < .001, see Table 2).

Table 2

Summary of 2 X 2 Analysis of Variance for
Non-stress/Stress X Pre/Posttraining

Source SS df MS F

Pre/Posttraining 286.4488 1 286.4488 20.41 .00003*

Non-stress/Stress 3.47778 1 3.47778 .248 .621

Interaction 41.70272 1 41.70272 2.971 .090

* < .001

Minutes of training to attain criterion, or the 40

minute maximum, were calculated for each subject and the mean

for each group computed (see Appendix D). Table 3 presents

a summary of a one-way analysis of variance for this depen-

dent measure. The main effect of treatment for minutes of

training was significant (F [1,18] = 5.51, p < .05) .
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Table 3

Summary of Analysis of Variance for Groups 1
and 2 for Minutes of Training

Source SS df MS F R

Between Groups 1065.80 1 1065.80 5.51 .031*

Within Groups 3479.20 18 193.29

* P .05

In Group 1, nine subjects achieved criterion during

training, as compared with five subjects in Group 2. A t

test for independent groups was performed on the number of

subjects attaining criterion. The difference between the

groups was not significant (t [18] = 2.06, p_ = .054).

Discussion

The present study is designed to evaluate the efficacy

of utilizing an avoidance conditioning paradigm for biofeed-

back training and to compare this method to the standard

biofeedback training paradigm. The standard method involves

auditory EMG biofeedback training with the addition of a

brief light presentation when subjects were above a certain

threshold for a minimum amount of time. The biofeedback

avoidance method is identical to the standard paradigm

except for the addition of a brief electric shock presented

along with the light on a Sidman-avoidance schedule.
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A surprising result of the present study is the

finding that muscle tension did not significantly increase

as a result of exposure to the "stressor" films. Subjects

viewing "Signal 30," and "Mechanized Death" in a previous

study produced significantly higher EMG scores (Dial, 1979).

There are several possible reasons why the present study

failed to produce similar results. First, it should be

recalled that prior to the baseline phase each subject

underwent a shock calibration procedure during which electric

shocks of an increasing intensity were delivered until an

upper limit of tolerability was individually established.

It is likely that this aversive procedure along with the

novelty of the situation caused an increase in subjects'

arousal levels beyond the range in which they would have been

during the "non-stress" baseline had such a procedure not

been administered. The effects of such an arousal would have

been most salient during the experimental phase immediately

following the calibration procedure, namely, the pretraining

non-stress phase. Increased arousal during this phase would

explain the failure of the stressor to effect significant

increases in EMG levels--a law of initial values effect.

The fact that mean pretraining EMG actually decreased with

the introduction of the "stressor" in Group 2 lends some

support to this explanation.

Other reasons for the reduced effect of the "stressors"

in the present study as compared with the results of Dial's
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study (1979) probably stem from differences in methodology.

The present study uses relatively normal subjects, whereas

Dial screened subjects in order to select only those with

relatively high pre-training EMG levels. A normal sample

would be expected to display a more normal ability to relax

during stress than the high arousal subjects in the previous

study. In addition, the period of exposure to the "stressor"

was 20 minutes in the Dial study, as compared with 10 minutes

in the present study. Reduced exposure could have limited

the effectiveness of the "stressor" to elicit higher levels

of arousal relative to non-stress phases.

Comparisons of mean EMG levels before and after training

indicate significant main effects of treatment for both

groups. No significant differences in EMG reductions appear,

however, as a function of the differing treatment paradigms.

The standard training procedure does appear superior to the

avoidance procedure in that it produces more rapid relaxation.

These results are limited, however, by the fact that a

maximum of only two 20 minute training sessions are utilized.

Nevertheless, results indicate that biofeedback with contin-

gent aversive stimulation is an effective way of reducing

EMG muscle tension. Further research is needed to determine

with which subjects and under what circumstances it might

prove preferable to standard biofeedback procedures.

Given the finding that it is possible to teach relaxa-

tion using an avoidance conditioning paradigm, it is not
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known whether such a procedure might prove useful. One

hypothesis is that a shock-avoidance biofeedback procedure

could facilitate relaxation in subjects who are unable to

relax after a reasonable number of standard biofeedback

sessions. Another question left unanswered by the present

study is the relative effectiveness of these two methods over

a greater number of training sessions. With a maximum of

two training sessions, only five subjects in the shock-

avoidance group achieved criterion. This suggests that

additional training is necessary for this procedure to

produce optimal results. In a replication of the present

study in which both groups could receive additional training,

differences in effectiveness may emerge.

A treatment which combines the shock and non-shock

procedures may prove useful under certain circumstances.

Such an approach might employ sessions of standard biofeed-

back until criterion is reached, followed by biofeedback

with a shock-avoidance component, again to criterion. One

could then compare this procedure with an equal number of

sessions employing each of these methods alone throughout

training. An important aspect of the shock-avoidance

biofeedback procedure may be that it allows for relaxation

training under a relatively stressful condition. Ewing and

Hughes (1978) devised a method of teaching relaxation and

then utilizing it successfully during presentations of

aversive stimulation. Subjects received biofeedback-assisted
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cue-controlled relaxation, cue-controlled Jacobsonian

progressive relaxation, or Jacobsonian progressive relaxation

without cue-controlled procedures. These subjects received

brief electrical shocks during relaxation, yet learned to

maintain reduced frontalis EMG levels during the aversive

stimulation. The authors suggested that such a demonstration

supports the efficacy of these training methods for treating

anxiety and stress reactions. The fact that subjects

received a greater amount of training and received cue-control

procedures may account for their success n maintaining

relaxation under stress conditions in contrast to the find-

ings of Dial (1979). Thus, further research is needed

comparing relaxation training during stress to training

without stress in terms of subsequent maintenance of relaxa-

tion during stressful conditions.

In conclusion, within the experimental boundaries of

the present research design, biofeedback training utilizing

a shock avoidance paradigm appears to be effective in

enabling subjects to significantly reduce their EMG levels.

This procedure has the disadvantage of requiring more time

than standard biofeedback training for subjects to reach a

given relaxation criterion. It is anticipated that the

results of future research will provide additional data

concerning possible uses for biofeedback with contingent

aversive stimulation.
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Appendix A

Experiment Information Sheet

Note: Please write down everything on this sheet, as well as the date

and time that you sign up for, to enhance your cooperation and

to enable you to identify the experiments that you have

participated in. You can participate only once in any

particular experiment.

Name of experiment: Relaxation Biofeedback Training

Nature of experiment: Relaxation will be taught using biofeed-

back techniques. Mild electric shocks designed to facili-

tate relaxation will be administered to some subjects during

training. Subjects will also be required to view films

depicting traffic accidents.

Research participation credit for this experiment: 2 points per hour

with instructor's consent

Location of experiment: Terrill Hall Rm. 215

Comments: You will be needed for a maximum of 3 hours--two

hour and a half sessions. These will be held in Terrill Hall

Room 215. Please sign up below for two sessions.

If for some reason, you cannot keep your appointment, you should

call Michael Catalanello at 382-7381. Leave your name and the

name of the experiment in a message if the party cannot be reached.

If, for some reason, the experimenter doesn't keep your appoint-

ment; leave your name, social security number, psychology class and

section number with either the subject pool coordinator (PB 102) or the

department secretary (PB 202). If your report checks with our records,

you will receive the proper credit.
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Appendix B

Informed Consent Form

I, hereby give consent to
Michael S. Catalanello to perform the following investiga-
tional procedure or treatment: treatment utilizing elec-
tronic instruments to monitor physiological responses
(muscle tension). I understand that this treatment may
involve the delivery of mild electric shocks designed to
facilitate relaxation. In addition, I will be required to
view motion pictures depicting victims of automobile acci-
dents. This investigation does not involve either medical
diagnosis or medical treatment, and it is suggested that I
consult a physician in order to receive a medical opinion
concerning any symptoms I may be experiencing.

I have heard a clear explanation and understand the nature
and purpose of the procedure. I understand that the proce-
dure is investigational and that I may withdraw my consent
at any time. With my understanding of this, having received
this information and satisfactory answers to my questions,
I voluntarily consent to the procedure designated above.

Date:
Subject

Witness



Appendix C

Mean EMG During Pretraining and Posttraining

Non-stress and Stress Conditions

X Pre-training EMG

Subj ctGroup

1 1

2 1

3 1

4 1

5 1

6 1

7 1

8 1

9 1

10 1

Non-stress

26.18

4.62

5.69

21.96

6.21

16.14

6.12

5.90

6.68

6.41

Stress

23.20

11.34

7.74

23.54

6.88

5.38

8.44

6.61

6.95

6.50

X Post-training

Non-stress Stres

4.39 10.26

3.30 13.35

3.90 10.57

5.89 3.44

2.39 3.32

3.80 5.48

8.28 8.29

4.58 6.47

6.22 4.11

2.55 5.96

Group Means 10.59 10.66 4.53 7.12

11

12

13

14

15

16

2

2

2

2

2

2

15.59

17.73

6.18

7.39

4.34

12.18

11.72

13.48

5.95

6.64

3.56

8.55

8.87

6.37

6.73

3.42

2.82

5.71

10.16

7.70

8.10

7.51

3.57

5.54

31

1-~



Appendix C--Continued

X Pre-training EMG

Group Non-stress Stress

2 16.28 14.42

2 4.45 6.16

2 15.01 6.41

2 6.94 8.09

X Post-training

Non-stress Stress

13.10 14.38

5.78 7.15

5.34 3.90

4.09 5.49

32

Subject

17

18

19

20

Group Means 10.62 8.50 6.22 7.35
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Appendix D

Shock Calibration Data in Milliamps, and Minutes

of Training Received by Each Subject

Subject Group T T2  S MT

1 1 .1 .8 .45 24

2 1 .1 .9 .50 4

3 1 .1 .8 .45 3

4 1 .3 .8 .55 30

5 1 .1 .8 .45 6

6 1 .2 .7 .45 5

7 1 .1 .9 .50 19

8 1 .1 .8 .45 40

9 1 .3 .8 .55 3

10 1 .2 .9 .55 8

Group Means .16 .82 .49 14.2

11 2 .1 .8 .45 40

12 2 .2 .9 .55 40

13 2 .1 .7 .40 22

14 2 .2 .8 .50 24

15 2 .1 .8 .45 3

16 2 .1 .8 .45 40

17 2 .3 .8 .55 33



Appendix D--Continued

Subject Group ST2 MT

18 2 .1 .9 .50 40

19 2 .1 .8 .45 6

20 2 .1 .7 .40 40

Group Means .14 .80 .47 28.8

T 1

T 2

S

MT

= Initial threshold

= Tolerance threshold

= Shock level selected

= Minutes of training

34
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