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In order to test Eysenck's hypothesis that introverts

would condition faster than extroverts, twenty undergraduates

were given muscle tensing and muscle relaxing trials using

a feedback myograph to obtain electrical activity levels of

the frontalis muscle. The subjects were divided into two

groups of ten each.

The Myers-Briggs Type Indicator was used to select ten

students classified as introverts and ten classified as

extroverts. .Both groups were given forty thirty-second

trials to learn muscle relaxing and tensing.

Analysis of covariance indicated a significant within

trials effect for both the relaxation and tensing trials.

No significant differences were found, however, between the

introverts and the extroverts in either the muscle relaxing

or muscle tensing training.
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LEARNING RATES BETWEEN INTROVERTS AND EXTROVERTS

IN EMG BIOFEEDBACK TRAINING

Biofeedback refers to any technique which provides a

person with immediate feedback that relates directly to

changes in a physiological function of which the person is

not normally aware. Electronic instrumentation translates

minute changes in the electrical activity of the body into

audible or visual signals. By observing these cues, the

subject frequently learns to exert some influence over the

autonomic function being monitored.

Although a few researchers and clinicians have been

using biofeedback techniques for over twenty years, the

concept greatly expanded when Kamiya (1968) published an

article describing experiments in which subjects learned to

turn their brains' alpha waves on and off at will. In the

late 1960's, Neal Miller (1968, 1969) attracted attention

with reports that he had trained rats to increase and

decrease their heart rates, blood pressure, and other

visceral functions by biofeedback techniques that rewarded

correct responses.

The Electromyograph or EMG has been in existence for

over thirty years, but with the development of biofeedback

techniques, its uses have been greatly expanded. The EMG

detects the electrical activity of the muscles by means of
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electrodes attached to the surface of the skin. When an

individual moves any part of his body, impulses from the

brain descend to particular places in the spinal cord and

along nerve fibers to activate motor units. The impulse

traveling along the nerve is a chemical phenomenon, but when

it gets to the motor unit it produces an electrical charge.

When measured with surface electrodes this charge is from

about two to several hundred microvolts. It is this

electrical potential that is detected by the EMG. The

electrical activity directly beneath the electrode is picked

up by a sensitive amplifier, processed, and displayed on a

meter.

To aid in processing information derived from the

activity of muscles, an auditory feedback is usually pro-

vided. The auditory feedback generally consists of a tone

which rises and falls in pitch in direct proportion to

deflection of the needle on the meter caused by the elec-

trical activity of the muscle. Tests have shown this

enhances biofeedback learning.

The use of EMG feedback has been found to be useful in

a number of clinical and experimental situations. The work

on retraining of muscles in paralyzed patients using EMG

feedback is the oldest in the biofeedback literature.

Marinacci and Horande (1960) presented a detailed

account of the use of EMG feedback in patients with many

different kinds of neuromuscular disorders; hemiplegia due
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to stroke; reversible physiologic blocks such as due to

edema; motor nerve damage due to injury in which some

fibers survive; and Bell's palsy. In each example a loss of

function of long standing was reversed through EMG feedback.

All of these can be considered anecdotal case reports with

long base lines.

Andrews (1964) reports on a series of twenty patients

suffering from hemiplegia who had shown no return of function

in one year since the onset of hemiplegia and who had shown

no progress in traditional neuromuscular rehabilitation pro-

cedures. Following a training procedure, seventeen of the

patients were successful in developing strong, voluntary,

well-modulated action in the muscle within one trial.

These data represent a single group outcome study with

some degree of control because of the long base line period

and the unanimous failure to respond to previous therapy.

What is truly remarkable about the results is the large

degree of improvement within such short training periods.

Johnson and Garton (1973) report on a series of ten

patients with hemiplegia of at least one year's duration,

who each wore a leg brace. In these cases complete reha-

bilitation was the goal,rather than demonstration of return

of voluntary movement as is the Andrews study. Treatment

proceeded in two phases: first, EMG feedback training,

similar to that of Andrews, in the hospital. Next, the

patient was switched to a portable EMG feedback device
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utilizing surface electrodes, designed for use at home.

Patients were continued on home training until use of short

leg brace could be discontinued or until there was no further

improvement over one month.

Five out of ten patients showed enough improvement to

eliminate the brace. This represents a good single-group

outcome study. Although there is no formal control group,

the prolonged base line period of one year without function

lessens this problem, as does the minimal therapeutic contact.

The study certainly presents very promising results, since

most of the feedback training is done at home and function-

ally significant responses were assessed.

The work on EMG feedback for muscle retraining has

established the therapeutic effect of biofeedback training.

Although there are no controlled-group outcome studies in

the literature, the prolonged base line periods during which

no function is apparent, and the failure of previous attempts

at traditional rehabilitation procedures probably make the

data from the single-group studies almost as strong in terms

of its reliability and validity as would come from controlled-

group outcome study.

Although subvocal speech during reading is well known

and constitutes a serious deterrent to increasing reading

speed, it has proved resistant to many methods of interven-

tion. Hardyck and Petrinovich (1967) reported on a rapid

treatment technique utilizing auditory EMG feedback of the
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activity of laryngeal muscles as subjects read silently.

In one thirty--minute feedback session the entire sample of

seventeen subjects reduced EMG activity to base line (at

rest and not reading) levels. Most subjects showed complete

reduction within the first five minutes. Follow-up tests

at one and three months with no feedback showed no return

of subvocalization.

Although it is an uncontrolled single-group outcome

study, the overwhelming results support the conclusion that

the biofeedback training was effective. The follow-up data

are particularly encouraging and are somewhat rare in the

biofeedback area.

In a later report Hardyck and Petrinovich (1969) report

on two controlled outcome studies of their EMG feedback

technique. In the first experiment, forty-three college

students who subvocalized were randomly assigned to two

groups. After a base line recording session, the feedback

group received one hour's training and showed cessation of

laryngeal EMG activity during silent reading. The control

group was run for two more hours of silent reading during

EMG recording and showed no change. Introduction of the EMG

feedback training for one hour led to complete cessation of

subvocalization in this group.

In a second outcome study with thirteen high school

students, from one to three feedback sessions were necessary

to eliminate subvocalization EMG activity. At a one-month
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follow-up, it was found that students of average intelligence

quotient (IQ) or above did not return to subvocalization

(and had learned to stop within one session) while those

with a below-average IQ had all returned to the habit and

had also required two to three training sessions.

The results of the controlled outcome study by Hardyck

and Petrinovich (1969) coupled with their previous work and

the independent replication by Aarons (1971) seem to point

conclusively to the beneficial effects of this biofeedback

technique for reducing target behavior, subvocal speech. It

has not been documented whether its elimination leads to an

increase in reading speed, however. One reported clinical

benefit, in addition to eliminating the habit, has been that

students who have undergone the training are less fatigued

after several hours of reading than they were previously.

It is fairly well established that people can learn to

profoundly relax muscles when given feedback of the level

of EMG activity. This fact has been applied clinically both

in studies in which muscle relaxation per se was seen as

the major therapeutic intervention and in studies in which

training in relaxation was an adjunct to some other form of

clinical intervention.

The best study in this area is by Raskin et al. (1973),

in which ten patients with chronic anxiety were given EMG

feedback-assisted relaxation. All patients were young adults

who had been symptomatic for at least three years, the last
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two of whom had been receiving individual psychotherapy

and possibly minor tranquilizers. As soon as the patient

could sustain a deep level of relaxation without feedback,

an eight-week assessment period during which he was to

continue home practice in relaxation was begun; data from

this period were compared to pretreatment data on a number

of measures.

This is a single-group outcome study with the prolonged

base line and the two prior years of individual psychotherapy

serving as a control condition. The results of this study

showed forty per cent of the subjects obtained moderate

relief in alleviating anxiety symptoms.

Garrett and Silver (1972) tested the benefits of bio-

feedback training of both EMG and EEG alpha in relieving

college students of test anxiety. They were assigned to

either a no-treatment control condition or one in which

they received biofeedback training both to reduce EMG level

and to increase alpha level. The experimental group showed

significant physiological effects of biofeedback training.

On the post-treatment assessment, the experimental group

showed less test anxiety as measured by the questionnaire

but did not differ on the performance measures on end-of-

term grades.

Wickramesekera (1972) reported an example of EMG feed-

back-assisted relaxation training used as an adjunct to the

treatment of test anxiety with systematic desensitization.



8

Initial relaxation training was conducted using EMG feed-

back of frontalis muscle activity. During the hierarchial

scene presentation, the patient was taught to present her-

self the scenes and instructed to switch off a scene whenever

the EMG feedback signal reached a certain point rather than

rely on the typical self-report. The case was successful,

as the patient passed an examination that she had avoided

even taking several times because of the high anxiety levels.

This anecdotal case report, while interesting, is not

evidence for the clinical efficacy of biofeedback training,

since the basic treatment procedure is well established.

Budzynski and Stoyva (1969, 1970, 1973) and their

associates have presented a series of three studies in which

they have systematically applied EMG feedback training to

tension headaches. In the first study the equipment and

procedure were describedas well as data on fifteen non-

patients. It was shown that true feedback of frontalis

muscle EMG led to greater decreases in muscle activity than

pseudofeedback or a relaxation control.

In the second report, five patients with tension head-

aches were treated with a combination EMG feedback training

and home relaxation practice. There was a steady decrease

in headache activity (a function of headache intensity and

duration) and EMG level over the training period. Tension

headaches were eliminated in two patients and reduced markedly

in another. For two patients, headaches returned shortly
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after the end of training. Reinstitution of home relaxation

practice for both patients plus feedback sessions for one

led to cessation of headaches.

A control for attention-placebo effects was added in

the third study, a controlled-group outcome study involving

six patients with tension headaches in each of three condi-

tions. The results, which strongly support the efficacy of

the combination of EMG feedback training and home practice

in relaxation, showed a significantly lower level of head-

ache activity for the experimental group than either control,

both at the end of treatment and at the end of follow-up.

More importantly in terms of individual patients, four of

six experimental patients were essentially headache-free, as

compared with one of six in one control group and none of

six for the other control group. In the experimental group

there was a significant decrease in amount of analgesics or

tranquilizers used by all six patients, with virtual elimina-

tion in four of the six. For the attention-placebo control

group patients there was a marked decline in headache medica-

tion for two patients. Budzynski and his associates have

demonstrated a powerful treatment package for intervention

in tension headaches: EMG feedback training and home practice

in relaxation.

The work on the application of EMG feedback training

to clinical problems is the oldest and probably the soundest

work in the biofeedback area. In such areas as the
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elimination of subvocal speech during reading and the

retraining of paralyzed muscles in hemiplegics, the evidence

is quite sound that EMG feedback training has marked thera-

peutic effects.

It is also fairly well established that a combination

of EMG feedback training and home practice in relaxation is

very effective in the treatment of tension headaches. This

has been demonstrated consistently by several investigators

in both uncontrolled and controlled studies.

With respect to the relationship of personality and

biofeedback training, numerous studies have tried to find a

relationship between electroencephalogram (EEG), specifically

alpha waves, and extroversion/introversion. Eysenck (1957)

postulated that extroverts have a high cortical inhibition

whereas introverts have low cortical inhibition. High

cortical inhibition is equated with low activity of the reti-

cular formation and low EEG arousal and high alpha activity.

Extroverts with high cortical inhibition would be expected

to show more elevated amplitude and increased prevalence of

alpha activity than introverts, since introverts are hypoth-

esized to be low in cortical inhibition.

Savage (1964), Glass and Broadhurst (1966), Marton and

Urban (1966), Fenton and Scotton (1967), and Gale, Coles and

Blaydon (1969) have all investigated Eysenck's theories in

relation to brain waves, and the evidence is contradictory.

No clear trends have been established.
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Gale, Coles, and Blaydon (1969) reviewed the studies

and concluded that none of them appeared to have an adequate

theoretical rationale for predicting the outcome of their

procedures or for accounting for failure to replicate the

results of other studies. They also criticized the other

researchers for a failure to appreciate the basic properties

of EEG waveforms.

This paper will investigate a more recent corollary of

Eysenck's personality theory (Eysenck and Rachman, 1965),

using EMG biofeedback. Briefly stated, Eysenck believed

that extroversion as a personality variable affected condi-

tionability. Extroverts condition poorly and need more time

to learn new behavior, due to their biologically determined

tendency to rapidly develop reactive inhibition. Introverts

condition rapidly, build up reactive inhibition more slowly,

and dissipate it more quickly. Since muscle relaxation

training involves conditioning, then introverts should learn

to relax better than extroverts.

This theory has been subjected to a fair amount of

experimental investigation (Eysenck, 1965). Some of this

work has been concerned with the similar hypothesis advanced

by Spence (1956, 1964), according to which those high on the

trait of "manifest anxiety" would form conditioned responses

more easily than those low on the trait.

In studies of eyeblink conditioning (Eysenck, 1965;

Ominsky and Kimble, 1966; Spence, 1964), it was found that
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introverts are better than extroverts at eyeblink condition-

ing under some conditions, but not all. These conditions

can be predicted on the hypothesis that introverts may be

more highly aroused in the experimental situation than

extroverts. Superiority of the introvert at eyeblink con-

ditioning might depend on the degree of threat he encounters

in the experimental environment.

Relatively direct evidence for differences between

introverts and extroverts in their modes of reaction to

threatening stimuli comes from experimental work on person-

ality differences on the "repression-sensitization" trait

(Byrne, 1964; Eriksen, 1966). It has been found that there

are rather consistent individual differences in the percep-

tion, recognition, learning,and recall of threatening

stimuli. Some individuals (called "repressors") do worse

in these tasks when threatening stimuli are used than when

neutral stimuli are involved; others ("sensitizers") do

better with threatening than with neutral ones. The former

appear to be extroverts and optimists; the latter, introverts

and pessimists (Eriksen, 1966).

In reviewing the literature, a few studies were found

that related muscle tension to personality variables. Wenger

(1943) found a positive correlation between a muscle tension

factor and hyperactivity, frequency of emotion, restlessness,

and impulsiveness in children. Also, fatigability and

emotional control were negatively correlated to muscle
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tension. Duffy (1932) showed that children who were rated

low in stability and psychological adjustment also tended

to overreact muscularly.

In a more recent study, Balshan (1962) sampled action

potentials of sixteen muscle groups in a resting state on

an EEG machine and found no correlation with any personality

measure on the Guilford-Zimmerman Scale.

Only one paper, however (Stoudenmire, 1972), specifically

investigates the relationship of Eysenck's (1965) theory of

introversion/extroversion to muscle relaxation. In this

study two groups of eighteen subjects were classified as

extroverts or introverts as defined by the extroversion score

on the Eysenck Personality Inventory. The subjects received

three sessions of muscle relaxation training using a long-

playing phonograph record developed by Lazarus and Abramovits

(1962). Anxiety measures were taken before the relaxation

training and were all paper-and-pencil checklist types. Post-

relaxation training anxiety measures of the same type as pre-

relaxation training were then administered. The results showed

a significant decrease in anxiety state measures for intro-

verts but not for extroverts. Although there was some anxiety

state reduction in extroverts, it did not reach significance.

These results supported Eysenck's theory that introverts con-

dition faster than extroverts and hence learn to relax faster.

The purpose of this paper is to try to confirm Eysenck's

hypothesis, using a better method of muscle relaxation, the
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EMG, and a different introversion/extroversion scale, the

Myers-Briggs Type Indicator. The hypothesis would be that

introverts would learn EMG biofeedback training more quickly

than extroverts.

Method

Subjects

The subjects were twenty undergraduate students at

North Texas State University. They were selected from an

introductory psychology course and received credit for their

participation. The Myers-Briggs Type Indicator was adminis-

tered to twenty-nine subjects, and, of these, ten students were

classified as introverts and ten classified as extroverts,

depending on the scores obtained on the introversion/extro-

version dimension of the test.

Apparatus

The Biofeedback Technology Inc. Feedback Myograph was

used. This machine provided continuous tracking of levels

of muscle action potential on the frontalis or forehead

muscles. The patient received precise and immediate feed-

back in the form of a tone with a pitch varying with the

level of muscle activity. The machine furnished a readout

of the average level of EMG activity in microvolts for the

preceding thirty seconds.



15

Procedure

The procedure was similar to that described by

Budzynski and Stoyva (1969). The subject was placed in a

quiet, dimly lit room,and seated in a comfortable chair. He

was introduced to the instrument and told its purpose was to

make him aware of electrical activity in his muscles that

was so small that he would not be aware of it otherwise. It

was explained that the machine is completely safe, puts no,

electrical current into the body, and acts as simply as a

thermometer does except that it measures muscular activity.

The subject was shown the meter which displays the intensity

of electrical activity in his muscles in microvolts. It was

explained that: the more tension in the muscle, the higher

the microvolt reading. The experimenter also informed the

subject of the function of the audio tone. The more muscle

activity, the higher the pitch of the tone.

After the explanation of the function and the purpose

of the machine, electrodes were placed one inch above the

eyebrows and spaced one inch apart. The subject was given

five thirty-second trials in which he could experiment with

the machine, discovering what techniques are relaxing and

which are tensing, consequently learning how to raise and

lower the pitch of the tone. He was then given ten thirty-

second trials and the mean microvolt reading was calculated

as a baseline.
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In order to control for the fact that the EMG training

may be a function of time in a relaxing atmosphere, all the

subjects were given feedback reversal training. One half

of the introverts and one half of the extroverts were first

given forty thirty-second trials to learn relaxation. They

were told to get as relaxed as possible, close their eyes,

and concentrate on reducing the ptich of the tone. Next,

they were given forty thirty-second trials to observe how

well they could tense their muscles. They were told to

close their eyes and concentrate on tensing their forehead

muscles, thereby raising the pitch of the tone. The other

half of the subject pool was first given the muscle tighten-

ing trials and then the muscle relaxation trials.

Results

The results of the tension training are presented in

Figure 1 and the relaxation training in Figure 2. As can be

seen, the performance of the two groups was in the direction

predicted in both tension and relaxation training. However

there was a large difference in baseline means between the

extroverts and the introverts. The introverts'mean base

line of frontaLlis muscular tension was less than half the

extroverts'mean baseline of forehead muscle tension. The

mean baseline microvolt reading for the extroverts was 9.4

and the mean microvolt reading for the introverts was 3.8.

Since this difference was highly significant (t = 18.90,

P < .001), a two-way analysis of covariance was computed.
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Trials and groups were the independent variables,with

baseline means the covariate. The results of the analysis

of covariance computed on the muscle tensing trials are

shown in Table One. There was no significant difference

(F = .001, _P .05) between the introverts and the extro-

verts. Alsothere was no significant trial by group inter-

action (F = 1.49, P > .05). There was, however, a significant

within-trials effect (F = 9.96, P < .0001)

TABLE I

ANALYSIS OF COVARIANCE SUMMARY TABLE
FOR THE MUSCLE TENSING TRAINING

Source SS DF MS F

Between .088 1 .088 .001
Groups

Within 42.04 7 6.00 9.96*
Trials

Interaction 6.32 7 .904 1.49

*P K .05.

Table Two shows the results of the analysis of covari-

ance computed on the relaxation training. Again, there was

no significant difference (F = 2.88, p y .05) between the

introverts and the extroverts. Likewise there was no

significant trial by group interaction (F = 1.27, P > .05).

A significant within-trials effect (F = 4.83, P <.001) was

demonstrated on the relaxation trials.
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TABLE II

ANALYS IS OF COVARIANCE SUMMARY TABLE
FOR THE MUSCLE RELAXATION TRAINING

Source SS DF MS F

Between 1384.97 1 1384.97 .288
Groups

Within 8321.29 7 1188.75 4.83*
Trials

Interaction 2197.35 7 313.90 1.27

*P (.05.

Discussion

The results of this experiment failed to confirm

Eysenck's hypothesis that introverts condition faster than

extroverts. The fact that there were no significant learn-

ing differences between the introverts and the extroverts

in the relaxation and tensing training could be attributed

to several factors.

The differences between the extroverts and introverts

are in initial baseline levels. It should be noted that

the graphs were plotted using the unadjusted means (see

Figure 1 and Figure 2). In both the relaxation and tensing

trials the introverts and extroverts learning curves are

very similar. The greatest learning occurred in the first

three trial blocks. After the initial three blocks of

trials, both groups' performance leveled off. This rapid

! -,- -1 1, i i - - , - -, r-,-.-."--ZtiR,"- ob- 4*
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learning is characteristic of most biofeedback training.

It might be worthwhile in future research to see if the

extroverts and introverts would eventually reach the same

aysmptotic microvolt levels if more trials were administered.

It was interesting to note that the differences between

the two groups were in the direction predicted by the hypoth-

esis. The introverts were able to reach lower levels of

relaxation and higher levels of tension. Possibly a more

difficult learning task might magnify the differences between

the personality types and show significant results.

The results might have been different due to the fact

that the degree of introversion and extroversion was not

controlled. Due to the difficulty of finding enough sub-

jects with high scores on either the extroversion or intro-

version dimension, subjects were used who met only minimum

scoring criteria. By using only subjects who might score

at the high end of both personality extremes,more impressive

results might have been attained.

Another variable that might be controlled in future

research is anxiety levels. Perhaps the differences in

learning found in some studies is attributable to different

anxiety levels for individuals classified introvert and

extrovert. Perhaps, as Spence (1954), Eriksen (1966), and

Byrne (1964) hypothesize, the difference in conditioning

between extroverts and introverts is exhibited only when a

degree of threat is presented in the experimental situation.
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If this hypothesis is correct, the results of this experi-

ment would be expected, since there was no attempt to

threaten the subjects in the experimental environment, and

no significant learning differences were found between the

two groups.

The findings of this study would seem to contradict

results of an early study by Wenger (1943) and a more recent

paper by Stoudenmire (1972). It is difficult, however, to

compare this study with earlier experiments, because there

were large differences in methodologies and apparatus.

Obviously it would be beneficial in future studies to

investigate whether introverts and extroverts differ in

other types of conditioning and if there is a physiological

or environmental basis for learning differences, if indeed

there are real differences.

An interesting implication of this experiment is the

different muscle tension baseline levels between introverts

and extroverts. This finding is in contrast to the results

of Balshan (1962). It should be noted in this experiment,

however, that the mean baseline of the extroverts was

increased considerably by two subjects. Perhaps the base-

line difference between the two groups was due to sampling

error. A study utilizing a much larger subject pool would

be helpful.

If indeed there are no differences in muscle tension

between personality types, it might be interesting to match
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introverts and extroverts on initial baseline levels and

discover if this variable significantly affects learning

rates. In any case, further research is needed to establish

whether there are different levels of muscular tension

between introverts and extroverts.

K __
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