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The applicability of electromyographic biofeedback toward alle-
viating test taking anxiety was exXamined along with the effecté of
relaxation training on general anxiety, locus of control, test per-
formance, and miscle tension during a test. The Achievement Anxiety
Test (AAT) was administered to 271 freshman psychology students.
Students whose scores indicated high levels of test anxiety were
invited to participate in the study. Twenty-seven volunteers were
randomly assigned to three groups. Biofeedback (B) subjects received
verbal instructions and rmscle tensicn {EMG) biofeeditack. Instructicn-
control (IC) subjects received verbal relaxation instructions alone.
A second control group (C) received no treatment. B and IC subjects
received eight half-hour relaxation sessions spread over four weeks,
Porehead EMG was monitored during each session.

Several self-report measures were administered to all subjects

before and after training. They included the AAT, the State-Trait



Anxiety Inventory (STAI), and the Rotter Locus of Control (I-E) Scale.
Additionally, forehead muscle tension data were collected on all
subjects while they completed an easy and a hard form of the Raven
Progressive Matrices test (presented with ego-involving instructions).
Equivalent forms of the tests were used pre and post, and the forms were
counterbalanced across subjects.

Analysis of the EMG data collected during relaxation training
indicated that B and IC subjects significantly reduced forehead muscle
tension but did not differ from each other. EM: biofeedback appears
to add little to the effectiveness of brief relaxation instructions
and practice., Analysis of anxiety measures indicated that B and IC
subjects changed significantly pre to post while C subjects changed
very little. No between-group differences were found on any of the
measures., On the I-E scale, only IC subjects showed a significant
shift toward being more internal, reflecting an increased belief in
personal control. The effect of relaxation training on test perfor-
mance and muscle tension during testing was evaluated with an analysis
of variance. Within-group EMG and performance changes were nonsigni-
ficant, suggesting there was no generalization of training effects.

In addition, EMGs did not differ between Easy and Hard tests, although
performance scores indicated there were real differences in test dif-
ficulty.

The effects of reléxation training in this study are clearly
limited to the reduction of resting forehead muscle tension and self-
report anxiety. No training effects were found on test performance or

EMG during testing., These results are due either to the methodological



limitations of a laboratory testing situation, or that forehead EMz

is not as good a measure of anxiety as other researchers have suggested.
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The Effects of Electromyographic Biofeedback
on Test Anxiety and Performance

I. INTRODUCTION

The development of an effective and efficient technique to help
alleviate test-taking anxiety would be of considerable value to psychol-
ogists and school counselors, A nmumber of studies have indicated that
high test anxiety is related to such factors as poor classroom test scores
(Alpert and Haber, 1960; Walsh et al, 1968), lower grade point averages
(Desiderato and Koskinen, 1969), dropout rate (Spielberger, 1962), and
lower performance on achievement and aptitude tests (Sarason, 1961),

There is also research suggesting that perfocrmance of high test anxious
students improves under low stress or non-evaluative testing conditions
(Russel and Sarason, 1965).

A mumber of methods for reducing test anxiety have been develcped
and applied to student populations. They include such things as system-
atic desensitization (Quinn, 1968); Garlington and Cotler, 1968); Mitchell
and Ng, 1972), modeling (Horne and Matson, 1977), study counseling
(Meichenbaum, 1972), autogenic training (Snider and Oetting, 1966), and
physical exertion (Driscoll, 1976).1 There appears to be almost as many
ways of treating test anxiety as there are therapeutic philosophies,

Treatment effectiveness has been assessed in a variety of ways.
Self-report measures of anxiety are used most often. There are a number

of standardized scales specifically designed to measure test anxiety.

1These and other methods for reducing test anxiety are reviewed more
completely in Appendix A,
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These include the Achievement Anxiety Test (Alpert and Haber, 1960), the
Test Anxiety Scale (Sarason, 1958), and the Suinn Test Anxiety Behavior
Scale (Suinn, 1969).

Certain performance measures might also be used. For example, changes
in grade point averages, classroom test performance, or performance in a
laboratory testing situation might be assessed before and after a given
treatment., Laboratory testing situations typically involve the use of
ego=-involving or threat instructions to simulate an actual test. A labo-
ratory setting has the advantage of maintaining a constant, controlled
environment for testing but may be disadvantageous in that it lacks the
motivational elements of a real test.

Another method for determining the effects of a given treatment
involves monitoring physiological changes in the subject. Early re-
searchers had to rely primarily on self-report and performance measures.,
Present day researchers have relatively easy access to information about
a subject's heart rate, blood pressure, skin temperature, and muscle
tension. Positive changes in these measures, either following treatment
and/or during a testing situation, may support the efficacy of a parti-
cular method for reducing test anxiety. It is unfortunate, however,
that few studies measure physioclogical variables and even fewer have
measured them during a testing situation. Given that physiological
indices are a valid measure of anxiety, physiological data recorded
during testing may add additional information concerning the amount of
anxiety being experienced by the subject.

Most methods of reducing test anxiety involve learning deep muscle

relaxation. There is a considerable amount of research indicating that



when a person learns to relax voluntarily and practices regularly,
subjectively experienced anxiety as well as tension and stress-related
conditions lessen (Patel, 1977; Reinking and Kohl, 1975; Hutchings and
Reinking, 1976; Kotses et al, 1976; Fowler et al, 1976). Several recent
studies have applied muscle relaxation training to the problems of
test-taking anxiety and other forms of anxiety with varying degrees of
success (Raskin et al, 1973; Deffenbacher and Snyder, 1976; Quinn, 1968).
A number of researchers have used electromyographic (EMG) biofeedback,
also with varying degrees of success, to decrease muscle tension,
enhance a person's ability to relax, and decrease anxiety (Budzynski

and Stoyva, 1969; Ohno et al, 1978; Kinsman gt al, 1975; Hutchings and
Reinking, 1976).

However, the exact nature of the relationship between muscle tension
and anxiety remains unclear. Malmo and Smith (1955) report elevated
forehead muscle tension in anxious subjects and further increases under
stress. Similar results are reported by Wolff (1948). A study by
Sainsbury and Gibson (1954) suggests forehead EMZ changes are correlated
with muscle tension elsewhere in the body as well as other indices of
autonomic arousal such as heart rate and respiration. And research
conducted by Smith (1973) has demonstrated that personality variables,
including anxiety, are significantly correlated with levels of forehead
miscle tension. This research suggests that if relaxation training re-
duces forehead muscle tension, it should reduce anxiety as well. It
also suggests that relaxed forehead muscles are ihdicative of general
overall relaxation. Alexander (1975) conducted a study designed to test

these assumptions.
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In Alexander's study, 28 adults were randomly assigned to two groups.
One group received relaxation training via forehead EMG feedback; the
other was simply asked to relax. Subjects participated in five sessions
during which muscle tension in the forehead, forearm, and lower leg was
monitored. Subjects were asked to rate their feelings of relaxation on
a standard scale following each session, The group receiving EMG feed-
back was more successful at reducing forehead muscle tension, but both
groups reported feelings of relaxation of about the same magnitude., No
support was found for the assumption that reductions in forehead EMG lead
to similar reductions in other muscles. In addition, no support was found
for the assumption that forehead muscle tension reduction is related to
or produces general feelings of relaxation. In light of earlier findings,
more research in this area is needed.

In addition, it has not yet been conclusively established whether
EMG biofeedback adds anything to relaxation programs designed to
decrease muscle tension or reduce anxiety. In a recent study by Kappes
and Michaud (1978), EMG biofeedback was used in the treatment of 12
test-anxious college females. Six subjects received contingent EMG
feedback while the other six received noncontingent feedback, Subjects
receiving contingent feedback reported a decrease in test anxiety while
those receiving the noncontingent feedback reported an increase. Since
the subjects knew when feedback was noncontingent, this was not an ap-
propriate control for establishing the effectiveness of biofeedback in
treating test anxiety. An appropriate control group would be one for
which expectations of improvement were the same as those for the bio-

feedback group.



A study by Romano and Cabianca (1978) compared the effectiveness
of EMG-assisted systematic desensitization, systematic desensitization
alone, and EMG training alone, in the treatment of test anxiety. Test
anxiety was assessed by several standardized questionnaires, An anagrams
test served as a measure of performance. It was administered in a
laboratory setting before and after treatment., After nine training
sessions, all three experimental groups significantly reduced their
test-taking anxiety in comparison to control subjects; however, there
were no significant differences among the experimental groups, In addi-
tion, no effects of treatment were found on anagram test performance.
The use of EMZ feedback appeared to add little to the effects of treat-
ment according to the self-report and performance measures used,

Because the use of biofeedback is expensive, in terms of therapist time
and equipment, additional, well-controlled, comparative research studies
are needed to establish the relative cost effectiveness and value of
EMG biofeedback as a method of relaxation,

Another consideration in evaluating a technique for therapeutic
effectiveness is whether a given technique, if successful, has de-
sirable or nondesirable side effects for the client, One of these
side effects might be changes in the clients! perception of the source
of factors controlling their behavior. Rotter (1966) has developed a
"Locus of Control" scale for measurement of whether a person tends to
attribute reinforcing events to his own efforts or to external sources,
such as luck or chance, which are not under his control. Carlson (1977)
has found a relationship between locus of control and the effectiwveness

of EMG biofeedback training in reducing frontalis muscle tension,



Additional research examining the effects of voluntary relaxation
fraining on this aspect of personality is needed.

The present study compared the effectiveness of brief relaxation
instructions plus EMz feedback with relaxation instructions alone in
reducing forehead muscle tension, self-reported test anxiety, and
in altering perceived locus of control. The effects of treatment on
test performance were also assessed. This study was similar to previous
research except that forehead muscle tension was monitored during testing.
In addition, special care was taken to control for the effects of subject

expectations and experimenter bias.



II. METHODS

Subjects

Twenty-seven college students (6 males and 21 females) from a
freshman Personal Development class volunteered for the study from a
sample of 88 high test-anxious students. The mean age of these students
was 19,

Sampling Procedure. The Achievement Anxiety Test (AAT) (Alpert

and Haber, 1960) was administered to a total of 271 students (128 males
and 143 females), Of these, 25 percent of the males and 39 percent of
the females were identified as high test anxious by scoring 31 or higher
on the Debilitating Test Anxiety Scale of the AAT, High test-anxious
subjects were invited to participate in a "program to help reduce
test-taking anxiety." Volunteers were assigned at random to one of the
following groups: Relaxation instructions with EMG biofeedback (B);
Instruction-control (IC), given relaxation instructions alone; or

No-treatment control (C).

Apparatus

Forehead electromyographic (EMG) activity was measured in micro-
volts (rms) with a Cyborg J33 muscle trainer interfaced with a Cyborg
BL900O dual processor. IEM3 activity was integrated for 10-second samples
and the average activity recorded from a meter, The EM: trainer pro-
duced a series of clicks at a rate proportional to EMZ activity. For
feedback, the sensitivity of the trainer could be adjusted so that as

B subjects became proficient at reducing EMG activity, the threshold for



the production of clicks was reduced. Electrodes were attached to
the forehead at a standard four-inch spacing with adhesive discs.
Verbal instructions between the experimenter and subjects were
reduced to a minimum by using tape-recorded instructions. This was
done to control for possible experimenter biasing effects.
A1l relaxation training was carried out in a shielded room to
reduce electrical interference. This room was dimly 1it and a

recliner chair was provided.

Pre- and Post-Testing Procedures

Self-Report Measures. All subjects met as a group prior to the

start of the program toydevelop a training schedule and fill out the

self-report pre-test measures. To avoid attracting subjects who may

have had an interest in or bias toward biofeedback and/or relaxation,
no mention of the training procedures was made prior to administering
the AAT,

The following self-report measures2 were administered at the
beginning and end of the program: the AAT (used for the initial
screening of subjects); the Spielberger State-~Trait Anxiety Inventory
(STATL) (Spielberger et al, 1970); and the Rotter Internal-External
Locus of Control (I-E) Scale (Rotter, 1966).

Within the AAT are two separate scales: one measures debilitating
(D) test anxiety; and the other, facilitating (F) test anxiety. Alpert

and Haber (1960) have used these scales to predict successfully several

2See Appendix C.
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performance criteria, such as grade-point averages and final examination
grade., The D and the F scales combined are significantly better perfor-
mance predictors than either one alone, The STAT yielded a score for
both general (trait) and situation-specific (state) anxiety. Subjects
were asked to imagine themselves "in an important testing situation"
when responding to the state form of the STAI. Rotter's (1966) Internal-
External Locus of Control (I-E) Scale is designed to assess the extent
to which a person attributes reinforcing events to his/her own efforts
or to luck or chance,

Pre- and post-testing involved the same procedures except for
the addition of the AAT to each subject's post-test packet., Self-report
post-test data were collected on an individual basis following each
subject'!s tenth session. The order of all pre- and post-test measures
was counterbalanced across subjects.

Performance Measures, Performance testing was done on an indi-

vidual basis during each subject's first and tenth laboratory session.
The Standard Progressive Matrices test developed by Raven (1938) was
used as a performance measure. The original test consisted of 60
problems spanning a large range of intellectual development. The task
is to select a small pattern from a number of possibilities which most
logically completes a larger pattern, The large pattern and the number
of possible solutions get progressively more complex and harder to
complete,

The gradual progression from easy test items to more difficult ones,
and the large mumber of problems, lent the Progressive Matrices nicely to

division into equivalent forms for pre- and post-testing. The first half
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of each form (15 problems) was used as an easy test; the second half of
each form became a hard test (also 15 problems). Easy and hard tests
were counterbalanced across subjects for pre- and post-testing.

Upon arrival at the laboratory, subjects were informed about fhe
testing that would be taking place and given information about the EMG
equipment, Subjects were then led into the testing room and electrodes
were attached to the forehead., A tape recording was played which
described the nature of the test and the importance of doing well.3
Subjects were given seven mirmutes to complete each version of the test.
Forehead muscle tension was monitored during testing,

Pre- and post-test procedures were the same except at post-test
subjects were asked to stay relaxed during the testing but still do as

well as they could on the test.

Relaxation Training

Control subjects were rescheduled following the pre-test to begin
their programs four weeks later. They were post-tested at this time
and then offered training similar to that received by the B and IC groups.
Training was conducted for B and IC subjects during laboratory sessions
two and nine. The eight half-hour training sessions were held on an
individual basis: two per week for four weeks,

Forehead muscle tension was recorded at the beginning and end of
each session (12 10-second integrated samples ﬁere taken)., Initial

readings were recorded before subjects began practicing their respective

3See Appendix D,
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relaxation procedures. Final EMG readings were recorded at the end
of the 20-minute session without disturbing the subject.

Both groups listened to three minutes of taped relaxation instruc-
tions4 at the beginning of the first two sessions. The tape included
instructions for an abbreviated form of Progressive Relaxation (Jacobson,
1938) as well as additional instructions to help "deepen" relaxation
(i.e., "attend to your breathing"; "repeat the word 'calm' silently to
yourself"), In order to minimize subject expectations in the description
of the task, such terms as "electrode," "biofeedback," and "experiment"
were avoided,

B subjects differed from IC subjects in one way only: they received
auditory feedback about the tension of their forehead muscles during each
session, PFeedback was contingent upon increases in muscle tension, The
training instrument was presented simply as "information about how re-
laxed your forehead muscles are...that may help you in learning to
relax." It was small enough that subjects could hold it comfortably
on their laps. B subjects were shown how and instructed to adjust the
machine when forehead muscle tension dropped below threshold and the
signal was no longer heard, They received immediate auditory feedback
about their forehead muscle tension, as well as end-of-session informa-
tion from a dial on the machine about overall changes during each session.

Subjects were not told about the other groups in order to avoid the
possibility of creating feelings of having something extra or of missing

out on something, At the end of each session, B and IC subjects were

Eéee Appendix E.



told that they were progressing as expected and complimented on their

progress. All training sessions were held in the aftermoon.

12
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ITIT. RESULTS

Analysis of the self-report data proceeded in the following
manner. Descriptive statistics were calculated and examined pre and
post for anxiety and locus of control scales. Tables 1, 2, and 3
summarize these data, along with raw and percent change values, for
each group. As shown in Figure 1, B and IC subjects consistently
showed changes in the direction of improvement that were not charac-
teristic of C subjects., The amount of variability within each group
remained relatively constant pre to post with the exception of the
debilitating (D) scale of the AAT. On this scale, there was approxi-
mately twice as much variability at post-test within all groups.

To determine if there were significant differences between groups,
one-way analyses of variance (ANOVA) were used, An ANOVA was calculated
on raw pre-to-post change scores for each subjective measure. No signi-
ficant between-group differences were found on any of the scales.

Two-tailed independent t-tests on ratio change values were used to
determine if treated subjects (B and IC) differed significantly from
untreated subjects (C). These results are presented in Table 4.

Change scores were used to eliminate the effects of pre-test differences.
Ratio change scores were calculated by dividing the change pre to post
by the initial scale value. Treated subjects differed significantly
from untreated subjects on the facilitating (F) scale of the AAT

(p <.05) and the state (p <.05) and trait (p < .01) forms of the

STAT., However, no differences were found on the D scale of the AAT

or the I-E gcale.
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Two-tailed t-tests for paired data were calculated to examine
within-group changes in subjective measures. These statistics are
given in Table 5. The pre-to-post test scores of B subjects shifted
significantly on both scales of the AAT. Debilitating test anxiety
decreased (p <.05) and facilitating test anxiety increased (b < .01).
A significant decrease in reported anxiety as found also on the STAT
in both state (p <.05) and trait (p <<.01) scales.

On the STAI, IC subjects showed a significant decrease in both
state (p <.01) and trait (p <<.05) anxiety, but no significant pre-to-
post difference was found on either scale of the AAT, Because the
subscales of the AAT have only a few items, they may be less sensitive
to change separately than they would be if combined. To increase the
sensitivity of the AAT and get a measure of overall improvement,
decreases on the D scale and increases on the F scale were given the
same sign and combined, An ANOVA on these combined scores yielded a
significant difference between groups (F(2,24)=2,99, p < .10). When
the Least Squares Differences (Snedecor and Cochran, 1967) were calcu-
lated between groups, both B and IC groups differed significantly
from controls (p <.05) but not from each other,

On the I-E scale, only IC subjects changed significantly in the
direction of increased internal control (=1.88, p <<.10). This re-
flects an increased belief in personal control and attribution of
reinforcing or positive events to self effort rather than external
sources., B and C subjects showed no such shift.

None of the pre-to-post test comparisons on subjective measures

were significant for C subjects. Overall, it appears that both B and

o
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IC subjects report experiencing some benefit from their participation in
the relaxation program, while C subjects report little or no change
following treatment.

An analysis of the EMG data during relaxation training indicated
that both the B and IC groups were successful at reducing forehead
muscle tension., Means and standard deviations for the initial and final
values were calculated from the 12 10-second integrated EM3G samples
recorded at the beginning and end of each relaxation session. Table 6
presents these data along with the mean difference, ratio change, and
calculated t-values on between-session (session one to session eight)
changes for the relaxation groups. Ratio change scores were calculated
in the same manner as before. Both groups show significant drops in
initial and final EMG levels across sessions. The groups differed very
little with respect to within-group decreases in overall (beginning of
session one to end of session eight) EMG activity; B subjects dropped
53 percent while IC subjects dropped 59 percent. Retween-group differ-
ences were also small and not significant according to a two-tailed
independent group's t-test on overall percent change scores.

The relationship between overall (from the beginning of relaxation
session one to the end of session eight) changes in forehead EMG during
relaxation training and changes in self-report measures pre to post was
examined using correlations. Table 7 presents the correlation matrix on
ratio change data for B and IC groups combined., Both Pearson Product
Moment Correlations and Spearman's Rank Order Correlations are given
because of the small sample size and high variability of these data.

A1l correlations are small and not significant.
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While the subjective measures suggest that relaxation training was
effective in reducing test taking anxiety, there were no effects of
treatment on test performance or forehead muscle tension during testing.
Table 8 presents the results of 3x2x2 nested ANOVA for the number of
correct responses on the Progressive Matrices test, There were no signi-
ficant group differences in number correct and no change pre to post.
There was, however, a significant (F(1,72)=230.4, p £ .0001) difference
between the easy and hard versions of the test., There were more correct
answers on the easy tests than on the hard tests. This suggests that real
differences existed in terms of test difficulty. All interactions were
small and not significant.

A 3x2x%2 nested ANOVA also was used to analyze the time required to
complete test data, This is presented in Table 9. Once again, there
were no overall group differences, suggesting there was no effect of
treatment, A significant (F(1,72)=935.4, p< .0001) difference between
easy and hard versions of the test was found in the amount of time needed
to finish., The hard version of the test took longer to complete than the
easy version., A significant (F(1,72)=8.72, p< .01) decrease pre to post
in time needed to complete the tests was found also. However, since
there was no Group X Pre-Post interaction this effect is probably best
attributed to practice and familiarity with the task and not to treatment.
All other interactions were small and not significant as well.

The forehead EMG data recorded during testing were analyzed, once
again, with a 3x2x2 nested ANOVA, No significant differences were found
overall between groups and there was no change pre to post. In addition,

no differences were found between the easy and hard testing situations,
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TABLE 1

Summary and Change Statistics on Each Subjective Measure
for Biofeedback (B) Subjects (N=9)

STAT STAT
AAT (D) AAT (F)*  (State) (Trait) I-E

Pre~-Test

Mean (X) 35.78 19.22 62,88 4s 4y 9.66
(sD) (3.34) | (3.66) (9.37) (8.30) (5.98)
Median 34 19 62 43 11
Range 21 =141 15-25 45.76 35-63 2-17
Post-Test

Mean 28.11 21.67 50. 44 39.78 9.78
(SD) (6.99) | (3.46) (8.67) (8.30) (5.87)
Median 29 21 47 3 10
Range 17-27 18-27 37-58 31-53 2-15
re-Post Change

Mean 6.67 | -2.44 11.22 5.67 -.33
(sD) (7.73) | {1.70) (14.89) | (8.33) (4.93)
Median 5 -2 12 4 0
Type of Change

# Improved 7 8 7 7 K
% Improved 75% 89% 75% 78% 449
X Improvement 9.1 2.8 18.1 8.9 2.5
# Worsened 2 0 2 2 3
% Worsened 22% 0% 22% 22% 2%
X Decrement 2.0 - 7.5 5.5 2.3
# No Change 0 1 0 0 2
% No Change 0% 1% 0% 0% 22%

*Increases in facilitating test anxiety
are a sign of improvement.
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TABLE 2

Summary and Change Statistics on Each Subjective Measure

for Instruction-Control (IC) Subjects (N=9)

STAT STAT
AAT (D)  AAT (F)*  (State) (Trait) I-E

Pre-Test

Mean (X) 34,77 | 16.67 62.11 41,22 11.11
(sD) (3.11) | (3.57) (8.64) (2.28) (2.42)
Median 35 17 61 4z 5
Range 30-39 11-22 4874 38-44 6-14
Post-Test

Mean 31.44 19.11 45, 67 36.11 8.89
(SD) (6.23) | (4.37) (8.11) (5.68) (3.48)
Median %1 19 4 3l 10
Range 22-41 14-25 35-57 30-46 2-13
Pre-Post Change

Mean 3.33 -2.44 16.0 5.11 2.22
(D) (6.37) | (4.54) (10.55) (5.30) (3.33)
Median Y -2 17 9 -5
Type of Change

# Improved 5 5 9 7 6
% Improved 56% 56% 100% 78% 66%
X Improvement 8.0 6.0 16.0 6.6 3.7
# Worsened 2 Y 0 2 1

% Worsened 22% Yho 0% 22% 1%
X Decrement 5.0 2.0 - 3.5 2.0
# No Change 2 0 0 0 2
% No Change 22% 0% 0% 0% 22%

*Increases in facilitating test anxiety
are a sign of improvement,

19



TABIE 3

Summary and Change Statistics on Each Subjective Measure
for Control (C) Subjects (N=9)

20

STAT STAT
AAT (D) AAT (F)*  (State) (Trait) I-E

Pre-Test

Mean (X) 33,78 18.33 62.78 42,89 11.89
(SD) (1.9) (4.3) (7.0) (7.4) (3.5)
Median 3l 19 64 hy 12
Range 31-37 10-24 48-75 35-54 5-17
Post-Test

Mean 32,22 17.22 59.3%3% 4L 89 11.44
(sD) (6.1) (4.7) (11.8) (8.5) (5.3)
Median 31 16 62 4y 10
Range 25-40 15-25 37-70 31-57 7-18
Pre-Post Change

Mean 1.56 1.11 3.56 -2,00 0.44
(sD) (5.3) (3.5) (5.7) (4.0) (4.2)
Median 2 1 2 -1 1
Type of Change

# Improved 5 2 7 2 5
% Improved 56% 22% 78% 33% 56%
X Improvement 5.6 4.5 5.3 3.5 3.2
# Worsened 3 6 2 6 Y
% Worsened 33% 66% 22% 66% Yo
X Decrement .7 3,2 3,0 .2 3.8
# No Change 1 1 0 1 0
% No Change 11% 1% 0% 1% 0%

¥Increases in facilitating test anxiety
are a sign of improvement.
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TARLE 4

A Comparison of Treated (B and IC) Subjects to
Untreated (C) Subjects, Using Ratio Change Data

Treated (N=18) Untreated (N=9)

Subjective Mean Percent Mean FPercent Two-tailed
Measure Change (SD) Change (SD)  t-value
AAT (D) 13 (.21) 5 (.16) 1.11

AAT (F) 16 (.24 -5 (.18) 2.29%
STATI (State) 21 (.19) 6 (1.0) 2.20%
STAT (Trait) 12 (.15) -5 (.97) 2.90%x
I-E 5 (.32) 9 (.31)  -0.31

Critical t-values for independent t-tests (25 df):

¥ p <.,05 = 2,06

** p < ,01 = 2.79



Note:

TABLE 5

22

Pre- and Post-Test Statistics for Anxiety

Measures and Locus

of Control

(separately for the three groups)

- Pre _ Post Significance
Group X (sD) X (SD) t-score (2-tailed)
Achievement Anxiety Test - Debilitating
B 34,8  (3.3) 28,8 (7.0) 2.4k p < .05
Ic 34,8 (3.1) 31.4  (6.2) 1.48 NS
C 33,8  (1.9) 32.2 (6.1) 0.83 NS
Achievement Anxiety Test - PFacilitating
B 19.2  (3.7) 21.7 (3.5) -=4.,05 p < .01
1c 16.7  (3.6) 19.1  (4.4) 1,52 NS
C 18.3  (4.3) 17.2 (4.7) 0.89 NS
Anxiety Inventory - State
B 62.9 (9.4) s0.4 (8.7) 2.52 p < .05
Ic 62.1 (8.6) 45,7 (8.1) L4.s2 p < .01
C 62.8 (7.0) 59.3 (11.8) 1.76 NS
Anxiety Inventory - Trait
B 45,4 (8.3) 29.8 (8.3) 1.92 p ¢ .10
IC 41,2 (2.3) 36.1  (5.7) 2.72 p < .05
C bo.9 (7.4) 44,9 (8.5) -1.38 NS
Locus of Contrcl
B 9.7 (5.9) 9.8 (5.9) -0.13 NS
e 1.1 (2.4) 8.9 (3.5) 1.88 p < .10
C 1.9  (3.5) 11.4  (5.3) 0,30 NS

Because the AAT has fewer items than the STAI, it may be less

sensitive to changes,

For this reason, the change scores on

the D and F scales were combined and a one-way analysis of

variance was run,

Significant post-test differences among

groups were found (F(2,24)=3%26 p < .10). B and IC groups

differed significantly from controls but not from each other,
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TABLE 6
Summary and Change Statistics on Forehead EMG (,V rms)

for B and IC Subjects at the Begimning (Initial)
and End (Final) of Sessions One and Eight

Pirst Last Between Session Change
_.Se551on _.Se551on Mean Percent
X (sD) X (SD) Difference Change t-score

Biofeedback (B) Group

Tnitial 3.05 (1.70) 2.28 (0.85) 0.77 25% 2.29%
Final 1.9% (1.00) 1.4%4 (0.69) 0.49 25%  L4,o3%x
Within-Session
Change

Mean Difference 1.12 0.84

Percent Change 37% 37%

Instruction-Control (IC) Group

Initial 2.87 (1.30) 1.96 (0.23) 0.91 32% 2.,00%
Final 1.62 (0.58) 1.17 (0.30) 0.45 27% 2.28%
Within-Session
Change

Mean Difference 1.25 0.79

Percent Change 43% 4o%

Two-tailed table value with 8
* p< 10 =1,86



TABLE 7

Correlation Matrix of Changes in Muscle

Tension and Subjective Measures

for B and IC Groups Combined (N=18)
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STAT STAT

EMG  ATT (D) ATT (F) (State)  (Trait) I-E
EMG 1.0 .27/.34% | -.09/-.15 | .11/.12| -.02/.07 |-.35/-.39
AAT (D) 1.0 -.21/-.15 | .36/.35 .12/.05 |-.58/-.48
AAT (F) 1.0 Jd/.03] -.2b4/-.23] .09/.04
STAT (State) 1.0 Ob/-.08f-.17/-.14
STAT (Trait) 1.0 RIS
I-E 1.0
Note:

Pearson's Product Moment Correlations are listed first, then

Spearman's Rank Order Correlations. Both are given because of

the small sample size and high variability of these data.
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TABLE 8
Number of Correct Responses (15 possible) for Each Group

and Results of 3x2x2 Nested Analysis of Variance
(N=9 for each group)

Pre Post
X (sD) X (sD)
B Subjects
Easy Test 14,7 (0.71) 14,7 (0.50)
Hard Test 10.0 (3.13) 9.6 (2.36)
IC Subjects
Easy Test 13,8 (0.84) 13,7 (1.74)
Hard Test 8.1 (3.19) 7.9 (3.49)
C Subjects
Easy Test 14,5 (0.73) 14,0 (1.66)
Hard Test 9.0 (1.33) 10,2 (2.28)

Group Differences: F(2,24)=2.20, NS
Task Difficulty: F(1,72)=230.36, p < .0001
Pre-to-Post Change: TF(1,72)=0.27, NS

All interactions were small and not significant.



TABLE 9

Time Taken to Complete Test (7 minutes maximum)
and Results of 3x2x2 Nested Analysis of Variance
(N=9 for each group)

Pre Post

X (sD) X (sD)

B Subjects
Easy Test 3.1 (1.53) 2.2 (0.07)
Hard Test 6.9 (0.11) 6.8 (0.26)

1C Subjects
Easy Test 2.8  (0.61) 2.5 (0.66)
Hard Test 6.6 (0.81) 6.4  (0.87)

C Subjects
Easy Test 2.8  (0.46) 2.2 (0.49)
Hard Test 6.6 (0.80) 6.5 (0.,80)

Group Differences: F(2,24)=0.855, NS
Task Difficulty: F(1,72)=935.38, p £ ,0001
Pre-to-Post Change: F(1,72)=8.72, p < .01

All interactions were small and not significant.
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TABLE 10
Forehead EMG (microvolts, rms) During the Pre- and Post-Test

and Results of 3x2x2 Nested Analysis of Variance
(N=9 for each group)

Pre Post

X (SD) X (SD)

B Subjects
Easy Test 2.9 (1.28) 2.6 (2.13)
Hard Test 3.0  (1.43) 2.8 (2.06)

IC Subjects
Basy Test 3.3 (0.80) 2.8  (0.96)
Hard Test 3.4 (1.22) 3.2 (1.40)

C Subjects
Easy Test 3,0 (0.74) 2.8 (0.69)
Hard Test 3,0 (0.43) 3.1 (1.78)

Group Differences: F(2,24)=0.24, NS
Task Difficulty: F(1,72)=2.48, NS
Pre-to-Post Change: F(1,72)=1.80, NS

A1l interactions were small and not significant.
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IV, DISCUSSICN

Based on the screening for the present study, test-taking anxiety
appears to be a common experience among freshman_college students.
Thirty-two percent of the students sampled (n=271) were experiencing
or had experienced debilitating test anxiety at a level where treatment
of some kind might be beneficial. Snyder (1976), using the same AAT
and the same cutoff, reported only 14 percent of his sample (n=350),
from all class levels, as high test anxious. The higher percentage
of test-anxious students found in the present study may be the result
of testing only freshmen., The proportion of high test-anxious students
may decrease with more experiences in college or high test-anxious
students may simply leave school, Additional research is needed to
find out if and how test-anxious students leaxrm to cope.

If there had been only one self-report dependent measure of
anxiety in the present study, the interpretation of results would
be much simplier, However, two scales were ﬁsed, the AAT and the
STAI (each with two subscales), with not entirely consistent results.
On the AAT only, B subjects showed a significant decrease in debili=~
tating test anxiety from pre to post. The changes for IC and C groups
were not significant, but the mean changes for IC subjects were in the
desired direction. When an analysis of wvariance was run for the com-
bined changes on the D and F scales, both groups differed significantly
from controls but not from each other., When analyzed this way, the AAT
data indicate that IC as well as B subjects experienced an improvement

in their feeling about test taking. However, when treated (B and IC)
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subjects were compared with untreated (C) subjects, differences were
found on the F scale (facilitating test anxiety) of the AAT only.

An analysis of the pre-to-post test data from the STAI indicated
that both relaxation groups felt significantly less anxious following
treatment. For test-taking situations (state anxiety), both B and IC
subjects reported significant decreases, The same was true for B and IC
subjects with respect to general, or trait, feelings of anxiety. The
results of t-tests comparing treated subjects with untreated subjects
are consistent with this finding,

While the t-tests of pre-to-post change and treated versus untreated
subjects were consistently significant on the STAI for both B and IC
subjects, t-tests on the AAT were not. This is confusing because the
D scale (debilitating test anxiety) of the AAT and the State scale of
the STAT are supposed to be measures of the same thing: how anxious the
subject feels during a test. This inconsistency could be a reflection
of poor scale reliability or that the AAT is less sensitive to change
than the STAT, possibly because it has fewer items. (The AAT has 19
items while the STAI has a total of 40.) The significant result of
the analysis of variance for combined D and F scales would support
this idea. The means for both groups on the AAT show definite changes
toward improvement not characteristic of the controls., But, the rela-
tively small sample size and variability in scores may have obscured
changes., The two-fold increase in variability seen in all groups on
the AAT-D at post-test could reflect differences in subject!s feelings

about the efficacy of the relaxation program. It also may be a reflection
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of poor test-retest reliability. The lack of similar change in the other
subjective measures supports the latter suggestion.

The larger number of items on the STAT appear to make it a more
reliable measure of anxiety than the AAT, especially with small, highly
variable samples. Based on this scale, both conditions--brief relaxa-
tion instruction alone and instructions plus EMG feedback--appear to
produce significant decreases in subjectively reported levels of general
and test-specific anxiety. Studies by Coursey (1975), Alexander (1975),
and Reinking and Kohl (1975) using samples not selected for high anxiety
also report EM:z feedback and relaxation instructions to be similar in
their effects on subjective levels of anxiety.

On the I-E scale, IC subjects were the only ones who changed
significantly from pre to post., This increase in the attribution of
the outcome of reinforcing events to one's own effort rather than luck
or chance was not seen in B or C subjects. Additional research will
be needed to replicate this finding.5

The lack of change of B subjects on the I-E scale is inconsistent
with the findings of Stern and Berrenberg (1977). Their study com~
pared the effects of EMG feedback training with false-feedback and
no-feedback controls., Following three training sessions, only experi-
mental subjects shifted significantly in the direction of more internal
locus of control., Perhaps it is necessary to administer more than thres

training sessions before meaningful comparisons can be made between

groups,

5A later study by Saslow and Reed (1979b) failed to replicate this finding.
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The analysis of data collected during relaxation training indicated
both B and IC subjects showed decreases in forehead EMG of about the same
magnitude, This was true both within and across training sessions. A
t-test on overall changes in average forehead EMG indicated there were
no differences between groups, despite the very brief instructions given
to IC subjects. These results are consistent with those of Cox et al
(1975) and Haynes et al (1975), using subjects suffering from muscle
tension headaches, and Alexander (1975), using normal subjects. Reinking
and Kohl (1975) found EMG feedback added little to the effectiveness of
relaxation training using systematic desensitization procedures., In
studies reporting the superiority of EMG feedback to other methods of
reducing muscle tension, the control of subject expectations and experi-
mental bias may be neglected. In the Kappes and Michaud (1978) study,
for example, subjects knew about the other experimental condition. In
the study by Coursey (1975), subjects received different instructions.

Forehead muscle tension is assumed by many clinicians and re-
searchers to be a valid measure of anxiety. If this assumption is
correct, then changes in self-report anxiety following treatment should
correlate strongly with changes in forehead EMz, No such correlations
were found in the present study. In addition, the intercorrelations
among anxiety scales were small and not significant., This lack of cor-
relation may account for the discrepancy in results between the AAT and
the STAT,

Analysis of the testing data indicated there were no effects of
relaxation training on performance, On the Progressive Matrices test,

subjects in all groups answered significantly more of the easy problems
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correctly than hard ones, but no group or pre-post differences were found.
This is consistent with research by Romano and Cabianca (1978) using a
similar research design. Allen (1971, 1973) reports a significant
increase in test performance following treatment involving study skills
training in addition to relaxation training., It appears that relaxa-
Tion skills alone are not sufficient for improving test performance.
However, it is difficult to interpret both no change in performance and
performance improvement. No change could be attributed to failure of
the treatment to generalize to a testing situation and/or failure of
the laboratory testing situation and instructions to be motivating enough.
If test performance deoces improve, it could be due to factors not related
to treatment. For example, at post-test subjects may feel more familiar
with the lab setting and lab personnel, more comfortable with the test
itself, and/or less threatened by the test instructions.

The analysis of time required to complete the tests indicated that
the hard test required significantly more time to complete than the easy
test., In addition, a significant decrease in test time was found pre to
post. However, the absence of a Group X Pre-Post interaction suggests
that this is due to practice and familiarity with the test rather than
relaxation training.,

Based on the above results, there appear to be real differences
between easy and hard versions of the test. Assuming that a more dif-
ficult test will increase anxiety in test-anxious students and that
forehead muscle tension is a good measure of anxiety, forehead EMG
should be sensitive to differences in test difficulty. However, the

analysis of forehead EMG data recorded during testing revealed no
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differences in muscle tension between easy and hard tests., In addition,
there were no overall differences between groups and no change in EMG
pre to post. This suggests the effects of relaxation training on muscle
tension did not generalize to test taking.

An alternative explanation of these findings may be that fore-
head EMG is not a valid measure of anxiety. The small correlations
found between the pre-to-post changes in anxiety and overall change in
miscle tension following training support his, Given the extensive
validity and reliability data on the AAT and the STAT, it's possible
but less likely that these measures are unreliable, As stated before,
the correlations between the anxiety measures are also very small,

While these results are consistent with those of Alexander (1975),
they are contrary to earlier research., The significant relationship
between changes in muscle tension and self-report anxiety reported by
Malmo and Smith (1955) and Wolff (1948) may have been due to charac-
teristics of the population sampled. Earlier researchers worked
primarily with subjects experiencing tension headaches or excessive
anxiety, It seems possible that individuals experiencing these types
of problems may be disposed to respond to stress with muscular tension.
These same individuals may manifest generalization effects and report
feeling of anxiety not characteristic of normal subjects., This suggests
that clinicians who continue to rely solely on forehead EMG as a measure
of anxiety should keep in mind that the value and accuracy of this
measure may differ among individuals,

A methodological limitation, which also may help to explain these

results, is the use of a laboratory environment for performance testing.
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In spite of the ego-involving instructions that were used for testing,
a subjectl!s level of anxiety and degree of motivation may have been
considerably less than what would occur in a "real life" test., To
determine the extent of this problem, in further research, a simple
questionnaire regarding feelings of anxiety experienced during testing
might be used., This could be administered before or immediately
following testing. Additional measures of arousal such as heart rate,
blood pressure, respiration rate, and skin temperature also might be
recorded during testing. If forehead muscle tension is found to cor-
relate with these other measures, then its value as a measure of anxiety
would be substantiated. If no correlations, or correlations with only
some of these measures, were found, then the limitations of forehead
EMG would be further realized.

In the present study, great care was taken to ensure that sub-
jects in both experimental groups were treated the same and had the same
expectations for improvement. The groups differed only in that B sub-
jects received feedback on the activity in their forehead muscles while
the IC subjects did not. The results indicated that, when proper
controls were used, EMG feedback added little to the effectiveness of
relaxation instructions and practice in decreasing subjective feelings
of anxiety, improving test performance, or lowering forehead muscle
tension. Relaxation instruction without EMG biofeedback had the de-
sirable side effect of shifting subjects towards a more internal locus
of control. While the self-report data indicates that treatment was

successful in reducing test anxiety, forehead muscle tension recorded
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during testing suggests that the effects of relaxation training did not

generalize to test taking.
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APPENDIX A

Literature Review

Test Anxiety and Treatment Strategies:
With Special Emphasis on Electromyographic Biofeedback

There is a large body of research dealing with the relationship
between anxiety and learning in educational settings. It suggests, in
general, that high levels of anxiety are associated with decreases in
academic performance. This paper will review the research literature
in this area, placing special emphasis on the numercus methods of
reducing test taking anxiety. One method in particular, electromyo-
graphic (EMG) biofeedback, will be covered in detail.

This paper begins with a brief review c¢f the theory of test anxiety.
This is followed by a discussion of the effects of test anxiety on
academic performance. The reader will note that the direction <f the
relationship between anxiety and performance is not always consistent.
The third section reviews the numerous methods of reducing test anxiety
and the ways in which treatment effectiveness is assessed. The fourth
section defines the area of biofeedback and reviews its many applications.
Special emphasis is placed on muscle tension, EMG biofeedback, and the
relationship between muscle tension and anxiety., Section four and five
are related since section five concerns the application of EMG biofeedback

to the problems of test anxiety.

Test Anxiety Theory

Mandler and Sarason (1952) were the originators of test anxiety

theory. They made several assumptions about the relationship between
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anxiety and test taking situations. The first of these is that test
anxiety is a learned drive that is expressed by a series of task-relevant
and/or task-irrelevant behavior. Task-relevant behaviors include atten-
tion to the task and recall of the material., Task-irrelevant behaviors
include such things as nail biting, daydreaming, pencil tapping, hand
rubbing, or any behavior that is incompatible with task-relevant behaviors.
Their second assumption was that test taking situations are threatening
for many students because evaluation is often associated (or "paired")
with negative outcomes. Being faced with negative outcomes may elicit
fear, conditioned avoidance, and/or anxiety responses. In accordance
with the above assumptions, Mandler and Sarason predicted that high and
low test anxious students (at any intellectual level) would differ in
their responses to the stress or threat of an examination situation.

Mandler and Sarason went on to find that high and low test anxious
students do indeed respond differently during a test. High and low
anxious students were divided intc two groups based on their responses
to a questionnaire concerning anxiety during test taking. Then, while
the students completed a standardized intelligence test, raters evaluated
the task-relevant and task-irrelevant behaviors of each subject. Low
anxious subjects tended to react to the testing situation with increased
attention and few task-irrelevant behaviors, And, as predicted, high
test anxious subjects exhibited a significantly higher number of
task-irrelevant, interfering responses, which the experimenters attri-
buted to expectations of the inability to cope, or fear of failure.

Sarason (1959) suggested two broad categories of responses that

interfere with test taking. The first of these, self-rumination or
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thoughts of failure (i.e., "I know I am going to fail."), may interfere
with the orderly recall of test material. Small amounts of anxiety are
held to improve performance by increasing motivation and increasing
task-relevant responses, Larger amounts of anxiety are said to increase
thoughts of failure and strengthen ego-defensive responses, responses
characteristic of the self rather than the task at hand. Since
ego-defensive responses are self-centered rather than task relevant,
they interfere with performance,

The second response category suggested by Sarason was that of ac-
celerated autonomic functioning, For example, increases in heart rate,
blood pressure, and muscle tension may be associated with anxiety and
may interfere with or improve performance. He went on to find (Sarason
and Palola, 1960) along with other researchers (Malmo, 1957) that the
relationship between anxiety and performance among test anxious subjects
follows an inverted U function. This suggests that physiological over-
activity as well as underactivity is associated with decreases in
performance,

A review of the literature by Wine (1971) of studies where the
instructicnal conditions presented to subjects were manipulated indicates
an interaction between level of test anxiety reported by subjects and
the emphasis of the instructions they received prior to a test, High
test anxious subjects were found, in general, to do worse following
"ego-involving," evaluative, or threat instructions; the reverse was
true for low anxious subjects. Following "anonymous" or non-evaluative
instructions, high test anxious subjects generally performed better than

those reporting low levels of test anxiety. When few or no instructions
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or neutral instructions were given, high and low test anxious subjects
performed about the same,

Easterbrook (1959) suggests that the effects of anxiety on per-
formance may be due to differences in the attentional focus and cue
utilization of high and low test anxious individuals. Highly anxious
subjects are said to respond to evaluative test situations with self-
evaluation, thoughts and expectations of failure, and worry (Morris and
Liebert, 1970) 3 thus, they are less likely and possibly even unable to
direct their attention to cues relevant to the task of test taking.
Studies by West et al (1969) and Wachtel (1968), which examined the
nature of the relationship between self-reported anxiety and the extent
of cue utilization during an exam, support this notion. Wachtel suggests
the attention of an anxious person is directed inward toward his anxiety,
leaving less attention available for task-relevant cues.

To summarize, there appears to be two primary elements important
for an understanding of anxiety associated test taking situations: The
first, physiological arousal or activity, which appears in the form of
increased autonomic functioning and task-irrelevant behaviors. The
second, attentional distractions and self-verbalizations as expressed
in the form of negative thoughts, fear, worry, and expectations of
failure. In addition, the relationship between anxiety and performance

appears to follow an inverted U function.

Test Anxiety and Performance

Many studies indicate that high levels of test specific anxiety
are associated with decreased academic performance. This research is

typically correlational in nature and/or relies on self-report measures
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of anxiety. When considered together, these studies are quite sugges-
tive. However, reducing test anxiety does not, in every case, guarantee
an improvement in test performance.

Alpert and Haber (1960), working primarily with college students,
report a negative correlation between performance on standardized
achievement and aptitude test (i.e., Scholastic Aptitude Test, American
College Test) and high levels of test anxiety. This finding was repli-
cated by Dember et al (1962). In comparison to low test anxious students,
high test anxious students perform poorly in classroom testing situations
(Walsh et al, 1968) and have lower grade point averages (Desiderato and
Koskinen, 1969). Another study (Speilberger, 1962) reports a signifi-
cantly higher dropout rate due to academic failure among high test
anxious students compared to their low test anxious peers. Given that
most of these studies are correlational in nature, it is not safe to
attribute poor test performance solely to test anxiety. There is,
however, research indicating that performance of high test anxious stu-
dents improves under low stress or non-evaluative conditions, This was
found by Russel and Sarason (1965) for college students in a laboratory
test taking situation that involved solving several anagrams.,

Unfortunately, the nature of the relationship between anxiety level
and performance is obscured when a study by Sperber (1961) is considered.
Sperber divided a large sample of Air Force recruits into high and low
test anxious groups according to their scores on a subjective anxiety
scale. They also were matched for intelligence. Half the recruits in
each group then were given a standardized intelligence test under either

high or low stress conditions. Results indicated that high test anxious
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recruits performed significantly better under high stress conditions
than did their low anxious matches., Low test anxious students were
found to consistently perform better under low stress conditions.

The effects of anxiety on performance in Sperber's study are
opposite to the results described above for Russel and Sarason (1965).
These differences might be attributable to the fact that laboratory and
"real life" testing situations are not equivalent., The recruits in the
high stress condition believed the tests were part of the military
assessment program and the results would be used to determine future
training opportunities., The low stress condition was presented as
"experimental" and not part of the regular assessment program. It is
also probable that there were motivational differences between recruits
and the college students in other studies who knew they were partici-
pating in an experiment.

Educational level, intelligence, and social status also might
account for the differences between military recruits and college
students (especially in 1961 when this study was conducted). College
students are characteristically middle-class where there are strong
pressures for achievement, academic or ctherwise, The military recruits
in Sperber's study were typically from working-class families, which,
according to Douran (1956), tend to place little emphasis on formal
education and are generally skeptical about academic achievement, Dif-
ferences in the pattern of performance between the two groups could be
due to the importance and relative value placed on the testing situation

by the recruits and the students.
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These studies suggest a complex interaction of anxiety-related,
motivational, and task-specific variables. When all these variables
are taken into account, predicting whether anxiety will help or hinder
test performance becomes gquite complex.

In addition to anxiety, another variable related to test performance
is subject expectations. Koenig (1973) evaluated the effects on per-
formance of false wverbal infoxrmation about galvanic skin response (GSR),
which students in the study believed to be a measure of emotional
arousal, Subjects were led to believe that they were experiencing high,
medium, or low levels of emotional arousal during a math test. Those
who thought they were highly aroused showed a decrement in performance
and an increase in self-reported anxiety. Subjects told that their
GSR was low showed improved performance and reduced anxiety. GSR infor-
mation reporting medium arousal led to performance and anxiety levels
intermediate between the high and low arousal subjects.

Harleston (1962) found similar effects on performance by giving
subjects success or failure information about an initial test, prior
to completing a second. Performance on the second test was reduced by
a report of failure on the first test and increased by a report of
success.,

These two studies suggest the importance of controlling subject
expectations in evaluating performance or the effects of any therapeutic
or treatment program. In the next section, the methods of treating test
anxiety will be reviewed. If subject expectations are left uncontrolled,
then comparative studies are not very meaningful. A person experiencing

test anxiety quite naturally will expect to feel less anxious after
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participating in a treatment program or meeting with a therapist with
the intention of reducing anxiety, especially when compared to untreated
control subjects. It seems possible--given the number and variety of
techniques reported effective in reducing test anxiety--that changes in
self-report, subjective, anxiety measures usually attributed to treatment
effectiveness may be simply the result of the subjects! expectations

for improvement and being "treated" or attended to.

Methods for Reducing Test Anxiety

In this section, the methods used by therapists and researchers for
reducing test anxiety will be reviewed. These techniques are quite
numerous and may differ considerably in procedure., Methods for assessing
treatment effectiveness will be covered as well. They fall into three
main categories: self-report questionnaires or scales, performance
measures, and physiological changes.

Assessing the effects of treatment. Self-report measures of anxiety

are used most often. Several scales have been developed specifically for
measuring test related anxiety. For example, Alpert and Haber (1960)
developed a scale called the Achievement Anxiety Test (#AT). It has two
subscales., One measures debilitating anxiety or how much anxiety inter-
feres with test taking; the other measures facilitating anxiety or how
much anxiety helps with test taking. Other scales include the Suimn
Test Anxiety Behavior Scales (STABS) developed by Suinn (1969) and the
Test Anxiety Scale (TAS) developed by Sarason (1958). General measures
of anxiety also might be used. The State-Trait Anxiety Inventory (STAI)

developed by Spielberger (1970) is a commonly used and cited secale.
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Changes in various performance measures also might be assessed
following treatment for test anxiety. For example, the grade point
averages or final exam scores of treated subjects might be compared
to those of untreated controls matched for anxiety level. Laboratory
testing situations may involve the use of ego-involving or threat
instructions to simmlate an actual test. Under these conditions, a
subject might be given any combination of math problems, anagrams,
analogies, or all or part of a standardized intelligence test.

A third, less frequently used method for evaluating treatment
efficacy involves monitoring physiological changes in the subject.
Recent technological advances make it possible to economically monitor
numerous indices of bodily relaxation and arousal. Early studies had
to rely primarily on anxiety and performance measures. Present day
researchers can have relatively easy access to information about a
subject's level of muscle tension, heart rate, blood pressure,
respiration rate, skin temperature, skin resistance, and, even, hormone
levels in his blood, These measures may be taken before and after
treatment, during treatment, before a test or other performance situa-
tion, or during a performance situation.

Treating test anxiety. The remainder of this section reviews the

various methods used for reducing test anxiety. All of the studies
cited report, at the very minimum, significant improvement in subjective
anxiety. Since performance measures are recorded less often, they are
reported less often as well. Systematic desensitization will be dis-
cussed first because it is well researched and frequently used by

therapists.
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Systematic desensitization was developed by Wolpe (1958) and
is one of the most widely used treatment techniques for phobic and
anxiety related problems., Systematic desensitization begins with
instructions and practice in deep muscle relaxation using a procedure
called Progressive Relaxation developed by Jacobson (1938). Progressive
Relaxation involves actively tensing and relaxing different muscle groups,
one area at a time, to increase the client's awareness of what relaxed
miscles feel like,

When muscle relaxation is achieved and can be maintained, the
client is instructed to visualize the thing(s) or situation that creates
anxiety. This is done in graduated steps following a hierarchy of
events developed by the client and therapist. The client begins with
aspects of the situation that evoke only small amounts of anxiety and
works up to more anxiety provoking situations. For example, the first
step in the hierarchy for test anxiety might be visualizing the course
instructor announcing a future examination. The last phases, of a
sometimes lengthy hierarchy, might involve visualizing approaching
the exam room, having the exam passed out, and finally taking the exam.
The client progresses gradually through all the steps in the hierarchy
while similtaneously experiencing relaxation. The effectiveness of
gystematic desensitization is grounded in the belief that mascle tension
and anxiety are incompatible. Research by Smith (1973) supports this
belief.

Systematic desensitization has been used extensively in the tradi-
tional one-~to-one, client-therapist, situation (Garlington and Cotler,

1968; Johnson and Sechrest, 1966); in groups where several people are
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treated simultaneously (Katahan et al, 1966; Quinn, 1968); in combination
with group counseling (Mitchell and Ng, 1972); and in "automated" form
(Donner and Guerney, 1969) where instructions are tape recorded and
contact with a therapist is minimal., Improvement in performance
measures are found in some of the studies cited above but not found in
others. According to Bandura (1969) and Paul (1969), either alone or in
combination with other forms of treatment, systematic desensitization
is the most effective and empirically grounded treatment for test anxiety
available., However, since these studies and the literature reviewed by
Bandura and Paul were published, a number of other ways of reducing test
anxiety have been tried.

A study by Allen (1971) suggests that reduction in test anxiety
does not guarantee improvement in performance for college students with
inadequate study skills. When systematic desensitization combined with
study skills training was compared to systematic desensitization alone,
both groups showed reductions in anxiety but only the study skills group
showed improved course averages.

In addition to systematic desensitization, a wide variety of other
forms of treatment have been successfully used to reduce test anxiety.
Several studies have evaluated the contribution of relaxation (without
visualization of anxiety provoking images) to the effectiveness of
systematic desensitization (Goldfried and Trier, 1974; Suinn and
Richardson, 1971; Garlington and Cotler, 1968). These studies have
demonstrated, using Progressive Relaxation or similar verbal instructions,

that relaxation training alone is also effective in reducing test anxiety.
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Horne and Matson (1977) used a rather unique procedure termed
"modeling" to reduce test anxiety. Subjects in this study heard tapes
of students role playing a treatment group for reducing test anxiety.
Subjects on the recordings expressed a great deal of anxiety in session
one and progressively less and less anxiety during the rest of the ten
sessions. After the tapes, the counselor selectively reinforced all
nonanxious statements and mamnerisms. Modeling was found effective in
reducing pulse rates taken prior to an exam and improving test scores.

Study counseling alone and in combination with general relaxation
was used by Allen (1973). Study counseling subjects were instructed to
monitor their study behavior, given ways to improve study efficiency
and several specific techniques to help when studying for an examination.
Both techniques were significantly more effective than no treatment in
reducing self-report anxiety and improving grades.

Meichenbaum (1972) developed and evaluated a procedure called
"cognitive modification." Cognitive modification combines insight-
oriented therapy (designed to make test anxious persons aware of their
anxiety engendering thoughts) with a modified desensitization procedure
involving: 1) coping imagery on dealing with anxiety and 2) self-
instructional training to attend to the task and not ruminate about
oneself, This was found equally effective as systematic desensitization
alone and significantly better than control procedures in reducing sub-
jective anxiety and improving performance in an analogue test situation.

In a study by Driscoll (1976), a rather unusual approach to reducing
test anxiety was employed. Physical exertion (in the form of running in

place)‘was used to reduce muscle tension and anxiety. Subjects also were
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asked to imagine themselves in a situation where they commonly enjoyed
themselves and felt relaxed, secure, and confident. The presence versus
absence of physical exertion was crossed with the presence versus absence
of positive images and compared to systematic desensitization and a
no-treatment control group. Physical exertion and positive images
together were found most effective in reducing self-report test anxiety
and improving grade point averages.

Relaxation as self-control is a general relaxation technique
developed by Deffenbacher which also has been used to reduce test anxiety.
Deffenbacher and Snyder (1976) found that, compared to untreated controls,
subjects using these procedures significantly reduced subjective anxiety.
Performance measures are not reported.

Russell et g;_(1975) used a procedure similar to relaxation as
self-control called Cue-Controlled Relaxation. In this technique,
subjects are first trained in progressive muscle relaxation. The
relaxed state is then paired with a self-produced cue., For example,
the word "calm" or "relax" miéht be used., Cue-controlled relaxation was
found better than no treatment and similar to systematic desensitization
in reducing self-report anxiety. However, no differences in grade point
aversges were found between treated and control groups.

Time and space do not allow a complete review of the literature
nor is such review really necessary here. A number of other techniques
are found to effectively reduce test anxiety. Briefly, these include
such things as flooding (Graff et al, 1973), metronome-conditioned
hypnotic-relaxation (Delprato and Dekraker, 1976), implosive therapy

(Dowley, 1973), insight therapy (Lemont and Sherman, 1971), and autogenic
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training (Snider and Oetting, 1966). Various forms of biofeedback, a
topic to be discussed more completely in a later section, also have been
used to reduce test anxiety. Hardt and Kamiya (1978) found reductions
of subjective anxiety in high anxious subjects following training and
practice with electroencephalographic (EEG) alpha feedback. Similar
results are reported by Reed and Saslow (1979a) using electromyographic
(EMG) feedback, and by Saslow and Reed (1979b) using temperature feedback.

There appears to be almost as many ways of treating test anxiety as
there are therapeutic philosophies. The above studies provide consistent
evidence for the efficacy of a wide variety of treatment techniques in
terms of self-report measures of anxiety. In general, it appears that
mzltimodel forms of treatment, especially those including study counsel-
ing and test taking strategies, are most effective in reducing anxiety
and improving performance., At the very least, if a high anxious student
could learn to perform at the same level with less anxiety, there would
be a gain for the student and treatment could be considered successful.

Methodological problems with performance measures. Performance

measures such as course grades and in vivo exam scores are often used
to evaluate the effects of a given treatment., Overall, the evidence
that test performance improves following treatment is inconsistent but
positively weighted. However, it is difficult to separate the actual
effects of subject expectations resulting from being treated., The impor-
tance of subject expectations on performance has been demonstrated by
Koenig (1973) and Harleston (1962).

The use of laboratory testing situations insures a constant and

controlled environment for assessing performance, but the "real life"
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anxiety and motivational components may be lacking. A number of studies
have evaluated verbal performance (usually via standardized intelligence
tests or parts of them) before and after relaxation training or other
forms of treatment. Ego-involving or threat instructions are usually
given to create feelings of anxiety and increase motivation. An example
from Snyder (1974) follows:

This is a very sensitive test of general intelligence

and ability to think in abstract terms. From your per-

formance on this test, we will obtain an IQ score

measuring your level of general intellectual ability.

You should work as fast as you can.... (p. 83)
It is difficult to interpret both no change in performance and perform-
ance improvement. No change could be attributed to failure of the
treatment to generalize to a testing situation and/or failure of the
laboratory testing situation and instructions to be motivating enough.
On the other hand, if performance improves, it may be due to factors
not related to treatment. Threat instructions given in in an unfamiliar
lab setting with an unfamiliar experimenter while the subject is per-
forming an unfamiliar task may cause anxiety for the subject the first
time (pre-test) but be less threatening when repeated (post-test).
Changes seen in performance may result simply from the subject feeling
more comfortable with the testing environment and less threatened by the
instructions. This effect may be compounded by the experimenter (wedded
to his particular treatment for test anxiety) who expects better per-
formance at post-test and conveys this expectation (perhaps unconseiously)

to the subject.

Advantages of physiological measures. Given the shortcomings of

self-report and performance measures in evaluating the effectiveness of
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treatment, another method may be to approach the problem from the level
of the physiology. Physiological measures such as heart rate, blood
pressure, muscle tensioﬁ, skin resistance, and skin temperature can be
used as indicators of anxiety and arousal. Reductions in these following
treatment may support the efficacy of a particular anxiety reducing
technique. Unfortunately, few studies measure physiological variables.
And even fewer have measured them during a testing situation.

A study by Horme and Matson (1977) recorded heart rate prior to
an actual classroom examination, before and after ten one-hour counseling
sessions, Subjects were given systematic desensitization, flooding,
counseling, study skills, or no treatment. Modeling and systematic
desensitization were found most effective in reducing anxiety and pulse
rate. Modeling, systematic desensitization, and study skills were most
effective in improving performance.

In another study, Bronzaft and Stuart (1971) measured galvanic
skin resistance (GSR) during an actual course examination and while
subjects responded to a neutral questionnaire. The examination was
found more emotion arousing (created higher mean GSRs) than the neutral
questionnaire. In addition, GSR reactivity was significantly correlated
(r = +.46) with a self-report anxiety scale. No performance data are
reported.

Reed and Saslow (1979b) measured forehead muscle tension (EMG) during
a laboratory testing situation. Forehead EMG is assumed by many re-
searchers and clinicians to be a viable measure of tension and anxiety.
High test anxious subjects were given eight half-hour sessions of

relaxation instructions (abbreviated progressive relaxation), relaxation
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instructions plus EMG biofeedback, or no-treatment. They report no
effect of relaxation training on forehead muscle tension recorded
during testing. In addition, no-treatment effects were reported for
performance measures. There is still some question, however, whether
forehead EMi is a reliable measure of general relaxation. The litera-
ture in this area will be covered in some detail in a following section.

It appears that physiological indicators of arousal may provide
a useful measure of treatment efficacy, especially when used in combi-
nation with self-report anxiety scales and performance measures., More
comparative studies are needed in this area, using the above cited and
other physiological indices., The recent interest in biofeedback proce-
dures and their application to a variety of clinical problems has
increased the availability of gadgetry necessary to monitor physiological
processes. Future researchers should take advantage of this and include

physiological variables in their studies.

An Overview of Biofeedback

The application of EM3Z biofeedback and relaxation training to the
specific problems of test anxiety will be discussed in the next section.
First, it is important to define and discuss biofeedback in general terms
and review some of the early research in this area. There are rmumerous
recent applications of (or attempts at applying) biofeedback principles
and technology. The results of some investigators are quite positive
or, at least, promising. Others may be weak or inconclusive.

To do justice to the research in each clinical area and type of
biofeedback would require literature reviews dealing specifically with

each one separately. One area, the use of EMi biofeedback in relaxation



66
training, will be covered in detail. This research is important
because of the supposed relationship between muscle tension and anxiety
and because EMG biofeedback recently has been applied to the problem of
reducing test anxiety.

Farly research in biofeedback. Behavior therapists Rimm and

Masters (1979) define biofeedback as follows:

Biofeedback is the name given to a wide variety of

procedures wherein some aspect of an individual's

physioclogical functioning is systematically monitored

and fed back to that individual, typically in the

form of an auditory or visual signal. The individual's

task then is to modify that signal in order to change

that physiological function or process in some way.

(pp. M48-449)
Biofeedback came into widespread use in the late 1960's., Its credi-
bility and acceptance by clinicians stems from two separate lines of
research, The first, studies showing that a number of presumably
involunatry responses could be brought under operant control. For
example, galvanic skin response (Kimmel, 1967); and in rats, heart
rate, blood pressure, and vasoconstriction in the ear (Miller and
DiCara, 1967). A later study (Miller and Dworkin, 1974), however,
failed to replicate the initial findings in support of visceral
learning. The second area, electroencephalographic (EEG) studies,
dealt with learming to control brain wave activity. For example,
research by Kamiya (1968) and Nowliss and Kamiya (1970) indicated
that alpha brain wave activity (associated with "relaxed wakefulness")
could be brought under voluntary control in humans. Later researchers
failed to replicate these findings as well (Paskewitz and Ormne, 1973;
Walsh, 1974) and began to question the clinical value of alpha training

(Plotkin, 1976).
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Despite the failure to replicate some of the initial studies in
biofeedback, the earlier findings were exciting and suggestive;
suggestive enough that researchers and clinicians began exploring the
numerous possibilities for applying biofeedback principles and tech-
nology. The intention here is not to review in detail the wvarious
applications of biofeedback methodology but simply to point out that
there are many.1 The reader may wish to consult Blanchard and Young
(1974) or Hume (1976, 1977) for a more complete review.

Forehead EMG as a measure of anxiety. The first question to be

addressed is whether forehead EMG is a valid measure of generalized
relaxation and arousal or anxiety. In other words, are increases and
decreases in forehead muscle tension associated with increases and de-
creases in other indices of arousal? (For example, heart rate, blood
pressure, respiration rate, muscle tension in muscles besides the
forehead, and self-report measures of anxiety.)

Read and Saslow (1976b) were referred to earlier for a study in
which forehead EMG was recorded during a laboratory testing situation.
Twenty-seven test anxious college students participated in a program
to reduce test anxiety. They were randomly assigned to receive forehead
EMG biofeedback and relaxation instructions (B), relaxation instructions
alone (IC), or no treatment (C). B and IC subjects received eight
half-hour sessions spread over four weeks. Pre- and post-training EMGs
were collected on all subjects while they filled out a neutral question-

naire and completed an easy and a hard test of reasoning ability

1 Appendix B lists, according to type of biofeedback, some of the physio-
logical responses and/or symptoms which researchers have attempted to
manipulate or improve with biofeedback.
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(presented with threat or ego-involving instructions). Equivalent forms
of the test were used during pre- and post-testing and the forms were
counterbalanced across subjects. Self-report measures of anxiety were
collected, using standardized scales, at the beginning and end of the
program from all subjects. While significant decreases in subjective
anxiety were reported for B and IC subjects, no changes in performance
were seen pre to post. Forehead muscle tension recorded during testing
also changed very little. In addition, no changes were seen in EMG
between easy and hard versions of the test or between filling out a
neutral questionnaire and taking a test. The authors conclude that
changes in subjective anxdety do not appear to reflect changes in muscle
tension and that the main effect of relaxation training is on subject
attitudes (as reflected in changes in self-report anxiety of B and IC
subjects), not performance or physiological measures.

It may be difficult to account for these findings. The possible
deficit in motivational and anxiety factors inherent in a laboratory
testing situation already have been discussed. This is a possible
explanation. Another possibility is that forehead EMG doesn't really
measure anxiety. The assumption that it does is the Jjustification many
clinicians give for using forehead EMG biofeedback for relaxation
training.

Several studies have been conducted to determine the relationship
between forehead EMG and anxiety. Early research by Malmo and Shagass
(1949) found that the amplitude of action potentials recorded from the
neck miscles of patients experiencing anxiety states were significantly

higher than healthy controls. In other research (Malmo and Smith, 1955),
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forehead muscle tension was found elevated in anxious subjects and to
increase further under stress. Wolff (1948) also recorded more activity
in the electromyograms of the neck and scalp muscles of anxious patients
compared to nonanxious normals. A study by Sainsbury and Gibson (1954)
suggests changes in forehead EMG are correlated with muscle tension in
other areas of the body and with other indices of autonomic arousal such
as heart rate., Smith (1973) conducted a study that examined the relation-
ship between muscle tension and various personality traits. Significant
correlations were found between resting forehead EMG and trait anxiety
(r
(r

biofeedback or some other method) reduces forehead muscle tension, it

ll

+.529), external locus of control (r = +.412), and neuroticism

+.384), This research suggests that if relaxation training (EMG

i

should reduce anxiety as well, and also that, especially given Sainsbury
and Gibson's (1954) study, relaxed forehead muscles are indicative of
general overall relaxation. A study conducted by Alexander (1975) was
designed §pecifically to test these assumptions.

In Alexander's study, 28 "normal" adults were randomly assigned to
two groups. One group received relaxation training via forehead EMG
feedback; the other was simply asked to relax. During the course of
five sessions, muscle tension in the forearm and lower leg of each
subject was monitored (in addition to the forehead). Subjects also
were asked to rate their feelings of relaxation on a standard scale
immediately following each session., The results revealed no evidence
that lowered forehead EM3s generalize to muscles in untrained sites.
The group receiving EMG feedback was more successful at reducing fore-

head muscle tension, but both groups reported feelings of relaxation
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of about the same magnitude. No support was found for the assumption
that reductions in forehead EMG lead to similar reductions in other
muscles in the body. In addition, no support was found for the assump-
tion that forehead EMG reduction is related to or produces general
feelings of relaxation.

The results of this study by Alexander are consistent with the
conclusions drawn by Reed and Saslow (1979b) but contrary to earlier
work relating forehead EMG and anxiety. It is possible that the sig-
nificant relationship between changes in muscle tension and subjective
anxiety reported in previous research was due to the characteristics
of the population sampled. Earlier work was limited primarily to
subjects! experiencing tension headaches or excessive anxiety. It
seems possible that individuals with very high muscle tension levels
or those experiencing some tension related pathology (i.e., muscle
tension headaches), may be disposed to respond to stress with muscular
tension. These same individuals may manifest generalization effects
and report feeling of anxiety not characteristic of normal subjects.

To clarify the relationship between forehead muscle tension and
anxiety, additional research is needed in which muscle tension is
monitored during test taking and physiological measures besides EMG
are used as well. Even though the studies in this area are inconclu-
sive, research continues using forehead EMG biofeedback as a general
relaxation method. The question to be addressed now is whether bio-
feedback procedures are any more effective in reducing muscle tension

than procedures that rely on verbal instructions alone.
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EMG biofeedback wversus other methods of relaxation. A number of

studies have been conducted that compare EMG biofeedback procedures with
false feedback or noncontingent pseudofeedback procedures (Kappes and
Michaud, 1978; Kondo and Canter, 1977; Philips, 1977). Subjects usually
receive feedback contingent upon changes in muscle activity; with this
procedure, feedback and muscle activity are unrelated, Subjects in
these studies are typically suffering from ruscle tension headaches.
Pseudofeedback is used to control for placebo and subject expectation
variables that may contribute to the effects of biofeedback. In all
such studies, EMG biofeedback is reported superior to noncontingent
feedback in lowering forehead muscle tension and reducing headache fre-
quency. It seems likely, however, that subjects could readily determine
whether the feedback information they were receiving was or was not ac-
curate, Subjects would have only to tense their forehead muscles several
times, either intentionally or by chance, If they tensed their forehead
muscles and didn't receive the appropriate feedback from the machine
(i.e., an increase in pitch or number of clicks), they might begin to
wonder what was happening, get suspicious, or stop trying to relax.

Thus, it appears that noncontingent or pseudofeedback procedures
are inadequate control procedures for establishing the superiority of
EMG biofeedback to reduce muscle tension., A more appropriate control
procedure would be one in which expectations of improvement were the same
for all groups. One way to accomplish this might be to give control
subjects relaxation instructions of some kind., In this way, all subjects
would have similar feelings of success and expectations of improvement.

Several studies have done this,
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Haynes et al (1975a) used tension headache patients in a study
that compared forehead EMi feedback relaxation training with a specially
prepared passive relaxation program. After six half-hour sessions
spread over three weeks, both groups showed significant reductions
in headache activity compared to a no-treatment control group and did
not differ from each other, However, no data are presented on the
effects of relaxation training in reducing forehead muscle tension,

In a study by Cox et al (1975), muscle tension data are presented.
This study (also using tension headache patients) compared subjects
receiving EMz feedback, progressive relaxation instruction procedures,
or a placebo drug. The two relaxation groups received two sessions per
week for four weeks. The drug group received a glucose capsule admin-
istered during individual hour-long, weekly sessions. Both biofeedback
and verbal instructions were reported significantly better than the
placebo control in reducing forehead EMG but not significantly different
from each other. The same patterm of results was reported for headache
frequency and intensity.

Reinking and Kohl (1975) conducted a study using nonheadache normals.
Subjects were divided into five groups which received forehead EMG feed-
back, progressive relaxation instructions, EMG feedback plus relaxation
instructions, EMz feedback plus monetary reward, or were simply told to
relax, Self-report measures indicated that all groups reported increased
feelings of relaxation, EMG measures suggested that in speed of learning
and depth of relaxation EMz feedback groups were superior to the progres-
sive relaxation instruction group. The authors reported a 50 percent

reduction in EMZ for the relaxation instruction group and a 90 percent
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reduction for groups using feedback. However, an examination of the data
indicates that the biofeedback groups (even though subjects were randomly
assigned) began with higher baseline EMGs, thus giving these subjects
more room for decreases in EMG., In addition, subjects in the relaxation
instruction group may have been overwhelmed by the instructions., They
were presented with 12 minutes of taped instructions at the beginning
of each session. The tape suggested so many things that possibly it was
difficult to remember them all and to relax. Subjects also may have been
bored fraom hearing the same lengthy tape over and over.

In another study (Haynes et al, 1975b), also using nonheadache
normals, subjects received forehead EMG feedback, tense-relax progres-
sive relaxation-type instructions, passive relaxation instructions,
false feedback, or no treatment. EMG feedback was reported to lower
forehead muscle tension better and at a faster rate than any of the
other methods or control procedures. However, this was a one-session
study. It seems possible that verbal instructions may be found just
as effective as EMG feedback in reducing muscle tension if subjects
are given more practice,

Saslow and Reed (1979a) report findings from two studies that
suggest relaxation instructions are just as effective as biofeedback
in reducing forehead EMG. In the first study, college-aged subjects
were randomly assigned to receive forehead EMG biofeedback plus abbre-
viated progressive relaxation instructions (B) or EMG relaxation
instructions alone (R). Both groups received four 20-minute relaxation
sessions, Instructions and expectations of success were the same for

both groups. The groups were kept as similar as possible except that
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B subjects received audio feedback about the state of tension in their
forehead muscles. At the end of relaxation session one, B subjects
showed reductions in EMG significantly greater than R subjects. After
four sessions, however, the groups were not significantly different
in their ability to reduce forehead muscle tension.

The second study by Saslow and Reed used the same procedures as
in the first study except that subjects were selected from a group of
high test anxious freshmen and relaxation training continued for eight
sessions instead of four. Once again, B and R subjects were significantly
different at session one but no differences were found between groups
after R subjects received several sessions of practice., The authors
concluded that when subjects are given the same relaxation instructions
and the same expectations of success, there is no evidence for group
differences., They suggest it is extremely important to control for
subject expectations and experimenter bias when doing comparative
research on the effectiveness of different techniques of voluntary
relaxation,

It seems clear that in the long run, after several sessions of
practice, EMG biofeedback is not any more effective in reducing
forehead muscle tension than simple verbal instructions. It does work
a little faster, making it the method of choice for some clinical
situations. However, as a method of general relaxation, its value is
questionable, especially when biofeedback is expensive in terms of
therapist time ($35 to $50 per session) and equipment ($500 to $1,000

to start).
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It is of interest to note that researchers using blood pressure
feedback report similar findings in terms of the relative value of
biofeedback. Redmond et al (1974) found no differences in the ability
of moderate hypertensives to reduce blood pressure levels when given
a session of verbal feedback compared with simple instructions to
reduce blood pressure. This was confirmed by Shoemaker and Tasto (1975)
using visual feedback of blood pressure changes. In a group of essential
hypertensives, they found relaxation instructions produced a greater
decrement in diastolic blood pressure than did biofeedback, and both
experimental conditions were associated with larger decreases in blood
pressure than a no-feedback control group.

With appropriate controls (i.e., experimenter bias and subject
expectations), other types of feedback may be found to have only
marginal benefits above and beyond what "verbal" techniqgues have to
offer, The fact remains, however, that the expense and the "mystique"
that surrounds biofeedback may be exactly what some individuals require
for a treatment to be effective., Some people may believe "if it doesn't

cost me lots of money, it probably won't do me any good."

EMG Biofeedback and Test Anxiety

EMZ biofeedback appears to add little to the effectiveness of simple
verbal relaxation instructions and practice in reducing forehead muiscle
tension, muscle tension headaches, or general anxiety. The possibility
remains, however, that biofeedback procedures may have something more to
offer in the reduction of test anxiety. The final section of this paper
deals sbecifically with,studies using EMG biofeedback in the treatment

of test anxiety.
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The research by Reed and Saslow (1979a, 1979b) has already been
reviewed in some detail with reference to the validity of forehead EMG
as a measure of anxiety. Relaxation instructions alone and relaxation
instructions plus EMG feedback resulted in significant decreases in
forehead muscle tension and self-reported anxiety, while a no-treatment
control group changed very little. In addition, no group differences
were found in verbal performance in a laboratory testing situation or
in forehead muscle tension recorded during testing.

In other research (Kappes and Michaud, 1978), EMG biofeedback was
used in the treatment of 12 test anxious college females, Six subjects
received contingent EMG feedback from the forehead, while six received
noncontingent feedback., Subjects receiving contingent feedback reported
a decrease in test anxiety while those receiving the noncontingent feed-
back reported an increase., The inadequancy of noncontingent feedback as
a control procedure for biofeedback already has been discussed. Once
again, a more appropriate control group would be one for which the ex~
pectations of improvement were the same as those for the biofeedback group.

Norman (1976) compared the effectiveness of various biofeedback
techniques with two types of taped instructions. High test anxious
college students (N = 50) were randomly assigned to treatment groups
which received: EMG biofeedback, EEG alpha biofeedback, temperature
biofeedback, taped systematic desenitization training, or taped pro-
gressive relaxation training. Subjects participated in five S50-minute
sessions spread over five weeks. Self-report test anxiety data were
collected pre and post, using a standardized scale. Analysis of these

data indicated that all five treatments were effective in reducing test
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anxiety. Significant pre-to-post treatment changes were found within
groups, but there were no differences between groups. No performance
or physiological measures were reported.

A study by Romano and Cabianca (1978) compared the effectiveness
of EMG-assisted systematic desensitization, automated sgystematic
degensitization, EMG feedback training alone, and no treatment, in
the reduction of test anxiety. An anagrams test administered pre and
post in a laboratory setting served as a measure of performance, Test
anxiety was assessed by several gstandardized questionnaires. After nine
training sessions, all three experimental groups significantly reduced
their test taking anxiety in comparison to control subjects; however,
there were no significant differences among the experimental groups.

In addition, there were no effects of treatment on anagram test perfcr-
mance. The effect of treatment on forehead EMG is not reported in the
published work but is presented by Romano (1977) in his dissertation.

No differences in EMz reduction were found between subjects who received
EMG feedback and those that did not. The results suggest that taped
relaxation procedures are as effective as EMz biofeedback in reducing
forehead muscle tension.

The results of these studies indicate that, when proper controls are
used, EMG biofeedback adds little to the effectiveness of simple relaxa-
tion instructions and practice in decreasing subjective feelings of
anxiety or lowering forehead muscle ténsion. Norman's (1976) study
suggests the same may be true for EEG and temperature biofeedback, at
least in terms of self-report anxiety. Additional, well controlled

research that includes performance and other physiological measures is
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needed to determine if biofeedback procedures influence other aspects of

test anxiety.



APPENDIX B

A Partial List of Physiological Responses
and/or Symptoms to Which Researchers Have Attempted
to Manipulate or Tmprove with Biofeedback

Electrodermal (Galvanic Skin Resistance or GSR) Biofeedback

- hypertension Patel, 1973, 1975, and 1977

- snake phobia McLean and Milne, 1975

- spider phobia Javel and Denholtz, 1975

Electroencephalographic (EEG) Biofeedback

— alpha brain wave activity Plotkin et al, 1976
Kamiya, 1968

- beta brain wave activity Beatty, 1971

- epileptic brain wave activity Lubar and Bahler, 1976-77

Wyler et al, 1976-77

Sterman, 1973

- theta brain wave activity Sittenfield EE gi, 1976-77
- test anxiety (alpha training) Hardt and Kamiya, 1978
— unremitting chronic pain Melzack and Perry, 1975

(alpha training)

Electromyographic (EMG or Muscle Tension) BIofeedback

Physical Therapy (Muscle Re-Education)

- Bell's palsy Jankel, 1978

- blepharospasm (spasms in Ballard et al, 1972
musculature of eye)

- cerebral palsy Finley et al, 1976

Harris EE Ei, 1974

- literature review Fernando and Basmajian, 1978

- Parkinsons's disease Netsel and Cleeland, 1973

- partial paralysis Brudny et al, 1976
following a stroke Basmajian, 1975

- spasmodic torticollis Cleeland, 1978

Brudny et al, 1974
Brudny et al, 1973

- tremor LeBoeuf, 1976



Electromyographic (EMG or Muscle Tension) Biofeedback (continued)

Muscle Relaxation

- anxiety reduction Reed and Saslow, 1979(a)
Townsend EE gi, 1975
Raskin EE gl, 1973

- asthma Kotses EE al, 1976
Davis EE gl, 1973
- attention deficits in Braud, 1978
child (hyperactivity)
-~ dentistry (mouth and Solberg and Rugh, 1972
Jjaw muscles)
- dermatitis Schandler, 1978
- diabetes Fowler EE gl, 1976
- dysmenorrhea (menstrual cramps) Tubbs and Carnahan, 1976
- emphysema Johnston and Lee, 1976
- muscle tension headache Budzynski, 1978

Epstein and Abel, 1977
Cox et al, 1975
Haynes et al, 1975
Epstein—Effél, 1974

- stuttering Lanyon et al, 1975
Guitar, 1976
- subvocal speech Hardyck and Petrinovich, 1976

Heart Rate and Blood Pressure Biofeedback

- cardiac arrhythmias Weiss and Engle, 1971
Engle and Melmon, 1968

-~ heart rate control Bell and Schwartz, 1975

- hypertension Blanchard et al, 1975

Elder and EESEIS, 1975
Shoemaker and Tasto, 1975

- pain reduction Sirota et al, 1974
- speech anxiety Gatchel and Proctor, 1976
- Various animal phobias Nunes and Marks, 1976

Specialized Applications of Biofeedback

- dysmenorrhea Clayman and Simkins, 1975
- encopresis (fecal incontinence) Engel et al, 1974

- gastrointestinal disorder Whitehead, 1978
(in general)

-~ homosexuality Barlow et al, 1975
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Specialized Applications of Biofeedback (continued)

Temperature or Thermal Biofeedback

penile erection
respiratory resistance (in
asthmatic children)
stomach acidity

vaginal blood flow

visual accommodation

NOTE:

anxiety reduction
dysmenorrhea

migraine headache

Raynaud's disease

The results of some investigations are quite positive or, at
Others may be weak or inconclusive.

least, promising.

Rosen, 1973
Feldman, 1976

Whitehead et al, 1975
Welgan, 1974

Zingheim and Sandman, 1978
Hoon et al, 1977

Provine and Enoch, 1975

Saslow and Reed, 1979(b)
Ribbs and Carnahan, 1976

Diamond et al, 1978
Turin and Johnson, 1976
Friar and Beatty, 1976
Sargent et al, 1973

Blanchard and Haynes, 1973
Jacobson SE al, 1973
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APPENDIX C

Alpert-Haber Achievement Anxiety Test

Instructions: The questions are intended to indicate how you feel about
taking tests. There are no right or wrong answers to any of the

questions.

When answering these questions, simply try to answer the guestion,
"About how often does this happen to me?" Using the scale below, enter
in the blank the number that describes you best.

means
means
means
means
means

wmoabs W

1.

"No," "never," "not at all," etc.

"somewhat," "sometimes," "a little," etc.

"about as often as not," "an average amount," etc.
"usually," "a good deal," "rather often," etc.
"practically always," "entirely," etc.

Nervousness while taking an exam or test hinders me from
doing well.

I work most effectively under pressure, as when the task is
very important.

In a course where I have been doing poorly, my fear of a bad
grade cuts down my efficiency.

When I am poorly prepared for an exam or test, I get upset,
and do less well than even my restricted knowledge should
allow.

The more important the examination, the less well I seem to do.

While I may (or may not) be nervous before taking an exam,
once I start, I seem to forget to be nervous.

During exams or tests, I block on guestions to which I know
the answers, even though I might remember them as soon as the
exam is over.

Nervousness while taking a test helps me do better.

When I start a test, nothing is able to distract me.

In courses in which the total grade is based mainly on one
exam, I seem to do better than other people.

I find that my mind goes blank at the beginning of an exam,
and it takes me a few minutes before I can function.



12.

13.

14.

15.

16.

17.

18.

19.

I look forward to exams.

I am so tired from worrying about an exam, that I find I
almost don't care how well I do by the time I start the test.’

Time pressure on an exam causes me to do worse than the rest
of the group under similar conditions.

Although "cramming" under pre-examination tension is not
effective for most people, I find that if the need arises, I
can learn material immediately before an exam, even under con-
siderable pressure, and successfully retain it to use on the
exam.

I enjoy taking a difficult exam more than an easy one.

I find myself reading exam questions without understanding
them, and I must go back over them so that they will make
sense.

The more important the exam or test, the better I seem to do.
When I don't do well on a difficult item at the beginning of

an exam, it tends to upset me so that I block on even easy
questions later on.
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Rotter Internal-External (I-E)
Locus of Ccntrol Scale

ATTITUDES TOWARD LIFE EVENTS

This is a questionnaire to find out the way in which certain important
events in our society affect different people. Each item consists of a pair
of alternatives lettered a or b. Please select the one statement of each
pair (and only one) which you more strongly believe to be the case as Far
as you're concerned. Be sure to select the one you actually believe to be
more true rather than the one you think you should choose or the one you
would like to be true. This is a measure of personal belief: obviously
there are no right or wrong answers.

Your answers to the items on this inventory are to be recorded on a
separate answer sheet which is loosely inserted in the booklet. REMOVE
THIS ANSWER SHEET NOW. Print your name and any other information requested
by the examiner on the answer sheet, then finish reading these directions.
Do not open the booklet until you are told to do so.

Please answer these items carefully but do not spend toc much time on
any one item. Be sure to find an answer for every choice. Find the number
of the item cn the answer sheet and black-in the space under the number 1
or 2 which you choose as the statement more true.

In some instances you may discover that you believe both statements or
neither one. In such cases, be sure to select the one you more strongly
believe to be the case as far as you're concerned. Also try to respond to
each item independently when making your choice; do not be influenced by
your previous choices.
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Children get into trouble because their parents punish them too much.
The trouble with most children nowadays is that their parents are too
easy with them.

#any of the unhappy things in people's lives are partly due to bad luck.
People's misfortunes result from the mistakes they make.

One of the major reasons why we have wars is because people don't take
encugh interest in politics.
There will always be wars, no matter how hard people try to prevent them.

In the long run people get the respect they deserve in this world.
Unfortunately, an individual's worth often passes unrecognized no matter
how hard he tries.

The idea that teachers are unfair to students is nonsense.
Yost students don't realize the extent to which their grades are influenced
by accidental happenings.

Without the right breaks one cannot be an effective leader.
Capable people who fail to become leaders have not taken advantage of
their ocpportunities.

No matter how hard you try some pecple just don't like you.
People who can't get others to like them don't understand how to gzet
along with others.

Heredity plays the major role in determining one's personality.
It is one'e experiences in life which determine what they're like.

I have often found that what is going to happen will happen.
Trusting to fate has never turned out as well for me as making a decision
to take 2 definite course of action.

In the case of the well prepared student there is rarely if ever such a
thing as an unfair test.

Many times exam questions tend to be so unrelated to course work that
studying is really useless.

Becoming a success is 2 matter of hard work, luck has little or nothing
to do with it.

Getting a good job depends mainly on being in the right place at the
right time.

The average citizen can have an influence in government decisions.
This world is run by the few people in power, and there is not much the
little zuy can do about it.

When I make plans, I am almost certain that I can make them work.
It is not always wise to plan too far ahead because many things turn
out to be a matter of good or bad fortune anyhow.

There are certain people who are just no goocd.

I-E SCALE
Page 2
1. a.
b.
2. a.
b.
3. a.
b.
4., a.
b.
5. a.
b.
6. a.
b.
7. a.
b.
8. a.
b.
9. a.
b.
10. a.
b.
1l1. a.
b.
12, a.
b.
13. a.
b.
1y, a.
b.

There is some zood in everybedy.



In my case getting what I want has little or nothing to do with luck.
Many times we might just as well decide what to do by flipping a coin.

Who gets to be the boss often depends on who was lucky enough to be in
the right place first.

Getting people to do the right thing depends upon ability, luck has
little or nothing to do with it.

As far as world affairs are concerned, most of us are the victims of
forces we can neither understand, nor control.

By taking an active part in political and social affairs the people can
control world events.

Most people don't realize the extent to which their lives are controlled
by accidental happenings.
There really is no such thing as "luck".

One should always be willing to admit mistakes.
It is usually best to cover up one's mistakes.

It is hard to know whether or not a person really likes you.
How many friends you have depends upon how nice a person you are.

In the long run the bad things that happen to us are balanced by the good
ones.

Most misfortunes are the result of lack of ability, ignorance, laziness,
or all three.

With enough effort we can wipe out political corruption.
It is difficult for people to have much contrcl over the things politicians
do in office.

Sometimes I can't understand how teachers arrive at the grades they give.
There is a direct connection between how hard I study and the grades I get.

A good leader expects people to decide for themselves what they should do.
A good leader makes it clear to everybody what their jobs are.

Many times I feel that I have little influence over the things that
happen to me.

It is impossible for me to believe that chance or luck plays an important
role in my life.

People are lonely because they don't try to be friendly.
There's not much use in trying to hard to please people, if they like
you, they like you.

There is toc much emphasis on athletics in high school.
Team sports are an excellent way to build character.

What happens to me is my own doing.
Sometimes I feel that I don't have enough control over the direction my
life is taking.

Most of the time I can’t understand why politicians behave the way they do.

I-E SCALE
Page 3
15. a.
b.
16. a.
b.
17. a.
b.
18. a.
b.
19. a.
b.
20. a.
b.
21. a.
b.
22. a.
b.
23. a.
b.
24, a.
b.
25. a.
k.
26. a.
b.
27. a.
b.
28. a.
b.
29. a.
b.

In the long run the people are responsible for bad govermment on a national
as well as on a local level.
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NAME

DIRECTIONS: A number of statements which people have
used to describe themselves are given below. Read each state-
ment and then blacken in the appropriate circle to the right of
the statement to indicate how you feel right now, that is, at
this moment. There are no right or wrong answers. Do not
spend too much time on any one statement but give the answer

State Anxiety Scale of the
State-Trait Anxiety Inventory (STATI)

SELF-EVALUATION QUESTIONNAIRE

Developed by C. D. Spielberger, R. L. Gorsuch and R. Lushene

STAI FORM X-1

DATE

which seems to describe your present feelings best.

(34

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

. I feel calm .........

. [ am tense

. I feel at ease

. [ feel upset

. I feel rested

. I feel anxious

. I feel secure ...

. I am presently worrying over possible misfortunes

I feel comfortable

I feel self-confident

I feel nervous

I am jittery

I feel “high strung” .........

I feel content .........

I am worried

I feel over-excited and “rattled”

I feel joyful .........

I feel pleasant
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Trait Anxiety Scale of the

State~-Trait Anxiety Inventory (STAI)

SELF-EVALUATION QUESTIONNAIRE
STAlI FORM X-2

NAME DATE

DIRECTIONS: A number of statements which people have
used to describe themselves are given below. Read each state-
ment and then blacken in the appropriate circle to the right of
the statement to indicate how you generally feel. There are no
right or wrong answers. Do not spend too much time on any
one statement but give the answer which seems to describe
how vou generally feel.

21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31
32.
33.
34.
35.
36.
37.
38.
39.

40.

I feel Ple@SANT ..ot e n e cmneeeae

I tire QUICKIY oo e e e e e e ne e e e

I feel ke CIYING . oot eve e e e e e emnnee e

I wish I could be as happy as others seem to be

I am losing out on things because I can’t make up my mind soon enough ....

I feel rested .

I am “calm, cool, and collected”’

I feel that difficulties are piling up so that [ cannot overcome them .._..

I worry too much over something that reaily doesn’t matter ....................

I am happy

I am inclined to take things hard ...

I lack self-confidence ........

I feel secure

I try to avoid facing a crisis or difficulty

I feel blue

EE V1 3003 01 73 o S

Some unimportant thought runs through my mind and bothers me ...

I take disappointments so keenly that I can’t put them out of my mind ...

I am a steady person

I get in a state of tension or turmoil as I think over my recent concerns and

interests e eeeeeeereseseeeeeeeemeeeenteateren
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APPENDIX D

"Ego-Involving" Instruction
Heard By Subjects Prior to Testing

In a few moments you will be taking a short but important test.
This is a form of intelligence testing. You will be presented with a
pattern that has a missing part. Your task is to choose a pattern from
the ones given that best completes the larger patterm. Then, put the
number of your choice in the space provided on the answer sheet., This
test is in two sections: one easy and one more difficult., You only have
seven minutes to complete each section so work as quickly as you can,

If you need to draw or write anything, please do it on the answer sheet
and not the test booklet.

These problems comprise a very sensitive test of general intelli-
gence and ability to think in abstract terms. From your score on this
test, we will obtain a measure of your general problem-solving abilivy.
You should work as fast as you can and complete as many of the problems
as possible in the time allowed. (At the same time, you should try and
maintain the relaxed state you have experienced during the relaxation
sessions.) Every one you miss counts against you and lowers your score
when it is compared with the scores of other people,

Note: The statement in parentheses was included in post-test instructions
only.
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Sample Problem - Easy Version of the
Raven Progressive Matrices Test

ane
111
.




Sample Problem - Hard Version of the
Raven Progressive Matrices Test
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APPENDIX E
Relaxation Instructions

The relaxation technique for this program is comprised of two
parts: a period of active relaxation followed by a period of passive
relaxation. Individuals may differ in their ability to achieve deep
states of relaxation. They may also differ in their ability to use
these instructions. You may become very relaxed right away, or it
may take two or three sessions, In either case, remember not to
worry about whether you are successful in achieving a deep level of
relaxation., Maintain a passive attitude and permit relaxation to occur
at its own pace. The ability to relax is one skill which is easiest to
learn when you remain passive.

Begin by getting as comfortable as you can; remove your shoes and
loosen your clothing.

The active relaxation period is termed active because it involwves
the tensing and relaxing of your muscles. The basic assumption of this
technique is that you cannot be fully relaxed unless you are aware of
what a relaxed muscle feels like. Awareness of a relaxed muscle state
can be enhanced by tensing and relaxing all the muscles in your body,
one area at a time,

Begin with the muscles in your feet, then move progressively up
through the muscles in your calves, thighs, stomach, chest, hands,
arms, and head. You should tense a muscle group, hcld the tension and
be as aware of it as you can, then release the tension. Take your
time; center your awareness on the muscle group you are tensing, remain
tense for three or four seconds, and then relax. Be aware each time of
the contrast between a tense muscle and a relaxed one,

Once you have completed the active relaxation exercises, concen-
trate on relaxing completely. You will have the feeling that you are
sinking into the chair. Try not to think of other things. It may
help to center your attention on your breathing or repeat the word
"calm" silently to yourself.

Begin now, actively tensing and relaxing your muscles, After
you work through all the muscles in your body, begin the passive
relaxation period. Get as deeply relaxed as you can for the remainder
of the session. Don't worry about the time; we will let you know
when the session is over.



