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CHAPTER I
INTRODUCTION

Biofeedback is a process through which one learﬁs voluntary control
over automatic, reflexly reguléted body functions. The term '"biofeed-
back" was céhceived to describe the process of feeding back physiolog-
ical information to the individual generating the information. . This
techhique is essentially one in which a sélected physiologic activity
is monitored-By an instrument which detects, by electrodes or trans-
ducers, physiological signals such as heart rate, blood pressure, muscle
tension or brain waves. These signals are amplified to activate a dis-
play. that reflects chaﬁges in the_physiologic.activity.

The basic elements of the biofeedback proéess are as follows:

(1) the selection of a physiologic function,

(2)‘an instrument_recording tﬁe activity of this function,

(3)‘présenfation of fhis biological information to the individual

in the fo?m of auditory or visual signals, and

(4) anbimplicit intention to change this physiologic activity and

utilization of the information for this pﬁrpose.

(5) However, the actual change which occurs in the biologic func-

tion is due to an as yét unexplained mechanism (Brown, 1977).

As Budzynski (19735 statés, Biofeédback training has three major

.goals: 1) the development of increased awareness of the relevant

internal physiological functions; (2) the establishment of control over



~those functidns;.and (3) the transfer or generalization of that éontrol
to situations outside the experiméntal setting.

Several studies have supported the effectiveness of veridical
(true) eleqtromyographic (EMG) biofeedﬁack in the attainment of deepl
relaxation (Budzynskivand 'StoyVa, 1969; Canter, Kondo, and Knott, 1975;
Townsend,-House, and Addairo, 1975; Le Boeuf, 1977; Green, Walters,
Greén, ana Murphy, 1969; Raskin, Johnson, and Rondestveldt, 1972; and
Coursey, 1975) and an improvement in aﬁxiety symptoms (Cantér, Kondo,
and Knott, 1975; Townsend, House, and Addario, 1975; Le Boeuf, 1977;
and Coursey, 1975). Others have reported a reduction in tension head-
aches through the utilizationrof EMG feedBack (Philips, 1977; Budzynski,
Stoyva, ahd Adler, 1970; and Budzynski, Stoyva, Adler, and Mullaney,
1973). However, Alexandgr (1975) reported no change in subjective
feelings of relaxation agd no generalization of EMG reductions from one
muscle.to the other musélésL

Both'Bfown (1977) and Budzynski kl973) émphaéize the essential role
of veridical feedback;of frontalis muscle activity to achieﬁe a reduc—
tion in tension and/or anxiety symptoms. In many studies, the utiliza-
tionvof irrelevant or pseudofeedback has'effectéd no significant changes
in the frontalis muscle, either positive or negative, or in self-
reported éymptoms (Budzynski and Stéyova, 1969; Philips, 1977; and
Budzynski, Stoyva, Adler, and Mulianey, 1973).

Although these researchers have réported-insignificant results with
false EMG feedbéck, it is possible that their findings were due to
variables other than the irrelevant feedback. Perhapé the subjects be-
came less motivated or irritated as they_perceived no change iﬁlthe rate

of clicks or in their level of relaxation. Or, in studies utilizing a



low constant tone for pseudofeedback, perhaps they became bored and
uninterested. Thus, it is possible that these subjects were manifesting
a lack of motivation rather than respon&ing to nonveridical feedback. A
more ﬁowerful control would have been a manipulatibn of the subject's
cognitions so that they perceived the EMG feedback to be veridical feed-
back of an increasingly more relaxed physiologica;-state over sessions.
A study utilizing doub1e¥blind procedures.by Cohen, Graham, Fotopoulos,
and Cook (1977) appears to have implemented this procedure. The sub-
jects were 29 opiate addicts whovreceived 14 sessions of contingent or
non~contingent EMG biofeedback training for symptom_reduction during
detoxification. For the ﬁon—contingent feedback, these experimenters
used tape recordings of biofeedbéck signals generated by four ﬁreviously
successful subjects who received contingent feedback. Analysis of the
results indicated that the manipulation was succéssful; Subjects in the
non—coﬁtinéent as well és the contingent feedback groups experienced
subjective_feelings of control over fhe feedback variables. No differ=-
ences in therapeutic outcome were discovered. However, the contingent
subjects démonstrated more control over EMG activity. This study would
seem to support the iﬁpoftant contribution of cognitive facférs in the
successful oﬁtcome of biofeedback therapy.

Miller and‘Dollard (1941), in their description of a mediational
view of emotional arousal, state_tﬁat fear or énxiety reactions may
often be’eiicited by an individual'sche—produciﬁg response, i.e., his
label to a given situation rather than the oﬁjective stimulus
properties of the situation itself. furthermore, they contend that
modifying the label that the individual attaches to a situation, theﬁ

one should be able to change his emotional reaction.



Schachter and Singér (1962), in an ingenuous experiment, manipulated
states of physiological_éroﬁsal along with an individual's éognitions
about those states.. Subjects were injected with either epihephrine or
a saline solution'and placed in a rooﬁ with ejther a euphoric or an angry
stooge. Those individuals injecte& with epinephrine were then divided
into tﬁree sepafate.groups. One group was given veridical information,
another was given false informatibn and the third group was told that
no side effects from the injection of epinephrine would be experienced.
The placebo subjects were also told thét no side effects would occur.
Subjects who were informed about the specific effects of epinephrine
were significantly less euphoric‘orvangry than those who were either
misinformed or ignorant about the_éffects of the drug. These researchers
concluded tha; an emotional state may be considered a fﬁnction of a state
of physiological arousal and‘cognitions appropriate to this state of
arousal.

Although Schachter and Singer's (1962) study supported their hypoth-
eses; the differences betweenvthe placebo and epinephrine subjects were
barely statistically significant. Perhaps, Schachter and Wheeler (1962)
theorized, these resplts were due to the self-arousal of‘the sympathetic
nervous system by the plécebo subjects.. To tést this hypothesis, they
compared subjects who»received either ahvinjection of epinéphrine, a
placebo or chlorpromazine. If sympathetic.nervous system activity is a
necéssary component of‘an emotional experience, Schachter and Wheeler
(1962) ahticipated the following: Whatever the éxpérimentally manip-
ulated emétional state, it should be most inténsely experienced by
subjects who have reéeived epinephrine, next By placebo subjects and

least of all by those injected with chlorpromazine. - -Ratings of amusement



for all subjects were made during a funny moyie. As predicted, epineph-
rine subjects were more amused tﬁan chlorproma;ine subjects and chloro-
promazine sugjects Were more.amused than placebo subjecté. Therefore,
these results support the assumption that.é state of sympathetic arousal
is a necessary component of an emotionalvexperience.

Other investigators have examine& the influence of cognitive pat-
terns upon physiological reactivity. Sternbach (1962) discovered that
manipulation of variousbiﬁstrucfional sets altered‘subject's reports
of autonomic activity. In another experiment looking at the effect of
self-verbalizations upon emétional arousal, Riﬁm and Litvak (1969)
found that subjects tended to show greater emotional responsiveness to
sentences of affeétive nature than to neutral sentencés. May and Johnson
(1973) using inhibitory, neutral and arousal thoughts discovered that
these internally evoked stimuli produce physiological changes. Further-—
more, the direction of the change is partially dependent upon the
éffective nature of the cognitions. Schwartz (1975) reported that self-
induced thoughts are not only capable of acting as stimuli for heart
rate changes but also have responsé characterisfics. Therefore, this
research seems to support a conclusion -that changing the individual's
cognitions or set of self-instructions caﬁvhave direct physiological
effects.

Valins (l966)_investigated thé‘effects of false heart raﬁe feedback
-upon rated éttraétiVeness of seﬁi—ndde feﬁales. When the male subjects
were shown slides ofAthe femalés, half of them heard théir heart rates
increase to some of the slides while the other subjects heard their
heart rates decrease to half of the prgsented slides. Valins hypoth-

esized that if cognitive representations of internal events are important



for emotional behavior, then these 'bogus" heart rates or nonveridical
representations of physiological changes should have the same effects
as true heart rate or veridical representations. The results supported
Valins' hypothesis: The slides to which the subjects heard a definite
change in their supposed heart rate, whether increased or decreased, were
rated significantly more attractive in two post—tests and‘these slidés
were chosen as remuneration for experimental participation éignificanfly
more often than the other slides. In a replication of this experiment
with emotional and unemotional subjects, Valins (1966) obtained similar
reéults utilizing; in addition to the post—ﬁest, a two month follow-up.
In a more stringent test of the hypothesis that cognitive represen-
tations of internal events, whetﬁer veridical or nonveridical, should
have similar éffects upon emotional states, Valins and Ray (1967) pre-
sented slides of snakes and slides with the word '"shock." Also, he
shocked the‘subjects at the same time a "shock" slide was presented.
This group also received false heart rate feedback ﬁhich increased to
the slides of shock and decreased to the slides of snakes. For the
control subjects, the procedure was the same except they were.tdld that
the sounds they heard were meaningless sounds. Valins hypothesized
that cégnitions concerning one's physiological reactions will affect
avoidance behavior. Therefore, those subjects wholbélieve that snake
stimuli do.nof affect them internaily will consider their fear of snakes
unfoundéd.. Consequently, they should manifest more-approach behavior
toward a live snake than controls. ‘All éubjects were then given an
avoidance task and experimental subjects showed a ponsignificant trend
for greater approach behavior. However, when those individuals with

previous experience with snakes were eliminated from the analyses,



Valins found significantly more approach behavior by experimental sub-
jects. From this study, Valins and Ray (1967) concluded that avoidance
behavior can be modified by information coﬁcerning internal reactions.
Subjects who thought that snake stimuli did not affect them internally
were more likely to hold a live sﬁake than those\indiQiduals who had no
informatidn about their internai reactions.

Although most of the research in biofeedback emphasizes the essen-
tial role of veridical feedback to achieve a state of relaxation, reduc—
~tion in anxiety symptoms and/or tension headaches, other studies point
out the importance of cognitiye factors in one's physiological pattern
of reactions. Inlfact, some researchers (Sternbach, 1964; Rimm and
Litvak, 1969; May and johnson, 1973; Séhwartz,‘1975) have found that
altering one's cognitions affects'one's'physioiogical and emotional
reactivity. Valins (1966) and Valins and Ray (1967) manipulated sub-
jects' perceptions of internal physiological reactions and found sig-
nificant differences between expérimeptals and controls in behavior and
attractiveness ratings of semi-nude females. Therefore, in any emo-
tioﬁal state, either arousal or relaxation, there appear to be two
primary components, i.e., a physiological pattern of reacfivity and
cognitions about one's physiological state. In preVious feedback
studies, the role of ;ognitive factors has been. largely ignored. This
study is an attempt to manipulate cognitions about one's physiological
state in an.effort to learn more aboutbthg role of cognitive factors in

the process of biofeedback.
The Present Study

In this study, it is hypothesized'fhat a reduction in levels of



muscle tension may be irrelevant to the experience of relaxation. As
long as an individual feels or thinks that he/she is relaxed, then
.hié/her actual level of muscle tension may be unimportant.v.ln other
words, a low level of muscle tension may not be essenfial to a subjec-
tive experience of calm and relaxation.
To test this hypothesis, three separate éonditions were examined:
(1) true EMG feedback wiﬁﬁ relaxatioﬁ instruqtions,
(2) frue EMG feedback without relaxation instructioné, and
(3)Afalse decreasing tone‘EMG feedback with relaxation instructions.
This expérimental design will enable one to separate the effects of
expectancy from the effects of bidfeedbéck training in the reduction of
- muscle tension and attginment of relaxation; With the false decrgasing
tone group, manipulation of a st;ong(exbectancy effect is anticipafed as
this‘group will Ee recéiving non—yeridiéal information about their level
of muscle tension. If belief of_;he false EMG sigﬁal occurs, then a
decrease in muscle tgnsion will be acknowiedged which may facilitate a
state of calmness and relaxation. The first group will receive true
EMG féedback'plus an expectation of increased calmness and deep relaxa-
tion. Thus, this groupbwill receive both manipulations. For the true
biofeedback group without relaXation.instructions, the expectancy effect
will be attenuated. Although ;héy~will_receive veridical EMG feedbaék,
the expectation of increased relaxatidn'and decreased tension aﬁd
anxiety wiil be eliminated.
Consequently, it is hypothesizéd thgt feedback of a combined measure
of muscle tension from the frontalis and the fbrearm flexor muscleé as
well as éxpectanéies aboﬁt the treatment are both important factors in

biofeedback training. Furthermore, it is postulated that a state of



deep relaxation may be experienced without a significant learned reduc-
tion in EMG measures. In other words, one may experience relaxation as
a result of expectations‘to relax with nofsignificant reduction in EMG
levels, as, with the false decreasing tone group, no opportunity is
provided to learn to change one's levels of muscle tension. Another
measure of one's general level of sympathetic arousal, the galvanic skin
response, was utilized to examine the strength of the false decreas-

ing tone manipulation in its physiol&gicglly relaxing effects. In other
words, one's belief in a lower level of muscle tension should decrease
the level of GSR, if the generalizétionfhyp&thésis that a change in one
physiologiéal system tends to .spread to other systems, is suppqrted. It
should also faciiitate the experience of relaxation, but would not

necessarily produce a linear decrease in EMG levels of muscle tension.
Hypotheses

It is hypothesized that the true EMG feedback group with relaxation
instructions will show a significantly more efficient tension reduction
in EMG lévels, i.é., a greater lineér treﬁd across time than the other
two groups plus a significant reduction in GSR levels and State-Trait
Anxiety Inventory-A-State (STAI—A—State) scores;

The second hypothesis is that the true EMG feedback group without
relaxation‘instructions will show a significantly greater reduction in
muscle tension than the false decreasing tone group, but no significant
reduction in GSR levels or in STAI-A-State scores.

The third hypothesis is that the false decreasing tone group with

relaxation instructions will show a significant reduction in the
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STAI-A-State scores and GSR levéls, but the least amount of learned EMG

reduction:



CHAPTER II
METHOD
.Subjects

Twenty-four female subjects were seledﬁed from introductory psychol-
ogy courses on the basis of their scores on tﬁe Fenz—Epsfein Modified
- Anxiety Scale. The students who attained scores which indicate low
levels of muscle tension (mean score of 1.25 or less) were chosen to
participate in the study. This is minus one standard deviation below
the meaﬁ for females (Fenz andbEpstein,_1965). Previous research.indi—
cates that females are generally more compliant than males in their
interactions with autﬁority figureé (Macﬁby and jacklin, 1974). There-
fore, females were selected for this study to facilitate belief in and
consequent compliance with the experiméntal pfoce&ures in ordervto sig-
nificantly differentiate,among the three treatment groups. The subjécts
ranged in age from approximately 18 to 40 years. Due to the loss of
four subjects during’the fifst run of‘the experiment, it was necessafy
to schedulé a secondbrun. For this run,‘eight subjects were trained from
which four were randomly selected. For the GSR data, the-number of sub-
jects was reducedvto 18 due to the breakdown of the Autogen 3400 Feed—

back Dermograﬁh{

11
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Instruments

The'Fenz—EbsteinvModifiéd Anxiety Scale (Fenz and Epstein, 1965)
was given to all subjects participating in the experimeﬁt. This instru-
ment has three subscales: One scale contains 16 items related to symp-
toms of autonomic arousal which refers to visceral éymptoms associated
with activation of the autonomic nervous system. Some of these items
refer to tachycardia, vasomotor reactiohs; gmotionally induced sweéting,
failure of body tempefature control and aigéstive disorders. The second
scale of 18 items is concerned with symptoms of muscular tension which
refer to the effecfs of sustained contraction of striated or voluntary
muscle. 'Items include references to tremor, motor incoordination, back-
acﬁe, rapid'breathing, pressufe headacheé éndvskin sensitivity. The
last scale of 19 items involves subjective feelings of fear aﬁd insecu-
rity which refer to the inability to codéenﬁratg.or relax, the tendency
to worry excessively over trifles; unexplgined,feelings of fear and
panic, fitfﬁi sleep,’compulsive manﬁerisms and statéd feelings of insecu-
rity;

The scale was given to 52 female ahd'46_male:ﬂndergradﬁates at the
University of Massachusétts, 0Odd-even reliability coefficieﬁts were
computed‘independently for each scale and corrected for attenuation.

A reliability coefficient of .83 was obtained for autonomic arousal;
.84 for striated muscle tension; and .85 for feelings of anxiety (Fenz
and Epstein, 1965).

Pre- and post«treatment.measures of subjective stétes of anxiety

were examined with the State-Trait Anxiety Inventory, A-State (STAI-A-

State) scale (Spielberger, Gorsuch, and Lushene, 1970). The STAI-A-State
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scale_consists of 20 statements to which subjects respond with their
particularffeelingsvat a specific moment in time. The authors define
staté anxiety as a transitory emotionai state characterized by subjec¥
tive, consciously perceilved feelings of fension and apprehension and
heightened autonomic system activity. Furthermore, A-States may vary |
in intensity and fluctuate over time. Accoyding to Spielberger, Gorsuch,
and Lushene (1970), scores on.the A-State séale increase in response to
various kinds of stress and decrease after relaxation training. Test-
retest réliability coefficients, obtained from a sample of undergraduate
college stﬁdenté, ranged from .16 t6‘154 with a median correlation coef-
ficient of .32. However, these low coefficients weré anticipated with
the A-State of~théUSTAI as it reflects various situational factors
present at'tﬁe time of testing aé well as subjective states. Because

of the transitory nature of énxiety states, measures of intepnalﬂcon—
sistency.sucﬁ'as the alpha coefficient would most likely pfoduce a more
meaningful index df the reliability of the A-State scale than test-
fetest correlations. Internal,reliability coefficients rénged from

;83 to .92 in a sample of high school and colleée students. A measure
of the consﬁruct vali&ity for the A-State scale was coﬁputed after more
than 900 college students weré administered the scale under two differ-
ent conditions, NORM (with standard instructions) and EXAM (beforé
exam). The mean score for the A—Stafe scale was considerably‘higher in
the EXAM (57.75) condition than the NORM (39.69) condition (Spielbergef,
~Gorsuch, and Lushene, 1970). In another validation‘study, 197 college
studen;s were given the STAI-A-State scale under-four experimental
conditions: Normal, Relax, Exam, and.Stressful Movie. The meén score

for the STAI-A-State scale was lowest in the Relax condition and highest
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after the stressful film (32.70 to 50.03), respectively (Lazarus and

Opton, 1966).
Apparatus

Electromyographic (EMG) measures were recorded from an Autogen 1700
Feedback‘Myograph using standard’frontalis placement'twq inchés on either
side of center forehead and Ene inch above each'éyebrow. Midway between
these electrodes, a ground electrode waé placed upon the forehead. Two
other electrodes for the standard forearm flexor placements were also
attached  (Venables and Martin, 1970). The subject received auditory
feedbgck of muscular tension on an interval schgdule through headphones
which are connected to the Autogen unit. The feedback is in the form
of clicks which are logarithmically préportional to- the level of EMG
activity being monitored.» |

GSR (galvanic skin response) measures were recorded from an Autogen
3400 Feedback Dermograph. The twobactive silver/silver chloride
electrode;’were placed-bn the.second and third fingertips of the non-
dominant hand. The ground electrode was placed on the‘index finger of
the non-dominant hand. The electrodes were held in place with the use

of velcro fasteners.
Procedure

In an attempt to separate the active and placebo components of
this study, a double—blind,design wés used. This design controlled for
the expectations and biases of both the sﬁbject and the experimenter as
transmitted overtly or covertly_thrgﬁgh the pﬁécedures, interéctions,

and experimental setting. Before the experimental training sessions,



15

all subjects were informed, verbaily and in writing, that this was a
biofeedback experiment in_which they would be gaining control over their
particular physiological pattern. No information was given about the
type bf biofeedback training to be utilized inbthe study or the specific
physiological responses‘monitored. The lack of male subjects was
explained as due to the differenceé in patterns of physiological
activity for males and females. Fﬁrthermore, subjects were requesfed
not to question their experimenter during the training sessions, and
were given blank sheets to write down any questions at the end of each
_session. Theée.questionSVWere forwarded to an individual not partic-
ipating in the experimental procedures.

The experimenter utilized identical proéedures for all subjects.
An individual not actively involﬁed in the experiment randomly assigned
each subject to one of the three treatmenf conditions: EMG with relaxa-
tion instructions (Group 1), EMG without.rélaxation instructions (Group
2), or the false decreasing tone group with relaxation instructions
(Group 3). The expérimenter was given.only the subject's name and the
tape codé to be used with that squect.

Three sets ofbtépes, one for'each of the three groups, were made.
Each set of tapes ingluded four separate tapes. The first tape was
used for Sessions 1 and 2, the second tape for Sessions 3 and 4, the
third tapé for Sessions 5 and 6, and the fourth tape for Sessions 7 and
'8. The instructions for Groups 1 and 3 were identical. The instruc;
tioné for Group 2 did not include relaxation expecténcies. After the
instructions, the tapes for Gfoups 1 and‘2 were blank as they ﬁere
receiving true‘EMG feedback. The tapes for Gréup 3, after the instruc-

tions, included decreasing tone‘feedback at the rate of 180-120, 150-90,
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120-60, 90-30 clicks per minute for tapes 1, 2, 3, and 4, respectively.
At the beginning of the first experimental session, subjects were
asked to_complete the State—Trait Anxiety Inventory, A—Statetséale.
Then they were seated in a comfortable chair and asked to relax them-
selves with both 1egs and arms uncrossed. EMG electrodes were attached
at ﬁhe standard fréntalis and forearm flexor placements. CSR electrodes
were placed on the first three fiﬁgertips of the‘non—dominant héﬁd.
Subjects were instructe& to sit quietly while baseline data was recorded.
Levels of muscle tension in microvolts were recorded from the frontalis
and forearm flexor ﬁuscles in combinatioﬁ and individually. AA baseline
GSR in average ohms resistance was also recorded. The earphones were
then placedfon the subject's head at which time thé appropriate tape
recorded instructions were initiated. Instructions.for the true EMG
feedback group with relaxation instructions and the false decfeasing
tone feedback group were as follows:

-This is an experiment on the effects of biofeedback upon an
individual's physiological ‘pattern of responses. Through the
earphones, you will hear a series of clicks. As you decrease
the number of clicks, you will be gaining control over your
particulér psychological pattern which will facilitate your
becoming more relaxed. We have found that the following
procedures generally produce the most relaxation. Let your-
self begin to feel quite relaxed. Close your eyes. Try not
to blink, swallow or move your face but let it feel heavy
" and ségging. Breathe deeply and rhythmically. Try to settle
into a daydreamy type of state. Let relaxing images come
into your mind. These machines are quite sensitive and often
record not only your physiological pattern, but also bodily
movements. To control for these movements, we have placed
electronic filters on the machines which screen them out.
However, occasionally, the bodily movements will override

the filters. At this time, you will hear an increase in the
clicks. Periodically, throughout the session, there will be
silent periods in which we will be recording different
physiological measurements. Therefore, try to remain as
still as possible during the session. The session will last
approximately 21 minutes.
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The instructions for the true EMG feedback group without relaxation
instructions were as follows:

This is an experiment on the effects of biofeedback upon an

individual's physiological pattern of responses. Through

the earphones, you will hear a series of clicks. As you

decrease the number of clicks, you will be gaining control

over your particular physiological pattern. These machines

are quite sensitive and often record, not only your physiolog-

ical pattern, but also bodily movements. To control for these

movements, we have placed electronic filters on the machines

which screen them out. However, occasionally the bodily move-

ments will override the filters. At this time, you will hear

an increase in the clicks. Periodically, throughout the ses-

sion, there will be silent periods in which we will be record-

ing different physiological measurements. Therefore, try to

remain as still ‘as possible during the session. The session

will last approximately 21 minutes.

After the electrodes were attached and the baseline measurements
for the EMG levels for the forearm flexor. and frontalis muscles, indi-
vidually and in combination, along with the GSR levels, were recorded,
the experimenter placed the correct tape in the tape recorder, set the
switch for instructions, turned the sound switch on and turned on the
tape recorder for the pre-recorded instructions, After the instructions,
the experimenter activated one of three combinations of switches, either
BC, CD, or AD and the switch for training. Two of these combinationms,
BC and CD, initiated EMG feedback from the Autogen 1700 Feedback Myograph
for Groups 1 and 2. The third combination activated the taped decreésing
tone feedback for Group 3. Each subject, in the EMG feedback group,
received six two-minute periods of feedback with one-minute rest inter-
vals between them. The taped false feedback was presented on a similar
schedule.

The sound from the tape recorder and the Autogen 1700 Feedback

Myograph were both wired into a volume control switch. . This was done
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so thatrif a subjgct stated that the sound was_foo low, the volume
control switch could be chénged'and.the experimenter would not knoﬁ
whether the sound was being regulated on the tape recorder or the
Autogen 17OO.Y'The tape.recorder playe& continuously. Thus, the
experimenter was unaware as to whether the subject was receiving false
| feedback frém the tape recorder or EMG'feedback from thé Autégen 1700.

The experimenter monitored four physiological measures for all
subjects thfoughout the training sessions. Each physiological measure
was reéorded_dgring each of the seven three-minute trials: The Autogen
SlOO'Digital Integrator was uged'during.the first two minutes of each
 trial to reflect tﬁe average aﬁplitude of the EMG levels inrmicrovolts.
The 5100 Integfator combined the frontaiis:and forearm flexor EMG .
signals and, thus, reflected the'average level of muscle tension for
them over a two-minute period.

Three other measures Qere'tgkenvduring the»third minute of each
vtrial;' The average EMG~iev§ls iﬁ»microvbité from the frontalis and
forearm flexor»musélés were recorded seﬁarétely over a ls—second period.
The GSR, in éverage ohms resisténée, wasbélso,recorded. Therefore, the
experimental procedures fér each subject in each condition were iden-
tiéal in order to implement the double4biind design,>

At the conclﬁsion‘of the.initial seséion; all subjects were
scheduled for‘seven experimental'seésions of 21 miﬁutes each to extend
over a-four—week period. Sessions»wefe scheduled with at least one
day intérvening between them. Subjects were also asked to complete a
short questibnnaire about strategies utilized toidecrease the number
of clicks'during‘each session. 'At the end of the four-week period, only

20 subjects had completed the eight training sessions. Therefore, a
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second run of the experiment was scheduled. Eight subjecﬁsvwere trained
from which four were selected, one subject for two of the treatment
groups and two subjects for the third group.

After the,sdbjects héd‘complgted all training sessions, théy‘were
asked to respond to the State-Trait Anxiety Inventory, A-State scale
again. In_additioﬁ, information about the nature of the experiment was
provided. Any questions the subjects had about théir performance were
alsovanswered.

With the completion of all the experimental éessions,vthe cognitive
strategies utilized»by the éubjects wefe tallied and a‘frequency dis=-
tribution made. Suspicion of false feedback. by the sgbjects was deter-
mined and a x2 analysis of this'&até waé performed.

Four of the éix trainers knew nothing about the use of false
feedback for one of thé.treatment conditions. Furthermore, no details
about the hypotheses or the expéfimental design were known. Two of
the six trainers knew about the experimenfél design and hypotheses but
.were uﬁinformed about the meaning of the codes. Questioning of the
experimenters revealed only one of the two’who kﬁew of tﬁe experimental
design Bad decided which group was given false feedback. Another X2

analysis of this data was computed.

Design

Independent Variables

The independént between squects variable 1s treatment groups.
The EMG feedback plus relaxation instructions provided the condition

of cognitive expecténcy as well as physiological learning. The EMG



20

feedback without relaxation instructions provided the condition of
physiological learning alone. 'The false decreasing tone placebo group
provided the condition of cognitive expectancy alone.

Two within subjects independent variables.were eight sessions and
seven trials within each session for the physiological data. Another
within subjects variable was pre- and post-scores on the STAI-A-State

scale.

Dependent Variables

Five dependent variables were utilized in this study. EMG levels
of muscle tension invaverage integral microvolts were recorded from the
frontalis and forearm flexor, individually and in.combination. GSR
measures in average ohns resistance and‘change ecores from the State-
Trait Anxiety Inventory, A—State scale were also analyzed.

The data were analyzed in three separate analyses of variance
(ANOVA). The first ANOVA, on EMG levels of muscle_tension (one for
each of thekthree EMG dependent measures), involved one between sunjects
variable (Groups—3) and two with;n subjects variables (Sessions-8 and
Trials-7). The ANOVA computed on the GSR levels hed the same design
as the one for the EMG levels of'tension. The third najor ANOVA, on
the State—~Trait Anxiety Inventory, A-State scores; was a one between
snbjects variable (6roups-3) and e'one within subjects variable (pre-

and post-scores-2).



CHAPTER III
RESULTS
‘Introduction

Results will be presented in six separate sections. The first
section will presenf the combined EMG resulfs which include the forearm
flexor'muséle (EMG—A), ahd the frontalis muscle (EMG-F). The.second
and third seétions.will discuss the EMG-F and EMG-A data reépectively.
The fourth is a presentation of the GSR resultsf In the fifth section,
an énalysis of the STAI-A-State scores will be‘presented.‘ fhe_sixth

section examines the subject's cognitive strategies.
J g ‘ g
EMG

A mixed ANOVA on Treatments (3) x Sessions (8)'x Trials (7) was
performed. on tﬁe EMG combined measures which inéluded the foreérm fiexor
and the frontalis muscle} The between subjects variable was the treat-
ment groupé»of false feedback with relaxation instructions, EMG feedback
with relaxation instructions and EMG feedbaék without relaxation instruc-
‘tions, and the withinbéubjeéts variables were the eight.treatment ses-
sions aﬁd the seven trials within each session.

There was no significant main group effect on the EMG combined data
indicating that the different treatments did not significantly effect

"the muscle tension levels of the three groups (F (2, 21) = 1.11).

21
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However, there was a significant main effect for sessiéns, F (7, 147) =
3.17, p < .003, and trials, F (6, 126) = 23.62, p < .0001. The main
sessions effect was based on a general reduction in combined muscle
tension levels from session 1 at 1.99 microvolts (mv) to session 4 at
1.48 mv. The main trials effect>is based upon the very large drop in
‘mﬁscle tension from trial 1 at 2.24 mv to trial 2 at‘l.59 mv. From
trial 2 to trial 7, the combined muscle tension levels changed only
.07 mv. These significant main effects indicate that change was:
occurring across trials within sessions and from session to session
across time. None of the interaction efiects for the EMG combined
measurés Qere significant although the interaction of treatmenté_with
sessions and with trials did approach significance, F (84, 882) =1.26,
p < .Q6. Because of the interest in the cognitive as well as the
physiological aspects of biofeedback and separate performance of the
three treatment groups,rplanned’simple effects tests were performedz

For the EMG feedback gréup with relaxation instructions, signif—
icant sessions (F (7, 49) = 3.35, p < .005), énd trials (F (6, 42) =
9.88, p < .0001) effects were found. A look at either the graph for
Session means (Figure 1) or at the Table of Trial and Session Means
for this group (Table XXI), it is’apparent that there is a rather
consistent drop in muscle tension levels across both trials and ses-
sions. Furthermore; Figure 1 shows that'much of the reduction occurs
within the first two or three‘sessions.‘ Any other changes in levels

i

of muscle tension are minimal and predominantly help to stabilize the
change that occurs rather eafl§ in the process of biofeedback. Figure 2

depicts a tremendous reduction in muscle tension levels from trial 1 to
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to trial 2 of .63 mv. The range of trial means is only .74 mv. There-
fore, the change in the EMG levels of mﬁscle ténsion.6ccurs predominantly
from trial 1 to.trial 2.

Planned simple effects tests were also performed on the treatment
data for the EMG without relaxation instructions group. Significant ‘
effects for sessions (Figure 1), F (7, 49) = 2f54’ p < .02, and trials
’_(Figure 2), F (6, 42) =.14.56, p < .0001, were found for this tfeatment
group. A significant session x trial interaction, F (42, 294) = 1.45,

p < ;04, was also revealed. A Table of Means across Trials and Ses-
sions is presented in Table XXIi for this group. Although there is a
drop in muscle:tension levels across sessions, Figﬁre 1 shows that the
change is ratﬁer variable. Thus, the change across trials wifhin ses-
sions,’altﬂough decreasihg in levels of muscle ténsion, is rather
variable from session to session.. Again, as with the EMG fegdback

with relaxation instructions group, much of the change in muscle tension
levels occurs from trial 1 to tfial 2 with a reduction of .67.mv which
indicatés a large reduction from ﬁrial 1 to trial 2 withvminimal change‘
_ ffom trial 2 to trial 7, 1:§2 mv to 1.60 mv, respectively. |

For the false feedback group with relaxation instrucﬁiops, planned
simple effects tests revealed only a significant trials, F (6, 42) =
4.48, p < .001, effect. The graph of trial means . (Figure 2) shéws that
the subjects were performing inconsistently across trials beginning'with
a trial 1 mean of 2.40 mv, dropping to‘1.74 mv in trial 4 and tﬁen ris-
ing to 1.78‘mv, down to 1.68 mv and ub to 1.78 mv in trials 5, 6 and 7,
respectivély. The lack of a statistically)significant difference across
sessions for this group apbears to be due to the extfemely variable

performance of this group.
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EMG-F

Further analysis of the EMG data with a mixed ANOVA on Treatments
(3) x Sessions (8) x Trials (7) utilizing the separate measures from
the frontalis”muscle (EMG-F) revealed signifiéant main effects for
sessions, F (7, 147) = 4.35, p < .0002, and trials, F (6, 126) = 6.42,
p < .0001. This indicates that the lowering of muscle tension levels
of the frontalis muscle waskoccurring across trials within sessions and
across sessions. These main effects for trials andvsessions are
consistent with the significant main effectS'discovered with the measures
of combined muscle tension. This is partially due to the frontalis
tension levels being generally much highér than those obtained from the
forearm flexor. Thus, the combined meaéure of EMG was weighted with
higher levels. of tension from the frontalis muscle.

Although there were no main.freatment or interaction treatment
effects, simple effects tests were computed to look at the differential
performénce of the three treatment groups. -For the EMG feedback with
rélaxation instructions group, significant maiﬁ effects were revealed
on sessions, F (7, 49) = 3.93, p < .Obl, and trials, F (6, 42) = 2.73,
p < .02, Thése effects are cqnsistent with the previbus results for
this group on the combined EMG méasure.v Figure 3 reveals a rather
consistent drop across sessions from 2.71 mv in session 1 to 1.87 mv
in session 3. On session 4, however, there is a large increase to
2.12 mv and then a general reduction in muscle tension levels to 1.65
mv in session 8. In Figure 4, the trials effect séems‘more inconsisfent
with a drop from 2.36 mv on tfial 1 to 1,70 mv on trial 3. Then there
is a rise to 2.03 mv on trial 5 énd finally another drop to l.§2 mv on

trial 7.
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Analysls of simple effects for the EMG feedback without relaxation
insfructidns.group revealed only a significant sessions effect,‘

E_(?, 49) = 2.11, p < .05, which indicates that biofeedback without
relaxation instructions produced learned reductioﬁs in EMG frontalis
tension levels across time from session to session. Analysis of the
session means, as diéplayed in Figure 3, shows a gradual consistent
drop from 2.71 mv in session 1 to 2;03 mv in session 6. Session 7
rises to 2.15 mv and finally drops to 1.87 mv in session 8.

For the false feedback‘group‘withvrelaxation instructions, a
planned simple effects test on>the EMG-F data revealed only a significant
trials effect, E_(G, 42) = 4.43, p < .OOi. This significant difference
for triéls indicates that the_individuals were lowering their levels of
muscle tension across_ trials within any ane session but no significant
reductibns acroés éessions occurred. Figure’4 reveals a large drop in
mgscle tensioﬁ levels for the frontalis muscle of .59 mv from trial 1
to trial 2. The range among the other tfials is only .20 mv indicating
that most of the change for this group on the frontalis muscle occurred

from»tfial 1 to trial 2.
EMG-A

Anothér mixed analysis of variance on Treatments (3) x Sessions
(8) x Trials (7) on the forearm flexor EMGT(EMG—A) data showed a sig-
nificant trials effect, F (6, 126) = 27.58, p < .0001, and a significant
interaction of treatment with sessions and with trials, F (84, 882) =
1.51, p < .002.

In order to understand the signifiéant three-way interaction on

the EMG-A data, planned simple effects tests were computed to‘analyze
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more completely the aifferential performancé of the three treatment
groups. These tests revealed'a significant effect for trials,

E_(6; 42) = 11.70, p < .0001, and a significant session x trial inter-
.action, E_(ﬁZ, 294) = 1.41, p < .05, for the EMG feedback group with
relaxation instructions. Figure 6 indicates that this group was lower-
ing muscle tension levels across trials. Plénned Newman -Keuls compar-
isoné onAthe EﬁG—A data for them.also showed that trial 1 was
significantly different from all other trials indicating that most of
the change in EMG-A muscle‘tensiop levels occurred from trial 1 to
trial 2. This interpretation is supported by a .69 mv change from
trial 1 (1.42 mv) to trial 2 (.73 mv) with the range among the other
trials being .25 mv. Figure 5 indicates thaf that this group was
performing differentially across trials from session to seésion in chang-
ing levels Qf-muscle tension for the forearm flexor. A comparison of
the trial means shows that there is a consistent and cumulative effi-
cient reduction in EMG levels forvall sessions except session 6. In
this session, the group drops from .94 mv on trial 1 to .46 mv on

trial 3. A rise to .54 mv on trial 4, a drop to .40 mv on trial 5,
with a subsequent rise to 1.0l mv on’trial 7 describes their variable
performance.

Analysis of the simple effects teéts for the EMG feedbgck group
without rélaxétion.instructions on the EMG-A data revealed a sig-
nificant trials effect, F (6, 42) = 7.71, p < .0001. Figure 6 shows
that this group was reducing their EMG levels in the forearm flexor
across trials within sessions. However; this group demonstrated no

significant change in forearm EMG across sessions. Independent
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Newman-Keuls comparisons of the trial means for the EMG-A data revealed
that trial 1 was significantly different from all other trials. Froml
trial 1 at 1.63 mv there was a .76.mv drop to trial 2 at .87 mv. Among
the trials 2 through 7, there was only a .21 mv change. Therefore,
most of the reduction in EMG-A levels of muscle tension for this gfoup
occurred from trial 1 to trial 2.

For the false féedbaék group with relaxation instructions, the
simple effects test on the forearm flexor revealed a significant trials
éffeét, F (6, 42) = 9.81, p < .Odbl, and a significant session by trial
interaction, F (42, 294) = 1.42, b < .05, Figure 6 shows that this
group was reducing their levels of muscle tension across trials within
sessions. Planned NéWman—Keuls comparisons of the trial means on the
EMG-A data demonstrated significant differences between trial 1 and
all other trials. fheigroup began oﬁ trial 1 with a mean of 1.81 mv
and lowered their EMG levels to .76 mv on trial 7. Again, the largest
change occurred from trial 1 to trial 2 with a .66 mv drop on the
forearm flexor muscle tension levels. A”compariéon of the trial means
within each session fevealed this groué to be changing in an‘inconsistent
and disorderly manner iﬁ some séssions. Although a regular and con-
sistent réduction in EMC levels was reVealed in sessions 1, 2, 5 and 6,
other sessions were quite variable. For example, in session 3, from
a mean of 1.50 mv on trial 1, the group increased muscle tension to
1.86 mv on trial 2, then dropped'to .93 mv on trial 4, changed to 1.43
mv on trial 5, dropped to .70 mv on trial 6 and rose to 1.06 ﬁv on
trial 7. Similar kinds of changes occurred in other sessions, espe-

~cially session 7, with 1.65 mv on trial 1, a drop to .64 mv on trial 3,
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and a rise to 1.05 mv on trial 4 which variability continues throughout

the session.
GSR

A mixed analysis of variénce on tﬁé GSR data ﬁtilizing»a Treatments
3) x Sessions (6) x Trials (7) was computed. The between $ubjects
variable was the three treatment groups of false feedback with relaxa-
tion instructions, true EMG feedback with'relaxation instructions, and
'frue EMG feedback without relaxation instructions. The within subjects
variablesiwere the six treatment sessions and seven trials within each
session. Due to the ﬁailure of the Autogen 3400 Feedback Dermograph,
GSR data was obtained:on only 18 subjects for six sessions.

There was no sig%ificant main treétment effect on the GSR data
indicating that the GSR measures obtained in the three groups did not
significantly différ.§ Howevef, tﬁere was a Significant main effect
for sessions, E_(S, 75) = 9,84, é < ,0001, which indicates that the
subjects within each group were changing their GSR responses across
sessioﬁs in a direction toward greater relaxation. Planned Newman-Keuls
comparisons of the session means revealed significant differences
between session 1 and session 5 and befween’session 1 and session 6.

The data demonstratgd a consistent and orderly increase in GSR levels
across sessions with a mean of 99.42.K_ohms in session 1 to 123.46 K ohms
in session 6. Another significaﬁt main effect for trials, F (6, 90) =
19.76, p < .0001, was discovered in the GSR data indicating that changes
toward a more relaxed state were occurring acroés trials within each

session.
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Independent Néwmaﬁ—Keuls comparisons of the trial means demonstrated
significant differences between trial 1 and trial 5 and trial 6 as well
as trial 2 and trial 5 and trial 6. The GSR trial means show a regular
increase across trials frém a mean 6f 102.44 K ohmé on trial 1 to
123.02 K ohms on trial 6. This overall ANOVA on the GSR treatﬁent data
is consiétent with the overall ANOVA on the EMG combined and EMG
frontalis data which supports the hypdthesis that lower tension levels
and greater relaxation were occurring within these three treatment
" groups. The fact that the GSR data chaﬁged in a direction indicating
relaxation supportsvth? generalization hypothesis that learning to
relax in one physiological system will tend to generalize to other
systems. ’ ‘

In order to bettey understand the differential performance of the
three treatment groupsi planned simple effects tests were computed for
each group. For the EMG feedback group with relaxation instructions,
significant sessions, ﬁ_(S, 25) = 6.90, p < .0004, and trials effects,
F (6, 30) = 5.70, p < ;0004, were discovered thch indicates that this
group was changing their GSR responses across trials within sessions
and across sessions in a manner consistent with iﬁcreaséd relaxation.
It also indiaates that this group was changing in a regular and con-
sistent ménner across sessions with a mean of.79.45 K ohms in session 1
to 118.47 K ohms in session 6. A similar pattern emerged with a mean
of 90.83 K ohms for trial 1 and 109.25 K ohms for trial 7.

Analysis of the GSR data for the EMG feedback group without
relaxation instructions revealed only a significant trials effect,

F (6, 30) = 8.45, p < .0001. This indicates that this group was‘chang-

ing GSR responses across trials in a direction indigating greater
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relaxation but this change was not retained across time from session to
session. This interpretation is supported by a comparison of the trial
means which changed from 106.61 K ohms on trial 1 to 125.66 K ohms on
trial 7.

Analysis of the GSR treatment data for the false feedback group

|

with relaxation instructions revealed a significant sessions, F (5, 25)
3.18, p < .02, and trials effect, F (6, 30) = 8.29, p < .0001, which
indicates a change in GSR responses across trials and sessions indicat-
ing greater relaxation. Most of the change, however, appears to occur
from session 1 to session 2 with a mean of 113.00 K ohms tp 125.97

K ohms, respectively. The range of scéres from session 2 to session 6
.is only 2.95 K ohms. A comparison of the trial means for this group

on the GSR data indicates a regular and copsistent increase in GSR

'respoﬁses from 109.88 K ohms on trial 1 to 129.72 K ohms on trial 7.

Interrelationships Among the Physiological

Measures for Each Treatment Group

A four x four ﬁatrix of Pearson product moment correlations for
'each.treatment group by sessions on the EMG combined (EMG-I), EMG
foreafm flexor (EMG-A), EMG frontalis (EMG-F) measures and the GSR
scores were computed.
For fhe true EMG feedback group with relaxation instructions, EMG-I
(Appendix E) corréiatea'significantly with both EMG-F, r (6) = +.98,
P ; .0001, and.GSR, r (6) = -.82, p < .01. EMG-F also correlated sig-
nificantly with GSR, r (6) = —.80,>p < .01, Ihése correlations support

the hypothesis that this group was changing in a direction indicating
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greater relaxation and the generalization theory that relaxation of one
physiological system will tend to sﬁread‘to other systems.

Significant correlations for the EMG feedback without relaxation
instructions group by sessions (Appendix F) include EMG-I with EMG-A,

r (6) = +.77, é < .02, and EMG-I with EMG-F, r (6) = +.89, p < .002.

The correlations for all the EMG dependent measures were significant
indicating that they were all changing in a similar manner across ses-—
sions. No other‘significant correlations were found for this group
except the EMG-F and GSR measures approached significance, r (6) = -.67,
p < .06.

Forvthe false fee&back group with relaxation instructions (Appendix
G) only the EMG-F and EMG-I measures correlated significantly with each
other, r (6) = +.95, p < .002. The high correlation of EMG-I with EMG-F
is anticipatgd in view of the extreﬁe contribution.of the EMG-F measures
to the EMG-I measures. For this group, the EMG-F and EMG—A méasures
approachéd significance, r (6) = +:66, p < .07.

In addition, a four x four matrix of Pearson product moment correla-
tions for each_treétment group By”trials on the EMG-I, EMG—F,'EMQ-A and
GSR data wasvcomputed.

’Significant correlétions across trials for the EMG feedback group
with relaxation instructions (Appendix H) included EMG-I measures with
EMG-A, r (7) = +.98, p < .0001, EMG-F, r (7) = +.80, p < .03, and GSR,

r (7)
r (7)

-.89, p < .007. EMG-A also correlated significantly with GSR,

]

-.93, p < .001, and EMG—-A approached significance with EMG-F

measures, r (7) +.71, p < .07. This indicates that the combined EMG,

forearm EMG and GSR measures were changing together in a more consistent.
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manner than the EMG frontalis. "This may be a function of the degree of
difficulty experienced in relaxing the frontalis muscle.‘

For the EMG feedback group without relaxation instructions, signif—
icanﬁ correlations across trials (Appendix I) were EMG-I with EMG-A,
r (7).= +.93, p < .001, and EMG-I with GSR, r (7) ; -.84, p < .01. The
only other significant correlation was the EMG-A measure with GSR,
r (7) = -.92, p < .002. These significant correlations seem té support
the previous conclusion for the EMG feedbaék group with relaxation
instrqctions, i.g., these physiologiéal dependent measures are changing
in a more consistent and lingar manner than the EMG frontalis. - This may
agaiﬁ be due to the difficulty of relaxing the frontalis mqscle. |

For the’false feedback group with relaxation instructions (Appendix
J) each physiological dependent measure correlated significantly with
every othef physiological measure. EMG-I correlated significantly with
EMG-A, r (7) = +.96, p < .0003, with EMG-F, r (7) = +.96, p < .0004,
and GSR, r (7) = -.87, p <..Ol. EMG-A correlated significantly with
EMG-F, r (7) = +.91, p < .003, ana with GSR, r (7) = -.94, p < .001.
.EMG-F also correlated significantly with GSR, r (7) = -.77, p < .04,
These significant correlations indicate that’all-of the physioloéical
measures for this group across trials were changing in a consistent and
linear direction which would support the efficacy of cognitive strategies
over short time periods. Most (five of six) of the significant correla-
tions support the extreme contribution of the EMG frontalis measures to
the combined EMG measﬁres. The significant correlations of the EMG
forearm and EMG frontalis support the hypothesis that relaxatioﬁvin
one muscle of thg body will tend to generalize to other muscles in the

body. The GSR correlations with the EMG measures'support the
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generalization hypothesis that relaxation of one physiological system
tends to spread to other physiological systems.

it isvinteresting to note that the GSR'measures,,for the session
.correiations, are significant only for the EMG feedback group with
relaxation instfuctions.on the EMG-I and EMG-F data. On the correla-
tions by trials, however, GSR correlates with all three EMG méasures for
the false feedback group with relaxation instructions and with EMG-I for
the EMG feedback group wi;h relaxation instructions and the EMG feedback
group without relaxation ihstructions, respectively. This data supports
the contention that the generalization of rélakation from one physiolog-
ical system to another may be quickly leérned across trials but is not
easily retained across sessions. Furthermore, it appears that mere
cognitiye sﬁrategies are extremely effective across trials within ses-
sions in éhanging the physiblogiqal dependeﬁt measures in a direction

indicating greater relaxation.
State~Trait Anxiety Inventory

An analysis of variance with Groups (3) X Pre~ and Post-measures
(2) was performed on the State—Traif Anxiety Inventory, A-State (STAI-A-
State) scores. The betWeen subjects variable was the three treatment
groups of false feedback with relaxation instrﬁétions, true EMG feedback
with relaxation instructions, and true EMG feedback without relaxation
instructions. The within subjects variable was the pre- and post-
treatment scores on the STAI-A-State.

No significant méin effect fér groups was revealed in the STAI-A-
State scores indicating that the.subjective reports of the three groups

regarding their state of anxiety before and after treatment did not
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differ. The main effect for the pre-~ and post-treatment scores, how-:
ever, was significant, F (1, 21) = 8.84, p < .007, indicating a reduc-

tion in tension and anxiety for all three groups.
Cognitive Strategies

Most subjects, 21 of the 24, thought of the various activities and
people wifh which they were involved; i.e., parties, sororities, friends,
concerts, dates, etc. Many, 19 éf the 24_subjects, mentioned different
classes, exams and grades. They also thought about‘their relationships
with their boyfriends, friends, and relatives. Others, four of the 24
individuals, planned their day's activities during the experimental
session. Approximately eight of the 24 mentioned trying to think relax-
ing thoughts.

" A chi-square analysis waé performed to detect any relationship
between treatment groups and suspicion of false feedback. A X2 of 2.08
was computed which indicates that the treatment groups did nat suspect
false feedback was one of the treatment conditionms.

Another‘X2 analysis was performed to detect any relationship between
experimenters and suspicion of the épecific group being given pseudo-

2

feedback. A X° of 2.40 was computed which indicates that the experi-

menters did not guess correctly the placebo group.



CHAPTER IV
DISCUSSION

The primary purpose of ﬁhis study was to examine the role of
cognitive factors in the procéss~of biofeedback. More specifically, an
attempt was made to look at the effects of instructions, verbal and
codéd.(ciiéks indicating increasing levels of relaxation), upon one's
psychélogical level of muscle temsion énd one's physiological state of
relaxation. It was hypothesized that those individuals receiving true
EMG feedback with specific relaxation instructions would show the most
consistent and efficient reduction in mﬁscle tension levels of the three
treatment groups. It was also pfedicted that tHis_group would show é
significant reducpion in GSR levels, a measure of one's general level
of arousal, and STAI—A—Stéte'scores, a measure of subjective anxiety.

It was further hypothesized that the true biofeedback group without
relaxation instructions would show a sigﬁificantly greater reduction in
muscle tension than the false decreasing tone group but no significant
reduction in GSR levels or STAI-A;State scores. These hypotheses were
made because this group would be receiving true EMG feedback and,
consequently, would experience a reduction in EMG levels. However, they
would receive no cognitive instructions to relax or feel less tense.
Therefore, no significant reductions in the general level of arousal,

GSR, or subjective state of anxiety would occur.

41
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It was also hypothesized that the false decreasing tone group which
received relaxation insfructions along wiﬁh decréasiﬁg pre-recorded
clicks which indicated increasing levels of relaxation across sessions,
would show a significant reduction in GSR‘levels and STAI-A-State
scores., However, this group would show the least amount of learned EMG
reduction as they would be receiving false feedback.

Results of the data analysis indicate that the three treatment
groups did not significaﬁtly differ from each other on their EMG
frontalis levels, GSR measures or STAI-A-State scores. However, a
treatment X session x trial interaction effect was significant for EMG
forearm data and marginally significant'fof the combined levels of
muscle tension. In order to have a befter_understanding and describe
the differences among the three groups, simple effects tests were com-
ﬁuted.

From theée analyses, it appears tﬁat 5oth EMG groups were lowering
their levéls of muscle tension as they displayed a significant sessions
and trials main effect. However, the false feedback group showed only
a significant trials main effect on the EMG combined measures. This
indicafes that this group was chaﬁging across triais within sessions in
a manner consistgnt with greater relaxation. Howevér, the data suggests
that these chénges were more likely due to habituation rather than learn-
ing as they were not changing EMG levels from session to session.
Furthermore, it appears that édgnitive instructions to relax aré effec-
tive in changing muscle tension levels across trials @ithin sessions but
not across time froﬁ session to session. The lack of the EMG feedback

and consequent lack of knowledge of one's level of muscle tension seems
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to lead to habituation across trials and a minimal level of learned EMG
reduction as hypothesized.

A close examination of the graph of session means for the EMG
feedbaék group with relaxation instructions (Figure 1) on the EMG com-
bined data indicates a rather consistent and significant reduction in
EMG levels across trials within sessions and from session to séssion
across time. Thus, it appears that the combined impact of true EMG
feedback with the explicit message of relaxation, i.e., information
about one's level of muscle tension plus the cognitive strategy to relax
led to consistent and efficient reduction in muscle tension.

A comparison of the graph of session means.for the EMC feedback
‘group without relaxation instfuctions (Figure l)‘shows a reduction in
EMG levels acréss trials and sessibns but in a more incomnsistent mannetr
thanithé EMG feedback group with relaxation instructions. These incon-
sistencies of pefformance across trials in various sessions for this
group résulted in a significant»session by trial interaction on the EMG
combined data. Although this group also showed a réduction in EMG levels
across trials and sessions, it appears that the lack of a relaxation
message resulted in more variablé and inconsistent performances. For
“an orderly and efficient drop in muscle tension, it seems that not only
is true EMG feedback necessary but also appropriate instructions so
that the individuals may develop_the essential idiosynqratic cognitive
strategies to attain a state of relaxation. It appgarslthat the incon~
sistencies in EMG reduction increése as a result of the lack of relaxa-
tion instfuctions across trials within sessions and across sessions.

Analysis of the overall EMG~F data revealed a significant trials

and sessions effect which is also found with the combined EMG measures.
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These findings are not surprising in view of the large contribution of
the frontalis levels of muscle tension to the EMG combined measures.

A significant trials and sessions main effect for the EMG-F data
was also found in the simple effects tests for the EMG feedbéck group
.with relaxation instructions. This, also, is anticipated in view of the
large contribution of the EMG-F measures to the EMG‘combined measures
and the significant sessions and triais effect on EMG combined for this
group. Moreover, it is not surprising in view of their consistent and
regular changes in EMG levels across both trials and sessions. |

For the EMG feedback group without relaxation instructions, a sig-
nificant séssions effect wés discoveied on the EMG-F data. This indi-
cates a reduction in EMG-F levels fron session to session but 1ittle,
if any, consistent decrease in EMG-F levels of muscle tension across
triéls.

Analysis of the EMG—F data for the false feedback group with relaxa-
tion instructions revealed only a significant trials effect indicating
change across trials in a direction consonant with greater‘relaxation
which is probably due to habituation to the experimental procedures.
However, this habituation does not lead to‘any retention or change in
behavior from sessipn to session.

Analysis of the.overnll EMG-A data revealed absignificant trials
effent and ‘a significant treatment by seséion by trial interaction. The
interaction indicates that within at least one treatment group, the
individuals are performing differentially across trials in different
sessions.

Further analysis of the EMG-A data revealed a signifiéant trials

effect for all three treatment groups. Although the forearm flexor
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muscle is an easier muscle to relax than the frontalis muscle, the
measures from the forearm flexor were contributing a much smaller amognt
to the combined EMG levels than the frontalis. Consequently, since the
feedback to the subjects was based upon the EMG combined measures, then
this feedback was not always precisely accurate in regard to the forearm
flexpr muscle., Thus, a situation was creatéd by the experimental proce-
dures which could easily result in a non-significant sessions main
effect. Inaccuraté information about one's level of muscle ténsion does
not facilitate learned EMG reduction. Aﬁother possible explanation

is that the forearm EMG reached such low levels of muscle tension. so
early that a basemenf effect was operating which did nof permit any
further reduction from session 1.

Thus, ;f’aﬁpears that the mere cognitive message of relaxation is
sufficient to effect a decrease in muscle tension levels over short
perioas’of time as supported by the significant trials effect on all
measures of'EMéffor both groups receiving relaxatiéﬁ instfuctions.

This is further suppofted by the significant correlations of all
phyéi&iogical dependent measures computed for the false feedbaqk group
with relaxation instructions by trials and moét of the physioiogical
dependent measures for the EMG‘feedback group with relaxation instruc-
tions by trials.

However, learning to reduce one's level of muséle tension and
retention of this learning across time appéars to require veridical feed-
back of one's changing levels bf muscle tension as evidenced by the
significant sessions effect for all EMG dependent measures for both

groups receilving EMG feedback except EMG~A. This is supported by the
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spafse number of significant correlations of the physiological dependent
measures for the false feedback group by sessions, in addition to the
absence of.significént sessions effects for this group.

Analysis of the GSR data appears to support the generalization
hypothesis that a change in one physiological system in a specific
~ direction facilitates similar kinds of changes in another physiological
system. For example, a change in the EMG levels toward greater relaxa-
tion appears to have facilitated similar changes in the GSR levels as
evidencéd by the significant sessions and trials main effects for the
GSR data. However, there was no significant main effect for treatment
indicating that the three treafment groups did not significantly differ
in their GSR levels. Although all three'groups changed their GSR levels
in a direction indicating greater relaxation, no one group showed a
significantly greater change than the other groups. This, again, sup-
ports the geﬁeralization hypothesis as there was no significant main
effgct for treatment on-the EMG data, either.

The simpleveffécts tests showed a siénificant trials and sessions
main effects for the EMG‘feedback group with relaxation instructions and
the false feedback group with relaxation instructions on the GSR
- responses.  The relaxation insfructions as well as the lowered EMG
levels appeared to fécilitate the change in GSR levels, a measure of
one's general level of arousal. The GSR 1évels seemed to be signif-
icantly affected by the cognitive'instructionsbas’the EMG feedback group
without relaxation instructions éttained only a significant trials
effect. This indiéateé a change in GSR levels across short time periods

but no retention of this change from session to session.
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The STAI-A-State data arevquite similar to the results obtained
from the overall EMG combined ANOVA and the overall GSR ANOVA. As with
the EMG combined and GSR data, the STAI-A-State scores show no signif-
icant main treatment effect. However, a significant main effect for
pre- and posf—scores indicate a significant reduction in subjective
states of anxiety for all three groups before and after treatment.

Although the treatment x session x trial interaction was not sig-
nificant on the frontalis EMG measures, F (84, 822) = .63, p < .969,
and only marginally significant on the combined EMG measufeé,

F (84, 882) = 1.26, p < .06, this interaétion was significant on the
forearm flexor measures, F (84, 882) = 1.51; P ? .002. ‘This marginal
interaction‘effect»on the combiped EMG data and the significant inter-
action on the.férearm flexor:EMG-data‘led to the decision to compute

the simple effects tests,.although this interaction was only a small
proportion of the total variance. Without these tests, the differential
performance of the three treatment groups could not.have been explored
and explicéted. Thus, the decision to analyze the,dafa more thoroughly
with the simple effects testé was made without following precise
statistical procedqies so that avbetter understanding of the differential
performancevof the three groups could be obtained.

This study supports thé research of Budzynski'and Stoyva (1969),
Canter, Kondo, and Knott (1975), Le Boeuf (1977), and others that |
veridicél féedback of EMG muscle tension levels faciltiates reductions
in EMG levels gnd consequent states of relaxation. It does not, how-
ever, support Alexander's (1975) conclusion that EMG reduction does not
lead to increased feelings of relaxation. It is possible that

Alexander's results were merely an artifact due to his experimental
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procedures. Fof example, subjects were only trained for three sessions
for approximately 17 minutes éach session. Even more important were his
procedures for obtaining reports of relaxed states. Following each
4.5 minutes within each seséion, the experimenter would ask the subject
to verbalize his physical and mental feelings of relaxation. The sub-
ject then rated himself on a scale from -2 to +2 aloud. This procedure
of having the subject respond verbally, at specific intervals, through-
out the'training sessions, may have interrupted the process of relaxa-
tion and led to the insignificant resulté obtained by Alexander.
Althoﬁgh most studies, utilizing pseudofeedback, have reported no
significant changes in frontalis muscle.fension levels or in self--
reported symptoms (Budzynski and Stoyva,"1969; Philips, 1977; and
Budzynski, Stoyva, A&ler, and Mullaney, 1973), this study does not
support-those conclusions. ﬁoweVer, this is the first expefiment in
which pre-recorded decreasing clicks were used as false feedback indi-
cating to the subjects that they were Becoming more and more relaxed.
Thisbtype éf false feedback facilitated significant changes in forearm
- and frontalis EMG levels, separately and in combinétion, across trials.
It also regulted in increased feelings of relaxation. It is possible
that the decreasing clicks indicating more relaxed states may have
4increased the squects' motivation and maintained their interest.better
than previous irrelevant feedback with a -consequent significant reduc-
tion in EMG levels across trials. The double-blind procedures may have
also faciltiated thése significant changes for the placebo group as
there were similar expectations by the experimenter for all subjects

in all groups.
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This double-blind stﬁdy supports the only other doublefblind bio-
feedback experiment in the literature by Cohen; Graham, Fotopoulos, and
Cook (1977) in which they reported no differences in therapeutic outcome;
In the present study, there were no differences in reported states of
relaxation among the three treatment groups. Furthermore; those subjects
who received true EMG feedback demonstrated more control over EMG levels
than those who received false feedback. This was also found in the
previous double-blind study. It appears that the results obtained with
previous false feedback groups mayvhave-béen significantly affected by
the lack of motivation and interest of the subjects and the expectations
of the experimenters which were covertly communicated to the subjects.

Alexander’'s (1975) conclusion that EMG reduction in one muscle does
not genefalize to other muscles is not supported. Significénﬁ results
were obtained for both the frontalis an&vthe forearm flexor muscles
although training was primarily on the frontalis muscle. These results
are in direct contradiction to Alexander's conclusion. However, previous
normative research (Greenfield and Sternbach, 1972) has found the
foreérm extensor muscle to be an unreliable measure in the resting
state (;117). ihis was the muscle Alexander chose as his generalization
site. In this study, the forearm flexor musqle was utilized as a
measure of generalization. This particular muscle was chosen due to
its reliability as é measure of muscle tension during_the resting state
(.460). ©Not only did we obtain generalization from one muscle to
another, we also found significaﬁt reéults with thé GSR response, which
is also in ;ontradiction to Alexander's findings. This supports the
generalization hypothesis that a change in one éhysiological system

in a specific direction facilitates similar changes in other
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physiological systems which Alexander diéputed.

Furthermore, this study supports the conclusion of other research
that manipulation of a subject's cognitions can alter subjective repofts
of autonomic activity (Sternbach, 1962) and emotional responsiveness
(Rimm and Litvak, 1969) as the false feedback group reported changes in
states of relaxation. Valins' (1966) and Vélins and Ray's (1967) con-
clusion that non—veridical cognitive representations‘of physiological
events affect subjective reports is validated by the reported changes
in relaxation for tﬁe false feedback group. The significant reduction
across trials in EMG and GSR levels for the falée feedback group also
supports May and Johnson's (1973) conclusion that internal cognitive
stimuli produce physiological changes.

In conclusion, it appears that cognitive factors are effective in
produciﬁg~EMG reductions in muscle tension levels for short pefiods
~of time (trials). Furthermore, changes in reported states of relaxa-
tion also appear to be significaﬁtly affected by cognitions. There is
also some eVidénce to support the role of muscles as mediators in the
prdcess of biofeedback. For example; only with’thebtrue EMG feedback
groups did we obtain significant EMG reductions across time (sessions).
Thére were also significant reductions in GSR ievels andlSTAI—A—State
scores for these groups. Thus, accurate informafion about one's EMG
levels seems to be essential to attain a significant reduction in
levels of muscle tension across sessions. It appears that not only are
cognitiVe factors important in the process of biofeedback as critical

mediating variables but so are muscular levels of tension.
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A Literature Review of Studies Investigating
the Role of Cognitive Factors

in Behavior

Although biofeedback refers to the process of feeding back to an
individual information about the functioning.of a specific physiological
~reaction for the purpose of altéring its responsivity, it is actually
part of a-mpch broader afea of reéearch called self-control. This area.
reférs not only to biofeedback but also to hypnosis, yoga, meditation
and autogenic training which have also been found to alter psycho-
physiologiqal functions.

The current preliminary_successes of bioféedback training in the
treatment of various physiological distu;bances such as tension head-
aches, anxiety symptoms, etc., have 1ea to renewed_interest in the
methods of Zen, yoga, progressive relaxation and autogenic training. 1In
many ways, biofeedback tééhniques represent a modern electronic version
- of these other approaches. All of them, however, teach the subject to
ibe awareJof subtle internal cues and to use these cues to briné about

desired psychophysiological states (Raskin, Johnson, and Rondestvédt,
1973).

For hundreds of years, stories about Indian yogis who have learned
to control heart beat, skin temperature and respiration rate have been
known. Furthermore, practitioners of hypnotic trances have stated that
suggestions given during a deep trance are effective in producing
blisters, removing warts, and altering sucﬁ~phySiological functions as
salivation, heart rate and sensory perceptions.

Although these reports suggested that certain individuals could

learn to control specific physiological functions'formerly believed to
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be involuntary, there was no technique by which ordinary persons could
do so until the advent of biofeedback. With biofeedback, numerous pos-
sibilities emerged for the control of various physiological functions

and subsequent treatment of psychophysiological disorders.
Biofeedback

Biofeedback is a process through which one learns voluntary control
over automatic, reflexly regulated body functions. The technique of
biofeedback is based on the fundamental learning principle of ''shaping"
or "approximation." In utilizing the principle of approximation, indi-
viduals are reinforced for responses similar to the desired behavior.

Biofeedback involves selection of a specific bodily function which
is monitored by an instrument that detects physiological signals such as
heart rate, blood pressure, muscle tension or brain waves. These
signals are amplified to activate a display, either visual or auditory,
that reflects changes in the physiologic activity.

The basic elements of the biofeedback process are as follows:

1. the selection of a physiologic function,

2. an instrument recording the activity of this function,

3. presentation of this information to the individual in the form
of auditory or visual signals, and '

4. an implicit intention to change this physiologic activity
utilizing the biologic information.

5. The change which occurs in the physiologic activity is due to
an as yet unexplained mechanism (Brown, 1977).

All of the above elements also occur in hypnosis, yoga and autogenic
"training except for recording of the biologic function and electronic

presentation of this information to the individual. As stated above,
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these techniques are subsumed under the broader rubric of self-control.

Self~-control can be viewed.as the process through which the indi-
vidual becomés the primary agent in directing, guiding and regulating
thpse particular features of his own behavior that may lead to more.
positive outcomes. In self-control, the individual mékes a conscious
decision to achieve certain desirable goals. It is also a functionally
defined concept. Whether or not one reaches specified outcomes demon- -
strates the procéss of self-control, not the specific techniques in-
volved. In the area of self-control, we are talking about ;he entire
repertoire of responses by which one changes behavior, i.e., changing
contingencies of behavior, self—reinforcement, self—punishﬁent, seif—
relaxation and cognitive-relabeling (Goldfried and Merbaum, 1973).

Research in hypnosis has intenéified'during the past two decades.
'During this time, it has become increasingiy clear that a wide variety
of bodily functions can Be influenced by suggestions or instructions
given with or without hypnotic induction procedures. Researchers seem
to be reaching a consensus thaf mere suggestions are effective in
altering psychophysiological processes When the subject is actively
involved and believes the suggestions (Spanos and Barber, 1974).

For example, remarkable control over skin responses has been
demonstrated in hypnotized~subjeéts. Much of the accumulated evidence
from this research suggests that the critical médiating variable can be
more appropriately conceptualizéd as acceptance of, involvement in or
belief of the suggestioné.

In a review of Ikemi and Nakagava's work with'lB subjects who were
allergic to the 1eéves of two trees found in Japan, Barber (1971) expli-

cated the following results. Five subjects were hypnotized and told
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that they were being touched by the allergic-reactive leaves while the
other subjects were merely blindfolded and told the same thing. All
were presented with harmless leaves. These harmless leaves produced a
slight to marked degree of the skin allergic reaction in both hypnotized
and non-hypnotized subjects. Then the experimental procedufe was
reversed with all subjects touched by allergy-producing leaves but told
they were harmless leaves. Four of the five hypnotic subjects and seven
of the eight control subjects did not experience the allergic response.
Therefore, it appears that the critical factor in this study was the
subjects' belief that the allergy-producing substance was actually harm-
less or that the harmless leaves will produce an allergic reaction.
Thus, it is possible that researchers in hypnosis and biofeedback
may have underéstimated the abilities and potentialities of normal indi-
viduals. For example, it was found that deeply hypnotized subjects
showed an increasé in heart rate when given the suggestion that their
hearts were accelerating (Van Pelt, 1954). Although these results
appeared astounding, it was pointed out by Barber (1961) that several
documented cases existed of individuals who could accelerate and also
decelerate their heart rate whenever desired. Some studies have also
been published in which subjects who received cardiac biofeedback
learned to accelerate their heart rate (Blanchard, Scott, Young, and
Edmundson, 1974; Bergman and Johnson, 1971; Bergman and Johnson, 1972).
Although Bergman and Johnson (1972) attempted to differentiate the
effects of specific versus no sbecific heart rate information and
external versus no external reinforcement on one's ability to iﬁcrease
heart rate, equivocal results were obtained. However, they did find

that specific heart rate:information (feedback) given to the subjects
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facilitated their ability to increase their heart rate. Those subjects
who received no specific heart rate information evidenced no increases
in hearf rate whicﬁ led these investigators to cénclude that awareness
of the éritefion responée plays an important role in accelerating heart
rate. No differences were found between the reinforcement conditionms.

In another study of the effects pf feedback upon one's ability to
control heart rate, Blaﬂchard, Scott, Young, and Edmundson (1974)
utilized four different conditions. One group was given feedback and
informed of the response to be controlled (heart rate), aﬁother‘group
was given no feedback and correctly informéd, a third group was given
feedback and incorrectly informed of the response to be controlled,
while a fourth group was not informed of theAcorrect response but was
given feedback of heart rate. They found that when subjects were given
feedback about their heart rates, knowledge of the_response (heart rate)
to be changed facilitated learning té lower heart rate. Noﬁ-significant
trends for the subjects' ability to raise heart rate were found in the
group co?rectl& informed of the response and given feedback about their
heart rates. |

However, other investigéfors have found that subjects can. perform
in a similar fashion when simply asked to increase their heért rate.
Bergman and Johnsoh (1971) concluded that most 6f the studies which
cdncerned one's ability to control cardiovascular responses, the con-
tribution of instructional set alone had been obscured by the use of
external feedback. Coqsequehtly, to separate the effects of instruc-
tional set and external reinforcement of cardiac responses, they
utilized three different instructional groups. One group was asked to

increase heart rate at the presentation of a tone, another group was
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asked to decrease heart rate and a third groupvwas not instructed to
change héart_rate in any direction. No feedback was provided. The
results suggest that subjects can décrease or increase heart rate with-
out external feedback. Analyses of respiration and skin resistaﬁce
levels show that the heart rate changes were not mediated by variatioﬁs
in these physiolégiéal processes. Thus, the authofs conclude that
instructional sets alone can accoﬁnt for heart rate changes.

In another study asséssing the relative effectiveness of biofeed-
back techniqﬁes dn the voluntafy control of heart rate, Manuck, Levenson,
Hinrichsen; and Gryll (1975) randomly assigned 32 subjects to one of four
feedback conditions. One gfoup was given no feedback, another was given
binary feedback, another was given proportional feedback and the fourth
group was given numerical, proportional feedback which indicated the
relationship of the inter-beat interval to the pre-trial mean in direc-
tion and-magnitﬁde. They.discovered that the type ofbfeedback had no
consistent effect upon heart rate changes. Thus, these investigators
concluded that feedback does not necessarily facilitate voluntary heart
rate coﬁtrol.

From the above results, what could one postulate as the essential
_ relationship or critical mediating variable between eléctromyographic
(EMG) feedback and relaxation? 1Is it possible that subjects without
EMG feedback can learn to achieve a state of deep relaxation as well as
those with EMG feedback? Are simple selfvinétructions to relax suffi-
cient to attain a significant degree‘of relaxatiop? Or, is one's belief
that he is lowering his léQel of muscular éension sufficient'to attain
a signifiéant degree of relaxation? 1If so, what ié the role of EMG

feedback in attaining a state of deep relaxation?
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Several studies have supported the hypothesis that electromyographic
feedback aids in the attainment of a state of deep relaxation. Two
pioﬁeer investigations by Budzynski and Sfoyva (1969) as well as Green,
Waters, Green, and Murphy (1969) both reported the technique and instru-
ments of EMG.feedback which had succeésfully produced deep muscle rélaxa—
tion. Other investigators have replicated those experiments (Canter,
Kondo, and Knott, 1975; Townsend, House, and Addario, 1975; LéBoeuf,
1977; Reinking and Kohl, 1975; and Haynes, Moseley, and McGowan, 1975).
However, Alexander (1975) utilizing three biofeedback training sessions,
concluded that lowered EMG levels of muscle tension did not result in
increased feelings of relaxation. Furthermore, he stated that there was
no evidence that EMG reductions in muscle tension:for the frontalis
muscle generalized to other muscles.

- Once a state of deep relaxation has been achieved through the use
of electromydgraphic teghniques, thén'a reduétion in anxiety s?mptoms
"should occur according fo the principle of reciprocal inhibition. 1In a
test of this assumption, Canter, Kondo, and Knott (1975), Townsend,
House, and Addario (1975), LeBoeuf (1977), and Coursey (1975) all re-
ported a significant reduction in anxiety symptoms utilizing EMG tech-
niques to achieve a relaxed state.

Anothér possibility for the‘utilization‘of biofeedback techniques
exists in the area of tgnsion headaches which are caused by sustained
contraction of the musc%es of the head and neck. Thus, procedures
which reduce muscle tension of the>héad and neck should result in a
decrease in measures of tension headache activity.

C. Philips (1977) found that training in electromyographic tech-

niques produced decrements in resting muscle tension levels, headache
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activity, medication frequency and a slight decrement in headache
frequency. . Budzynski, Stoyva, and Adler (1970), in a pilot study with
five subjects,<c§ncluded that '"chronic tension headache sufferers can be
‘trained to voluntarily loﬁer their striate muscle tension in the faée of
daily life stresses and to reduce the incidence of tension headaches"
(p. 210). In a later study, Budzynski, Stoyva, Adler, and Mullaney
(1973) and Raskin, Johnson, and Rondestvedt (1973) both found EMG train-
ing fo be useful in reducing frontalis muscle tension levels and the
intensity and severity of tension headaches. Thus, it appears that
Veridiéal electromyogfaphic technidues result in not only a reduction
in frontalis muscle tension levels but also a reduction in anxiety
symptpms an& tension headaches.

Most studies have emphasized the utilization of veridical feedback
to achieve either lowered muscle tension, change in heart rate, skin
temperature, etc. Budzynski and Stoyva (1969) found‘that the use of
irrelevant feedback, a steady low tone, actually resulted in a 28 percent
mean increase in muscle.agtion potential le&els while the true féedback
group showed a mean decrease of SQ’pefcent. In other research. utilizing
individuals with tension headachés, Budzynski and colleagues (Budzynski,
Stoyva, Adler, and Mullaney, 1973) found no significant decreases in
frontalis muscle tension or headache activity for fhe pééudofeedback
group. Philips (1977) discovered that the pseudofeedback group retained
no ability to lower muscle tension, whereas the true biofeedback group
reduced the level and variability of muscle teﬁsion. In another study
utilizing false feedback, Haynes, Moseley,kand‘McGowan (1975) found
veridical EMG feedback more effective in reducing frontalis muscle

tension than false feedback. From these studies, it appears that false



65

feedback, in the form of a constant low tone or noncontingent feedback,
. is ineffective in producing low levels of muscular tension and‘coﬁsequent
reduction in qnxiety or headéche s&mptoms.

However, it is possible that these studies were not maintaining a
constant level of motiQation between the experimental and control
subjects. Perhaps some subjects simply became bored and disinterested
when the feedback was a constant low tone. Oﬁhers receiving non-
contingent feedback may have perceived no difference in the rate of
clicks or théir level of muscle tension after a few sessions and simply
"turned off." Some controls may have experieﬁced irritation thus re-
sulting in an increase in muscle action'potentials. Therefore, this
biofeedback research may not have been evaluating the effects of
relevant versus irreleVant feedback but rather the effects of an in-
consistent level of motivation between the groups. A more powerful
coptrol for the effects of ndncontingent feedback would be a manipula-
tion of the subjects' cognitions so that they perceived the EMG signals
to be an accurate measure of their level of muscle tension. This
particular manipulation apparentiy was implemented in a double-blind
study by Cohen, Graham, fotopoulos, and Cook (1977). Thé subjects were
29 opia#e addicts who receivéd 14 sessions of contingent or noncontin-
geﬁt EMG biofeedbaék training for symptom reduction during detoxifica-
tion. No differences in thérapeutic outcome were discovered élthough
the céntingent subjects demonstrated more control over EﬁG activity.

Much research has been donellooking.af cognitive factors as mediat-
ing variables. Miller énd Dollard (1941) theo;ize that fear or anxiety
reactions may often be elicited:by an individual's cue-producing

response, i.e., his or her perception and labeling of a given situation
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rather than the aétual situation itself. 1In this mediational view of
emotioﬁal aréusal, Dollard and Miller believe that by changing the
individual's cge-producing responses, then the emotional reaction will
be ﬁodified, also. |

In a latér experiment, Schachter and Singer (1962) investigated in
a more precise manner the médiational viéw of emotional arousal. They
manipulated states of physiological arousal plus an individual's cogni- .
tions about those states. One-half of the subjects were injected with
epinephrine, while the other hélf received an injection of saline solu-
tion. All subjects were placed with either an angry or euphoric stooge.
Those individuals injected with epinephrine wefe then divided into
three éeparate groups: One group was given vefidical information,
another was given false iﬁformation and the third group was iﬁformed
thgt no side éffects from the'injecfion of epineph;ine'would occur.

The placebo subjects were also téld that no side effects would be

- experienced. As a résult, subjects who were informed about the specific
effects of epinephrine were}significantly 1es§.eubhoric or angry than
those who were either misinformed or ignorant about the effects of ;he
drug. 'Therefore, these researchers concluded that an emotional reaction
may be coﬁsidefed a function of a.state of physiological arousal and
cognitions approprigte to this state of arousal.‘ This dgfinition sup-
ports the mediational view of emotional arogsal.‘

_ Although Schachter and Singer's (1962) study supported the‘hypoth—
esis that an emotion is a function of a state of physiélogical arousal
and cpgnitiéns about that aroused state, the differenées between the
placebo and epinephrine subjects were barely statistically significant.

Schachter and Wheeler (1962) subsequently theorized that these results
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may have been due to the self-arousal of the sympathetic nervous system
'by the placebo subjects which allowed them.to feel more angry or euphoric
than anticipated. Thus, they éompared subjects who were injected with
either epinephrine, chlorpromazine or placebo. 1If sympathétic nervous
system activation is an essential component of an emotional experience,
then eﬁinephrine, which facilitatés arousal of sympathetic nervous
system, should intensify the emotional reaction, whereas chlorpromazine,
a blocking agent of sympathetic arousal, should lower the intensity of
emotional experience. The placebo subjects should display an emotional

. réaction between the epinephrine and chlorpromazine subjects. Therefore,
Schachter and Wheeler predicted the following results: whatever the
expérimentallf manipulated emotiopal state,'it should be most intensely
experienced by epinephrine sﬁbjects, next by placebo subjects, and least
of all by those subjects injectgd with chlbrpromazine. Ratings of amuse-
ment for all subjects were made during a funny movie. Resuits were as
predicted with epinephrine subjects more amused thaﬁ placebo subjects
more amused than chlorpromazine subjects. ‘These results support the
aésumptioh that a state of sympaéhetic arousal is .an essential component
of an emotional experience as well as the cognitions appropriate for

that aroused state.

Other investigators have also been interested in the mediational
view of emotional afousal and ha&e examined the effects of cognitive
patterns upon physiological reactivity. Stermbach (1964), with six
subjects, recorded various autonomic responses such as gastric motility,

" respiration rate, palmar skin resistance, finger pulse volume and heart
rafe. In thfee different experimental coﬁditions, the subjects were

told that they were receiving either a stimulant drug, a relaxant or a -
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placebo. Acfually, each subject received, in each condition, a magnet
which was used to meesure the gastric peristaltic rate. Only the results
for gastric motility were reported but these measurements indicated that
the instructions did have a significant effect on stomach motility with
the "stimulantﬁ instructional seﬁ producing more peristaltic contractions
than the '"relaxant" instructions. The "placebo'" instructions led to
gastric motility measurements between those for stimulant and relaxant
instructional sets.

Rimm and Litvak (1969), in another stu&y o% verbdl mediational
constructs examined the effects of self-verbalizations upon emotional
responses. Experimental subjects were instfucted fo read triads of
sentences which culminated in negative affective conclusions while con-
trol subjects read affectively neutral eentences with no evaluative

.conclusions. Galvanic skin responses and respiration rate and depth
were continuously moﬁitored. Clearly significant differences were
found between egperimental and control subjects for respiration rate
and depth. For the galVanic skin response, experimental subjects
demonstrated greater reactivity although the differences were not
statistically signifieant. In conclusion, Rimm and Litvak state that
self-verbalizations do have a direct affect on-emotional arousal.

May and Johnsen (1973), in an attemptbto demOnstrate divergent
autonomic responding to’different affective experiences, asked one
group of subjects to recall either inﬁibitory or neutral words and
anothef group to recall either arousal or neutral words. These exper—
imenters utiiized a time-locked procedure in which the specific words
were remembered only upon the presentation of a tone. Dependent measures

were heart rate, skin conductance level, galvanic¢ skin response and
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respiration rate. - Heart rate and respiration rate both demonstrated
significant differences between the two groups. However, the skin
conductance levels and the galvanic skin responses were only signif-
icantly different between conditions. Therefore, it seems that in-
ternally evoked thoughts produce physiological changes and the direction
of the change is partially dependent upon the affective nature of the
cognitions. Furthermore, this supports the possible importance of
cognitive events as significant factors in operant autonomic nervous
system conditiqning and the mediational view of emotionalvarousal.

Schwartz (1971) examined autonomic responsivity (heart‘raté) to
three specific thought sequences consisting of numbers, letters and
affect-laden words. Heart rate significantly differentiated between the
numbers cqndition and the ‘affect-laden words condition. Schwartz con-
cluded that specific thoughts can act aé potential stimuli of autonomic
responseé. |

From the anve researcﬁ; it appears that changing an individual's
cognitions or changing the instructional set has direct effects upon
autonomic nervous systém reactivity. Therefore, if an emotional expe-
rience is a function of é specific physiological state and cognitions
appropriaﬁe,tp that state, then chénging one's cognitions should also
affect the nature and/or intensity of the. emotional responses.

In a test of this hypothesis, Valins (1966)'mani§ulated male sub-
jects' cognitive representations about their physiolqgical reactions
" (change of heart rate) and tﬁen analyzed their ratings of ten slides
of sémi—nude females. One-half of the'experimental sﬁbjects heard their
heart rates increase to some slideélwhile the rest of the subjects heard

their heart rates decrease to other slides. All subjects were presented
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with bogus heart sounds which was a tape recording of square wave pulses
produced by a Hewlett-Packard low frequenéy generator. Valiné hypoth-
esized that if qognitive representations about internal events are
important in an emotional experience, then these nonveridical representa-
tions of physiological changes (bogus heart rates) should have the same
effects as veridical rebresentations of true heart rate feedback. The
controls wére subjected to the same experimental procedures excebt they
‘were told the audible sounds were meaningless sounds. Dependent measures
were attractiveness ratings.of slides of semi-nude females made imme-
diately after the experimental procedure, choice of photographs as
remuneration for experimental participation and attractiveness ratings
made four to five weeks later. Valins' hypothesis was supported: Exper-
imental subjects rated those slides to whiéh they heard their heart rates
changé as significantly.more attractive on two separate occasions.
Furthermore, they chose these same slides significantly more often as
remunerétion for'participation in the experiment. Wﬁen the sounds were
not éonsidgred theiriheart beats, as in the control condition, they had
yirtually no effect upon subjects' ratings.

Valins (1967) in anothef expefiment with emotional and ﬁnémotional
subjects, replicated his previous results;

Valins and Ray (1967) assuﬁedAthat cogﬁitive represéntations pf-
internal eventé; either veridical ér non-veridical, will not only affect
one's emotional exper{ence but also qvert behavior. To test this hypoth-
esis, all subjects were présented with slides of snakes and slides with
the word "shock." When shock slides were preSenfed, subjécts were given
a mild électric shock. As previously described, experimental subjects

"heard" their heart rates increase to the shock slides but not to the
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slides of snakes. Control subjects were presented with the same fear
stimuli and tape recording but told that these were meaniﬁgleés sounds.
Valins and Ray predicfed that.experimental subjects would manifest more
approach behaviors to a live snake than would controls as they believed
their heart rates were affected only by the shock slides-but not the
snake slides. In the behavioral avoidance task, experimental subjects
showed a non-significant trend for greater approach behavior. However,
when the subjects with previoué experience with snakes were eliminated
from the study, the manipulation appeared to have the predicted effect.
Upon analysis of the data of those subjects who had never previously
touched a snake, significaptly.gloser approach behavior was demonétratéd.
Therefore, Valins and Ray concluded that avoidance Behavior can be
modified by information concerning internal reactions. Those subjects
who believed that the snake stimuli did not>affect them internally were
more likely to hol& a live snake‘than thosevwho received no information
about their internal reactions.

In summary, it appears that these studies are supporting the hypoth-
esié that the critical mediating‘variéble in one's level of physiological
reactivity or overt behavior is cogniti&e'repfeséntatibns of'internal or
external events or Miller and Dollard's '"cue-producing response.'" 1In the
process of biofeedback, what are the cue-producing responseé that lead
to a stéte of deep'relaxation and a reduction in anxiety and headache
symptoms? In other words, what are the critical mediating variables in
a process which allows an individual to change or alter certaiﬁ pSYcho-
physiological responses? No étudy has yét attempted to answer these

questions. Before we can begin to understand the potential possibilities



of biofeedback, we must first attempt to explain the nature of the

process in biofeedback.

72



APPENDIX B

~LIST OF ITEMS ON THE FENZ-EPSTEIN

MODIFIED ANXIETY SCALE

73



74
Autonomic Arousal Items

am troubled by discomfort in the pit of my stomach.

have pounding headaches in which I can feel a definite beat.

am bothered by dizziness.

notice my heart pounding.

am afraid T am going to blush.

feel chilly at temperatures that are comfortable for others.

suddenly. feel hot all over, without apparent cause.

My finger tips or other extremltles become cold.

In the absence of physical action my heart beats wildly.

I am either too hot or too cold and cannot get comfortable at a constant
room temperature setting.

My mouth feels dry.

I am bothered with blushing.

When embarrassed, I break out in a sweat which annoys me greatly.

I have stomach trouble.

I break out in a sweat, which is not the result of heat of physical
exertion. :

I am troubled with diarrhea.

HHHMHHKHMH

Muscle Tension Items

I am troubled with backaches.

The muscles in my neck ache as if they were tied in knots.

The top of my head feels tender.

have a hard time swallowing. :

have trouble with my hand shaking whlle I write.

clench my teeth when anxious.

-am troubled by tension interfering with my speech.

have trouble with muscles twitching and jumping.

My hands shake when I try to do something.

My skin becomes painfully sensitive.

I have pains in the back of my neck.

I am short of breath without knowing why.

I have sensations of burning, tingling, or crawllng in certain parts of
my body.

I have enduring headaches that last over several days.

My head feels tender to the point that it hurts when I comb my hair or
put on a hat.

I have trouble getting my breath, for no spec1a1 reason.

I grind my teeth in my sleep.

I have pressure headaches in which my head feels as if it were caught
in a vise or as if there was a tight band around it.

HHHHH
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Feelings of Insecurity Items

My feelings are easily hurt.

(R) I am an easy going person.

I have a tendency to worry.

I am a nervous person.

I have frightening. dreams.

I do not think I am as happy as others.

I have feelings of panic for no spec1al reason.

(R) I am a relaxed person.

I am easily frightened.

(R) I go to sleep without thoughts or 1deas bothering me.
I take things hard.

(R) I take things in stride.

Life is a strain for me.

I become upset when I have to wait.

My sleep is fitful and disturbed.

"I feel that I -am about to go to pieces.

I worry about little things.

I have periods of such restlessness that I cannot sit still.
I become irritable about little things.
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Name: Phone Number:

Instructof:

THE FOLLOWING ARE SOME STATEMENTS ON FEELINGS, DAYDREAMS, ATTITUDES AND
BEHAVIOR. READ EACH STATEMENT AND DECIDE HOW OFTEN IT APPLIES TO YOU.
CIRCLE "1" IF THE STATEMENT NEVER APPLIES TO YOU; "5'" IF YOU EXPERIENCE
IT ALMOST ALL THE TIME; USE "2," '"3" AND "4'" FOR IN BETWEEN RATINGS. BE
HONEST BUT DO NOT SPEND TOO MUCH TIME OVER ANY ONE STATEMENT. AS A RULE,
FIRST IMPRESSIONS ARE AS ACCURATE AS ANY.

Never Always
I am troubled by discomfort in the pit
of my stomach. 1 2 3 4 5
I am troubled with backaches. 1 2 3 4 5
My feelings are easily hurt. 1 2 3 4 5

I have pounding headaches in which I can
feel a definite beat.
The muscles in my neck ache as if they

=
N
w .
o
wut

were tied in knots. 1 2 3 4 5
I am an easy-going person. 1 2 3 4 5
I am bothered by dizziness. 1 2 3 4 5
I notice my heart pounding. 1 2 3 4 5
The top of my head feels tender. 1 2 3 4 5
I have a tendency to worry. 1 2 3 4 5
I have a hard time swallowing. 1 2 3 4 5
I am a nervous person. 1 2 3 4 5
I am afraid I am going to blush. 1 2 3 4 5
I have trouble with my hand shaking ’

while T write. 1 2 3 4 5
I have frightening dreams. 1 2 3 4 5
I feel chilly at temperatures that are

comfortable for others. 1 2 3 4 5
I clench my teeth when anxious. 1 2 3 4 5
I do not think I. am as happy as others. 1 2 3 4 5
I suddenly feel hot all over, without

apparent cause.: : 1 2 3 4 5
I am troubled by tension interfering .

with my speech. : o 1 2 3 4 5
I have feelings of panic for no special

reason. o ‘ 1 2 3 4 5
My finger tips or other extremities S :

become cold. 1 2 3 4 5
I have trouble with muscles twitching

and jumping. 1 2 3 4 5
I am a relaxed person. _ 1 2 3 4 5
In the absence of physical action my

heart beats wildly. ‘ 1 2 3 4 5
My hand shakes when I try to do something. 1 2 3 4 5
I am easily frightened. : 1 2 3 4 5
My mouth feels dry. 1 2 3 4 5
My skin becomes painfully sensitive. 1 2 3 4 5



I go to sleep without thoughts or 1deas
bothering me.

I am either too hot or too cold and cannot
get comfortable at a constant
temperature setting.

have pains in the back of my neck.

take things hard.

am bothered with blushing.

am short of breath without knowing why.

take things in stride.

When embarrassed, I break out in a sweat
which annoys me greatly.

I have sensations of burning, tingling, or
crawling in certain parts of my body.

Life is a strain for me.

I have stomach trouble.

I have enduring headaches that last over
several days.

I become upset when I have to wait.

I break out in sweat, which is not the
result of heat or physical exertion.

My sleep is fitful and disturbed.

I am troubled with ‘diarrhea.

My head feels tender to the point that it
hurts when I comb my hair or put on

- a hat. '

I feel that I am about to go to pieces.

I have trouble getting my breath, for no
special reason.

I worry about little things.

grind my teeth in my sleep.

I have periods of such restlessness that
I cannot sit still.

I have pressure headaches in which my head
feels as if it were caught in a vise
or as if there were a tight band
around 1it. _

I become irritable about little things.
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APPENDIX D

THE STATE-TRAIT ANXIETY
INVENTORY—-A-STATE

SCALE
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Name:

Directions:
themselves are given below.

answers.

SELF-EVALUATION QUESTIONNAIRE

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

STAI FORM X-1

Date:

80

answer which seems to best describe your present feelings best.

10.

11.

12.

13.

14.

15.

1 am tense

I feel upset

I feel self—confident —_——
I am jittery —-—-—-—=———=—-

I am relaxed —-- ———

feel calm —————————m e

I feel secure ' -

I am regretful —- ’ ———

I feel at ease . -

am presently worrying over possible misfortunes -

I feel rested _—

I feel anxious -- -— - -

I feel comfortable -—- -

I feel nervous -- —

I feel "high strung" —= -

NOT AT ALL

(1)
(1

(1)

(1)
)
(1)
(1)
(1)

&)

(1)
(1)
(1)
(1)
(1)
(1)

SOMEWHAT

(2)
(2)
(2)
@
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)

(2)

There are no right or wrong

MODERATELY SO

(3)
(3)
(3
(3)
(3)

(3)

(3)
(€))

3)

(3)
(3)
(3)
(3)
(3)
(3)

A number of statements which people have used to describe
Read each statement 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.
Do not spend too much time on any one statement but give the

VERY MUCH SO

(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)



16.

17.

18.

19.

20.

feel cONteNt —=———— e e e

am worried ————— o

feel over-excited and 'rattled"

feel joyful ---

feel pleaSant -

o |

3
5 B
5 &
Z n
(1 (2)
(1) (2)
(1) (2
(1) (2)
1) (2)

‘> MODERATELY SO

(3)
(3)
(3)

~ VERY MUCH SO



APPENDIX E

CORRELATION MATRIX FOR THE EMG FEEDBACK
WITH RELAXATION INSTRUCTIONS

GROUP BY SESSIONS
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TABLE I

CORRELATION MATRIX FOR THE EMG FEEDBACK WITH
RELAXATION INSTRUCTIONS GROUP
BY SESSIONS

EMG . EMG-A EMG-F GSR
EMG | 0.51311 0.98051 -0.82547
$=0.1935 5=0.0001 $=0.0116
EMG-A : 0.51325 -0.42082
5=0.1933 5=0.2992
EMG-F - -0.80358
5=0.0163

GSR

EMG = EMG Combined, EMG-A = EMG Forearm Flexor, EMG-F = EMG Frontalis,
GSR = Galvanic Skin Response. : :



APPENDIX F

CORRELATION MATRIX FOR THE EMG FEEDBACK

WITHOUT RELAXATION INSTRUCTIONS

GROUP BY SESSIONS
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TABLE II

CORRELATION MATRIX FOR THE EMG FEEDBACK
WITHOUT RELAXATION INSTRUCTIONS
GROUP BY SESSIONS

EMG EMG-A EMG~-F GSR
EMG R 0.77348 0.89638 -0.34370
$=0.0243 $=0.0026 $=0.4045
EMG-A . 0.61844 -0.19861
' $=0.1022 . $=0.6373
EMG-F ' -0.67218
$=0.0678

GSR




APPENDIX G

CORRELATION MATRIX FOR THE FALSE FEEDBACK
WITH RELAXATION INSTRUCTIONS

GROUP BY SESSIONS
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TABLE III

CORRELATION MATRIX FOR THE FALSE FEEDBACK
WITH RELAXATION INSTRUCTIONS
GROUP BY SESSIONS

GSR - EMG-A EMG~F GSR
EMG | 0.60419 0.95989 . 20.30630
$=0.1126. . . $=0.0002 5=0.4606
EMG-A ‘ | 0.66218 ~0.54474
' $=0.0736 - $=0.1627
EMG-F . | ~0.50406
, | $=0.2028

GSR




APPENDIX H

CORRELATION MATRIX FOR THE EMG FEEDBACK
WITH RELAXATION INSTRUCTIONS

GROUP BY TRIALS
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TABLE IV

CORRELATION MATRIX FOR THE EMG FEEDBACK
WITH RELAXATION INSTRUCTIONS
GROUP BY TRIALS

EMG EMG-A EMG-F . b_ GSR
EMG | 0.98140 0.80049 -0.89037
. $=0.0001 $=0.0306 $=0.0072
EMG-A | 0.71618 ~0.93838
$=0.0702 $=0.0018
EMG—F - . ~0.52537
5-0.2259

GSR




APPENDIX T

CORRELATION MATRIX FOR THE EMG FEEDBACK
WITHOUT RELAXATION INSTRUCTIONS

GROUP BY TRIALS
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TABLE V

CORRELATION MATRIX FOR THE EMG FEEDBACK
WITHOUT RELAXATION INSTRUCTIONS
GROUP BY TRIALS

EMG EMG-A EMG~F GSR
EMG ‘ 0.93583 0.65013 -0.84569
$=0.0019 $=0.1139 $=0.0165
EMG-A _ 0.48042 -0.92808
' $=0.2752 $=0.0026
EMG-F ' : -0.22015
_ | $=0.6353

GSR




APPENDIX J

CORRELATION MATRIX FOR THE FALSE FEEDBACK
WITH RELAXATION INSTRUCTIONS

GROUP BY TRIALS
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TABLE VI

CORRELATION MATRIX FOR THE FALSE FEEDBACK
WITH RELAXATION INSTRUCTIONS
GROUP BY TRIALS

EMG EMG-A EMG-F GSR
EMG | 0.96836 0.96691 -0.87036
$=0.0003 $=0.0004 $=0.0108
EMG—A R 0.91960 ~0.94997
| $=0.0034 $=0.0010
EMG-F 4 | ~0.77605
| | $=0.0402

GSR




APPENDIX K

ANALYSES OF VARIANCE TABLES
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TABLE VII

ANALYSIS OF VARIANCE SUMMARY TABLE FOR THE COMBINED EMG

MEASURES FOR THE THREE TREATMENT GROUPS

95

M.

Source df S. F p value
Between Groups N
Treatment (Trt) 2 18.8140 - 1.11 3496
Subject (Trt) 21 17.0187
Within Groups
Session . 7 4,2977 3.17 .0038
Subject x Session (Trt) 147 1.3538
Trial 6 13.1902 23.62 .0001
Subject x Trial (Trt) 126 .5585
Trt x Session 14 1.8846 1.39 .1636
Trt x Trial 12 .1061 .19 .9987
Session x Trial 42 .1960 .78 .8473
Trt x Session x Trial 84 .3178 1.26 .0655
Subject x Session x Trial (Trt) 882 .2526
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TABLE VIII

ANALYSIS OF VARIANCE SUMMARY TABLE FOR THE COMBINED
EMG MEASURES FOR THE EMG FEEDBACK GROUP
WITH RELAXATION INSTRUCTIONS

Source - df M.S.. F p value

Within Groups

Session ' 7 2.31 3.35 .0053
Subject x Session 49 . .68
Trial . 6 4,45 9.88 .0001
Subject x Trial 42 .45
Session x Trial 42 .22 1.21 .1885

Subject x Session x Trial 294 .18
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TABLE IX

ANALYSIS OF VARIANCE SUMMARY TABLE FOR THE COMBINED EMG
MEASURES FOR THE EMG FEEDBACK GROUP
WITHOUT RELAXATION INSTRUCTIONS

Source df - - M.s. F p value

Within Groups ' '
Session : 7 2.27 2.54 .0260

Subject x Session ‘ .49 ' .86
Trial 6 5.00 - 14.56 .0001
Subject x Trial ' 42 .34

Session x Trial 42 .30 1.45 .0423
Subject x Session x Trial 294 : .20 :
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TABLE X

ANALYSIS OF VARIANCE SUMMARY TABLE FOR THE COMBINED EMG
' MEASURES FOR THE FALSE FEEDBACK GROUP
WITH RELAXATION INSTRUCTIONS

Source df M.S. F p value

Within Groups ‘ v
Session 7 3.48 1.41 .2243

Subject x Session 49 2,47
Trial ' 6 3.94 4.48 .0014
Subject x Trial 42 ' .88
Session x Trial 42 .31 .84 7427

Subject x Session x Trial 294 .36




TABLE XTI

ANALYSIS OF VARIANCE SUMMARY TABLE FOR THE FRONTALIS EMG
MEASURES FOR THE THREE TREATMENT GROUPS

99

Source df M.S. F p value
- Between Groups v
Treatment (Trt) . 2 5.4371 .18 .8373
Subject (Trt) 21 30.3665
Within Groups
Session 7 9.4028 4.35 .0002
Subject x Session (Trt) 147 2.1609
Trial 6 6.6532 6.42 .0001
Subject x Trial (Trt) 126 1.0359 :
Trt x Session 14 2.4157 1.12 .3469
Trt x Trial 12 .3578 .35 .9787
Session x Trial 42 .3794 .63 .9697
Trt x Session x Trial _ 84 4647 77 .9364
Subject x Session x Trial (Trt) 882 . .6045
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TABLE XII

ANALYSIS OF VARIANCE SUMMARY TABLE FOR THE FRONTALIS EMG
MEASURES FOR THE EMG FEEDBACK GROUP .
WITH RELAXATION INSTRUCTIONS

Source - df M.S. F p value

Within Groups :
. Session 7 6.64 3.93 .0018

Subject x Session 49 1.69
Trial 6 2,95 2.73 .0248
Subject x Trial 42 1.08
Session x Trial 42 .46 .67 . 9404

Subject x Session x Trial 294 .69
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TABLE XIII
ANALYSIS OF VARIANCE SUMMARY TABLE FOR THE FRONTALIS EMG
MEASURES FOR THE EMG FEEDBACK GROUP
WITHOUT RELAXATION INSTRUCTIONS
Source df M.S. F p value
Within Groups
Session 7 3.76 2.11 .0598
Subject x Session 49 1.78
Trial 6 1.58 1.14 .3554
Subject x Trial 42 1.38
Session x Trial 42 .55 .77 .8478
Subject x Session x Trial 294 71




ANALYSTIS OF VARIANCE SUMMARY TABLE FOR THE FRONTALIS EMG
MEASURES FOR THE FALSE FEEDBACK GROUP
WITH RELAXATION INSTRUCTIONS

TABLE XIV.
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Source df M.S. F p value
Within Groups

Session 7 3.82 1.27 .2840
Subject x Session 49 3.01
Trial 6 2,82 4,43 .0015
Subject x Trial S 42 .63
Session x Trial 42 .28 .72 .8989
Subject x Session x Trial 294 .39




TABLE XV

ANALYSIS OF VARIANCE SUMMARY TABLE FOR THE FOREARM FLEXOR

EMG MEASURES FOR THE THREE TREATMENT GROUPS

103

Source df M.S p value
Between Groups
Treatment (Trt) 2 10.5870 1.80 1.8930
Subject (Trt) 21 5.8707
Within Groups
Session 7 .4970 .33 .9375
Subject x Session (Trt) 147 1.4940
Trial : 6 23.0472 27 .58 .0001
Subject x Trial (Trt) 126 .8356
Trt x Session 14 1.5156 1.01 4421
Trt x Trial 12 .3558 43 .9508
Session x Trial 42 L4519 1.11 .2920
Trt x Session x Trial 84 .6151 1.51 .0029
882 L4061

Subject x Session x Trial (Trt)




TABLE XVI
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ANALYSIS OF VARIANCE SUMMARY TABLE FOR THE FOREARM FLEXOR
EMG MEASURES FOR THE EMG FEEDBACK GROUP

WITH RELAXATION INSTRUCTIONS

Source df M.S F p value
Within Groups
. Session 7 77 . .67 .6997
Subject x Session 49 1.16 :
Trial ' 6 6.87 11.70 .0001
Subject x Trial 42 .58 ,
Session x Trial 42 .40 1.41 .0566
Subject x Session x Trial 294 .28




ANALYSIS OF VARIANCE SUMMARY TABLE FOR THE FOREARM FLEXOR

TABLE XVII

EMG MEASURES FOR THE EMG FEEDBACK GROUP

WITHOUT RELAXATION INSTRUCTIONS

105

Source df M.S. F p value
Within Groups

Session ‘ 7 1.44 ©.2.01 .0731
Subject x Session 49 71
Trial 6 7.18 7.71 .0001
Subject x Trial 42 .93
Session x Trial 42 .40 1.27 .1331
Subject x Session x Trial 294

31




ANALYSIS OF VARIANCE SUMMARY TABLE FOR THE FOREARM FLEXOR

TABLE XVIII

_EMG MEASURES FOR THE FALSE FEEDBACK GROUP

WITH RELAXATION INSTRUCTIONS

106

Source df M.S. F p value
Within Groups
Session _ 7 1.31 .50 .8266
Subject x Session 49 2.59
Trial 6 9.69 9.81 .0001
Subject x Trial 42 .98
Session x Trial C 42 .87 1.42 .0510
Subject x Session x Trial 294 .61




TABLE XIX

ANALYSIS OF VARIANCE SUMMARY TABLE ON GSR MEASURES FOR THE

THREE TREATMENT GROUPS

107

Source df M.S df p value
Between Groups
Treatment (Trt) 2 14735.01 1.03 .3801
Subject (Trt) 15 14272.06
Within Groups '
Session 5 10789.00 9.84 .0001
Subject x Session (Trt) 75 1096.22
Trial 6 6023.50 19.76 .0001
Subject x Trial (Trt) 90 304.79
Trt x Session 10 1326.65 1.21 .2985
Trt x Trial 12 172.72 .57 .8633
Session x Trial 30 92.79 1.03 4210
Trt x Session x Trial 60 109.57 1.22 .1367
Subject x Session x Trial (Trt) 449 89.84




TABLE XX

108

ANALYSIS OF VARIANCE SUMMARY TABLE ON THE PRE- AND POST-SCORES
OF THE STATE~-TRAIT ANXIETY INVENTORY-A-STATE

Source df M.S F p value
Between Groups
Treatments 2 125.687 ©1.43 .2605
Subject (Trt) 21 87.592
Within Groups
Pre-Post 1 475.020 8.84 .0073
Subject x Test (Trt) 21 53.735




APPENDIX L

TABLES OF TRIAL AND SESSION MEANS FOR
THE EMG MEASURES AND THE

GSR RESPONSES
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TABLE OF TRIAL AND SESSION MEANS ON THE COMBINED EMG

TABLE XXI

MEASURES FOR EMG FEEDBACK WITH RELAXATION

INSTRUCTIONS GROUP

110

1 2 3 4 5 6 7

2.19 1.79 1.88 1.93 1.74 1.89 1.85 1'90.51§
2.49 1.41 1.19 1.20 1.18 1.17 1.10 1.39 Szi
2.08 1.33 1.53 1.33 1.25 1.43 1.23 1.45 S3§
1.75 1.33 1.29 1.40 1.36 1.37 1.39 1.41 S4§
2.15 1.52 1.26 1.32 1.35 1.3 1.19 1.45 Ssi
1.45 125 1.27 1.21 1.35 1.44 1.46 1.35 S6i
2.04 1.15 1.06 1.07 1.20 1.24 1.03 1.25 s7i
2.04  1.31 1.06 1.10 1.08 1.18 .98 1.25 Ssi
2.02 1.39 1.32,  1.32,  1.31 1.38 1.28

1 22 3z b 55 6z Tz




TABLE OF TRIAL AND SESSION MEANS ON THE COMBINED EMG

TABLE XXII

MEASURES FOR EMG FEEDBACK WITHOUT RELAXATION

INSTRUCTIONS GROUP

111

1 2 3 4 5 6 7
2.51 2.08 1.86 2.11 1.98 1.67 1.91 2.02 8, _
X
2.49 1.57 1.45 1.78 1.86 1.91 ~ 1.97 1.86 S,_
] X
2.74 1.78 1.58 1.43 1.52 1.36 1.48 1.70 S,_
X
1.87 1.52 1.27 1.24 1.35 1.34 1.32 1.42's,_
2.38 1.41 1.40 1.45 1.46 1.46 1.49 1.58 S, _
X
2.66 1.53  1.44 1.50  1.46 1.26 1.26 1.59 S, _
X
2.18 1.52 1.55 1.50 1.61 1.86 1.84 1.72 8,_
' X
1.54 1.55 1.37 1.42 1.32 1.46 1.57 1.46 Sg_
X
2.29 1.62 1.49 1.55 1.57 1.54 1.60
1o To 32 4e s 62 T7-
X X X X X X X




TABLE XXIII

TABLE OF TRIAL AND SESSION MEANS ON THE COMBINED EMG
MEASURES FOR FALSE FEEDBACK WITH RELAXATION

INSTRUCTIONS GROUP

112

1 2 3 4 5 6 7

3.00 1.9 1.79  1.90 2,15  1.93  1.67 = 2.05S,_
X
1.89 179 1.62  1.64  1.43 1.4 1.65 = 1.64 S,
X
2.43  2.14  1.88  1.70 1,56 1.6l  1.57 = 1.84 S,
X
233 1.59  1.45  1.37 . 1.6l 1.45 1.5 = 1.62S,_
| , z
2.27  1.62  1.65  1.71  1.46  1.48  1.46 = 1.66 S,_
v X
2.21  1.45  1.66  1.46  1.32  1.40  1.63 = 1.59 §_
X
2.59  1.81  2.03  2.23  2.17  2.10  2.59 =2.225,_
X
2.46  1.91  1.95  1.89  2.51 1.9  1.97 = 2.10 S,_
X

2,40,  1.78,  1.75. 1.74, 1.78,  1.68., 1.76

1= o 3 Ty 52 6= Ty
X X X X X X




TABLE XXTIV

TABLE OF TRIAL AND SESSION MEANS ON THE FRONTALIS EMG
MEASURES FOR EMG FEEDBACK WITH RELAXATION

INSTRUCTIONS GROUP

113

1 2 3 4 5 6 7

3.28 2.47 2.48 2.67 3.01 2.62 2.46 = 2.71 Sl—
. X
2.60 1.76 1.44 1.87 2.05 1.69 1.57 = 1.86 Sz_
X
2.43 1.54 1.84 1.62 1.97 1.84 1.88 = 1.87 S3_
X
2.25 2.28 1.66 1.98 1.91 2.51 2.29 = 2.12 S4-
X
2.54 1.67 1.67 1.96 1.68 ‘1.46 2.02 = 1.86 SS—
X
1.81 2.02 1.56 1.60 1.76. 1.86 2.22 = 1.83 S6—
X
1.75 1.54 1.54 1.33 1.81 2.06 1.49 = 1.65 S7_
X
2.25 1.37 1.43 1.36 2.06 1.66 1.45 =1.65 SB—
X

2.36 . 1'83T2_ 1'70T3_ 1'89T4_ 2'03T5~ 1.96 . 1'92T7_

X X X X X X X




TABLE XXV

TABLE OF TRIAL AND SESSION MEANS ON THE FRONTALIS EMG
MEASURES FOR EMG FEEDBACK WITHOUT RELAXATION
" INSTRUCTIONS GROUP

114

Tl T2 T3! T4 T5 T6 T7

3.09 2.34 2.70 2.58 2.58 3.32 2.39 = 2.71 Slﬁ
2.23 1.82 3.00 2.36 2.27 2.12 2.08 = 2.27 52_
’ X
2.90 2.13 2.03 1.85 2.45 2.20 2.10 = 2.24 S3_
' X
2.38 1.85 1.66 1.93  1.99 - 1.92 2.27 = 2.00 54~
: X
2.41 1.65 1.64 1.75 2.03 2.58 2.14 = 2.03 SS-
X
2.57 1.94 1.81 2.20 1.92 1.84 1.92 = 2.03 S6—
v X
2.18 2.06 2.11 2.35 2.14 2.08 2.12 = 2.15 S7_
X
1.88 1.72 1.81 1.90 1.81 1.82 2.11 = 1.87 S8-
X

2.46_1_ 1.94T2_ 2'10T3_ 2.11T4_ 2 15T5_ 2.23T6_ 2.14T7_

X X X X X X X




TABLE XXVI

TABLE OF TRIAL AND SESSION MEANS ON THE FRONTALIS EMG

MEASURES FOR FALSE FEEDBACK WITH RELAXATION

INSTRUCTIONS GROUP

115

1 2 3 4 5 6 7
3.01  2.04 2.16 2.70  2.57 2.26 2.46 = 2.46 51
2.5 1.92 174  1.62  1.62  1.72  1.80 = 1.86S,_
2.73 1.95 2.03 1.80 1.94 2.03 2.18  =2.09 S,_
‘ i v X
2.15 1.89 1.95  1.62  1.80  1.95  1.91 =1.89§,_
. 1 X
1.97 1.75  1.84  1.80  1.89 2.08°  1.86 = 1.88S,_
| X
2.35 1.57 1.73 1.64 1.84  1.79 1.84 = 1.82 5 _
| | %
I
2.60 2.34  2.19 2.30  2.76 1.91  2.68 = 2.40 S,
X
2.84 2.08 2.21 1.94 2.49 2.15 2.32 = 2.29 Sg_
| X
2.53y LSy 1.98&3_ 193y 2Ly 1.98T6_ 213,
X X X X X X X




" TABLE OF TRIAL AND SESSION MEANS ON THE FOREARM FLEXOR

TABLE XXVIT

EMG MEASURES FOR EMG FEEDBACK WITH RELAXATION
INSTRUCTIONS GROUP

116

1 2 3 4 5 6 7

1.31 1.11 .70 .68 .81 .55 .87 .85 5, _
X
1.25 .40 .31 .29 - b4 .43 .36 .50 S,,_
X
1.27 .94 .60 .35 .37 .40 .32 .61 S,
%
1.48 .66 .51 .54 .89 .45 .43 1S,
) X
1.78 .67 47 .34 .29 .46 .53 .65 S, _
X
.94 .69 .46 .54 .40 1.33 1.01 77 8,
X
1.99 .64 .61 .65 67 .67 4 .81 S, _
. ' X
1.31 72 .52 .48 .60 .42 .35 .63 Sg_
- X

1.42 .73 52, 48 .56 .59 .54

li 22 32 42 Si 7i




TABLE XXVIII

TABLE OF TRIAL AND SESSION MEANS QN:THE FOREARM FLEXOR
EMG MEASURES FOR EMG FEEDBACK. WITHOUT RELAXATION

INSTRUCTIONS GROUP

117

1 2 3 4 5 6 7

1.37 1.16 .92 1.00 .58 .56 .75 = .91 Sl—
X
1.75 .84 1.14 1.42 .99 .73 1.48 =1.19 SZ—
_ X
2.43 1.10 .83 .84 .70 .78 .62 = 1.04 83_
X
1.40 .68 .64 .64 .40 .60 .66 = .71 84_
X
1.71 .99 .94 71 .52 .70 .64 = .89 SS-
X
1.49 .86 1.06 .79 .80 .51 A4 = .85 S6—
' X
1.55 .73 .60 .60 .90 .90 .52 = .83 S7_
X
1.38 .64 .39 .52 .61 .50 1.03 = .72 38—
X

1.63 - .87 . .81 s 81T4~ '69T5_ 66T5_ 77T7_

X X X X X X X




TABLE XXIX

TABLE OF TRIAL AND SESSION MEANS ON THE FOREARM FLEXOR
EMG MEASURES FOR FALSE FEEDBACK WITH
RELAXATION INSTRUCTIONS GROUP

118

1 2 3 4 5 6 7

2.64 .80 .55 .41 .73 .57 .55 = .89 5,_
X
1.60 .81 .91 .68 .62 1.05 83 = .935,_
. : X
1.50 1.86 .92 .93 1.43 .70 1.06  =1.20 5,_
: _ Z
1.95 1.18 .65 .37 .45 .76 .97 90 S, _
: X
1.65 1.33 1.24 .9 .76 .59 47 =1.00 S _
: X
1.89 1.05 .49 42 .62 42 54 = T8,
‘ X
1.65 .81 .64 1.05 74 1.39 .83 =1.015,_
X
1.62 1.36 1.21 .91 1.90 .70 .84 = 1.22 55_
X

1.81T1‘ 1.15T2_ .83T3_ .71T4“ .91T5_ .77T6~ .76T7-

X X X X X X X




TABLE XXX

TABLE OF TRIAL AND SESSION MEANS ON THE GSR RESPONSES FOR
EMG FEEDBACK WITH RELAXATION INSTRUCTIONS GROUP

Tl ,T2 T3 T4 T5 T6 ) T7
66. 50 68.83 75.00 83.33 85.00 89.16 88.33 = 79.45
81.50 105.83 115.83 116.66 122.83 ©112.00 106.40 = 108.78
98.16 120.00 115.00 120.16 120.00 120.00 ~ 109.50 = 114.69
96.16 118.16 122.50 116.66 123.50 121.66 115.83 = 116.35
96.66 115.66 120.00 125.83 127.66 126.66 127.00- = 119.92
106.00 119.00 123.50 124.66 123.50 124.66 108.00 = 118.47
90.83Tl_ 107.91T2_ 111.97T3_ 114.55T4_ 117.08T5_ 115.69T6— 109.25T7_
X X X X X X X

6TT



TABLE XXXI

TABLE OF TRIAL AND SESSION MEANS ON THE GSR RESPONSES FOR

EMG FEEDBACK WITHOUT RELAXATION INSTRUCTIONS GROUP

Tl T2 T3 T T5 T6 T7
101.66 100.00 107.50 106.66 109.16 106.16 109.50 105.80 Sl—
X
107.16 117.50 122.00 125.16 127.50 131.33 132.16 123.26 SZ—
: : %
105.00 115.83 122.83 124.16 126.66 127.00 128.33 121.40 S3_
X
105.83 115.33 121.66 123.16 116.33 123.33 123.00 118.42 54_
X
115.00 124,33 124.33 126.50 128.00 129.83 130.50 125.50 SS—
: X
105.00 120.00 125.00 127.50 131.00 131.00 130.67 124.23 86—
_— —_— — —_ : X
106'61T1_ 115'50T2_ 120'55T3_ : 122.19T4_ 123'11T5_ 124.77T6_ 125'66T7_
X X X X X X X

0cT



TARLE XXXIT

TABLE OF TRIAL AND SESSION MEANS ON THE GSR RESPONSES FOR FALSE
FEEDBACK WITH RELAXATION INSTRUCTIONS GROUP

1 2 3 4 5 6 7

91.66 101.66 119.16 121.66 122.50 112.00 122.33 113.00 Slﬁ
109.66 123.33 129.16 130.00 130.16 131.83 127.66 125.97 SZ—
' X
106.83 122.50 124.16 131.00 133.33 133.33 134.16 -126.47 S3_
X
114.83 124.33 130.66 131.33 132.83 134.33 134.16 128.92 84_
X
120.16 122.16 124.66 126.66 127.16 130.00 128.66 125.64 SS—
X
116.16 128.83 127.83 129.50 130.00 130.16 131.33 127.69 S6_
X

109.88Tl_ 120.47T2_ 125'94T3_ 128'36T4_ 129'33T5_ 128.61T6— 129'72T7_

X X X X X X X

Tt



APPENDIX M

CHI-SQUARE TABLES
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TABLE XXXTII

SUSPICION OF FALSE FEEDBACK BY THE TREATMENT GROUPS

BC ’ CD , AD
Suspect 0 0 1
No suspect . ) 8 8 7
2
X~ = 2.08, p < .50.
TABLE XXIV

SUSPICION OF FALSE FEEDBACK GROUP BY EXPERIMENTERS

Suspect No Suspect
BC 1 1
CD -0 2
AD 0 2

X" = 2.40, p < .50.
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