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ABSTRACT

¢

The biofeedback treatment of anxiety ;;ing a éommon‘target A
training fesponse for all subjects‘has proven to bg effective ;nly\foF
! sabset of the treatment éopulafion. Researehérs have sugéested thét
a way to increase the size of this population isvtb match the biofegqi
back ‘target training behaviour to the physiological modality that ‘

. constitutes the major component of the pgysiological anxiety reaction

for the individual.

&

This study was a pfeliminary analogue investigation of biofeedback
treatment for anxietylwhere the target training behaviour was matched i
to the subjects' physiological modality that was most reactive to a / x\§
cognitivé stressor. ‘ ' N

Twenty undergraduate students with normal anxiety levels were
.S

alternately assigned to either a most reactive modality biofeedback
training group, or to a delayed treatment control éroup. Frontal EMG,
pgripheral skin temperature, skin resistance and heart rate were
monitored during pre- and‘posttest administration of a psychoPﬁysio-
logical stress profile.

Thé daté were analyzed by comparing groups with mean levels of
physiological activity undér stress and nonstress conditions, aﬁd
groups by scores on the State-Trait-Anxiety Inventory (STAI),
Alternate analyses were performed using subject responsivenesé as a

dependent measure.

A disproportionately high number of heart rate reactive subjects.

, : =
precluded a full test of most reactive modality trégning as a generic
\ ’

iii ' -

-
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treatment. Results indicateé, howeveff'thét heart rate reactive subjects
receiving heart. rate biofeedback traininiéexperienced heart rates that
were sigﬁificantly lower -than control ﬁubjectS'during stress cgndifions.
Treatment subjects also maintained fromtal EMG levels under stress _where-
as‘control subjects did not. ,Analysesyusing subject responsiveness to
stress revealed that mean level reductiogsvin frontal EMG were accompan-

_ % o .
ied by decreases in frontal EMG variability,'bu€\that decreases in heart

rate mean levels could occur despite *“increases in heart rate variability.

-
2

Implications are discussed, namely{g%at reactive modality train-
ing may be more beneficial than,unifqrmksarget training)biofeedback, and
that response variability may provide new information about self-control
of pﬂysiological responses. Tﬁé use of a stress profile and considera-

tions concerning adequate controls in biofeedback research are also dis-

cussed.

N
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. CHAPTER T

N, INTRODUCTION
Biofeedback training has frequently been used in the treatment of
anxiety. The results of these efforts have not been without success

yet, after almost ten years of usage, the best conclusion is that bio-

feedback remains an effective treatment only for an unspecified subset
of the populati;n (S;hyartz,‘l981). |
Gatchel (1979).has argued that a crucial variable for the effective
use of biofeedback in anxiety may be the choiCe of physiological
response trainéd. Previous work has almost exclusivély employed a
uni form physiological target training behaviour across all subjects’ -
without first determining whether’that target behaviour constituted ;
major physiélogical component of anxiety for that specific individual

141). , . ‘ _,///

"This thesis was conceived as a pilot study to determine whether

(p.
—
biofeedback training in’é,subject's most ;eactive phyéiolog}cal'
modality constituted an effective strategy in the biofeedback,treé£hent
of anxiety. To test-this question, a ps{éhophysiological assessﬁeﬁt
procedure‘using a stress induction procedure (i.e. a ﬁoﬂstress—stress-
nonstress design) was developed to preassess a subject's ﬁost reactive
physiological modality. Frontal electromyography (EMG), periphéral
skin temperature, skin resistance and heart rate were monitored during

the nonstress-stress-nonstress sequence and the results compared to

determine most reactive modality. Twenty undergraduate students with

U



.

§

normal anxiety levels were assigned to treatment‘a?d control conditions.
The treatment condition provided biofeedback training in the subject’'s
assessed most reactive modglity. The control condition involved contact

with biofeedback’apparafus and the promise of receiving instruction in .

prgggessive_relaxa£ion training which sﬁbjects were told had previqusly
been'sho;n to be an %f&ective stress management procedure: Postscore
Compérisons‘were ﬁgge on both stress and nonstress indices of physiq—
logical arousal and on self-report measures of anxiety.

In the remainder.of this chapter, the reasons for undertaking the
study will be reviewed. Subsequent chapters will outline the theoreti-
cal rationalelof tﬂe experiment.(chapter two); the ﬁethodology employed
(Chapéér three), and the results of the experiment (Chaéter four).

Chapter five will provide a discussion of, the results and present sug- ,

gestions for further research.

Overview

- The theoretical justification for the use of biofeedback in the
. [

"

treatment of anxiety is derived from the principles derived by Wolpe~

5

(1958) in systematic desenéitization.'.yolpe's theory of anxiety follows
the classical conditioning model whereby repeated pairing of a co;di-
£ioned stimulus (CS) with an qnconditiongd stimulué (UCS) leads to

the elicitation of a conditioned response (Ck) by the CS alone.

fhis conditioned (anxiety) response is marked by excessive levels of
sympathetic nervous system arousal which the therapist treats by

=4
teaching the client a competing response involving decreased sympathetic

arousal and/or parasympathetic dominance. This competing response

a



which is thought to be incompatible with sympathetic arousal weakens the
bond between the stimulus and the anxiety response CR leading to less
anxious responding. The process, in Wolpe's formation, .is referred to

as reciprocal inhibition.

When biofeedback has been used to induce the competing behavior, 2

‘ ! frontal EMG has typically been the physiological target training
response.’mTﬁis practice hinges on the assumption that training in
frontal EMG reduction will result in reduced arousal of other physio-
logical response systems.b It is this state of low physiological
arousal, often referred to as cultivated lo% arousdf (Stdyva &
Budzynski, 1974), that serves as the cémpeting response incompatible
with anxiety. The evidence for‘cultivated low arousal is, however,
contradictory. While there is empirical support for physiological
generalization of low arousal as a result of ff;;;;f-EMG biofeedback
training (Stoyva & Budzyn;ki, 1974; Glaus;é(Kostes, 1977; DeGood & -
Chisho;m, 1977);;there is also alternate evidence that sUggeSts when
frontal EMG biofeedback without supplementary autogenic training and/or

S

=] progressive relaxation instructions is used, contrql of the trained

frontal EMG response is the sole result and generalization to other
physiological responses does no} occur (Alexander & White, 1979;

Alexénder, 1975; Fridlund, Fowler & Pritchard, 1980). Recent evidence

el

is also unanimous in indicating that even when ‘cultivated low arousal

. Al

does occur in nonstress conditions, the ‘generalized low arousal is not
maintained under stress induction conditions. Subjects under stress

are able to maintain their learned physiological reductions only in



>
G
4
i

the frontal EMG training target response modality (Burish, Hendrix &
Frost, 1981; Gatchel,VKorman, Weis; Smith & Clark, 1978; De Good &
Adams, 1976). These results provide empirical support for Gatchel's
(1979) suggestion that the inadequacy of biofeedback in the treatment

of anxiety for the population at large may reflect the fact frontal EMG .
biofeedback is an effective treatment only for that subset of the
population for whom frontal”™EMG constitutes the major physiological
COmponen;‘of anxiety. Employing this rationale it follows that by
tailoring biofeedback training target response to the subjéct's

" dominant physiological component of anxiety, biofeedback training

may become an effective treatment for anxiety ‘for the entire population.

This Study

TJo date, no systematic studies have been conducted which matched
biofeedback training target response with‘%ﬁe dominant{physiological
component of anxiety for the treatment populatién. Moreover; no studies
which have used a training target response other than frontal EMG have
monitored other physiological response modalities to assess the physio-
logical generalization effects associated-with providing biofeedback
training in that modality. This study ;as a preliminary anal§guer
investigation ofvmatched training target response biofeedback training

. + .
while simultaneously monitoring other physiological response modalities.
A subject;s most reac?&ve physiological response when exposed to cogni-

tive stressors was usé@ to determine which physiological response

i
system constituted the major component of physiological anxiety for a
5 .



N
subject. The decision to use most reactive physiological modélity was

. = . .
developed from Malmo's (Malmo, 1975) hypothesis of symptom specificity.

£
According to Malmo, each individual hgﬁ}a unique and idiosyncratic

response to stress in which one physiological response isxnaximally
reactive to stress. Persistent exposure to stress results in over-
responsiveness to stress and greater recovery periods required to
réturn to prestressor physiological baseline levels. The ultimate
consequence of persistent exposure to stress is overelevated physio-
logical Laselines leading to the development of clinically significant -
symétomatology (Malmo, 1975; Malmo, Wéllerstein & Shagass, 1953; Malmg,

-

Shagass & Davis, 1950). E

In this stﬁdy, the subijects employeé had normal anxiety levels so
that overelevated physiological baselines and/or clinically significant

s -

symptomatology were not expected;/iAcsubject's responsiveness to
stressors or reactivity was, therefore chosen to determine the subject's
dominant physiological component of anxiety. Moreover, since the
tre;tment condition invoived the providion of biofeedback training in
one physiological response modality a me£hod for determining‘a subject's
most reactive physiological modality was requirgd. Since no work has’
been done in determining a subject's most reactive médality, a second
ourpose of this stuay was to develop and assess a procedure for deter-

mining the greatest reactivity between different physiological

to a stressor.

response modalities in reactio

A third purpose of the udy was to investigate the use of an

alternatevphysio{gqical dependent measure. In the past, mean levels

/
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¥,

of physiological activity during resting conditions énd, less frequeﬁ£i§'if
during stress conditions, have been tused to‘evaluate tﬁe outcome of
biofeedback treatmeht. Historically there are two reasons for this.

One is thégéhwious face validity which increasing and decreasing physio-
logical baselines have in demonstratipg t%ét self-control of visce?al
and autonomic responses was possible, ‘e second reason was the clini-
5%1 utility which overelevated baselines have for the treatment of

£z

clients with fully developed symptomatology. The use of subjects with

normal levels of anxiety eliminated the clinical utility argument.in

favor of mean levels of physiological activity as a dependent measure .

5 B

Additionally the usé\of a stress inductibn procedufe implies fhat it

is the subject's ;eSponsiveness or responsé vari;bility as one experi-
ences the nonstress-stress-nonstress sequence that is the app:opriate
dependént megéure. For this reason, a comparison of,;esponse variability

versus mean levels of phhsiological activity was included as a goal of

this study.

Summary

This thesis was designed as a preliminary analogue investigation.
‘of the effe?tLveness of biofeedback training in the reduction of
anxiety when the biofeedback training target responsé was matched to
the subject's maﬁor physiological component of anxiety. A subject's
major physiological anx;gty response ;és defined as the subject's

most reactive physiological modality to a cognitive stressor.

Additional issues of interest were Qutlined. These included the



;

guestion of to whét Bxtent physiological generalization to other
reéponse modalities (cultivated low arousal) occurs as a result of
providing feedback in a training target response other than ffontal '
EMG; the development and assessment of a procédure for determing a
subject's most reacti&e modality; and the comparison of response
variability with mean levels of physiological activity as a physiological
dependent measure.

In the next chapter, the theoretical rationale underlying this

thesis will be presented.

%



CHZPTER II
THEORETICAL. RATIONALE

Introduction

.

The preceding chapter presented the position that providing
{
bpiofeedback training in a physiologigal modality constituting a major

1

physiological compongnt of anxiety for a given individual might be
important for the effective use of biofeedback in the treatment™of
anxiety. 1In part, this claim was derived from the conflicting evidence
surrounding the assumption of cultivated low arousal as a result of
frontalis EMG reduction training. 1In this chapter the concept of
anziety will be outlined, the evidence cited on both sides of the
cultivated low arcusal dispute will be reviéwed, and conclusions

érawn. This willbe followedbya consideration of the physiolggical
theory of human emction and the concepts response specificity, responsé
stefeotyping and symptom specificity which support the use of reactivity in
determining the major physiological component of anxiety. Next, the
evidence suggesting differential results as a consequence of physiologi-
, cal dependent measure wiil be outlined and a review of the literature

surrounding the psychophysiological stress profile will be presented.

Firnally, hypotheses will be developed.

The consensual view of anxiety in psychological research is that it

5 an unobservahle construct inferred to account for some sort of

pae



behavior (Gatchel4;l979)1 The construct consists of cognitive,
behavicral and physioloéical components which interact to give anxiety
its meaning. The alternate events that can potentially denote each of
“hese comzonents results in innumerable permutations of the actual

representation of anxiety. For example, although attempts have been

made to specify the conditions under which certain stimuli are more

.,likely to be perceived as threatening, the actual number of objective

~.

stimuli which lead to perceived threat are unlimited. Similarly, the

tehavioral and physiological representations of anxiety are highly

variable. The behavioral symptoms of anxiety may be compris@%<of

fidgeting, stuttering, sleeplessness or flight to mention several

exarples. The physiclogical component may involve increased muscle
tension, increased heart rate and/or blood pressure, peripheral

x

vasoconstriction, decreased skin re%istance or any singular or combina-~
tory indices of physiological arousal.
- N

Given this_conceptual complexity of anxiety it is unlikely that

N ' e
any successful_ treatment of anxiety will focuw® exclusively on one
of these compon bts of anxiety. lMoreover, when approaches emphasizing

one componént of anxiety are employed,” other researchers whose primary

approach focuses on one of the other two compopents of anxiety are apt
o : v

to provide an alternate interpretation in keeping with their own

ocrientation. This is true also of biofeédback. The biofeedback

literature tends to view biofeedhack as a physiological process

in which cultivated low_physiologica} arousal i? incoypatible with

cognitive and behavioral components of anxiety. Biofeedback has alsb

L

B
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been considered primarily a cognitive process (eg., Lazarus, 1975;
Meichenbaum, 1976), or a behavioral process {(eg., Black, Cott &

_Pavloski, 1977). Meichenbaum's (1976) approach is illustrative of

the cognitive interpretation. Meichenbaum (1976) argues that cultivated

- ’
low physiological arousal as a result of biofeedback training is

important. only insofar as élient recognition of low arousal serves as
a cue to emit incompatible cognitions and behaviors. It is the change
in a client's internal dialogue whichvzs influencable thfough positive
self-statements that is the crucial factor in the biofeedback treaFment
of anxiety. In Meichenbaum's formulation we see a change in the role of
" cultivated 1éw arousal from that of the anxiety incompatible response

per.se, to that of the cue for emitting incompatible cognitive and

N

behavioral responses.

While it is recognized here that there is dissent in inter-
preting the role of biofeedback in the treatment of anxiety, the main
concern of this thesis is with the physiological mechanisms involved
in establishing cultivated low arousal. Aside from the important
problem of the role of biofeedback in the tréatment of anxiety, a
more basic issue is whether cultivated low phyéiological arousal is

possible using biofeedback treatment alone. It is this cultivated low

arousal controversy that will be dealt with next.

-

4
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The Cultivated: Low Arousal Controversy

Frontal MG reduction is the most frequently chosen training
treatment of anxiety. Explicit in this choice

training in frontal EMG reduction leads to a

target response in the
state. The most often cited research in support

is the assumption that
cultivated low arousal
of this assumption is a set of parameter studies by Stoyva and
» ‘ =5 peé group),

Budzynski (1974). 2lthough the numbers are small (N
Y Stéyva and Bu&zynski found that training in frontalis 4G reduction
was accompanied by decreases in forearm tension, heart and respiration
rates, and cortical chances in the direction of lower arousal. Verbal

reports of "thoroughly .relaxed"” subjects in this study also revealed

sensations of heaviness, warmth and drowsiness which the authors todk
to indicate generalization of effects to other autonomic responses.
-Sther studies have provided supportive evidence. Glaus and Kostes

{1979) tréined 30 undergraduate students in either frontalis B4G

increase, frontalis EMG decrease or frontalis EMG noncontingent (ie.
conditions. Results indicated that covaria-
tion between frontalis and other facial EMG measures decreased for both

unrelated to facial B4G)

trained in

frontalis conditions but remained the same for the noncontingent
= 10)

found that a group (N

group.
DeGood and Chisholm (1977)
frontalis E4G reduction exhibited decreases in heart and respiration

though it was also reported that the contradictory result of increased
Kallman

rates and increases in pareital alpha density indicative of low arousal,
Blanchard, Haynes,

1 vasoconstriction occurred

L.
erichera

.
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aﬁé Harkey (1976) found that training iﬁ reduction'éf frontaiistﬁG was
equally as effective as training in reduction of syséolic$bléodvpfessure< S
in producing decreases in systolic blood pressure in normotinsive ‘
subjects.

Finally, clinical studies are often cited in support of the
generalization hypothesis. Townsend, House and Addario's (l975)vstudy
which employed a biofeedback mediated relaxation group versus a p;ycho;
therapy group in chronic anxiety patients serves as an example. {Although
Townsend et al. found significant decreases in frontalis EMé, mood
disturbance and trait anxiety in the biofeedback mediated relaxation
group relative to the psychotherdby group, their results are confounaed
by the conjunctive use of relaxation training. Otherrclinical reports
similarly employ relaxation or autogenic training-like instructions which
pértain to bodily functions other than those for which biofeedback e
‘training is provided. When it is considefed that even such élosely
related functions as heart rate and blood pressure have been shown to
be controlled %n indegendent and opposite di;ections as the result of
instructions alone (Schwartz, 1972’, it is possible to see that such
results cannot be taken as evidence in support of multi-response
autonomic éeneralization as a result gf biofeedback training alone,

In contradiction to these generalization arguments, there is <

recent and accumulating evidence suggesting fractionalization or

" specificity of physiological responses due to biofeedback training.

A
s
e

Alexander (1975) tested directly the assumptions that frontalis 7

N

E43 training generalized to untrained muscles (forearm and lower leg)
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and that subjective feelings of relaxation were related to frontal&?
™G reduction. Using a no feedback control (N=14), no gﬁpport was

found for either assumption. In two subseguent studies, Alexander and

white (1979) instructed both treatment and control subjects to relax a
particular area (either frontalis or forearm) as much as possible prior

to EMG biofeedback t¥aining. After three sessions in the first study

and five sessions in the second study, the controls displayed a slight

albeit nonsignificant advantage over the biofeedback subjects in frontal

En Y Lo

B45 reductions. The authors concluded that frontal =243 reduction does

g

not lead to generalization to other muscular sites.
N —

Fridlund, Fowler, and Pritchard (1980) also tested the assumption

2

of frontalis EMG recduction generalization.to other muscular sites.

sing a computer controlled scanning electromycrograph, Fridlund et al.

exposed four normal male subjcts to five alternate day sessions of

frontalis EMG reduction while continuously monitoring B4 activity from

i
.

. . b
the frontalis and seven adjunctive muscle groups. No support was found
for the generallization of frontal B4G reduction.

Perhaps the most significant study in relation to this thesis is

-that by Gatchél, Korman, Wei§4 Smith and Clarke (1978). The study

i

departs from others cited in that it employed a stress inductionnp}o—
cedure (threat of electric shock) to evaluate treatment while simulta-

neously monitoring frontalis BMG, heart rate, respiration rate and skin

e

conductance., T1sBing 12 undergraduate volunteers as subjects, Gatchel et.

1)
~

al found that in the absence of external threat, training in frontalis




14.

EMG reduction was gccompanied by decreasesg in heart and respiration
rates but an increase in skin conductance iﬁdicative of sympathetic
arousal. Most importantly, howe&er, théy found that while subjects were
able to maintain their EMG deéreases (which they weré trained in)rin

the presence of the external threaty they were unable to maintain their

heart rate decreaées under this condition. Heart rate, skin conductance

E

and self-report.of anziety all* increased in the face of the external
- threat. Gatchel et al. conclude the results clearly demonstrate
specificity i;Alearned physiological self control under stress inducing

conditions.

Summary

As can be seen, the conclusion of cultivated low arousal via
frontalis EMG reduction.is controversial. The most optimistic conclusion
in favor of the generalization hypothesis seems to be that in the
absence of external threats, the frontalis reséonse,gnd viscerally
mediated responses of respiration féte and heart rate are more closely
related than the other autonomic responses of peripheral vasoconstric-
tion (DeGood & Chisholm, 1977) and ékin conductance {(Gatchel et al.,
1978) though even this position is contenti;us {Alexander, 1975;
2lexander & White, 1979{ Fridlund et al., 1980). In the presence of
external threat, however, there is evidence that suggests this rela-
tionship is untenable and that there is fractionalizatién 6f specificity

of the learned physiological response. It is interesting to note that

even Budsynski whose work is universally cited in support of the culti-

AN
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vated low

15.

N

arousal as a result of frontal BMG training typica lly uses,

in his clinical wor a2 physiological target response other than
frontal 2% . The tarcet resgponse chosen is one that has previously been
datermined to cvar-alavated baseline levels for that individual.
Frontal 245 training facilitate training
in the over-elevated tagget )

The conclusic ort Zwo brecad points.
First, they suggest remains under self-
_ P -
~
zontrol during strzss ¢ point that

. ?

~zx:7um clinical utility would be derived by training cliznts in their
most responsive dality rather £ran & uniform frontalis BI5 mofality

wnich may not cons

=

-u;} 24

anKl

4
0

3P0

5

ety will not

Second, the

2te a component of their anxiety. Training in a

clogical resporse svstem that is not a physiological component of

e during stress conditions.

~

section, the theoretical physiological basis for most
medality as the derermirant of appropriate response
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Physiological Theory of Emotion

The general physiological theory of human emotion is that during
normal activities there is a homeostasis between the sympathetic and
parasympatﬁetic branches of the autonomic nervous system. Heightened
arousal, inciuding anxiety, results in the activation aﬁd dominance of
the‘sympathetic system marked by inciéases in respiration, heart rate,
muséﬁlar tension and peripheral vasoconstriction; decreases &n skin
resistance; intestinal contrac?ion, secretion of epinephrine (adrenalin),
p;pillary dilation, and cessation of salivary gland secretion. During

~

periods of rest or relaxation, the parasympthatic system becomes dominant

a

with the convefse physiological reaqtions. The initial conception of
~activation was that these physiological responses acted in concert.
Different patterns of activity, wheré they existed, were of little
practical or theoretical importance (Cannon, 1929).

Further investigations, however, have shown that individua1

response variations or patterns are important. There are both unique
intraindividual patterns of physiological response across all stimuli,
and unique bhysiological reacfions to differentftypes of stimuli that
agé common across persons. These response patterns are known respect-
ively as individual response sterotypy and stimulus-response specificity.

Below, a brief summary of the evidence for the two concepts will be

presenteéd, and the implications of each for theipresent study given.
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Individual Response Stereotypy

Ind;vidual response stereotypyréfers to the tendency of an individ-
ual to exhibit a consistent but idiosyncratic p;ttern of autonomic
responée in response tokthe presentation of a stimulus or stimuli
(Lacey, Bateman & Van Lehn, 1953). The demonstration of sterotypi/mz\
involves the concordance in rankings of changes in éympathefic activity
from nonstress to stress conditions, and/or the rankings of absolute
leveilof sympathetic activity. Lacey et al. (1953) used a lability

score defined as the maximum displacement a physiological function

exhibits during stress (and measured by a normalized T score) to provide

‘comparisons between modalities. Monitoring the three autonomic functions

of palmar conductance, heart rate and heart rate variability, evidence
of sterotypy was found across four different stfﬁ:IZi Using an auto-
nomic tension score (a normalized T score to compare absolute activity

across stressors), Lacey and Lacey (1958) replicated their findings

¥ aat

across six standard stressors. Fully 93% of their subjects demonstraé%

stereotypy under these conditions.

Other support for stereotypy has come’from Patton (i96§). patton
(1969) exposed 24 U. S. Navy enlisted men to physical, perceptual
(movie§ of surgicai procedures), and cognitive tasks while monitoring
pulse rgte, systolic blood pressure, sKin -conductance, and instep
temperature. He reported that "subjects responded consistently under
ﬁarying stress conditions both in terms of éhange in sympathetic nervous
system (SNS) activity from nonstress td stress conditions and in texms

of absolute level of SNS activity displayed during stress" (p. 207).
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Knight " Borden (1979) monitored heart rate} skin conductance, finger
i ¥

pulse’ volume (analogous to peripheral skin temperature), and self-

reported anxiety in undergraduate sfudents anticipating social speaking.

" They found that high and low soéially‘anxiou5~subjects were discrimin-~ -

able on the 'basis of finger pulse volume indicative of stereotypy
r

¢

with}n these two subject gﬁgmpser/fiﬁ\lly, RoeSSler; Greenfield and
Alexander (1964) found a 72 percent incigence of stereotypic responses
in 36 undergraduate sFudénts exposed to six different intéﬁgities of
sound administered two'different tiﬁes, although this evidenée Ofi:k

stereotypy is mitigated by the fact that only skinp resistance was,

monitored.

The implication of individual response, stereotypy for the present
thesis lies in the evidence that individuals do have a unique and idio-"
syncratic response to stress and that this unique physiological response
may be indicative of the major physiological component of anxiety for

the individual. An important consideration:Uldemonstréting stereotypy

however, is the concept of stimulus-response specificity.
¢ y »

Stimulus-Response Specificity.

As defined by Sternbach (1966) stimulus-response specificity states

that stre;sful stimuli will produce a characteristic pattern of response across
individuals. Forxr egample, averill (1969) waé able to distiﬁguish

unique patterns of sympathetic activation produced from stimuli pro-

ducing sadness or\mirth. Monitoring systolictand diastolic blood

pressures, heart rate, face and finger tip temperatures, skin resistance

and respiration, Averill (19638) found the sadness group was character-
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‘ized by increased blood pressure while the mirth group was denoted by
increased respiration and‘heart rates, increased facial temperature

and decreased finger temperature. JAX‘(1953) measured subject's heart
rate, respiration rate, face énd finger temperatures, skin conductance
and frontal muscle tension in response to stimuli representing fear or
anger. He found that diastolic blood pressure increases, heart rate
decreases, number of rises in skin conductance, and frontal muscle
tension increases were greater for anger than for fear, whereas skin
conductance, frontal muscle tension and respiration rate increases were
greater for fear than for anger. The study by Knight and Borden (1979)
previously cited in supp;rt of individual response stereotypy also
provides support for stimulus—requnse specificity. Although high and
low socially anxious subjébts were discriminable on the basis of finger

pulse volume, both groups demonstrated increased heart rate and skin

N

-

conductance levels in anticipation of social speaking. After reviewing

2

the literature on response specificity, Sternbach (1966) concludes that
it isclear that dependingondifferent stimuli or stimulus conditions,
different patterns of physiological activation which are indicative of

stimulus-response specificity also exist (pp. 89-90).

The importapge of stimulus-response specificity in demonstrating 5

s 5 .
individual response stereotypy has to do with stimulus similarity.

Roessler et al. {1964) have found that stimulus similarity has a
positive effect on the degree of stereotypy exhibited. ‘Lacey and Lacey
(1959, 1962) have also found support for this relationship. Additionally,

they provide the finding that physiological response patterns could be
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classified according to the functional significance of the stimuli
tbat elicit them -- either perceptual (eg. tracking); motor (eg. cold
pressor test) or cognitive {eq. mental arithmetic). In order to have
the most sensitive measure of sterotypy, it follows then, that stimuli
employed should be of the samegfunctional set.

7

)

y

Most Reactive Physiological Modality ]

'

Despite the evidence cited in éuppoft of‘response stereotypy,
theré is some cause for céution in usiné stereotypy in psychophysiologi~
cal research. This caution concerns the reproducibility of stereotypy
over time (Lawler, 1980: Roessler & Engel, 1977). Tests on the reliabili-
ty of the concepf have not been promising.

Lacey and Lacey (1962) tested 37 children ages 6 to 17 in reaction
to a cold presser test four years apart. Using rank orders of
response magqitudes to systolic and diastolic bléod pressures, palmar
conductance, heart rate and heart rate variability, good reproducbility
was found. Yet to show reproduébility of stereotypy, reactivity to
more than one stressor is required. The other two studies that have
asked this guestion directly have yielded negative results. Oken,
Grinker, Heath, Hertz, Korchin, Sabshin and>Schwartz (1962) monitored
nine autonomic variables in 18 college students exposed to three stimulus
conditions over a period of one week. Regardless of whether the specific
variable showing maximum change, or the hierarchy of respohses, was -

used, reproducibility was not found. Similarly, Johnson, Hord and Labin

(reported in Sternbach, 1966) measured four autonomic responses 48 hogfs

-
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apaft'in 24 Navy men exposed to six stimuli. Although analysis of

?variance.yielded supportive evidence for stereotypy in two thirds o;?
the subjects, those gubjects who demonstrated stereoﬁypy the first day
did not necesgarily do so the second day.

This lack of intraindividuél reliability has caused recent work
to shift away from the concept of complete response patterning to the
concebt of most reactive response system or modality (Lawler, 1980).
Insofar as reactivity is only one physiological ﬁodality or in a most
reactive modality reguires the reproducibility of one physiological
response rather than a pattern of responses, it has greater a priori
reliability./ Moreover, studies have been conducted in which empirical
reliabilityw of reactivity have been demonstrated, at least for cardio-~
vascular indices of arousal‘ anuck & Schaefer, 1978). What remains to
be shown, however, is that h}gh reactivity leads to a develobed

symptomatology. This relationship relies on the concept of- symptom

specificity. 7

Symptom Specificity

" The hypothesis of symptom specificity states that somatic
complaints are-the end result of persistent expoéﬁre to stress of
physiological functions specifically susceptible to activation by
stressful experience Malmo, Wallerstein & Shagass, 1953; Malmo,
Shagasé & Davis, 1950). Although conclusive evidence in supéort of
the hypothesis awaits the arrival of longitudinal studies, the

research in this area is highly supportive:

R L,
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Most recently, evidence comes from‘the work in cardiovascular dis;‘
Qrders._ For example, Light and Obrist (£980) have demonstrated a |
rela£ionship between high heart raée reactivity and a family history of
hypertension. ILight (1981) has replicated this finding with both heart
rate and heart pressurerreactors, an@ added the important findiné that
reactive subjects were indistinguishable from nonreactive ones at

' ’ -

‘ resting baseline levels. Manuck, Corse andjwinkelman (1979) have shown
that high blood pressure reactors exhibit the coronary prone type A
behavior characteristics of time urgency and loud and emphatic speech
patterns (Friedman. & Rosenmah, 1979).

Further support for the link between reactivity and both héhavioral
and psychosomafic complaints comes from Malmo (1953) who found unique
EMG stereotypy among headache prone subijects versus subjects with
other psychsomatic‘chplaints; Goldstein, Grinker, Heath, Oken, and
Shipman (1964) who were able to demonstrate individual respohse stereo-~
typy on separate occasions among )idepressive female patients; and Walker
and sandman (1977) who employed an electrogastogram (slides) td show
that gastric activity‘in ducdenal ulcer and rheumatoid arthritis patientsv

could be differentiated in stréssful situations. : - -

I Py

\éummarz .

.,

Although not mutually éxclusive, the concepts of stimulus-response
specificity and individual response stereotypy are statistically <
independent and demonstrable simultaneously within the same subject

(Sersen, Clausen, & Lidskey, 1978; Roessler & Engel, 1977). The
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suspect reliability of response stereotypy has led to the use of
reactivity as the independent variable. Evidence strongly suppdrts

a relationship between reactivity and specific somatic complaints and

k]

forms the basis for using most reactive modality to identify the
appropriate response system for tréining.
' Up to this point the reasons for not using the most appropriate

response system and the theoretical justification for choosing.the most

reactive modality have been dealt with. Next, it is necessary to
'P‘i%("‘f -
consider some of the evidence surrouriding the psychophysiological

stress profile used to identify the most reactive modality and to

assess the ‘efficacy of training.
I

The Stress Profile. ~

-

The Procedure

Corson, Schneider, Biondi and Myers (1980), Fair (1979) and Almy

’(1978) have each pointed out the necessity.of a standardized diagnostic

and evaluation procedure when employing psyc¢hophysiological treatments,.
While general;zed érousa%ﬁis characteristic of ph&sioiogical responses
to-stress,'individuals vary in their specific patterns of physiological
arousal to stress, and individuals with anxiety of psychosomatic’ J
symptoms are distinguiéhed from normal subjects by their exéerienqe of
greater and more frequent arous;l. In order to assess thesé aifferences

objectively, a standardized procedure is required.’

The. normal procedure of such a psychophysiological assessment

.

ot
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procedure or stress profile, follows én A-B-A design. The subject is
comfortably seated and requésted to relax for a preliminary baseline
“period. = He/she is th;n‘exposed to a méderate stressor and asked to
relax again fér a poststress baseline period (Budsynzki, 1976; Fair,

© =1979). Throughout £his period multi-channel physiological responses
are monitored. ‘

The inclusion of a stress condition is a requisite of this pro-
cedure. Whereas previous clinical work focussed exclusively on
elevated baselines, the necessity of deriving a measure of reactivity

demands a stressor episode. Light's (198l1) finding that reactive and

nonreactive subjects are indistinguishable during resting conditions,

e}

+

and DeGood and Adaﬁ's (19?6) findiné that posttest COmparisons of
baseline levels diffeérentiated biofeedback training, muscle relaxation,
and no feedback groups ohly under stréss coﬁditions clearly demonstrate
the need for a stress condition in both diagnosis and evaluation.
,Moreover, as Gatchel et al. (1978) point out, the clinical concern in
biofeedback training is not merely whether subjects can maintain
control over physiological functions relative to control groups,

but whether they are able to do so under stressful conditions. .

'Factors Affecting the Stress Profile

There are a number of internal and external factors that influence

the results of a stress profile. Internally, the two most important
considerations are the Eype of stimuli, and the_sténdardization pro-

cedure employed. Externally, a number of environmental and personal

.
o



type of stimuli.

Type of Stimuli. The type of stimulus empioyed in a stress profile

has important implications for identifying ‘the most reactive physiological
modality. Almy (1978) has argued that the stimuli used in‘a true
clinical setting’sho;ld, asA;early as possible, have perceived stress

~ wvalue fé; the individual. While conceding the difficulty of individually

. ) * . S
selecting such stimuli, and the risk of inducing a traumatic experience

,

for the client, Almy (1978) argues‘that individualiggacific stimuli will

be more likely to detect reactivity than stan@aré%zed and more neutral
stimuli. B

An alternate approach is sgggested by Roessler et al. (196  ; Lacy
(1959)-, and Laéey, Kagan, Lacey and Moss (1963). Their findingg of a

.

positive effect for stimulus similarity in demonstrating response stereo-
typy ahd hence}reactivity, and Lacey et al.'s (1963) stimulus classificé—
tion system based on functional significaqce suggests that the most
sensitive measure of rea%}ivity would be the ong that utilizes a number
of stimuli from the same functional set. Althoﬁgh Almy's point may
be well taken in a purely clinical setting, in an expe;imental pro-
cedure stimuli which are standardized across individuals and which can
be used to make objective independent assessments is preferable. 1In

accord with this logic, three cognitive stressors were employed in this

thesis. It is important to ﬁ&%e, of course, that this choice limits the



generalizabiiity of findings about reactivity to reactivity as a result

of ¢ognitive stressors.

Method of Standardf%ation. A‘matterlof crucial importance is the
method by wﬁich most reactive physiological.’'modality will bé assessed.
The difficulty arises in the need to make meaningful intraindividual
cdmparisbns between response modalities with different units of measure-
ment. For example, is a‘heart réte increase of 10 beats per minute

(bpm) in response to astressor more reactive than a frontal EMG .

3

increase of 1 microvolt, or a decrease in peripheral gkin temperature of
2Cc°. In the past, the identification of dominant physiological
responses was made by clinical judgement.ofkoverelevated baselines
{pPelletier, Gladman & Mikuriya, 1976); When reactivity is used to
determine dominant pﬁysiological response, however, these discrimipa— .
tions are more difficult and a more objective procedure is required. |

The only attempt to aate of determining reactivity has been the
split-half (Lawler, 1980) or median-split (Carney, 1981) method.
Using this method, differencesvbetween resting physiological baselines
and a physiologicalﬁstfess reaction are rank oféered from highest tol
lowest scores. The sample is théh Aivided into two equal groups

. ”"4\/ » .

according to the median value with the top half being identified as
high reactive and the bottom half being labeled as low reactive.
There aré two difficulties with this method. First, the " approach
doeé not allow intraindiviaual comparisons of reactivity to be made
between different pbysiological responsé$;§;tems. Although one within

¢ oL
subject physiological response may be exceptionally more reactive than

v
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other physiological responses, this overreactivity will not be

-~ . .
identified. The second difficulty with the median-split method is
that depending upon the sémpléng.distribution,,individual differences

that may be clinicallxﬁéighificant are obviated. For example, the

method woulaihéyewiimited utility if a sample were drawn from a
; - .
clinical population in which all subjects might be expected to be highly.
‘“réactive. ‘By’definition fhis mefhod would still label half of the
sample as low reactive subjects. There is, therefore, a‘need>for a
standardized procedure which would maké meaningful comparisons between

physiological responses within subjects and which would be independent

~ : - .
of the population from which the sample was drawn.

e
4

To datek’four standardization procedures have been employed.

Lacey et al. (1953) have used autonomic tension and autonomic lability
scores (normalized T scores across stressors, and across subjects
respectively) to make these‘comparisong with the autonomic tension
scores displaying the most aramatic results. Engel (1960) has employed
a variation on the standardized Z score transformation with the differ-
ence between the individual's response and the group's mean response to
all stimuli as the numerator, and the within 'subject error of a covari-
ance analysis as the denominator. Sersen et al. (1978), in response to

Engel, argue that use of:this numerator does not adjust for differences

Lo

- e

in responsé as a function of mean level, and propose the alternate

numerator of deviation between the actual and predicted scoré'plus the

-

mean response of the group to that particular physioldgical function.

Each of these previously used methods are, however, subject to the
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¢ S
criticism that they employ group means to detect what are in fact
4 - ' -
intraindividual differences (Hiebert, 1980). A more appropriate
procedure would seem to be a standardized difference score with the
difference between baseline and stimulus scores as the numerator and
e
the baseline standard deviaEion;as the denominator.

The formula for such a standardized reactivity transformation or

ZR transformation would be as follows:

X - X
) S 1B
ZR = —gp—
1B
where X = the mean for stressor 1.
e . [
5 = the initial baseline mean
1B
= the standard deviation for the initial
SD : .
1B baseline

This method would take into account a subject's change from base-
line in response to a stressor aé well as variations in baseline that
could exaggerate reactivity. As a diagnostic instrument it would also
provide a measure of susceptibility to stress (reactivity) prior to the

development of chronic symptoms mafked by overelevated baselines

(Malmo, 1975).

External factors. There are also external ‘factors that affect
physiological measurement and hence reliability of the stress profile.
Time of day (Corson et al., 1980) and semester {( Fisher & Winkel, 1979),
season and meteqrologicél changes (Waters, Koresko, Rossie & Hackley,
1979), fatigue (Roéssler<&Engqib 1977), caffeine (Asterita, S;olnicky &

Iatridis, 1981) and post prandial effects (Fair, 1979; Patton, 1969)
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all have a documented relationship with physiological measurement.

\

Insofar aé possible, these factors should be controlled to avoid spur-

ious results. -
Summary-

The psychophysiologic;l stfess profile is a necessary procedure in
order to provide an objective and quantitative aésesément of most
reactive m;dality and‘eQEluation of treatment under stress conditions.
The stress profi%é folléws an A-B-A relaxation-stress-relaxation deéign
while monitoring pﬁysiological modalities. The natufe of stimuli
chosen, the standardization procedure bétween hodalities, and external

a

variables -are all important considerations in the employment of the

stress profile.

Standard Deviatipn as a Physiological Dependent Measure

v

The final issue to be dealt with here is thé€ choice of physiological

dependent measure., The stress profilé strongly implies that response

A

variability throughout the relaxation-stress-relaxation procedure is

the apﬁfépfiate dependent measure. It is, however, only very recently
that standard deviation (SD) has been callsd for as an important and
sensitive measure of self-regulation {(Schwartz, l981} Shein &“Mande;L
1981)7 As a result, only little research has been performed usih&“fﬁi%_x
measure.

Shein and Mandel (198l) employed an A-B-A design in a single
case study of a cerebral p?lsy subject. ‘Sampling frontalis EMG 60

. . & - N N N . .
times per minute over 16 sessions of frontalis EMG reduction training,
LY
1

o

1



Shein and Mandel found that although there were no clear indications of
mean frontalis muscle- decreases over sessions, there were SD decreases

B

across sessions, /
. o
Ny

2/

Hnatiow and Lang (1965) incidentally reported evidence of differ— ‘
entiéiﬁgbnclusions using the two dependent measures in a controlled
A .
outcome Btudy of heart rate variability. Subjects receiving visual
analogueAféedback were requested to maintain their heart rate within
one beat of their average resting level while control subjects gimply
tracked the feeaback signal. It was demonstrated that experimental
subjects were able to reduce their cardiac variability successfully,
but this stabilization effect was unrelated to coincident changes
vin mean heart rate. This incidental finding has also been reported in
later studies (Lang, Sroufe & Hastings, 1967; Haifison & Raskin, 1976),
although at least one study }Sroufe, 1969) has found that experimental
subjects maintained both mean heart rate and variability decreases over
a control group.

Although all of these studies simply sampled SD over the duration
of training procedures, and none of the studies employed a stress
induction procedure, they offer the suggestion that using a subject's
response Variability é}E%}?hysiological dependent measure may lead to
different conclusions than are achieygd by using mean levels of physfo-
logical activity as é bhysiological dependent measure. Moreover,
when a stress induction procedure is employed, it is a-subject's

response variability as one gaés from a nonstress to stress and

returning to a nonstress situation that is of primary interest. A
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method of measuring this response variability is to calculatig
R

subjecf's standard deviation over the duration of the nonsE\
stress-nonstress sequence for each physioiogical modality. Theﬁ%? .
question that arises is whether‘usin§4this derived measure of re;éonse
variability, referreavlo héréafter as a subject's profile SD, yields

the same results as when mean levels of physiological.activity are

used as the physiological dependent measure.

The Development of Hypothéses

! ' " -

This thesis was designed as a preliminary investigation of- the —

biofeedback treatment of anxiety when the biofeedback training target
response was matched to the subject's major physiological component of
anxiety. Specific issues of interest were whether biofeedback training
in physiological response modalities other than frontal EMG would'field
different patterns of physiologipal generalization, and whether profile
SD, used as a measure of a subject's response variability, would lead to
different patterns of physiological generalization.

These issues were stated in the form of hypotheses as follows:

1. Subjects recdeiving reactive modality feedback training will
“as a group, exhibit significant anxiety decrements on treatment-
control postscore comparisons as measured by frontal B,
peripheral skin temperature, skin resistance, heart raﬁe and

the State-Trait-Anxiety Inventory (STAI).

\?
4
S
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2. Subjects receiving reactive ﬁbdality_biofeedback training

on the séme'modality will-expérience significant anxiety
decrements-on treatment-control postscoré comparisons for the

physiological modality on which they received training.
. >

3.  S?EjE9ts receiiing reactive modality biofeedback training
on the same modality will not exéerience significant anxiety

" increments on treatment-control postscore comparisons<on

médalitiés in which they did not receive training.

4. Subjects receiving reactive modality biofeedback training

- -

will, as a group, experience significant anxiety decrements
on a greater number of physiological indices of anxiety when
profile SD is used as a dependent measure than when mean

=

- level of physiological activity is used as a dependent
measure .
5. Subjects’'receiving reactive modality biofeedback training
.‘;n the same physiological modality will experience significant
anxiety decrements on a gréater number of physiological indices
of anxiety when profile SD is used as a depeﬁdent measure -

than when mean levels of physiological activity is used as a

dependent measure.

A word of caution should be introduced here. The statement of
hypotheses .above, rely upon the central assumption that biofeedback

training in a specific modality will lead to physiological reductions
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only on-the target training modality. .The statement in hypothesis one
that subjécts will, as:a group, experience physiological reductions an
all physiological indices of anxiety does not refer to the generaliza-
tion of physiological reductions within subjects. ﬁatherii:connotes that
with equal subgroups of subjects recei&ing biofeedback training in each
modality, each subgroup should experience suffiéient reductions in the
£rained modality to influence the mean for that modality when the sub-
groups are considered together:_

The next chapter will outline the reseaizégfesign, provide
descriptive’ statistics of the research sample, and describe the assess-

ment, treatment and analysis procedures used in testing these hypo-~

theses. : \



CHAPTER III
PROCEDURE AND DESIGN
In the previous chapter, the hypotheses for this study were
developed. This chapter outlines the methodology employed to test
the hypotheses. First, the research design is outlined, This is
followed by a discussion of the subject sample and the physical
facilities in which the experiment took place. Next the assessment

procedures and dependent measures are briefly presented. Finally,

the treatment procedure is described.

Research Design .

The research design employed in this study was a 2x2 factorial
design with repeated measures on one factor. The design is illustrated

in Figure 1 below:

Index of Anxiety

Pretest Posttest
Stress Profile Stress Profile
. T
(1) (T,)

Reactive
Modality
Biofeedback .

Treatment

No Contact
Biofeedback. <
Exposed ’ e

Control

Figure 1. Experimental Design for Data Analysis
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In Figure 1, the treatment variable (reactive modality biofeedback
training or no contact biofeedback exposed control) is the nonrepeated
factor, agd the index of anxiety factor (Tl, T2) is the repeated factor.
Repegted measures analyses of variance were replicated for each of the

four monitored physiological modalities using first, mean levels of

physiological recording and the STAI results as\dependent measures and
8 — AN

=
second, response variability for each physiological modality as the

dependent measure.

Choice of Statistical Procedure

Due to the number of dependent measuroé employed in this study, a
logical *argument coula be made that a multivariate analysis of variance
would be the most appropriate statistical procedure. This is especial%y
true considefing the nonzero intercorrelations between the physiological
indices of anxiety, and between the physiological and self-report )
measures of anxieéy. A multivariate analysis of variance would permit
statements to be made about the joiﬁt occurrence of physiological
reductions in one physiological modality independent of the efgécts of
reductions in another physiological modality. For example, if oﬁe
wished to make statements to the effect that frontal EMG training
resulted both in frontal EMG reductions and in decreased heart ratg
independent of frontal EMG, a multivariate analysis would be necessary.

As an exploratory iﬁvestigation; however, this study was most

interested in identifying the dependent measures most affected by

reactive modality biofeedback training. As Finn (1974) points out,
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univariate rather than multivariate procedures are the most appropriate

statistics in an exploratory study. Although univariate statistics

s L

may not be independent for any one hypothesis, they aid in identifying
the variates most and least affected by their antecedents and are a

analyses. In this study,

desirable prerequisite to further multivariate
the identification of which physiological modality or modalities are
most influenced by reactive modality biofeedback training is of primarj

interest. For this reaﬁon univariate rather than multivariate statisti-

\

cal procedures were used.

Choice of level of Significance

To further assist in the identification of salient dependent
measures, the .10 level of statistical significance was employed.

Results throughout the study are, however, reported at their achieved-:

level of significance, p'< .10, to facilitate individual interpretations.

Experimental Procedure

During the first week of the study all subjects were administered
a psychophysiological stresSL;fofile and the State-Trait-Anxiety
Inventory (Spieberger, 1968). Based on pre—testischeduling, subjects
were alternately assigned to either a biofeeéback treatment group or to
a delayed’treatment progressive relaxation training control group.
Treatment subjects were scheduled for two half hour.biofeedback sessions
_per week for four weeks or until learning to criteria had been reached,

whichever came first. Wwhen learning to criteria occurred before the

eighth session, a control subject was called in and both subjects were

T
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post-tested.. All post-tests were carried out on the'saﬁe hour of the
day and the same day of the week for which pretesting for that subject
had occurred. At the post-test a question was appended to the STAIL
asking subjects to rate their anxiety before arrival as being more

anxious, less anxicus, or about the same as their initial visit.

The Sample 3
Subjects for the séudy were solicited from an undergraduate course
in‘educational psychology. 1In returnwfor their participation, subjects » \1}:A
were offered training in a procedure previousiy shown to be effective ”
in dealing with stress. It was suggested that sﬁch training would bé
'beneficial in coping with the rigors of examinations, bral presenfa—
tions, and generally be a worthwhile skill tb\develop for any future .
endeavors. Additional incentives were offered to encourage participa-
tion were exposure to, and possible though not certain traiging on,
biofeedback equipment, and a hands omr expérience with experimental
progedure. ‘Subjects were urged to volunteer if and only if they could
commit themselvef to a six week period.
Due to the logistics of scheduling subjects within a sig week time
frame and of having only‘one experimenter, the size of the sampie
was of neceésity small. Of the 26 subjects who volunteered, two treat-
ment and one control subjects dropped out due to time pressureé of
upcoming mid-term examinations and term papers. Data from one other

treatment subject and two control subjects were deleted due to question-

a@fe validity of EMG recordings and equipment malfunction leaving two



groups of 10 subjects each. ..
The fipal demographic composition of the two groﬁps were éix
females and four males with a mean age of 21.5 years in the treatment

group, and eight, females and two males with a mean age of 23.5 years

in the control group. Initial self-report anxiety measures as measured

by the STAI placed treatment subjects in the 45th (male) to 63rd

(female) percentile on state anxiety,'and in.- the 6l1lst (male) to 72nd
(female) percentile for trait anxiety. Corresponding ankiety levels
for the control group fell between the 12th {male) and 7lst (female)

percentiles on the state construct, and in the 39th (male) to 70th

'(female{ range on trait anxiety. (STAI means by group and sex are-

presented in Table 1.)

Equipment and Facilities

All sessions were conducted in a quiet, temperature monitored two

room laboratory. Subjects were seated on a comfortable recliner chair

v

_facing a curtained window. The experimenter sat on a stool adjacent to

the subject facing the biofeedback equipment housed in a cabinet on the
wall opposite the curtained window. The position enabled the experi-
menter unobstrusivelyto ponitor subject movement. The STAI was filled
out at a desk in an adjoining room. |

Frontal EMG, heart rate, peripheral skin temperature and galvanic
skin‘resistance ;ére simultaneously monitored using Colborne Instrﬁments
modular bjiofeedhack equipﬁent. Frontal EMG‘electrodes, following stan-

dard clinical procedures, were applied on an imaginary line

>

p
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Table 1 -~ )
STAI Means by Group,and Sex
. State ' Trait
Group ‘ - Sex
' Mean Percentile Mean Percentile
Male .  34.0 45 - 37.75 61
. (7.528) % ) (6.021) .
Treatment . - ’ ) .
~ Female 36.Q 63 41.5 72
%, - (4.561) =(11.327)
Male 24.5 12 32,5 39
(2.121) o (:707)
Control’ ) : .
"Female 40.25 ., 71 " 41.0 70

(10.. 606) - © (10.980)

e el ) e :
% Standard deviations are presented in brackets in this and all
subsequent tables. ' :
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7

» \\’
an inch and a half above and horizontal to the eyebrow line with the
central electrode serving as the reference for recording lo;ated
equidistant from the two aqtive'eleCErodes. ;mpédences of i0,000 ohms
or less were.maintained thgoughout recording and outpuf channelled
through a Colhorne'Instruments hi-gain bioaﬁplifier. Heart raﬁe was
recorded usiné;a Colbornerlhstruments S71-40 blood flowlpulsésznitof
which measured pulsatile blood flow frémuan opfical denéitometer applied
to the palmar surface of the left thumb. Peripheral ékin temperature
was taken from a Yellow Springs thermistor applied‘éo fhe ventral sur-
face of the middle finger of the‘nondominant hand and monitored through
an S71-30-..temperature module. - Basal galvanic skin response was

recorded by measuring the voltége drop between two lead strips applied

@

to the index and fing fingérs, reSpectively, of the left handi Output
was through a Colborne Instruments S71-20 ;kin resistance module.
Continuous checks for‘pr§p§r functioning of eqﬁipmentwere.possible i
~using visual voltmeters;‘and all datawere processed thrdugh a cumulative
averaging integrator and p;inted simyltaneously on a Colborne multi-

channel microprocessing printer.

{ ‘

\ Assessment Procedure

\

v

The Stress Profile

A stréss profile employing an A-B-A design with three stressors was
used as an assessment and evaluation technique. The procedure emulated
‘that of Budzynski (1977, 1978) in which subjects were asked to relax for

the first 12 minutes using whatever procedure they usually used to relax.

~
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A three minutae serial sevens subtraction task was then administered
followed by a final 12 minute relaxation period. 1In this study, two
additional stressors were included to enhance the reliability of déger—

mining most gé ctive modality and to &iblore physiological reactivé%y to

stress over timk. The two additional tasks were a.reading task taken

from the Gilmore Oral Reading Test (Gilmore & G ilmore, 1968), and on

which subjects were told they would be asked questions parallel to the

WAIS arithmetic test. (See Appendix A for a set of instructions

" employed). The sequence of the stress profile‘was, therefore, a 12

minute relaxation period@ followed by a three minute serial sevens task

e N

and a subsequent two minute reldxation period; a reading task follé@é§
)

by another two minute relaxation period; and a% arithmetic task follﬁ;ed
by a final 12 minute relaxation period.

Upon initialﬂgygeting, subjects were introduced to fhé biofgedbacﬁ
equipment and told EEEE it would be used to deﬁermine their individually
unique response to stress. They were then requested to sit in the recliner
chair and the function of each measurement device was explained as it was
attached to them. After electrode application, the sequence of relaxa-
tion and stressor episodes was outlined. Physiblog;cal recordings on
frontal muscle tension, skin temperature, skin resisténce and heart )

rate were simultaneously recorded at three-minute intervals duringQLhe

12-minute relaxation periods and stressor episodes, and at 15-second
z;?. "t

intervals during-the two three-minute recovery periods. The resultant

-

output yielded 27 data points for each physiological modality. -
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The post-test stress profile followe e same sequence but used
alternate forms of the cognitive tasks (see Appendix B). The State- ‘

Trait Anxiety Inventory was administered at the end of each p}ofile.

Assessment of Most Reactive Modality

Ihtraindiviaual comparisons between response modalities using the
ZR transformation outlined in chapter two were made to determine most
reactive modality. The figures were calculated using the mean and
standard deviation for the initiél l2-minute baseline period and the
raw score for each of the subsequent 23 data poi;ts. Most reactive
modality was determined by comparing the ZR score valués at the three
stimulus points. Where one response modality was not readily disqernablez
using these figures, recovery period ZR score: values were used to make
the final decision.. The sequence of decision rules employed are giveﬁ
below:

1. Where only one modality had ZR scores above 1 on the three

stressors, that modality was determined to be the most reactive

modality.

2. Where two or more modalities had ZR values exceeding 1, that
modality which had the highest ZR values was determined to be

the most reactive physiclogical modality.

3. Where two or more modalities had ZR values exceeding 1 but the
ZR scores were of approximately equal value, the modality which
had successively greater values as one went from stressor 1

to stressor 3 was determined to be the most\{factive modality.

i
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4. Where most reactive modality was not discriminable using rule
3, the modality with the most recovery period ZR scores above

one was determined to be the most reactive modality.

Several notes should be made regarding these rulés. The second
and third stimuli requirea vocaliéation by the subject that would pro-
duce data artifact on.all of the physiological recordings, but especially
on frontal EMG. Stimulus'l; therefore, was the only pure data record-
ing poinﬁ and was given preferential weighting. ~Second, avchara;ter—
istic of a person's phiéiological response to stress is that successive
stimulihave a cumulative effect and lead to progressively increasing
.physioloéicél recovery times (Malmo, 1975). This feature of tﬂ; physio-
logical s$tress response acqounted for/ggg stipulation in rule 3, that
the ZR scores be in ascending order as succesive stressors were pre-.
sented, and the use of recovery periods in rule 4, as the final criter-
ion for establishing most reactive modality.

-~ 9

Two more general observations should be made about the ZR

F

statistic employed. first, since the numerator of the transformation -
consists of the baseliqezmean minus the raw score at the stimulus

points, and since there ié‘a ceiling effect above which physiological
respohsesare not likely to exceed, subjects with a high initial baseline
value had a lower probability of being identified as most reactive in
that modality. It was possible, therefore, for most-reactive modalitf
to be chosen despite elevated baselines in another modality that may

have been clinically significant. Second, the standard deviation in

the denominator means that subjects with low response variability over

—
J

2
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the initial baseline period would have a greater likelihood of being
reactive on that mddality than on a mbdality‘for which initial reéponse
;ariability was high. Subjects;with ﬁighly variable resting regponses
would not, in all probability, haze been determined reactive in that
modality. ‘ .

These two points emphasizerthat the central concern of this study
was reactivity. In an attempt to study réactivity prior to the onset
of overt symptomatology, subjects were drawn from a normal population
where over’elevated initial physiological baselines would not be an
5xpecteq result. The ZR statistic furthered this intent by controlling
for initial resting response varidbility and operationally defining
reactivity as the response to a stressor over and above any initial

vagiability at resting physiological levels.

Dependent Measures

"Several physiological dependent measures were employed in the
study. For the mean level of physiological activity analyses, each
modality was separately assessed using the pre- and poststressor base-
lineg, and the values from the data point at stressor 1. The response
variability analysis was conducted using the stress pfofile SD score
(to be described below). The state-trait anxiety in&entory (STAI)
administered at the end of each profile, was used as a self-report

index of anxiety. A brief discussion of these measures is described

below. -



A45.

Pre- and pPost-Stressor Baselines

\ Yo

As mentioned above, the stress profile included an initial 12
minute relaxation period with four three minute data fecording pointéi
The pre-stressor baseline was calculated by taking the mean of these.
points. The post-stressor mean was calculated as the mean of the final
four three minute data points of the stress profile. These baselines

were individually used as dependent measures for the nonstressor or

resting level episodes.

Stressor 1

The serial sevens subtraction task employed as stressor 1, is
normally used as the exclusive stressor in the stress profile procedure
(Budzynski, 1977; 1978). gince stressors 2 and 3 were included primarily
for enhanced reliability and for exploratory purpQQSS, and since they
were tainted by vocalization during their measurement, stressor 1 was
used as the physiological dependent measure for the stress condition.

The three minute mean score yielded by the Colborne Instruments multi-

a

channel printer was emploxsd.

Stress Profile Standard Deviation (SD) Score

-

Fach subject's response variability over the entire nonstress-
stress-nonstress sequence was measured by taking the standard deviation
over the initial four three minute relaxation data points, the three
three minute stressor data péints, and the final four three minute data
points for each modality. The result was a profile SD score for each

physiological modality which was used as the dependent measure for a

&
£
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subject's response variability.

Consistent with the ZR transformation to determine most reactive
modality, the profile SD provided a méasure of a subject's response
variability £hét minimized initial overelevated baseline;. It was
theoretiéally possible for a subject to have a low profile SD score
on a speéific physiological modality despite having elevated initial
baseline levels on that modality. In fact, beéause of ceiling effects
to physiological responding, a subject with elevated initial baselines

would have been more likely to have a low profile SD score since his/

her response to a stressor would be restricted by the decreased ragge
e

Pt

between the already elevated baseYine, and the ceiling level.

Stait-Trait Anxiety Inventory

As a psychological self-report measure of anxiety, the STAI
was used. Each of the state and trait inventories is a self-evaluation
quéstionnaire consisting of 20 items rated on a four-point scale.
Test-retest stability coefficients are ﬁigh (r = .79) for the trait.
inventory and low (median r = .32) for the state inventory, the latter
representing the influence of situational factors (Spielberger,
Gorsuch & Lusheno, 1970). Concurrent validity of the trait scaie
is demonstrated by its high correlation with the IPAT Aﬂg?etyyséale

(r = .75), and the Taylor Manifest ‘Anxiety Scale (r = .80) (Spielberger,

»

1 1968). Construct validity for the STAI~-state scale was déteymined on

977 undergraduate students. The mean score for the state scale was
"significantly higher" prior to simulated exam conditions than under

normal conditions (Spielberger et al., 1970).

i



Treatment Procedures

Group 1: Most Reactive Modality Biofeedback Traihing

-

Usiﬂg the .assessment procedure outlined above, treatment subjects
were given biofeedback training in their most reactive modality while

the other three modalities were simultaneously monitored. At the first

7

~

session, subjects were given continuous auditory feedback and asked to
decrease the pitch of the tone using any strategy Ehey chose. Subjects
who had difficulty in altering the pitch were questioned and alternate
strategies based on Péssive volition (letting go on demand; Greenz&Green,l9}7) a
suggested. In subsequent sessions, subjects were asked to review }heir’
successful strategy from the previous seésioﬁ(s) and to continue using

it during training sessions. In later sessions, alternate periods bf’
continuous feedback and no?feedback were initiated. Subjects monitored N

their success during no feedback intervals and were given oral and

visual (the printer output) feedback of their success in self-monitoring

* .

at the end of the session. 7
All subjects received eigﬁt 30-minute training sessions or as many' .

training sessions as were necessary to reach géaining criteria, which-

ever camé first. Consistent with the procedure for determining most

reactive modality, training criteria were establis%gd as being able to

reduce training session target response baselines to a value two initial-

baseline profile standard deviations below initial baseline profile mean

leQel, and to maintain this reduction for two consecutive three—ménute

intervals. For example, a heart rate reactive subject whose initial

heart rate bijfline mean was 78 bpm with a standard deviation of 2.5,

S
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would be required to maintain a heart rate leyel of 73 bpm for six
consecutive minutes. In order to demonstraté reliability of this self
control, it was further necessary for the_subject to achieve his
criterion over‘two successive training sessions.

Once training criteria had been achieved, a final sesgion was
conducted during which they were requested to maintain their decrements
in a no feedback condition while simultaneously listening to questions
from a previous educationalrpsycﬁology mid-term ex?mination. Since the

last session was conducted one week prior to their educational psychology
‘ :

midteryf, thiss was deemed to provide training at \maintaining physiological

reductions during a stress induction procedure

Group 2: No Contact Control

The control group was administered the stress™grofile and STAI

during the same week as the treatment subjects. Rather than immediate
treatment, however, contrél subjects were toia that physiological
recordings are often influenced by meteorological and time of semester '
variables, and ﬁhat in order to assure the ‘reliability of the individ-
ually unique response to stress, a readministration of the stress
profile would be necessary in approximately five weeks. ° Control subjects
were called back and post-tested on the same week as treatment subjects
and were provided with progressive relaxation training sessions affer
post-testing.

Control subjects, therefore, were provided both-with exposure to

biofeedback equipment which has been shown to have expectancy parameters
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(Wickramaskera, 1981: Miller, 1978; Miller & Dwo\qkin, 1977), and with
the promise of an empirically demonstrated effective stress managemen%

procedure.

Summary

3

This experiment employed a 2x2 factorial (treatment, control X

.T T2) design with repeated measures on the time factor. Twenty

17

volunteer undergraduate subjects were administered a psychophysiological

stress profile and randomly assigned to either biofeedback training

on their most reacp;ve physiological modality or to a treatment deferred
= Y

but biofeedback equipment exposed group. P?sttesting was conducted

using an alternate form of the stress profile. Dependent measures used

were physiological levels of responding under resting and stress condi-

tions, a stress profile SD score, and the State=*Trait-Anxiety

Inventory.

In the next chapter, the results will be presented.



CHAPTER IV

DATA ANALYSIS

¢ The main purpose of the study was to test the effectiveness of

providing biofeedback training in a subject's most réacti%% modality.
Further intentions were to explore some of the implications of using
response variability as physiological dependent measure and to provide

Y

support for the construct Qalidity for the ZR transformation approach ofA
determining most redctive modal;ty. Analyses were performed comparing
the treatment with the control groups as a Qhole and; where numberé
permitted, spe;ific reactive modality subjeéts with conﬁ;ql subjects
reactive in that same modality.

‘ Before dealing with the hypotheses, however, it is first necessary
to describe the sample in terms of its reactive modalities, and

determine whether group differences on initial physiological baseline

values existed.

Preliminary Analyses

3
e

Reactive Modalities of the Sample

Using the ZR ¥ransformation and the decision rules outlined in. .
Chapter III, standardized scores were .calculated for the three stressor

v

episodes and each subject's most reactive modality was identified.
(The ZR transformations for each subject are presented in Appendik C.).

With the exception of subject 2, sufficient information was provided by

the three data points to identify reactive modality. Subject 2 had no
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Z scores ekpeeding 1l on either stressor or recovery points, and most
reactive physiological modality for this subject was selected by choosing
the only modality to show a physiological response in the direction of

heightened arousal to a stressor. The final configuration of the

‘treatment group was six heart rate reactive subjects, two peripheral

skin temperature reactive subjects, énd one each of. frontal EMG
reactive and GSR reactive subjecté. The coﬁposition of the control
group was séven heart rate reactive, 2 frontal FEMG reactive, and one
peripheral skin temperature reactive subjecﬁs.

The results reveal abdisproportionate number of heart rate reactive
subjects. Since hypothesés 2 and 3 state, that whe?e numbers permit,
groups receiving reactive modalitf feedback on the same modality would
be analyzed individually, the decision was made to;éﬁ;ceed with a
separate anélyéis using heart rate reactive treatment versus heart rate
reactive control groups. For this purpose, one heart rate reactive
subject was randomly deleted from the coﬁtrol group. In the analyses

that follow, results will be presented alternatively for the treatment

group as a whole, and for heart rate reactive groups.

Results of Biofeedback Training

Of the ten treatment subjects, eight subjects achieved the per-.
formance training crigeria of reducing physiological responses in their -
most reactive physiological‘modality té two standard deviations below
initial profile baseline levels for a six minute period over two»ponsecu—
tive training sessions. Two subjects, both of wﬁom received biofeedback

training on peripheral skin temperature, failed to reach this criterion -
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levef, but receiwved the fullreight sessions of biofeedback training.

-

Initial Group Baseline Statistics
. As éenjamin (1967) points out, the law of'}nitial values (which
§tatés thét the magnitude of a physiological résponse to an experimental
stimulus is related £o the preétimulus level) has impoitagt implications
for'£he statist%cal analyses of physiological data. Normally wﬁere
initial group physiological baseline levels do not differ significantly
from each other, the analysis of variance is the appropriateistatistical
procedure. Where there are significant physiologic?l baseline differ-
ences,_however,‘the analysis of covgriance is the preferred procedure.
To test for these initial differences, an analysis of variance analogous
to a simple t-test was performed on the initial baseline group means
for each of the four responsé‘%ystems, No significant differences were
found at the p. < ;05 level for any of the'physiologicgl response modali-
ties. Throughoug the testing of hypotheses, therefore, the repeated
measures analysis of varianceiﬁgs employed. (Initial physiological
group means on frontal EMG, PST, GSR and HR are presented in Table 2
for groups as a whole, and Table 3 for hea;t rate reactive groupé).

<
~

The Testing of Hypotheses
» )

Hypothesis 1

Subjects neceiving fLQac/téQQ modality biofeedback training will, as
ag group, exhibit significant anxiety decrements on treatment-contnol
postscone comparisons as measwried by frontal EMG, pe)z,éphe)mli.blzén
temperature, Akin nesistance, heant nate, and the STAI.
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Table 2 ’ — i
- Y
Initial Group Means for Groups as a Whole (N=20) i
Index of Prestressor Stress Poststressor
Anxiety Baseline Condition Baseline
Treatment Control Treatment Control Tfeatment Control
EMG (UV) 3.108 3.358 3.226 3.007 3.061 3;360<
(1.811) (1.693) (1.657) (0.853) (1.688) (1.336)
PST (3C) 31.756 30.691 32.153 31.367 31.290 30.2725
(3.132) (2.572) (3.267) (2.613) (3.170) (2.498)
GSR (KQ) 38.532 39.227 39.608 41.426 42.428 42.251
(1.365) (2.699) (2.539) (2.296) (5.962) (2.482)
H.R (BPM) 74.503 76.288 81.800 ' 83.650 . 72.665 71.382
(11.664) (7.518) (10.793) (5.882) (15.076) (7.851)

EEw 4
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¥
Table 3 ”
Initial Group Means for Heart Rate‘Reactive Groups (N=12)
Index of ‘Prestressor Stfess Poststressor
Anxiety Baseline Condition Baseline
Treatment Control Treatment Control Treatment Control
EMG (UV) 3.342 2.782 3.725 2.598 3.252 2.952
(2.068) (1.566) (1.919) (0.451) (1.923) (1.260)
&4 ) PST (°C) 32.181 30.600 32.613 31.490 32.025 29.906
v (3.515) (2.320) (3.717) (2.420) (3.780) (2.442)
- ! ;
GSR (K{) 38.367 40.005 39.950 41.070 41.529 41.970
(1.353) (2.747) (2.817) (2.990) (3.%44) (2.990)
H.R (BPM) 71.625 74.333 80.833 83.733 76.479 - 72.517”
(11.366) (8.832) (10.872) (7.025) (17.555) (7.614) .

/

Y

R ST
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Results. The two way analyses of variange used to test this hypo;
thesis on the groups és a whole. revealed a significant group x time
interaction for frontal EMG'under‘the stress condition, F (1,18) = 4,841;
p = .041; and a significant group x time'intergction for heart rate
also under the»stfess condition,ug (1,18)‘= 4.478, p = .049. The
results indicate a differential treatment effect fof frontal ™G and
heart rate during stress. The Scheffé Multiple Comparisons pro¢edure
was used to determine the critical mean differences both over tim& and
between groups. Scheffé (1959) recommends the adoption of the .10
significance’ﬁevel to overcome the excessively conservative hatufe of
‘the procedure. Critical differences were calculatéd here using both
the .05 and .10-levels of significance. The lowest level at which sig-
nificance occurred is reported. The results revealed a significant
increase ip frontal MG for the con£rol,group, §EE (1,18) -..547, p <
.10; a significant decrease in heart rate for the treatment groué,

Sch (1,18) z 5.192, p < .05; and a significant difference in heart rate
between the two grodps during the posttest session, Sch (1,36) Z 8.446,
P < .05. These data suggest that reactive modality biofeedback training
is effective in preventing frontal EMG increases under stress conditions
and in significantlyrreducing hearturate reactivity to stress. No

other physiological mean levels or the self-report measure showed a
: N

\
1

significant treatment effect.
Other significant differences noted were a significant decrease in
posttest skin resistance at the poststressor baseline, F (1,18) =6.489,

p = .02, indicative of increased arousal for both groups durinérpost-
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tesﬁing;_a significant decrease in tra;t anxiety, F(1,18) = 7.512, p =
.013, indicating decreased anxiety on the trait construct for both
groups during the posttest session; and a significant decreased frontal
EMG at fhe poststressor baseline, F(%,18) =4.203, p = 055, indicative
*of decreased arousai for both groups ddring posttesting. No group
différences were revealed. ' (The group means for EMG, PST, GSR and HR
appear in Table 4. Group means for the self-report measures appear in
Table 5, and analyses of variance summaries for significant effects
appéar in Appendix D.)

The above results show that treatment subjects experienced anxiety
decrements only for heart rate under stress conditions. Also, the
+4reatment group as a whole did not experience frontal EMG increases
uﬁder the stress conditions as did the control group. Both treatment
and control groups displayed increased anxiety during-the posttesting

as evidenced by decreased skin resistance. S.In_contradiction to the
RSN
TN
skinresistance evidence, there was decreased trait-anxiety for both

groups during the posttest session and decreased frontal EMG during
the poststressor baseline. Support for Hypothesis 1, therefore, was

minimal. . .

H,opothesis 2

aa

Subjects necediving reactive modality biofeedback trhaining on the
some modality will exhibit significant anxiety decrements on treatment-
conthol post score comparisons for the physiological modality on which

trey recelved training.



Table 4

Physiological Gréup Means for Groups as-a Whole

(N=20)
Group Anxiety  Baseline 1 Stressor Baseline 2
Measure '
’ T
T T, T 2 T, T,
1* . EMG 3.108 2.578 3.226 2.818** 3,061 2.588
(1.811) (1.249) (1.657) (1.496) (1.688) (0.977)
2 _ EMG 3.358 2.960 3.007 3.580 3.360 2.644
(1.693) (1.311) (0.853) (1.524) (1.336) (1.008)
1 ¥ PST 31.756 32.055 32.153 32.032 31.290  30.725
(3.132) (3.005) (3.267) (2.989) (3.170) (3.036)
2 PST 30.690 31.704 31.67 32.148 30.225 31.696
(2.572) (3.001) (2.613) (2.833) (2.498) (3.028)
1 GSR 38.534 38.621 39.608 39.544 42.428 38.880
(1.365) (2.699) (2.539) (3.603) (5.962) (4.149)
2 GSR 39.227 .41.020 41.426 40.129 42,250 41.233
(2.696) (4.684) (2.296) (4.990) (2.482) (3.089)
1 H.R 74.502 74.005 81.800 75.310%** 72.665 69.512 i
(11.502) (12.472) (10.793) (11.117) (15.076) (11.404)
. :
2 H.R 76.287 76.215 '83.650 84.560 ~71.382 76.527
(7.518) (7.314) (5.882) (8.460) (7.851) (5.715)

* Group 1 in this table and subsequent tables refers to the
treatment group. Group 2 refers to the control group.

> ‘ N .

% Tl - T.2 - .547 is significant, Sch(1,18) - 547, p < .10
k&% Tl - T2 2 5.192 is significant, Sch(1,18) - 5.192, p < .05.
Gl - G2 - 8.446 is significant, Sch(l,36) - 8.446, p < .05.
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. Table 5
Self Report Group Means for Groups as a Whole (N=20)
. Anxiety
Group Measure 1 T2

1 STAI-T 40.000% 37.700
’ (9.333) (8.832)
2 © STAI-T 39.300 36.500
: (10.328) (9.277)
1 ~ STAI-S ' 35.200 37.000
(5.613) (9.357)
2 R STAI-S < 37.100° 36.400
o (11.493) (8.566)

* Increased scores are indicative of ipcreased anxiety.
B * R - B

@ .
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Results. Rgsults forAheart-rate reactive subjects showed
significant treatment effects for heart rate during the'poststregsor
baseline péfiod, F(1,10) = 5.285, p = .044, and for heart rate under
the stress condition, F(1,10) = 4.708, p = .055. . Results of the Scheffé
Multiple Cémparisons p;ocedure revealed a sigﬂificaht decrease in heart

rate for the treatment group during the poststressor period, Sch(l,10)

- 7.960, p f .10; a significant incrcase in heart rate under the

stress condition, §Sh}i,10) z 8.044, p < .05; and a significant differ-
ence between the treatment and control groups under the StIZSS condition
during posttesting, Sch(l,20) z 10.872, p < .05. The results indicatex\
that heart rate reactive freatment subjects expericenced significant
reductions in heart rate under both stress and poststress conditions,
and that -they were signifiqutly different from the control group in
this regard under the stfcsggcondition. S

Significant treatment effects for peripheral skin temperature
during the poststressor period, E(l,lo) = 5.998, p = .034, and for

frontal EMG under the stress condition, F(1,10) = 3.615, p = :086,

were also noted. The Scheffé Multiple Comparisons procedure revealed
that control subjects experienced a significant increase in'peripheral
skin temperature, Sch(l,10) Z 2.293, p < .05, élthough they did-not
significantly differ from the tgeatment group inrskigg&emperature. ‘The(
Multiple Comparison's procedure for frontai EMG revealed no siénifi;ant
diff;rences eitherjacross time within groups, or between groups.

Significant differences between pre- and posttest sessions were

also observed. As in the groups as a whole analysis, heart rate reacti%e
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subjects displayed é significant decrease over/time in GSR at the post- v
stressor baseline, E}l,lo) = 4.993, p = .049, indicative of increased

arousal. There were, however, increases over time in peripheral skin

temperature gt the prestressor baseline, E}l,lo) = 4.657, p = .056, and

b

poststressor baselinégf F(1,10) = 4.441, p = .061; and significant
decreases in trait anxiety, F(1,10) = 3.573, p = .088, all indicative of
decreased anxiety. (Heart rate reactive group means for EMG, PST, GSR

and HRrappear in Table 6. Heart rate reactive group means_for STAI-S
and STAI-T are presented in Table 7. Analyses of variance statist(és
for significant effects are summarized in. Appendix E.)

The data for heart rate reactive groups indicate significant
treatmeﬁt efffcts for heart rate under the stress and poststressor
conditions. %here was, however,, alsoré\significaﬁt treatment effect
for frontal EMG under the stress condition. Hypothesis 2, therefore

is only partially supported.

Hypothésis 3

Subjects neceiving neactive modality biofcedback training on the
same modality will not exhibit significant anxiety Lncrements on
theatment-contrnol positscone comparisons on modalities in which they

did not necedlve training.

Results. The finding of a group x time interaction in peripheral
skin temperature outlined in relation with the results of hypothesis 2,

are not in accord with the present hypothesis. Although the poststressor
e

decrease in peripheral skin temperature for the treatment group consideed

alone did not reach significance, the finding of a significant increase

\m%



Physiclogical Group Means for Heart

£

Table 6

cl.

Rate Reactive Groups

(N=12)
Group- Anxiety Baseline 1 Stressor Baseline 2
Measure _ o
0 .
rI‘l T2 Tl 2 Tl T2

1 EMG 3.342 2.963 3.725 3.092 3.252 2.912

(3.068) (1.523) (1.919) (1.921) (1.923) (1.167)

2 EMG 2.782  3.395 2.598 3.150  2.952  2.284

(1.566) (0.966) (0.451) (1.555) (1.260) (0.849)

1 PST 32.lBi 33.114 32.613 33.177 32.025 21.776

(3.515) (2.647) (3.717) (2.621) (3.780) (3.322)

2 PST 30.600 33.059 31.490 33.618 29.906 33..224%

(2.320) (2.038) (2.424) (1.095) (2.442) (1.527)

1 GSR 38.367 37.476 39.950 38.985 ~41.529  37.637

(1.353) (2.089) (2.817)‘(3.2056 (3.844) (4.766)

2 GSR 40.004 41.827 41.070 39.775 41.970 41.630

(2.747) (4.800): (2.990) (5.261) (2.980) (3.388)
1 H.R 71.625 65.704 80.833 72.517** 76.479 67.879*% %%

(11.366) (10.602) (10.872) (7.025) (17.555) (10.801)

2 H.R 74.333 75.637 83.733 86.500 72.517 78.183

{8.832) (3.4206) (9.968) (7.692) (7.614) (2.829)

> . ' .
* Tl - T2 - 2.292 is significant, Sch(1,10) - 2.93, p < .05.
**oT, - T, Z 8.044 is significant, Sch(1,10) - 8.044, p< .05.
> A o >
Gl - G2 =~ 10.872 is significant, Sch(1,20) -10.872, p< .05.
. [N > - . ° @ :

%% p - T - 7.960 is significant, Sch(1,10) z 7.960, p< .10.
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Table 7 -5 4///

Self Report Group Means for Heart Rate Reactive Groups

2? (N=12)

=

Anxiety

, M T

Group easure Tl 5
1 STAI-T 38.667 37.500
‘ (4.633) : (7.259)
2 STAI-T 39.333 36.167
- (10.013) o (8.886)
1 STAI-S 35.000 34.333
(6.419) (9.709)

J - e, . .
2 STAI-S . 34.000 o 37.333
(10.789) (7.659) o~

%
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in skin temperature for control subjects at that time runs contrary to
the hypothesis. The finding of decreased skin resistance indicative of
increased arousal, although shared by the control group, also contra-

dicts the. hypothesis. Hypothesis 3 must, therefore, be rejected.

Hypothesis 4

 Subjects neceiving reactive modality biofeedback training w&'g, as
a ghoup, experience Aigyuiﬁicamf anxiety decrements on a greater numBeJL
0§ physicLogical indices of anxiety when profile SD s used as a
dependent measure than when mean Levels of physiofogical activity Ls

wsed as a dependent measure.

<

Results. When groups as a whole were analyzed using profile SD as

the dependent measure, a significanﬁ,‘gjl,l8) = 3.810, p = .067,

tféﬁfﬁent effect was found for heart rate wariability. Results of the

Scheffé Multiple Comparisons procedure showed that boéﬁ)treatment and .
control groups experienced significant increases in heart>ra£e variébility
auring the posttest session, §E§jl{18) z 3.698, p < .05. A significant
difference between the two groups during posttesting, Sch(1,36) z

4.190, p < .10, was also observed ifg;cating ériesser increase in

heart rate variability for the treatment group. No other signifi-

cant treatment effects were detected althougﬁ there was a signifi-

cant decrease in frontal EMG variability for both groups during
posttesting, F(1,10) = 3.172, p = .092. Hypothegié 4, therefore, must

.be rejected. (Table 8 presents the group means for EMG, PST, GSR and

HR variabilities for groups as a whole. 2nalysis of variance summaries

[o1)

are presented in Appendix F.)



"Table 8

Group Means for Profile SD (Groups as a Whole)

' 64,

(N=20)
kg
Anxiety
.Group Measure T1 T2
- /_%
1 : EMG 1.509 1.160
‘ (1.073) . (0.725)
2 EMG 1.241 1.183
) (0.581) (0.414)
1 PST 10.267 10.177
(0.947) (0.924)
2 PST 9.952 10.157
(0.815) (0.879)
1 , GSR 13.032 13.135
(1.195) (2.120).
_ =
2 GSR 13.473 12.752)
‘ (0.892) (1.221)
1 " H.R 26.846 36.692
‘ (7.684) (5.625)
2 H.R ‘ 26.457) 44.163%
(3.938) (4.075)
> o ——
* T, - T, - 3.698 is significant, Sch(1,18) - 3.698, p < .05.
- i .
Gl - G2 - 4,190 is significant, Sch(l,36) - 4.190, p < .10.



Hypothesis 5

Su;iﬁcié rnecedving reactive modality feedback on tﬁe same physio-
Logical modality will experience Aignéﬁzaant amxiety decrements on a
greaten numben of physiological Lindices of aqifetg when progile SD i
used as a dependent measwie than when mean Levels of physiofogical

activity L5 wsed as a dependent measuwie.

Results. The reanalysié of the heart rate reactive groups using
profile as-the dependent measure revealed a significant group x timé
interaction. for heart rate variability, E}l,lo) = 5.870, p = .036; and a
significant time difference for heart rate variability, E}l,lo) = 98.710,
p = .001. The Scheffé Multiple Comparisons Proceduré confirmedvthat
both groups experienced significant increases in heart rate variability
§Eé(l'lo) z 5.299, p < .05, but that the treatment group experienced
less of an increase as evidenced by the significant group difference at
pOSttestiﬁg, §gh(1,éo) Z5.539, p < .10.

A significanf group X time interaction was also detected for.
frontal EMG’variabiiityj:E}l,lO) = 4;563, p = .058. The Scheffé Multiple
Comparisons analysis;revealed that the treatment group experienced a
significant decrease in frontal EMG variability during posttesting,
Sch(1,10) z .485, p <g.05. The results are in contradiction to
the hypothesis which ﬁ;;£ be rejected. (Group ﬁ;ans on frontal EMG,

PST, GSR and HR for heart rate reactive groups dre presented in Table 9.

inalysis of variance swmaries are included in Appendix F.) s
' ' /

a7 £
?
i

- ) 5
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Table 9
Group Means/for.Profile SD (Heart Rate Reactive G ups)
1 ' (N=12)
Anxiety
Group _ Measure Tl_ T2
1 EMG " 1.954 1.412*
: (1.211) (0.839)
2 EMG - 0.909 1.023
(0.370) (0.377)
1 PST 10.330 10.523
(1.122) (0.778)
2 PST . 9.937 10.565
{0.744) (0.404)
1 GSR ' 12.891. 13.496
(Q.925) (2.642)
2 GSR ) ‘13.324 12.711
i (0.995) (0.940)
1 H.R . 26.5%58 39.197**
T (8.340) (5.542)
2 H.R 24.724 45.518
(3.096) (3.752)
> >
* Tl - T2 - .485 1is significant, Sch(1,10) - .485, p < .05.
* x Tl - T2 ~ 5.299 is significant, Sch(1,10) - 5.299, p < .05(
Gl - G2 - 5.539 is significant, Sch(1,20) - 5.529, p < .05,
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CHAPTER V

_DISCUSSION

In this chapter, a discussion of the regults is presented.
The first section is a more intensive interpretation>of the results
¢erived from hypdthesis testing. This is followed by a @ié?ﬁssion
of the validity of the ZR transformation for determining most reactive

rhysiological modality. The final section presents a summary of the

major research implications developed from this study.
»

Hypothesis Results

Due to the interrelatedness of some of the hypotheses, it was

decided to group hypotheses 1 and 2, and hypotheses 4 and 5 for the

purposes of discussion.

dypotheses 1 and 2

Hypothesis 1 stated that subjects receiving most reactive biofeed-
back training would, when treated as a group, experience decrements on
a2ll physiological and self-report measures. The findings were that
: < . .
treatment subjects showed decreases in physiological indices of anxiety
as a result of training only for heart rate under the stress condition
and that treatment subjects did not experience increases in frontal R4G

under stress as did control subjects. Additional findings were

decreased skin resistance for both groups evidential of increased arousal
grour |

during the poststressor baseline, and decreased frontal Ef during the
7 o -
t -

costressor baseline and trait anxiety during posttesting indicative of
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decreased arousal for both groups.

s

Hypothesis 2 stated that subjects réceiving most reactive biofeed- -
L

back training on a single modality, in this case heart rate biofeedback
training, should expe?ience anxiety decrements as exhibited by physio-
~logical indices of*aréusal‘only on héart rate. - The findinéﬁ, however,
were analdgous to thérg{oups.as a'whoie analysis. Treatment subjects
experienced' significant réductioqs in heart;rate>under stress and
poststressor condition?{ and there was a signifiéant frontal EMG
treatment efféét unde? the stress condition although no significant
differences were detected across time or betweem groups. Also, both
nheart rate reactive)treatment and heart rate rege¥ive controls evi-
denced decreased skin resistance on the poststressor baseline énd
decreased trait anxiety during posttésting. ‘Addi£ionally, both groups
had increased peripheral skin temperature during the prestressor and
poststrgssor periods, and!the control group had increased skin tempera-
tu;e during the stressor éondition when posttested. The section that
foildws will deal first with the findings of decreased heart rate and

- ¢
frontal EMG under stress conditions.

Degcreased heart rate and frontal EMG. The first main aspect of
T
these findings is that the treatment group experienced physiological
reductions only for heart rate and not for all physiological modalities

s predicted. The logic behind hypothesis one was, however, that egual

)

roportions of subjects would receive biofeedback training on each

’ t

modality. Decrements in each group trained on a specific medality would

el
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therefore be sufficiently large to influence the-sean on that modality

for the entire treatment saﬁplg. Gi;en the dispropoftionate numbers of
heart rate reactive subjects constitﬁting 60 percent and 70 percent of
the treatment and control groups respectively, it is unlikely that there
were sufficient numbers of subjects tfained in frontal EMG, PST and for
GSR to uniformly influence these means. A pladsible explanation for the
decreased heart rate under strgsé conditions is that this decrement
was due primarily to the influence of the heart rate reactive subjec%s
in the larger sample. o o %}
The finding that treétﬁéﬁ£ 5 ;jects as a whole maintained {;;ir
frontal EMG levels under the stfess condition while control groups
expé}iehced increased frontal EMG can be explained in two possible ways.,
One explanation is that the result is attributable to the generalization
of heart rate reductions to the frontal EMG physiolégica} response
modality by the heart rate biofeedback trainea subjects. The other

interpretation is that the decreased frontal EMG was due to the
decréaséz frontal EMG in subjects who received biofeedback training in

a physiclogical response system other than heart rate. Although either
or both explanations are logically possible, a closer scrutiny of the
data supports the first interpretation of physiological response generals
ization of decreased heart rate to the f?ontal EMG response modality in
neart rate trained subjecﬁs. Results from analyzing the heart rate

reactive treatment subjects showed significamt reductions for both heart

ate and frontal EMG under the stress condition. A supplementary 2 x 2

Al

repeated mezasures analysis of variance for tlie remaining not heart rate
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reactive treatment subjects versus tﬂ.rxn:heart rate reactive cgntrol
subjecﬁs, on the other hand, revealed no significant reductions on any
of the three frontal BRMG data points. Since the suﬁjecﬁs receiving bio-
fggdback training in response modalities other than heart rate experi-
enced no significaﬁt reductions in>frontal MG, it follows that frontal
B4G reductions under the stress condition reported on page 55 for the
groups as a wﬁole analysis must have been due to the heart rate reactive
trained subjects lowering frontal EMG and not due to éhe subjects
trained in other modalities. Although impossible to determine from the
data, it is bossible to speculate that the.increases in frontal BEMG
experienced by the control group in the groups as a whole analy%&s and .
not detected in the heart rate reactive groups analysis was due to the
increased statistical sensitivity as a>consequence of the larger sample.
Additionaliy, the presence of two ffonﬁal BMG reactive subjects in the
control grbup as a whole versus only one in the treatment group would
result in proportionately higher frontal BMG stress condition meéasures
for control subjects and contribute to the statistical significance
of control subject frontal BIG increases in” the groups as a whole
analysis.

The' disproportionate number of heart rate reactive subjects in the

overall study sample can, therefore be used to interpret the results of

I

hycothesis 1. Without adecuate representation of frontal EiG, peripheral

skin temperature and sXin resistance/%ubjects in the sample a complete

]

test of hypothesis 1 was not possibfﬁ in this study. The hypothesis, d

ncwever, rermains tenable for further testing using an enlarged sample



with egual representation of subjects trained on each rhysiological

modality.

‘n=re§s control
=zt al. (1978)

3§ were able to

stress .conditions, did rnot include a control group. 7Tris study, which

did include a deferred contact group, indicates that simsly noting

that subljects given hicfesirack

maintain control of both hear- rate arnd frontal 245 urder stiroess condi-

ticons. Caution must e sxercised making this conclusion. Statements

abeut the joint occurrence ©f <hese Lwo thysiclogical responses would

recuire a multivariate aralysis procedure. The use of univariate pro-

neart rate ang maintained frontal B4

criterion, the leva] of significance becomes p = |

as & whole analysis and p = .172 for the hesart rate rzactive analysis,
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mnother caution must be issued since subjects were assigned to a -
physiological target response on the basis of reactivity rather than
randomness. Lott and Gatchel (1978) have shown that subjects who

dermonstrated high reactivif? to a cold pressor test produced signifi-

cantly larger heart rate changes than low reactor subjects and it is

_ possible that the same mechanism was in operation here. The high

" reactive subjects employed in this study may have produced greater heart

rate changes than a random sample of biofeé¢edback heart rate trainees

-and, becapse of the viscerally mediated nature of heart rate (Miller,

1978; Benson, 1975) produced concomitantly greater decrements in

- frontal EM3. A suggested toplc for further rescarch would be, thd®efore,

a multi-response evaluation of_heart raté biofeedback training un@er‘
stress conditions between high heart rate Feactivé subjects} random
assignments to heart rate training subjects, and no-feedback - -biofeedback
equipment exposed subjects-to determine the relative physiologicalﬂ
response generalizatién of heart rate to frontal EMG f;r the three
groups. In this study a multivariate analys;s of variaqce woul@ be
appropriate to confirm the joint occurrence of éelf—control‘of~both heart
rate and f;on§?1 EMG under stress conditions. This find;ng, if con-

firmed would indicate that heart rate biofeedback training would be a

more efficacious procedure in the treatment of anxiety than frontal EMG

'training in that if provides selfrcbhtrol{pf two physiological response

systems "for the price of one.”
The second main aspect to the finding of maintained frontal EMG

and decreased heart rate, is that significant differences between treat-

\l

B
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¥

ment and control groups were found primarily under stress conditions

& -

* o~ ! ’ e *
and, not on the prestressor and poststressor baselines. The ‘result is in
agreement ﬁith DeGood and adam's (1976) finding that groups given bio-

feedback .training in controlling (decréés}ng) heart rate are indisting-

v

uishable from other treatment groups including no feedkack control

groups except when tested under aversive stimulus conditions. The x\\
result is also in contradiction to the cultivated physiological arousal

-nypothesis that states bio

Hy

eedback trained groups exhibit lower indices
of physiological ‘arousal than simply relaxed control groups under
resting ccnditions. Previous attempts to test the efficacy of biofeed-

S

’ rack training for anxiety or stress rznagement may have overlooked the

significance of biofeedback training by not including a stress induction

srocedure. In this study, monitoring physiological response systems .

N iy - ; ;
solely during resting pericds would have lead to the erroneol

on that sitting ir a.comfortable recliner chair located in' a aquiet

sinecure away from the hustle bustle ©f crowded classrooms, libraries
¥ 2 ' S *

© and cafeterias, was egually as &ffective as biofeedback training in
: _ P :

~

controlling a subject's physiological response to stress. When. combined

with the fact monitoring of the single training target response even

inder a stress condition may lead to the egually~erroneous conclusion

<rat cultivated physiclogical low arocusal has occurred, it is clear that

ss Of biofeedkack in Stress
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Decreased skin resistance during poststressor baseline. Decreases

in skin resisténce have previously~5§§ﬁ noted during biofeedback‘ .
training (e.g. Gatchel, 1976). Kilpatrick (1971) has found that tonic’
(mean lev?l) skin resistance versus pﬁasic (résponsivity} skin o
resistance is more3resPonsive to cognitive fasks and to the périod of
g < }
cognitive activity following the task, than to psychological stregsors
such as the manipulation of thréat. Phasic skin r;sistance, conversély,
was found to be more responsive to psychological stressors than cognitive

stressors. Since this study employed basal DC coupled skin resistance

versus guick change AC coupled skin resistance, variations in skin

resistance measured were nmorZ of the tonic variety. Increased skin

resistance during the poA Yressor baseline, theﬁ, may have been due.

to the use of the less responsive basal GR and its sensitivity to

cognitive activity following mental tasks. Despite this interpretation,
.

nowever, the major implication of this finding is that even when bio- ‘ \x/

feedkack training is provided in a physiological modality which consti-

tutes a major physiological component of anxiety for that individual,

learned control of that physiological modality is not necessarily

refleated in related physiclogical response systems.

//?_ Decreased trait anxiety. 1Insofar as this was an analogue study

erploying subjects with "normal" rather than "high" anxiety levels, the

eatment effect on the self-report indices of anxiety is not

o
[+
)
N
9}
thy
ot
-

altoszether surprising., Thnis is ésperially so since little or no
2 IS g b Y

a

training was.provided in identifying personal stresses. Nor was there

“rning mut mild erncouragement given .to practice physiological self -

« . -
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t gcontrol cutside the lakoratory. HNevertheless, a central aim of pro-

v ® '

viding biofeedback training was to decrease anxiety and so a more

’

lengthy discussion of -lack of treatment effects on either state or trait

énkieﬁy is warrénted.ﬂ o

of tﬁg two types oﬁranxiety; staté anxiety is the more situationally’
sensitive construct and one might reasonably haye expected a significan£
treatment effect on this mezsure. It could be argued that\%ﬁg lack of

such an effect may be accounted for by the order of administering the

Y

STAI since it was administered after the psychophysioclogical stress

profile when any imgending anwiety over the administration of stressors
‘would likely have Zeen relieved, This argument is not wholly convincing.
Cr a logical basis, presession state anxiety could be influenced by any

number of factors such as being late for the session or having just
. a

-
\
ccmpleted an examination as was‘repgz%ed by several subjects. Post-~
- 13

session administration of the STAI would be more likely to reflect

decrements in self-report anxiety as & result of practicing the developed
riofeedback strategy or normal relaxation st}ategies. Moreoever, there

is no evidence to suggest that presession administration of the STAI

B

would have led to a significant treatment effect. Analysis of subject

. responses to the guestion of differertial anxiety in anticipating the

+

pretest and posttest profiles revealed no significant differences between
- , .

treatment and tontrol groups. The most likely explanation, therefore,

4 e
v

is that since high initial state anxiety was not a feature of the
sample, no decrements were found.

The finding of decreased trait anxiety for both groups at the
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4

posttest session is an unexpected outcome and more probiemmaticai to
. - ) . ,

explain. 1In fact, the research design of this study does not permit an
~ddequate éxplanation. The result is, however; consistént with the
finaiggs of decreased poststressor frontal EMG for the groups as a
whole, and decreased prestressor and poststressor peripheral skin
téikerature‘for héart rate reactive groups dufing posttesting. One
might speculafe fhat the therapéutic expectancy)demand characteristics
implicit in both the exposure to Eiofeedback equipmentland the promise
of treatment led to a piacebo effect. 2n expefiment by Gatchel,

Hatch, Qaynard, Turﬁs, and Taun?on—Blackwood (1979) describes the power
of such a placebo effect. Comparing'a relaxétion/biofeedback groﬁp,

a félse feedback group and a systematic desensitization group; Gatéhel
et al. found that despite‘lackrof physiologicai arousal reduction ‘in
the false biofeedback group, this group demonstrated as much reduction

in self-reported speech anxiety as the two treatment groups.  This
. N

reduction was persistent in that it was maintained for all three groups

°

E

in a follow up evaluation one month later.
~ The issuefof-Whether decreased trait anxiety found in both groups
was due to a placebo effect associated with‘exposure to biofeeaback
equi pment duriﬁg‘the psychophysiolgoical strgss profile or to some other
factor such as increased confidence as the acédemic year progressed
mig%gfeasily have beeﬁ provided in this study by the inclusion of a
second céntrbl groué. Administering the STAI to a third group during
the pretest and posttest weeks and providing no further contact would

_have permitted comparisons to be made between bidfeedback treatment,
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biofeedback exposure plus promise of therapeutic bénefit, and pure no
contact control conditions. Decreased trait anxiety in this second
control group would indicate the effects of external factors while no

decreases in trait anxiety would confirm the expectancy/demand effect

2

associated with the experimentél procedﬁrg.

It is suggested that any furthe; research using a psychophysio—
logical profile to asséss biofeé@back treatment incorporate such aﬂ
‘ additional;;ontrol.

J - ’ - .- o

protheéls 3

A 0

Hy?othesis 3 stated that éuﬁﬁects receiving reactive modality
'biofeedbaék traihing on a specific modality, in this case Qeart rate,
will not exhiﬁit anxiety increments on fréntal EMG, skin résistanCe or
peripheral skin temperature. The findings were a significant treéﬁment
effect in favor of increased peripheral skin temperature for the
control group at the poststressor baseline, and decreased skin -

resistance at the post stressor baseline.

Peripheral skin temperature interaction and decreased skin

resistance. The hypothesis that learned control of a subject's most

reactive physiological modality occurs without concomitant arousal increases
in other physioiogical»response modalities must be rejected. Iﬁétead,
the hypothesis thaF/Eontrol of a physiological response system -other
than the tréining target responSe must be entertained regardless éf U

whether the training target response is the subject's most reactive

physiological modality or a uniform training target response that does
i “

4 . e

I3 ! - - -
: - e
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not constitute a major physiological,component of anxiety for the
individual.“As in the case of discussing the joint occurrence of
decreaséd heart rate and maintained froﬁtal EMG under stress éond;tions,
the caveat concerning actual aléﬁa levels must be made here. Never-
theless, the faét that heart rate\biofeedback training is reflected on
increased arouéal as measured by skin resistance and peripheral skin
temperature strongly suggests dissociation of physiological responses.

Moreover, the finding of a significant treatment effect in which

" control subjects experienced significantly increased skin temperature

under stress conditions Qhéréas heart rate.biofeedback subjects didfnot
is consistent with DeGood and Chisholm's (1976) finding‘sf‘incgeased

peripheral vaéoconstriction“accompanying f#ongai EMérreductién training.
In DeGood and Chisholm's study the increased periphefél vasoconstriction

occurred despite decreases in frontal EMG, heart rate, and respiration

suggesting the possibility that control of visceral or viscerally

mediated phyéiological responses and other autonomic physiolegical
responses such as peripheral skin temperature and skin resistance
! -

operate through different mechanisms. It is interesting to specula§é
whether thelionverée is trué as well —- that acquiring self-control
over.periphefal,skin%tempefatg;e or skin resistanée're5ponse‘WOuld lead
to increa;és in frpntal EMG and/or-heart rate. Perusal of fronéal EMG
data for éubjectsAin this st@dy receiviﬁé peripheral s%invtemperéture

- T :

biofeedbcak training strongly suggest there are increases in frontal EMG

associated with training in peripheral skin temperature increases.

Further systematic investigation of this question is required. 1If the

o

e
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resulting evidence supported the dissociation of visceral ang autonomic
physiological responses, a -case could be made that biofeedback traiﬁing
should be provided in two physiological responsé modalities: - Such an
approéch would be analogous to Séhwartz's (1372) patterning of physié—
logical responses. Schwartz (1972) usiﬁg a ca;diovasculér response
system and pareital alpha has shown that providing training in both
physiological modalities but not in one alone léadg to subjectiQe self—
reports of intense relaxation or what Schwaitz describes as "emergent
properties.”™ Ip'is“possible that it is necessafy to provide tréining

in two dissimilar physiological response systems in order to produce

~ the cultivated low physiological effect necessary for WOlbe's (1958)

concept of reciprocal inhibition.

_.Hypotheses 4 and 5

Hypothesis 4 states that the use of profile SD as a dependent
measure would yield anxiety decrements on a greater number of physio-

‘loéical response systems than the results of uéing mean levels of

-

physioclogical activity. The findings consisted only of a significant

s

treatment and time difference on heart rate variability for both the
groups as a whole analysis and the heart rate reactive grbups analysis;
# significant frontal EMG treatment effect for the heart rate reactive
groups analysis; and a significant decrease in frontal EMG varjiability
[N . . < i
_during posttesting for the groups as a whole .analysis. The hypothesis
was} therefore, rejecte%.
In an attempt to “reclaim" this hypothesis, -8 supplementary analysis -~ |

’ 13
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o R
using profile variance (Sz) instead of profile SD was performed. :The

use bf‘variance as opposed to SD causes high n;merical values to be
enhanced due t? the geometiic prbgression'effect of the squaringagio—
cedure and should, therefore, logically'provide'more sensitive measure
of response variability. Also, variance has widely Been used in the’
research on heart rate variabilitf (Porges, 1972; Walter & Porées, 1976).
The results of the hearf rate.reactive grons revealed the same number

and type of significant effects although, as predicted, the results

achieved a greater level of significance than in the profile SD analysis.

~ The results were: a significani group x time interaction for a frontalrﬁ

EMG variability (F(1,10) = 4.861, p= .052); a significant group x time -

interaction for heart rate variability (E}l,lo) = 7.034, p= .024); -and

a significant time effect for heart rate variability (E}l,lo) = 81.375,

h .

g;= .Obl). Both groups displayed increased hgart rate variability
during posttesting Qith the treatment subjects showing a lesser
iﬂcreaSe (Group means for the profile variances are presented in fable‘
10.. 2Analysis of vériance summaries are located in Appendix G.)

For the 'groups as a whole analysis there was an increase in the
number of signiiicant gffects aé well as a greater level of significance
when profile 52 was used over profile sD. There was a Significant
time effect for frontalkEMG vhfiabilify, E(l,lB) = 4 %20, p= .043,

with both groups having decreased frontal EMG variability during post-

-testing; a significant group x time interaction for heart rate vari-

ability, Eﬁl/lB)-='5.329f p = .0331; and a significant time effect for

heart rate variability at posttesting, F(1,18) = 130.078, E_=‘.001, with -

. -



Table 10 .

[ Q

Group Means for Profile 52 (Heart Rate Reactive Groups)

(N=12)

Anxiety
Group Measure Tl : T2
: % ,
1 Q EMG 5.040 2.581

(4.762) (2.724)

C e |
2 j/ EMG 0.940 . 1.166
(A

AN - (0.737) (0.709)

1 PST 107.763 111.236
(22.487) (6.191)

2 PST 99.201 11.236
’ (14.619) ° . (8.688)

1 GSR - 166.900 187.981
(23.892) (29.833)

2 GSR 178 : 162.306
: .771) (24.307)

1 H.R 763.280 1561.987
(521.054) (431.634)

2 H.R 619.269 7~2083.228
(143.971) . (346.946)

{
Y
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: ~—
the treatment group experiencing lessof an increase. (Group means

for profile variances are presented in Table '11. BAnalysis of variaﬁce
summaries. are given in Appeﬁdix b.)

The ﬂifferentiai resulfs of using physiologicql mean levels of
activity, prOfile SD, and profile 52 are presehtéd and contraéted in

Figure 2. The choice between profile SD and profile SzAis essentially

a choice between a dependent measure that provides a more conservative
interpretation’'of the results {profile SD) and ‘a dependent measure

| - : 2
that offers a more generous interpretation (profile $ ). Although the

interest here is reactivity and the profile S2 procedure enhances the
v a
finding of reactivity by accentuating the difference between baseline

and stressor scores, the profile SD measure seems most appropriate here

¥

since it treats both high and low values equally. In so doing, it
L 4

. 3
avoids any argument that reactivity results have been artificially pro-

duced by the choice of statistical procedure. It also provides the

advantage of giving a conservapivevestimate of the results of biofeed-
, : : : ' N '
back training and mitigates against the drawing of over optimistic

3

conclusions, especially in view of the liberal .10 level of significance:
employed in the study.
A caveat must be made here, however. Due to the skewness of » %

standard deviations between the two groups, the assumptions of normality
» - o P

variances made in the analysis of variance procedure
3 :

-

and homogeneity of

A

may have been violated. Although the analysis of variance~p£ocedure is

robust to such violations, the size of the disparity suggests thgt

© .
-caution must be exercised in interpreting the results.

2



Table 11

. 2
Group Means for Profile S (Groups as a Whole)

(Nézo)

r

83.

//
1
Anxiety
T
Group Measure T1 5
1 EMG _ 3.314 1.819
: . . (4.193) (2.270)
2. EMG - 1.84 1.437
1,644) (1.029)
1 PST 106.213 . 104. 340
(18.987) (18.620)
2 . PST ' 99.639 103.855
(16.021) (17.449)
b3
1 : GSR 171.120 (‘\, 176.583
(32.029) ‘ (63.392)
f
2 GSR 182.248 163.954
: (24.140) (32.583)
1 - H.R ’ 773.854 1603.951
' (173.392) (447.725)
2 * H.R 713.937 - 1965.353
‘ - (212.763) (360.835)
o %
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The comparison of results between profile 38D and mean levels of

physiological activity clearly favours mean levels of physiological
activity in terms of the number of significant results. This,uhowever,
can be explained by the greater number of analyses carried out using
mean levels of physiological activity. Since analyses were conducted
at each of the prestreésor, stroeszor, and roststressor raselines for
each physiological modality, three times the rurbir of analyses were
performed with each xfasure. On the basis of chance alcne, one would

expect a greater number of significant results to occur.

rernaps the issue of a cholice letwoen these physiclogical dependent
measures is not their diffsrential sensitivity, but rather the addi-

tional information they rcrovide as alternate indices of physioclogical
self control. Considered in this light, the results of the profile
variabiiity analyses corroborate the previously goted findings (Shein &
Mandel, 1981; Hnatiow & Lang, 1965; Lang, Sroufe & H;stings, 1967;
Harrison & Raskin, 1976) ﬁhat mean level reductioris in heart raté can
occur despite increased heart rate variability. It is not clear, how-
ever how this observation should be interpreted. There is some Support
for the notions that cognitive taské produce a'decreése in heart rate

variability (e.g., Lacey, 1967; Porges, 1972; Porges & Raskin, 1969;

Walter & Porges, 1976; Heslegrave, OgilQig & Furedy, 1981), and that

aversive stimuli produce increases in heart rate variability

(Heslegrave, Ogilvie & Furedy, 1981l). This evidence seems to indicate

that the stimuli used in the .study behaved more as stressors during
the ‘posttest administration of the stress profile than dufing the pre-
test administration. Folléwing this reasoning it is possible to

interpret the. lesser increase in heart rate variability by the treatmeﬁt
- .

<\
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group relatiwve to the control group as an indication of self-control
by thé treatment croup during an aversive stimulus situation:

znother finding of interest from the profile SD results was that
a significant increase in heart rate variability was accompanied by
a decrease in mean levels of heart rate. Alternisively, however, there
was é trend for decreased frontal EMG variability coincident with a
decrease in mean levels of frontal EMG. This raises the possibility
that physiological rezpconse variability behaves differently from mean :
levels of physiological activity, at least under stress conditions.
Logfcally, one might expect physiological variability to increase in
cach physiological modality during stress conditions. The evidence
from this study, however, sugge;ts that this is not so. Further
research using mean levels of physiological activity. might simultaneously
monitor response variability in ord?r to uncover the relationship between

variability and mean levels of physiological activity.

2

The Method of Determining Most Reactive Modality

The interpretation of results up to this point has been in the
context of mosF reactive médality biofeedback training. It has, there-
fore, assumed that the zZ® transformétion used to determine most
reactive modality is a tried and tested instrument. 1In point of fact,
the opposite 1s true. The ZR transformation»is a unigue instrument
derived for this thesis and without previously determined validity or

reliability. This section will provide a preliminary discussion of

trhese issues.
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Support for the Construct validity for the ZR Transfofmaﬁion

The most/fgaixal approach to establigh the constr;ct validity of
the ZR transformation would be to compare the most reactive modality
aé determined by ﬁhe ZR transformation to some established norxrmative
scores. Unfortunately sdéh normatﬁ;e data do not exist. BAn alternate
method is to compare the results of using the ZR transformation with
the results of other more eslablished approaches for determining
reactivity. As mentioned in Chapter two, the most prevalent method of
identifying reactivity has been the median-split méthod. Comparing the
results of these two methods is not, however, a straightforward pro-
cedure. There are two reasons for this. First, the median-split
method assigns reactivity to only one physiologica} modality at a time.
Even though a subject may be a high reactive on one physiological
modélity, he may also be high régctiQe on one or more other modalities.
Determining high reactivity simulﬁaneoﬁsly on four physiological modali-
ties would therefore reveal a response topography of one to four modali-

ties without being able to discriminate which was the most reactive. -

Although it would be possible to determine most reactive modality by

P 4szerforming the median-split in four dimensional space, such an approach

Ieads to £nterpre£ive difficulties and results in assigning the other
three modalities equal weiéhts. The ZR statistic, by contrast, easily
assigns the subject a most reactive physiological modality even though
other modalities may be high reactive as well. A comparison of the two
approaches, therefore, must take the férmcof asking whether a subject's
most reactive physiological modality as determined by the ZR statistic

would also be considered as a high reactive physiological modality

using the median-split method.



v

/

88.

& second difficulty in making this comparison is that the split-
half method by definition assigns half of the subjects to a high
reactive group and the’gther half of the sﬁbjects to a nonreactive (low
reactive) group. This occurs recardless of whether the individual
scores within trhe samzle justifﬁ such a designation on that physioclogical
modality. For example, the entire sample with the exception of cne or
two subjects may show little or no reactivity on heart rate in response

to a stressor. leverXtheless, using the median-split approach, one half

0}
[N

e}
It}
Ql

of the sample would ; esignated as high reactors on heart rate. Con-

N

rulation may show marked heart rate reactivity in

O

ve#se&y, the entire g
response to a stressor and yet half the sample would be identified as
low reactors. 1In point of fact, this study revealed such a contra-
diction. When subjects were assigned to either high reactive or low
reactive groups on the basis of their skin resistance responses to
stress, ten subjects were identified as skin resistancé high reactive
despite the fact only five subjects even displayed increased skin
resistance in response to the stressor. A difficulty with the median-
split approach then, is the problem of defined proportionality. in
contrast, the ZR transformation does not require that any specified
proportion of subjects be reactive on any one physiological modality.

It simply prescribes the one physiological modality of the total

number of modalities monitored must be defined as most’ reactive. The
issue of proportionality here is an empirical gquestion. This difference
in the proportion of subjects designated as high ;eactive as a result of
using the split-half or ZR transformation methods means that the ZR
transforration may assign more (or less) subjects as being most reactive

than the split-nalf method assigns as high reactive. Comparisons
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betweeﬁ the ZR transformation apd split-half method cannot 5e<ﬁéd$\on
a straight one for one basis.

.Within the context of these limitations, however, a comparison
of the two methods wés still deemed desirable aqd carried out. Follow->
ing the median-split method employed by Liéht (1981), the difference
score between initial baseline and the subject's response to a stressor,
in this case the first stressor, was,saleulated for each subject. The
top ten subjects were then assigned to~a%high reactive group and the
bottom ten subjects assigned'tq,; low reactive group for each modality.

Table 12 shows that the most reactive modality as assigﬁed by the ZR

transformation felliwiphin the high reactive group as determined by the
) o~

?

median-split method Gggpercent of the time. This result, however, is
confounded b§ the problem of thé median-split's defined proportionality.
In prder to get a clearer view of this problem the difference scores fo;
each physiological modality were listed in sequence and:a clinical judge-
ment approach used to disérimingteﬁhigh and low reactive;squects. The
results for heart rate reactivity which constituted thétmajor>proporpion_

of subjects in this thesis are presented in Table 13. {(Median-split

difference scores for frontal EMG, PST and GSR are presented in

Appendix H.) ’ - EL“d

Table 13 shows that if the subjects are split into the top 15

‘subjects and bottom five subjects there is a logical separation of

baseline-stressor difference scores between 4.275 beats per minute and
1.875 beats per minute. Given this split, all but two of the top 15.
subjects are most reactive according to the ZR transformation, and

all of the bottom five subjecté are most reactive in a physiological .



Mean-Split High and Low Reactive Subjects

Table

-

12

90.

Subject ZR Transform ) Median-Split *
Number -
Most Reactive EMG PsT GSR H.R
Modality Reactivity Reactivity Reactivity Reactivity
1 PST 1o Hi. Lo Lo
2 pST Lo Lo Hi Lo
3 EMG Hi Hi Lo Hi
4 H.R Hi Hi Hi Hi
5 GSR Hi Lo Hi Hi
6 H.R Lo Lo Lo Lo )
7 H.R Hi Lo Hi Hi
8 H.R Lo Lo Lo Hi
S H.R Lo Hi . Hi Lo
10 H.R 1o Hiz Hi Lo
11 H.R Lo 1o Hi Hi
12 H.R Hi Hi Hi Lo
13 EMG Hi Lo Lo Lo
14 H.R Hi Hi o Hi
15 H.R Hi 1o Lo Hi
16 H.R 1o Hi Lo Lo
17 H.R Lo Hi Hi Lo
18 EMG Lo Lo Hi Lo
19 PST Hi Hi Lo Lo
20 H.R Hi Lo Hi Hi
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Table 13

Median-Split Difference Scores for Heart Rate Reactivity -

Subject ’ Median-sSplit v ZR Assigned
Number - Difference Score Reactive Modality

20 , 20.75 A H.R

14 16.40 , . “H.R.

7 , 12.85 ’ H.R
\ 15 11.275 - "Hr
@ 4 | . 10.60 , H.R

5 . 9.975 GSR'

9 9.875 H.R

8 ‘ 8.975 ~ H.R

3 8.50 \ EMG

11 7.25 ' H.R

‘ SPLIT

6 6.90 H.R

16 " 6.625 ] H.R

17 6.225 ) / H.R

10 6.05 . * H.R

12 4.275 - H.R

18 1.875 EMG

1 ‘ .90 PST

13 .125 EMG

2 .15 ' - PST

19 -1.40 PST
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modality other than heart rate. ILooking at the comparable ordering‘of
baseline-stressor difference scores for GSR aS&‘fé:;;al EMG (see
Appendix I), we see Fhat the GSR subject (subject 5) was also high
_reactive on GSR (the most réactive in fact), and that the frontal EMG
subject (subject 3)\:§g’also in the high frontai EMé\{eactive groug.
Turning to Appeﬁdix C, we also note that the ZR transformation;

also designated tbese two subjects as highly reactive on GSR and
frontal EMG respectively,‘but when these reactivities were compared
-with heart rate £hey were more reactive ;n heart rate.: -

Altheugh the albove approach is not a conclusive proof of the
construct validity of most reactive modality as determined by the ZR
transformation, it is highly suggestive. The ZR transformation approach
is consistent with the clinical judgement approach applied to Ehé

baseline-stressor difference scores, and justifiable within the

limitations imposed by the median-split method.

Reliability of the ZR Transformation

-

As a preliminary test of the reliability of the ZR transformation
.for determining most reactive modality, a Spearman's rank order correla-

tion coefficient was calculated between the most reactive physieological

i

modalities as identified by the 2R statistic at the pretest and post-
test administrations of the stress profile. Because of the treatment
intervention for experimental subjects, the correlation was made only

for control subjects. The small (N = 10) sample as a result, means that

this index of reliability must be t tive. A correlation of .5222,

4

p = .06l was obtained. Using\the u b procedure recommended when the



=

93.

-

number of tied ranks relative to thé&gﬁhber of observations is large
revealed a correlation of .4472, p = .059. As a matter of interest,

the equivalent correlations for the treatment group were r = -.0348, N

- p = .462 and r = -.0298, p = .458 indicating less agreement between

reactive modalities when biofeedback-training'infmoSt reaétive physio-
logical modality was providea.

Although the rank é;der correlation for most reactive physiological
modality as determined by the‘ZR'statistiC’is modest, this can be

3

explained, at least in part, by the small humbers employed in the calcu-

lation. Future research employing this statistic should, as a matter

s

of course, test further its rf;}gbility.

-
3

N . Stressor Analysis . §

' ®

/3 B R
) / A seco§iéry purpose of this study was to explore the physiological

responses to the stressors used in the stress profile. Using the initial

stress profile baseline and stressor 1 data points, a 2x2 (Group x time)

répeated measures analysis of variance was performed for each physio-

logical meodality. The purpose of this procedure was to determine that

‘the stimuli used served equally as stressors for each group. The'

- results for the groups as a whole analysis revealed a significant,

Ejl,lB) = 30.986, p = 2001 inc%ease in heart raﬁé indicative\og arousal
fo; both groups in response to stressor 1. Periphéral skin temperature,
however, demonstrated a sigﬁificant, F(1,18) = 5.876, p = .026,

increase for both groups, and skinresistance evidenced a significant,
F(,18) = 7.915, p = .012, decrease for both groups in response to

stressor 1, indicative of decreased arousal. There were no significant
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5

interaction.effects representative of differential rates of responding

between the two groups. The analyses for heart rate reactive groups

revealed only a significant, F(1,10) = 49.058, p = .001, increase in

i

heart rate in résponse to stressor 1. for both grapps. Again there were

“no significant-interaction effects indicative of differential rates of
. ! . ’ 1 : “' .
responding for the two groups. .(Group means for the initial baseline.

"and stressor 1 values appeér in.Table 14 for the groups as a whole,

and Table 15 for heart rate reactive groups. Analyses of variance

summaries appear in Apﬁéndix i.) ﬁ& -

The results were clearly not in keeping with the view that the
serial sevens task served adequately as a stressor; In order to explore
this discrepancy further, a one way repeated measures analysis of ‘
variance was performéd using the initial baseline and three stressor
data points as the time factors. Since there were no’differences in the
way treatment and control subjects responded'tovstreSSor 1, the one way

. . ' b “
analysis-of variance was conducted on the entire sample. Significaﬁt
effects were found for peripheral skin temperature, §j3,57) = 8.490;
p = .001, and for heart rate, F(3,57) = 11.708,‘9 =v.001. (Group means
fortthe four physiological modalities ére presented in Table 16.
Aﬁalyses of variance summaries for significaﬁt effects are located in
Appendix J.) The Scheffé Multipie'Comparisons procedure was used to
determine the critical mean differeﬁces; A significant iﬁcrease in
peripheral skin tempe}ature“iﬁ'gtrgssor 1, and a siénificance‘decrease

- . : ) 5 <
in skin temperature at stressor 3 were revealed, Sch(1,76) - .308, p -

: S <
.05. . Heart rate demonstrated a significant, Sch(1,76) - 2.074, p - .05,
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.

Group Means for Initial Baseline and Stressor 1

(Groups as a Whole)

95.

ShAnxiety Initial .
Group Measure Baseline Stressor 1
1 EMG 3.108 3.226
. (1.811) (1.657)
2 EMG 3.358 3.007
(1.693) (0.853)
1 PST 31.756 32.153
’ (3.132) (3.267)
'Y
2 PST 30.690 31.367
(2.572) (2.613)
1 \ng 38.534 39.608
- (1.365) (2.539)
2 GSR 39,227 41.426
(2.696) (2.296)
’ ' 4
Tt H.R 74.502 81.800
(11.502) (10.793)
< 2 H.R 76.287 83.650
(7.518) (5.882)

—

7

|



Table 15

Group Means for Initial Baseline and Stressor 1

(Héart RatevReactive)
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Anxiety Initial

Group Measure Baseline Stressor 1
“ ’ .
1 EMG 3.342 3.725
(2.068) (1.919)
2 EMG 2.782 2.598
(1.566) (0.451)
1 PST 32.181 32.613
(3.515) (3.717)
2 PST 30.600 31.490
(2.320) (2.424)
1 GSR 38.367 39.950
! (1.353) (2.817)
2 GSR 40.005 41.070
(2.747) " (2.990)
1 H.R 71.625 80.833
(11.366) (10.872)
2 A H.R 74.333 83.733
o~ (8.832) (9.968)

L
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' . Table 16 . - )
: e ,
Baseline and Stressor Means for the Sample by Modality
(N=20)
Phy51?log1cal Inltlél Stressor 1 Stressor 2 Stressor 3
Modal;ty Baseline- ~
Frontal 3.233 3.116 ) 3.323 3.272
EMG (1.711) (1.287) (1.953) (1.607)
PST 31.222 31.760%* 31.229 " 30.663*
’ (2.842) (2.907) " (2.807) (2.903)
GSR 38.881 40.517 40.657 40.224
(2.110) (2.534) (2.624) (4.257)
H.R . 75.395 82.725** 82.180%*%* T B82.525%%
(9.595) (8.513) (10.478) (8.281)
7
. e . SN > <
* significant difference, Sch(l,76) ~ .308, p - 05.
, > . ,
** Significant difference, Sch(l.76) - 2.074, p - .05.
/ s

_
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increase. from initial baseline at each of siressors l, 2,.and 3.

The results of these@@ﬁalyses indicate that a three minute serial
é;vens subtraction task is.not adeguate to serve as a stressor. Although
"heart rate was immediately responsive to the first stimulus, peripheral
ékin temperature did not demonstrate arousal'until stimulus 3. 2also, as
demonstréted before, basal GSR did not decrease (show increased arousal)
until the poststressor bgseline. These results can be explaimed by
the lower responsiviity of peripheral skin temperature and kasal GSR,

e _ ot |
and the more instantaneous responsivity .©f heart rate. Future research
should use longer periods of ;tress or mote intense stiressors in ordér
to detect these éhanges. The use of guick change AC coupled skin
resistance would also provide greater responsivity.

The lack of increase in frontal EMG in teSanse to the stressors is
more problemmatical and may require the use of cognitive stressors with
greater difficulty levels. Caciappo and petty (l§81) have dermonstrated
that elegtromyographic activity occurs maximally in the lip area in
response to covert information processing t;sks and that even in this
area‘EMG activity was indetectable when 1evei>§f meaniﬁg and difficulty
of encoding wete low. 1In this study, task difficulty was at the grade

12 level. PFuture studies should alter the task difficulty to reflect

the population sample used.

Summary of Research Implications

The research implications of this study can now be summarized.

To facilitate this presentation, the implications will be grouped unfer

A
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three headings -- implications of providing heart rate bioféedback -
training to heart rate reactive subjects; methodological considerations

for further research in most reactive modality biofeedback training;

and the current status of most reactive modality biofeedback training;ﬁ

Most Reactive Biofeedback Training for Heart Rate Reactive Subjects

A main findiﬁg for this portion of the study was that heart rate
biofeedback training in subjects for whom heart rate constitutes the
major physiological component of anxiety lead to a reduction of heart

rate under stress conditions. While this reduction in heart rate was

accompanied by concomitant decreases in frontal EMG under igressicondltldns.

;t did not lead to a state of generai cultivaﬁed low physiological
arousal indicative of physiological relaxation; or to subjective self-
report  expressions of anxiety. The conclusion to Be drawn from these
results is that heart rate biofeedbaqk training does not, when used
alone, provide a satisfactory treatment for anxiety in heart ratg

-

reactive subjects. It does not, in Wolpe's (1958) formulation, provide
. - .

an adequate tompeting response to anxiety. This conclusion does not,

however, preclude the use of heart rate biofeedback asan innoculation
procedure against the develoPméht of somatic complaiﬁts‘as a fesﬁlt of
anxiety. Thertheoretical formulation behind this thesis was that ’
somatic com?laints occur in a subject's‘most reactive physiologiéal
modality as a result éf persistent exposure torstress and consequent
over arousal of that physiological modality (Malmo, 1975). Although an
adequate test of this hypothesis requires a longitudinal study with

heart rate reactive subjects assigned to either heart rate biofeedback
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training or control groups, the resglts of this thesis démonstrate that
heart rate reactive subjects are able to acquire voluntary control over
their heart rate under stress conditions thus estabiishing a necessary
prereguisite to conducting such a longitudinal study. ' .

A second implication of thesé findings is that heart rate biofeed-
back trainigg may be a more efficacious single térget response system
than the frontal EMG physiological modality. Gatchel et al.'s (1978)
finding that frontal EMG biofeedback training was not accompanied by
heart rate reductions ﬁﬁder stress conditions, and this study's finding
that heart rate biofeedback training was reflected by frontal EMG
decreases under stress conditions gave credence to this claim. The two

; &
studies atre not, however, directly comparable. Whereas Gatchel et al.
gmbloyed subjects without regard to their most reactive modality; this
study provided -heart rate training only to heart rate reactive subjects.
The issue of wheéher these conflicting physiological generalization
effects are a function of single target training modality in different
physiol;gical response systems, or are specific to providing biofeedback
training in a subject's most reactive modality, ;gmains answered, A
full scale version of this study with equal and sufficiently large ;}
numbers of frontal EMG and heart rate reactive subjeétgiwould be able
to resoive this issue. Given the results of this thesis and the:
importancé of the issue, such a study seems éértaihly warranted.

The second main finding for heart rate reactive subjects was that

heart rate and frontal k@ﬁ“{fductions occurred despite arousal incre-

. ]
S
ments in other physiological response modalities. These increments in
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arousal wexe due to both situatioﬁal factors as indicated 'by decregses
in skin resistance for both groups, and,éue to training  as evidénced by
deéreased peripheral skin temperature for the treatment group versus
the control group. In addition tO*corroboréﬁing the previous conclusion
ot :
that heart rate reactive biofeedback training did not lead to cultivated
low physiological arousal, this finding led to the suggestion that
biofeedback training may have to be provided in two physiological
response systems. These results suggest that for heart rate reactive
;ubjects this secondary training target response should be peripheral \\\//
skin temperature. Whether this is also the optimal secondary training

site when reactive modality training is provided in other reéponse

systems, must again await a full scale version of this study.

Methdological Implications for Further Biofeedback Research

There are several methodological considerations that have emerged

from this study. Consistent with other research (Gatchel et alf, 1978;
DeGood & Adam;,~l976; Burish et al., 1981), this study found ggatii:was
impossiblé to discriminate between treatment and control subjects during
the relaxation pefiods of the psychophysiolégical stress profile, This
means that in order to demonstrate that acquisition of self-control

over a physiological response has occurred, future research should
include a stress innocﬁiation procedure.

‘3 The second implication concerns the nature of the stressor(s)

used in the stress innocﬁiation procedﬁre. The‘level of difficulty of

the stressors used ghould be matched to the abilities of the sample,

and be of sufficient duration to detect changes in response sYstems with
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longer response létencies such as peripheral skin témperature and basal
skin resistance. Moreoever, futuée research should demonstrate, prior
to analysis, that the stimulivemployed'did serve as stressors. in all

of the physiological response modalities monitored.

A third implication concerns the use of cqptrol groups. As éhown
in this study, the u3;~of a subject as his own contrbl and the reliance
on increases or lack of increases in physiologicai indices of arousal
may not be sufficiernt to detect treatment effects in biofeedback training.
A no contact control with physiological measurements taken during pre;
test and posttest sessions should be a mandatory feature of future bio-
feedback research. Also, in order to overcome the Qossible placebo
effect associated with the simple administration of fhe psychophysio-
logical stress profile, future research ought to include the precaution
of inéluding a second self—repbf£ dependent measure group as a control
for biofeedback exposure placebo effects.

Finally,-the use of the ZR transformation to determine most reactive
modality had promising results in the study. With the advantage of over-
coming the problem of disproportionality which is inherent to the more
prevalent median-split method for choosing high reactive subjects,/f

future reseadrch to establish the validity and reliability of this assess-

ment instrument would appear to be worthwhile.

Current Status of Most Reactive Modality Biofeedback Training

Statements about most reactive modality biofeedback training as a
generic treatment cannot be made based on the results of this study.

This is due to the underrepresentation of subjects receiving biofeedhack

e
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traihing in reactive modalities other than heart rate. Moreocever,
attempts to broaden the generalizability of this study by integrating

%
other research which employed frontal EMG as the target training response
are thwarted by this stud&'s inclusion of most reactive modality as a
presage variable. As a preliminary investigate into most reactive
modality‘biofeedback training, ﬁowever, this study generated some

interesting findings, namely that

a) Differential physiological generalization effects may be

associated with choice of physiological training modality.

b) Biofeedback training in a specific physiological target
response does not occur in isolation from other physiological
response systems. Other physiological response systems may

increase in arousal concomitant with training.

c) Therapeutic placebo éffects may, occur as a result of admini-

stration of the physiological stress profile and/or expectation

of treatment benefit.

These three findings have important implications for the choice of
physiological biofeedback trainingrtarget response, for the choice of
secondary physiological target response, and for future research con-
cerning the influence of expectancy variables in psychophysiological
assessment procedures. The results of this thesis, therefore, warrant a
fuller and multivariate investigation of most reactive pﬁysiological

modality biofeedback training.
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Appendix A

LY

Instructions and Tasks for the Psychophysiological
Stress Profile
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Initial Instructions
» J . | ) ,
In this study we are investigating what happens to people's bodies

when they relax and when they engage in different kinds of mental
?Asks. Throughout the entire procedure we will be monitoring muscle
tension, skin temperature, sweatgland activity (GSR), and heart rate.

We will first of all prepare and connect the recording sensors. We will

‘/ihen ask you to relax for 15 minutes, using whateve4/;2;§ﬁegy you

~usual use to relax. During this time the equipment will be monitoring

’

- your body functioning while you are relaxing. Periodically you wi}l
hear some clicking sounds. This is the printer printing‘out the.
information. After your relaxation session we will be asking yoﬁ to do
several mental tasks. We will be monitoring your body's functioning‘”vE
during these tasks. |

Between each task there will be a 3 minute relaxation period.

//

After the last task there will be a 15 minute relaxation period..

The first session will be mainly a recording session.
e

"Terminate Initial Relaxation

~—a

PN

0.K. That's fine for now; Slowly let your attention drift back
to this room. 1I'm going to ask you to do several tasks noQ. " In each
case 1{;ill tell you what I Qant you to do, then give you some time to
do the task. After each task I will give you 3 minutes to just relax

before I present the next task. After the last task there will be a

15 minute relaxing period when yow can relax again as much as possible.
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Serial Sevens

In a few moments I am going to tell you a number. I want you to
subtract 7 from that number, and then éubtract 7 from that answer, and
then subtract 7 again, and keep on subtracting 7 until I tell you tp
~stop. Do not say your answers ouF'loud. Do all the subtracting
silently. After 3 minutes I will tell you to stop and give me the

number you have reached., Are you ready? O.K. The number is 1000, go

ahead and start subtracting.

Terminating Serial Sevens

Stop... Tell me youf answer (write down the answer). You did

very well. Just relax now for 3 minutes. - Again use whatever strategy

-

you usually use to relax... Just go ahead and relax.
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Reading Task

0.K. That's fine for now. The next task is a reading task. I
am going to giveayou two passages to read. After you finish each |
passaée, I will ask you some guestions to see how well you remember
what you read.

Here is the first passage. Read it silently and’then turn the

card over. ) )

(After the last question of the last passage, say).
That's all for the reading task. Now I want you to relax again

for 3 minutes. Use whatever strategy you usually use to relax...

Just go ahead and relax.

P

)
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’ Arithmetic Task , ) .

0.K. That's fine for now. The last task is an arithmetic task.
I am going to ask you guestions. I want you to work the question out
in your head -and tell me your answer when you're through. Do you

understqnd?

(After the last answer, say)
Those are all the tasks. Now I am going to give you a chance
to relax completely. Again use whatever strategy you usually use

to relax. Try to relax as completely as possible. Just go ahead

and relax.
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11.

12.

~
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- Arithmetic Task

How much is 6 dollars and 3 dollars?

If a woman buys four cents worth of stamps and she gives the clerk
ten cents, how much change should she get back?

A newsboy collected 25 cents from each of seven customers. What
is the total amount he collected°

"How many inches are there in three and one half feet?

How many candies can you buy for 49 C%Pts if one candy costs seven
cents?

How many hours will it take for a man to walk 28 miles at the rate
of four miles an hour?

If.a man buys eight four cent stamps and gives the clerk a half
dollar, how much change will he get back? '

A woman with $19 spent $8.50. H&w much does she have left?
. /

The price of canned beans is two cans for 61 cents. What is the
price of one dozen cans?

A woman bought some second hand furniture for two thirds of what it
cost new. She paid $600 for it. How much did it cost new?

A part-time worker's salary is $90 per week.' If 15% of her pay is

.withheld for taxes, how much does she receive each week?

Ten men can finish a job in four days. How many men will be needed
to finish it in a half day?



; P

N

appendix B

Alternate Tasks for the Posttest Psychophysiological
Stress Profile
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Serial Sevens Task — B

The number given to begin the serial sevens task was 950.

. Reading Task - B

Two passages from an alternate form of thesQilmore Oral Reading
Test were presented.

arithmetic Task - B

an alternate arithmetic task of equivalent difficulty to the WAIS
grade 12 level was developed and employed. The questions are presented
on the next page: )
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11.

12.

112.

Arithmetic Task-B .

How much 1is 7 dollars and 2 dollars?

If a women buys six cents worth of stamps and she gives the clerk
ten cents, how much change should she get back?

A newsboy collected 25 cents from each of nine customers. What
is the total amount he collected?

How many inches are there in four and one half .feet?

How many candies can you buy for 56 cents if one candy costs
seven cents?

How many hours will it take a man to walk 35 miles at the rate of
five miles an hour?:

If a man buys seven four cent.stemps and gives the clerk a half
dollar, how much change will he get back?

A women with $19 spent $7:5D\\§:i:;2FCh does she have left?
The price of canned beans is t cans for 71 cents. What.is the '
prize of one dozen cans?

A woman bought some second hand furniture for three wuarters of
what it cost new. She paid $600 for it. How much did it cost new?

A part-time worker's salary is $80 per week. If 15% of her'ify is
withheld for taxes, how much does she receive each week?

Twelve men can finish a job in four days. How many men will be
needed to finish it in a half day?
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Z-Score Type Transformations and Most Reactive Modality*

Y

T

* Physiological

Subject No. Modality " Stressor 1 Stressor 2 fi::iior 3
\ i =
1 EMG -.598 . -.630 -.291
GSR .303 .776 2.198
PST* + -1.165 ? " -1.981 -6.147
H.R -1.236 1 | -2.610 -1.786
2 EMG ' -.051 ~1.382 -.952
GSR T .202 .032 .044
PST* .549 .429 -.143
H.R .047 -1.929 -.674
3 EMG* 10.843 7.241 5.367
GSR 1.209 1.335 1.288
PST -.282 -.345 -.470
H.R 4.515 7.011 4,515
4 EMG 3.58H 7.285 4.515
GSR -7.226 -9.603 -3.336
PST 1.289 -12.170 .535
H._R* 7.825 5.832 8.785
5 EMG -2.117 .284 -1.570
GSR* -1.185 -1.202 -1.263
PST .869 .391 -.780
H.R 6.553 . 4.385 -2.841
6 EMG .004 -.669 -.703
GSR 1.955 1.498 .892
PST .947 .656 -.032
H.R* 1.137 1.203 1.631
7 EMG 5.443 5.682 3.002
GSR .538 .874 .864
PST i .284 - .589 -.533
H.R* 14.068 13.740 22.060

6]

ce heightened arcusal is in the direction of increased EMG,

reased GSR, decreased 2ST and increased H.R, the Z score sign must
positive for E¥G anéd H.R. and negative for GSR and PST to be
Zeternined the most reactive modality.

n
c

3
=3

o1

.
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Z-Score Type -Transformations and Most Reactive Modality (Continued)

Physiological A
Subject No. Modality Stressor 1 Stressor 2 Stressor 3
8 ) EMG ~-.129 .360 1.022
GSR 1.166 1.638 2.288
PST 2.127 , 561 .666
H.R* .504 1.049 1.158
9 EMG -1.070 .032  -1.005
’_\) GSR : .531 .584 .561
PST -.595 -.751 -.647
H.R* 1.735 1.383 1.383
10 EMG -3.751 -15.960 -6.174
GSR -.497 - -.856 -.761
PST -3.666 -3.462 ~2.342
H.R* 14.781 9.895 12.338
11 EMG -.501 5.179 -.931
GSR ‘ .255 .251 .205
PST .858 . .671 .257
H.R* : 5.024 -1.213 1.074
12 EMG* 4,249 2.630 9.465
GSR ~ -.310 -.385 -.546
PST 8.295 204 6.083
H.R 1.320 2.740 3.357
13 EMG* 1.052 .077 9.427
GSR 1.939 . 2.862 2.242
PST .879 -.142 -1.013
H.R .064 -1.978 -.140
14 EMG -3.057 —2.967%& -1.735
GSR 1.364 1.377 .75
PST 3 -:690 -.259 -.51%
" H.R¥* 14.194 23.455 15.666
15  EMG 5.333 611 8.959
GSR .510 ' .844 1.052
- PST .786 .749 -.289

H.R* ' 8.319 ~9_.057" 11.492
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Z-Score Type Transformations and Most Reactive Modality (continued)
- Physiological
Subject No. ‘Modality Stressor 1 Stressor 2 Stressor 3

16 EMG ~-.008 .098 -1.351
GSR .985 .834 .766

PST -.991 ~1.123 -1.189

H.R* 4.357 5.212 7.646

17 EMG ~2:130 £2.497 .128
GSR .633 [ .067 -5.174

PST -1.995 L2.410 ~1.840

¥ H.R* 25.035 ~ 16.988 25.030

18 EMG -1.215 1.606 11.510
GSR .214 -.304 -.610

PST .765 -.481 -1.333

H.R* 6.762 10.§§8~ 13.974

19 EMG -.716 . 006 -.243
GSR 1.447 1.625 1.018

PST* ~-.620 .620 -4.433

H.R ~1.235 -2.999 -.706

20 EMG 7.059 2.927 3.478
GSR -.633 -.791 -.795

PST .924 -.563 -1.085

H.R* 27.188 14.478 27.581
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Appendix D

Analyses of Significant Physiological Mean Levels and Self
Report Measures for Groups as a Whole
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Analysis of Variance for H.R. Mean Leve}s (Stress Condition)

Group x Time

Summary of Analysis of Variance

118.

Source SS DF MS F p
~

Between Subjects 2874.297 19 A

'A' Main Effects 308.047 1 308.047 2.161 0.159

Subje;ts within 2566.250 18 142.569

Groups

Within Subjects 764 .915 20

'B' Main éffects 77.852 1 77.852 2.547 0.128

'AXB' Interaction 136.875 1 136.875 4.47& 0.04¢9

'B' x Subjects 550.188 18 30.566

. Within Groups

I
2

Fa
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Analysis of Variance for EMG Mean Levels (Stress Condition)

Group x Time

Surmmary of Analysis of Variance
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Sciurce SS DF MS F P
Between Subjects 64.114 19 :

'A' Main Effects 0.737 1 0.7p7 0.209 0.653
Subjects within 63.377 18 3.5

Groups

Within Subjects 11.421 20

'B' Main Effects 0.068 1 0.068 0.137 0.716
'AxB' Interaction 2.406 1 2.406 4.841 - 0.041
'B' x Subjects 8.947 18 0.497

Within Groups
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"Analysis of Variance for EMG Mean levels (Poststressor)

o

Group x Time

Summary of Analysis of Variance

.

= ,

Source SS DF MS F ~p
Betyeen Subjects 44.611 19

'A' Main Effects 0.314 1 0.314: 0.127 0.725
Subjects within =~ 44.297 18 2.461

Groups ’
Withid Subjects 18.812 20 ‘

'B' Main Effects 3.533 1 3.533 4,203 ' 0.055
'AXB' Interaction 0.148 .1 0.148 - 0.176 o._éggi
'B' x Subjects 15.131 18- 0.841

Within Groups




Analysis of Variance for GSR Mean levels (Poststressor)

Group x Time

Summary of Analysis of Variance

121,

MS F

Within Groups

8.024 ﬁ7
. {ﬁ
o

Source SS DF P

Between Subjects 483.462 19

'A' Main Effects $11.837 1 11.837 0.452 0.510

Subjects within 471.625 18 26.201

Groups '

Within Subjects 212.524 20

'B' Main Effects 52.070 1 52.070 6.489 0.020
»

'AxB' Interaction o 16.016 1 16.016 1.996 0.175

'B' x Subjects 144 .438 18




Analysis of variance for STAI:T

Group x Time
' i

Summary of Analysis of Variance

122,

'B' x Subjects
Within Groups

Source SS DF MS F P

Between Subjects 3073.915 19

YA' Main Effects 9.063 1 9.063 0.053 0.820

Subjects within 3064 .852 18 170.270

Groups

Within Subjects 221.477 20 -

'B' Main Effects 65.039 1l 65.039 7.512 0.013

'AxB' Interaction 0.586 1l 0.586 0.068 0.798
155.852 18 8.658
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Appendix E
Analysis of Significant pPhysiological Mean Levels and
Self Report Measures for Heart Rate Reactive Groups



analysis of Variance for Heart Rate Mean levels (Poststressor)

Group x Time

Summary of 2AZnalysis of Variance

124.

Source SS DF MS F
Between Subjects 1936.453 11
'A' Main Effects 60.328 1 60.328 0.322 0.583
Subjects within 1876.125 10 187.612
Groups
Within Subjects 895.899 12

<
'B! Main Effects 12.914 1 12.914 0.224 0.647°
'AxB' Interaction 305.297 1 305.297 5.285 0.044
'B' x Subjects 57%.688 10 57.769

Within Groups.




Analysis. of Variance for Heart Rate Mean Levels (Stress Condition)

Group x Time

g K -
Summary of Analysis of Variance

@

125,

source SS DF , MS F P
Between Subjects 1666.553 11 .

'A' Main Effects 427.570 1 427.570 3.451 0.093
Subjects within 1238.983 10 123.894

Groups

Within Subjects 621.836 12

'B' Main Effects 46.195 1 46.195 1.180 0.303
'AxB' Interaction 184.266 1 184.266 4.708 0.055 .
'B' x Subjects 391.375 10 39.137

Within Groups

i

r



126.

Analysis of Variance for Frontal EMG Mean Levels (Stress Condition)

- Group x Time

- Summary of Analysis of Variance

Source S ss DF MS F P
Between Subjects 45.869 11

'A' Main Effects. 1.712 1 1.712 0.388 0.547
Subjects -within 44.157 .10 = 4.416

Groups : ‘

within Subjects - 7.942 12 .

'B' Main Effects - .  0.010 1 ©.0.010 0.017 0.898
'AxB' Interaction 2106 1 2.106 3.615 0.086
'B' x Subjects ~ 5.826 10  0.583

within Groups -
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Analysis of Variance for Skin Temperature Mean lLevels

Group x Time

Summary of Analysis of Variance .

)

Source ~ss DF MS F P

Between Subjects 111.196 11

'A' Main Effects 4,008 1 4.008 0.374 0.555“
Subjects within ~ 1o07.188 10 ey 10.719

Groups -

Within Subjects 57.855 12

'!B' Main Effects 17.273 1 17.273 4.657 0.056
'AxB' Interaction 3.492 1 3..492 0.942 0.355
'B' x Subjects 37.090 10 3.709

Within Groups
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fi
Analysis of Variance for PST Mean lLevels (Poststressor)

”

Group x Time

Summary of Analysis of Variance

Source Ss DF MS F p

Between Subjectsf// 136.940 11

'A' Main Effects - 0.674 1 \0.674 0.049 0.828
.Sukjects within 136.366 10 13.627
Groups
Within Subjects 65.040 12

TS g Ma‘in Effects 14.133 1 14.133 4.441 0.661
'AxB' Interaction 19.087 1 19.087 5,998 0.034
'B' x Subjects 31.820 10 3.187

Within Groups




Analysis of Variance for GSR Mean Levels (Poststressor)

Group x Time

Summary of Analysis of variance

129,

Source ' SS DF MS F P
Between Subjects 266.496 11 )

'A' Main Effects 29.953 1 29.953 1.266 0.287
Subjects within 236.543 10 23.654

Groups

Within Subjects 98.68 12

'B' Main Effects 26.438 1 . 26.438 4.993 0.049
'AxB' Interaction 19.289 1 19.289 3.643 0.085
'B' x Subjects 53,953 10 5.295

Within Groups

s



Analysis of Variance for STAI-T

Grou§ x Time

Summary of Analysis of Variance

130.

Source SS DF MS F p
Between Subjects 1188.848 11

'A' Main Effects 0.680 1 0.680  .0.006 0.941
Subjects within 1188.168 10  118.817

Groups

Within Subjects ' 112.985 12

'B' Main Effects 28.172 1 28.172 3.573 0.088
'AxB' Interaction 5.977 1 5.977 0.758 0.404
'B' x Subjects 78.836 10 7.884

Within Groups
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Appendix F

Analyses of Significant Profile SD Measures for Groups
as a Whole and Heart Rate Reactive Groups



7

Analysis of Variance for Heart Rate profile SD (Groups as a Whole)

Group x Time

Summary of Analysis of Variance

132,

Source SS DF MS . F P

Between Subjects 867.754 19

'A' Mgin Effects 41.680 1 41.680 A6.908 0.353
- Subjects within 826.074 g@"\ , 45.893

Groups ;.

- Vs

within Subjects 2671.677 20

'B' Main Effects 2333.594 1 2333.594 150.544 0.001

'AxB' Interaction 59.063 1 59.063 3.810 0.067

'B' x Subjects “ .279‘020 18 15.501

Within Groups




Analysis of Variance for rrontal EMG profile SD (Groups as a Whole)

v/
Group x Time

Summary of RAnalysis of Variance

133.

Source SS DF MS F P
Between Subjects 17.462 19
'A' Main Effects 0.150 1 0.150 0.156 0.698
Subjects within 17.312 18 0.962
Groups
Within Subjects 2.981 20
"'B’' Main Effects 0.415 1 0.415 3.172 0.092
'axB' Interaction 0.212 1 0.212 1.625 0.219
'B' x Subjects 2.354 18 0.131
Within Groups
14
!
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Analysis of Variance for Heart Rate profile SD (Heart Rate Reactive.
Groups)

Group x Time

Summary of Analysis of Variance

Source SS DF MS F P
Between Groups 480.032 11

'A' Main Effects 30.141 1 30.141 0.670  0.432
Subjects within 449.891 10 44,989

Groups .

Within Subjects 1945.669 {E?

'B' Main Effects 1676.180 1 1676.180 98.7lQ 0.001
'AxB' Interaction 99.680 1 99.680 5.870 0.036
'B' x Subjects 169.809 10 16.981

Within Groups

M
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Analysis of Variance for Frontal EMG Profile SD (Heart Rate Reactive
Groups) i

Group x Time

Summary of Analysis of Variance

Source SS DF MS : F ‘ p

Be£wéen Subjects \ 13.913 11

'A' Main Effects 3.082 1 | 3.082 2.846 0.122
Subjects within 10.831 10 1.083

Groups

Within Subjects . 2.338 12

'B' Main Effects 0.275 1 0.275 1.938 0.194
'AxB' Interaction 0.646 1 0.646 @ 4.563 0.058
'B' x Subjects 1.417 10 0.142

wWithin Groups .

r
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Appendix G

Analyses of Significant Profile Variance Analysis



. 2
Analysis of Variance for Frontal EMG Profile S
Groups)

Group x Time

Summary of Analysis of Variance

=

137.

(Heart Rate Reactive

DF

Within Groups

Source sS F p
Between Subjects 179.096 11
'A' Main Effects 45.615 1 3.417 0.094
Subjects within 133.481 10 ‘\»\!
Groups 7

o - / /
Within Subjects 40.530 12 //
f
'B' Main Effects 7.483 1 3.365 0.09%
'AxB' Interaction 10.810 1 4.861 0.052 .
Yot . ~
“'B' x Subjects { 22.237 10

A

4
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i . 2 .
Analysis of Variance for Heart Rate Profile S (Heart Rate Reactive
Groups)

Group x Time

Summary of Analysis of Variance

Source SS DF F p
/ Between Subjects 2271136.000 11 ‘
'A' Main Effects 213456.000 1 1.037  0.332
~ Subjects within 2057680.000 10
. Groups
Within Subjects 9287037.063 12
'B' Main Effects 7679491 .000 1 g1.375 0.001
'AxB' Interaction 663834.063 -1 7.034  0.024
'B' x Subjects 943712.000 10

within Groups

AN

gt
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2
Analysis of Variance for Frontal EMG Profile S (Groups as a Whole)

Group x Time

Summary of Analysis of Variance

Source SS DF - F p
Between Subjects . 212.514 19

'A' Main Effects 8.567 1 0.756 0.39%6
Subjects within 203.547 18

Groups

Within Subjects 46.532 20

'B' Main Effects 9.052 1 4.720 0.043
'AxB' Interaction 2.961 1 1.544 0.243
'B' x Subjects 34.519 18

within Groups

—



,
g \‘\

140.

. . v &2
Analysis of, variance for Heart Rate Profile S~ (Groups as a Whole)

Group X Time

Summary of Analysis of Varianée

Source SS ~ DF F p
Between Subjects 4128510.063 19

'A' Main Effects 227230.063 1 1.048 0.319
Subjects within 3801280.000 18

Groups

Within Subjects 12774393.125 20

'B' Main Effects 10831743.000 - -1 130.078 0©.001
'AxB' Interaction 443770.125 1 5.329  0.033
'B' x Subjects 11498880.000 18

Within Groups
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Appendix H

Median Split Baseline-Stregsor Difference Scores
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( Median-Split Difference Scores for Frontal EMG Reactivity
Y
Subject . - ’ Median-split ZR Assigned
Number , Difference Score Reactive Modality
19 2.0825 PST
4 1.2525 H.R.
7 1.1375 H.R.
12 1.01825 H.R.
3« - 7525 EMG
15 .6325 . H.R.
14 .5425 H.R.
20 .5125 H.R.
5 .3875 GSR
13 L2425 . EMG
SPLIT =
6 .0125 H.R.
16 -.0075 H.R.
2 . -.025 PST
18 -.2025 ‘ EMG
11 -.21 : H.R.
8 -.262 . H.R. ‘
9 -.33 -~ H.R. i
1 -.37 PST
10 -.4025 H.R.
17 i ~2.50 H.R.
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Median-Split Difference Scores for PST

v
.

Subject 4 Median-Split ZR BAssigned
Number ' ' Difference Score Reactive Modality
4 ;ﬁf/\

17 lj -.77 H.R.

1 ~-.685 PST -

16 -.4525 H.R.

10 -.36 H.R.

9 -.3425 ' H.R.
12 -.235 ! H.R.
19 -.13 PST

14 : -.08 H.R.

3 —-.045 EMG

4 *.0525 H.R. )

SPLIT :

7 - .205. -H.R.
18 .565 EMG -

8 N .58 H.R.

2 ) .595 PST
15 .855 " H.R.

13 ' .99 EMG

5 1.455 GSR
20 1.945 o H.R.

11 2.525 H.R.
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Median-Split Difference Scores for GSR

Subject . Median-Split ZR Assigned
Number o Dif ference Score " Reactive Modality
5 -2.725 GSR
20 ) -1.565 H.R.
12 -1.5225 "H.R.
4 -1.3375 H.R.
10 - .525 H.R.
11 .5525 B H.R.
18 - - .715 , EMG
2 .845 PST
7 1.12 H.R.
17 ' 1.3075 H.R.
// = SPLIT =
AN
15 1.985 .
9 2.4925
8 3.1925 °
3 ) 3.8475
19 4.1474
6 4.5425
14 5.0475
16 5.6475
13 5.6875

1 8.395
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Zppendix I

Analysis of Significant Stressor Effects for Groups as a
Whole and Heart Rate Reactive Groups

=

g

—~

S

o
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2
Analysis of Variance for H.R. Stressor 1 (Groups as a Whole)
Group x Time

Summary of Analysis of Variance
Source s DF MS F P
Between Subjects 2813.547 19
'A' Main Effects 33.047 1 33.047 0.214 0.646
Subjects within 2780.500 18 154.472
Groups
Within Subjects 849.43 20
'B' Main Effects 537.305 1 537.305 30.986 0.001
'AxB' Interaction 0.0 1 0.0 0.0 0.999
'B' x Subjects 312.125 18

wWithin Groups

-

17.340




Analysis of Variance for PST Stressor 1 (Groups as a Whole)

Group x Time

Summary of Analysis of Variance

147.

Source

ss DF MS F p
Beﬁween Subjects 305.042 -19
'A' Main Effects 8.569 1 8.569 0.520 0.480
Subjects wi’thin 296.473 18 16.471
Groups

Y

Within Subjects 11.908 20
'B' Main Effects 2.883 1 2.883 5.876 0.026
'2xB' Interaction 0.193 1 0.193 0.393 0.539
'B' x Subjects 8.832 18 0.491 |

Wwithin Groups




analysis of Variance for GSR Stressor 1 (Groups as a Whole)

Group x Time

Summary of Rnalysis of Variance

148.

Source SS DF MS F P
Between Subjects 142,422 19

'a' vain Effects "15.781 1 15.781 2.243 0.152
Subjects within 126.641 18 7.036

Groups

within Subjects 90 .863 20

'3 Main Effects 26.797 1 26.797 7.915 0.012
'2%B' Interaction 3.125 1 3.125 0.923 0.349
'B' x Subiects 60,941 18 3.386

Within Groups




Analysis of Variance for H.R. Stressor 1 (Heart Rate Reactive)

Group x Time

Summary of Analysis of Variance

»

149,

Within Groups

Source ES DF MS F

. Between Subjects 1e14.680 11
'A' Main Effects 47.180 1 47.180 0.267
Subjects within 1767.50 10 176.750
Groups
Within Subjects ©25.320 12
'B' Main Effects 519.398 1 519.398 49.058
]
'exB' Interaction 0.047 1 0.047 . 0.004
'B' x Sukjects 105.875 10 10.587
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nppendix J

Cne way 2analyses of Variance for Significant Stressors
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One Way Analysis of Variance for H.R. Stressors

Time = Initial Baseline, Stressor 1, Stressor 2, Stressor 3

Surmmary of Analysis of Variance

Source Ss DF MS F ) P
/

. !
Between Groups 755.313 3 251.771 11.708  0.001
Within Groups 1225.688 57 . 21.503
Total 1981.001 60
Eetween Subjects
Subse e
Subjects wWithin 5288.375 19 278.335

Groups




~

One Way Analyses of Variance for Frontal EMG Stressors

152.

Time = Initial Baseline, Stressor 1, Stressor 2, Stressor 3

R Summary of Analysis of Variance
™

Source SS DF MS F p
Between Groups Qb~‘~3 39.609 3 13.203 2.486 0.070
Within Groups 302.688 57 5.310
Total 342.297 60
Eetween Subjects
Subij Wi

abjects Within 378.688 19 19.931

Groups
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One Way Znalysis of Variance for PST Stressors

Time = Initial 2aseline, Stressor 1, Stressor 2, Stressor 3

Surmary of Znalysis of Variance

Source SS DF MS F P
Eetween Groups 12.036 -3 4.012 8,490 0.001
within Groups 26,938 57 0.473

Total 38.974 60

Between Subjects

Subjects Withi _

Somoechs mAERAE $95.813 19 31.411
Groups o
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