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ABSTRACT 

The biofeedback treatment of  a n x i e t y  us ing  a  common t a r g e t  , 

t r a i n i n g  response f o r  all s u b j e c t s  has proven t o  be e f f e c t i v e  only f o r  

a  skbse t  o f  t h e  treatment -- popula t ion .  Researchers have suggested t h a t  

a  way to inc rease  t h e  s i z e  of this popula t ion  is t o  match t h e  biofeedL 

back t a r g e t  t r a i n i n g  behaviour t o  t h e  phys io log ica l  modality t h a t  

, c o n s t i t u t e s  t h e  major component of t h e  p v s  i o l o g i c a l  anxiety r e a c t i o n  

f o r  t h e  individual .  

This  study was a  pre l iminary  analogue i n v e s t i g a t i o n  of biofeedback 

treagment f o r  anxie ty  where the  t a r g e t  t r a i n i n g  behaviour was matched 

t o  the  s u b j e c t s '  phys io logica l  modali ty t h a t  was most r e a c t i v e  t o  a 

c o g n i t i v e  s t r e s s o r .  

Twenty undergraduate s tuden t s  wi th  normal anx ie ty  l e v e l s  were 
0 

a l t e r n a t e l y  assigned t o  e i t h e r  a  most r e a c t i v e  modali ty biofeedback 

t r a i n i n g  group, o r  t o  a  delayed t rea tment  c o n t r o l  group. F ron ta l  EMG, 

p e r i p h e r a l  sk in  temperature,  s k i n  r e s i s t a n c e  and h e a r t  r a t e  were 

monitored during pre-  and p o s t t e s t  a d m i n i s t r a t i o n  of a  psychophysio- 

l o g i c a l  s t r e s s  p r o f i l e .  

The da ta  were analyzed by comparing groups wi th  mean l e v e l s  o f  

phys io log ica l  a c t i v i t y  under s t r e s s  and nons t ress  condi t ions ,  and 

\ groups by scores  on t h e  State-Trai t-Anxiety ~ n v e n t o q  (STAI).  

A l t e r n a t e  analyses were performed using s u b j e c t  responsiveness a s  a 

dependent measure. 

A d i sp ropor t iona te ly  high number of  h e a r t  r a t e  r e a c t i v e  sub jec t s -  - 
precluded a f u l l  t e s t  of  most r e a c t i v e  modali ty trz&ning a s  a gener ic  



t r e a t m e n t .  R e s u l t s  i n d i c a t e d ,  however,' t h a t  h e a r t  r a t e  r e a c t i v e  s u b j e c t s  
> .  Lb 

r e c e i v i n g  h e a r t  rate b i o f e e d b a c k  t r a i n i n q ~ e x p e r i e n c e d  h e a r t  ra tes  that 
$+ 

\ 
w e r e  s i g n i f i c a n t l y  lower than c o n t r o l  s u b j e c t s  d u r i n g  stress c o n d i t i o n s .  

T r e a t m e n t  s u b j e c t s  a l s o  m a i n t a i n e d  f r o n t a l  EMG l e v e l s  u n d e r  stress - where-  

as c o n t r o l  s&jects d i d  n,ot.  A n a l y s e s  u s i n g  s u b j e c t  r e s p o n s i v e n e s s  to 

stress r e v e a l e d  t h a t  mean level  r e d u c t i o n s  i n  f r o n t a l  EMG were  accompan- 

b-. 
i e d ' b y ' d e c r e a s e s  i n  f r o n t a l  EMG v a r i a b i l i t y , - b u t  t h a t  d e c r e a s e s  i n  h e a r t  

r a t e  mean l e v e l s  c o u l d  o c c u r  d e s p i t e  i n c r e a s e s  i n  h e a r t  r a t e  v a r i a b i l i t y .  
\ - 

I m p l i c a t i o n s  a r e  d i s c u s s e d ,  namely,ghat r e a c t i v e  m o d a l i t y  t r a i n -  
9 

i n g  may b e  more b e n e f i c i a l  t h a n  u n i f o  t a r g e t  t r a i n i n g  b i o f e e d b a c k ,  a n d  Y 
t h a t  r e s p o n s e  v a r i a b i l i t y  may p r o v i d e  new i n f o r m a t i o n  a b o u t  s e l f - c o n t r o l  

of p h y s i o l o g i c a l  r e s p o n s e s .  The u s e  o f  a s t r e s s  p r o f i l e  a n d  c o n s i d e r a -  

t i o n s  c o n c e r n i n g  a d e q u a t e  c o n t r o l s  i n  b i o f e e d b a c k  r e s e a r c h  a r e  a l s o  d i s -  

c u s s e d .  
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CHAPTER I 

INTRODUCTION 
Q 

Biofeedback t r a i n i n g  has f requent ly  been used i n  the  t rea tment  o f  - e 

anxiety.  The r e s u 1 . t ~  of t h e s e  e f f o r t s  have n o t  been without success  

y e t ,  a f t e r  almost ten  years  o f  usage, t h e  bes t  conclusion i s  t h a t  b io-  

feedback remains an e f f e c t i v e  treatment only f o r  an unspec i f i ed  subse t  
b 

I 

of  t h e  popula t ion  (Schwartz, 1981). 

Gatchel (1979) has argued t h a t  a c r u c i a l  v a r i a b l e  f o r  the  e f f e c t i v e  

use of  biofeedback in anx ie ty  may be the  choice of  physio logica l  

response t r a i n e d .  previous work has almost exclus ively  employed a 

uniform phys io log ica l  t a r g e t  t r a i n i n g  behaviour across a l l  s u b j e c t s '  
r 

without  f i r s t  determining whether t h a t  t a r g e t  behaviour c o n s t i t u t e d  a '- r; 
major physio logica l  component o f  anxie ty  f o r  t h a t  s p e c i f i c  i n d i v i d u a l  

f- 

(p.  141) .  - 
, . 

' This t h e s i s  was 

biofeedback t r a i n i n g  

modality c o n s t i t u t e d  

o f  anx ie ty .  To t e s t  

i . 
conceived a s  a p i l o t  study t o  determine whether - 

i n  a  . s u b j e c t ' s  most r e a c t i v e  physio logica l  

an e f f e c t i v e  s t r a t e g y  i n  the  biofeedback . t r ea&ent  

this q u e s t i o n ,  a psychophysiological assessment 

procedure using a  s t r e s s  induc t ion  procedure ('i .e . a  nons t ress - s t r e s s -  

nons t ress  des ign)  was developed t o  preassess  a s u b j e c t ' s  most r e a c t i v e  

physio logica l  modality. ~ r o n m  electronyography (EMG) , p e r i p h e r a l  

s k i n  temperature,  sk in  r e s i s t a n c e  and h e a r t  r a t e  were monitored during 

the  nonstress-stress-nonstress sequence and the  r e s u l t s  compared to 

determine most r e a c t i v e  modali ty.  Twenty undergraduate s tuden t s  wi th  



normal anx ie ty  l eve  1s were assigned t o  t reatment 3d con t ro l  condi t ions .  - 4 * -  . The t rea tment  condi t ion  provided b i o f e e d h c k  t r a i n i n g  i n  the  s u b j e c t ' s  

assessed most r e a c t i v e  rnodAity. The con t ro l  condi t ion  involved c o n t a c t  

e 

with biofeedback appara tus  and t h e  promise of  r ece iv ing  i n s t r u c t i o n  in 
=, 

a progress ive  r e l a x a t i o n  t r a i n i n g  which s u b j e c t s  were t o l d  had previous ly  

been shown to be an ' e f fec t ive  s t r e s s  management procedure. Postscore 

~ornparisons were &de on h t h  s t r e s s  and nonst ress  i n d i c e s  o f  physio- - 
, . 

l o g i c a l  a rousa l  and on s e l f - r e p o r t  measures of anxie ty .  

In t he  remainder o f  this chapter ,  t h e  reasons f o r  u n d e r t a k h g  t h e  

study w i l l  be reviewed. Subsequent chapters  w i l l  o u t f i n e  t h e  t h e o r e t i -  
a. 

c a l  r a t i o n a l e  of t h e  experiinent (Chapter tm)  ; t h e  methodology employed 

(Chapter t h r e e )  , and the  r e s u l t s  o f  t h e  experiment (Chapter f o u r )  . 
Chapter f i v e  w i l l  provide a d iscuss ion o f ,  the  r e s u l t s  and p r e s e n t  sug- , 

I 
- 

g e s t i o n s  f o r  f u r t h e r  r e sea rch .  

The t h e o r e t i c a l  j u s t i f i c a t i o n  f o r  the  use of  biofeedback i n  t h e  
-% 

t rea tment  o f  anx ie ty  i s  de r ived  from the  p r i n c i p l e s  der iqed by W o l p ~  

(1958) i n  sys temat ic  d e s e n s i t i z a t i o n .  Wolpe ' s theory of  anx ie ty  fol lows 

t h e  c l a s s i c a l  condi t ioning model whereby repeated  p a i r i n g  of  a condi- 

t ioned st imulus (CS) with an unconditioned stimulus (UCS) Leads to 

the  e l i c i t a t i o n  of a condit ioned response (CR) by t h ~  CS alone.  

This conditicmed (anxie ty)  response i s  marked by excess ive  l e v e l s  o f  

sympathetic nervous system a rousa l  which the  t h e r a p i s t  t r e a t s  by 
a 

teaching t h e  c l i e n t  a competing response involving decreased sympathetic  

arousal  and/or parasympathetic  dominance. This  competing response 

i 



which i s  thought  t o  be incompat ib le  w i th  sympathe t ic  a r o u s a l  weakens t h e  

bond between t h e  s t i m u l u s  and t h e  a n x i e t y  response  CR l e a d i n g  t o  less 

anxious  responding.  The proces s ,  i n  w l p e  ' s format ion ,  .is r e f e r r e d  t o  

a s  r e c i p r o c a l  i n h i b i t i o n .  

When biofeedback has  been used t o  induce t h e  competing behav io r ,  ~i 

c f r o n t a l  E.1G has  t y p i c a l l y  been t h e  p h y s i o l o g i c a l  t a r g e t  t r a i n i n g  

- 
response .  T h i s  p r a c t i c e  h inges  on t h e  assumption t h a t  t r a i n i n g  i n  . . 

f r o n t a l  E 4 G  r e d u c t i o n  w i l l  r e s u l t  i n  reduced a r o u s a l  o f  o t h e r  phys io -  

l o g i c a l  r e s p n s e  sys tems .  I t  i s  t h i s  s t a t e  o f  low p h y s i o l o g i c a l  . 

a r o u s a l ,  o f t e n  r e f e r r e d  to a s  c u l t i v a t e d  low arousaf  (Stoyva & 

Budzynski, 1974 ) , t h a t  s e r v e s  a s  t h e  competing response  i ncompa t ib l e  

wi th  anx ie ty .  The ev idence  f o r  c u l t i v a t e d  l o y  a r o u s a l  i s ,  h o i e v e r ,  

c o n t r a d i c t o r y .  While t h e r e  i s  empi r i ca l  suppor t  f o r  p h y s i o l o g i c a l  
- -J 

r 

g e n e r a l i z a t i o n  o f  low a r o u s a l  a s  a r e s u l t  o f  f r o n t a l  -EMG biofeedback 

t r a i n i n g  (Stoyva & Budzynski, 1974; Glaus, & Kostes,  1977; DeGood & 

Chisholm, 1 9 7 7 ) , . t h e r e  i s  a l s o  a l t e r n a t e  ev idence  t h a t  s h g g e s t s  when 
d 

f r o n t a l  EMG biofeedback wi thou t  supplementary a u t o g e n i c  t r a i n i n g  and/or 

p r o g r e s s i v e  r e l a x a t i o n  i k s t r u c t i o n s  i s  used,  c o n t r q l  o f  t h e  t r a i n e d  

df- 

f r o n t a l  EVG response  i s  t h e  s o l e  r e s u l t  and g e n e r a l i z a t i o n  to o t h e r  

p h y s i o l o g i c a l  r e sponses  does  no9  occu r  (Alexander & White, 1979;  

~ l e x a n d e r ,  1975; F'ridlund, Fowler & P r i t c h a r d ,  1980) .  Recent ev idence  

.*is a l s o  unanimous i n  i n d i c a t i n g  t h a t  even whe\n ' c u l t i v a t e d  low aroGsa1 
' ,  

does  o c c u r  i n  n o n s t r e s s  condi t icms ,  t h e  g e n e r a l i z e d  low a r o u s a l  i s  n o t  
'w 1 

mainta ined  under  stress i n d u c t i o n  c o n d i t i o n s .  S u b j e c t s  under stress 

a r e  a b l e  t o  ma in t a in  t h e i r  l e a r n e d  phys io log ica l  r e d u c t i o n s  o n l y  i n  



t he  f r o n t a l  EMG t r a i n i n g  t a r g e t  response modality (Burish,  Hendrix & 

Fros t ,  1981; Gatchel ,  Korrnan, Weis, Smith & Clark,  1978; De Good & 

6- Adams, 1976).  ~ h e s e  r e s u l t s  provide empirical  support  f o r  Gatchel ' s  

(1979) suggest ion t h a t  the  inadequacy o f  biofeedbadk in t h e  t rea tment  

of  anx ie ty  f o r  t h e  popula t ion  a t  l a r g e  may r e f l e c t  t h e  f a c t  f r o n t a l  EMG - 

biofeedback is  an e f f e c t i v e  treatment only f o r  t h a t  subse t  o f  t h e  

populat ion f o r  whom frontdVEMG c o n s t i t u t e s  t h e  ma,jor phys io log ica l  
5 

component o f  anx ie ty .  Employing t h i s  r a t i o n a l e  it fol lows t h a t  by 

t a i l o r i n g  biofeedback t r a i n i n g  t a r g e t  response t o  t h e  s u b j e c t ' s  
2 

-/ 

dominant physio logica l  component of  anxie ty ,  biofeedback t r a i n i n g  - 

may become an e f f e c t i v e  treatment f o r  anxie ty  . for  the  e n t i r e  population. 

This Study 

70 d a t e ,  no sys temat ic  s t u d i e s  have been conducted which matched 

biofeedback t r a i n i n g  t a r g e t  reSponse withd6he dominant 'physiologicql  

component of anx ie ty  f o r  the  treatment populat ion.  Moreover, no s t u d i e s  

which have used a  t r a i n i n g  t a r g e t '  response o t h e r  than f r o n t a l  EMG have 

monitored o t h e r  phys io log ica l  r e s p w s e  moda l i t i e s  t o  a s sess  t h e  physio- 

l o g i c a l  g e n e r a l i z a t i o n  e f f e c t s  a s s o c i a t e d * w i t h  providing biofeedback 

t r a i n i n g  in t h a t  modality. This s tudy was a  pre l iminary  analogue 

i n v e s t i g a t i o n  of matched t r a i n i n g  t a r g e t  response biofeedback t r a i n i n g  ?, 
1 

while s imultaneously monitoring o t h e r  physio logica l  response modal i t ies .  

A s u b j e c t ' s  most r e a c  i v e  physio logica l  response when exposed t o  cogni- f 
t i v e  s t r e s s o r s  was us&p to determine' which physio logica l  response 

f- i I 
system c o n s t i t u t e d  t h e  major component o f  physio logica l  anx ie ty  f o r  a  

.O 



subjec t .  The decision t o  use m q s t  react ive  physiological modality was 
r) 

develop.ed from Malmo' s (Malmo, 1975) hypothesis o f  symptom spec i f i c i t y .  
+, 

According t o  Malmo, each indLvidual h  a unique and id iosyncra t ic  "S 
response t o  s t r e s s  i n  which one physiological responseismaximally 

reac t ive  t o  s t r e s s .  pers i s ten t  exposure t o  s t r e s s  r e s u l t s  i n  over- 

responsiveness t o  s t r e s s  and grea te r  recovery periods required t o  

re turn t o  p re s t r e s so r  physiological  baseline l eve l s .  m e  ul t imate  

consequence of pe r s i s t en t  exposure t o  . s t r e s s  i s  overelevated ~ h y s i o -  , 

l og i ca l  basel ines  leading t o  the development of c l i n i c a l l y  s i g n i f i c a n t  

C- symptomatology (Malmo, 1975; Malmo, Wallerstein & Shagass, 1953; Malmo, 
'-- 

Shagass & Davis, 1950Y. . . 

In t h i s  study, the  subjects employed had normal anxiety l eve l s  so 

tha$ overelevated physiological baselines and/or c l i n i c a l l y  s ign i f i can t  
. -/-- 
rF- 

symptomatology &re  not expected. A s u b j e c t ' s  responsiveness t o  

s t r e s so r s  o r  r e a c t i v i t y  was, therefore chosen to  determine t he  sub j ec t ' s  

dominant physiological  component of anxiety. Moreover, s ince the  

treatment condit ion invdTved the providion of biofeedback t r a in ing  i n  

one physiological  response modality a  method for  determining ",a sub jec t1  s 

most reac t ive  p h y s i o l q i c a l  modality was required. Since no work has 

been done in determining a  sub j ec t ' s  most  r eac t ive  modality, a  second 

ourpose of t h i s  study was t o  develop and assess a procedure f o r  deter-  

-2 
mining the g rea t e s t  r e a c t i v i t y  between d i f f e r en t  physiological  

response modal i t ies  i n  t o  a s t ressor .  

A t h i r d  purpose of was t o  inves t iga te  the use of an 

i alternatepphysio og ica l  measure. In the  p a s t ,  mean leve ls  
/ 



, , 

6. * r 

t r  

+ " 
1 

of  p h y s i o l o g i c a l  a c t i v i t y  d u r i n g  r e s t i n g  c o n d i t i o n s  and ,  less frequent!Ly 

du r ing  s t r e s s  c o n d i t i o n s ,  have been Used t o  e v a l u a t e  t h e  outcome o f  
- * 

biofeedback t r e a t m e n t .  H i s t o r i c a l l y  t h e r e  a r e  two r ea sons  f o r  t h i s .  

One i s  the $bvious face  v a l i d i t y  which i n c r e a s i n g  and d e c r e a s i n g  physio-  

l o g i c a l  b a s e l i n e s  have i n  demons t ra t i  g  t h a t  s e l f - c o n t r o l  o f  v i s c e r a l  R % 

and autonomic responses  was p o s s i b l e .  e second r ea son  was t h e  c l i n i -  

c$l u t i l i t y  which ove re l eva t ed  b a s e l i n e s  have f o r  t h e  t r e a t m e n t  of  

c l i e n t s  w i t h  f u l l y  developed symptomatology. The 'u se  o f  s u b j e c t s  w i t h  

normal l e v e l s  of a n x i e t y  e l i m i n a t e d  t h e  c l i n i c a l  u t i l i t y  argument . i n  

f a v o r  o f  me& l e v e l s  o f  p h y s i o l o g i c a l  a c t i v i t y  a s  a  dependent  measure. 

A d d i t i o n a l l y  t h e  use  o f  a  stress induc t ion  procedure i m p l i e s  t h a t  it 

i s  t h e  s u b j e c t ' s  respons iveness  o r  response v a r i a b i l i t y  a s  o n e  e x p e r i -  

e n c e s  t h e  non~tress~stress-nonstress sequence t h a t  i s  t h e  a p p r o p r i a t e  

dependent measure.  For t h i s  r ea son ,  a  comparison o f  - response v a r i a b i l i t y  

ve r sus  mean l e v e l s  o f  p h h s i o l o g i c a l  a c t i v i t y  was i h c l u d e d  as a  goa l  o f  
XL 

t h i s  s t udy .  

summary 

This t h e s i s  was designed a s  a  p re l imina ry  analogue i n v e s t i g a t i q n ,  

o f  t h e  e f fec t iEreness  o f  biofeedback t r a i n i n g  i n  t h e  r e d u c t i o n  of  

a n x i e t y  when t h e  biofeedback t r a i n i n g  t a r g e t  response  was matched t o  

t h e  s u b j e c t ' s  major  p h y s i o l o g i c a l  component of  a n x i e t y .  A s u b j e c t ' s  

major p h y s i o l o g i c a l  a n x i e t y  response  was d e f i n e d  a s  t h e  s u b j e c t ' s  

most r e a c t i v e  p h y s i o l o g i c a l  modal i ty  t o  a c o g n i t i v e  s t r e s s o r .  

Add i t i ona l  i s s u e s  o f  i n t e r e s t  were o u t l i n e d .  These i n c l u d e d  t h e  



j - 
question of t o  what 3xtent  physiological  general izat ion t o  other  

response m d a l i t i e s  (cu l t iva ted  low arousal)  occurs a s  a  r e s u l t  of 
k 

providing feedback in a t r a in ing  t a rge t  response o the r  than f ron ta l  ' 

EYG; the  development and assessment of a  procedure for  determing a  
d a. 

subject '  s nost  reac t ive  modality; and the comparison of res_mnse 

v a r i a b i l i t y  with mean leve ls  of physiological a c t i v i t y  a s  a  physiological  

dependent measure. 

I n  the .next chapter,  the  t heo re t i ca l  ra t iona le  underlying t h i s  

t h e s i s  w i l l  tR presented. 



CHAPTER I1 

TBEO PST ICAL- FATION ALE 

I n t r o d u c t i o n  - 
7 '. 

Tne p reced ing  c k a ~ t e r  p re sen teg  t h e  p o s i t i o n  t h a t  p rov id ing  

b i o f e e d h c k  t r a i n i n g  i n  a  phys io log ica l  modal i ty  c o n s t i t u t i n g  a  m j o r  

.. ph ; r s io log ica l  corqonent of  a n x i e t y  l o r  a  g iven  i n d i v i d u a l  might lx 
k 

i q x r t a n t  f o r  t h e  e f f e c t i v e  use o f  biofeedback i n  t h e  t r e a t n e n t b o f  

ar?xi e t y .  I n  p a r t ,  t h i s  c la im v:as de r ived  from t h e  c o n f l i c t i n g  evidence 

surrounrTing t h e  assurr:ption of  c u l t i v a t e d  low a r o u s a l  a s  a  r e s u l t  o f  

f r o n t a l i s  m<G reduc t ion  t r a i n i n g .  I n  t h i s  c h a p t e r  t h e  concept  o f  

a x i e t y  w i l l  be o u t l i n e d ,  t h e  ev idence  c i t e d  on b t h  s i d e s  o f  t h e  

c .u l t i va t ed  low ardi isal  d i s p u t e  w i l l  be reviewed, and conc lus ions  

&awn. T h i s  w i l l b e  followed by a  c o n s i d e r a t i o n  of  t h e  p h y s i o l o g i c a l  

t heo ry  of human emotion and t h e  concepts  response s p e c i f i c i t y ,  response 

s t e r e o t y p i n g  and symptom s p e c i f i c i t y  which suppor t  t h e  use  o f  r e a c t i v i t y i n  

de te rmining  t h e  major p h y s i o l o g i c a l  conponent of a n x i e t y .  Next, t h e  

ev idence  sugges t ing  d i f f e r e n t i a l  r e s u l t s  a s  a  consequence of phys io log i -  

,, c a l  dependent  measure w i l l  be o u t l i n e d  and a review of  t h e  l i t e r a t u r e  

scr rounding  t h e  psychophys io logica l  s t r e s s  p r o f i l e  w i l l  be presen ted .  

~ i x a l l y ,  h-potheses  w i l l  k e  developed. 

fl ine consensua l  view of  a n x i e t y  i n  p s - c h o l o g i c a l  research  i s  t h a t  it 

i s  E T  ~ r m k e r i i a h l e  c o n s t r c c t  i n f e r r e d  t o  account  f o r  some s o r t  o f  



kehav io r  ( ' ;a tcheG.J979) . The c o n s t r u c t  c o n s i s t s  o f  c o g n i t i v e ,  

Y k e b v i o r a l  and  phys io log ica l  c o w o n e n t s  which i n t e r a c t  t o  g i v e  a n x i e t y  

i t s  meaning. Tne a l t e r n a t e  even t s  t h a t  can p o t e n t i a l l y  denote each  o f  

t h e s e  c o ~ s 2 n e n t s  r e s u l t s  i n  i n n u ~ e r a b l e  permuta t ions  o f  t h e  a c t u a l  
, , 

r e p r e s e n t a t i o n  of  anx ie ty .  For e x m p l e ,  a l though a t t e m p t s  have been 

nzde to s p e c i f y  the  c o n d i t i o n s  under which c e r t a i n  s t i m u l i  a r e  more 
..-- 

l i k e l y  t o  be pe rce ived  a s  t h r e a t e n i n g ,  t h e  a c t u a l  number o f  o b j e c t i v e  
' -c  

s t i m a i  which l e a d  t o  perce ived  t h r e a t  a r e  un l imi t ed .  S i m i l a r l y ,  t h e  
1 

'kehavioral  and phys io log ica l  r e p r e s e n t a t i o n s  of  a n x i e t y  a r e  h i g h l y  

v a r i a b l e .  The behaviora l  symptoms of  a n x i e t y  may be comprise-$ o f  

" f i d g e t i n * ,  s t u t t e r i n g ,  s l e e p l e s s n e s s  o r  f l i g h t  t o  mention s e v e r a l  
~~ 

- -- e x a r p l e s .  The phys io log ica l  component may invo lve  increased  muscle 

t e n s i o n ,  increase-d h e a r t  r a t e  and/or blood p r e s s u r e ,  p e r i p h e r a l  

v a s o c o n s t r i c t i o n ,  decreased s k i n  r e d s t a n c e  o r  any s i n g u l a r  o r  cornbina- 
i 

t o r y  i n d i c e s  o f  phys io log ica l  a r o u s a l .  

Given t h i s ,  conceptual  complexity' o f  a n x i e t y  it i s  u n l i k e l y  t h a t  
, 
\ 

any s u c c e s s f u l -  t raa tment  of a n x i e t y  w i l l  foc& e x c l u s i v e l y  on one 

o f  t h e s e  of  anx ie ty .  :.loreover, when approaches emphasizing 

one conpn-ent of  a n x i e t y  a r e  employed,' o t h e r  r e s e a r c h e r s  whose pr imary ----- 
approach focuses  on  one of t h e  o t h e r  two compo~qn t s  o f  a n x i e t y  a r e  a p t  

, \ ,' 

t o  p r o v i d e  an a l t e r n a t e  i n t e r p r e t a t i o n  i n  keeping wi th  t h e i r  own 

o r i e n t a t i o n .  This  i s  t r u e  a l s o  of  biofeedback.  The biofeedback 

l i t e r a t u r e  t e n d s  t o  view biofeedback a s  a  p h y s i o l o g i c a l  process  

i n  xhich  c u l t i v a t e d  low phys io log ica l  2 r o u s a l  i s  incompatible  wi th  
I 
'\ 

c ~ n i t i v e  and *havioral  components o f  anx ie ty .  B i a f e e d b c k  has a l s o  



been  c o n s i d e r e d  p r i m a r i l y  a c o g n i t i v e  p r o c e s s  ( e g  ., Laza'rus , 1975; 

~ e i c h e n b a u m ,  1 9 7 6 ) ,  o r  a b e h a v i o r a l  p r o c e s s  (eg . ,B lack ,  C o t t  & 

P a v l o s k i ,  1977)  . Meichenbaum' s (1976)  a p p r o a c h  i s  i l l u s t r a t i v e  o f  

t h e  c o g n i t i v e  i n t e r p r e t a t i o n .  Meichenbaum (1976) a r g u e s  t h a t ,  c u l - t i v a t e d  
/ 

low p h y s i o l o g i c a l  a r o u s a l  a s  a r e s u l t  o f  b i o f e e d b a c k  t 3 a i n i n g  i s  

i m p o r t a n t . o n l y  i n s o f a r  a s  c l i e n t  r e c o g n i t i o n  o f  low a r o u s a l  s e r v e s  as 

a - c u e  to e m i t  i n c o m p a t i b l e  c o g n i t i o n s  2 n d  b e h a v i o r s .  It i s  t h e  cha'nge 

dt 

i n  a c l i e n t ' s  i n t e r n a l  d i a l o g u e  which i s  i n f l u e n c a b l e  th rough  p o s i t i v e  

s e l f - s t a t e m e n t s  t h a t  i s  t h e  c r u c i a l  f a c t o r  i n  t h e  b io feedback  t r e a t m e n t  

o f  a n x i e t y .  I n  Meichenbaum's f o r m u l a t i o n  we s e e  a change i n  , the  r o l e  o f  

c u l t i v a t e d  low a r o u s a l  from t h a t  o f  t h e  a n x i e t y  i n c o m p a t i b l e  r e s p o n s e  

p e r  s e ,  fo that o f  t h e  cue  f o r  e m i t t i n g  i n c o m p a t i b l e  c o g n i t i v e  and  

k e h a v i o r a l  r e s p o n s e s .  

While it is r e c o g n i z e d  h e r e  t h a t  t h e r e  i s  d i s s e n t  i n  i n t e r -  
,'-- 

A 

pre t i rag  t h e  r o l e  o f  b io feedback  i n  t h e  t r e a t m e n t  o f  a n x i e t y ,  t h e  main ' -." 
___. 

c o n c e r n  o f  t h 5 s  t h e s i s  i s  w i t h  t h e  p h y s i o l o g i c a l  mechanisms i n v o l v e d  

i n  e s t a b l i s h i n g  c u l t i v a t e d  low a r o u s a l .  As ide  f rom t h e  i m p o r t a n t  

problem o f  t h e  r o l e  o f  b io feedback  in t h e  t r g a t m e n t  o f  a n x i e t y ,  a 

mok b a s i c  i s s u e  i s  whe ther  c u l t i v a t e d  low p h y s i o l o g i c a l  a r o u s a l  i s  , 

p o s s i b l e  u s i n g  b io feedback  t r e a t m e n t  a l o n e .  I t  i s  t h i s  c u l t i v a t e d  low 

a r o u s a l  c o n t r o v e r s y  t h a t  w i l l  k x  d e a l t  w i t h  n e x t .  

.. 



The Cultivated Low Arousal Controversy 

Frontal EMG reduction is the most frequently chosen training 

target response in the treatment of anxiety. Explicit in this choice 

is the assumption that training in frontal EMG reduction leads to a 

cultivated low arousal state. The most often cited research in support 

of this assumption is a set of paraieter studies.by Stoyva and 

Budzynski (1974). Although the -nuinbers are small (N = 5 per group), 

, Stoyva and Budzynski found that training in frontalis E-IG 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, wa-?nth and drowsiness which the authors took , 

to indicate generalization of effects to other autonomic responses. 

-Qtber studies have provided supportive evidence. Glaus and Kostes 

- (1979) trained 30 undergraduate students in either frontalis E4G 

increase, f rontalis E4S decrease or f rontalis EMS noncontingent (ie. 

unrelated to facial E 4 G )  conditions. Results indicated that covaria- 

tion between frontalis 2nd otner facial E4S measures decreased for both 

frontalis conditions but remained the same for the noncontingent 

qroup. 

DeGod and Chisholm (1977) found that a group (lu' = 10) trained in 

frontalis E4G reduction exhibited decreases in heart and respiration 

rates and increases iri pareital alpha density indicative of low arousal, 

though it was also re?orted that the contradictory result of increased 

aB ~eripneral vasoconstrictio~~ occurred. Blanchard, Haynes, Kallman 



and Harkey (1976) found t h a t  t r a i n i n g  i n  r e d u c t i o n  d f  f r o n t a l i s  EMG was 

e q u a l l y  ds e f f e c t i v e  a s  t r a i n i n g  i n  r e d u c t i o n  o f  s y s t o l i c  .b lbod p r e s s u r e  

i n  p r o d u c i n g  d e c r e a s e s  i n  s y s t o l i c  b lood  p r e s s u r e  i n  normotens ive  
t * 

s u b j e c t s .  

F i n a l l y ,  c l i n i c a l  s t u d i e s  a r e  o f t e n  c i t e d  i n  s u p p o r t  o f  t h e  - 
g e n e r a l i z a t i o n  h y p o t h e s i s .  Townsend, House and A d d a r i o ' s  (1975) s t u d y  

which employed a  b io feedback  media ted  r e l a x a t i o n  g roup  v e r s u s  a psycho- 

t h e r a p y  g roup  i n  c h r o n i c  a n x i e t y  p a t i e n t s  s e r v e s  a s  an  example.  -Although 

Toxrnsend e t  a l .  found s i g n i f i c a n t  d e c r e a s e s  i n  f r o n t a l i s  M G ,  mood 

d i s t u r b a n c e  and t r a i t  a n x i e t y  i n  t h e  b i o f e e d b a c k  m e H a t e d  r e l a x a t i o n  

g r o u p  r e l a t i v e  t o  t h e  psychotherdpy group ,  t h e i r  r e s u l t s  a r e  confounded 

by t h e  c o n j u n c t i v e  u s e  of r e l a x a t i o n  t r a i n i n g .  Other  c l i n i c a l  r e p o r t s  

s i m i l a r l y  employ r e l a x a t i o n  o r  a u t o g e n i c  t r a i n i n g - l i k e  i n s t r u c t i o n s  which 

p e r t a i n  t o  b o d i l y  f u n c t i o n s  o t h e r  t h a n  f o r  which b i o f e e d b a c k  * 

t r a i n i n g  i s  prov ided .  When it i s  c o n s i d e r e d  t h a t  even such  c l o s e l y  

r e l a t e d  f u n c t i o n s  a s  h e a r t  r a t e  and b lood  p r e s s u r e  have been shown t o  

be  c o n t r o l l e d  i n  independen t  and o p p o s i t e  d i r e c t i o n s  a s  t h e  r e s u l t  o f  

i n s t r u c t i o n s  a l o n e  (Schwartz ,  1 9 7 2 ) ,  it i s  p o s s i b l e  t o  s e e  t h a t  such  

r e s u l t s  c a n n o t  be t a k e n  a s  e v i d e n c e  i n  s u p p o r t  of m u l t i - r e s p o n s e  

autonomic g e n e r a l i z a t i o n  a s  a  r e s u l t  o f  b io feedback  t r a i n i n g  a l o n e .  

I n  c o n t r a d i c t i o n  t o  t h e s e  g e n e r a l i z a t i o n  arguments ,  t h e r e  i s  ' 
~-. , - 

r e s e n t  and accumula t ing  e v i d e n c e  sGgges t ing  f r a c t i o n a l i z a t i o n  o r  

s p e c i f i c i t y  of p h y s i o l o g i c a l  r e s p o n s e s  d u e  t o  b io feedback  t r a i n i n g .  
i 

Alexander  (1975) t e s t e d  d i r e c t l y  t h e  assumpt ions  t h a t  f r o n t a l i s  ,/' '. 
K; t r a i n i n g  g e n e r a l i z e d  t o  u n t r a i n e d  m u s c l e s  ( fo rea rm and lower  i e g )  



and t h a t  s u b j e c t i v e  f e e l i n g s  o f  r e l a x a t i o n  were r e l a t e d  t o  f r o n t a l  F: 
FC 

Z4G r e d u c t i o n .  Using a no feedback  c o n t r o l  (N=14), no s u p p o r t  was 

found f o r  e i t h e r  a s s - m p t i o n .  I n  two subsequen t  s t u d i e s ,  Alexander  and 

;.?,ite ' (1979)  in,str;lc?ec! ' h t h  treatment and c o n t r o l  s u b j e c t s  t o  r e l a x  a  

p a r t i c u l a r  a r e a  [ei t ' r 'er  f r o n t a l i s  o r  f o r e a r m )  a s  much a s  2 o s s i b l e  p r i o r  

t o  E4G biofeedback  t ' r a i n i n g .  A f t e r  t h r e e  s e s s i o n s  i n  t h e  f i r s t  s t u d y  

and  f i v e  s e s s i o n s  I n  t h e  second s t u d y ,  t h e  c o n t r o l s  d i s p l a y e d  a  s l i g h t  

a l b e i t  n o n s i g n i f i c m t  advan tage  o v e r  t h e  b io feedback  s u b j e c t s  i n  f r o n t a l  

EG r e d u c t i o n s .  The  a u t h o r s  conclucied t h a t  f r o n t a l  E G  r e d u c t i o n  d o e s  

n o t  l e a d  t o  g e n e r a l i z a t i o n  t o  o t h e r  muscu la r  s i t e s .  
7 

& 
F r i d l u n d ,  Fowler,  and P r i t c h a q d  (1980) a l s o  t e s t e d  t h e  assumpt ion  

o f  f r o n t a l i s  EMG r e d u c t i o n  g e n e r a l i z a t i o n - t o  o t h e r  mcscu la r  s i t e s .  

E i n g  a  computer c o n t r o l l e d  s c a n n i n g  e l e c t r o m y c r o g r a p h ,  F r i d l u n d  e t  a l .  

exposed f o u r  normal male s u b j c t s  t o  f i v e  a l t e r n a t e  day s e s s i o n s  o f  

f r o n t a l i s  EMG r e d u c t i o n  w h i l e  c o n t i n u o u s l y  m o n i t o r i n g  EG a c t i v i t y  from 

b 
t h e  f r o n t a l i s  and seven a d j u n c t i v e  m u s c l e  g r o u p s .  No s u p p o r t  w a s  found 

f o r  t h e  g e n e r a l k z a t i o n  o f  f r o n t a l  E4G r e d u c t i o n .  

Perhaps  t h e  most s i g n i f i c a n t  s t u d y  i n  r e l a t i o n  t o  t h i s  t h e s i s  i s  

t h a t  by G a t c h e l ,  Korman, Weis-, Smith  and C l a r k e  ( 1 9 7 8 ) .  The s t u d y  

d e p a r t s  from o t h e r s  c i t e d  i n  t h a t  it employed a  s t r e s s  induc t ionsp ;o-  

c e d u r e  ( t h r e a t  of e l e c t r i c  shock)  t o  e v a l u a t e  t r e a t m e n t  w h i l e  s i m u l t a -  

n e o u s l y  m o n i t o r i n g  f r o n t a l i s  E X G ,  h e a r t  ra te ,  r e s p i r a t i o n  r a t e  and s k i n  

conduc tance .  E i n g  1 2  u n d e r g r a d u a t e  v o l u n t e e r s  a s  s u b j e c t s ,  G a t c h e l  e t .  . . 
a1 found t h a t  i n  t h e  absence  o f  e x t e r n a l  t h r e a t ,  t r a i n i n g  i n  f r o n t a l i s  



34G r e d u c t i o n  was a c c o w a n i e d  by d e c r e a s e s  i n  h e a r t  and  r e s p i r a t i o n  

r a t e s  b u t  an i n c r e a s e  i n  s k i n  conduc tance  i n d i c a t i v e  o f  s y m p a t h e t i c  

a r o u s a l .  Most i m p o r t z n t l y ,  however,  t h e y  found t h a t  w h i l e  s u b j e c t s  were 

a b l e  t o  maintain t h e i r  =.!G d e c r e a s e s  (which t h e y  were t r a i n e d  in )  i n  

t h e  p r e s e n c e  o f  t h e  e x t e r n a l  t h r e a y  t h e y  were u n a b l e  t o  m a i n t a i n  t h e i r  

h e a r t  r a t e  d e c r e a 2 e s  under t h i s  c o n d i t i o n .  Hear t  r a t e ,  s k i n  conduc tance  

a n d  s e l f - r e p o r t .  o f  anxiety all'. i n c r e a s e d  i n  t h e  f a c e  o f  t h e  e x t e r n a l  

t h r e a t .  Ga tche l  e t  31. c o n c l u d e  t h e  results c l e a r l y  derncmstrate 
. f' 

s p e c i f i c i t y  kf 1e t r r : ed  p h y s i o l o g i c a l  s e l f  c o n t r o l  under  stress i n d u c i n g  

c o n d i t i o n s .  

As c a n  be s e e n ,  t h e  c o n c l u s i o n  o f  c u l t i v a t e d  low a r o u s a l  v i a  

f r o n t a l i s  EMG r e d u c t i o n  i s  c o n t r o v e r s ~ a l .  The most o p t i m i s t i c  c o n c l u s i o n  

i n  f a v o r  o f  t h e  g e n e r a l i z a t i o n  h y p o t h e s i s  seems t o  be t h a t  i n  t h e  

absence  o f  e x t e r n a l  t h r e a t s ,  t h e  f r o n t a l i  s r e s p o n s e .  and  v i s c e r a l l y  

media ted  r e s p o n s e s  o f  r e s p i r a t i o n  r a t e  and  h e a r t  r a t e  a r e  more c l o s e l y  

. c 
r e l a t e d  than t h e  o t h e r  autonomic r e s p o n s e s  o f  p e r i p h e r a l  v a s o c o n s t r i c -  

t i o n  (Demod & Chisholm, 1977)  and  s k i n  conductance (Ga tche l  e t  a l . ,  
* t LJ 

1 9 7 8 )  though even t h i s  p o s i t i o n  i s  c o n t e n t i o u s  (Alexander ,  1975;  

M e x a r d e r  & White,  1979; F r i d l u n d  e t  a l .  , 1980) . I n  t h e  p r e s e n c e  of 

e x t e r n a l  t h r e a t ,  however,  t h e r e  i s  e v i d e n c e  t h a t  s u g g e s t s  t h i s  rela- 

t i o n s h i p  i s  ur, tenaSle and that t h e r e  i s  f r a c t i o n a l i z a t i o n  o f  s p e ~ i f i c i t y  

o f  t h e  l e a r n e d  p h y s i o l o g i c a l  r e s p o n s e .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  

even  Budsynski  whose x o r k  i s  u n i v e r s a l l y  c i t e d  in s u p p o r t  o f  t h e  c u l t i -  
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P h y s i o l o g i c a l  Theory o f  Emotion 

The g e n e r a l  p h y s i o l o g i c a l  t h e o r y  o f  human emotion is  t h a t  d u r i n g  

normal a c t i v i t i e s  t h e r e  i s  a h o m e o s t a s i s  between t h i  s y m p a t h e t i c  and  

p a r a s y m p a t h e t i c  b ranches  o f  t h e  autonomic nervous  sys tem.  He igh tened  

a r o u s a l ,  i n c l u d i n g  a n x i e t y ,  r e s u l t s  i n  t h e  a c t i v a t i o n  and dominance o f  

t h e  s y m p a t h e t i c  sys tem marked by i n c r e a s e s  i n  r e s p i r a t i o n ,  h e a r t  rate,  

muscii lar  t e n s i o n  and p e r i p h e r a l  v a s o c o n s t r i c t i o n ;  d e c r e a s e s  a n  s k i n  

r e s i s t a n c e ;  i n t e s t i n a l  c o n t r a c t i o n ,  s e c r e t i o n  o f  e p i n e p h r i n e  ( a d r e n a l i n ) ,  

p u p i l l a r y  d i l a t i o n ,  and  c e s s a t i o n  o f  s a l i v a r y  g l a n d  s e c r e t i o n .  Dur ing  

p e r i o d s  o f  r e s t  or r e l a x a t i o n ,  t h e  p a r a s p p t h a t i c  sys tem becomes dominant 

w i t h  t h e  converse  p h y s i o l o g i c a l  r e a c t i o n s .  The i n i t i a l  c o n c e p t i o n  o f  

a c t i v a t i o n  was t h a t  t h e s e  p h y s i o l o g i c a l  r e s p o n s e s  a c t e d  i n  c o n c e r t .  

D i f f e r e n t  p a t t e r n s  o f  a c t i v i t y ,  where t h e y  e x i s t e d ,  were of l i t t l e  

p r a c t i c a l  o r  t h e o r e t i c a l  impor tance  (Cannon, 1929)  . 
F u r t h e r  i n v e s t i g a t i o n s ,  however,  have shown t h a t  i n d i v i d u h  

-- 

r e s p o n s e  v a r i a t i o n s  o r  p a t t e r n s  are i m p o r t a n t .  There  a r e  b o t h  u n i q u e  

i n t r a i n d i v i d u a l  p a t t e r n s  o f  p h y s i o l o g i c a l  r e s p o n s e  a c r o s s  a l l  s t i m u l i ,  

and  un ique  p h y s i o l o g i c a l  r e a c t i o n s  to d i f f e r e n t ,  t y p e s  o f  s t i m u l i  t h a t  

a x e  common a c r o s s  p e r s o n s .  These r e s p o n s e  p a t t e r n s  are known r e s p e c t -  --. 
i v e l y  as i n d i v i d u a l  r e s p o n s e  s t e r o t y p y  and  s t i m u l u s - r e s p o p s e  s p e c i f i c i t y .  

Below, a b r i e f  summary o f  t h e  e v i d e n c e  f o r  t h e  t w o  c o n c e p t s  w i l l  be 

presen tGd,  and  t h e  i m p l i c a t i o n s  o f  each  f o r  t h e  p r e s e n t  s t u d y  g i v e n .  



Ind iv idua l  Response S t e r eo typy  

3 
I n d i v i d u a l  response s t e r e o t y p y  r e f e r s  t o  t h e  tendency o f  a n  i n d i v i d -  

u a l  t o  e x h i b i t  a  c o n s i s t e n t  b u t  i d i o s y n c r a t i c  p a t t e r n  o f  autonomic 

response  i n  response  to t h e  p r e s e n t a t i o n  o f  a  s t imulus  o r  s t i m u l i  

,'- 
(Lacey, Bateman & Van Lehn, 1953) .  The demonstrat ion of s t e r o t y p y  

i n v o l v e s  t h e  concordance i n  rankings  o f  changes i n  gympathetic a c t i v i t y  

from n o n s t r e s s  t o  s t r e s s  c o n d i t i o n s ,  and/or t h e  rankings  o f  a b s o l u t e  

l e v e 1 , o f  sympathe t ic  a c t i v i t y .  Lacey e t  al. (1953) used a  l a b i l i t y  

s c o r e  de f ined  a s  t h e  maximum disp lacement  a  p h y s i o l o g i c a l  func t ion  

; e x h i b i t s  d u r i n c ~  stress (and measured by a  normalized T s c o r e )  t o  provide  - 

comparisons between m o d a l i t i e s .  Monitoring t h e  t h r e e  a"utonomic f u n c t i o n s  

o f  palmar conductance; h e a r t  r a t e  and h e a r t  r a t e  v a r i a b i l i t y ,  ev idence  

o f  s t e r o t y p y  was found a c r o s s  ' f o u r  d i f f e r e n t  s 6 .  Using an au to-  

nomic t e n s i o n  sco re  ( a  normal ized  T s c o r e  t o  compare a b s o l u t e  a c t i v i t y  

a c r o s s  s t r e s s o r s ) ,  Lacey and Lacey (1958) r e p l i c a t e d  t h e i r  f i n d i n g s  9 
I 

a c r o s s  s i x  s t anda rd  s t r e s s o r s .  F u l l y  93% o f  ' t h e i r  s u b j e c t s  demonstra 4. 
s t e r e o t y p y  under  t h e s e  c o n d i t i o n s .  

Other  suppor t  f o r  s t e r e o t y p y  has  come from Pa t ton  (196b) .  p a t t o n  

(1969) exposed 24 U .  S. Navy e n l i s t e d  men t o  p h y s i c a l ,  p e r c e p t u a l  

d" (movie of s u r g i c a l  p rocedures)  , and c o g n i t i v e  t a s k s  wh i l e  moni tor ing  

pu l se  ra te ,  s y s t o l i c  blood p r e s s u r e ,  s k i n  .conductance, and i n s t e p  

tempera ture ,  He r e p o r t e d  t h a t  " s u b j e c t s  responded c o n s i s t e n t l y  under  

$ vary ing  stress c o n d i t i o n s  bo th  i n  terms o f  change i n  sympathe t ic  nervous  

system (SNS) a c t i v i t y  from n o n s t r e s s  t o  s t r e s s  c o n d i t i o n s  and i n  terms 

of a b s o l u t e  l e v e l  of S N S  a c t i v i t y  d i sp layed  dur ing  s t r e s s "  (p. 2 0 7 ) .  



Borden (1979) monitored h e a r t  r a t e ,  s k i n  'conductance, f i n g e r  

b 
e (analogous t o  p e r i p h e r a l  s k i n  t empera tu re ) ,  and s e l f -  

> 

r epo r f ed  a n x i e t y  i n  undergradua te  s den t s  a n t i c i p a t i n g  s o c i a l  speaking.  4, 
They found t h a t  h i g h  and l o w  s o c i a l l y  anxious  s u b j e c t s  w e r e  d i s c r i m i n -  

a b l e  on t h e  b a s i s  o f  f i n g e r  p u l s e  volume i n d i c a t i v e  o f  s t e r e o t y p y  
f 

w i t h i n  t h e s e  two s u b j e c t  l l y ,  Roess le r ,  G r e e n f i e l d  and 

Alexander (1964) found a 72 p e r c e n t  inb idence  o f  s t e r e o t y p i c  r e sponses  

i n  36 undergraduate  s t u d e n t s  exposed t o  s i x  d i f f e r e n t  i n t e T F 3 t i e s  o f  

sound adminis te red  two d i f f e r e n t  t imes ,  a l though t h i s  ev idence  o f  

s t e r e o t y p y  i s  m i t i g a t e d  by t h e  f a c t  t h a t  o n l y  s k i p  r e s i s t a n c e  was, 

monitored. 
3 

The i m p l i c a t i o n  o f  i n d i v i d u a l  response , , s te reo typy  f o r  t h e  p r e s e n t  

t h e s i s  l i e s .  i n  t h e  ev idence  t h a t  i n d i v i d u a l s  do have a unique and i d i o -  

s y n c r a t i c  response t o  s t r e s s  and t h a t  t h i s  unique p h y s i o l o g i c a l  response  

may be i n d i c a t i v e  o f  t h e  major p h y s i o l o g i c a l  component o f  a n x i e t y  f o r  

t h e  i n d i v i d u a l .  An impor t an t  c o n s i d e r a t i o n  indemons t r a t i ng  s t e r e o t y p y  

however, i s  t h e  concept  o f  st imulus-re-sponse s p e c i f i c i t y .  a 

L 

Stimulus-Response S p e c i f i c i t y  

A s  d e f i n e d  by Sternbach (1966) s t imulus-response s p e c i f i c i t y  states 

t h a t  s t r e s s f u l  s t i m u l i  w i l l  produce a c h a r a c t e r i s t i c  p a t t e r n  o f  r e sponse  a c r o s s  

i n d i v i d u a l s .  For example, A v e r i l l  (1969)' was a b l e  t o  d i s t i n g u i s h  .. 

unique p a t t e r n s  o f  sympathe t ic  a c t i v a t i o n  produced from s t i m u l i  pro- 

ducing sadness  o r  mi r th .  Monitor ing s y s t o l i c d d  d i a s t o l i c  blood 

p r e s s u r e s ,  h e a r t  r a t e ,  f ace  and f i n g e r  t i p  tempera tures ,  s k i n  r e s i s t a n c e  

and r e s p i r a t i o n ,  A v e r i l l  (1969) found t h e  sadness  group was c h a r a c t e r -  



i z e d  by i n c r e a s e d  b lood  p r e s s u r e  w h i l e  t h e  m i r t h  group was d e n o t e d  by 

i n c r e a s e d  r e s p i r a t i o n  and h e a r t  r a t e s ,  i n c r e a s e d  f a c i a l  t e m p e r a t u r e  

and d e c r e a s e d  f i n g e r  t e m p e r a t u r e .  Axk.(1943) measured s u b j e c t ' s  h e a r t  

r a t e ,  r e s p i r a t i o n  r a t e ,  f a c e  and f i n g e r  t e m p e r a t u r e s ,  s k i n  c o n d u c t a n c e  

and f r o n t a l  muscle  t e n s i o n  in r e s p n s e  t o  s t i m u l i  r e p r e s e n t i n g  f e a r  o r  

a n g e r .  He found t h a t  d i a s t o l i c  blood p r e s s u r e   increase^, h e a r t  r a t e  

d e c r e a s e s ,  number o f  r i s e s  i n  s k i n  conduc tance ,  and f r o n t a l  musc le  

t e n s i o n  i n c r e a s e s  were g r e a t e r  f o r  a n g e r  t h a n  f o r  f e a r ,  w h e r e a s  s k i n  

conduc tance ,  f r o n t a l  muscle  t e n s i o n  and r e s p i r a t i o n  r a t e  i n c r e a s e s  were 

g r e a t e r  f o r  f e a r  t h a n  f o r  a n g e r .  The s t u d y  by Knight  and Borden (1979)  

p r e v i o u s l y  c i t e d  i n  s u p p o r t  o f  i n d i v i d u a l  r e s p o n s e  s t e r e o t y p y  also 

p r o v i d e s  s u p p o r t  f o r  s t i m u l u s - r e s p o n s e  s p e c i f i c i t y .  Although h i g h  and 

low s o c i a l l y  a n x i o u s  s u b j e c t s  were d i s c r i m i n a b l e  on t h e  basis o f  f i n g e r  

p u l s e  volume, b o t h  g roups  demons t ra ted  i n c r e a s e d  h e a r t  r a t e  and  s k i n  - 
conduc tance  l e v e l s  i n  a n t i c i p a t i o n  o f  s o c i a l  speak ing .  A f t e r  r e v i e w i n g  

t h e  l i t e r a t u r e  on r e s p n s e  s p e c i f i c i t y ,  S te rnbach  (1966) c o n c l u d e s  t h a t  

it i s c l e a r  t h a t  d e p e n d i n g o n d i f f e r e n t  s t i m u l i  o r  s t i m u l u s  c o n d i t i o n s ,  

d i f f e r e n t  p a t t e r n s  o f  p h y s i o l o g i c a l  a c t i v a t i o n  whlch a r e  i n d i c a t i v e  o f  

s t i m u l u s - r e s p o n s  s p e c i f i c i t y  a l s o  e x i s t  (pp. 89-90) . 
The i m p r t a  e  o f  s t i m u l u s - r e s p o n s e  s p e c i f i c i t y  i n  d e m o n s t r a t i n g  a 

' s  a 
i n d i v i d u a l  r e s p n s e  s t e r e o t y p y  h a s  t o  d o  w i t h  s t i m u l u s  s i m i l a r i t y .  

R o e s s l e r  e t  a l .  (1964) have found t h a t  s t i m u l u s  s i m i l a r i t y  h a s  a 

p o s i t i v e  e f f e c t  on  t h e  d e g r e e  o f  s t e r e o t y p y  e x h i b i t e d .  .Lacey and Lacey 

(1959, 1962)  have a l s o  found  s u p p o r t  f o r  t h i s  r e l a t i o n s h i p .  A d d i t i o n a l l y ,  

t h e y  p r o v i d e  t h e  f i n d i n g  t h a t  p h y s i o l o g i c a l  r e s p n s e  p a t t e r n s  c o u l d  be 



c l a s s i f i e d  accord ing  to t h e  f u n c t i o n a l  s i g n i f i c a n c e  of t h e  s t i m u l i  

t h a t  e l i c i t  them -- e i t h e r  p e r c e p t u a l  (eg. t r a c k i n g ) ;  motor (eg.  c o l d  

p r e s s o r  t e s t ) ,  o r  c o g n i t i v e  ( mental a r i t h m e t i c )  . In o r d e r  to have 

t h e  most s e n s i t i v e  measure o  t e ro typy ,  i t  fo l lows  then ,  t h a t  s t i m u l i  

employed should be o f  t h e  s a m e ~ f u n c t i o n a l  s e t .  

? '  

I 

Most React ive Phys io log ica l  Nodal i ty  i 
Despi te  t h e  ev idence  c i t e d  i n  suppor t  o f  response s t e r e o t y p y ,  

t h e r e  i s  some cause  f o r  c a u t i o n  in us ing  s t e r eo typy  i n  psychophysiologi-  

c a l  research .  Th i s  c a u t i o n  concerns t h e  r e p r o d u c i b i l i t y  o f  s t e r e o t y p y  

ove r  time (Lawler,  1980: Roess le r  & ~ n ~ e l ,  1977) .  Tes t s  on t h e  r e l i a b i l i -  

t y  of  t h e  concep't have n o t  been promising. 

Lacey and Lacey (1962) t e s t e d  37 c h i l d r e n  ages  6 t o  17  in r e a c t i o n  

t o  a  c o l d  p r e s s o r  t e s t  f o u r  y e a r s  a p a r t .  Using rank o r d e r s  o f  

response magnitudes t o  s y s t o l i c  and d i a s t o l i c  blood p r e s s u r e s ,  palmar 

conductance, h e a r t  r a t e  and h e a r t  r a t e  v a r i a b i l i t y ,  good r e p r o d u c b i l i t y  

was found. Yet t o  show r e p r o d u c b i l i t y  o f  s t e r e o t y p y ,  r e a c t i v i t y  to 

more than  one s t r e s s o r  i s  r equ i r ed .  The o t h e r  two s t u d i e s  t h a t  have 

asked t h i s  q u e s t i o n  d i r e c t l y  ha re  y i e l d e d  nega t ive  r e s u l t s .  m e n ,  

Gr inker ,  Heath, Her tz ,  Korchin, Sabshin and Schwartz (1962) monitored 

n ine  autonomic v a r i a b l e s  i n  18 c o l l e g e  s tuden t s  exposed t o  t h r e e  s t imu lus  - , ' 
L c o n d i t i o n s  o v e r  a  per.iod of one week. ~ e g a r d l e s s  o f  whether t h e  s p e c i f i c  

v a r i a b l e  showing maximum change, o r  t h e  h i e ra rchy  o f  r e sponses ,  was 

used, r e p r o d u c i b i l i t y  was not found.  S i m i l a r l y ,  Johnson, Hord and Labin 

( r epo r t ed  i n  Sternbach,  1966) measured fou r  autonomic responses  48 ho rs X 



apart in 24 Navy men exposed to six stimuli. Although analysis of 

b 
gvariance>yielded supportive evidence for stereotypy in two thirds of 

the subjects, those gubjects who demonstrated stereotypy the first day 

did not necessarily do so- the second day. 

This lack of intraindividual reli-ability has caused recent work 

to shift away from the concept of complete response patterning to the 

- concept of most reactive response system or modality (Lawler, 1980). 

Insofar as reactivity is only one physiological modality or in a most a 

reactive modality requires 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 

reliabilit of reactivity ave.been demonstrated, at least for cardio- k c 
vascular indices of arousal "d anuck & Schaefer, 1978). What remains to 

be shown, however, is that high reactivity leads to a developed 

symptomatology. This relationship relies on the concept of- symptom - 

specificity. f 

Symptom Specificity 

The hypothesis of symptom specificity states that somatic 

complaints are the end result of persistent exposure to stress of 

physiological functions specifically susceptible to activation by 

- stressful experience (Malmo, Wallerstein & Shagass, 1953; Malmo, 

Shagass & Davis, 1950).  Although conclusive evidence in support of 

the hypothesis awaits the arrival of longitudinal studies, the 
-- 

research in this area is highly supportive.. 



Most r e c e n t l y ,  e v i d e n c e  comes from t h e  work in c a r d i o v a s c u l a r  dis- 

f - 
o r d e r s .  . For  example,  L i g h t  a n d  O b r i s t  (1980) have d e m o n s t r a t e d  a 

r e l a t i o n s h i p  between h i g h  h e a r t  r a t e  r e a c t i v i t y  and  a f a m i l y  h i s t o r y  of  

h y p e r t e n s i o n .  L i g h t  (1981) h a s  r e p l i c a t e d  t h i s  f i n d i n g  w i t h  b o t h  h e a r t  

r a t e  and h e a r t  p r e s s u r e  r e a c t o r s ,  and added t h e  important f i n d i n g  t h a t  

r e a c t i v e  s u b j e c t s  were  i n d i s t i n g u i s h a b l e  from n o n r e a c t i v e  o n e s  a t  

+ 
r e s t i n g  b a s e l i n e  l e v e l s .  Ilanuck, Corse  a n d h i n k e l m a n  (1979) have shown 

t h a t  h i g h  b l o o d  p r e s s u r e  r e a c t o r s  e x h i b i t  t h e  c o r o n a r y  p r o n e  t y p e  A 

b e h a v i o r  c h a r a c t e r i s t i c s  o f  t i m e  urgency and l o u d  and  e m p h a t i c  speech 

p a t t e r n s  (Friedman & ~ o s e n m a i ,  1979)  . 
F u r t h e r  s u p p o r t  f o r  t h e  l i n k  between r e a c t i v i t y  and b o t h  b e h a v i o r a l  

+ and psychosomat ic  c o m p l a i n t s  comes from Malmo (1953) who found unique 

EMG s t e r e o t y p y  among headache p rone  s u b j e c t s  v e r s u s  s u b j e c t s  w i t h  

o t h e r  psychsomat ic  c o m p l a i n t s ;  G o l d s t e i n ,  G r i n k e r ,  Heath ,  Oken, and 

Shipman (1964) who were a b l e  t o  demons t ra te  i n d i v i d u a l  r e s p o n s e  s t e r e o -  

\ A  - 
t y p y  o n  s e p a r a t e  o c c a s i o n s  among *depress ive  female  p a t i e n t s ;  and Walker 

and  Sandman (1977) who employed a n  e l e c t r o g a s t o g r a m  ( s l i d e s )  t o  show 

t h a t  g a s t r i c  a c t i v i t y  i n  duodenal  u l c e r  and rheumato id  a r t h r i t i s  p a t i e n t s  
.- .-- 

c o u l d  be d i f f e r e n t i a t e d  i n  s t r e ' s s f u l .  s i t u a t i o n s .  

x 
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Although n o t  m u t u a l l y  e x c l u s i v e ,  t h e  c o n c e p t s  o f  s t i m u l u s - r e s p o n s e  

s p e c i f i c i t y  a n d  i n d i v i d u a l  r e s p o n s e  s t e r e o t y p y  a r e  s t a t i s t i c a l l y  

i n d e p e n d e n t  and demons t rab le  s i m u l t a n e o u s l y  

( S e r s e n ,  C lausen ,  & Lidskey,  1978; F a e s s l e r  

w i t h i n  t h e  same s u b j e c t  

& Enge l ,  1 9 7 7 ) .  The - 



suspect reliability of response stereotypy has led to the use of 

reactivity as the independent variable. Evidence strongly supports 

a relationship between reactivity and specific somatic complaints and 
1 

forms the basis for using most reactive m lity to identify the 

appropriate response system for training. 

' I@ to this point the reasons for not using the most appropriate 

response system and the theoretical justification for choosing~the most 
~-'=+- 

reactive vodality have been dealt with. Next, it is necessary to 
+ $".;-, 

consider some of the evidence surrouriding the~psychophysiological 

stress profile used to identify the most reaqtive modality and to 

assess the 'efficacy of training.' 

The stress- Profile 

The Procedure 

Corson, Schneider, 

(1978) have each pointed 

and evaluation procedure 

Biondi and Myers (1980), Fair (1979) and Almy v 

out the necessity.of a standardized diagnostic 

when employing psychophysiological treatments,. 
* 

While generalized arousakis characteristic of physiological responses 

to stress, individuals vary in their specific patterns of physiological 

arousal to stress, and individuals with anxiety of psychosomatic 

-- 
symptoms are distinguished from normal subjects by their experience of . 

greater and more frequent arousal. In order to assess these differences 

objectively, a standardized procedure is required. 

The normal procedure of such a psychophysislogical assessment 



p r o c e d u r e  o r  s t r e s s  p r o f i l e ,  f o l l o w s  &-I A-B-A d e s i g n .  The s u b j e c t  i s  

c o m f o r t a b l y  s e a t e d  and r e q u e s t e d  t o  r e l a x  f o r  a p r e l i m i n a r y  b a s e l i n e  

* 

"per iod .  He/she i s  t h e n  exposed t o  a  moderate  s t r e s s o r  and a s k e d  t o  

r e l a x  a g a i n  f o r  a p o s t s t r e s s  b a s e l i n e  p e r i o d  (Budsynzki ,  1976; F a i r ,  

- 1 9 7 9 ) .  Throughout t h i s  p e r i d  mul t i - channe l  p h y s i o l o g i c a l  r e s p o n s e s  

a r e  moni to red .  

The i n c l u s i o n  o f  a  s t r e s s  c o n d i t i o n  i s  a r e q u i s i t e  o f  t h i s  p r o -  

c e d u r e .  Whereas p r e v i o u s  c l i n i c a l  work f o c u s s e d  e x c l u s i v e l y  on 

e l e v a t e d  b a s e l i n e s ,  t h e  n e ~ c e s s i t y  of d e r i v i n g  a measure  o f  r e a c t i v i t y  

demands ' a  s t r e s s o r  ep i sode .  L i g h t ' s  (1981) f i n d i n g  t h a t  r e a c t i v e  and 

n o n r e a c t i v e  s u b j e c t s  a r e  i n d i s t i n g u i s h a b l e  d u r i n g  r e s t i n g  c o n d i t i o n s ,  
* 

and DeGood and Adam's (1976) f i n d i n g  t h a t  p o s t t e s t  compar i sons  o f  

b a s e l i n e  l e v e l s  d i f f e r e n t i a t e d  b io feedback  t r a i n i n g ,  muscle  r e l a x a t i o n ,  

and no feedback  groups  o n l y  under  s t r e s s  c o n d i t i o n s  c l e a r l y  demons t ra te  

t h e  need f o r  a  s t r e s s  c o n d i t i o n  i n  b t h  diagnosirs  and  e v a l u a t i o n .  

Moreover, as Gatche l  e t  a l .  (1978) p o i n t  o u t ,  t h e  c l i n i c a l  c o n c e r n  in 

biofeedback  t r a i n i n g  i s  n o t  mere ly  whether  s u b j e c t s  can m a i n t a l n  

c o n t r o l  , o v e r  p h y s i o l o g i c a l  f u n c t i o n s  r e l a t i v e  t o  c o n t r o l  g r o u p s ,  

b u t  whe ther  t h e y  a r e  a b l e  t o  do s o  under  s t r e s s f u l  c o n d i t i o n s .  . 

F a c t o r s  A f f e c t i n g  t h e  S t r e s s  P r o f i l e  

There  are a  number o f  i n t e r n a l  and  e x t e r n a l  f a c t o r s  t h a t  i n f l u e n c e  

t h e  r e s u l t s  o f  a s t r e s s  p r o f i l e .  I n t e r n a l l y ,  t h e  tm  most i m p o r t a n t  

c o n s i d e r a t i o n s  a r e  t h e  t y p e  o f  s t i m u l i ,  and t h e .  s t a n d a r d i z a t i o n  p r o -  

c e d u r e  employed. E x t e r n a l l y ,  a number o f  e n v i r o n m e n t a l  and p e r s o n a l  q 



f a c t o r s  must be cons idered .  

t y p e  of  s t i m u l i .  

Type o f  S t imu l i .  The type  of  s t i m u l u s  employed i n  a  stress p r o f i l e  

ha s  impor t an t  i m p l i c a t i o n s  f o r  i d e n t i f y i n g  t h e  most r e a c t i v e  p h y s i o l o g i c a l  

modal i ty .  Almy (1978) h a s  argued t h a t  t h e  s t i m u l i  used i n  a  t r u e  
- 

c l i n i c a l  s e t t i n g  should,  a s  n e a r l y  a s  p o s s i b l e ,  have pe rce ived  s t r e s s  

.value f o r  t h e  i n d i v i d u a l .  While conceding t h e  d i f f i c u l t y  o f  i n d i v i d u a l l y  
srr, 

s e l e c t i n g  such  s t i m u l i ,  and t h e  r i s k  o f  i n d u c i n g , a  Fraumatic  expe r i ence  

- 

f o r  t h e  client., Almy (1978) a rgues  t h a t  i n d i v i d u a 1 ; s p c i f i c  s t i m u l i  w i l l  

be more l i k e l y  t o  d e t e c t  r e a c t i v i t y  t han  s tandardTzed and more n e u t r a l  
3 

st jmuli .  

An a l t e r n a t e  approach i s  sugges ted  by R o e s s l e r  e t  a l .  

(1959)-, and Lacey, Kagan, Lacey and Moss (1963) .  heir f i n d i n g  (I9? :"' 
\? 

p o s i t i v e  e f f e c t  f o r  s t imu lus  s i m i l a r i t y  i n  demons t ra t ing  response  s t e r e o -  

t ypy  and hence r e a c t i v i t y ,  and Lacey e t +  a l . ' s  (1963) s t i m u l u s  c l a s s i f i c a -  

t i o n  system based on f u n c t i o n a l  s i g n i f i c a n c e  s u g g e s t s  t h a t  t h e  most 

s e n s i t i v e  measure of r e a c t i v i t y  would be t h e  one t h a t  u t i l i z e s  a number 
% 

o f  s t i m u l i  from t h e  same f u n c t i o n a l  s e t .  Although Almy's p o i n t  may 

be  w e 4 1  t aken  i n  a  pu re ly  c l i n i c a l  s e t t i n g ,  i n  an exper imenta l  p ro-  

cedu re  s t i m u l i  which a r e  s t anda rd i zed  a c r o s s  i n d i v i d u a l s  and which can 

be used t o  make o b j e c t i v e  independent  assessments  i s  p r e f e r a b l e .  I n  

accord  w i t h  t h i s  l o g i c ,  t h r e e  c o g n i t i v e  s t r e s s o r s  were employed i n  t h i s  

t h e s i s .  I t  i s  important  t o  no t e ,  of  cou r se ,  t h a t  t h i s  choice  l i m i t s  t h e  



I 

g e n e r a l i z a b i l i t y  of f i n d i n g s  about  r e a c t i v i t y  t o  r e a c t i v i t y  as a r e s u l t  

o f  Cogni t ive  s t r e s s o r s .  

a 

Method o f  ~ t a n d a q d i z a t i o n .  A m a t t e r  o f  c r u c i a l  importance i s  t h e  

method by which most r e a c t i v e  phys io logica l , 'modal i ty  w i l l  be assessed .  

The d i f f i c u l t y  a r i s e s  i n  t h e  need to make meaningful i n t r a i n d i v i d u a l  

comparisbns between response m o d a l i t i e s  w i th  d i f f e r e n t  u n i t s  o f  measure- 

ment. For example, i s  a  h e a r t  r a t e  i n c r e a s e  o f  1 0  b e a t s  p e r  minute 

(bpm) i n  response t o  a  d r e s s o r  m r e  r e a c t i v e  than  a  f r o r ~ t a l  EMG 

i n c r e a s e  o f  1 microvol t ,  o r  a  decrease  i n  p e r i p h e r a l  ;kin temperature o f  

2 c 0 .  In  t h e  p a s t ,  t h e  i d e n t i f i c a t i o n  of  dominant p h y s i o l o g i c a l  

responses  was made by c l i n i c a l  judgement of o v e r e l e v a t e d  b a s e l i n e s  . 

( ~ e l l e t i e r ,  Gladman & Mikuriya, 1976).  When r e a c t i v i t y  i s  used t o  

determine dominant phys io log ica l  response,  however, t h e s e  d iscr imina-  
-z- 

t i o n s  a r e  more d i f f i c u l t  and a more o b j e c t i v e  procedure  is requ i r ed .  

The o n l y  a t t empt  t o  d a t e  o f  de te rmining  r e a c t i v i t y  has  been t h e  

s p l i t - h a l f  ( u w l e r ,  1980) o r  median-sp l i t  (Carney, 1981) method. 

Using t h i s  method, d i f f e r e n c e s  between r e s t i n g  phys io log ica l  b a s e l i n e s  

and a  phys io log ica l  ? t r e s s  r e a c t i o n  a r e  rank  o r d e r e d  from h i g h e s t  to 

lowes t  s c o r e s . ,  The sample i s  then  d iv ided  i n t o  two equal  groups 

-\- 
acco rd ing  t o  t h e  median va lue  with t h e  t o p  h a l f  being i d e n t i f i e d  as 

high  r e a c t i v e  and t h e  bottom h a l f  being l a b e l e d  as low r e a c t i v e .  

There a r e  t w o  d i f f i c u l t i e s  wi th  t % i s  method. F i r s t ,  t h e  ' a ~ p r o a c h  

does n o t  a l l o w  i n t r a i n d i v i d u a l  comparisons o f  r e a c t i v i t y  tb be made 
- 

between d i f f e r e n t  phys io log ica l  response systems.  Although one w i t h i n  
6 

s u b j e c t  ph-l~siological  response may be e x c e p t i o n a l l y  more r e a c t i v e  than  



o t h e r  responses ,  t h i s  o v e r r e a c t i v i t y  w i l l  n o t  be 
/ 

ri 

i d e n t i f i e d .  The secona d i f f i c u l t y  wi th  t h e  median-sp l i t  method i s  

t h a t  depending upon t h e  sampling d i s t r i h t i o n ,  i n d i v i d u a l  d i f f e r e n c e s  

G ,. 
t h a t  m y  be c l i n i c a l l y , ~ s i g n i f i c a n t  a r e  obv ia t ed .  For example, t h e  

I - 
method would.'have- l i m i t e d  u t i l i t y  i f  a  sample were drawn from a 

, '. 
c l i n i c a l  popu la t ion  i n  which a l l  s u b j e c t s  might be expected t o  be highly  

r e a c t i v e .  By d e f i n i t i o n  t h i s  method would s t i l l  Label h a l f  o f  t h e  

sample a s  low r e a c t i v e  s u b j e c t s .  There 

s tan$ard ized  procedure which would make 

p h y s i o l o g i c a l  responses w i th in  s u b j e c t s  

7 
o f  t h e  gopula-tion from which t h e  sample - 

P 

i s ,  t h e r e f o r e ,  a  need f o r  a 1 
meaningful compari sons be tween 

h 

and which would k independent  

was drawn. 

To d a t e ,  four  s t a n d a r d i z a t i o n  procedures  have been employed. 

Lkcey e t  a l .  (1953) have used autonomic t e n s i o n  and autonomic l a b i l i t y  

s c o r e s  (normalized T s c o r e s  a c r o s s  s t r e s s o r s ,  and a c r o s s  s u b j e c t s  

r e s p e c t i v e l y )  t o  make these  comparisons w i t h  t h e  autonomic t e n s i o n  

s c o r e s  d i s p l a y i n g  t h e  most dramat ic  r e s u l t s .  Engel (1960) has  employed 

a v a r i a t i o n  on t h e  s t anda rd ized  Z s co re  t r ans fo rma t ion  wi th  t h e  d i f f e r - ,  

ence  between t h e  i n d i v i d u a l  ' s response and t h e  g roup ' s  mean response to 

a l l  s t i m u l i  a s  t h e  numerator, and t h e  w i t h i n  

ance  a n a l y s i s  a s  t h e  denominator. Sersen e t  

Engel ,  a rgue  t h a t  use o f  t h i s  numerator does 
< - J 

i n  respon& as a func t ion  o f  mean l e v e l ,  and 

, sub jec t  e r r o r  o f  a  c o v a r i -  

a l .  (1978),  i n  response to 

n o t  a d j u s t  f o r  d i f f e r e n c e s  

propose t h e  a l t e r n a t e  

numerator o f  dev ia t ion  between t h e  a c t u a l  and p r e d i c t e d  s c a r e  p l u s  t%e 
---r 

mean response of  t h e  group t o  t h a t  p a r t i c u l a r  phys io log ica l  f u n c t i o n .  
d 

Each o f  t hese  p rev ious ly  used methods a re , ,  however, s u b j e c t  to t h e  



b' r 
c r i t i c i sm t h a t  they employ group means t o  de t ec t  what a r e  i n  f a c t  * G. 

in t ra individual  differences (Hiebert, 1980) . A more appropriate 

49 
procedure would seem t o  be a standardized difference score with the 

difference between basel'ine and stimulus scores a s  the  numerator and 
* 

the baseline standard deviaeion-as the  denominator. 

The formula fo r  such a  standardized r eac t iv i ty  transformation o r  

ZR transformation would be a s  follows: 
> .  

- 
where X = the mean f o r  s t r e s so r  1 
i S 

- = the i n i t i a l  baseline mean 

X 1 ~  

= the standard deviat-ion fo r  the i n i t i a l  
S D I B  baseline 

This method would take i n t o  account a subjec t ' s  change from base- 

l i n e  i n  response t o  a  s t r e s so r  a s  well a s  var ia t ions  i n  baseline t h a t  

could exaggerate reac t iv i ty .  As a diagnost ic  instrument it would a l so  
\ 

provide a  measure of suscep t ib i l i t y  t o  s t r e s s  ( r eac t iv i ty )  p r i o r  t o  the 

development of chronic symptoms marked by overelevated baselines 

External factors .  There a r e  a l so  external  fac tors  t h a t  a f f e c t  

physiological measurement and hence r e l i a b i l i t y  of the s t r e s s  p ro f i l e .  

Time of day (Corson e t  a l . ,  1980) and semester ( fisher & Winkel, l979) ,  

'i 

season and meteorological changes (Waters, Koresko, ~ o s s i e  & ~ a c k l e y ,  

# 

19791, fa t igue (Roessler&En% 1977), caffeine (Aster i ta ,  Smolnicky & 

Iatridis, 1981) and post prandial  e f f e c t s   air, 1979; Patton, 1969) 



J 
all have a doc-ented relationship with physiological measurement. 

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

ious results. 

The psychophysiological stress profile is a necessary procedure in 

order to provide an dbjective and quantitative assessment of most 

reactive modality and evaluation of treatment under stress conditions. 

The stress profile follows an A-B-A relaxation-stress-relaxation design 
Y 

while monitoring physfological modalities. .The nature of stimuli 

chosen, the standardization procedure between modalities, and external 
u 

variables.are all important considerations in the employment of the 
- 

stress profile. 

Standard Deviatipn as a Physiological ~e~endknt Measure 

The final issue to be dealt with here is the'choice of physiological 

dependent measure The stress profile strongly implies that response 
' 4  

- variability throughout the relaxation-stress-relaxation procedure is 
+ - 

the appfopriate dependent measure. It is, however, only very recently 

that standard devia&ion (SD) has been called for as an important and , 

+- - 
sensitive measure of self-regulaCion (Schwartz, 1981; Shein & Mandel, - - 

I- _ -- - - 
- - 1981). As a result, only little research has been performed using-fiiis- -- _--> 

measure. 

Shein and Mandel (1981) employed an A-B-A design in a singke 
- 

case study of a cerebral palsy subject. Sampling frontalis EMG 60 

times per minute ovzr 16 sessions of frontalis EIVr; reduction training, 
4 

,2 



Shein and m n d e l  found t h a t  a l though t h e r e  were no c l e a r  i n d i c a t i o n s  of 

mean f r o n t a l i s  muscle, dec reases  o v e r  s e s s i o n s ,  t h e r e  were S D  dec reases  

-. 
a c r o s s  s e s s i o n s .  I 

-,r 
Hnatiow and Iang  (1965) i n c i d e n t a l l y  r epo r t ed  evidence o f  d i f f e r -  

e n t i q c b n c l u s i o n s  us ing  t h e  fwo dependent neasures  i n  a c o n t r o l l e d  

''u outcome s tudy  o f  h e a r t  r a t e  v a r i a b i l i t y .  Sub jec t s  r e c e i v i n g  v i s u a l  
,-a 

analogue feedback were r eques t ed  t o  main ta in  t h e i r  h e a r t  r a t e  w i t h i n  

one bea t  o f  t h e i r  average r e s t i n g  l e v e l  whi le  c o n t r o l  s u b j e c t s  s imply 

t r acked  t h e  feedback s igna l .  It was demonstrated t h a t  experimental  

s u b j e c t s  were a b l e  t o  reduce t h e i r  c a r d i a c  v a r i a b i l i t y  s u c c e s s f u l l y ,  

b u t  t h i s  s t a b i l i z a t i o n  e f f e c t  was u n r e l a t e d  t o  c o i n c i d e n t  changes 
-2 

i n  mean h e a r t  r a t e .  This  i n c i d e n t a l  f i n d i n g  has a l s o  been r epor t ed  i n  

l a t e r  s t u d i e s  (Lang, Sroufe & Has t ings ,  1967; Harr ison & m s k i n ,  1976) ,  . 'k. 

al though a t  l e a s t  one s tudy  (Sroufe ,  1969) has  found t h a t  exper imenta l  

s u b j e c t s  rimintainedbothmean h e a r t  r a t e  and v a r i a b i l i t y  dec reases  o v e r  

a c o n t r o l  group. 

Although a l l  o f  t hese  s t u d i e s  s imply  sampled S D  o v e r  t h e  d u r a t i o n  

of t r a i n i n g  procedures ,  and none o f  t h e  s t u d i e s  employed a s t r e s s  

i nduc t ion  procedure ,  they  o f f e r  t h e  sugges t ion  t h a t  u s ing  a s u b j e c t ' s  

response v a r i a b i l i t y  a a p h y s i o l o g i c a l  dependent measure may l e a d  t o  b- 
d i f f e r e n t  conc lus ions  than  a r e  achieved  by us ing  mean l e v e l s  o f  p h y s a -  

. . 

l o g i c a l  a c t i v i t y  a s  a p h y s i o l o g i c a l  dependent measure. Moreover, 

when a s t r e s s  i nduc t ion  procedure i s  employed, it is a - s u b j e c t ' s  
& 

response v a r i a b i l i t y  a s  one gdes from a nons t r e s s  t o  s t r e s s  and 

r e t u r n i n g  t o  a nons t r e s s  s i t u a t i o n  t h a t  i s  o f  primary i n t e r e s t .  A 



f /  $-. 
method of measuring this response variability is to calcul 

subject's standard deviation over the duration of the nons . .  

stress-nonstress sequence for each physiological modality.  he* 
t 

question that arises is whether using this derived measure of response 
W 

variability, referred to hereafter as a subject's profile SD, yields 

the same results as when mean levels of physio1ogical.activity are 

used as the physiological dependent measure. 

The Development of ~ ~ ~ o t h e s e s  

4 
This thesis was designed as a preliminary investigation of-the c' - 

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 M G  would yield 

different patterns of physiological 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 receiving reactive modality feedback training will 

as a group, exhibit significant anxiety decrements on treatment- 

control postscore comparisons as measured by frontal EM;, 

peripheral skin temperature, skin resistance, heart rate and 

the State-Trait-Anxiety Inventory (STAI). 



2 .  Subjects  r ece iv ing  r e a c t i v e  modality.biofeedback t r a i n i n g  

on t h e  same modali ty w i l l  experience s i g n i f i c a n t  anx ie ty  

decrements- on t rea tment-contro l  pos tscore  comparisons f o r  t h e  

physio logica l  modality on which they received t r a i n i n g .  

4 
s rece iv ing  r e a c t i v e  modality biofeedback t r a i n i n g  

on t h e  sdme modality w i l l  n o t  experience s i g n i f i c a n t  anx ie ty  

increments on t rea tment-contro l  pos tscore  comparisons on 

moda l i t i e s  i n  which they d i d  not  rece ive  t r a i n i n g .  

4. Subjects  r ece iv ing  r e a c t i v e  modality biofeedback t r a i n i n g  
** 

w i l l ,  a s  a  group, exper ience  s igni fTcant  anx ie ty  decrements 

on a g r e a t e r  number of  physio logica l  i n d i c e s  of  a n x i e t y  when 

p r o f i l e  S D  i s  used a s  a  dependent measure than when mean 
C. 

- l e v e l  of  phys io log ica l  a c t i v i t y  i s  w e d  a s  a dependent 

measure. 
* 

5 .  ~ u b j e c t s ' r e c e i v i n g  r e a c t i v e  modality biofeedback t r a i n i n g  - 
on the  same phys io log ica l  modality w i l l  experience s i g n i f i c a n t  

anx ie ty  decrements on a g r e a t e r  number o f  phys io log ica l  i n d i c e s  

of anx ie ty  when p r o f i l e  SD i s  used a s  a dependent measure 

than when mean l e v e l s  of physio logica l  a c t i v i t y  i s  used as a 

dependent measure. 

A word of  caut ion  should be introduced here.  The s ta tement  of  

hypotheses above, r e l y  upon t h e  c e n t r a l  assumption t h a t  biofeedback 

t r a i n i n g  in a s p e c i f i c  modality w i l l  l e a d  t o  physio logica l  r educ t ions  



only .  o n - t h e  t a r g e t  t r a i n i n g  modal i ty .  The s t a t emen t  i n  hypo thes i s  one 
. - .  

t h a t  s u b j e c t s  w i l l ,  as la group, experi'ence p h y s i o l o g i c a l  r e d u c t i o n s  qn 

a l l  p h y s i o l o g i c a l  i n d i c e s  of a n x i e t y  does n o t  r e f e r  t o  t h e  gen 'e ra l iza-  

t i o n  o f  p h y s i o l o g i c a l  r e d u c t i o n s  wi th in  s u b j e c t s .  r at her it connotes  t h a t  

wi th  equalv subgroups o f  s u b j e c t s  r e c e i v i n g  biofeedback t r a i n i n g  i n  each  

modal i ty ,  each subgroup should exper ience  s u f f i c i e n t  r e d u c t i o n s  i n  t h e  

t r a i n e d  modal i ty  t o  i n f l u e n c e  t h e  mean f o r  t h a t  modal i ty  when t h e  sub- 

groups a r e  . cons ide red  t o g e t h e r .  

The n e x t  c h a p t e r  w i l l  o u t l i n e  t h e  e s i g n ,  p r o v i d e  

d e ~ c r i ~ t i v e ' s t a t i s t i c s  o f  t h e  r e sea rch  sample, and d e s c r i b e  t h e  a s s e s s -  

ment, t r ea tmen t  and a n a l y s i s  procedures  used i n  t e s t i n g  t h e s e  hypo- , 

t h e s e s .  , 



CHAPTER I11 

PROCEDURE AND DESIGN 

In  t h e  p rev ious  c h a p t e r ,  t h e  hypotheses f o r  t h i s  s tudy  were 

developed. This  c h a p t e r  o u t l i n e s  t h e  methodology employed t o  t e s t  

t h e  hypotheses.  F i r s t ,  t h e  r e s e a r c h  des ign  i s  o u t l i n e d ,  Th i s  is  

followed by a d i s c u s s i o n  o f  t h e  s u b j e c t  sample and t h e  p h y s i c a l  

f a c i l i t i e s  i n  which t h e  experiment  took  p l ace .  Next t h e  assessment  

procedures  and dependent measures a r e  b r i e f l y  p re sen ted .  F i n a l l y ,  

t h e  t r ea tmen t  procedure is desc r ibed .  

Research Design -- - 

The r e sea rch  des ign  employed i n  t h i s  s tudy  w a s  a 2x2 f a c t o r i a l  

des ign  wi th  r epea t ed  measures on  one f a c t o r .  The des ign  i s  i l l u s t r a t e d  

i n  Figure 1 b l o w :  

Index o f  Anxiety 

P r e t e s t  P o s t t e s t  
S t r e s s  p r o f i l e  S t r e s s  p r o f i l e  

(T1 (T* 

Treatment 

React ive 
m d a  li t y 
.Biofeedback ' 

N o  Contac t  
F 

Biofeedback, 
Exposed 
Control  

6 ---+@=- 

i 

Figure  1. Experimental Design f o r  Data Analys is  



In  F i g u r e  1, t h e  t r e a t m e n t  v a r i a b l e  ( r e a c t i v e  moda l i t y  b iofeedback  

t r a i n i n g  or no c o n t a c t  biofeedback exposed c o n t r o l )  i s  t h e  nonrepea ted  

f a c t o r ,  and t h e  index  o f  a n x i e t y  f a c t o r  (T T ) i s  t h e  r epea t ed  f a c t o r .  
1' 2 

Repeated measures a n a l y s e s  o f  va r i ance  were r e p l i c a t e d  f p r  each  o f  t h e  

f o u r  monitored p h y s i o l o g i c a l  m o d a l i t i e s  us ing  f i r s t ,  mean l e v e l s  o f  

p h y s i o l o g i c a l  r eco rd ing  and t h e  STAI r e s u l t s  as \Tpendent  measures and 
B d 

-7 
second, response  v a r i a b i l i t y  ' f o r  each phys io log ica l  moda l i t y  a s  t h e  

dependent measure. 

Choice o f  S t a t i s t i c a l  procedure 

Due t o  t h e  number o f  dependent measures employed i n  t h i s  s t u d y ,  a 

l o g i c a l  "argument could be made t h a t  a  mu l t i va r i a . t e  a n a l y s i s  o f  v a r i a n c e  

m u l d  be t h e  most a p p r o p r i a t e  s t a t i s t i c a l  procedure.  Th i s  i s  e s p e c i a l l y  

t r u e  cons ide r ing  t h e  nonzero i n t e r c o r r e l a t i o n s  between t h e  p h y s i o l o g i c a l  

i n d i c e s  o f  a n x i e t y ,  and between t h e  p h y s i o l o g i c a l  and s e l f - r e p o r t  - 
measures o f  a n x i e t y .  A m u l t i v a r i a t e  a n a l y s i s  o f  v a r i a n c e  w u l d  p e r m i t  

s t a t emen t s  t o  be made abou t  t h e  j o l n t  occur rence  o f  p h y s i o l o g i c a l  
/ 

r e d u c t i o n s  i n  one p h y s i o l o g i c a l  mada l i t y  independent  o f  t h e  e f f e c t s  of 

r e d u c t i o n s  i n  ano the r  p h y s i o l o g i c a l  modal i ty .  For  example, i f  one 

wished t o  make s t a t emen t s  to t h e  e f f e c t  t h a t  f r o n t a l  EMG t r a i n i n g  

r e s u l t e d  bo th  i n  f r o n t a l  EMG r e d u c t i o n s  and i n  decreased  h e a r t  rate - 

independent  o f  f r o n t a l  EMG, a  m u l t i v a r i a t e  a n a l y s i s  would be neces sa ry .  

As an e x p l o r a t o r y  i f ; v e s t i g a t i o n ,  however, t h i s  s t u d y  was most 

i n t e r e s t e d  i n  i d e n t i f y i n g  t h e  dependent measures most a f f e c t e d  by 

r e a c t i v e  moda l i t y  biofeedback t r a i n i n g .  As Finn (1974) p i n t s  o u t ,  



v 

u n i v a r i a t e  r a t h e r  t han  m u l t i v a r i a t e  procedures  a r e  t h e  most a p p r o p r i a t e  

s t a t i s t i c s  i n  an e x p l o r a t o r y  s tudy .  Although u n i v a r i a t e  s t a t i  s t lcs  
L h 

may n o t  be independent  f o r  any one hypothes is ,  t h e y  a i d  i n  i d e n t i f y i n g  

the  v a r i a t e s  most and l e a s t  a f f e c t e d  by t h e i r  an t eceden t s  and a r e  a 

d e s i r a b l e  p r e r e q u i s i t e  t o  f u r t h e r  I n  t h i s  s tudy ,  

t h e  i d e n t i f i c a t i o n  o f  which a r e  

most i n f luenced  by r e a c t i v e  modal i ty  byofeedback t r a i n i n g  i s  o f  pr imary 

4 i n t e r e s t .  For t h i s  r e a  on u n i v a r i a t e  r a t h e r  than  m u l t i v a r i a t e  s t a t i s t i -  

- L 
c a l  procedures  were e d .  

Choice of Level o f  s i g n i f i c a n c e  

To f u r t h e r  a s s i s t  i n  t h e  ident ' i f ica t ion  of s a l i e n t  dependent  

measures, t h e  -10 l e v e l  o f  s t a t i s t i c a l  s i g n i f i c a n c e  was employed. 

Resul t s  th roughout  t h e  s tudy  a r e ,  however, r epo r t ed  a t  t h e i r  ach ieved  

l e v e l  of s i g n i f i c a n c e ,  p < . l o ,  t o  f a c i l i t a t e  i n d i v i d u a l  i n t e r p r e t a t i o n s .  

Experimental Procedure 

During t h e  f i r s t  week of  t h e  s tudy  a l l  s u b j e c t s  were admin i s t e r ed  

a psychophys io logica l  stress p r o f i l e  and t h e  S ta te -Tra i t -Anxie ty  

Inventory  (Spieberger ,  1968) .  Based on p r e - t e s t  s chedu l ing ,  s u b j e c t s  

were a l t e r n a t e l y  a s s i g n e d  t o  e i t h e r  a  biofeedback t r e a t m e n t  group o r  to 

a  delayed t r ea tmen t  p r o g r e s s i v e  r e l a x a t i o n  t r a i n i n g  c o n t r o l  group. 

Treatment s u b j e c t s  were scheduled f o r  two h a l f  hour biofeedback s e s s i o n s  

per week f o r  f o u r  weeks o r  u n t i l  l e a r n i n g  t o  c r i t e r i a  had been reached,  

-2 

whichever came f i r s t .  When l e a r n i n g  t o  c r i t e r i a  occurred  & f o r e  t he  < 

e i g h t h  s e s s i o n ,  a  c o n t r o l  s u b j e c t  was c a l l e d  i n  and both s u b j e c t s  were 



J 
p o s t - t e s t e d .  ~ l l  p o s t - t e s t s  were c a r r i e d  o u t  on t h e  same hour  o f  the 

day and t h e  same day o f  t h e  week f o r  which p r e t e s t i n g  f o r  t h a t  s u b j e c t  

had occu r r ed .  A t  t h e  p o s t - t e s t  a  q u e s t i o n  was appended t o  t h e  S T A I  

a sk ing  s u b j e c t s  t o  r a f e  t h e i r  a n x i e t y  before  a r r i v a l  a s  be ing  more 

anxious ,  less anx idus ,  or abou t  t h e  same a s  t h e i r  i n i t i a l  v i s i t .  

The Sample 
i 

S u b j e c t s  f o r  t h e  s tudy  were s o l i c i t e d  from a n  undergradua te  cou r se  

i n  educa t iona l  psychology. I n  r e t u r n  f o r  t h e i r  p a r t i c i p a t i o n ,  s u b j e c t s  
1 

were o f f e r e d  t r a i n i n g  i n  a  procedure p rev ious ly  shown t o  be e E f e c t i v e  

i n  d e a l i n g  wi th  stress. I t  was sugges ted  t h a t  such t r a i n i n g  would be 

b e n e f i c i a l  in cop ing  wi th  t h e  r i g o r s  of  examina t ions ,  o r a l  p r e s e n t a -  

t i o n s ,  and g e n e r a l l y  be a  worthwhile s k i l l  t o  develop f o ~  any  f u t u r e  

endeavors .  ~ d d i t i o n a l  i n c e n t i v e s  were o f f e r e d  t o  encourage p a r t i c i p a -  

t i o n  were exposure t o ,  and p o s s i b l e  though n o t  c e r t a i n  t r a i n i n g  on, 

biofeedback equipment,  and a-hTn; on exper ience  w i t h  expe r imen ta l  , 

procedure .  . S u b j e c t s  were urged t o  v o l u n t e e r  i f  and o n l y  i f  t h e y  could  

commit themselves  to a  s i x  week pe r iod .  
1 

Due t o  t h e  l o g i s t i c s  o f  schedul ing  s u b j e c t s  w i t h i n  a  s i x  w e k  time 

frame a n d p f  having  only one exper imenter ,  t h e  s i z e  o f  t h e  sample 

1 

was o f  n e c e s s i t y  sma l l .  O f  t h e  26  s u b j e c t s  who vo lun tee red ,  t w o  t r e a t -  

ment and one c o n t r o l  s u b j e c t s  dropped o u t  due to  t ime p r e s s u r e s  of 

upcoming mid-term examina t ions  and term pape r s .  Data from o n e  o t h e r  

t r e a t m e n t  s u b j e c t  and two c o n t r o l  s u b j e c t s  were d e l e t e d  due to q u e s t i o n -  

J e  v a l i d i t y  o f  EMG r eco rd ings  and equipnent  mal func t ion  l e a v i n g  tw 



groups o f  1 0  s u b j e c t s  each . .  

The f i w l  demographic composition o f  t h e  two groups were s i x  
Z- f 

females  and  f o u r  males  wi th  a  mean age o f  21.5 y e a r s  i n  t h e  t r e a t m e n t  

group, and e i g h t f e m a l e s  and two males w i th  a mean age  o f  23.5 y e a r s  

i n  t h e  c o n t r o l  group. I n i t i a l  s e l f - r e p o r t  a n x i e t y  measures as measured 

by t h e  STAI p l a c e d  t r ea tmen t  s u b j e c t s  i n  t h e  45 th  (male) to 6 3 r d  
d 

(female)  ~ e r c e n t i l e  on s t a t e  a n x i e t y ,  and i n  t h e  6 1 s t  (male) t o  72nd 

(female) p e r c e n t i l e  f o r  t r a i t  anx ie ty .  Corresponding a n x i e t y  l e v e l s  

f o r  t h e  c o n t r o l  group f e l l  between t h e  1 2 t h  (male) and 71'st ( female)  

I 
i p e r c e n t i l e s  o n  t h e  s t a t e  c o n s t r u c t ,  and i n  t h e  39th (male) t o  70th 

(fernale! range on t r a i t  anx ie ty .  (STAI means by group and sex a r e  

p re sen ted  i n    able 1.) 
/- 

Equipment and F a c i l i t i e s  

Al l  s e s s i o n s  were conducted i n  a  q u i e t ,  t empera ture  monitored two 

rdom l a b o r a t o r y .  Sub jec t s  were s e a t e d  on  a  comfor tab le  r e c l i n e r  c h a i r  
\, 4 

f ac ing  a  c u r t a i n e d  window. The exper imenter  s a t  on  a  s t o o l  a d j a c e n t  to 

t h e  s u b j e c t  f a c i n g  t h e  biofeedback equipment housed i n  a cabineG on the  

wa l l  o p p o s i t e  t h e  c u r t a i n e d  window. The p o s i t i o n  enabled  t h e  e x p e r i -  

menter  u n o b s t r u s i v e l ~  monitor  s u b j e c t  movement. The STAI was f i l l e d  

o u t  a t , a  desk in a n  ad jo in ing  room. 

, ~ r o n t a l  EMG, h e a r s a t e ,  p e r i p h e r a l  s k i n  tempera ture  and ga lvan ic  

skin r e s i s t a n c e  were s imultaneously monitored us ing  D l b o r n e  Ins t ruments  

modular biofeedback equipment. F ron ta l  EMG e l e c t r o d e s ,  fo l lowing  s t an -  

dard  c l i n i c a l  p rocedures ,  were a p p l i e d  on an imaginary l i n e  z 



- 
Table  1 

. . 
STAI Means by Group,, Wd 'Sex 

-, 

? ., 

S t a t e  T r a i t  
Group Sex 

Me an P e r c e n t i l e  Me an  P e r c e n t i l e  

9 

Male , 34.0 4  5  37.75 6 1  
(7.528) * (6 .021)  

Treatment 
Female 36.0 6 3  41.5 72 

i (4.561) ., (11.327) 

Con t ro l  

Male 24.5 12 32.5 ' 39 
(2.121) ' 

a 
( -707)  9 

. Female 40.25 71 41.0 7 0 
(10.606) (10.980) 

uz- 
Ir 

Standard  d e v i a t i o n s  a r e  p r e s e n t e d  i n  b r a c k e t s  i n  t h i s  and all 
subsequent  t a b l e s .  
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a n  inch  and a h a l f  above and h o r i z o n t a l  t o  t h e  eyebrow l i n e  wi th  the 

c e n t r a l  e l e c t r o d e  serv ing  a s  t h e  r e f e rence  f o r  r e c o r d i n g  l o c a t e d  

e q u i d i s t a n t  from t h e  two a c t i v e  e l e c t r o d e s .  Impedences o f  10,000 ohms 

o r  l e s s  were,mSintained throughout  r eco rd ing  and o u t p u t  channel led  

through a C o l b r n e  I n s t w e n t s  hi-  ga in  bi 'oamplifier.  Hear t  r a t e  was 

4 .  

recorded  u s i n g  a  Colborne Ins t ruments  S71-40 blood f low p u l s e  :monitor 

which measured p u l s a t i l e  blood f low f  romL an o p t i c a l  dens i tome te r  app l i ed  

t o  t h e  palmar s u r f a c e  of  t h e  l e f t  thumb. p e r i p h e r a l  s k i n  temperature 

was t aken  from a Yellow Spr ings  t h e r m i s t o r  a p p l i e d  t o  t h e  v e n t r a l  sur- 

f a c e  o f  t h e  middle f i n g e r  af t h e  nondominant hand 'and  monitored through 

, 
an S71-30--temperature module. Basal  ga lvan ic  s k i n  response  w a s  

recorded by measuring t h e  vo l t age  drop  between two l e a d  s t r i p s  a p p l i e d  

t o  t h e  index  and r i n g  f inge , r s ,  r e s p e c t i v e l y ,  o f  t h e  l e f t  hand. Output 

was through a Colborne Ins t ruments  S71-20 s k i n  r e s i s t a n c e  module. 

Continuous checks f o r  g r o p e r  func t ion ing  o f  equipmentwere p o s s i b l e  - 

us ing  v i s u a l  vo l tme te r s ,  and a l l  data were p roces sed  through a cumulat ive 

averaging  i n t e g r a t o r  and p r i n t e d  s imul taneous ly  on a Colborne m u l t i -  

channel  microprocess ing  p r i n t e r .  
1 

Assessment procedure 
\ 

The S t r e s s  P r o f i l e  

A s t r e s s  2 r o f i l e  employing an A-B-A des ign  w i t h  t h r e e  s t r e s s o r s  w a s  

used a s a n  assessment  and e v a l u a t i o n  technique .  The procedure  emulated 

that o f  Budzynski (1977, 1978) i n  which s u b j e c t s  were asked  t o  r e l a x  f o r  

t h e  f i r s t  12 minutes  us ing  whatever procedure t h e y  u s u a l l y  used t o  r e l a x .  



A t h r e e  m i n u t e  s e r i a l  s e v e n s  s u b t r a c t i o n  t a s k  was t h e n  a d m i n i s t e r e d  
P 

f o l l o w e d  by a f i n a l  1 2  minu te  r e l a x a t i o n  p e r i o d .  In t h i s  s t u d y ,  t w o  

a d d i t i o n a l  s T r e s s o r s  were i n c l u d e d  t o  enhance* the  r e l i a b i l i t y  o f  d q e r -  
1 '.. mining most  r e  c t i v e  m o d a l i t y  and t o  e<plore p h y s i o l o g i c a l  r e a c t i v g y  t o  

s t r e s s  o v e r  ti . The two a d d i t i o n a l  t a s k s  were a . r e a d i n g  t a s k  t a k e n  I 
from t h e  G i h o r e  O r a l  Reading T e s t  (Gilmore & G i l m o r e ,  1968) ,  a n d . o n  

which s u b j e c t s  were t o l d  t h e y  would be 

WAIS a r i t h m e t i c  t e s t .  (See  Appendix A 

employed) .  The sequence  o f  . t h e  s t r e s s  

minu te  r e l a x a t i o n  p e r i o d  fo l lowed  by a 
4' 

asked  q u e s t i o n s  p a r a l l e l  t o  t h e  

f o r  a  s e t  o f  i n s t r u c t i o n s  

p r o f i l e  was, t h e r e f o r e ,  a 1 2  

t h r e e  m i n u t e  s e r i a l  sev s t a s k  
-,/ 

p e r i o d ;  a  r e a d i n g  t a s k  f o l l o h  
1 

h i 

and a s u b s e q u e n t  two minute  r e l Z x a t i o n  

by a n o t h e r  two minu te  ; e l a x a t i o n  p e r i o d ;  and a n  a r i t h m e t i c  t a s k  folljdwed 
\ 

Pi 
by a  f i n a l  1 2  minute  r e l a x a t i o n  p e r i o d .  

Upon i n i t i a l  e e t i n g  , s u b j e c t s  were i n t r o d u c e d  t o  t h e  b io feedback  -7 
d 

equipment  and t o l d  t h a t  it would be  u s e d  t o  d e t e r m i n e  t h e i r  i n d i v i d u a l l y  

u n i q u e  r e s p o n s e t o  s t r e s s .  They w e r e  t h e n  r e q u e s t e d t o  sit i n  t h e  r e c l i n e r  

c h a i r  and t h e  f u n c t i o n  o f  e a c h  measurement d e v i c e  was e x p l a i n e d  a s  it was 

a t t a c h e d  t o  them. A f t e r  e l e c t r o d e  a p p l i c a t i o n ,  t h e  sequence o f  r e l a x a -  

t i o n  and s t r e s s o r  e p i s o d e s  was o u t l i n e d .  P h y s i o l o g ~ c a l  r e c o r d i n g s  on  

i 
f r o n t a l  musc le  t e n s i o n ,  s k i n  t e m p e r a t u r e ,  s k i n  r e s i s t a n c e  and  h e a r t  

rate were  s i m u l t a n e o u s l y  r e c o k i e d  a t  t h r e e - m i n u t e  i n t e r v a l s  dur ingCthe  

12-minute  r e l a x a t i o n  p e r i o d s  and  s t r e s s o r  e p i s o d e s ,  and a t  15-second 
z+ / 

i n t e r v a l s  d u r i n g - t h e  two t h r e e - m i n u t e  r e c o v e r y  p e r i o d s .    he r e s u l t a n t  

o u t p u t  y i e l d e d  27  d a t a  p o i n t s  f o r  e a c h  p h y s i o l o g i c a l  m o d a l i t y .  * 



The pos t - t e s t  s t r e s s  p r o f i l e  f o l l o w  h7h e same sequence bu t  used 

a l t e r n a t e  forms of the  cogn i t ive  t a s k s  (see  Appenaix B)  . The S t a t e -  e 

4 
T r a i t  Anxiety Inventory was administered a t  the  end o f  each p r o f i l e .  

Assessment of Most Reactive Modality 

~ n t r a i n d i v i a u a l  comparisons between response modal i t ies  using t h e  

Z R  t ransformation o u t l i n e d  i n  c h a p t e r  t m  were made t o  determine most 

r e a c t i v e  modality. The f igures  were c a l c u l a t e d  us ing the  mean and 

s tandard  devia t ion  f o r  the  i n i t i a l  12-minute base l ine  per iod  and t h e  , 

raw score  f o r  each o f  the  subsequent 23  d a t a  p o i n t s .  Most r e a c t i v e  

modali ty was determined by ccmgaring t h e  Z R  score  va lues  a t  the  t h r e e  

s t imulus  po in t s .  Where one response modality was not  r e a d i l y  d i sce rnab le .  

using t h e s e  f i g u r e s ,  recovery p e r i o d  Z R  s c o r e s v a l u e s  were used t o  make 

t h e  f i n a l  decis ion . ,  The sequence of  dec i s ion  rules employed a r e  given 

below: 

1. Where only one modality had ZR scores  above 1 on t h e  t h r e e  

s t r e s s o r s ,  t h a t  modali ty was determined t o  be the  most r e a c t i v e  

modality. 

2. Where tm o r  more moda l i t i e s  had ZR va lues  exceeding 1, t h a t  

modality which had the  h ighes t  ZR va lues  was determined t o  be 

t h e  most r e a c t i v e  physio logica l  modality. 

, 3 .  Where t m  o r  more moda l i t i e s  had ZR va lues  exceeding 1 but  t h e  
'\, 

ZR scores  were of approximately equal  va lue ,  the  modality which 

had success ively  g r e a t e r  va lues  a s  one w e f i t  from s t r e s s o r  1 

t o  s t r e s s o r  3 was determined t o  be the  mos r e a c t i v e  modality. 
\. 



4. Where m o s t  r e a  c t i v e  modali ty was n o t  d iscr iminable  u s i  ng rule 

3, t h e  modality with t h e  most re.covery pe r iod  ZR scores  above 

one was determined t o  be t h e  most r e a c t i v e  modality. . 

Severa l  notes  should be made regarding these  r u l e s .  The second 

and t h i r d  s t i m u l i  requi red  voca l i za t ion  by the  s u b j e c t  t h a t  would pro- 

duce d a t a  a r t i f a c t  on a l l  of t h e  phys io log ica l  recordings ,  but  ' e spec ia l ly  

on f r o n t a l  EMG. Stimulus 1, t h e r e f o r e ,  bas the  on ly  pure d a t a  record- 

* 

i ng  point and bas given p r e f e r e n t i a l  weighting. Second, a  cha rac te r -  

i s t i c  of  a  person 's  phys io log ica l  respon'se t o  s t r e s s  i s  t h a t  success ive  
4 

s t imul ihave  a cumulative e f f e c t  and l ead  t o  p rogress ive ly  inc reas ing  
-LI 

- phys io log ica l  recovery times (Malmo, 1975).  This  f e a t u r e  o f  t h e  physio- 

l o g i c a l  & t r e s s  response accounted for*-e s t i p u l a t i o n  in r u l e  3 ,  t h a t  

t h e  Z R  scores  be i n  ascending o r d e r  a s  succes ive  s t r e s s o r s  were pre-  

sen ted ,  and t h e  us6 o f  recovery p e r i o d s  i n  r u l e  4 ,  a s  the  f i n a l  c r i t e r -  

i o n  f o r  e s t a b l i s h i n g  most r e a c t i v e  modality. - 
Two more general  observat ions  should be made about  the  ZR 

f 

s t a t i s t i c  employed. F i r s t ,  s i n c e  t h e  numerator o f  t h e  transformation - 

c o n s i s t s  o f  t h e  baseline-mean minus t h e  raw score  a t  the  s t imulus  

p o i n t s ,  and s i n c e  t h e r e  is' a c e i l i n g  e f f e c t  above which physio logica l  

responses a r e  not  l i k e l y  to exceed, s u b j e c t s  w i t h  a high i n i t i a l  base l ine  

value  had a lower p r o b a b i l i t y  of  being i d e n t i f i e d  a s  most r e a c t i v e  i n  

t h a t  modality. I t  was poss ib le ,  t h e r e f o r e ,  f o r  most-react ive modality 
--. 

to be chosen desp i t e  e l eva ted  b a s e l i n e s  i n  another  modality t h a t  may 

have keen c l i n i c a l l y  s i g n i f i c a n t .  Second, t h e  s tandard  dev ia t ion  in 

t h e  d e n o ~ n a t o r  means t h a t  s u b j e c t s  wi th  low response v a r i a b i l i t y  over  



t h e  i n i t i a l  base i n e  per iod  would have a g r e a t e r  l ike l ihood  o f  being i/' 
r e a c t i v e  on t h a t  modali ty than on a  modali ty f o r  which i z i t i a l  response , 

v a r i a b i l i t y  was high. Subjects  wi th  h ighly  v a r i a b l e  r e s t i n g  responses 

would not ,  i n  a l l  p robab i l i ty ,  have been determined r e a c t i v e  i n  t h a t  
'4 

modality. 

These two p o i n t s  einphasize t h a t  t h e  c e n t r a l  concern of t h i s  s tudy 

was r e a c t i v i t y .  I n  an at tempt t o ~ t u d y  r e a c t i v i t y  p r i o r  t o  t h e  o n s e t  

o f  o v e r t  symptomatology, s u b j e c t s  were drawn from a  normal popula t ion  

where over e levated  i n i t i a l  phys io log ica l  b a s e l i n e s  would not  be an 

expected r e s u l t .  The ZR s t a t i s t i c  fu r the red  this  i n t e n t  by c o n t r o l l i n g  
J 

f o r  i n i t i a l  r e s t i n g  response v a r i a b i l i t y  and o p e r a t i o n a l l y  de f in ing  

r e a c t i v i t y  a s ' t h e  response t o  a  s t r e s s o r  over  and above any i n i t i a l  

va51ab i l i ty  a t  r e s t i n g  phys io log ica l  l e v e l s .  
2 

Dependent Wasures  

Several  physio logica l  dependent measures were employed i n  the  

study.  For the  mean l e v e l  of phys io log ica l  a c t i v i t y  analyses ,  each 

modali ty was s e p a r a t e l y  assessed us ing t h e  p r e -  and p o s t s t r e s s o r  base- 

l i n e s ,  and t h e  values from the  d a t a  p o i n t  a t  s t r e s s o r  1. The response 

v a r i a b i l i t y  a n a l y s i s  was conducted using t h e  s t r e s s  p r o f i l e  SD score  

( t o  be descr iked below). The s t a t e - t r a i t  a n x i e t y  inventory  (STAI) 

adminis tered  a t  the  end of  each p r o f i l e ,  was used as a s e l f - r e p o r t  

index of anxie ty .  A b r i e f  d iscuss ion of  t h e s e  measures i s  described 

below. 



P r e -  and  P o s t - S t r e s s o r  B a s e l i n e s  

t *- 

A s  ment ioned above,  t h e  stress p r o f i l e  i n c l u d e d  a n  i n i t i a l  12 

minu te  r e l a x a t i o n  p e r i o d  w i t h  f o u r  t h r e e  m i n u t e  d a t a  r e c o r d i n g  poinrs .  . 
The p r e - s t r e s s o r  b a s e l i n e  was c a l c u l a t e d  b y  t a k i n g  t h e  mean o f  t h e s e  

p o i n t s .  The p o s t - s t r e s s o r  mean was c a l c i r l a t e d  a s  t h e  mean o f  th.e f i n a l  

f o u r  t h r e e  minu te  d a t a  p o i n t s  o f  t h e  s t r e s s  p r o f i i e .  These b a s e l i n e s  

were  i n d i v i d u a l l y  used as dependen t  measures  f o r  t h e  n o n s t r e s s o r  o r  

r e s t i n g  l e v e l  e p i s o d e s .  

S t r e s s o r  1 

The s e r i a l  sevens  s u b t r a c t i o n  t a s k  employed a s  s t r e s s o r  1, i s  

0 
n o r m a l l y  used  a s  t h e  e x c l u s i v e  s t r e s s o r  i n  t h e  s t r e s s  p r o f i l e  p rocedure  

(Budzynski,  1977;  19781. S i n c e  s t r e s s o r s  2 and 3 were i n c l u d e d  p r i m a r i l y  

f o r  enhanced r e l i a b i l i t y  and  f o r  e x p l o r a t o r y  purp  s, and  s i n c e  t h e y  

were  t a i n t e d  by v o c a l i z a t i o n  d u r i n g  t h e i r  measurement,  s t r e s s o r  1 w a s  

u s e d  as t h e  p h y s i o l o g i c a l  dependen t  measure f o r  t h e  s t r e s s  c o n d i t i o n .  

The t h r e e  m i n u t e  mean s c o r e  y i e l d e d  by t h e  Colborne I n s t r u m e n t s  m u l t i -  
. + 

c h a n n e l  p r i n t e r  was emplo e d .  5 L 

S t r e s s  P r o f i l e  S tandard  D e v i a t i o n  (SD) Score  

Each s u b j e c t ' s  r e s p o n s e  v a r i a b i l i t y  o v e r  t h e  e n t i r e  n o n s t r e s s -  

s t r e s s - n o n s t r e s s  sequence was measured by t a k i n g  t h e  s t a n d a r d  d e v i a t i o n  

o v e r  t h e  i n i t i a l  f o u r  t h r e e  m i n u t e  r e l a x a t i o n  d a t a  p o i n t s ,  t h e  t h r e e  

t h r e e  minu te  s t r e s s o r  d a t a  p o i n t s ,  and  t h e  f i n a l  f o u r  t h r e e  minu te  d a t a  

p o i n t s  f o r  e a c h  m o d a l i t y .  The r e s u l t  was a p r o f i l e  SD s c o r e  f o r  each  

p h y s i o l o g i c a l  m o d a l i t y  which was used  as t h e  dependen t  measure f o r  a 



s u b j e c t ' s  response v a r i a b i l i t y .  

Cons i s t en t  wi th  t h e  ZR t r ans fo rma t ion  t o  determine most r e a c t i v e  - 

modali ty ,  t h e  p r o f i l e  SD provided  a measure o f  a s u b j e c t ' s  response ' 

v a r i a b i l i t y  t h a t  minimized i n i t i a l  ove re l eva t ed  b a s e l i n e s .  I t  was 

t h e o r e t i c a l l y  p o s s i b l e  f o r  a  s u b j e c t  t o  have a low p r o f i l e  SD s c o r e  

on a  s p e c i f i c  phys io log ica l  modal i ty  d e s p i t e  having e l e v a t e d  i n i t i a l  

b a s e l i n e  l e v e l s  on t h a t  modal i ty .  I n  f a c t ,  because o f  c e i l i n g  e f f e c t s  

t o  phys io log ica l  responding,  a s u b j e c t  wi th  e l eva t ed  i n i t i a l  b a s e l i n e s  

would have been more l i k e l y  t o  have a  low p r o f i l e  SD sco re  s i n c e  h i s /  

h e r  response t o  a s t r e s s o r  would be r e s t r i c t e d  by t h e  decreased  r a n  e  
P B 

between t h e  a l r e a d y  e l e v a t e d  b a s e r i n e ,  and t h e  c e i l i n g  l e v e l .  lj 

A s  a  psychologica l  s e l f - r e p o r t  measure o f  a n x i e t y ,  t h e  STAI 

was used. Each o f  t h e  s t a t e  and t r a i t  i n v e n t o r i e s  i s  a se1.f-evaluation 

q u e s t i o n n a i r e  c o n s i s t i n g  o f  2 0  i t e m s  r a t e d  on a four -poin t  s c a l e .  

T e s t - r e t e s t  s t a b i l i t y  c o e f f i c i e n t s  a r e  h i g h  ( r  = .79) ' f o r  t h e  t r a i t  

inventory  and low (median r = .32) foy  t h e  s t a t e  i nven to ry ,  t h e  l a t t e r  
k. 

r e p r e s e n t i n g  t h e  i n f l u e n c e  o f  s i t u a t i o n a l  f a c t o r s  (Sp ie lbe rge r ,  

Gorsuch & Lusheno, 1970) . Concurrent v a l i d i t y  of  t h e  t r a i t  s c a l e  

i s  demonstrated by i t s  h igh  c o r r e l a t i o n  wi th  t h e  IPAT Anxiety Sca l e  
31-7 

(r  = -75 1 ,  and t h e  Taylor  Manifest  -Anxiety Sca le  ( r  = .80) (Sp ie lbe rge r ,  

1968) . Const ruc t  v a l i d i t y  f o r  t h e  STAI-state s c a l e  bas d&eDnined on 

977 undergraduate  s tuden t s .  The mean s c o r e  f o r  t h e  s t a t e  s c a l e  w a s  

" s i g n i f i c a n t l y  h i g h e r "  p r i o r  t o  s imu la t ed  exam c o n d i t i o n s  than  under 

normal c o n d i t i o n s  (Sp ie lbe rge r  e t  a l . ,  1970) . 
I 



Treatment Procedures  

-Group 1: 1Wst ~ e a c t i v e  Modality ~ i o f e e d b a c k  Tra ih ing  
d 

Using t h e  .assessment procedure o u t l i n e d  above, t r ea tmen t  s u b j e c t s  

were given bioFeedback t r a i n i n g  i n  t h e i r  most r e a c t i v e  modal i ty  whi le  

t h e  o t h e r  t h r e e  m o d a l i t i e s  were s imul taneous ly  monitored. A t  t h e  f i r s t  

s e s s i o n ,  s u b j e c t s  were g iven  cont inuous  a u d i t o r y  feedback and asked  t o  ' 

decrease  t h e  p i t c h  o f  t h e  tone  us ing  any s t r a t e g y  t h e y  chose.  S u b j e c t s  

who had d i f f i c u l t y  i n  a l t e r i n g  t h e  p i t c h  were ques t ioned  and a l t e r n a t e  

s t r a t e g i e s  based' on p a s s i v e  v o l i t i o n  ( l e t t i n g  go on demand; Green & Green, 1977)  

suggested.  In  subsequent  s e s s i o n s ,  s u b j e c t s  were asked t o  review t h e i r  

succes s fu l  s t r h t e g y  from t h e  p r e v i o u s  s e s s i u n ( s )  and to con t inue  us ing  

it dur ing  t r a i n i n g  se s s ions .  In l a t e r  s e s s i o n s ,  a l t e r n a t e  p e r i o d s  of  
7 

4 cont inuous  feedback and no feedback were i n i t i a t e d .  Sub jec t s  monitored 

.'7 
, t h e i r ' s u c c e s s  dur ing  no feedback i n t e r v a l s  and were g iven  o r a l  and 

i\i 

-1 v i s u a l  ( t h e  p r i n t e r  o u t p u t )  feedback o f  t h e i r  success  i n  s e l f -mon i to r ing  

a t  t h e  end o f  t h e  s e s s i o n .  

Al l  ' sub jec t s  r ece ived  e i g h t  30-minute t r a i n i n g  s e s s i o n s  o r  a s  many - 

t r a i n i n g  s e s s i o n s  a s  were necessary  t o  reach t r a i n i n g  c r i t e r i a ,  which- 

\ e v e r  came f i r s t .  Cons i s t en t  w i t h  t h e  procedure f o r  determining most 

r e a c t i v e  modal i ty ,  t r a i n i n g  c r i t e r i a  = r e  e s t a b l i s  ed a s  being a b l e  t o  '@I 
reduce t r a i n i n g  s e s s i o n  t a r g e t  response  b a s e l i n e s  t o  a  va lue  two i n i t i a l  

b a s e l i n e  p r o f i l e  s t anda rd  d e v i a t i o n s  below i n i t i a l  base l ine  p r o f i l e  mean 

l e v e l ,  and t o  maintain this r e d u c t i o n  f o r  two consecut ive  t h r e e m i n u t e  

i n t e r v a l s .  For example, a h e a r t  r a t e  r e a c t i v e  s u b j e c t  whose i n i t i a l  
b 

h e a r t  r a t e  bas  l i n e  mean was 78 b p m  w i t h  a s t anda rd  dev ia t ion  of 2.5,  
J f ,  



would be r e q u i r e d  t o  m a i n t a i n  a h e a r t  r a t e  l e v e l  o f  73 b p m  f o r  s i x  

c o n s e c u t i v e  m i n u t e s .  I n  o r d e r  to d e m o n s t r a t e  r e l i a b i l i t y  o f  t h i s  s e l f  

c o n t r o l ,  i t  was f u r t h e r  n e c e s s a r y  for t h e  s u b j e c t  to a c h i e v e  h i s  

c r i t e r i o n  o v e r  two s u c c e s s i v e  t r a i n i n g  s e s s l o n s .  

Once t r a i n i n g  c r i t e r i a  had k e e n  a c h i e v e d ,  a f i n a l  s e s s i o n  was 

conducted d u r i n g  which t h e y  were  r e q u e s t e d  t o  m a i n t a i n  t h e i r  dec rements  

i n  a  no f e e d b a c k ~ c o n d i t i o n  w h i l e  s i m u l t a n e o u s l y  l i s t e n i n g  t o  q u e s t i o n s  

from a p r e v i o u s  e d u c a t i o n a l  psycho logy  mid-term examina t ion .  S i n c e  t h e  

l a s t  s e s s i p n  was conduc ted  one week p r i o r  t o  t h e i r  e d u c a t i o n a l  psychology 
4 

m i i t e 4 h i - s  w a r  deemed t p  p r o v i d e  t r a i n i n g  a t  m a i n t a i n i n g  p h y s i o l o g i c a l  

r e d u c t i o n s  d u r i n g  a s t r e s s  i n d u c t i o n  p rocedure  

A' 
' a 

Group 2 :  No C o n t a c t  C o n t r o l  

The c o n t r o l  g roup  was a d m i n i s t e r e d  t h e  stress r o f i l e  a n d  STAI L., 
d u r i n g  t h e  same week as t h e  t r e a t m e n t  s u b j e c t s .  R a t h e r  t h a n  immediate  

t r e a t m e n t ,  however, c o n t r o l  s u b j e c t s  were  told t h a t  p h y s i o l o g i ~ a l  

r e c o r d i n g s  a r e  o f t e n  i n f l u e n c e d  by m e t e o r o l o g i c a l  and t i m e  o f  s e m e s t e r  

v a r i a b l e s ,  and  t h a t  i n  o r d e r  t o  a s s u r e  t h e  , r e l i a b i l i t y  o f  t h e  i n d i v i d -  

u a l l y  - -~ unique  r e s p o n s e  to s t r e s s ,  a r e a d m i n i s t r a t i o n  o f  t h e  stress 

p r o f i l e  would be n e c e s s a r y  i n  a p p r o x i m a t e l y  f i v e  weeks. - C o n t r o l  s u b j e c t s  

were c a l l e d  back and p o s t - t e s t e d  o n  t h e  same week a s  t r e a t m e n t  s u b j e c t s  

a n d  were p r o v i d e d  w i t h  p r o g r e s s i v e  r e l a x a t i o n  t r a i n i n g  s e s s i o n s  a f t e r  

p o s t - t e s t i n g .  

C o n t r o l  s u b j e c t s ,  t h e r e f o r e ,  were  p rov ided  b o t h ~ w i t h  e x p o s u r e  t o  

b i o f e e d b a c k  equipment which h a s  been  shown to have expec tancy  p a r a m e t e r s  



-I 
\ 

(Wickramaskera, 1981: Yiller, 1978; Miller & Dworkin, 197.7), and with 
< 

the promise of an empirically demonstrated effective stress managemen& 

procedure. 

Summary 

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

.T T ) design with repeated measures on the time factor. Twenty 
1' 2 

volunteer undergraduate subjects were administered a psychophysiological 

stress profile and randomly assigned to either biofeedback training 

t, 
on their most reactive physiological modality or to a treatment deferred 

c-- - -7 

but biofeedback equipment exposed group. P sttesting was conducted B 
using an alternate form oE.the stress profile. Dependent measures used 

were physiological levels of responding under resting and stress condi- 

tions, a stress profile SD score, and the StateETrait-Anxiety 

Inventory. 

In the next chapter, the results will be presented. 



CHAPTER I V  

DATA ANALYSIS 

P The main p u r p o s e ' o f  t h e  s t u d y  was. t~ t e s t  t h e  e f f e c t i v e n e s s  o f  

p r o v i d i n g  b io feedback  t r a i n i n g  i n  a s u b j e c t ' s  most r e a c t i v e  m o d a l i t y .  
A 

F u r t h e r  i n t e n t i o n s  were t o  e x p l o r e  some o f  t h e  i m p l i c a t i o n s  o f  u s i n g  

r e s p o n s e  v a r i a b i l i t y  a s  p h y s i o l o g i c a l  dependen t  measure and  t o  p r o v i d e  
3 

L. 

s u p p o r t  f o r  t h e  c o n s t r u c t  v a l i d i t y  f o r  t h e  ZR t r a n s f o r m a t i o n  approach  o f  
- 

d e t e r m i n i n g  most r e z c t i v e  m o d a l i t y .  Ana lyses  were performed comparing 

' t h e  t r e a t m e n t  w i t h  t h e  c o n t r o l  g roups  as a whole and ,  where numbers 
-- 

p e r m i t t e d ,  s p e c i f i c  r e a c t i v e  m o d a l i t y  s u b j e c t s  w i t h  c o n t r o l  s u b j e c t s  

r e a c t i v e  in t h a t  same m o d a l i t y .  

Before  d e a l i n g  wi th  t h e  h y p o t h e s e s ,  however, it is f i r s t  n e c e s s a r y  

t o  d e s c r i b e  t h e  sample i n  terins o f  i t s  r e a c t i v e  m o d a l i t i e s ,  and  

d e t e r m i n e  whether  group d i f f e r e n c e s  o n  i n i t i a l  p h y s i o l o g i c a l  b a s e l i n e  

v a l u e s  e x i s t e d .  

p r e l i m i n a r y  Ana lyses  

%- 

~ e a c t i v e  M o d a l i t i e s  o f  t h e  Sample 

Using t h e  Z R  * r a n s f o r m a t i o n  and  t h e  d e c i s i o n  r u l e s  o u t l i n e d  in 
- 

Chapte r  111, s t a n d a r d i z e d  s c o r e s  w e r e . c a l c u l a t e d  f o r  t h e  t h r e e  s t r e s s o r  

e p i s o d e s  and  e a c h  s u b j e c t ' s  most r e a c t i v e  m o d a l i t y  was i d e n t i f i e d .  

(The Z R  t r a n s f o r m a t i o n s  f o r  e a c h  s u b j e c t  a r e  p r e s e n t e d  i n  Appendix C.) 

With the e x c e p t i o n  o f  s u b j e c t  2,  s u f f i c i e n t  i n f o r m a t i o n  was p r o v i d e d  by 

t h e  t h r e e  6ata p o i n t s  t o  i d e n t i f y  r e a c t i v e  m o d a l i t y .  S u b j e c t  2,  had no . 



Z sco res  exceeding 1 on e i t h e r  s t r e s s o r  o r  recovery p o i n t s ,  and most 

r e a c t i v e  physio logica l  modali ty f o r  t h i s  sub jec t  was s e l e c t e d  by choosiPlg 

the  only modali ty t o  show a  physio logica l  response i n  t h e  d i r e c t i o n  of  

heightened a rousa l  t o  a  s t r e s s o r .  The f i n a l  conf igura t ion  o f  t h e  

I . t rea tment  group was s i x  h e a r t  r a t e  r e a c t i v e  sub jec t s ,  two p e r i p h e r a l  

skin temperature react ' ive sub jec t s ,  and one each o f ,  f r o n t a l  EMG 

r e a c t i v e  and GSR r e a c t i v e  sub jec t s .  The composition of  the  c o n t r o l  

, group was seven h e a r t  r a t e  r e a c t i v e ,  2 f r o n t a l  D I G  r e a c t i v e ,  and one 

pe r iphera l  sk in  temperature r e a c t i v e  subjec ts .  

The r e e u l t s  r evea l  a  d i sp ropor t iona te  number of  h e a r t  r a t e  r e a c t i v e  

sub jec t s .  Since hypotheses 2 and 3 s t a t e ,  t h a t  where numbers permi t ,  

groups rece iv ing  r e a c t i v e  modality feedback on the same modali ty would 

/ 
be analyzed i n d i v i d u a l l y ,  the  decis ion  w a s  made to,/proceed wi th  a  

sepa ra te  a n a l y s i s  using h e a r t  r a t e  r e a c t i v e  treatment versus h e a r t  r a t e  

r e a c t i v e  c o n t r o l  groups. For t h i s  purpose, one h e a r t  r a t e  r e a c t i v e  

sub jec t  was randomly d e l e t e d  from the  con t ro l  group. I n  t h e  ana lyses  

t h a t  fol low, r e s u l t s  w i l l  be presented a l t e r n a t i v e l y  f o r  the  t r ea tmen t  

group a s  a  whole, and f o r  h e a r t  r a t e  r e a c t i v e  groups. 

Results  of Biofeedback Training 
b 

of t h e  t e n  t rea tment  sub jec t s ,  e i g h t  sub jec t s  achieved t h e  pe r -  

formance t r a i n i n g  c r i k e r i a  of reducing physiolog.ica1 responses i n  t h e i r  

most r e a c t i v e  physio logica l  .modality t o  two standard d e v i a t i o n s  below 

i n i t i a l  p r o f i l e  base l ine  l e v e l s  f o r  a  s i x  minute per iod  over two consecu- 

t i v e  t r a i n i n g  sess ions .  Two s u b j e c t s ,  both of whom received biofeedhclc 

t r a i n i n g  on pe r iphera l  skin temperature,  f a i l e d  t o  reach t h i s  c r i t e r i o n  



l eve l ,  but received the f u l l  eight sessions of biofeedback t ra in ing .  

I n i t i a l  Group Baseline S t a t i s t i c s  

As Benjamin (1967) points  out,  the Law of ' In i t i a l  Values (which 

2tates  tha t  the magnitude of a physiological response to an experimental 

stimulus i s  re la ted  t o  the prest imu~us leve l )  has important implications 

for  the s t a t i s t i c a l  analyses of physiological data. Normally where 

i n i t i a l  group physiological baseline levels  do not d i f f e r  s igni f icant ly  

from each other,. the analysis  of variance i s  the appropriate s t a t i s t i c a l  

procedure. Where there are  s ignif icant  physiological baseline d i f f e r -  

ences, however, the analysis  of covariance is  the preferred procedure. 

To t e s t  for these i n i t i a l  differences; an analysis  of variance analogo,us 

to  a simple t - t e s t  was perkormed on the i n i t i a l  baseline group means 

fo r  each of the four xesponse 'systems. No s igni f icant  differences were 

found a t  the p. < .05 leve l  fo r  any of the physiological response modali- 

t i e s .  Throughout the tes t ing  of hypotheses, therefore,  the repeated 

measures analysis  of variance w s employed. ( I n i t i a l  physiological r9 
group means on f roh ta l  EMG, PST, GSR and HR a re  presented i n  Table 2 

for  groups as  a whole, and Table 3 for heart  r a t e  react ive groups) .  

Hypothesis 1 

<.& 

The Testing of Hypotheses 
\ .  
1 



P C 

T a b l e  2  - I - 
\ 

I n i t i a l  Group  Means f o r  ~ r o u p s  as a Whole (N=20) 
' %  . ,. 

I n d e x  of P r e s t r e s s o r  S t r e s s  P o s t s t r e s s o r  
A n x i e t y  B a s e l i n e  C o n d i t i o n  B a s e l i n e  ' 

T r e a t m e n t  C o n t r o l  T r e a t m e n t  C o n t r o l  T r e a t m e n t  c o n t r o l  

EMG (W) 

PST (Yc) 

GSR ( m )  

H.R (BPM) 



9 

T a b l e  3 

I n i t i a l  Group Means f o r  Heart R a t e  ' R e a c t i v e  G r o u p s  (N=12) 

I n d e x  o f  P r e s t r e s s o r  S t r e s s  P o s t s t r e s s o r  
A n x i e t y  B a s e l i n e  C o n d i t i o n  B a s e l i n e  

T r e a t m e n t  C o n t r o l  T r e a t m e n t  C o n t r o l  T r e a t m e n t  C o n t r o l  

EMG (W) 3.342 2.782 3.725 2 . 5 9 8  3 .252,  2.952 
* (2 .068)  (1 .566)  (1 .919)  (0 .451)  (1 .923)  (1 .260)  , 

PST ( O C )  3 2 . 1 8 1  30.600 32 .613 31.490 32 .025 29.906 
9 ( 3 . 5 1 5 )  (2 -320)  (3 .717)  (2 .420)  (3 .780)  (2 .442)  

G S R  ( K O )  38 .367  40 - 0 0 5  39.950 4 1  - 0 7 0  41 .529 41.970 
(1 - 3 5 3 )  (2 .747)  (2 .817)  (2  - 9 9 0 )  ( 3 .  g44)  ( 2  -990)  

H.R (BPM) 71.625 74.333 80 .833 83.733 76.479 72.517 I 

(11 .366)  (8 .832)  (10  -872)  (7 .025)  (17 .555)  (7 .614)  a 



R e s u l t s .  The two way a n a l y s e s  o f  v a r i a n c e  u s e d  t o  t e s t  t h i s  hypo- 

t h e s i s  on  t h e  g r o u p s  a s  a w h o l e , r e v e a l e d  a s i g n i f i c a n t  g roup  x t ime  

i n t e r a c t i o n  f o r  f r o n t a l  EMG under  t h e  s t r e s s  c o n d i t i o n ,  F (1 ,18)  = 4,841,  - 

p = .041; and  a s i g n i f i c a n t  g roup  x t i m e  i n t e r a c t i o n  f o r  h e a r t  r a t e  

a l s o  u n d e r  t h e  s t r e s s  c o n d i t i o n ,  F ( 1 , 1 8 )  = 4.478, p = -049.  The 
" - - 

r e s u l t s  i n d i c a t e  a d i f f e r e n t i a l  t r e a t m e n t  e f f e c t  f o r  f r o n t a l  M G  and 

h e a r t  r a t e  d u r i n g  s t r e s s .  The s c h e f f 6  X u l t i p l e  Comparisons p r 4 e d u r e  

was u s e d  t o  d e t e r m i n e  t h e  c r i t i c a l  mean d i f f e r f n c e s  b o t h  o v e r  t m and  G, 
between g r o u p s .  s c h e f f 6  (1959) rccomrncnds t h e  a a o p t i o n  o f  t h e  - 1 0  

f' 
s i g n i f i c a n c e  l e v e l  t o  overcome t h e  e x c e s s i v e l y  c o n s e r v a t i v e  n a t u r e  o f  

t h e  p r o c e d u r e .  C r i t i c a l  d i f f e r e n c e s  were c a l c u l a t e d  h e r e  u s i n g  h t h  

t h e  .05 and .10 l e v e l s  o f  s i g n i f i c a n c e .  The l o w e s t  l e v e l  a t  which s i g -  

n i f i c a n c e  o c c u r r e d  i s  r e p o r t e d .  The r e s u l t s  r e v e a l e d  a s i g n i f i c a n t  

> 
i n c r e a s e  i n  f r o n t a l  EMG f o r  t h e  c o n t r o l  g roup ,  Sch ( 1 , 1 8 )  - -547,  p < - 

- 1 0 ;  a s i g n i f i c a n t  d e c r e a s e  i n  h e a r t  r a t e  f o r  t h e  t r e a t m e n t  g roup ,  - 

> 
Sch (1,18) - 5.192, E < -05 ;  and a s i g n i f i c a n t  d i f f e r e n c e  i n  h e a r t  r a t e  - 

> 
between t h e  two groups  d u r i n g  t h e  p o s t t e s t  s e s s i o n ,  Sch (1 ,36)  - 8.446, 

e < -05 .  These  d a t a  s u g g e s t  t h a t  r e a c t i v e  m o d a l i t y  b io feedback  t r a i n i n g  

i s  e f f e c t i v e  i n  p r e v e n t i n g  f r o n t a l  EMG i n c r e a s e s  u n d e r  stress c o n d i t i o n s  

and i n  s i g n i f i c a n t l y  r e d u c i n g  h e a r t  rate r e a c t i v i t y  t o  s t r e s s .  N o  

o t h e r  p h y s i o l o g i c a l  mean l e v e l s  o r  t h e  s e l f - r e p o r t  measure showed a 

": 
s i g n i f i c a n t  t r e a t m e n t  e f f e c t .  

O t h e r  s i g n i f i c a n t  d i f f e r e n c e s  no ted  were a s i g n i f i c a n t  d e c r e a s e  i n  

' p o s t t e s t  s k i n  r e s i s t a n c e  a t  t h e  p o s t s t r e s s o r  b a s e l i n e ,  - F ( 1 , 1 8 )  = 6.489, 

Q = - 0 2 ,  i n d i c a t i v e  o f  i n c r e a s e d  a r o u s a l  f ~ o r  b o t h  g r o u p s  d u r i n g  p o s t -  



4 

t e s t i n g ;  .a s i g n i f i c a n t  decrease  i n  t r a i t  anx ie ty ,  - F (1 ,18)  = 7.512, E = 

-013, i n d i c a t i n g  decreased a n x i e t y  on  t h e  t r a i t  c o n s t r u c t  f o r  both 

\ 
groups du r ing  t h e  p o s t t e s t  s e s s i o n ;  and a s i g n i f i c a n t  decreased  f r o n t a l  

EMG a t  t h e  p o s t s t r e s s o r  b a s e l i n e ,  ~(_lr ,18)  - = 4.203, = - 0 5 5 ,  i n d i c a t i v e  
\ '. 

%of decreased  a r o u s a l  f o r  both groups du r ing  p o s t t e s t i n g .  No group 

d i f  fk rences  were revea led .  (The group means f o r  EMG, PST, GSR and HR 

appear  i n  Table 4 .  Group means f o r  t h e  s e l f - r e p o r t  measures appear  i n  

Table 5 ,  and ana lyses  o f  v a r i a n c e  s u m m r i e s  f o r  s i g n i f i c a n t  e f f e c t s  

appear  i n  ~ p p e n d i x  D. ) 

The a b v e  r e s u l t s  show t h a t  t r e a t ~ e n t  s u b j e c t s  exper ienced  a n x i e t y  

decrements only  f o r  h e a r t  r a t e  under  s t r e s s  c o n d i t i o n s .  Also, t h e  

4 r e a t m e n t  group a s  a whole d i d  n o t  exper ience  f r o n t a l  EMG i n c r e a s e s  

under t h e  s t r e s s  c o n d i t i o n s  as d i d  t h e  c o n t r o l  group. Both t r ea tmen t  

and c o n t r o l  groups d i  splayed i n c r e a s e d  a n x i e t y  du r ing  - t h e  po s t t e s t i n g  

a s  evidenced by decreased  s k i n  r e s i s t a n c e .  ~ h , c o n t r a d i c t i o n  t o  t h e  
I-+\ 

s k i n  - r e s i s t a n c e  ev idence ,  t h e r e  was decreased  t=a i%-anxie ty  f o r  both 

v 
Y groups du r ing  t h e  p o s t t e s t  s e s s i o n  and decreased f r o n t a l  EMG du r ing  

t h e  p o s t s t r e s s o r  baselin-e.  Support  f o r  ~ y p o t h e s i s  1, t h e r e f o r e ,  was 

n i n i - n a l .  



T a b l e  4 

P h y s i o l o g i c a l  ~ r d u ~  Means f o r  Groups a s  a Whole 

(N=201 

Group Anxie ty  B a s e l i n e  1 S t r e s s o r  B a s e l i n e  2 
Measure 

EMG 

EMG 

PST 

PST 

G S R  

GSR 

H.R 

H.R 

* Group 1 i n  t h i s  table and s u b s e q u e n t  t a b l e s  r e f e r s  t o  t h e  
t r e a t m e n t  g roup .  Group 2  r e f e r s  t o  t h e  c o n t r o l  grouF.  

> > * *  T - T - .547 i s  s i g n i f i c a n t ,  ~ c h ( l , l 8 )  - .547,  E < -10  
1 2 - 

** * > > 
T1 

- T - 5.192 iS s i g n i f i c a r i t ,  S c h ( l , l 8 )  - 5.i92, 2 < .05. 
2 



Group 

* .  

Table 5 

S e l f  Repor t  Group Means for Groups as a Whole ( ~ = 2 0 )  

Anxiety 
Measure T 

1 

1 S T A I  -T 40.000* 37.700 
. (9 .333)  (8.832) 

2 STA I -T 39.300 36.500 
(10.328)  (9 .277)  

" STAI-S 

S T A I  -S 

* I n c r e a s e d  s c o r e s  a r e  indicative o f  i ~ c r e a s e d  anxiety. 
%-i 

I 

w 



C 
R e s u l t s .  R e s u l t s  f o r  h e a r t - r a t e  r e a c t i v e  s u b j e c t s  showed 

s i g n i f i c a n t  t r e a t m e n t  e f f e c t s  f o r  h e a r t  r a t e  d u r i n g  t h e  p s t s t r e s s o r  

b a s e l i n e  p e r i o d ,  - F ( 1 , l O )  = 5.285, p = - 0 4 4 ,  and f o r  heart ra te  under  - 

t h e  stress c o n d i t i o n ,  F ( 1 , l O )  = 4.708,  p = -055 .  = ~ c s u l t s  o f  t h e  ~ c h e f f 6  - 

P l u l t i p l e  Compar i sons  p r o c e d u r e  r e v e a l e d  a s i g n i f i c a 4 n t  d e c r e a s e  i n  h e a r t  
" 

r a t e  f o r  t h e  t r e a t m e n t  g r o u p  d u r i n g  t h e  p o s t s t r e s s o r  p e r i o d ,  ~ c h ( 1 , - 1 0 )  
. -- 

> - 7 .960 ,  p 7 - 1 0 ;  a s i g n i f i c a n t  i n c r - c a s e  i n  h e a r t  r a t e  u n d e r  t h e  

> 
s t r e s s  c o n d i t i o n ,  S c h ( 1 , l O )  - 8 . 0 4 4 ,  p  i - 0 5 ;  dnd a s i y n i f i c a n t  d i f f e r -  - 

e n c e  &tween t h e  t r e a t ~ n e n t  ar?d e ~ n t r o l  g ~ o u p s  u r d e r  the strcss c o n d i t i o n  

> 
d u r i n g  p o s t t e s t i n g ,  Sch  ( l , 2 0 )  - 10 .872 ,  p - ; . 0 5 .  The r e s u l t s  i n d i c ' l t  \ 
t h a t  h e a r t  r a t e  r e a c t i v e  t reatmr.nt s ~ ~ b j t l c t s  i.xkvric.rlccd s i c j n i  f i ( . a n t  

r e d u c t i o n s  i n  h e a r t  r a t e  unde r  b o t h  s t r e s s  a n d  r ) o s t s t r e s s  c o n d i t i o n s ,  

and  t h a t  t h e y  here s i q n i f  i c 2 n t l y  d i f f e r e n t  from t h e  c o n t r o l  g r o u p  i n  

t h i s  reqard u n d e r  t h e  strcss c o n d i t i o n .  

S i c j n i f i c a n t  t r e a t m e n t  e f f e c t s  f o r  p e r i p h e r a l  s k i n  t p m p e r a t u r e  

f r o n t a l  E!.;G u n d e r  t h e  stress c o n d i t i o n ,  F (1 , l o )  = 3 .615 ,  2 = . 0 8 6 ,  

were  a lso n o t e d .  The  Schcf  f 6 M u l t i p l e  Compsri s o n s  p r o c e d u r e  r e v e a l e d  

t h a t  c o n t r o l  s u b j e c t s  e x p e r i e n c e d  a s i g n i f i c a n t  i n c r e a s e  i n ' p c r i p h c r a l  

> 
s k i n  t e m p e r a t u r e ,  S c h ( 1 , l O )  - 2.293,  p < - 0 5 ,  a l t h o u g h  t h e y  d i d , n o t  - - 

s i g n i f i c a n t l y  d i f f e r  f rom t h e  t r e a t m e n t  g r o u p  i n  s k i n J e m p r a t u r e .  The 

M u l t i p l e  C o m p a r i s o n ' s  p r o c e d u r e  for f r o n t a l  EMG r e v e a l e d  no  s i g n i f i c a n t  

d i f f e r e n c e s  e i t h e r  across t i m e  w i t h i n  g r o u p s ,  o r  b e t w e e n  groups . '  

S i g n i f i c a n t  d i f f e r e n c e s  be tween p r e -  and  p s t t e s t  s e s s i o n s  w e r e  

a l s o  o b s e r v e d .  As i n  t h e  g r o u p s  a s  a whole a n a l y s i s ,  h c a r t  r a t e  r e a c t i % e  



6  0. 

s u b j e c t s  d i s p l a y e d  a s i g n i f i c a n t  d e c r e a s e  i n  GSR a t  t h e  p o s t -  I* 

s t r e s s o r  b a s e l i n e ,  F ( 1 , l O )  = 4,993,  p = .049,  i n d i c a t i v e  o f  i n c r e a s e d  - - 
a r o u s a l .  There  were ,  however, i n c r e a s e s  o v e r  t i m e  i n  p e r i p h e r a l  s k i n  

t e m p e r a t u r e  a t  t h e  p r e s t r e s s o r  h s e l i n e ,  F ( 1 , l O )  = 4.657,  p  = .056,  and - . 
p o s t s t r e s s o r  b a s e l i n e  ~ ( 1 ~ 1 0 )  = 4.441,  p = .061; and s i g n i f i c a n t  - 

d e c r e a s e s  i n  t r a i t  a n x i e t y ,  ~ ( 1 ~ 1 0 )  = 3.573,  p = .088,  a l l  i n d i c a t i v e  o f  - - 

d e c r e a s e d  a n x i e t y .  ( H e a r t  r a t e  r e a c t i v e  g roup  means f o r  EMG, PST, GSR 

and HR a p p e a r  i n  T a b l e  6. Hear t  r a t e  r e a c t i v e  g roup  means z o r  STAI-S 
iz, 1 

and S T A I - T  a r e  p r e s e n t e d  i n  Tab le  7 .  Finalyscs o f  v a r i a n c e  s t a t i s t  cs e 
P f o r  s i g n i f i c a n t  e f f e c t s  a r e  summarized i n ,  Appendix E , )  

The d a t a  f o r  h e a r t  r a t e  r e a c t i v e  groups  i n d i c a t e  s i g n i f i c a n t  

t r e a t m e n t  e f f  c t s  f o r  h e a r t  r a t e  under  t h e  stress and p o s t s t r e s s o r  

c o n d i t i o n s .  There  was, however', a l s o r a x s i g n i f i c a n t  t r e a t m e n t  e f f e c t  

f o r  f r o n t a l  EMG u n d e r  t h e  s t r e s s  c o n d i t i o n .  ~ y p o t h e s i s  2 ,  t h e r e f o r e  

i s  o n l y  p a r t i a l l y  supported.  

Hypothes i s  3 

S u b j e c A ~  f icce iv ing  fieac-tive modaei ty  b i o ~ e e d b a c k  . t a n i r t i ~ g  on t h e  
4 

hame moduLity luiee no2 exkib.t t  b ign i&ican t  crnlcicty i n c n c l n e d  on 

R e s u l t s .  The f i n d i n g  of a g roup  x t ime  i n t e r a c t i o n  i n  p e r i p h e r a l  

s k i n  t e m p e r a t u r e  o u t l i n e d  i n  r e l a t i o n  w i t h  t h e  r e s u l t s  o f  h y p o t h e s i s  2 ,  

a r e  n o t  i n  a c c o r d  w i t h  t h e  p r e s e n t  h y p o t h e s i s .  Although t h e  p o s t s t r e s s o r  
\.- 

d e c r e a s e  i n  p e r i p h e r a l  s k i n  t e m p e r a t u r e  f o r  t h e  t r e a t m e n t  g r o u p  cons ideed  J 

a l o n e  d i d  n o t  r e a c h  s i g n i f i c a n c e ,  t h e  f i n d i n g  o f  a s i g n i f i c a n t  i n c r e a s e  



a 
Table 6 

Physiological Group Means for Heart Rate Reactive Groups 

- 
(N=12) 

- - - -- - - 

Group Anxiety Baseline 1 Stressor 
Measure 

Baseline 2 

EYG 

EMG 

PST 

PST 

GSR 

GSR 

H.R 

H .  R 

2.782 3.395 2.598 3.150 
6 6  (0.966) (0.451) (L. 555) 

> > - * T - T - 2 -292 is significant, Sch(1,lO) - 2.93, E < .05. 
, 1 2 - 

> > ** T - T - 8.044 is significant, Sch(1,lO) - 8.044, E <  .05. 
1 2 - 

-f --q v", . > 
G1 - G2 2 10.872 is kignif icant, Sch (l,20) - .  10 -872, p - < -05. 

a .  > > * **  T - T - 7.960 is significant, Sch(1,lO) - 7.960, E <  .lo. 
1 2 - 



G r o u p  

Table 7 - -. 
> /' 

/ 

Se l f  R e p o r t  G r o u p  Means for  H e a r t  R a t e  Reactive G r o u p s  

Anxie ty  
M e a s u r e  

STAI-T 

STAI-T 

STAI-S 35 - 0 0 0  34.333 
(6.419) (9 .709)  

i 
- *. 

STAI-S 34.000 37.333 - ,P. 
(10.789) (7 .659)  

. .. . <: 
-- F~SE.- e - :- 

, 



i n  s k i n  tempera ture  f o r  c o n t r o l  s u b j e c t s  a t  t h a t  t ime r u n s  c o n t r a r y  t o  

t h e  hypothes is .  The f i n d i n g  of  decreased  s k i n  r e s i s t a n c e  i n d i c a t i v e  of  

i n c r e a s e d  a r o u s a l ,  a l though shared by t h e  c o n t r o l  group,  a l s o  con t r a -  

d i c t s  t h e  hypothes is .  Hypothesis  3 must, t h e r e f o r e ,  be r e j e c t e d .  

Resu l t s .  When groups a s  a  whole were analyzed u s i n g  p r o f i l e  S D  a s  

t h e  dependent  measure, a  s i g n i f i c a n t ,  - F(1 ,18 )  = 3.810, p =  -067,  

e f f e c t  was found for hcart rat; v a r i a b i - l i t y .  ., Resu l t s  og t h e  
- .<-. 

Scheff6 M u l t i p l e  C o n ~ a r i s o n s  procedure showed t h a t  both t r ea tmen t  and , 

c o n t r o l  groups  experienced s i g n i f i c a n t  i n c r e a s e s  i n  h e a r t  r a t e  v a r i a b i l i t y  

> 
d u r i n g  t h e  p o s t t e s t  s e s s i o n ,  - S c h ( l , l 8 )  - 3.698, p  4 .05. A s i g n i f i c a n t  

> 
d i f f e r e n c e  between t h e  tw groups dur ing  p o s t t e s t i n g ,  - Sch (1,361 - 

4.190,  - p < .lo, was a l s o  observed w a t i n g  a  l e s s e r  i n c r e a s e  i n  

h e a r t  r a t e  v a r i a b i l i t y  f o r  t h e  t r ea tmen t  group. No o t h e r  s i g n i f i -  

c a n t  t r e a t m e n t  e f f e c t s  were d e t e c t e d  a l though t h e r e  was a  s i g n i f i -  

c a n t  d e c r e a s e  i n  f r o n t a l  E2;G v a r i a b i l i t y  f o r  both groups du r ing  

~ o s t t e s t i n g ,  - F (1 , l o )  = 3.172, p  = ,092. Hypothesis  4 ,  t h e r e f o r e ,  must 

.ke r e j e c t e d .  (Table 8  p r e s e n t s  t h e  group k a n s  f o r  E K ,  PST, GSR and 

- Fi. v ~ i a b i l i t i e s  f o r  groups a s  a  whole. ~ n a l y s i s  o f  va r i ance  s lmnar ies  



Table 8 

Gzoup M e a n s  for  Profile SD (Groups as a Whole) 
+ 

(N=20) 

Anxiety 
Group rieasure T T \ 

1 2 

E M G  

r n G  

P ST 

P ST 

GSR 

b 
GSR 

H.R 

. . 

H .R 

> ._I - > 
* T - T - 3.698 is significant, Sch(l,l8) - 3.698, g < .05. 

1 2 - 

> > A 
G1 - G2 - 4.190 is significant, Sch(1,36) - 4.190, p < .lo. - 



R e s u l t s .  The r e a n a l y s i s  of  t h e  h e a r t  r a t e  r e a c t i v e  groups us ing  

p r o f i l e  a s .  t h e  dependent measure revea led  a  s i g n i f i c a n t  group x t i m e  

i n t e r a c t i o n  f o r  h e a r t  r a t e  v a r i a b i l i t y ,  F  ( 1 , l O )  = 5.670, p = - 0 3 6 ;  and a - 

c i g n i f i c m t  t ime d i f f e r e n c e  f o r  h e a r t  r a t e  v a r i a b i l i t y ,  F ( 1 , l O )  = 98.710, - 

p = -001. The Schef f6  !lultiple Comparisons Procedure confirmed t h a t  - 

b t h  groups experienced s i g n i f i c a n t  i n c r e a s e s  i n  h e a r t  r a t e  v a r i a b i l i t y  

> 
Sch(1 , lO)  - 5.299, p  < .05,  b u t  t h a t  t h e  t r ea tmen t  group exper ienced  - - 

\ 
l e s s  of an i n c r e a s e  a s  evidenced by t h e  s i g n i f i c a n t  group d i f f e r e n c e  a t  \ 

A s i g n i f i c a n t  group x t ime i n t e r a c t i o n  was a l s o  d e t e c t e d  f o r .  
> Q -. 

f r o n t a l  EMG v a r i a b i l i t y , ' - - ~ ( 1 ~ 1 0 )  - = 4 - 5 6 3 ,  - p = .058. The s c h e f f 6  Mul t ip l e  

Coxr,arisons a n a l y s i s  revea led  t h a t  t h e  t r ea tmen t  group expekienced a - 
s i g n i f i c a n t  dec rease  i n  f r o n t a l  EI4G v a r i a b i l i t y  du r ing  p o s t t e s t i n g ,  

> 
Sch(1 , lO)  - .485, p  <,+.G5. The r e s u l t s  a r e  i n  c o n t r a d i c t i o n  t o  - 

c-< . 

t h e  h y p t h e s i s  which must Se r e j e c t e d .  (Group means on' f r o n t a l  EMG, 

?ST, G S R  and HR- f o r  h e a r t  r a t e  r e a c t i v e  groups a r e  p re sen ted  i n  Table 9. 

.1-?alysis of  va r i ance  s ~ 7 , a r i e s  a r e  inc luded  i n  Appendix F.) 

,f" 
f 



P r o f i l e  SD (Heart  Rate Reac t ive  G ~ F I S )  

I (N=12) 

Anxiety 
Group :.leasure 

GSR 

GSR 

> > 
* T - T - .485  i s  s i g n i f i c a n t ,  Sch(1, lO) - -485,  p < -05.  

1 2 - - 

> > 
* *  T1 - T2 - 5.299 i s  s i g n i f i c a n t ,  - Sch(1 , lO)  - 5.299, p - < -05,. 

> > 
- ~1 - G2 - 5.539 is s i g n i f i c a n t ,  ~ ( 1 ~ 2 0 )  - 5-529 ,  P < - 0 5 -  



In this chapter, a discussion of the results is presented. 

The first section is a more intensive interpretation of the results 

derived 'from hypothesis testing. This is followed by a disAssion 

of the validity of the ZR transformation for determining most reactive 
" - 

geysiolqical modality, The final section presents a swmary  of the 

najor research implications developed from this .study. '2 

1 

H p o t h e s i s  Results 

Due to the interrelatedness of cone of the hypothcses, it was 

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

curcoses of discussion. 

Xyaotheses 1 and 2 

Hypo-tbesis 1 stated that subjects receiving most reactive biofeed- 

back training h~uld, when treated as a group, experience decrements on 

all physiological and self-resort measures. The findings were that 

4 
treatm-ent subjects showed decreases in physiological indices of anxiety 

as a result of training only for heart rate under the stress condition 
2 

and that treatment subjects did not experie-nce increases in frontal E4S 

..- ,..der stress as did control subje:ts. hdditional findings were 
, 

?ecreased skin resistance for joth groups evidential of increasedarousal 
> 

5criria the poststressor baseline, and decreased frontal E.G during the 
C 

I t 

Scstressor baseline and trait anxiety Zuring posttesting indicative of 



decreased  a r o u s a l  f o r  both groups. 

W p o t h e s i  s 2 s t a t e d  t h a t  s u b j e c t s  r e c e i v i n g  most r e a c t i v e  b iof  eed- 
\ 

back t r a i n i n g  on a s i n g l e  m d a l i t y ,  i n  this c a s e  h e a r t  r a t e  biofeedback 

t r a i n i n g ,  should expe r i ence  a n x i e t y  decrements as e x h i b i t e d  by physio-  

l o g i c a l  i n d i c e s  o f  a r o u s a l <  only  on h e a r t  r a t e .  The f ind ing< ,  however, 

were anal6gous t o  t h e  . groups a s  a .  whole a n a l y s i s .  Treatment s u b j e c t s  

exper ienced '  s i g n i f i c a n t  r educ t ions  i n  h e a r t p r a t e  under s t r e s s  and 

p o s t s t r e s s o r  c o n d i t i o n s ,  afid t h e r e  bas a s i g n i f i c a n t  f r o n t a l  EMG ~. 

t r ea tmen t  e f f e c t  under  t h e  s t r e s s .  cond i t i on  a l though no s i g n i f i c a n t  

d i f f e r e n c e s  were d e t e c t e d  ac ros s  t ime o r  between groups. Also,  both 

h e a r t  r a t e  r e a c t i v e  t r e a t n e n t  and h e a r t  r a t e  r-ive c o n t r o l s  e v i -  

denced decreased  s k i n  r e s i s t a n c e  on t h e  p o s t s t r e s s o r  b a s e l i n e  and 

decreased  t r a i t  a n x i e t y  du r ing  p o s t k e s t i n g  . Addi t iona l ly ,  bo th  groups 

had inc reased  p e r i p h e r a l  s k i n  te.mperature a u r i n g  t h e  p r e s t r e s s o r  and 

p o s t s t r p s o r  p e r i o d s ,  and the  c o n t r o l  group had i n c r e a s e d  s k i n  tempera- 
1 

t u r e  dur ing  t h e  s t r e s s o r  cond i t i on  when p o s t t e s t e d .  The s e c t i o n  t h a t  

fo l lows  w i l l  d e a l  f i r s t  w i t h  the  f i n d i n g s  of  decreased  h e a r t  r a t e  and 
P 

f r o n t a l  r'.1G under  s t r e s s  c o n d i t i o n s .  

D e ~ r e a s e d  h e a r t  & a t e  and f r o n t a l  ENG. The f i r s t  main a s p e c t  of 
1 

t;?ese f i n d i n g s  i s  t h a t  t 3 e  t r ea tmen t  group exper ienced  p h y s i o l o g i c a l  

r e d u c t i o n s  o r 2 2  f o r  heart r a t e  and n o t  f o r  a l l  p h y s i o l o g i c a l  -moda l i t i e s  

a s  s r e d i c t e d .  Tne l o g i c  k k i n d  hy-pothesis one was, however, t h a t  equal  
-- 

g-m?ortions o f  s u b j e c t s  voldd r e c e i v e  biofeedback t r a i n i n g  on each 
t t 

r ~ b l i t y .  nAcrezents  i n  each group t r a i n e d  on a s p e c i f i c  m d a l i t y  would , 



\ 
t h e r e f o r e  he s u f f i c i e n t l y  l a r g e  t o  i n f l u e n c e  the -mean  o n  t h a t  m o d a l i t y  

f o r  t h e  e n t i r e  t r e a t m e n t  sample.  Given t h e  d i s p r o p o r t i o n a t e  numbers o f  

h e a r t  rate r e a c t i v e  s u b j e c t s  c o n s t i t u t i n g  60 p e r c e n t  and  70 p e r c e n t  o f  

t h e  t r e a t n e n t  and  c o n t r o l  g roups  r e s p e c t i v e l y ,  i t  i s  u n l i k e l y  t h a t  t h e r e  

were s u f f i c i e n t  n u n k r s  o f  s u b j e c t s  t r a i n e d  i n  f r o n t a l  EMG; PST and  f o r  

G S R  t o  u n i f o r m l y  i n f l u e n c e  t h e s e  means. A p l a u s i b l e  e x p l a n a t i o n  f o r  t h e  

3 d e c r e a s e d  h e a r t  r a t e  under  s t r e s s  c o n d i t i o n s  i s  t h a t  t h i s  decrement  

was due  p r i m a r i l y  t o  t h e  i n f l u e n c e  o f  t h e  h e a r t  r a t e  r e a c t i v e  s u b j e c t s  

i n  t h e  l a r g e r  sample .  

h- 
b 

The f i n d i n g  t h a t  t r e a t n e n t  s ~ j e c t s  a s  a  whole m a i n t a i n e d  t h e i r  

f r o n t a l  E - l G  l e v e l s  u n d e r  t h e  s t  i i  ess c o n d i t i o n  'whi le  c o n t r o l  g roups  

e x p g r i e n c e d  i n c r e a s e d  f r o n t a l  EMG c a n  be e x p l a i n e d  i n  two p o s s i b l e  ways. 

One e x p l a n a t i o n  is  t h a t  LFle r e s u l t  i s  a t t r i b u t a b l e  t o  t h e  g e n e r a l i z a t i o n  

of  h e a r t  r a t e  r e d u c t i o n s  t o  t h e  f r o n t a l  EYG p h y s i o l o g i c a l  r e s p o n s e  , 

m c h l i t y  by t h e  h e a r t  r a t e  b io feedback  t r a i n e d  s u b j e c t s .  The o t h e r  

i n t e r p r e t a t i o n  i s  t h a t  t h e  d e c r e a s e d  f r o n t a l  EMG was due  t o  t h e  
'S 

d e c r e a s e d  f r o n t a l  EMG i n  s c b j e c t s  who r e c e i v e d  b io feedback  t r a i n i n g  i n  

a p h y s i o l o g i c a l  r e s p o n s e  sys tem o t h e r  t h a n  h e a r t  r a t e .  k l t h o u g h  e i t h e r  

o r  b t h  e q l a n a t i o n s  a r e  l o s i c a l l y  p o s s i b l e ,  a  c l o s e r  s c r u t i n y  o f  t h e  

d a t a  s u p p r t s  t h e  f i r s t  i n t e r p r e t a t i o n  o f  p h y s i o l o g i c a l  r e s p o n s e  g e n e r a p  

i z a t i o n  o f  d e c r e a s e d  h e a r t  r a t e  t o  t h e  f r o n t a l  EhfG r e s p o n s e  m o d a l i t y  i n  

k e a r t  r a t e  t r a i n e d  su3;ects. iesults from a n a l y z i n g  t h e  h e a r t  r a t e  

r e a c t i v e  t r e a ' a e n t  s u 3 j e c t s  sho:.+ed s i g n i f i c a r a  r e d u c t i o n s  f o r  b t h  h e a r t  

r a t e  and f r o n t a l  Z4S under t h e  s t r e s s  c o n d i t i o n .  A supp lementa ry  2 x 2 

r e s t a t e d  c s a s u r e s  ~ r z l y s i s  o f  v a r i a n c e  f o r  tKe r e m a i n i n g  n o t  h e a r t  r a t e  



1-- 
r e a c t i v e  t r e a t m e n t  s u b j e c t s  v e r s u s  ta n o t  h e a r t  r a t e  r e a c t i v e  

s u b j e c t s ,  on  t h e  o t h e r  hand, r e v e a l e d  no s i g n i f i c a n t  r e d u c t i o n s  on any  

o f  t h e  three f r o n t a l  
9 

f e e d b a c k  t r a i n i n g  i n  - 
enced  no s i g n i f i c a n t  

EG r e d u c t i o n s  under  

M G  d a t a  p o i n t s .  S i n c e  t h e  s u b j e c t s  r e c e i v i n g  bio- 

r e s p o n s e  m o d a l i t i e s  o t h e r  t h a n  h e a r t  r a t e  e x p e r i -  

r e d u c t i o n s  i n  f r o n t a l  EMG, it f o l l o w s  t h a t  f r o n t a l  

t h e  s t r e s s  c o n d i t i o n  r e p o r t e d  on  page  55 f o r  t h e  

g r o u p s  a s  a  whole a n a l y s i s  must have been due t o  t h e  h e a r t  r a t e  r e a c t i v e  

t r a i n e d  s u b j e c t s  1os;ering f r o n t a l  E G  and n o t  due t o  t h e  s u b j e c t s  

t r a i n e d  i n  o t h e r  n o 2 a l i t i e s .  ~ l t h o u g h  i m p o s s i b l e  t o  d e t e r m i n e  from t h e  

d a t a ,  it is  p o s s i b l e  t o  s p e c u l a t e  t h a t  t h e  i n c r e a s e s  i n  f r o n t a l  M G  

e x p e r i e n c e d  by t h e  c o n t r o l  g roup  i n  t h e  g r o u p s  a s  a  whole a n a l y s ' s  and 3 
n o t  d e t e c t e d  i n  t h e  h e a r t  r a t e  r e a c t i v e  g r o u p s  a n a l y s i s  ms due t o  t h e  

i n c r e a s e d  s t a t i s t i c a l  s e n s i t i v i t y  a s  a consequence o f  t h e  l a r g e r  sample.  

.c.dc?itionally, t h e  g r e s e n c e  o f  two f r o n t a l  EMG r e a c t i v e  s u b j e c t s  i n  t h e  

c o n t r o l  g r o u p  a s  a  whole v e r s u s  o n l y  o n e  i n  t h e  t r e a t m e n t  g roup  would 

r e s u l t  i n  p r o p o r t i o n a t e l y  h i g h e r  f r o n t a l  EMG stress c o n d i t i o n  m&sures 

f o r  c o n t r o l  s u b j e c t s  and c o n t r i b u t e  t o  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  

of c o n t r o l  s u b j e c t  f r o n t a l  D I G  increases i n ' t h e  g r o u p s  a s  a  whole 

a n a l y s i s .  

T h e ' d i s p r o p o r t i o n a t e  number of h e a r t  r a t e  r e a c t i v e  s u b j e c t s  i n  t h e  

o v e r a l l  s t u d y  s a n p l e  c a n ,  t h e r e f o r e  be used t o  i n t e r p r e t  t h e  r e s u l t s  o f  

h y p o t k e s l s  1. W i t h n ~ t  a i i e p a t e  r e ~ r e s e n t a t i o n  o f  f r o n t a l  B G ,  p e r i p h e r a l  

s k i n  t e m p e r a t u r e  and  s k i n  resistance{&bjects i n  t h e  sample a complete  
% 

4 
test o f  h y p o t h e s i s  1 was n o t  p o s s i b &  i n  t h i s  s t u d y .  The h y p o t h e s i s ,  / 

? c u v e r ,  r e c a i n s  ter .able  f o r  f u r t h e r  t e s t i n g  u s i n g  a n  e n l a r g e d  sample 



w i t h  equal r e p r e s e n t a t i o n  of s u b j e c t s  t r a i n e d  on each physiological  

modal i ty .  
.-1 

The independent f i r E i n ~ s  that heart r a t e  r e a c t i - ~ e  subjects 



h o t ? , e r  c a u t i o n  must be i s s g e d  s i n c e  subjects were  a s s i g n e d  to a 
9 

p h y s i o l o ~ i c a l  t a r g e t  r e s p o n s e  on t h e  basis o f  r e a c t i v i t y  r a t h e r  t h a n  

r m d o m e s s .  L o t t  and  G a t c h e l  (1978) have shown that s u b j e c t s  who 

d e r o n s t r a t e d  h i g h  r e a c t i v i t ?  to  a c o l d  p r e s s o r  tes ' t  produced s i g n i f i -  ' 

c a n t l y  l a r z e r  h e a r t  r a t e  changes  t h a n  low r e a c t o r  subjects and  it i s  

p o s s i b l e  t 5 a t  t h e  s a m  mechanism was i n  o p e r a t i o n  h e r e .  The h i g h  

r e a c t i v e  s & j e c t s  cz2 loyed  i n  t h i s  study may have p roduced  g r e a t e r  h e a r t  . 
r a t e  c h a n s e s  t h a n  a ranzom sa.zple o f  h i o f e c d h c k  h e a r t  r a t e  t r a i n e e s  

a n d ,  b e c a p r e  of t h e  v i s c e r a l l y  n e d i a t e d  n a t u r e  o f  h e a r t  r a t e  ( l i l i l l e r ,  e 

1978;  Bens2n, 1975)  pro5uced c o n c o n i t a n t l y  g r e a t e , r  dec rements  i n  

f r o n t a l  E:S. A s u g ~ e s t e d  t q i c  f o r  f u r t h e r  r e s e a r c h  would be, t h & e f o r e ,  

a mul t i - res -wnse  e v a l u a t i o n  o f  heart r a t e  b i o f e e d b a c k  t r a i n i n g  under  % 

s t r e s s  c o n d i t i o n s  between h i g h  h e a x t  r a t e  r e a c t i v e  s u b j e c t s ,  random 

a s s i g n m e n t s  t o  h e a r t  r a t e  t r a i n i n g  s u b j e c t s ,  a n d  no- feedback .b io feedback  

equipment  exposed s u b j e c t s -  t o  d e t e r m i n e  t h e  r e ' l a t i v e  @ h y s i o l o g i c a l  . - 

r e s p o n s e  g e n e r a l i z a t i o n  o f  h e a r t  rate t o  f r o n t a l  EMG f o r  t h e  t h r e e  

g r o u p s .  In t h i s  s t u d y  a  m u l t i v a r i a t e  a n a l y s i s  o f  v a r i a n c e  would be 

a p p r o p r i a t e  t o  confirm t h e  j o i n t  o c c u r r e n c e  o f  s e l f - c o n t r o l  o f  b o t h  h e a r t  

r a t e  and f r o n t a l  M G  under  stress c o n d i t i o n s .  T h i s  f i n d i n g ,  i f  con- 
i 

f i r m e d  would i n d i c a t e  t h a t  h e a r t  r a t e  b i o f e e d b a c k  t r a i n i n g  would be a 

more e f f i c a c i o u s  p r o c e d u r e  i n  t h e  t r e a t m e n t  o f  a n x i e t y  t h a n  f r o n t a l  EMG 

t r a i n i n g  in t h a t  it p r o v i d e s  s e l f - c b n t r o l  ,of two p h y s i o l o g i c a l  r e s p o n s e  

s y s t e m s  " f o r  t h e .  p r i c e  o f  o n e .  " 

The second  main a s p e c t  to t h e  f i n d i n g  o f  m a i n t a i n e d  f r o n t a l  EMG 

and  d e c r e a s e d  h e a r t  r a t e ,  i s  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  between t reat -  > 



. ,  
m n t  and  c o n t r o l  groups were found p r i m a r i l y  under  s t r e s s  c o n d i t i o n s  

8 .  

=4 k 

a n d  not on t h e  p r e s t r e s s o r  and p o s t s t r e s s o r  b a s e l i n e s .  T h e ' r e s u l t  i s  i n  

a g r e e r e n t  wi th  DeGood and Adam's (1976) f i n d i n g  t h a t  groups g iven  b io -  

feedback t r a i n i n g  in c o n t e l l i n g  (decr 'easing) h e a r t  r a t e  a r e  i n d i s t i n g -  

u i s h a b l e  from o t h e r  t r ea tmen t  groups i n c l u d i n g  no feedhack c o n t r o l  

groups e x c e p t  when t e s t e d  under a v e r s i v e  s t imu lus  cond i t i ons .  The 1 
r e s u l t  i s  a l s o  i n  c o n t r a d i c t i o n  t o  t h e  c u l t i v a t e d  phys io log ica l  a r o u s a l  

- r - -  : i120thesis t -hat  s L k t e s  biofeed'mck t r a i n e d .  groups e x h i b i t  lower i n d i c e s  

of p h y s i o l o g i c a l - a m c s a l  tkian'sirn?ly r e l axed  c o n t r o l  grbu2s under 

r r - s t i n g  c c n d i t i o n s .  p rev ious  a t t e n i ) t s  ' t o  t e s t  t h e  ef&cacy of b io feed -  

Szck t r a i r . i ng  f o r  a r z i e t y  o r  s t r e s s  rr.3rLa~err!ent nay have o~jc-ylrmked t h e  

s l ~ . i f i c m c e  of b i o f e e d h c k  t r a i i i n g  5;. n o t  i n c l u d i n g  a  s t r e s s  i n + ; l g t i o ~  . . 
s r c c e d u r e  . In t h i s  s c u d l ,  r;:snbtorLr~~ig , - h ~ s i o l o g i c a l  r e  

4 
s ~ l e l y  du r ing  r e sk i39  ge r i cc ;  - d ~ u l d  ;--ave l e a d  t o  t h e  e  

sion t k a t  s i t t i n q  ir, a +do~ . f c r t ak+e  r e c l i n e r ' c J i a i r  l o c a t e d  i n -  a  q u i e t  

s i n e c u r e  a-way f r o z  t h e  h u t &  Sus*ile -of "croxded c l a s s r o o n s ,  l i b r a r i e s  
ii. Ib 

.*.it L .. the ' f a c t  

- 
sl&,+ctls p?.~+siological res-mnse t o  s t r e z s .  Pfien. combined 

r an i t o r in7  of t k e  Zlngle  t r a i n i n g  t a x g e t  response e-?en 
b . - 

2 .  

..- ,.2r -- a ~ - t r e s s  c o k i t i o n  zay l e a s  t o  '-,he equal'Ty-qrrcmeous conclus ion  
. . - . . 

cu l t i - za t ed  $ y s i c l o ~ i ~ z . l  10.4' arcrzsal has o'ccurre$, i t  %s c l e a r  t h a t  



&creased  s k i n  r e s i s t a n c e  du r ing  p o s t s t r e s s o r  b a s e l i n e .  Decreases 

i n  s k i n  r e s i s t a n c e  have p r e v i c u s l y m n  no ted  du r ing  biofeedback a 

- .  
t r a i n i n g  (e .g .  GaLtchel, 1976) .  K i l p a t r i c k  (1971) has  found t h a t  t o n i c  

(mean l e v e l )  s k i n  r e s i s t a n c e  v e r s u s  p h a s i c  ( r e s p o n s i v i t y )  s k i n  
I C r e s i s t a n c e  i s  more respons ive  t o  c o g n i t i v e  , a s k s  and t o  t h e  p e r i o d  of  

L 

c o g n i t i v e  a c t i v i t y  fo l lowing  t h e  t a s k ,  than  t o  p sycho log ica l  s t r e ~ s o r s  

such a s  t h e  manipulat ion of  t h r e q t  . Phas ic  s k i n  r e s i s t a n c e ,  converse ly ,  

was found to be Tore r e s p n s i v e  t o  p s ~ c h o l o g i c a l  s t r e s s o r s  t h a n  c o g n i t i v e  

s t r e s s o r s .  Since t h i s  s tudy  employed b a s a l  DC coup led  s k i n  r e s i s t a n c e  

v e f s u s  qu ick  chan2e a C  coupled s k i n  r e s i s t a n c e ,  v a r i a t i o n s  i n  s k i n  

r e s i s t a n c e  measure2 :sere t h e  t o n i c  v a r i e t y .  Increased  s k i n  

r e s i s t a n c e  dur ing  t h e  20 b a s e l i n e ,  t hen ,  zay have k e n  due 

t o  t h e  use o f  t h e  l e s s  r e s s o n s i v e  b s a l  GR and i t s  s e n s i t i v i t y  t o  

c o g n i t i v e  a c t i v i t y  fo l lowinq  mental  t a s k s .  Despi te  t h i s  i n t e r p r e t a t i o n ,  

^ T f  C : . ~ t .&i re r ,  t h e  major i r r 2 l i c a t i o n  o f  t h i s  f i n d i n g  i s  t h a t  even when b io-  

feedkack t r a i n i n g  i s  provided in a phj .s iologica1 r m d d i t y  which c o n s t i -  

+,.i -,-es a  na j o r  p h y s i o l o ~ i c a l  c o n p n e n t  of  a n x i e t y  f o r  t h a t  i n d i v i d u a l ,  

l e a r n e d  c o n t r o l  o f  t h a t  p h y s i o l o g i c a l  modal i ty  i s  not  n e c e s s a r i l y  
Ir 

r e f l e ~ t s d  i n  r e l a t e d  ~ t y s i c l q i c a l  res-mnse systems.  

=c reased  t r a i t  z x i e k y .  I n s o f a r  as t h i s  w a s  a n  analogue s tudy  

~ ~ ~ l o y i n g  s & j e c t s  with " n ~ - m a l "  r a t h e r  t han  "high" a n x i e t y  l e v e l s ,  t h e  

l a c k  cf t r e a + ~ e ~ t  e f f e c t  05 t h e  s e l f - r e p o r t  i n & c e s  of a n x i e t y  i s  n o t  

a l ' a ~ e t h e r  s u q r i s i n g .  ?;is i s  G s _ t . e i a l l y  So s i n c e  l i t t l e  o r  no 

L y 2 q  -,,,..ir,q rn Las ~ r o v i d e ?  L-. i i l en t i fy ing  p e r s n a l  s t r e s s e s .  E;or was t h e r e  
-; 

- -. .i: - =..l - . . ins  d ,  k t  rr-ild e r . c s ~ ~ ~ a g ~ x e n t  ciircr, . t o  p r a c t i c e  p:?ysiological s e l f  - 



C 
4 -. 

I ~ o n t r o l  o u t s i d e  t h e  l a b r a t o r y .  Keve r the l e s s ,  a  c e n t r a l  aim o f  p ro -  
< 

vidiktg biofeedkack t r a i n i n g  %as t o  dec rease  a n x i e t y  and s o  a  more 

l eng thy  d i s c u s s i o n  of  l a c k  o f  t r e a t x e n t  e f f e c t s  on e i t 3 e r  s t a t e  o r  t r a i t  
, .  
a n x i e t y  i s warranted.  

.- 
Of t h e  two types  o f  a n x i e t y ,  s t a t e  a n x i e t y  i s  t h e  more s i t u a t i o n a l l y '  

s e n s i t i v e ; c o n s t r u c t  a2d one n i g h t  reasonably  have exsec ted  a s i g n i f i c a n t  

t r e a t ~ e n t  e f f e c t  on t h i s  r e z s u r e .  It  could  be argued t ? , a t  'Xe l a c k  o f  

1 s u c h  an e f f e c t   my % accc;i;rlted f i r  by t h e  o r d e r  of  a&r;Lxistering t h e  

Sn&I 'since it .*as at+r?. is tered af+r the p s y c h o p h y s i o l o ~ i c a l  s t r e s s  

p r o f i l e  when any izserifiinq a n x i e t y  ove r  t h e  a d m i n i s t r a t i o n  of  s t r e s s o r s  

- ~ o u l d  l i k e l y  have ';e=.?. r e 1  ie-red. ??-As argument i s  rL3t  ;,;:;oily convincing.  

On a  l o g i c a l  b a s i s ,  a r e s e s s i o n  s ' a t~  a n r i e t y  could 'E i n f luenced  by any 

n w h r  of f a c t o r s  such  a s  be ing  l a t e  f o r  t h e  s e s s i o n  o r  having  j u s t  , 

cczp,leted an e ~ a r ~ i n a t i ~ ~  as -#:zs ,reF>ed by s e v e r a l  s l S j e c t s .  Post-'  

c e s s i o n  - admin i s t r a t i on  of  t h e  STAI i . - ~ u l d  be more l i k e l y  t o  r e f l e c t  

decrements  i n  s e l f - r e p o r t  a n x i e t y  a s  a r e s u l t  o f  p r a c t i c i n g  t h e  developed 

5 iofeedSlck  s t r a t e q y  o r  normal r e l a r z t i o n  s t > a t e g i e s .  I . lo raever ,  t h e r e  

i s  no evidence t o  suggest  t h a t  g r e s e s s i o n  a d m i n i s t r a t i o n  of t h e  STAI 

would have l e d  t o  a  s i g n i f i c a n t  t r e a t x n t  e f f e c t .  k ~ a l y s i s  o f  s u b j e c t  

r e sponses  t o  t h e  q u e s t i o n  of d i f f e r e n t i a l  a n x i e t y  i n  a n t i c i p a t i n g  t h e  

p r e t e s t  ;?nd p o s t t e s t  p r o f i l e s  r evea l ed  no s i g n i f i c a n t  d i f f e r e n c e s  S t w e e n  
w 

t r e a t r e n t  md k o n t r o l  qroups. The i ~ s t  l i k e l y  exp lana t ion ,  t h e r ~ f o r e ,  
> c 

i s  t h a t  s i n c e  h igh  i n i t i a l  s t a t e  a n x i e t y  was n o t  a  f e a t u r e  o f  t h e  
4 

s ~ ~ l e ,  no decrecen6& were found. 

Trie f i n d i n g  of &creased  t r a i t  ~ w i e t y  f o r  Soth groups a t  t h e  



p o s t t e s t  s e s s i o n  i s  an unexpected outcome and more problemmatical t o  --- 
expla in .  In f a c t ,  t h e  research  des ign o f  t h i s  s tudy does n o t  permi t  a n  I 

-- 
- - adequate explanation.  The r e s u l t  i s ,  however, c o n s i s t e n t  wi th  t h e  

f i n d i n g s  o f  decreased p o s t s t r e s s o r  f r o n t a l  EMG f o r  the  groups a s  a . " 

whole, and decreased p r e s t r e s s o r  and p o s t s t r e s s o r  p e r i p h e r a l  s k i n  

tem e r a t u r e  f o r  h e a r t  r a t e  r e a c t i v e  gr'oups during p s t t e s t i n g .  One P 
might specula te  &hat  the  the rapeu t i c  expectancy/dernand c h a r a c t e r i s t i c s  

i m p l i c i t  i n  both the  exposure to biofeedback equipment and t h e  promise 

of  t reatment l e d  t o  a  p l a c e b  e f f e c t .  Zui experiment by Gatchel,  

Hatch, Naynard, Turns, and Tawton-Blackwood (1979) desc r ibes  t h e  power 

o f  sudh a  p l a c e b  e f f e c t  . Comparing. a  relaxation/biofeedback group, 
I 

a  f a l s e  feedback group and a sys temat ic  d e s e n s i t i z a t i o n  group, Gatchel 
f 

e t  a l .  found t h a t  d e s p i t e  l a c k  of phys io log ica l  a rousa l  reduct ion  'in 

t h e  f a l s e  biofeedback group, this group demonstrated a s  much reduct ion  

i n  se l f - r epor ted  speech a n x i e t y  a s  t h e  two treatment group$. /This  
'c 

reduct ion  was p e r s i s t e n t  i n  t h a t  i t  was maintained f o r  a l l  t h r e e  groups 

i n  a fol low up evaluat ion  one month l a t e r .  
r 

The i s s u e  of  whether decreased t r a i t  anx ie ty  dound i n  both groups 

was due to  a  placebo e f f e c t  a skoc ia ted  with exposure t o  biofeedback 

equipment dur ing  the  psychophysiolgoical  s t r e s s  p r o f i l e  o r  t o  some o t h e r  

f a c t o r  such a s  increased confidence a s  t h e  academic year  progressed 

k d 
migRt  e a s i l y  have k e n  provided i n  this  study by the  i n c l u s i o n  of a 

second con t ro l  group. Administering t h e  STAI to a t h i r d  group during 
F 

t he  p r e t e s t  and p o s t t e s t  weeks and providing no f u r t h e r  con tac t  would . 

have permi t ted  comparisons t o  be made between ' b io feedhck  t rea tment ,  
!R 



b i o f e e d h c k  exposure p l u s  promise o f  the rapeu t i c  e n e f i t ,  and pure no 

c o n t a c t  c o n t r o l  condi t ions .  Decreased t r a i t  anxie ty  i n  this second 

c o n t r o l  group would i n d i c a t e  t h e  e f f e c t s  o f  ex te rna l  f a c t o r s  while no 

decreases i n  t r a i t  anxie ty  would confirm t h e  expectancy/demand e f f e c t  

a s s o c i a t e d  with t h e  experimental  procedure. 2. 

- 

It i s  suggested t h a t  any f u r t h e r  research  using a psychaphysio- 
' 

- 
l o g i c a l  p r o f i l e  t o  a s s e s s  biofeedback t rea tment  incorpora te  such an  

a d d i t i o n a l  - con t ro l .  

Hypothesis 3 state 'd t h a t  s u b j e c t s  rece iv ing r e a c t i v e  modality 
9 

biofeedback t r a i n i n g  on a s p e c i f i c  modali ty,  i n  t h i s  case h e a r t  r a t e ,  

w i l l  n o t  e x h i b i t  a n x i e t y  increments on f r o n t a l  ERG, s k i n  r e s i s t a n c e  o r  

pe r iphera l  sk in  temperature.  The f ind ings  were a s i g n i f i c a n t  t rea tment  

e f f e c t  i n  f avor  of  increased p e r i p h e r a l  s k i n  temperature f o r  t h e ,  

c o n t r o l  group a t  t h e  p o s t s t r e s s o r  b a s e l i n e ,  and decreased sk in  - 

r e s i s t a n c e  a t  the  p o s t  s t r e s s o r  base l ine .  

-- 
per iphera l  sk in  temperature i n t e r a c t i o n  and decreased s k i n  

r e s i s t a n c e .  The hypothesis  t h a t  l ea rned  con t ro l  of a s u b j e c t ' s  most 

r e a c t i v e  physio logica l  modali ty occurswithoutconcomitantarousalincreases 

i n  o the r  phys io log ica l  response m o d a l i t i e s  must be r e j e c t e d .  ~ i s t e a d ,  -% 

t h e  hypothes is  t h a t  con t ro l  o f  a  phys io log ica l  response system o t h e r  

than t h e  t r a i n i n g  t a r g e t  response must be en te r t a ined  rega rd less  o f  
Q 

whether the  Graining t a r g e t  response i s  t h e  s u b j e c t ' s  most r e a c t i v e  

physio logica l  modality o r  a uniform t r a i n i n g  t a r g e t  response t h a t  does 
i 

f - 
, I- * 



n o t  c o n s t i t u t e  a  major p h y s i o l o g i c a l  -component o f  a n x i e t y  f o r  t h e  

i n d i v i d u a l .  As i n  t h e  c a s e  o f  d i s c u s s i n g  t h e  j o i n t  occurrence  of  

decreased h e a r t  rate and main ta ined  f r o n t a l  EMG under s t r e s s  c o n d i t i o n s ,  

t h e  c a v e a t  concerning a c t u a l  a lpha  l e v e l s  must be made h e r e .  Never- 

t h e l e s s ,  t h e  f a c t  t h a t  h e a r t  r a t e  biofeedback t r a i n i n g  i s  r e f l e c t e d  on 

inc reased  a r o u s a l  a s  measured by s k i n  r e s i s t a n c e  and p e r i p h e r a l  s k i n  

tempera ture  s t r o n g l y  sugges t s  d i s s o c i a t i o n  o f  p h y s i o l o g i c a l  responses .  

Ploreover, t h e  f i n d i n g  of  a s i g n i f i c a n t  t r ea tmen t  e f f e c t  i n  which 
- 

cGnt ro l  subj .ec ts  exper ienced  s i g n i f i c a n t l y  i n c r e a s e d  s k i n  tempera ture  

1Y 
under s t r e s s  c o n d i t i o n s  whereas h e a r t  r a t e  .biofeedback s u b j e c t s  d i d .  n o t  

i s  c o n s i s t e n t  wi th  -Good G d  Chisholm's (1976) f i n d i n g  , c f  i n c r e a s e d  
, , 

p e r i p h e r a l  v a s o c o n s t r i c t i o n  accompanying f r o n t a l  EMG r e d u c t i b n  t r a i n i n g .  

In  DeGood a n d ' ~ h i s h o 1 m ' s  s tudy  t h e  inc reased  p e r i p h e r a l  v a s o c o n s t r i c t i o n  

occurred  d e s p i t e  decreases  i n  f r o n t a l  EMG, h e a r t  r a t e ,  and r e s p i r a t i o n  

sugges t ing  t h e  p o s s i b i l i t y  t h a t  c o n t r o l  o f  v i s c e r a l  o r  v i s c e r a l l y  . ' 

. . mediated phys io log ica l  responses  and  o t h e r  autonomic p h y s i o l o g i c a l  

responses such a s  p e r i p h e r a l  s k i n  temperature and s k i n  r e s i s t a n c e  
C 

o p e r a t e  through d i f f e r e n t  mechanisms. It i s  i n t e r e s t i n g  t o  s p e c u l a t e  

whether t h e  converse i s  t r u e  a s  w e l l  -- t h a t  a c q u i r i n g  s e l f - c o n t r o l  
'4 

ove r  p e r i p h e r a l ,  s k i n  ' " t e m p e r a t y e  o r  s k i n  r e s i s t a n c e  response would l e a d  

t o  i n c r e a s e s  i n  frpn-1 EMG-and/or- h e a r t  r a t e .  pe rusa l  o f  f r o n t a l  EMG . ,  

d a t a  f o r  Lub jec t s  i n  t 5 s  s t u d y  r e c e i v i n g  p e r i p h e r a l  skin tempera ture  
i 

- 

1 

\ 
biofeedbcak t r a i n i n g  s t r o n g l y  s u g g e s t  t h e r e  a r e  i n c r e a s e s  - in  f r o n t a l  EMG , - 

assoc ' ia ted  wi th  t r a i n i n g  in p e r i p h e r a l  s k i n  temperature i n c r e a s e s .  

Fu r the r  sys t ema t i c  i n v e s t i g a t i o n  o f  this q u e s t i o n  is requ i r ed .  I f  t h e  - 



r e s u l t i n g  evidence supported t h e  d i s s o c i a t i o n  o f  v i s c e r a l  and autonomic 

physio logica l  responses,  a  c a s e  could be made t h a t  biofeedback t r a i n i n g  

should be provided i n  two  physiological response modal i t ies .  Such a n  

appro~ach would be analogous t o  Schwartz's (1972) p a t t e r n i n g  o f  physio- 

l o g i c a l  responses. Schwartz (19721 using a cardiovascular  response 

system and p a r e i t a l  alpha has shown t h a t  p r o v i d h g  t r a i n i n g  i n  both 

phys io log ica l  moda l i t i e s  p u t  n o t  i n  one alone lead?  t o  s u b j e c t i v e  s e l f -  

r e p o r t s  of i n t e n s e  r e l a x a t i o n  o r  what Schwartz desc r ibes  a s  "emergent 

p roper t i e s . " .  I t  i s  p o s s i b l e  t h a t  i t  i s  necessary t o  provide t r a i n i n g  

i n  two d i s s i m i l a r  physio logica l  response systems i n  o r d e r  t o  produce 

t h e  c u l t i v a t e d  low phys io log ica l  e f f e c t  necessary f o r  Wolbe ' s  (1958) 

concept of r ec ip roca l  i n h i b i t i o n .  

.Hypotheses 4 and 5 

Hypothesis 4 s t a c e s  t h a t  t h e  use of  p r o f i l e  SD a s  a  dependent 

measure m u l d  y i e l d  anxie ty  decrements on a g r e a t e r  number of  physio- 

l o g i c a l  response systems than t h e  r e s u l t s  o-f using mean l e v e l s  o f  
' 

r 
i4physiological a c t i v i t y .  The f i n d i n g s  cons is ted  on ly  of a  s i g n i f i c a n t  
A 

t rea tment  and time d i f f e r e n c e  on h e a r t  r a t e  v a r i a b i l i t y  f o r  both t h e  

, groups a s  a  whole a n a l y s i s  and t h e  h e a r t  r a t e  r e a c t i v e  groups a n a l y s i s ;  

3 s i g n i f i c a n t  f r o n t a l  EMG t r ea tmen t  e f f e c t  f o r  t h e  h e a r t  r a t e  r e a c t i v e  

groups a n a l y s i s ;  and a s i g n i f i c a n t ,  decrease i n  f r o n t a l  EMG v a r i a b i l i t y  

4 

d&i"ng p o s t t e s t i n g  f o r  the  groups a s  a  whole ana lys i s .  The hypothes is  

e 
was, t h e r e f o r e ,  r e j e c t e d .  

b 

In an a t tempt  t o  "reclaim" t h i s  hypothesis ,  supplementary analys i  s * 



2 
us ing  p r o f i l e  v a r i a n c e  ( S  ) i n s t e a d  o f  p r o f i l e  SD was p e r f o  me , 

use  of  v a r i a n c e  a s  opposed t o  S D - C ~ U S ~ S  high numerical  v a l u e s  t o  be 

enhanced due t o  t h e  geometr ic  p rog re s s ion  e f f e c t  o f  t h e  squa r ing  Rro- 
2 

cedure  and should ,  t h e r e f o r e ,  l o g i c a l l y  provide'  more s e n s i t i v e  measure 

o f  response  v a r i a b i l i t y .  ~ l s o ,  v a r i a n c e  h a s  wide ly  been used i n  t h e '  

r e sea rch  on h e a r t  r a t e  v a r i a b i l i t y  (Porges,  1972; Wal te r  & Porges,  1976).  

The r e s u l t s  of t h e  h e a r t  r a t e  r e a c t i v e  groups r evea l ed  t h e  same number - # 
and type  of s i g n i f i c a n t  e f f e c t s  a l t hough ,  a s  p r e d i c t e d ,  t h e  r e s u l t s  

achieved a  g r e a t e r  l e v e l  o f  s i g n i f i c a n c e  t han  i n  t h e  p r o f i l e  SD a n a l y s i s .  

The r e s u l t s  were: a s i . g n i f i c a n t  group x time i n t e r a c t i o n  f o r  a  f r o n t a l  
m 

EMG v a r i a b i l i t y  (F(1 , lO)  = 4 .861 ,  2 = .052);  a  s i g n i f i c a n t  group, x t i m e  

i n t e r a c t i o n  f o r  h e a r t  r a t e  v a r i a b i l i t y  ( ~ ( 1 , l O )  = 7.034, E =  - 0 2 4 ) ; - a n d  - 
a s i g n i f i c a n t  t ime e f f e c t  f o r  h e a r t  r a t e  v a r i a b i l i t y  ( ~ ( 1 ~ 1 0 )  = 81.375, 

3 
- 

= . O O l ) .  Both groups d i s p l a y e d  inc reased  h e a r t  r a t e  v a r i a b i l i t y  

du r ing  p o s t t e s t i n g  w i th  t h e  t r e a t m e n t  s u b j e c t s  showing a lesser 

i n c r e a s e  (Group means f o r  t h e  p r o f i l e  v a r i a n c e s  are p r e s e n t e d  i n  T a b l e .  

10.. Analys i s  o f  v a r i a n c e  summaries a r e  l o c a t e d  i n  Appendix G.) 

For t h e  groups as a  whole a n a l y s i s  t h e r e  was a n  i n c r e a s e  i n  t h e  

number of  s i g n i f i c a n t  e f f e c t s  a s  w e l l  as a  g r e a t e r  l e v e l  o f  s i g n i f i c a n c e  

2 
when p r o f i l e  S  was used ove r  p r o f i l e  SD. There was a s i g n i f i c a n t  

t i m ;  e f f e c t  f o r  f r o n t a l  EMG v a r i a b i l i t y ,  F(1.18)  = 4.%720, p- = .043, - 
wifh both groups having dec reased  f r o n t a l  EMG v a r i a b i l i t y  d u r i n g  post- 

. t e s t i n g ;  a s i g n i f i c a n t  group x t ime i n t e r a d t i o n  for h e a r t  r a t e  vari- 

a b i l i t y ,  - ~C1,18) = 5.329, E =  .0331; and a  s i g n i f i c a n t  t i h e  e f f e c t  f o r  

< h e q t  r a t e  v a r i a b i l i t y  a t  p o s t t e s t i n g ,  F(1,18)  = 130.078, E =  ,001, w i t h  -- - 



Table 1 0  

"2 0 

Group Meand f o r  P r o ' f i l e  S ( H e a r t  Ra te  Reactive Groups) 

Anxie ty  
Group Measure 

1 
T 

2 

EMG 

PST 

PST 

GSR 166.900 187.981 
(23.892) (29.833) 

GSR s: -771)  162.306 (24.307)  

H.R 763.280 1561.987 ' 

(521.054) (431.634) 



the treatment group experiencinglessof an increase, (Group means 

for p ro f i l e  variances a re  presented i n  Table 11. Analysis of variance 

summaries a re  given i n  Appendix G.) 

The 'different ial  r e su l t s  of using physiological mean leve ls  of 

L 
ac t iv i ty ,  p ro f i l e  SD,  and pxofile S a re  presentgd and contrasted i n  

. Figure 2 .  m e  choice between prof i le  SD and p ro f i l e  s2 i s  e s sen t i a l ly  
- 1 

1 

a choice between a dep~ndent  measure tha t  provides a more conservative 

interpretat ion 'of  the  Cesults (profi le  sD) and'a dependent measure 
/,--' 

2 
tha t  of fers  a more generous interpretat ion (pkofile S ) .  =though the 

2 
in te res t  here i s  r eac t iv i ty  and the  prof i le  S procedure enhances the 

' @ 

finding of r eac t iv i ty  by acientuatind the difference =wen baseline 

and s t ressor  scores, the  prof i le  SD measure seems most appropriate here 

since it t r e a t s  both high and low values equally. In so doing, it 
b ' * 

- 
, % 

avoids any argument tha t  r eac t iv i ty  r e su l t s  have been a r t i f i c i a l l y  pro- 
\ 

duced by the choice of statist ica1,procedure.  It a l s o  provides t h e  

advantage of giving a conserva$ive estimate of the  r e s u l t s  of .biofeed- 
1. 

back t ra in ing  and mitigates against the drawing of over opt imist ic  

conclusions, especial ly  i n  view of the l ibe ra l  -10 level  of significance. 

employed i n  the study. 

A caveat must be made here, however. Due t o  the  skewness of (i 

standard deviations between the two groups, the ?ssumptions of normality 
P x  r 

and homogeneity of variances made i n  the  analysis of variance procedure 
e 

may have been violated. Although the analysis of varianceprocedure i s  

robust t o  such-violations, the s ize of the d ispar i ty  suggests t h a t  
0 5 

caution mustu& exercised in  interpreting the resu l t s .  

- 



- 
T a b l e  11 

2 
Group  Means f o r  P r o f i l e  S (Groups  as a Whole) 

A n x i e t y  
Group Measu re  T1 

EMG 

EMG 1.437 
( 1 . 0 2 9 )  

PST 

PST 

GSR 
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85.  

The consa r i son  of r e s u l t s  k t x e e n  p r o f i l e  S D  and mean Levels  o f  

p h y s i o l o g i c a l  a c t i v i t y  c l e a r l y  favoufs  mean l e v e l s  o f  p h y s i o l o g i c a l  

a c t i v i t y  i n  t e rms  o f  t h e  n m ' k r  ~f s i g n i f i c a n t  r e s u l t s .  T h i s ,  however, 

can be  exp la ined  by t h e  g r e a t e r  n,~-n5er cf a z a l y s c s  c a r r i e d  o u t  u s i n g  

mean l e v e l s  of  p h y s i o l o g i c a l  a c t i v i t y .  Since a c a l y s e s  %ere conducted 

a t  each o f  t h e  p r e s t r e s s o r ,  s t r L ~ c s o r ,  3in.d i -os ' -s t r . -zzor  h s e l  i n e s  f o r  

-- 
each p h y s i o l o g i c a l  mzda l i t y ,  t k r e ~  t k e s  t!,e r c L r  of analyses mre 

performed wi th  each ::Cssure. Cn the ' hs i s  of ci:lr.cc alcze, one would 

measures is no t  t h e i r  d i f f : : r en? i a l  s~?nsit.ivity, F u t  r a t h e r  t h e  addi -  

t i o n a l  i r ' formation tF.ev ~ro: l i3e  a s  a l t e r n a t e  indices of p h y s i o l o g i c a l  

self  c o n t r o l .  Considered i n  this l i g h t ,  t h e  r e s u l t s  o f  t h e  p r o f i l e  

v a r i a b i l i t y  analyses corrc%rato  t h e  p rev ious ly  noted f i n d i n g s  (Shein & 

?4andel, 1981; Y n a t i ~ w  & L m g ,  1365; T k n q ,  Sroufe t R a s t i n g s ,  1967; 

Har r i son  & Raskin,  1976)  that mean l e v e l  r e d u c t i o n s  i n  h e a r t  r a t e  can 

occu r  d e s p i t e  i nc reased  h e a r t  r a t e  v a r i a b i l i t y .  It i s  n o t  c l e a r ,  how- 

e v e r  how t h i s  obse rva t ion  should be i n t e r p r e t e d .  There  i s  some suppor t  

f o r  t h e  n o t i o n s  t h a t  c o g n i t i v e  t a s k s  produce a 'decrease  i n  h e a r t - r a t e  
I .  

v a r i a b i l i t y  ( e - g . ,  Lacey, 1967; Porges,  1972; Porges & Raskin ,  1969; 

Walter  & Porges ,  1976; Heslegrave,  Og i lv i e  & Furedy, 1 9 8 1 ) ,  and t h a t  . .  

a v e r s i v e  s t i m u l i  produce i n c r e a s e s  i n  h e a r t  r a t e  v a r i a b i l i t y  

(Heslegrave,  Og i lv i e  & Furedy, 1981) .    his ev idence  seems t o  i n d i c a t e  

t h a t  t h e  s t i m u l i  used i n  t h e  s tudy  behavedinore a s  s t r e s s o r s  du r ing  

t h e  p o s t t e s t  a d m i n i s t r a t i o n  of t h e  s t r e s s  p r o f i l e  t h a n  d u r i n g  t h e  p re -  

t e s t  admin i s t r a t i on . .  ~ o l l d w i n ~  t h i s  reasoning  it i s  p o s s i b l e  t o  

- i n t e r p r e t  t h e .  l esse i -  i n c r e a s e  in h e a r t  r a t e  v a r i a b i l i t y  by- t h e  t r ea tmen t  



i 
I 

C 8 6 .  

1 
group  r e l a t i v e  to  t h e  c o n t r o l  g roup  a s  a n  i n d i c a t i o n  of s e l f - c o n t r o l  

by t h e  t r e a t i n e n t  ~ o z p  d u r i n g  a n  a v e r s i v e  s t i m u l u s  s i t u a t i o n .  

A- other f i n d i n g  of i n t e r e s t  from t h e  p r o f i l e  S ~ I  r e s u l t s  bas t h a t  

a s i g n i f i c a n t  i n c r ~ z s e  i n  h e a r t  r a t e  v a r i a b i l i t y  was accompanied by 

a d e c r e a s e  i n  nezn l e - ? e l s  o f  h e a r t  r a t e .  A l t e r n a t i v e l y ,  however, t h e r e  
F 

i:as a t r e n d  f o r  d e c r e a s e d  f r o n t a l  Z l l G  v a r i a b i l i t y  c o j n c i d e n t  w i t h  a 

k e c r e a s e  i n  nean l e v e l s  of f r o n t a l  EYG. T h i s  r a i s e s  t h e  p s s i b i l i t y  

t h a t  p h y s i o l o g i c a l  r e s p s s e  v a r i a b i l i t y  behaves  d i f f e r e n t l y  from nean , 

l e v e l s  o f  p h y s i o l o g i c a l  a c t i v i t y ,  a t  l e a s t  u n d e r  s t r e s s  c o n d i t i o n s .  

Logically, one  rni23-t e x 2 e c t  p h y s i o l o q i c a l  v a r i a b i l i t y  t o  i n c r e a s e  i n  

e a c h  p h y s i o l o g i c a l  ~ ~ 5 a l i t y  d u r i n g  s t r e s s  c o n d i t i o n s .  The evidence' 

from t h i s  s t u d y ,  hove-er,  s u g g e s t s  t h a t  this i s  n o t  so. F u r t h e r  

r e s e a r c h  u s i n g  mean l e v e l s  of p h y s i o l o g i c a l  a c t i v i t y .  migh t  s i n u l t a n e o u s l y  

n o n i t o r  r e s p o n s e  v a r i a b i l i t y  i n  o r d e r  t o  uncover  t h e  r e l a t i o n s h i p  between 

v a r i a b i l i t y  and  mean 1 2 ~ ~ 1 s  of  p h y s i o l o g i c a l  a c t i v i t y .  

The Method o f  3 e t e m i n i n a  !.tost R e a c t i v e  M o d a l i t v  

The i n t e g p r e t a t i o n  o f  r e s u l t s  up t o  t h i s  p i n t  h a s  k e n  i n  t h e  

,- - ~ n t e x t  p o f  most r e a c t i v e  m d a l i t y  b io feedback  t r a i n i n g .  I t  h a s ,  t h e r e -  

f o r e ,  assumed t h a t  t h e  Z?- t r a r r s f o r ~ ~ a t i o n  used  t o  d e t e r m i n e  m o s t  

r e a c t i v e  n o d a l i t y  i s  a  t r i e d  and t e s t e d  i n s t r u m e n t .  Ln p o i n t  o f  f a c t ,  

the o g p o s i t e  i s  t r u e .  The ZR t r a n s f o r m a t i o n  i s  a u i i q u e  i n s t r u m e n t  

& r i v e d  f o r  t h i s  t h e s i s  m,d w i t h o u t  g r e v i o u s l y  d e t e r x i n e d  v a l i d i t y  or 

r e l i a b i l i t y .  T h i s  s e c t i o n  w i l l  p r o v i d e  a p r e l i n i n a r y  d i s c u s s i o n  of 



Support f o r  t h e  Construct V a l i d i t y  f o r  t h e  ZR TransformaFion 

The mo-a1 approach t o  e s t a b l i s h  t h e  c o n s t r u c t  v a l i d i t y  of 

t h e  ZR t ransformat ion  would be t o  compare t h e  most r e a c t i v e  modality 

a s  determined by t h e  ZR t ransformat ion  t o  some e s t a b l i s h e d  nonnative 

scores .  Unfortunately sGch normathe  da ta  do n o t  e x i s t .  An a l t e r n a t e  

method i s  t o  compare t h e  of using t h e  ZR t ransformat ion  with 

t h e  r e s u l t s  o f  o t h e r  more approaches f o r  determining 

r e a c t i v i t y .  A s  mentioned i n  Chapter two, t h e  most prevalen't  method o f  

i d e n t i f y i n g  r e a c t i v i t y  has been t h e  median-split  method. comparing t h e  

r e s u l t s  o f  t h e s e  tw  methods i s  not ,  however, a  s t r a igh t fo rward  pro- 

cedure. There aEe two reasons  f o r  t h i s .  F i r s t ,  t h e  median-split  

method a s s i g n s  r e a c t i v i t y  t o  only one phys io log ica l  modality a t  a  time. 

Even though a  s u b j e c t  may be a  h igh r e a c t i v e  on one physio logica l  

modality, he may a l s o  be high r e a c t i v e  on one o r  more o t h e r  modal i t ies .  

D e t e m n i n g  high r e a c t i v i t y  s imultaneously on four  physio logica l  modali- 

t i e s  would t h e r e f o r e  r evea l  a  response topography o f  one t o  four  modali- 

t i e s  without  being able  t o  d i sc r imina te  which was t h e  most r eac t ive .  
/ 

f Although it would be poss ib le  t o  determine most r e a c t i v e  modality by 

l' , g e r f o r m i n g  t h e  median-split  i n  four  dimensional space ,  such an approach t 

l e a d s  t o  i n t e r p r e t i v e  d i f f i c u l t i e s  and r e s u l t s  i n  a s s ign ing  t h e  

t h r e e  m o d a l i t i e s  Squal weights.  The ZR s t a t i s t i c ,  by c o n t r a s t ,  

a s s igns  t h e  sub jec t  a  most r e a c t i v e  physio logica l  modali ty even 

o t h e r  m o d a l i t i e s  may k e  high r e a c t i v e  a s  well .  A comparison of  

o t h e r  

e a s i l y  

though 

t h e  two 

approaches, t h e r e f o r e ,  must t ake  t h e  form of asking whether a  s u b j e c t ' s  

mos t  r e a c t i v e  physiological  modality a s  determined by t h e  ZR s t a t i s t i c  

~ u u l d  a l s o  be considered a s  a  high r e a c t i v e  phys io log ica l  modality 

using t h e  median-spli t  method. 



8 8 .  

k second d i f f i c z l t y  i n  s a k i n g  t h i s  comparison i s  t h a t  t h e  s p l i t -  

h a l f  r h e t b d  by d e f i n i t i o n  a s s i g n s  h a l f  of t h e  s u b j e c t s  t o  a  h igh  

r ~ a c t i v e  group m d  tkxe o t h e r  h a l f  o f  t h e  s u b j e c t s  t o  a  nonreac t ive  (low 

r e a c t i v e )  group.  5'2is occu r s  r e 2 s r d l e s s  o f  whether  t h e  i n d i v i d u a l  

s c o r e s  -,..<thin t ? . ~  s z - _ ~ l e  j u s t i f y  such a  d e s i g n a t i o n  on t h a t  p h y s i o l o g i c a l  

r o 6 a l i t y .  For  ~:-:x-?le, t h e  e n t i r e  saxple  wi th  t h e  except ion  of' one o r  

two s u b j e c t s  nay s?o-,..* l i t t l e  o r  no r e a c t i v i t y  on h e a r t  r a t e  i n  response 

t o  a  s t r e s s o r .  I : E - . - E . ~ ~ ~ . E ~ F S S ~  us ing  t h e  med ian - sp l i t  acproach,  one h a l f  

of t h e  s ~ x p l e  ,*:s>~ld S e  des igna ted  a s  high r e a c t o r s  on h e a r t  r a t e .  Con- 
r 

ver'se-ly, t h e  e n t i r e  p ~ u l a t i o n  nay show marked h e a r t  r a t e  r e a c t i v i t y  i n  

response  t o  a  s t r s s s o r  and y e t  h a l f  t h e  sample would Ix i d e n t i f i e d  a s  

low r e a c t o r s .  I n  ~ o i n t  of  f a c t ,  t h i s  s tudy r e v e a l e d  such a  c o n t r a -  

d i c t i o n .  When s u b j e c t s  were ass igned  t o  e i t h e r  h igh  r e a c t i v e  o r  low 

r e a c t i v e  groups on t h e  h s i s  of  t h e i r  sk in  r e s i s t a n c e  responses  t o  

s t r e s s ,  t e n  s u j j e c t s  xere  i d e n t i f i e d  a s  sk in  r e s i s t a n c e  h igh  r e a c t i v e  

d e s p i t e  t h e  f a c t  only f i v e  s u b j e c t s  even d i sp l ayed  inc reased  s k i n  

- - - 
r e s i s t a n c e  i n  response t o  t h e  s t r e s s o r .  A d i f f i c u l t y  with t h e  median- 

s p l i t  a p ~ r o a c h  then ,  i s  t h e  problem of  de f ined  p r o p o r t i o n a l i t y .  I n  

c o n t r a s t ,  t h e  ZR t r a n s f o m , a t i o n  does no t  r e q u i r e  that any s p e c i f i e d  

p r o p o r t i o n  o f  s u b j e c t s  *ke r e a c t i v e  on any one p h y s i o l o g i c a l  m d a l i t y .  

I t  s imply p r e s c r i b e s  t h e  one ~ h y s i o l o 9 i c a l  modal i ty  of t h e  t o t a l  

n c r h r  of m o d a l i t i e s  monitored must be de f ined  a s  m o s t ' r e a c t i v e .  The 

i s s u e  of  2 r o g o r t i o n a l i t y  he re  i s  an empi r i ca l  q u e s t i o n .  Th i s  d i f f e r e n c e  

i n  t h e  p r o r p r t i o n  of s - ~ S j e c t s  des iqna ted  a s  h igh  r e a c t i v e  a s  a r e s u l t  df 

us ing  t h e  s p l i t - h a l f  o r  ZR t r a n s f o r n a t i o n  methods neans that t h e  ZR 

t r a n s f o r r ~ t i o n  r a y  a s s ign  rare ( o r  l e s s )  s u b j e c t s  a s  k i n g  most r e a c t i v e  

than t h e  s p l i t - h a l f  7,ethod a s s i g n s  a s  high r e a c t i v e .  Comparisons 



h t w e e n  t h e  ZR t r ans fo rma t ion  and s p l i t - h a l f  method cannot  be m e  on T. 
a  s t r a i g h t  one f o r  one b a s i s .  

,. - 
. .-. .Within t h e  con tex t  of t h e s e  l i m i t a t i o n s ,  

< .  
', 

o f  t h e  two methods was sti l l  deemed d e s i r a b l e  

i n g  t h e  median-sp l i t  method employed by Light  

however, a  comparison 

and c a r r i e d  ou t .  Follow- 

(1981) , t h e  d i f f e r e n c e  

s c o r e  between i n i t i a l  b a s e l i n e  and t h e  s u b j e c t ' s  response  t o  a s t r e s s o r ,  

i n  t h i s  c a s e  t h e  f i r s t  s t r e s s o r ,  was, .salculated f o r  each s u b j e c t .  The 
i > 
Mi 

t o p  t e n  s u b j e c t s  were then  a s s igned  t o  a  h i g h  r e a c t i v e  group and t h e  

bottom t e n  s u b j e c t s  

Table 1 2  shows t h a t  

t r ans fo rma t ion  f e l l  

median-shl it method 

a s s igned  t o  a  low r e a c t i v e  group f o r  each ,modality.  

t h e  most r e a c t i v e  mbdal i ty  a s  a s s igned  by t h e  ZR 

w i t h i n  t h e  h igh  r e a c t i v e  group a s  determined by t h e  
ci 

pe rcen t  of t h e  t ime.  T h i s  r e s u l t ,  however, i s  

confounded by t h e  problem of  t h e  med ian - sp l i t '  s de f ined  p r o p o r t i o n a l i t y .  

I n  o r d e r  t o  g e t  a  c l e a r e r  view o f  t h i s  problem t h e  d i f f e r e n c e  s c o r e s  f o r  

each phys io log ica l  modal i ty  were l i s t e d  i n  sequence and a  c l i n i c a l  judge- 

ment approach used t o  discr iminate , :high and low r e a c t i v e  ' subjec ts .  The 

r e s u l t s  f o r  h e a r t  r a t e  r e a c t i v i t y  which c o n s t i t u t e d  t h e  major proporf ion  

of  s u b j e c t s  i n  t h i s  t h e s i s  a r e  p re sen ted  i n  Table 13 .  (Median-spl i t  

d i f f e r e n c e  sco res  f o r  f r o n t a l  EMG, PST and GSR a r e  presented  i n  

Appendix H. ) -L 
Table 1 3  shows t h a t  i f  t h e  s u b j e c t s  a r e  s p l i t  i n t o  t h e  t o p  1 5  

' s u b j e c t s  and bottom f i v e  s u b j e c t s  t h e r e  i s  a l o g i c a l  s e p a r a t i o n  of 

b a s e l i n e - s t r e s s o r  d i f f e r e n c e  s c o r e s  between 4 .275 b e a t s  pe r  minute and 

1.875 b e a t s  p e r  minute. Given t h i s  s p l i t ,  a l l  b u t  two of  t h e  t o p  1 5 .  

s u b j e c t s  a r e  most r e a c t i v e  accord ing  t o  t h e  ZR t r ans fo rma t ion ,  and 

a l l  of t h e  boktorn f i v e  s u b j e c t s  are most r e a c t i v e  i n  a phyk io log ica l  + 



Table 1 2  

Mean-Split High and L o w  Reactive Su b j ec t s  

Subject  ZR Transform Medi an-Spl it 
Number  ( + 

Fast Reactive EL% PST GSR H.R 
Modality xeac t i v i t y  Reackivity React iv i ty  Reac t iv i ty  

P ST 

PST 

EMG 

H.  R 

G S R  

H - R  

H. R 

H. R 

H.  R 

H.R 

Hi 

Hi, 

Lo 

Lo 

Lo 

Lo 

Hi 

Hi 

Lo 

Hi 



Table 13 

~ e d i a n - S p l i t  Difference Scores f o r  Heart Rate Reac t iv i ty  

Subject ' Median -Spl it ZR Assigned I 

Number Difference Score Reactive Modality 

t, H.R 

H.R.  

9 . 9 7 5  GSR , 

H. R 

H.R 

EMG 

SPLIT 
6 6.90 H . R  

16 6 . 6 2 5  
J 

H .R 
/ 

17  6.225 H.R 

1 0  6.05 H. R 

H.R 

EMG 

PST 

EMG 

- PST 

PST 



modali ty  o t h e r  t han  h e a r t  r a t e .  Looking a t  t o r d e r i n g  o f  

r, 
b a s e l h e - s t r e s s o r  d i f f e r e n c e  s c o r e s  f o r  GSR 

Appendix I ) ,  we s e e  t h a t  t h e  GSR s u b j e c t  ( s u b j e c t  5 )  was a l s o  h i g h  

r e a c t i v e  on  GSR ( t h e  most r e a c t i v e  in f a c t ) ,  and t h a t  t h e  f r o n t a l  EMG 

Y \ s u b j e c t  ( s u b j e c t  3)  was a l s o  i n  t h e  h igh  f r o n t a l  E X ~ h e a c t i v e  group. 
'b- 

Turning to Appendix C, we a l s o  note  t h a t  t h e  ZR t r ans fo rma t ion  

a l s o  d'esignated t h e s e  tm s u b j e c t s  a s  h igh ly  r e a c t i v e  on GSR and ., . 

f r o n t a l  E!.IG r e s p e c t i v e l y ,  b u t  when t h e s e  r e a c t i v i t i e s  were compared 
-a 

with  h e a r t  r a t e  t h e y  were more r eac tyve  on h e a r t  r a t e , .  

Although t h e  a b v e  approach i s  n o t  a  conc lus ive  proof of  t h e  
0 

c o n s t r u c t  v a l i d i t y  o f  most r e a c t i v e  modal i ty  a s  determined by t h e  ZR 

t r ans fo rma t ion ,  it i s  h i g h l y  sugges t ive .  The ZR' t r ans fo rma t ion  approach 

i s  c o n s i s t e n t  wi th  t h e  c l i n i c a l  judgement approach a p p l i e d  t o  f h e  

b a s e l i n e - s t r e ~ s o r  d i f f e r e n c e  sco res ,  and j u s t i f i a b l e  w i t h i n  t h e  

l i m i t a t i o n s  imposed by t h e  median-sp l i t  method. 

R e l i a b i l i t y  of t h e  ZR Transformation 

A s  a  p r e l i m i n a r y  t e s t  o f  t h e  r e l i a b i l i t y  of t h e  ZR t r ans fo rma t ion  

f o r  de te rmining  most r e a c t i v e  modal i ty ,  a  Spearman's rank o r d e r  c o r r e l a -  

t i o n  c o e f f i c i e n t  was c a l c u l a t e d  between t h e  most r e a c t i v e  p h y s i o l o g i c a l  
I 

m o d a l i t i e s  as i d e n t i f i e d  by t h e  ZR s t a t i s t i c  a t ,  t h e  p r e t e s t  and p o s t -  

t e s t  a d m i n i s t r a t i o n s  of t h e  s t r e s s  p r o f i l e .  Because of  t h e  t r ea tmen t  

i n t e r v e n t i o n  f o r  exper imenta l  s u b j e c t s ,  t h e  c o r r e l a t i o n  was made on ly  

f o r  c o n t r o l  s u b j e c t s .  The s m a l l  ( N  = 1 0 )  sample a s  a  r e s u l t ,  means t h a t  

t h i s  index of r e l i a b i l i t y  must ke t p t i v e .  A c o r r e l a t i o n  o f  .5222, 

\_24 2 = .061 bas ob ta ined .  Using t h e  u b procedure recommended when t h e  



number of  t i e d  ranks  r e l a t i v e  t o  theLC$nh-er of  obse rva t ions  i s  l a r g e  

revealed  a c o r r e l a t i o n  of .4472, E =  .059. A s  a ma t t e r  ok i n t e r e s t ,  

t h e  equivalent  c o r r e l a t i o n s  f o r  t h e  treatment group were r = -.0348, 

. 2 = -462 and r = -.0298, = -458 ind ica t ing  l e s s  agreement between 
& 

r e a c t i v e  m d a l i t i e s  when biofeedback t r a i n i n g  i-st r e a c t i v e  physio- 

l o g i c a l  modality was provided. 

Although t h e  r a n k  order  c o r r e l a t i o n  f o r  most r e a c t i v e  physio logica l  

modality a s  determined by t h e  ZR s t a t i s t i c  i s  modest, t h i s  can be 

explained,  a t  l e a s t  i n ~ p a r t ,  by t h e  small numbers employed i n  t h e  calcu- , -  

l a t i o n .  Future r e sea rch  employing t h i s  s t a t i s t i c  should, a s  a mat ter  

? 

of course,  t e s t  f u r t h e r  i t s  

responses t o  t h e  

S t resso r  Analysis  4 .  
I 

purpose of t h i s  s tudy was t o  explore  t h e  p h y s i o l o g i c ~ l  - 

s t r e s s o r s  used i n  the  s t r e s s  p r o f i l e .  Using t h e  i n i t i a l  

s t r e s s  p r o f i l e  b a s e l i n e  and s t r e s s o r  1 da ta  p o i n t s ,  a 2x2 (Group x time) 

,repeated measures a n a l y s i s  of  var iance  was performed f o r  each physio- 

l o g i c a l  modality. The purpose of t h i s  procedure was t o  determin'e t h a t  . = 

- t h e  s t i m u l i  used served equal ly  a s  s t r e s s o r s  f o r  each group. The- 

r e s u l t s  f o r  t h e  groups a s  a whole a n a l y s i s  revealed a s i g n i f i c a n t ,  

F(1 ,18)  = 30.986, = . D O 1  i nc rease  i n  hea r t  r a t e  i n d i c a t i v e  05 arousal  - 

f o r  b t h  groups i n  response t o  s t r e s s o r  1. Per iphera l  sk in  temperature, 

however, demonstrated a s i g n i f i c a n t ,  F(1 ,18)  - = 5.876, E'= .026, 

increase  f o r  both groups, and sk in  r e s i s t a n c e  evidenceda s i g n i f i c a n t ,  

F (1 ,18)  = 7.915, E = .012, decrease f o r  both groups i n  response t o  - 

s t r e s s o r  1, i n d i c a t i v e ' o f  decreased a rousa l .  There were no s i g n i f i c a n t  



5 I 

L n t e r a c t i o n ~ e f f e c t s  r e p r e s e n t a t i v e  o f  d i f f e r e n t i a l e  r a t e s  of  responding 

between t h e  tm groups. The a n a l y s e s  f o r  h e a r t  r a t e  r e a c t i v e  groups 

revea led  o n l y  a s i g n i f i c a n t ,  ~ ( 1 ~ 1 0 )  - = 49.058, p_ = .001, i n c r e a s e  i n  

h e a r t  r a t e  i n  response t o  s t r e s s o r  1 f o r  b s th  g r o F s .  Again t h e r e  were 

-'no s i g n i f i c a n b i n t e r a c t i o n  e f f e c t s  i n d i c a t i v e  of d i f f e r e n t i a l  r a t e s  ~f 

a? 
responding f o r  t h e  t m  groups. ,(Group means f o r  t h e  i n i t i a l  b a s e l i n e  * 

'A 
and s t r e s s o r  1 va lues  appear  i n . T a b l e  14 f o r  t h e  groups a s  a  whole, 

and Table 1 5  f o r  h e a r t  r a t e  r e a c t i v e  groups.  Analyses of  v a r i a n c e  

I 

summaries appear  i n  ~ ~ ~ e n d i x  I.) 

The r e s u l t s  were c l e a r l y  n o t  i n  keeping with t h e  view t h a t  t h e  

s e r i a l  sevens t a s k  served adequa te ly  a s  a  s t r e s s o r .  In  o r d e r  t o  exp lo re  

t h i s  d i screpancy  f u r t h e r l a o n e  way r e p e a t e d  measures a n a l y s i s  o f  

v a r i a n c e  was performed us ing  t h e  i n i t i a l  b a s e l i n e  and t h r e e  s t r e s s o r  '-- 
- 

data p o i n t s  a s  t h e  t ime f a c t o r s .  S ince  t h e r e  were noJ 'd i f fe rences  i n  t h e  t 

+ ,  way t r ea tmen t  and c o n t r o l  s u b j e c t s  responded to s t r e s s o r  1, t h e  one way 

, 5%' 
C .  -- 

anaiysh  o f  va r i ance  was conducted on t h e  e n t i r e  sample. S i g n i f i c a n t  

e f f e c t s  were found f o r  p e r i p h e r a l  s k i n  temperature,  F (3,57)  = 8 -490, - 

a 
f o r  t h e  f o u r  phys io log ica l  m o d a l i t i e s  a r e  presented  i n  Table 16. 

Analyses o f  va r i ance  summaries f o r  s i g n i f i c a n t  e f f e c t s  a r e  l o c a t e d  i n  

Appendix J.) The ~ c h e f f ;  Mul t ip l e  Comparisons procedure was used t o  

de termine  t h e  c r i t i c a l  mean d i f f e r e n c e s ,  A s i p i f i c a n t  i n c r e a s e  i n  

p e r i p h e r a l  s k i n  tempera ture  i n ' s t r e s s o r  1, and a  ~ i ~ n i f i c a n c e ' d e c r e a s e  . 

> 4 
i n  sk in  tempera ture  a t  s t r e s s o r  3  were revea led ,  - Sch (1,76)  - -308, p  - 

> < 
.05. . Heart r a t e  d e m n s t r a t e d  a s i g n i f i c a n t ,  - Sch(1,76)  - 2.074, p - .05, 



Group Means for I n i t i a l  B a s e l i n e  and S t r e s s o r  1 
* .  

(Groups as  a Whole) 

"r$bxiety I n i t i a l  
Group Measure B a s e l i n e  S t r e s s o r  1 

EMG 

EMG 

2 GSR 

s.- H. R 



Table 15 

Group Means for I n i t i a l  Baseline and S t ressor  1 

(Heart Rate Reactive) 

\ - \  

Anxiety 
Group Measure 

I n i t i a l  
Baseline 

7 

EGG 

EMG 

G S R  

GSR 



T a b l e  16 : = 

* 1' 
B a s e l i n e  and S t r e s s o r  Means f o r  t h e  Sample by M o d a l i t y  

P h y s i o l o g i c a l  I n i t i a l  ? 

S t r e s s o r  1 S t r e s s o r  2  
Moda l i ty  

S t r e s s o r  3 
Base l ine -  

, , 

4 

F r o n t a l  3.233 3.116 , 3.323 3.272 
EMG (1.711) (1 .287)  (1.953) 

n .  
(1.607) 

PST 

GSR 

'- > < * S i g n i f i c a n t  d i f f e r e n c e ,  S c h ( 1 , 7 6 )  - .308,  p - .05.  - 
> < **  s i g n i f i c a n t  d i f f e r e n c e ,  Sch(1 .76)  - 2.074, p - .05.  ' - 



i n c r e a s e  from i n i t i a l  b a s e l i n e  a t  each  o f  $ r e s s o r s  1, 2 ,. and 3 .  . 

3 
7 The r e s u h s  o f  t he se$a . a ly se s  i n d i c a t e  t h a t  a t h r e e  minute  s e r i a l  

vens  s u b t r a c t i o n  t a s k  i s . n o t  adequate  t o  se rve  a s  a  s t r e s s o r .  Although 
4 

h e a r t  r a t e  was immediately r e s _ p n s i v e  t o  t h e  f i r s t  s t i m u l u s ,  p e r i p h e r a l  

s k i n  t e i i pe ra tu re  d i d  n o t  d e x o n s t r a t e  a r o u s a l  u n t i l  s t i x u l u s  3 .  d s o ,  a s  

d e m n s t r a t e d  be fo re ,  h s a l  G S R  d i d  n o t  decrease  (show i n c r e a s e d  a r o u s a l )  

u n t i l  t h e  p o s t s t r e s s o r  k s e l i n e .  These r e s u l t s  can Ix e x p l a i m d  by 

t h e  lower r e s - p o n s i v i i t y  o f  p e r i p h e r a l  s k i n  tempera ture  m d  h s a l  GSR, 

F t 

and t h e  more i n s t a n t a n e o u s  r e spons iv i tye f  h e a r t  z a t e  . F u t u r e  r e s e a r c h  

3r. should u s e - l o n g e r  p e r i o d s  of s t r e s s  o r  more i n t e n s e  s t r e s s o r s  i n  o r d e r  . 

t o  d e t e c t  t h e s e  changes.  The use  of  qu ick  change AC ccu2led  s k i n  

r e s i s t a n c e  would a l s o  p r o v i d e  g r e a t e r  r e s p o n s i v i t y .  

The l a c k  of i n c r e a s e  i n  f r o n t a l  M G  i n  r e s p n s e  t o  th'e s t r e s s o r s  i s  

more problemmatical  and may r e p i r e  t h e  use  o f  cog r i i t i ve  s t r e s s o r s  w i t h  

g r e a t e r  d i f f i c u l t y  l e v e l s .  Cac iap_p  and P e t t y  (1981) have d e m n s t r a t e d  
*1 

t h a t  e l e ~ t r o m y o g r a p h i c  a c t i v i t y  occu r s  maximally i n  t h e  l i p  a r e a  in 

r e q o n s e  t o  c o v e r t  i n f o r m a t i o n  p roces s ing  t a s k s  and t h a t  even i n  t h i s "  

a r e a  D I G  a c t i v i t y  was i n d e t e c t a b l e  when l e v e l  o f  meaning and d i f f i c u l t y  

o f  encoding were low. I n  t h i s  s tu&j ,  t a s k  d i f f i c u l t y  .+as a t  t h e  g rade  
.- 

12  l e v e l .  Fu tu re  s t u d i e s  shou ld  a l t e r  t h e  t a s k  d i f f i c u l t y  t o  r e f L e c t  

t h e  p o p u l a t i o n  sample used .  

S-ry o f  Research L-mlicat i ons  

The r e s e a r c h  i m p l i c a t i o n s  o f  t h i s  s t u d y  can now ke .sun..arized. 

To f a c i l i t a t e  '$his p r e s e n t a t i o n ,  t 3 e  h a l i c a t i o n s  w i l l  -E group-5 u i 5 e r  



t h r e e  headings -- impl ica t ions  of providing h e a r t  r a t e  biofeedback ., 

t r a i n i n g  t o  h e a r t  r a t e  r e a c t i v e  sub jec t s ;  methodological cons ide ra t ions  
- 

f o r  f u r t h e r  aesearch i n  most r e a c t i v e  mpdality biofeedback t r a i n i n g ;  
k 
\ and t h e  c u r r e n t  s t a t u s  o f  most r e a c t i v e  modality biofeedback t r a i n i n g .  

Most Reactive Biofeedback Training f o r  Heart Rate Reactive Subjec ts  

A main f ind ing  f o r  t h i s  por t ion  of  the  s tudy was t h a t  h e a r t  r a t e  

biofeedback t r a i n i n g  i n  s u b j e c t s  f o r  whom h e a r t  r a t e  c o n s t i t u t e s  t h e  - 
major physio logica l  component of anx ie ty  l ead  t o  a  r educ t ion  of  hea r t  

r a t e  under s t r e s s  cond i t ions .  While t h i s  reduct ion  in h e a r t  r a t e  was 

accompanied by concomitant decreases  i n  f r o n t a l  EMGunder s p r e s s  condi t ions .  
R 

it d i d  not  l e a d  t o  a  s t a t e  o f  genera l  c u l t i v a t e d  low phys io log ica l  

arousal i n d i c a t i v e  of  physio logica l  r e l axa t ion ;  o r  t o  s u b j e c t i v e  s e l f -  

r epor t  express ions  o f  anx ie ty .  The conclusion t o  be drawn from these  

r e s u l t s  i s  t h a t  h e a r t  r a t e  biofeedback t r a i n i n g  does n o t ,  when used 

a lone ,  provide  a  s a t i s f a c t o r y  t rea tment  f o r  anx ie ty  i n  h e a r t  r a t 3  
/ 

r e a c t i v e  sub jec t s .  I t  does not ,  i n  Wolpe's (1958) formulat ion,  provide 
I" 

i n  adequate competing response t o  anxie ty .  This  conclusion does not ,  

, however, prec lude  t h e  use of h e a r t  r a t e  b io feedbackasan  innocu la t ion  

f l r  
procedure a g a i n s t  t h e  developmekt of  somatic complaints a s  a r e s d l t  o f  

anxie ty .  The t h e o r e t i c a l  formulat ion behind t h i s  t h e s i s  was t h a t  

( somatic complaints  occur i n  a  s u b j e c t ' s  m o s t  r e a c t i v e  physio logica l  

modality a s  a  r e s u l t  of p e r s i s t e n t  exposure t o  s t r e s s  and consequent 

over a rousa l  of  t h a t  phys io log ica l  modality (Malm, ,1975). Although an 

adequate t e s t  of  t h i s  hypothes is  r e q u i r e s  a  long i tud ina l  s tudy wi th  

h e a r t  r a t e  r e a c t i v e  s u b j e c t s  assigned t o  e i t h e r  h e a r t  r a t e  biofeedback 



t r a i n i n g  o r  c o n t r o l  g roups ,  t h e  r e s y l t s  o f  t h i s  t h e s i s  demons t ra te  t h a t  

h e a r t  r a t e  r e a c t i v e  s u b j e c t s  a r e  a b l e  t o  a c q u i r e  v o l u n t a r y  c o n t r o l  o v e r  

t h e i r  h e a r t  r a t e  under  stress c o n d i t i o n s  t h u s  e s t a b l i s h i n g  a n e c e s s a r y  

p r e r e q u i s i t e  t o  conduct ing  such a  l o n g i t u d i n a l  s tudy .  

A second i m p l i c a t i o n  o f  t h e s e  f i n d i n g s  i s  t h a t  h e a r t  r a t e  b iofeed-  

back t r a i n i n g  may be  a  more e f f i c a c i o u s  s i n g l e  t a r g e t  response  system 

than  t h e  f r o n t a l  EMG p h y s i o l o g i c a l  modal i ty .  Gatchel  e t  a l . ' s  (1978) 
+-. 

f i n d i n g  t h a t  f r o n t a l  EMG biofeedback t r a i n i n g  was no t  accompanied by 

h e a r t  r a t e  r e d u c t i o n s  under  stress c o n d i t i o n s ,  and t h i s  s t u d y ' s  f i n d i n g  

t h a t  h e a r t  r a t e  biofeedback t r a i n i n g  was r e f l e c t e d  by f r o n t a l  EMG 

d e c r e a s e s  under  s t r e s s  c o n d i t i o n s  gave credence t o  t h i s  c l a jm .    he t m  . 
lW 

s t u d i e s  a r e  n o t ,  however, d i r e c t l y  comparable. Whereas ~ a t c h e l  e t  a l .  

grnployed s u b j e c t s  w i thou t  r ega rd  t o  t h e i r  most r e a c t i v e  modal i ty ;  t h i s  

s t udy  p rov ided  - h e a r t  r a t e  t r a i n i n g  o n l y  t o  h e a r t  r a t e  r e a c t i v e  s u b j e c t s .  

The i s s u e  o f  whether t h e s e  c o n f l i c t i n g  p h y s i o l o g i c a l  g e n e r a l i z a t i o n  

e f f e c t s  a r e  a  f u n c t i o n  o f  s i n g l e  t a r g e t  t r a i n i n g  moda l i t y  i n  d i f f e r e n t  

p h y s i o l o g i c a l  r e w n s e  systems,  o r  a r e  s p e c i f i c  t o  p rov id ing  biofeedback 

t r a i n i n g  in a  s u b j e c t ' s  most r e a c t i v e  modal i ty ,  remains answered. A 

f u l l  s c a l e  v e r s i o n  o f  t h i s  s t udy  wi th  equa l  and s u f f i c i e n t l y  l a r g e  

numbers o f  f r o n t a l  EMG and h e a r t  r a t e  r e a c t i v e  s u b j e c t s -  would b e  a b l e  

to  r e s o l v e  t h i s  i s s u e .  Given t h e  r e s u l t s  o f  t h i s  t h e s i s  and the .  

i m p o r t a m s  of t h e  i s s u e ,  such a  s tudy  s e e m s  k a ihy  warran ted .  

The second main f i n d i n g  f o r  h e a r t  r a t e  r e a c t i v e  s u b j e c t s  was t h a t  

h e a r t  r a t e  and f r o n t a l  d e s p i t e  a r o u s a l  i n c r e -  

ments i n  o t h e r  These i nc remen t s  i n  



a rousa l  weqe due t o  b t h  s i t u a t i o n a l  f a c t o r s  a s  i n d i c a t e d  'by decreases  

i n  sk in  r e s i s t a n c e  f o r  both groups, a& due t o  t r a i n i n g  a s  evidenced by 

decreased p e r i p h e r a l  sk in  temperature f o r  the  t rea tment  group versus  

t h e  con t ro l  group. In add i t ion  to corrobora t ing  t h e  previous  conclusion 
rf 

t h a t  h e a r t  r a t e  r e a c t i v e  biofeedback t r a i n i n g  d i d  no t  l e a d  t o  c u l t i v a t e d  

low phys io log ica l  a r o u s a l ,  t h i s  f ind ing  l e d  t o  t h e  sugges t ion  t h a t  

biofeedback t r a i n i n g  may have t o  be provided in two  phys io log ica l  

response systems. Tnese r e s u l t s  suggest  t h a t  f o r  h e a r t  r a t e  r e a c t i v e  

sub jec t s  t h i s  secondary t r a i n i n g  t a r g e t  response should be p e r i p h e r a l  
\./ 

sk in  temperature.  iakethex t h i s  i s  a l s o  the  optimal  secondary t r a i n i n g  

s i t e  when r e a c t i v e  m d a l i t y  t r a i n i n g  i s  provided i n  o t h e r  response 

systems, must aga in  await  a f u l l  s c a l e  ve r s ion  of  t h i s  s tudy.  

Methdoloaical l i n ~ l i c a t i o n s  f o r  Fur ther  Biofeedback Research 

There a r e  s e v e r a l  methodological cons ide ra t ions  t h a t  have emerged 

from t h i s  s tudy.  Consis tent  with o t h e r  reseai-ch (Gatchel e t  a l . ,  1978; 

7 
DeGood & Adams, 1976; ~ u r i s h  e t  a l . ,  1981) ,  t h i s  s tudy found t h a t  it was 

impossible t o  d i s c r i m i n a t e  between treatment and con t ro l  s u b j e c t s  during 

t h e  r e l a x a t i o n  p e r i o d s  o f  the  psychophysiological s t r e s s  p r o f i l e .  This 

means t h a t  i n  o r d e r  t o  demonstrate t h a t  a c q u i s i t i o n  of s e l f - c o n t r o l  

over a  phys io log ica l  response has occurred,  f u t u r e  research  should 

inc lude  a s t r e s s  innocu la t ion  procedure. 

i The second impl ica t ion  concerns t h e  na tu re  of the  s t r e s s o r  ( s )  
\ 

used i n  t h e  s t r e s s  innocula t ion  procedure. The l e v e l  o f  d i f f i c u l t y  of 

the  s t r e s s o r s  used Fhould be matched t o  the  a b i l i t i e s  o f  the  sample, 

and be of s u f f i c i e n t  dura t ion  to d e t e c t  changes i n  response systems with 



l o n g e r  resr>onse l a t e n c i e s  s u c h  as p e r i p h e r a l  s k i n  t e m p e r a t u r e  and basal 

s k i n  r e s i s t a n c e .  Moreoever, f u t u r e  r e s e a r c h  s h o u l d  d e m o n s t r a t e ,  p r i o r  

t o  a n a l y s i s ,  t h a t  t h e  s t i m u l i  employed d i d  s e r v e  as  s t r e s s o r s  i n  a l l  

o f  t h e  p h y s i o l o g i c a l  r e s 2 o n s e  m o d a l i t i e s  moni to red .  

A t h i r d  i m p l i c a  i o n  c o n c e r n s  t h e  u s e  o f  c o n t r o l  g r o u p s .  A s  shown L i n  th is  s t u d y ,  t h e  u s  o f  a  s u b j e c t  a s  h i s  own c o n t r b l  and  t h e  r e l i a n c e  

on i n c r e a s e s  o r  l a c k  o f  i n c r e a s e s  i n  p h y s i o l o g i c a l  i n d i c e s  o f  a r o u s a l  

may n o t  be s u f f i c i e n t  t o  d e t e c t  t r e a t m e n t  e f f e c t s  i n  b i o f e e d b a c k  t r a i n i n g .  

A no c o n t a c t  c o n t r o l  w i t h  ? h y s i o l o g i c a l  measurements t a k e n  d u r i n g  p r e -  

t e s t  and  p o s t t e s t  s e s s i o n s  s h o u l d  be a  mandatory f e a t u r e  o f  f u t u r e  b i o -  

f e e d b a c k  r e s e a r c h .  Also,  i n  o r d e r  t o  overcome t h e  p o s s i b l e  p l a c e b o  ' 

e f f e c t  a s s o c i a t e d  w i t h  t h e  s i m p l e  a d m i n i s t r a t i o n  o f  t h e  psychophysio-  

l o g i c a l  stress p r o f i l e ,  f u t u r e  r e s e a r c h  ouqhttoincludetheprecaution 
, . 

o f  i n c l u d i n g  a  second  s e l f - r e p o r t  dependen t  measure g r o u p  as a  c o n t r o l  

f o r  b i o f e e d b a c k  exposure  p l a c e b o  e f f e c t s .  

F i n a l E y ,  t h e  u s e  o f  t h e  ZR t r a n s f o r m a t i o n  t o  d e t e r m i n e  most  r e a c t i v e  

m d a l i t y  h a d  p r o m i s i n g  r e s u l t s  i n  t h e  s t u d y .  With t h e  a d v a n t a g e  o f  o v e r -  

coming t h e  problem o f  d i s p r o p o r t i o n a l i t y  which i s  i n h e r e n t  t o  t h e  more 

p r e v a l e n t  m e d i a n - s p l i t  method f o r  choos ing  h i g h  r e a c t i v e  s u b j e c t s ,  

f u t u r e  r e s e a r c h  to e s t a b l i s h  t h e  v a l i d i t y  and r e l i a b i l i t y  o f  t h i s  a s s e s s -  f l  

ment i n s t r u m e n t  would a p p e a r  t o  be worthwhi le .  

C u r r e n t  S t a t u s  o f  Most ~ e a c t i v e  Moda l i tv  Biofeedback T r a i n i n a  

S t a t e n e n t s  a b o u t  mst r e a c t i v e  m o d a l i t y  b i o f e e d b a c k  t r a i n i n g  a s  a 

g e n e r i c  t r e a t m e n t  c a n n o t  k? made based on t h e  r e s u l t s  o f  t h i s  s t u d y .  

T h i s  i s  d u e  to t h e  u n d e r r e p r e s e n t a t i o n  o f  s u b j e c t s  r e c e i v i n g  b i o f e e d b c k  

* 



t r a i n i n g  in r e a c t i v e  mcdal i t i e s  o t h e r  than h e a r t  r a t e .  Moreoever, 

a t t empts  t o  broaden the  g e n e r a l i z a b i l i t y  o f  t h f s  s tudy  by i n t e g r a t i n g  
k 

o t h e r  r e sea rch  which employed f r o n t a l  EMG a s  t h e  t a r g e t  t r a i n i n g  response 

a r e  thwarted by t h i s  s tudy ' s  i n c l u s i o n  o f  most r e a c t i v e  modality as a  

presage  v a r i a b l e .  As a  pre l iminary  i n v e s t i g a t e  i n t o  m o s t  r e ~ c t i v e  

modality.biofeedknck t r a i n i n g ,  however, t h i s  s tudy generated some 

i n t e r e s t i n g  f ind ings ,  namely t h a t  

a )  D i f f e r e n t i a l  physio logica l  g e n e r a l i z a t i o n  e f f e c t s  may be 

a s s o c i a f e d  with choice  of  physio logica l  t r a i n i n g  modality. 

b) B i o f e e d h c k  t r a i n i n g  i n  a  s p e c i f i c  phys io log ica l  t a r g e t  

. response does not  occur i n  i s o l a t i o n  from o t h e r  physio logica l  

response systems. o t h e r  phys io log ica l  response systems may 

i n c r e a s e  i n  a rousa l  concomitant with t r a i n i n g .  

c )  Therapeut ic  p l a c e k  e f f e c t s  may- occur  a s  a  result o f  admini- 

s t r a t i o n  of t h e  phys io log ica l  s t r e s s  p r o f i l e  and/or expecta t ion  

o f  t r ea tmen t  k e n e f i t .  

. These t h r e e  f ind ings  have important  impl ica t ions  f o r  t h e  choice  of 

phys io log ica l  biofeedback t r a i n i n g  t a r g e t  response, f o r  t h e  choice of 

secondary phys io log ica l  t a r g e t  response, and f o r  f u t u r e  research  con- 

cerning t h e  i n f l u e n c e  of expectancy v a r i a b l e s  i n  psychophys i~ log ica l  

assessment procedures.  The results of  t h i s  t h e s i s ,  t h e r e f o r e ,  warrant a 

f u l l e r  and m u l t i v a r i a t e  inves t iga t ion  of most r e a c t i v e  physiological  

modali ty biofeedback t r a i n i n g .  



Appendix A 

I n s t r u c t i o n s  and T a s k s  f o r  t h e  P s y c h o p h y s i o l o g i c a l  
S t r e s s  P r o f i l e  



I n i t i a l  I n s t r u c t i o n s  
7 - .  2 

I n  t h i s  s t udy  we a r e  i n v e s t i g a t i n g  what happens t o  p e o p l e ' s  bod ie s  

when t h e y  r e l a x  and'when they  engage i.n d i f f e r e n t  k i n d s  o f  mental 

s k s .  Throughout t h e  e n t i r e  procedure  we w i l l  be moni tor ing  muscle 

t e n s i o n ,  skin t empera ture ,  sweatgland a c t i v i t y  ( G S R ) ,  and h e a r t  r a t e .  
I' 

- i 
He w i l l  f i r s t  o f  a l l  p r e p a r e  and connec t  t h e  r e c o r d i n g  senso r s .  W e  w i l l  

>hen a s k  j ~ u  t o  r e l a x  f o r  15 minutes ,  us ing  whateve '--. 
u s u a l  u s e  t o  r e l a x .  During t h i s  t i m e  t h e  equipment w i l l  be monitor ing \p, 
your body Qmct ion ing  while  you a r e  r e l a x i n g .  P e r i o d i c a l l y  you w i l l  

h e a r  some c l i c k i n g  sounds. T h i s  i s  t h e  p r i n t e r  p r i n t i n g  o u t  t h e  - 
3 

i n fo rma t ion .  Af t e r  your r e l a x a t i o n  s e s s i o n  we w i l l  be a sk ing  you t o  
I 

s e v e r a l  men ta l  t a s k s .  We w i l l  be moni tor ing  your  body's  f u n c t i o n i n g  

d u r i n g  t h e s e  t a s k s .  

Between each  t a s k  t h e r e  w i l l  be a 3 minute r e l a x a t i o n  p e r i o d . , '  

/' 

~ f - t e e  t h e  l a s t  t a s k  t h e r e  w i l l  be a  15  minute r e l a x a t i o n  period.- 

The f i r s t  s e s s i o n  w i l l  be mainly a  r eco rd ing  s e s s i o n .  

Terminate I n i t i a l  @ 
f 
a x a t i o n  

O.K. T h a t ' s  f i n e  f o r  now. Slowly l e t  your  a t t e n t i o n  d r i f t  back 

t o  t h i s  r o o m .  I ' m  going t o  ask you to do s e v e r a l  t a s k s  now. I n  each 

t e l l  you what I want you to do, t h e n  g i v e  you some t i m e  t o  

d o  t h e  t a s k .  Af t e r  each t a s k  I w i l l  g i v e  you 3 minutes  t o  j u s t  r e l a x  

[ b e f o r e  1 p r e s e n t  t h e  nex t  t a s k .  A f t e r  t he ,  l a s t  t a s k  t h e r e  w i l l  te a 

1 5  minute  r e l a x i n g  pe r iod  when yow can r e l a x  a g a i n  a s  much a s  p o s s i b l e .  



S e r i a l  5evens  

Ln a few moments I a m  g o i n g  t o  t e l l  you a number. I want you to 

s u b t r a c t  7 from t h a t  number, and  t h e n  s u b t r a c t  7 from t h a t  answer ,  and 
u 

t h e n  s u b t r a c t  7 acjain,  and keep  on  s u b t r a c t i n g  7 u n t i l  I t e l l  you to 

s t o p ' .  n o t  s ay  y o u r  a n s x e r s  o u t  l o u d .  D o  a l l  t h e  s u b t r a c t i n g  

s i l e n t l y .  A f t e r  3 ~ i n u t e s  I w i l l  t e l l  you t o  s t o p  and  g i v e  m e  t h e  

n i ~ ~ h r  you have reached .  -51e you ready? O.K. The number i s  1000,  go 

ahgad  a n d  start subtracting. 

T e r i n a t i n g  S e r i a l  Seven& 

S t o p . .  . T e l l  me your ans7&er ( w r i t e  down t h e  a n s w e r ) .  You d i d  

v e r y  w e l l .  J u s t  r e l a x  now f o r  3 minu tes .  Again use  wha tever  s t r a t e g y  

you usually use  t o  r e l a x . .  . J u s t  go ahead  and r e l a x .  



Reading m s k  

O.K.  hat's f i n e  f o r  now. The next  t a s k  i s  a readi'ng t a sk .  I 

am going t o  g ive  you two passages t o  read.  Af te r  you f i n i s h  each 

passage,  I w i l l  ask  you some ques t ions  t o  s e e  how well  you remember 

what you read.  

Here i s  the  f i r s t  passage. Read it s i l e n t l y  and'then t u r n  t h e  

c a r d  over.  I 

(Af ter  the  l a s t  ques t ion  of  the  l a s t  passage,  say)  . 
Tha t ' s  a l l  f o r  the  reading task .  Now I want you t o  r e l a x  aga in  

f o r  3 minutes. Use whatever s t r a t e g y  you usua l ly  use t o  r e l a x .  .. 
J u s t  go ahead and r e l a x .  



Ari thmet ic  Task 

O.K. T h a t ' s  f i n e  f o r n o w .  The l a s t  t a s k  i s a n a r i t h m e t i c  t a s k .  , 

I am going t o  a s k  you q u e s t i o n s .  I want you t o  work t h e  q u e s t i o n  o u t  

i n  your head .and t e l l  m e  your answer when you' r e  through. Do you 

. . . . . . . . 
( ~ f t e r  t h e  l a s t  answer, s a y )  

Those a r e  a l l  t h e  t a s k s .  Now I am going  t o  g i v e  you a chance 

t o  r e l a x  comple te ly .  Again use  whatever s t r a t e g y  you u s u a l l y  use  

t o  r e l a x .  Try t o  r e l a x  a s  comple t e ly . a s  p o s s i b l e .  J u s t  go ahead 

and r e l a x .  



log .  

Ar i thmet ic  Task 

1. How much i s  6 d o l l a r s  and 3 d o l l a r s ?  , ,  

2. ~f a wman .buys fou r  c e n t s  worth of stamps and s h e  g i v e s  t h e  c l e r k  
- ~. 

t e n  c e n t s ,  how much change should  she  g e t  back? 

3. A newsboy c o l l e c t e d  25 c e n t s  from each  of seven customers .  What 
i s  t h e  t o t a l  amount he c o l l g c t e d ?  

4 .  How many inches  a r e  t h e r e  i n  t h r e e  aqd one h a l f  f e e t ?  

' 5 .  How many cand ie s  can you buy f o r  49 c n t s  i f  one candy c o s t s  seven 
c e n t s ?  

% 

-6. How many hours  w i l l  it t a k e  f o r  a man t o  walk 28 m i l e s  a t  t h e  r a t e  
of f o u r  m i l e s  an hour? 

7 .  I f , a  man buys e i g h t  fou r  c e n t  stamps and g i v e s  t h e  c l e r k  a h a l f  
d o l l a r ,  how much change w i l l  he g e t  back? 

- 
8. A woman wi th  $19 spen t  $8.50. H ~ W  much does she  have l e f t ?  

i 
9. The p r i c e  of  canned beans i s  two cans  f o r  61  c e n t s .  What i s  t h e  

p r i c e  of  one dozen cans?  

10 .  A woman b u g h t  some second hand f u r n i t u r e  f o r  two t h i r d s  o f  what i t  
c o s t  new. She pa id  $600 f o r  it. Ho3 much d i d  it c o s t  new? 

11. A par t - t ime worker 's  s a l a r y  i s  $90 p e r  week. I f  15% o f  h e r  pay i s  
withheld f o r  t a x e s ,  how much does  she  r e c e i v e  each week? - 

12. Ten men can  f i n i s h  a job  i n  f o u r  days.  How many men w i l l  be needed 
to f i n i s h  i t  in a h a l f  day? 



Appendix B 

A l t e r n a t e  Tasks f o r  t h e  P o s t t e s t  P s y c h o p h y s i o l o g i c a l  
S t r e s s  P r o f i l e  



S e r i a l  Sevens Task -- B 

The number given t o  begin t h e  s e r i a l  sevens t a s k  was 950. 

Reading Task - B 

Two passages from an a l t e r n a t e  form of t h e 3 i l r n o r e  Oral ~ e a d i n g  
Test  were presented.  5 

Arithmetic Task - B 

An a l t e r n a t e  a r i t h m e t i c  t a s k  of equivalent  d i f f i c u l t y  t o  t h e  WAIS 
d 

grade 12 l e v e l  was developed and employed. The ques t ions  a r e  presented  
on t h e  next page; 



Arithmetic Task-B 

1. How much i s  7 d o l l a r s  and  2 d o l l a r s ?  

2. ~f a mmen buys s i x  c e n t s  wor th  o f  s t amps-and  s h e  g i v e s  t h e  c l e r k  
t e n  c e n t s ,  how nuch change s h o u l d  she  g e t  back? 

3 .  A newsboy c o l l e c t e d  25  c e n t s  from each o f  n i n e  c u s t o 2 e r s .  P a a t  
i s  t h e  t o t a l  amount he  c o l l e c t e d ?  

4 .  How rmny i n c h e s  a r e  t h e r e  i n  f o u r  and one h a l f  . f e e t ?  

5. How many c a n d i e s  c a n  you buy f o r  56 c e n t s  if o n e  candy c o s t s  
seven  c e n t s ?  

6. How many h o u r s  w i l l  it t a k e  a nan  t o  k a l k  35 m i l e s  a t  t h e  r a t e  o f  
f i v e  m i l e s  a n  hour?  

7 .  ~f a man buys s e v e n  f o u r  c e n t  s t e n p s  and g i v e s  t h e  c l e r k  a h a l f  
d o l l a r ,  how much change w i l l  he  g e t  bgck? 

8. A women w i t h  $19 s p e n t  s h e  have l e f t ?  

9. The p r i c e  o f  canned c e n t s .  What . i s  t h e  
b 

p r i z e  o f  one  dozen c a n s ?  

1 0 .  A woman b u g h t  some second hand f u r n i t u r e  f o r  t h r e e  w u a r t e r s  o f  
what it c o s t  new. She p a i d  $600 f o r  it. How much d i d  it c o s t  new? 

11. A p a r t - t i m e  w o r k e r ' s  s a l a r y  i s  $80 p e r  week. I f  1 5 %  o f  h e r  
w i t h h e l d  f o r  t a x e s ,  how much d o e s  s h e  r e c e i v e  each  week? 

gy is 

1 2 .  Twelve men c a n  f i n i s h  a job i n  f o u r  days .  How many men w i l l  lx 
needed to f i n i s h  it in a h l f  day? 



Appendix C 

ZR I=rar.sfomtations f o r  Determining I.lost 

seactive P h y s i o l o g i c a l  Moda l i ty  , 



Z-Score Type T r a n s f o r m a t i o n s  and X ~ s t  ~ e a c t i v e  Moda l i ty*  

P h y s i o l o g i c a l  
S u b j e c t  No. ! h d a l i  t y  " t r e s s o r  1 S t r e s s o r  2 

i 3 l G  
GSR 
PST* 
H :R 

B 4 G  
GSR* 
PST 
H.R 

E I G  
GS R 
PST 
H.R* 

S i n c e  h e i g h t e n e d  z r o - s a l  i s  i n  t h e  C i r e c t i o n  of i n c r e a s e d  EXG, 
Zecreased GSR, d e c r e a s e d  ?ST and i n c r e a s e d  H.R, t h e  Z s c o r e  s i p  must 
're ,?ositive f o r  E f S  ar,d 2.2. and n e g a t i v e  f o r  GSR and PST t o  be 
? e y e p i n e d  t h e  mst reactive m d a l i t y .  



Z - S c o r e  Type T r a n s f o r m a t i o n s  and Most R e a c t i v e  Modality ( C o n t i n u e d )  

P h y s i o l o g i c a l  
Subject  N o .  Modality S t r e s s o r  1 stressor 2 S t r e s s o r  3 

EMG 
GSR 
PST  
H.R* 

EMG 
GSR 
P S T  
H - R *  

EMG 
GSR 
P S T  
H.R* 

EMG 
GSR 
P ST  
H.R* 

EMG* 
GSR 
PST 
H.R 

EMG * 
GSR 
PST  
H.R 

EMG 
GSR 
PST 
H.R* 

15  EMG 

GSR 
% PST 

H ,R* 



Z - S c o r e  m e  Transformations and Most Reactive Modality (cont inued)  

- ~ h y s i o l o g i c d  
Subjec t  No .  Modality S t r e s s o r  1 S t r e s s o r  2 S t r e s s o r  3 

EMG 
GSR 
P ST 
H.Rf 

EMG 
GS R 
PST 

;a H.R* 

EMG 
GSR 
PST 
H.R* 

EMG 
GSR 
PST* 
H.R 

EMG 
GSR 
P S T  
H.R* 



Appendix D 

Analyses of Significant physiological Mean Levels and Self 
Report M2asures for Groups as a Whole 



Ana lys i s  of Variance f o r .  H.R. Mean Level ( S t r e s s  Condi t ion)  P 
Group x Time 

I 

summary o f  ~ n a l y s i s  o f  Variance 

source  SS D F  M S  F P - 
Between S u b j e c t s  2874.297 1 9  .& 

' A'  Kain E f f e c t s  308.047 1 308.047 2 . I 6 1  0.159 

S u b j e c t s  w i t h i n  2566.250 18  142.569 
Groups 

Within S u b j e c t s  

'B' Main E f f e c t s  77.852 1 77.852 2.547 0 -128 
- 

' AxB' I n t e r a c t i o n  136.875 1 136.875 4 -478 0.049 

'B' x S u b j e c t s  550.188 18  30.566 
Within Groups 



~ n a l ~ s i s ' o f  Variance f o r  EMG Mean Levels  ( S t r e s s  Condi t ion)  

Group x Time 

J 

S m a r y  of Analys i s  o f  Variance 

Between S u b j e c t s  64.114 1 9  

' A '  Main E f f e c t s  0.737 i o -653 
4 

1 8  S u b j e c t s  w i t h i n  63 ..3 77 
Groups 

Within S u b j e c t s  11 -421 20 

' B '  Main E f f e c t s  0 .068 :  . 1  0,. 068 0 -137 0.716. 

' AxB' I n t e r a c t i o n  2.406 1 .  2.406 4 -841  0.041 

' B '  x S u b j e c t s  8.947 18  0.497 
Within Groups ,-- 



Ana lys i s  o f  Variance f o r  EMG Mean Levels  ( ~ o s t s t r e s s o r )  
Y - 

Group x T h e  
4 .  

Summary of  Analysis  o f  Variance 

Source SS D F  MS F P  

Be twen  Sub iec t s  44.611 1 9  

' A '  Main E f f e c t s  0.314 1 0.314. 0.127 0.725 

Sub jec t s  w i th in  44 -297 1 8  2.461 
Groups 

~ i t h i A  Sub iec t s  18 -812 2 0 

' B '  Main E f f e c t s  3 -533 1 3.533 4.203 0.055 

' AxB' I n t e r a c t i o n  0.148 . 1  0.148 0.176 0. &%/ 
'• ’3' x Sub jec t s  15.131 18 0.841 
Within Groups 



Analys is  o f  Variance f o r  GSR Mean Levels  ( p o s t s t r e s s o r )  

Group x Time 

Summary o f  Analysis  o f  Variance 

t 

source SS D F  MS F P 

Between Subjec ts  483 -462 1 9  

' A '  Main E f f e c t s  11 -837 1 11.837 0 -452 0.510 

Subjec ts  w i th in  471.625 18  26.201 
Groups 

w i t h i n  Subjec ts  212.524 2 0 

'B' Main E f f e c t s  52.070 1 52.070 6.489 0 -020 
b 

' AxB ' I n t e r a c t i o n  - 16.016 1 16.016 1.996 0.175 

"'B' x ~ u b j e c t s ~  144 -438 18 8.024 
Within Groups 



Ana lys i s  o f  Variance f o r  STAI-T 

Group x Time 

Summary o f  Ana lys i s  o f  Var iance  

Source SS D F  M S  F P 

Between Sub jec t s  3073.915 1 9  

'Q 

' A '  Main E f f e c t s  9.063 1 9.063 0.053 0.820 

t 

S u b j e c t s  w i t h i n  3064 -852 1 8  170.270 
Groups 

Wi th in  Sub jec t s  221.477 20 

' B '  Main E f f e c t s  65.039 1 65.039 7 -512 0 -013 

'&B'  I n t e r a c t i o n  0.586 1 0.586 0.068 0.798 

' B '  x S u b j e c t s  1551852 18 8 -658  
Within  Groups 



Appendix E 
1. 

Analysis  o f  S i g n i f i c a n t  Physio logica l  Mean Levels and 
s e l f  Report Measures f o r  Heart  Rate Reactive Groups 



A n a l y s i s  o f  Var iance  f o r  Heart R a t e  Mean L e v e l s  ( p o s t s t r e s s o r )  

Group x Time 

Summary o f  A n a l y s i s  o f  Var iance  

Source  SS D F  M S F P 

Between S u b j e c t s  1936.453 11 

' A '  Main E f f e c t s  60.328 1 60.328 0.322 0.583 

S u b j e c t s  w i t h i n  1876.125 1 0  187 -612 
Groups 

Within  S u b j e c t s  895.899 1 2  

el 
' B I  Main E f f e c t s  12.914 1 12.914 0.224 0.647 

' AXB' ~ n t e r a c t i o n  305.297 1 305.297 5.285 0 -044 

' B '  x S u b j e c t s  573.688 1 0  57.769 
Wi th in  Groups. 



Analysis?  o f  va r i ance  " f o r  Heart  &te Mean Levels  ( S t r e s s  Condit ion)  

Group x Time 

0 %  

Summary o f  Ana lys i s  o f  Variance 
* 

Source SS D F  M S F P 

Between Sub jec t s  1666.553 11 

o o  

' A '  Main E f f e c t s  427 -570  1 427.570 3.451 0.093 

Sub jec t s  w i t h i n  1238.983 1 0  123 -894 
Groups 

Within Sub jec t s  

' B '  Main E f f e c t s  46.195 1 

' AXB' I n t e r a c t i o n  184.266 1 

'B' x Subjec ts  
Within Groups 



Analys is  o f  Variance f o r  F r o n t a l  EMG Mean Levels  ( S t r e s s  Condi t ion)  

Group x Time 

Summary o f  Ana lys i s  o f  Variance 

Source SS D F  MS . F P 

Between Sub jec t s  45 -869 11 

' A '  Main E f f e c t s  1.712 1 1.712 9.388 0.547 

Sub jec t s  w i t h i n  44.157 . l o '  4  -416 
Groups 

Within 'Subjects 

' B '  Main E f f e c t s  0.010 1 0.010 0.017 0.898 

' AxB' I n t e r a c t i o n  2.106 1 2 -106 3.615 0.086 

' B '  x Sub jec t s  5 -826 1 0  0.583 
Within Groups 



A n a l y s i s  o f  V a r i a n c e  f o r  Skin Temperature Mean L e v e l s  (pr 

Group x Time 
V 

Summary o f  A n a l y s i s  of V a r i a n c e  a .". . 

i 

Source  SS DF M S  F ' P 

Between S u b j e c t s  111.196 11 

' A '  blain E f f e c t s  4.008 1 4 -008 0.374 0 -555 

S u b j e c t s  w i t h i n  107 -188 1 0  4 0 . 7 1 9  
Groups 

Within  S u b j e c t s  57 -855 1 2  

4 
' B '  Main E f f e c t s  17.273 1 17.273 4.657 0.056 

'B '  x S u b j e c t s  37.090 1 0  3.709 
Within  Groups 



- Y  
t 

Ana lys i s  o f  Var iance  f o r  PST Mean Levels ( p o s t s t r e s s o r )  

Group x Time 

Summary o f  Analys i s  of Variance 

Source SS D F  MS F = P 

Between Subjectsj/  136.940 11 '. 
'A' Main E f f e c t s  0.674 1 0.674 0.049 0.828 

S u b j e c t s  w i t h i n  136.366 10 13 -627 
Groups 

Within S u b j e c t s  65.040 12 

'y 'B' Main E f f e c t s  14.133 1 14.133 4 -441 0,061 

' AxB' I n t e r a c t i o n  19.087 1 19.087 5.998 0.034 

'B' x S u b j e c t s  31.820 1 0  3.187 
Within Groups 



malysis of V a r i a n c e  f o r  GSR Mean Levels ( p o s t s t r e s s o r )  

G r o u p  x T i m e  

S u m m a r y  of A n a l y s i s  of V a r i a n c e  

SS D F  Source M S  F P 

B e t w e e n  Subjects 266.496 11 

'A '  Main E f f e c t s  29.953 1 29.953 1.266 0.287 

S u b j e c t s  w i t h i n  236.543 1 0  23.654 
G r o u p s  

. 
W i t h i n  Subjects 98.68 1 2  

' B '  M a i n  ~f fects  26.438 1 26.438 4.993 0.049 

' AxB' I n t e r a c t i o n  19.289 1 19.289 3 -643 0.085 

' B '  x S u b j e c t s  53.953 1 0  5 -295 
Within G r o u p s  



Ana lys i s  o f  Variance f o r  STAI-T 

~ r o u i  x Time 

Summary o f  Ana lys i s  o f  Variance 

L 

3* 

Source SS D F  M S  F P 

B e t e e n  S u b j e c t s  1188.848 11 

' A '  Main E f f e c t s  0.680 1 0.680 ,0.006 0.941 

Sub jec t s  w i t h i n  1188.168 1 0  118.817 
Groups 

Within S u b j e c t s  ' 112.985 1 2  

' B '  Main E f f e c t s  28 -172 1 28,172 3 -573 0.088 

' AxB ' I n t e r a c t i o n  5.977 1 5.977 0 -758 0.404 

' B '  x S u b j e c t s  
Within Groups 



Analyses of Significant Profi le  S D  Measures fo r  Groups 
as a Whole and  Heart Rate ~ e a c t i v e  Groups 



> 

Ana lys i s  o f  Var iance  for  Heart  Rate P r o f i l e  SD ( ~ r o u p s  a s  

Group x T i m e  

Summary o f  Ana lys i s  of Variance 

a Whole) 

Source SS DF MS . F P 

Between S u b j e c t s  867.754 1 9  

' A '  Myin E f f e c t s  41.680 1 41.680 0.908 0.353 

S u b j e c t s  within 826.074 
Groups ,--- 

Within S u b j e c t s  

' B '  Main ~ f f e c t s  2333.594 1 2333 -594 150.544 0.001 

'AxB'  I n t e r a c t i o n  59.063 1 59.063 3 -810 0.067 

'B' x S u b j e c t s  27 9.020 1 8  15.501 
Within Groups 



A n a l y s i s  o f  v a r i a n c e  f o r  Frontal EMG p r o f i l e  S D  (Groups as a Whole) 
1 

group x Time 

Summary o f  A n a l y s i s  of Va r i ance  

Source SS D F  M S  F P 

Between S u b j e c t s  17.462 1 9  

' A '  Main E f f e c t s  0.150 1 0.150 0.156 0.698 

S u b j e c t s  w i t h i n  1 7  -312 18 0.962 
Groups 

Within  S u b j e c t s  2.981 20 

'B'  Main E f f e c t s  0  -415 1 0.415 3  . I 72  0.092 

' AxB' I n t e r a c t i o n  0  -212 1 0  -212 1 .625  0.219 

'B '  x S u b j e c t s  2.354 18 0  . I 3 1  
Wi th in  Groups 



Analysis of Variance for Heart Rate profile S D  (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 ~ f f e c t s  30.141 1 30.141 0.670 0.432 

Within Subjects 1945 -669  f? 
' B '  Main Effects 1676.180 1 1676.180 98.710 0.001 

'B' x Subjects 169.809 1 0  16.981 
Within Groups 

- 4 

- - --- 



A n a l y s i s  o f  Variance f o r  F r o n t a l  EMG P r o f i l e  SD ( H e a r t  Rate ~ e a c t i v e  
Groups) 

Group x Time 

Summary o f  Analys i s  o f  Var iance  

Source SS DF M S  . F P 

Between S u b j e c t s  13.913 11 

' A '  Main E f f e c t s  3.082 1 3.082 2.846 

S u b j e c t s  w i t h i n  10.831 10 1.083 
Group s 

Within S u b j e c t s  

'B' Main E f f e c t s  0.275 1 0.275 . 1.938 

'B' x S u b j e c t s  1.417 1 0  0.142 
Within Groups .  
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Appendix G 

Analyges of S i g n i f i c a n t  P r o f i l e  y a r i a n c e  A n a l y s i s  



2 
Ana lys i s  o i * ~ a r i a n c e  f o r  F r o n t a l  EMG - 'P ro f i l e  s ( H e a r t  Rate Reac t ive  

Groups) . ,, 

Group x Time 

\ 
\ 

Summary o f  Ana lys i s  o f  Var iance  

Source SS DF F P 

Between Sub jec t s  179..096 11 

' A 1  Main E f f e c t s  45.615 1 3.417 0.094 

S u b j e c t s  w i t h i n  1133.481 1 0  
Groups J' 

Within Sub jec t s  40.530 1 2  
-@ 

, 
' B '  Main E f f e c t s  7 -483 1 3.365 

/ -  
. ' B '  x Sub jec t s  iJ 22.237 10  
Within Groups 



2 
~ n a l y s i s  o f  Variance f o r  Heart  Rate p r o f i l e  S (Heart  Rate Feac t ive  

Groups) 

Group x Time 

Summary o f  Analys is  o f  Variance 

Source SS D F  F P  

/ Between Sub jec t s  2271136.000 11 4 

'A '  Main E f f e c t s  213456.000 1 1.037 0.332 

S u b j e c t s  w i t h i n  
. C-roups 

Within ~ u b i e c t s  

' B '  Main E f f e c t s  

' AxB I n t e r a c t i o n  

'B' x Sub jec t s  
w i t h i n  Groups 



2 
A n a l y s i s  o f  Var iance  f o r  F r o n t a l  EMG P r o f i l e  S (Groups as a Whole) 

Group x Time 

Summary o f  A n a l y s i s  of Var iance  

Source  SS DF F P 

Between S u b j e c t s  212.514 1 9  

'A' Main E f f e c t s  8.567 1 0.756 0.396 

S u b j e c t s  w i t h i n  203.947 18 
Groups 

Within  S u b j e c t s  46.532 20 

'B' Main E f f e c t s  9.052 1 4.720 0.04 3 

' AxB' I n t e r a c t i o n  2.961 1 1.544 0.243 

'B'  x S u b j e c t s  34.519 18 
With in  Groups 



L 
Variance f o r  Hear t  Rate  P r o f i l e  S (Groups as a Whole) 

Group x Time 

- > 

Summary o f  Ana lys i s  o f  Variance 

Source SS D F  F P 

Between S u b j e c t s  4128510.063 '19 

' A '  Main E f f e c t s  

Sub jec t s  w i t h i n  
Groups 

Within S u b j e c t s  12774393 - 125  2 0 

'B' Main E f f e c t s  

' AxB' I n t e r a c t i o n  

9' x S u b j e c t s  1498880.000 1 8  ' 

Within Groups 



Median Split Baseline-Stre sor  Difference Scores i 



( Median-Split Differepce Scores for Frontal EMG ~ e a c t i v i t y  

% 

Subject -. Median-Split ZR Ass igned  
N u m b e r  Difference Score Reactive Modality 

P ST 
H.R. 
H.R. 
H.R. 
EMG 
H.R. ' 

H.R. 
H.R. 
GSR 
EMG 

- SPLIT ----'----- 

H. R. 
H.R. 
PST 
EMG 
H. R. 
H. R. 
H.R. 
P ST 
H.R. 
H.R. 



~ e d i a n - S p l i t  D i f f e r e n c e  S c o r e s  for PST 
- 

S u b j e c t  M e d i a n - S p l  it ZR A s s i g n e d  
Number  D i f f e r e n c e  S c o r e  ~ e a c t i v e  M o d a l i t y  " 

4+@ ,r 
H. R. 
PST . 
H.R. 
H.R. 
H.R. 
H.R. 
PST 
H .R. 
EMG 
H.R. 

3 
SPLIT 

. 2 0 5  ,H.R. 
- 5 6 5  EMG . 
.58  H.R. 
- 5  95 P ST 
-855 H. R. 
.99 EMG 

1 - 4 5 5  GSR 
1 . 9 4 5  H. R. 
2.555 H.R. 



Median-Split Difference Scores for GSR 

Subject 
Nurnbe r i 

~ e d i a n - S p l i t  ZR Assigned 
Difference Score 

* 
~ e a c t i v e  Modality 

GZR 
H.R. 
H.R. 
H.R. 
H.R. 
H-R. 
EMG 
PST 
H ,R. 

EMG 
P ST 
H.R. 
H.R. 
H. R. 
EMG 
PST 



Appendix  I 

A n a l y s i s  of S i g n i f i c a n t  S t r e s s o r  E f f e c t s  for Groups as a 
whole a n d  H e a r t  Rate  R e a c t i v e  Groups 

d 



A n a l y s i s  o f  V a r i a n c e  f o r  H.R. S t r e s s o r  1 (Groups as a Whole) 

Group x Time 

Surn;nary of A n a l y s i s  o f  V a r i a n c e  

Source  3s D F  M S  F P 

Between S u b j e c t s  2813.547 1 9  
4 - 

' A '  Kain ~ f E e c t s  33.047 1 33.047 0.214 0 .646 

S u b j e c t s  w i t h i n  2780.500 1 8  154.472 
Groups 

Wi th in  S u b j e c t s  849.43 2 0 

' B '  Main E f f e c t s  537.305 1 537.305 30.986 0 .001 

' AxB' I n t e r a c t i o n  0 - 0  1 0.0 0.0 0 .999  

' B '  x S u b j e c t s  312.125 1 8  17.340 
With in  Groups 5 



~ n a l y s i s  o f  V a r i a n c e "  f o r  PST S t r e s s o r  1 (Groups as a Whole)  

Group x Time 

Summary o f  A n a l y s i s  of V a r i a n c e  

7 

S o u r c e  SS D F  M S  F P 

Between S u b j e c t s  305.042 1 9. 

' A '  Main E f f e c t s  

S u b j e c t s  w<thin  296 .473~  18 16.471 
Groups 

W i t h i n  S u b j e c t s  11 .908  20 

'B' :?sin E f f e c t s  

'B1 x S O b j e c t s  
X i t h i n  Groups 



A n d t p i s  of V a r i a n c e  for GSR S t r e s s o r  1 (~roups as a Whole) 

Group x Time 

S u ~ ~ ~ l a r y  o f  A n a l y s i s  of V a r i a n c e  

Source  SS D F  ' MS F P 

=ti.-een S u b j e c t s  142.422 1 9  

' A '  .'.*din Effects -15.781 1 

Subjects .+.-ithin 120.641 18 
zmups 

'3 '  : .kin Effects 26.797 1 

'B' x Sub;ec t s  63.941 18 3 -386 
i : i t ? in  Groups 



P 

A n a l y s i s  o f  Variance f o r  H.R. S t r e s s o r  1 (Hear t  Rate React ive)  

Group x T i m e  

S m i r y  o f  Analys i s  o f  Variance 

Source D F  M S F' P 

3etv;een S u b j e c t s  1814.680 11 

' A '  Yain E f f e c t s  47.180 1 
% 

S u b j e c t s  w i t h i n  1767.50 1 0  
croups 

' 8 '  Xain E f f e c t s  519.398 1 519.398 49.058 
J 

'A&' I n t e r a c t i o n  0.047 1 0.047 . 0.004 

'B' x S u b j e c t s  105.875 10 1 0  -587 
Within Groups 



One way Analyses  of Variance for S i g n i f i c a n t  Stressors 



One Way A n a l y s i s  of V a r i a n c e  fo r  H.R. Stressors 

Time = initial B a s e l i n e ,  S t r e s s o r  1, S t r e s s o r  2,  S t r e s s o r  3 

S m a r y  of A n a l y s i s  of V a r i a n c e  

Source SS DF MS F 

. i 
Between Groups  755.313 3 2 5 1 . 7 7 1  11.708 0,001 

K i t h i n  G r o u p s  1225.688 57 .*; 21 S O 3  

T o t a l  1981.001 60 

S e t - ~ ~ e e n  S u b j e c t s  

S u b j e c t s  W i t h i n  
Groups  



One Kay Analyses  o f  V a r i a n c e  f o r  F r o n t a l  EMG S t r e s s o r s  

Time = I n i ' t i a l  B a s e l i n e ,  S t r e s s o r  1, S t r e s s o r  2 ,  S t r e s s o r  3 

S a m a r y  o f  A n a l y s i s  o f  V a r i a n c e  

. ----. 1 

Source  

Be tween Groups 3 13.203 2 . 4 8 6  . 0.070 

Wi th in  Groups 302.688 57 5.310 

Total 3 4 2 . 2 9 7  60 

- -- - 

Eetween Subjects 

S u b j e c t s  ~ i t ~ < n  
rjroups 



One Way F-"~a lys i s  of ~ar j .&?ce*for  PST S t ressors  

T i m e  = I n i t i a l  Z a s e l i n e ,  S t ressor  1, St ressor  2 ,  Sfrnssor 3 

S w ~ ~ a r y  of Finalysis of Variance 

Source S S D F  M S  F P 

- ze t ,&een Groups 12.036 - 3  4 .012  8.490 0.001 

-. h i c h i n  Groups 26.938 5 7 

zr-tween Subjects 
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