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THE EFFECT OF FEEDBACK AND INSTRUCTIONAL SET ON THE 

CONTROL OF CARDIAC RATE AND VARIABILITY

CHAPTER I

INTRODUCTION AND STATEMENT OF THE PROBLEM

S tu d ie s  on c a rd ia c  c o n t r o l  have r e c e n t l y  been r e p o r te d  which 

dem onstra te  t h a t  s u b je c t s  (Ss) can l e a r n  to  c o n t r o l  t h e i r  own c a rd ia c  

a c t i v i t y .  These s tu d i e s  a r e  an outgrow th from a l a r g e r  s e r i e s  of s tu d ­

i e s  concerned w ith  the  problem of in s t ru m e n ta l  l e a rn in g  of au tonom ica l ly  

c o n t r o l l e d  v i s c e r a l  re s p o n s e s .  P r io r  to  the  p re s e n t  i n t e r e s t  i n  t h i s  

a r e a ,  i t  was w ide ly  assumed t h a t  autonomic resp o n ses  were s u b je c t  to  mod­

i f i c a t i o n  by c l a s s i c a l  c o n d i t io n in g  p rocedures  on ly .  Skinner  (1953) f e l t  

t h a t  autonomic fu n c t io n s  were n o t  c ap ab le  of p ro v id in g  th e  k in d s  o f  con­

sequences found in  op e ran t  re in fo rc e m e n t  and t h a t  when such consequences 

were a rra n g e d  e x p e r im e n ta l ly ,  o p e ra n t  c o n d i t io n in g  would s t i l l  f a i l  to  

o c c u r .  Kimble (1961) concurred  w i th  Skinner  t h a t  i t  i s  im p o ss ib le  to  

c o n d i t io n  autonomic fu n c t io n s  by in s t r u m e n ta l  p ro ce d u re s .

Although Skinner (1953) may have been o v e r ly  p e s s i m i s t i c  i n  h i s  

b e l i e f  t h a t  autonomic fu n c t io n s  cou ld  no t be c o n d i t io n e d  in s t r u m e n ta l ly ,  

he c o r r e c t l y  a n t i c i p a t e d  a m eth o d o lo g ic a l  problem w ith  which s tu d i e s  in  

t h i s  a re a  have had to  d e a l .  T h is  i s  the  problem o f  m ed ia t io n  by so m a t i ­

c a l l y  in n e rv a te d  re s p o n s e s .  Sk inner  (1953) c a u t io n ed  t h a t  i t  may be

1



p o s s ib le  fo r  autonomie a c t i v i t y  to  be shaped i n d i r e c t l y  th rough in a d v e r t ­

e n t  re in fo rc e m e n t  of o peran t  beh av io r  which m edia tes  th e  d e s i r e d  a u to ­

nomic changes.

S tu d ie s  by Rice (1966) and Van Twyver and Kiiranel (1966) on 

in s t ru m e n ta l  c o n d i t io n in g  of the  GSR a ttem p ted  to  c o n t r o l  f o r  m e d ia t io n a l  

f a c t o r s  by m easuring r e s p i r a t o r y  and m uscular changes du r ing  o p e ra n t  con­

d i t i o n in g  of th e  GSR. In  the  R ice  s tudy  re in fo rc e m e n t  of th e  em it te d  r e ­

sponse was g iv en  only in  the  absence o f  EMG a c t i v i t y  rec o rd e d  from the  

forearm . The r e s u l t s  suggested  t h a t  in s t ru m e n ta l  c o n d i t io n in g  of th e  GSR 

d id  occur in  the  absence o f  m uscular changes. Van Twyver and Kimmel 

measured r e s p i r a t i o n  and m uscular a c t i v i t y  in  t h e i r  s tudy  o f  in s t ru m e n ta l  

GSR c o n d i t io n in g .  C lear  ev idence  fo r  GSR in s t ru m e n ta l  c o n d i t io n in g  was 

o b ta ined  in  the  absence of any s y s te m a t ic  d i f f e r e n c e s  between e x p e r i ­

m enta l  and c o n t r o l  groups in  r e s p i r a t i o n  r a t e  or i r r e g u l a r i t i e s  of 

r e s p i r a t i o n ,  as w e l l  as EMG a c t i v i t y .  These f in d in g s  su p p o rt  the  con­

c lu s io n s  of p rev ious  i n v e s t i g a t o r s  t h a t  e le c t ro d e rm a l  a c t i v i t y  i s  d i r e c t l y  

s u s c e p t ib l e  to  m o d if ic a t io n  through in s t ru m e n ta l  c o n d i t io n in g  p rocedures  

(C r id e r ,  Shap iro  & Tursky , 1966; Fowler & Kimmel, 1962; Johnson &

Schw artz , 1967; Kimmel & H i l l ,  1960; Kimmel & Kimmel, 1963; M art in ,

Dean & Shean, 1968; Shapiro  & C r id e r ,  1967; S h ap iro ,  C r id e r  & Tursky,

1964; S te rn  & Kaplan, 1967; S te rn  & Lewis, 1968).

S tu d ie s  d e a l in g  w ith  c a rd ia c  a c t i v i t y  m o d i f ic a t io n  by feedback 

or more t r a d i t i o n a l  in s t ru m e n ta l  c o n d i t io n in g  p rocedures  have a l s o  ex­

p e r ie n ce d  d i f f i c u l t y  in  avo id in g  th e  problem of som atic  m e d ia t io n ,  

p a r t i c u l a r l y  concern ing  r e s p i r a t i o n .  For purposes of c l a r i t y ,  th e se  

s tu d i e s  w i l l  be p a r t i t i o n e d  i n t o  two major c a te g o r i e s  which w i l l  be



f u r t h e r  d iv id e d  on the b a s i s  of which re sp o n se s  were be ing  c o n d i t io n e d .  

The f i r s t  d i v i s i o n  c o n s i s t s  of those  s tu d i e s  us ing  more t r a d i t i o n a l  

i n s t ru m e n ta l  c o n d i t io n in g  tech n iq u es  where p h y s ic a l  r e i n f o r c e r s  were 

u sed . The second d iv i s i o n  c o n s i s t s  of th o se  s tu d i e s  a t te m p t in g  to  mod­

i f y  c a rd ia c  f u n c t io n  through feedback  p rocedu res  where p sy c h o lo g ic a l  

r a t h e r  th an  p h y s ic a l  r e i n f o r c e r s  were employed.

S tu d ie s  us ing  the  more t r a d i t i o n a l  in s t ru m e n ta l  p rocedures  may 

be s e p a ra te d  in to  th re e  f u r t h e r  c a t e g o r i e s .  F i r s t  a r e  th o se  s tu d ie s  

a t te m p tin g  to  in c re a s e  c a rd ia c  r a t e  (HR). Second a re  s tu d i e s  a t te m p tin g  

to  d ec rease  HR, T h ird  a r e  s e v e r a l  s tu d i e s  in  which a t te m p ts  have been 

made to  b o th  i n c r e a s e  and d e c re a se  HR. On the  b a s i s  o f  which response  i s  

to  be m od if ied  v ia  feedback , t h e r e  a r e  two types  of s t u d i e s .  F i r s t  a re  

th o se  t h a t  have a ttem p ted  to  bo th  i n c r e a s e  and de c re a se  HR, and second 

a re  those  t h a t  have a ttem pted  to  s t a b i l i z e  the  HR. The rev iew  and d i s ­

c u s s io n  which fo llow s w i l l  be in  th e  o rder  o u t l in e d  above.

In s t ru m e n ta l  C o n d i t io n in g  S tu d ie s

Attem pts to  In c re a se  HR

Shearn (1962) was the  f i r s t  to  a t tem p t  to  m an ip u la te  HR through 

re s p o n s e -c o n t in g e n t  t e c h n iq u e s .  P r io r  to  t h i s  s tudy p r a c t i c a l l y  a l l  

e x te r o c e p t iv e  c o n t r o l  of th e  h e a r t  in  th e  la b o ra to ry  had invo lved  c l a s s i ­

c a l  c o n d i t io n in g .  In t h i s  s tudy  a Sidman-avoidance schedu le  was used in  

which a d e lay  of shock to  the  an k le  in  human Ss was made c o n t in g e n t  upon 

HR a c c e l e r a t i o n .  A v a r i a b l e  c r i t e r i o n  i n t e r v a l  in  which f iv e  b e a ts  had 

to  occur to  postpone shock was used i n  o rder  to  account f o r  b a s e l in e  

changes in  HR. The c r i t e r i o n  time was a r b i t r a r i l y  s e le c te d  as  f i v e  per 

c e n t  below th e  average time r e q u i r e d  fo r  f iv e  b e a ts  du ring  th e  p reced ing



p e r io d .  During t h i s  avoidance procedure  the Ss were g iven  a u d i to r y  f e e d ­

back of t h e i r  own HR. In  o rder  t o  c o n t r o l  fo r  the  unco n d it io n ed  HR i n ­

c re a s e s  produced by the  shock, a y o k e d -c o n t ro l  procedure  was used in  

which each of th e  s ix  Ss r e c e iv in g  th e  o p e ra n t  t re a tm e n t  had p a i r e d  w i th  

them a c o n t r o l  ^  who re c e iv e d  the  same number of shocks a t  th e  same time 

p e r io d s  r e g a r d le s s  of changes in  h i s  HR, The r e s u l t s  showed t h a t  f i v e  of 

th e  s ix  ^ s  r e c e iv in g  the  op e ran t  t r e a tm e n t  experienced  an in c r e a s e  p ro ­

p o r t io n  of a c c e l e r a t i o n s  a c ro s s  f i v e  s e s s io n s  as  compared to  the  c o n t r o l s ,  

who showed a dec reased  p ro p o r t io n  of a c c e l e r a t i o n s  a c ro s s  th e  s e s s io n s .

This  d i f f e r e n c e  was found to  be s t a t i s t i c a l l y  s i g n i f i c a n t ;  b u t  in  s p i t e  of 

the  la rg e  d i f f e r e n c e  between op e ran t  and c o n t r o l  g roups ,  the  o p e ra n t  

group showed no r e d u c t io n  in  the  number of shocks, an a t y p i c a l  f in d in g  fo r  

s u c c e s s fu l  t r e a tm e n t  being  found u s ing  the  Sidman-avoidance s c h ed u le .  

R e s p i r a t io n  r e c o rd s  taken  during  the  c o n d i t io n in g  s e s s io n s  showed t h a t  

r e s p i r a t i o n  am plitude  immediately p reced ing  and during  the  c r i t e r i o n  HR 

a c c e l e r a t i o n s  was s i g n i f i c a n t l y  g r e a t e r  than  during  p e r io d s  where c r i ­

t e r i o n  HR a c c e l e r a t i o n s  f a i l e d  t o  o c c u r .  R e s p i r a t io n  r a t e  was a l s o  s i g ­

n i f i c a n t l y  g r e a t e r  in  the  o p e ra n t  th an  in  the  c o n t r o l  group. C onsequen tly , 

s in c e  r e s p i r a t i o n  was so c lo s e ly  a s s o c i a te d  w ith  HR change, Shearn (1962) 

concluded t h a t  h i s  HR r e s u l t s  were confounded by the  r e s p i r a t o r y  changes.

F r a z i e r  (1966) conducted a s tudy  in  which HR in c r e a s e s  were sup­

posedly  i n s t r u m e n ta l ly  c o n d i t io n e d  u s ing  a d i s c r im in a t iv e  avo idance  con­

d i t i o n in g  tec h n iq u e  such th a t  i f  the  HR d e c re a sed ,  punishment was admin­

i s t e r e d .  A v i s u a l  d i s c r im in a t iv e  s t im u lu s  was p re se n ted  du r in g  th e  f i r s t  

h a l f  of each t r i a l  to  s ig n a l  the  a v a i l a b i l i t y  of shock. The d i s c r im in a ­

t i v e  s t im u lu s  was p re se n ted  a lone  du r ing  th e  second h a l f  of th e  t r i a l  in



o rd er  to  e l i c i t  th e  d e s i r e d  resp o n se  p a t t e r n s .  A ll  ^ s  were c o n d i t io n e d  

w i th o u t  aw areness f o r  t e n  20-m inute  c o n tinuous  epochs. They were g iven  

th e  f a l s e  im press ion  t h a t  they were se rv in g  as  Ss in  a s ig n a l  d e t e c t i o n  

s tudy  where shocks would be g iven  fo r  m issed  s ig n a l s .  The r a t i o n a l e  fo r  

c o n d i t io n in g  w i th o u t  awareness was tw ofo ld .  F i r s t ,  F r a z i e r  (1966) po in ted  

ou t t h a t  th e r e  was no rea so n  to  assume t h a t  S awareness of th e  c o r r e c t  

con tingency  i s  n e c e s s a ry  fo r  s u c c e s s fu l  in s t ru m e n ta l  c o n d i t io n in g .  Sec­

ond, he r e p o r t e d  t h a t  p rev ious  e x p lo ra to ry  work in d ic a te d  t h a t  when ^ s  

a r e  aware of a HR increm ent-punishm ent avo idance  c on tingency , they  make 

every  e f f o r t  to  in c r e a s e  t h e i r  HR, and t h i s  leads  to  a g r e a t  d e a l  of 

a r t i f a c t .

An u n re p o r te d  number o f  male underg radua te  s tu d e n ts  se rv ed  as 

^ s  in  the  s tu d y .  During the  d i s c r im in a t iv e  (S^) p e r io d s  a shock was 

g iv en  every  time th e  HR dropped below th e  t o t a l  of the  p rev io u s  m inu te .  

With removal o f  th e  v i s u a l  s t im u lu s ,  subsequen t to  a number of s t im u lu s -  

shock a s s o c i a t i o n s ,  the  HR dec reased  a b ru p t ly  to  a r e l a t i v e l y  s t a b l e  

b a s e l i n e .  In c re a s e s  in  HR soon occu rred  to  only . A ll  ^ s  showed 

d e f i n i t e  a c q u i s i t i o n  of the  avo idance  resp o n se  u s u a l ly  w i th in  th e  f i r s t  

few t r i a l s .  M aintenance of th e  HR in c r e a s e s  was found to  l a s t  a s  long as 

40 m inutes  w i th o u t  f u r t h e r  re in fo rc e m e n t  du r ing  p e r io d s .

In  an a t te m p t  to  d e a l  w i th  th e  som atic  m ed ia tio n  problem,

F r a z i e r  (1966) rec o rd e d  sk in  r e s i s t a n c e  and r e s p i r a t i o n  r a t e  and amp­

l i t u d e  along  w i th  HR. Of th e se  th r e e  v a r i a b l e s ,  s k in  r e s i s t a n c e  was 

th e  only  one to  show any changes p a r a l l e l i n g  the  HR in c r e a s e s .  The 

changes fo r  s k in  r e s i s t a n c e  were a l l  i n  th e  d i r e c t i o n  of in c re a s e d  

conductance ( f a l l  i n  r e s i s t a n c e )  fo r  each p e r io d .  R e s p i r a t io n



r a t e  and am plitude  showed no r e l a t i o n s h i p  to  HR a t  any time dur ing  

the  cou rse  of th e  s tudy  fo r  any of th e  ^ s .  A lso ,  the  s ig n a l  d e te c ­

t i o n  t a s k  r e v e a le d  no change in  the  number of c o r r e c t  or i n c o r r e c t  

re sp o n ses  made. A g e n e ra l  t re n d  was no ted  in  which b a s e l in e  d e c re a ses  

i n  HR and in c re a s e s  in  sk in  r e s i s t a n c e  were observed  as the  s tudy  time 

in c re a s e d .  This  was i n t e r p r e t e d  as  a d e c re a s in g  l e v e l  o f  a r o u s a l .  Un­

f o r t u n a t e l y ,  no EMG measures were re c o rd e d .  As a r e s u l t  som atic  m edia­

t i o n  cannot be com ple te ly  r u le d  out by t h i s  s tu d y .  The f in d in g  of p a ra ­

l l e l  changes i n  s k in  r e s i s t a n c e  and HR sugges ted  to  F r a z i e r  t h a t  v i s ­

c e r a l  m ed ia t io n  may have been o cc u rr in g  th rough  a l t e r a t i o n s  in  l e v e l s  

of a r o u s a l .  Although F r a z i e r  c la im ed to  have used in s t ru m e n ta l  con­

d i t i o n in g  p rocedures  to  in c re a s e  the  HR, i t  i s  a p p a re n t  t h a t  h i s  

experim ent employed a c l a s s i c a l  avo idance  c o n d i t io n in g  paradigm. With 

such paradigm s, i t  i s  no t  unusual to  f in d  HR in c r e a s e s  a s s o c i a te d  w ith  

sk in  r e s i s t a n c e  d e c re a ses  under t h r e a t  of shock , r e g a r d le s s  of what 

re sp o n se  i s  i n t e n t i o n a l l y  being  c o n d i t io n e d .  Another d i f f i c u l t y  w i th  

t h i s  s tudy  i s  t h a t  no c o n t r o l  group was ru n .  T h is  becomes p a r t i c u l a r l y  

im portan t  s in c e  i t  was found t h a t  the  v i s u a l  s t im u lus  was capab le  

of e l i c i t i n g  unco n d it io n ed  HR in c r e a s e s .  These m ethodo log ica l  problems 

make i t  ex trem ely  d i f f i c u l t  to  a s s e s s  th e  m ean ingfu lness  of th e  d a ta .

Engel and Chism (1967a) avoided  some of the  p i t f a l l s  encountered  

by th e  p rev ious  s tu d i e s  a t te m p tin g  to  o p e ra n t ly  in c re a s e  HR by g iv in g  

b r e a th in g  i n s t r u c t i o n s  in  an a t te m p t  to  c o n t r o l  fo r  r e s p i r a t o r y  medi­

a t i o n .  Reinforcem ent d e l iv e ry  was determ ined  by means o f  th e  o u tp u t  of 

a ca rd io ta c h o m e te r  be ing  fed  in to  a Schm itt  t r i g g e r .  In  a d d i t i o n ,  yoked- 

c o n t r o l s  were a l s o  t e s t e d .  The ex p e r im e n ta l  Ss were informed of a c o r-
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r e c t  response  by the  tu rn in g  on of a l i g h t  and a c lock  in  view of the  

The c lo c k ,  which accum ulated  t im e ,  se rved  to  r e i n f o r c e  the  Ss in  t h a t  

they  were t o ld  they  would be pa id  \  c e n t  fo r  each  second accum ulated .

The s tudy  c o n s i s t e d  of t h r e e  p hases ,  th e  f i r s t  two of which se rved  as 

an a d a p ta t io n  p e r io d  and an o p e ran t  b a s e l in e  l e v e l  on which th e  t r i g g e r ­

ing l e v e l  fo r  r e in fo rc e m e n t  would be based . The t h i r d  phase c o n s i s t e d  

of s ix  s e s s io n s ,  du r ing  th e  f i r s t  two of which th e  re in fo rc e m e n t  c r i ­

t e r i o n  was s e t  a t  80% and fo r  the  f i n a l  s e s s i o n s ,  3 to  6, the  r e i n f o r c e ­

ment c r i t e r i o n  was s e t  a t  50%. This  v a ry ing  c r i t e r i o n  p rocedure  was 

adop ted  because i t  seemed analogous to  shaping  sc h e d u le s .  The yoked- 

c o n t r o l s  re c e iv e d  the  same number o f  r e in fo rc e m e n ts  as t h e i r  e x p e r i ­

m enta l  m a te s , the  only  d i f f e r e n c e  be ing  t h a t  r e in fo rc e m e n t  of the  former 

was non-response  c o n t in g e n t .

Three s e p a r a te  c r i t e r i a  of l e a rn in g  had to  be met b e fo re  a ^  

could  be co n s id e red  as having  shown d e f i n i t e  s ig n s  o f  l e a r n in g .  These 

c r i t e r i a  were the  p r o p o r t io n  of tim es the  l i g h t  was tu rned  on, HR 

a verage  in c r e a s e s ,  and the  number of b e a t s  a t  or above th e  average  

o p e ra n t  p e r io d  e s t a b l i s h e d  in  phase two of th e  s tu d y .

The r e s u l t s  showed t h a t  a l l  of the  ex p e r im e n ta l  ^ s  l e a rn e d ,  

s in c e  they  a l l  showed s i g n i f i c a n t  changes in  a l l  th r e e  of the  performance 

m easu res .  However, two of the  y o k e d -c o n t ro ls  a l s o  s a t i s f i e d  a l l  t h r e e  

l e a r n in g  c r i t e r i a ,  and one met two of the  t h r e e .  The ex p e r im en ta l  ^ s  

d id  in c r e a s e  t h e i r  r a t e s  to  a g r e a t e r  degree th a n  did  the  y o k e d -c o n tro l  

^ s  who a l s o  in c re a s e d  t h e i r  r a t e s .  One im portan t  o b s e rv a t io n  made was 

t h a t  a lm ost a l l  ex p e r im en ta l  e x h ib i te d  o n e - t r i a i  le a rn in g  rea c h in g  

near  maximum performance in  the  second or t h i r d  s e s s io n .  This  f in d in g
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was a l s o  no ted  in  th e  F r a z i e r  (1966) s tu d y .  In te rv ie w s  w i th  th e  ^ s  as 

t o  how they  c o n t r o l l e d  th e  l i g h t  r e v e a le d  no c o n s i s t e n t  tendency . Some 

^ s  r e p o r t e d ly  in c re a s e d  t h e i r  muscle t e n s io n  w h i le  o th e r s  dec reased  i t .  

U n fo r tu n a te ly ,  th e  Ss ' r e p o r t s  could  no t  be documented th rough p h y s io ­

l o g i c a l  r e c o r d in g s .  C onsequen tly ,  th e  p o s s i b i l i t y  of v i s c e r a l  m ed ia t io n  

cannot be r u le d  o u t .  A lso ,  a number of Ss showed some a l t e r a t i o n s  in  

b r e a th in g  r a t e  which i n  some cases  was r e l a t e d  to  s u c c e s s f u l ly  i n c r e a s ­

ing t h e i r  HR.

Attem pts to  Decrease HR 

Harwood (1962) a t te m p te d  to  in s t r u m e n ta l ly  c o n d i t io n  HR d e c e l ­

e r a t i o n  us ing  rew ard ing  r a t h e r  than  a d v e rs iv e  s t i m u l i .  The procedure  

c o n s i s t e d  of rew arding ^ s  w i th  a n i c k e l  f o r  each HR d e c e l e r a t i o n  which 

occu rred  during  th e  p r e s e n t a t i o n  of a b lu e  l i g h t  which was the  d i s c r im ­

i n a t i v e  s t im u lu s .  The r e s u l t s  fo r  th re e  Ss showed no s i g n i f i c a n t  change 

in  HR during  th e  time th e  d i s c r im in a t iv e  s t im u lu s  was on. A ll  th r e e  ^ s  

a t  d i f f e r e n t  t im es du r ing  th e  s tudy  were r e p o r t e d  as showing some s ig n s  

o f  c o n d i t io n in g .  One S was r e p o r t e d  as b e in g  a b le  to  c o n t r o l  HR du ring  

th e  d i s c r im in a t io n  p e r io d s  by a l t e r i n g  h i s  r e s p i r a t i o n .  S ince th e  ^ s  

r e c e iv e d  up to  172 re in fo rc e m e n ts  w i th o u t  showing any c o n s i s t e n t  s ig n s  

o f  in s t ru m e n ta l  HR c o n d i t io n in g  in  th e  absence  of r e s p i r a t i o n  changes, 

i t  was concluded t h a t  i f  c o n d i t io n in g  was to  be o b ta in e d ,  changes needed 

to  be made in  the  p ro ce d u re .  Although r e s p i r a t i o n  was re c o rd e d  du r ing  

the  s tu d y ,  r e in fo rc e m e n ts  were g iv en  in  th e  p resence  of r e s p i r a t o r y  

gasps  and o th e r  b r e a th in g  a l t e r a t i o n s .  A second problem w ith  t h i s  i n ­

v e s t i g a t i o n  was t h a t  th e  c r i t e r i a  o f  what was to  be r e in f o r c e d  were 

changed s e v e r a l  t im es du r in g  the  course  of th e  s tudy  in  a n o n -sy s te m a t ic



manner, so t h a t  the  s lo w est  r a t e  was r e in f o r c e d  du r ing  some s e s s io n s ,  

and p o in t s  of maximum d e c e l e r a t io n  were r e in f o r c e d  in  o th e r  s e s s io n s .  

A lso , s l i g h t  d e c e l e r a t io n s  were r e in f o r c e d  from time to  time in  an 

a t te m p t  to  encourage the  d e s i r e d  re sp o n se .  F u r the rm ore ,  s in c e  no con­

t r o l  group was run  and th e  N was so sm a l l ,  i t  would be d i f f i c u l t  to  

de te rm ine  whether or n o t  le a rn in g  may have o ccu rred .

In  a s tudy  by Engel and Hansen (1966), many o f  th e  d e f i c i e n c i e s

o f  th e  e a r l i e r  s tudy  (Harwood, 1962) were avoided  i n  in s t ru m e n ta l  HR 

c o n d i t io n in g  through th e  use  of d i g i t a l  lo g ic  packages and p roper  con­

t r o l s .  The purpose o f  t h i s  s tudy was to  de te rm ine  i f  HR slowing could  

be o p e ra n t ly  c o n d i t io n e d .  Ten male c o l l e g e  s tu d e n ts  se rved  as e x p e r i ­

m enta l  ^ s  w h ile  f iv e  a d d i t i o n a l  s tu d e n ts  se rved  as  y o k e d -c o n t ro ls  fo r  

whom resp o n ses  were n o n -c o n t in g e n t ly  r e i n f o r c e d .  A l l  ^ s  were to ld

th a t  they  were p a r t i c i p a t i n g  in  a c o n d i t io n in g  s tu d y ;  however, they

were no t  to ld  t h a t  HR slow ing was the  d e s i r e d  r e s p o n s e .  In  a d d i t io n  

a l l  ^ s  were i n s t r u c t e d  to  b re a th e  norm ally  and t h a t  th e  c o r r e c t  re sp o n se  

was no t  r e l a t e d  to  b r e a th in g .  Reinforcem ent and ex p e r im e n ta l  d e s ig n  de­

t a i l s  were e x a c t ly  the  same as those  d e s c r ib e d  in  the  Engel and Chism 

(1967a) s tu d y ,  w i th  the  e x c ep t io n  t h a t  HR d e c e l e r a t io n s  r a t h e r  than 

a c c e l e r a t i o n s  were r e i n f o r c e d .  Like the  Engel and Chism s tudy  th re e  

s e p a r a te  le a rn in g  c r i t e r i a  had to  be met b e fo re  a ^  could  be c o n s id e red  

as  hav ing  shown d e f i n i t e  s ig n s  of l e a r n in g .  These c r i t e r i a  were the  

p r o p o r t io n  of t im es th e  l i g h t  was on, HR average  d e c re a s e s ,  and the  

number of b e a t s  a t  or below the average  o p e ra n t  p e r io d  HR e s ta b l i s h e d  

in  th e  second phase of th e  s tudy .
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Five of the  10 ex p e r im en ta l  showed c l e a r  evidence  of l e a r n ­

ing  a s  measured by a l l  th r e e  c r i t e r i a .  The y o k e d -c o n tro ls  and n o n - le a rn ­

e r s  in  th e  expe r im en ta l  group d i f f e r e d  s i g n i f i c a n t l y  on a l l  th re e  

le a rn in g  c r i t e r i a  from the  l e a r n e r s  in  the  ex p e r im e n ta l  group. These 

c r i t e r i a  d i f f e r e n c e s  were n o t  r e l a t e d  e i t h e r  to  th e  number of r e i n ­

fo rcem ents  r e c e iv e d  or to  r e s p i r a t o r y  changes. There was a s l i g h t  bu t 

n o n - s i g n i f i c a n t  tendency fo r  the  HR v a r i a b i l i t y  to  in c re a s e  in  those  

^ s  who decreased  t h e i r  HR. In  c o n t r a s t  to  th e  ex p e r im e n ta l  ^ s  th e  con­

t r o l  ^ s  g e n e ra l ly  in c re a s e d  bo th  t h e i r  r a t e s  and v a r i a b i l i t y .  In te rv ie w s  

w i th  each of th e  ^ s  a s  to  what p rocedures  were used to  c o n t r o l  the  l i g h t  

r e v e a le d  n o th ing  of a c o n s i s t e n t  n a tu r e .  Some s u c c e s s fu l  Ŝ s f e l t  t h a t  

th ey  r e l a x e d ,  b u t  o th e r s  f e l t  they  ten se d  up. U n fo r tu n a te ly ,  the  p r e s ­

ence or absence of m uscle r e l a x a t i o n  was no t  v e r i f i e d  s in c e  no EMG 

re c o rd in g s  were tak en .  P o s s ib le  som atic  m ed ia tion  cannot be r u le d  in  

o r  out in  t h i s  s tu d y .  U nlike  the  d a ta  fo r  HR in c r e a s e s  r e p o r te d  by 

F r a z i e r  (1965), and Engel and Chism (1967a), ev idence  of le a rn in g  did 

n o t  occur e a r ly  in  th e  s tu d y .  This o b s e rv a t io n  to g e th e r  w i th  the  f i n d ­

ing  t h a t  only h a l f  of th e  ^ s  were s u c c e s s fu l  in  d e c re a s in g  HR su g g es ts  

t h a t  HR speeding i s  e a s i e r  to  l e a r n  than  HR slow ing .

Attem pts to  In c re a se  and Decrease HR

Levene, Engel and Pearson (1968) a t te m p te d  to  r e p l i c a t e  in  a 

s in g l e  s tudy  the  r e s u l t s  of the  two p rev ious  Engel i n v e s t i g a t io n s  (Engel 

and Hansen, 1966; Engel and Chism, 1967a) by a l t e r n a t e l y  r e i n f o r c in g  Ss 

f o r  in c r e a s in g  and d e c re a s in g  HR during  a p p ro p r ia t e  p e r io d s .  Five 

c o l l e g e  fem ales se rved  as ^ s  in  the  s tu d y .  Each ^  was t r a in e d  in  slow­

ing  and speed ing  s e p a r a te ly  u n t i l  r e in fo rc e m e n t  was r e c e iv e d  more than
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50% of the  time t h a t  the  a p p r o p r i a t e  l i g h t  cue was p re s e n te d .  A f te r  

r ea c h in g  c r i t e r i o n  perform ance, each ^  was advanced to  one con tinuous 

t r a i n i n g  s e s s io n  w ith  a l t e r n a t i n g  l i g h t  cues .  Reinforcem ent d e l iv e ry  

was determ ined  by means of th e  ou tpu t  of a c a rd io ta c h o m e te r  being fed 

i n to  a S chm itt  t r i g g e r .  The same le a rn in g  c r i t e r i a  were used as r e p o r te d  

in  th e  two p rev ious  Engel s tu d i e s  (Engel and Hansen, 1966;  Engel and 

Chism, 1967a), b u t  th e  most im p o r tan t  c r i t e r i o n  was change in  HR from 

th e  i n i t i a l  r e s t  p e r io d .

The most a p p a re n t  f in d in g  of the  s tudy  was t h a t  ^ s  cou ld  a l t e r ­

n a te ly  in c r e a s e  and d e c rease  t h e i r  HR a t  one-m inute i n t e r v a l s  to  the  

a p p r o p r i a t e  cues .  Although HR in c re a s e s  were s t a t i s t i c a l l y  s i g n i f i ­

c a n t  r e l a t i v e  to  d e c re a ses  and v ic e  v e r s a ,  th r e e  of the  f iv e  ^ s  were 

unab le  to  c o n s i s t e n t ly  change t h e i r  HR in  e i t h e r  d i r e c t i o n  r e l a t i v e  to  

th e  i n i t i a l  r e s t i n g  l e v e l .  A n a ly s is  of a c q u i s i t i o n  curves  f u r t h e r  i n ­

d i c a t e d  t h a t  HR speeding  was e a s i e r  fo r  Ss to  l e a r n  than  HR slow ing .

There was some ev idence  to  i n d i c a t e  t h a t  r e s p i r a t i o n  changes were 

accompanying the  HR a l t e r a t i o n s .  E x p l i c i t  i n s t r u c t i o n s  were then  g iven  

to  th e  Ss n o t  to  a l t e r  t h e i r  b r e a th in g  p a t t e r n s ,  b u t  r e s p i r a t i o n  changes 

occu rred  anyway. The ^ s  were r e p o r t e d ly  unaware of changes in  t h e i r  

b r e a th in g .  The d i r e c t i o n  of th ese  b re a th in g  changes was n o t  r e p o r te d .  

R e s p i r a t io n  problems were s u c c e s s f u l ly  avoided  in  a s e r i e s  of 

s tu d i e s  i n i t i a t e d  by T ro w il l  (1967), who conducted a s tu d y  on i n s t r u ­

m enta l  c o n d i t io n in g  of the  HR of r a t s  u s in g  c u ra re  to  c o n t r o l  fo r  

m e d ia t io n a l  f a c t o r s ,  a techn ique  f i r s t  used as  a c o n t r o l  f o r  th e  i n ­

s t ru m e n ta l  c o n d i t io n in g  of s a l i v a t i o n  in  a s tudy  by M i l l e r  and Carmona 

(1967). The purpose of th e  T ro w i l l  (1967) s tudy  was to  determ ine  i f
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HR was s u s c e p t ib l e  to  in s t ru m e n ta l  c o n d i t io n in g  p rocedures  w h i le  a l l  

s k e l e t a l  m uscles were p a ra ly ze d  by c u ra re  and r e s p i r a t i o n  a r t i f i c a l l y  

m ain ta in e d  a t  a c o n s ta n t  l e v e l .  The ^ s  in  t h i s  s tudy  were 56 male 

a lb in o  r a t s  w i th  monopolar e l e c t r o d e s  im plan ted  in  a p re -d e te rm ln ed  

reward a re a  of th e  m edia l f o r e b r a i n  bundle  (MFB), P r io r  to  HR con­

d i t i o n in g  a l l  Ss were t r a in e d  to  p re s s  a b a r  in  o rd e r  to  r e c e iv e  r e ­

warding e l e c t r i c a l  MFB s t i m u la t i o n .  Animals showing s u c c e s s fu l  i n s t r u ­

m enta l  c o n d i t io n in g  were th en  p a ra ly z e d ,  a r t i f i c a l l y  r e s p i r a t e d ,  and 

g iven  rew ard ing  s t im u la t io n  on an F I  schedu le  fo r  e i t h e r  slow or f a s t  

HR. H a lf  the  Ss  se rved  as  y o k e d -c o n t ro ls  w h ile  Ss a s  a whole were 

randomly a s s ig n e d  to  e i t h e r  the  f a s t  or slow c o n d i t io n .  The r e s u l t s  

showed t h a t  a s i g n i f i c a n t  p ro p o r t io n  of th e  Ss rewarded fo r  f a s t  HR did  

i n c r e a s e  t h e i r  r a t e s .  The mean in c r e a s e  fo r  a l l  i n  the  in c r e a s e  con­

d i t i o n  was 3 .03  b e a ts  per 10 seconds ,  which was a s i g n i f i c a n t  change. 

S i m i l a r ly ,  a s i g n i f i c a n t  p r o p o r t io n  of th e  ^ s  rew arded fo r  d e c re a s ­

ing t h e i r  r a t e s  d id  in  f a c t  do so w i th  a mean d e c re a se  of 3 .21 b e a ts  

per  10 seconds ,  which was a l s o  s i g n i f i c a n t .  The y o k e d -c o n t ro l s  un­

e x p e c te d ly  showed t re n d s  in  the  o p p o s i te  d i r e c t i o n  to  th o se  of t h e i r  

e x p e r im e n ta l  p a r t n e r s ,  b u t  t h i s  d i f f e r e n c e  was n o t  s i g n i f i c a n t  because 

of th e  g r e a t e r  v a r i a b i l i t y  of th e  yoked group. The r e s u l t s  of t h i s  

s tudy  o f f e r  f a i r l y  s tro n g  ev idence  fo r  in s t ru m e n ta l  c o n d i t io n in g  of 

c a rd ia c  a c t i v i t y  in  the  absence  of r e s p i r a t o r y  or m uscular m ed ia t io n .

Although the  group d i f f e r e n c e s  were s t r i k i n g  in  th e  T ro w il l  

(1967) s tu d y ,  o v e r a l l  bo th  e x p e r im e n ta l  groups showed an o p e ra n t  p ro ­

duced HR change of app rox im ate ly  f iv e  p e rc e n t .  Since th e  o v e r a l l  

changes were r a t h e r  sm a l l ,  M i l l e r  and DiCara (1967) ex tended  the
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T ro w il l  (1967) s tudy  along two l i n e s ;  f i r s t ,  to  see  i f  l a r g e r  changes 

cou ld  be produced in  c u ra r iz e d  r a t s  by u s ing  shaping  p ro ced u res ;  and 

second, to  de term ine  i f  a c a rd ia c  d i s c r im in a t io n  could  be lea rn ed  

where th e  rewarded resp o n se  would be more l i k e l y  to  occur in  reward 

s i t u a t i o n s  as opposed to  non-reward s i t u a t i o n s .

Tw enty-four a d u l t  a lb in o  r a t s  were rewarded by e l e c t r i c a l  

s t im u la t io n  o f  th e  MFB to  e i t h e r  in c re a s e  or d e c rease  t h e i r  HR. H alf  

o f  the  ^ s  were rewarded fo r  f a s t  r a t e s  w h ile  th e  r e s t  were rewarded 

fo r  slow r a t e s .  The i n i t i a l  HR t r a i n i n g  p rocedure  was th e  same as 

t h a t  d e s c r ib e d  fo r  th e  T ro w i l l  (1967) s tu d y .  A ll  an im als  were c u ra ­

r i z e d  and a r t i f i c i a l l y  r e s p i r a t e d .  Unlike the  T ro w i l l  s tudy  th e  c r i ­

t e r i o n  f o r  HR re in fo rc e m e n t  was g ra d u a l ly  made more d i f f i c u l t .  As 

soon as th e  ^  reached  c r i t e r i o n  h a l f  of th e  t im e , cues and the  r e ­

warding s t im u la t io n  were sh u t  o f f  fo r  20 seconds, a f t e r  which they 

were s e t  to  reward a HR change approx im ate ly  two p e rc e n t  g r e a t e r  than 

in  the  p rev io u s  t r i a l .  The r e s u l t s  of t h i s  shaping  p rocedure  showed 

t h a t  th e  ^ s  rewarded fo r  i n c r e a s in g  r a t e s  p ro g re s s iv e ly  in c re a s e d  t h e i r  

HR from an i n i t i a l  422 b e a ts  per m inute  (bpm) to  510 bpm, and those  

rewarded fo r  dec reased  r a t e s  changed from an i n i t i a l  400 to  a f i n a l  

316 bpm. These r e s u l t s  were found to  be h ig h ly  s i g n i f i c a n t  fo r  bo th  

groups and were found to  be independen t of the  number o f  b r a i n  s t im u­

l a t i o n s  as  w e l l  a s  m uscular and r e s p i r a t o r y  changes. S ince  the  two 

groups r e c e iv e d  re in fo rc e m e n t  f o r  HR changes in  o p p o s i te  d i r e c t i o n s  

and were a fu n c t io n  o f  the  type  o f  response  rew arded, th e  r e s u l t s  c a n ­

n o t  be accounted  fo r  by any u n c o n d it io n e d  e f f e c t s  of b r a in  s t im u la t io n .
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C ontrary  to  e x p e c t io n s ,  most o f  the  r a t s  changed t h e i r  o v e r a l l  

r a t e s  in  the  rewarded d i r e c t i o n  d u r in g  both  and non p e r io d s ,  thus 

showing l i t t l e  d i s c r im in a t io n  between the  two c o n d i t io n s .  The r a t s  were 

g iven  45 m inu tes  of a d d i t i o n a l  t r a i n i n g  in  an a t te m p t  to  de te rm ine  i f  

they cou ld  d i s c r im in a te  between th e  and non c o n d i t io n s .  The 

c o n d i t io n s ,  as  in  the  f i r s t  p a r t  o f  the  s tu d y ,  c o n s i s t e d  of the  p re ­

s e n t a t i o n  o f  a p a t t e r n  of tone and l i g h t .  The Ss were g iven  53 d i s c r im ­

i n a t i o n  t r i a l s .  As the  number o f  t r i a l s  p ro g re s s e d ,  th e  r a t e s  fo r  bo th  

th e  f a s t  and slow groups changed p r o g re s s iv e ly  more o f te n  to  th e  S^ 

p e r io d .  Thus, i t  became c l e a r  t h a t  th e  ^ s  were a b le  to  d i s c r im in a te  

when they  would be r e in f o r c e d  fo r  HR changes. T h is  d em o n s tra t io n  of 

d i s c r im in a t io n  i s  im portan t  in  t h a t  one of th e  c h a r a c t e r i s t i c s  of 

in s t ru m e n ta l  c o n d i t io n in g  i s  t h a t  a d i s c r im in a t io n  can be lea rn ed  so 

t h a t  th e  o p e ran t  re sponses  a r e  e m i t te d  in  one s t im u lu s  s i t u a t i o n  where 

they  a r e  r e in f o r c e d  and no t  in  th o se  s i t u a t i o n s  where they  a r e  n o t .

Although the  observed HR changes seen in  the  T ro w i l l  (1967) 

and M i l l e r  and DiCara (1967) s tu d i e s  were independent of m uscular and 

r e s p i r a t o r y  changes, the  p o s s i b i l i t y  s t i l l  e x i s t e d  t h a t  the  HR changes 

were th e  r e s u l t  of g e n e ra l iz e d  changes in  the  l e v e l  of a r o u s a l .  With 

t h i s  problem in  mind, M i l le r  and B anuaz iz i  (1968) conducted a study 

des igned  to  de te rm ine  the  s p e c i f i c i t y  of v i s c e r a l  l e a rn in g  in  r eg a rd  to  

HR and i n t e s t i n a l  c o n t r a c t i o n s .  Evidence a g a in s t  the  a r o u s a l  h y p o th es is  

would be assumed i f  e s s e n t i a l l y  no r e l a t i o n s h i p  was found between th ese  

two v a r i a b l e s .  Before  t h i s  s tudy  was begun, an i n i t i a l  e x p lo ra to ry  

i n v e s t i g a t i o n  was conducted u s in g  seven c u ra r iz e d  r e s p i r a t e d  r a t s  in  

o rd e r  to  de te rm ine  i f  in s t ru m e n ta l  c o n d i t io n in g  of i n t e s t i n a l  c o n t r a c -



t i o n s  or r e l a x a t i o n  could  be e s t a b l i s h e d  u s ing  rew arding MFB s t im u ­

l a t i o n .  I n t e s t i n a l  c o n t r a c t io n s  were m onito red  by a w a te r  f i l l e d  

b a l lo o n  i n s e r t e d  th rough  the  rectum  i n t o  the  la r g e  i n t e s t i n e .  Four 

of the  r a t s  were i n i t i a l l y  rewarded f o r  i n t e s t i n a l  c o n t r a c t i o n  and- 

then  r e l a x a t i o n  w h ile  t h i s  o rder  was r e v e r s e d  fo r  the  o th e r  t h r e e  

a n im a ls .  The r e s u l t s  showed t h a t  a l l  ^ s  le a rn e d  to  in c r e a s e  con­

t r a c t i o n s  when so rewarded and d e c re a se  c o n t r a c t io n s  when rewarded 

fo r  i n t e s t i n a l  r e l a x a t i o n .  The r e s u l t s  were h ig h ly  s i g n i f i c a n t .

Since th e  e x p lo ra to ry  s tudy  in d ic a te d  t h a t  i n t e s t i n a l  con­

t r o l  could  in  f a c t  be e s t a b l i s h e d  through  in s t ru m e n ta l  p ro c e d u re s ,  the  

v i s c e r a l  l e a r n in g  s p e c i f i c i t y  s tudy  was conducted . Twelve a lb in o  r a t s  

were randomly a s s ig n e d  among fou r  ex p e r im e n ta l  c o n d i t io n  groups: HR

in c r e a s e  rew ard ; HR dec rease  rew ard ; i n t e s t i n a l  c o n t r a c t io n  in c r e a s e  

rew ard; and i n t e s t i n a l  r e l a x a t i o n  d e c re a se  rew ard . A l l  an im als  were 

c u r a r i z e d ;  r e s p i r a t e d ,  r e in f o r c e d  v ia  the  MFB, and g iven  500 t r i a l s  

o f  t r a i n i n g  l a s t i n g  fou r  h o u rs .  The r e s u l t s  showed t h a t  i n t e s t i n a l  con­

t r a c t i o n s  in c re a s e d  when rew arded , d ec reased  when r e l a x a t i o n  was r e ­

warded, and rem ained r e l a t i v e l y  unchanged when e i t h e r  f a s t  o r  slow HR 

was rew arded . S im i la r ly ,  HR in c re a s e d  when a f a s t  r a t e  was rew arded , 

dec reased  when reward was g iven  f o r  slow r a t e s ,  and rem ained r e l a t i v e l y  

unchanged when e i t h e r  i n t e s t i n a l  c o n t r a c t io n s  or r e l a x a t i o n  was r e ­

warded. These f in d in g s  do n o t  s u p p o r t  an a ro u s a l  h y p o th e s is  t h a t  bo th  

the  i n t e s t i n a l  and c a rd ia c  changes were m ediated  by the  le a r n in g  of 

some g e n e ra l  r e a c t i o n  such as a r o u s a l .  Thus, th e  degree  of s p e c i f i c i t y  

of v i s c e r a l  in s t ru m e n ta l  c o n d i t io n in g  seems to  be q u i t e  s t r o n g .
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DiCara and M i l l e r  (1968a) a t tem p ted  to  extend  the  p rev io u s  f i n d ­

ings  of i n s t r u m e n ta l ly  induced HR change v ia  MFB reward s t i m u la t i o n ,  to

avoidance  o f  m ild  e l e c t r i c  shock. In  a d d i t io n  to  c u r a r i s a t i o n  and a r t i ­

f i c i a l  r e s p i r a t i o n ,  EMG a c t i v i t y  was m onito red  s in c e  th e  p o s s i b i l i t y  

e x i s t e d  t h a t  c o v e r t  s k e l e t a l  r e sp o n se s  m ight s t i l l  be o c c u rr in g  in  s p i t e  

o f  c u r a r i s a t i o n  and hence in f lu e n c e  HR changes i n  the  expec ted  d i r e c t i o n .  

The s tudy  was conducted  on 12 a lb in o  r a t s  which were randomly a s s ig n e d  

to  slow or f a s t  HR reward g roups .  W ith in  each o f  th ese  groups the  

were a g a in  randomly a s s ig n e d  to  l ig h t - s h o c k  or tone-shock  g ro u p s .  A 

v a r i a b l e  c r i t e r i o n  f o r  HR re in fo rc e m e n t  was e s t a b l i s h e d  fo r  each an im al 

thus  making th e  HR p r o g re s s iv e ly  more d i f f i c u l t  to  ach ieve  c r i t e r i o n  

in  o rd er  to  shape th e  a n im a ls '  HR re s p o n s e s .  Avoidance t r a i n i n g  con­

s i s t e d  of 300 t r i a l s  u s ing  a VI 30-second sch ed u le .  The r e s u l t s  show­

ed t h a t  HR in c re a s e d  during  t r a i n i n g  fo r  th e  f a s t  group and d e c re a sed

fo r  th e  slow group . These r e s u l t s  reach ed  h ig h  s t a t i s t i c a l  s i g n i f i ­

cance and were found to  be independen t of the  number of shocks g iven  

fo r  the  two change g roups.  F u r the rm ore ,  a l l  ^ s  lea rn ed  to  escape  

shock by HR changes p r o g re s s iv e ly  more r a p id ly  in  s p i t e  of th e  f a c t  

t h a t  the  shaping  p rocedure  invo lved  making the  c r i t e r i o n  fo r  a v o id ­

ance p r o g r e s s iv e ly  more d i f f i c u l t .  A n a ly s is  of th e  EMG r e c o rd s  show­

ed t h a t  th e  c u r a r i z a t i o n  e l im in a te d  a l l  t r u e  muscle a c t i o n  p o t e n t i a l s  

fo r  as long as  90 m inutes  a f t e r  th e  end of t r a i n i n g .

The T ro w i l l  (1967) s tudy  and th e  s tu d ie s  by M i l l e r  and 

DiCara (1967), M i l l e r  and B anuaz iz i  (1968), and DiCara and M i l l e r  

(1968a) u n q u e s t io n a b ly  o f f e r  the  s t r o n g e s t  suppo rt  y e t  e s t a b l i s h e d  

to  answer th e  q u e s t io n  as to  w hether  c a rd ia c  responses  a re  suscep-
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t i b l e  to  in s t ru m e n ta l  m o d if ic a t io n  in  th e  absence  of somatic m ed ia tion  

in  th e  form o f  r e s p i r a t o r y  and m uscular changes .  The M i l l e r  group has 

a l s o  r e p o r te d  f in d in g s  s im i la r  to  t h e i r  HR da ta  fo r  in s t ru m e n ta l  mod­

i f i c a t i o n  o f  vasomotor a c t i v i t y  (DiCara and M i l l e r ,  1968b), s y s t o l i c  

b lood p re s s u re  (DiCara and M i l l e r ,  1968c), and u r in e  fo rm a tion  (M il le r  

and DiCara, in  p r e s s ) .  Rats  were used as  Ss in  each of the  i n v e s t i ­

g a t i o n s ,  and in  each s tudy  s u c c e s s fu l  c o n d i t io n in g  was o b ta in e d  in  

the  absence of a p p a re n t  m ed ia ting  in f lu e n c e s .

Feedback S tu d ie s

A ttem pts to  In c re a s e  and D ecrease HR 

In  th e  in s t ru m e n ta l  c o n d i t io n in g  s t u d i e s ,  i t  i s  a p p a re n t  t h a t  

v o lu n ta ry  c o n t r o l  of c a rd ia c  a c t i v i t y  i s  no t  im p o ss ib le .  I t  i s  prob­

a b le  t h a t  v o lu n ta ry  c o n t r o l  o f  c a rd ia c  a c t i v i t y  i s  only p o s s ib le  under 

th e  s p e c i a l  c o n d i t io n s  o f f e r e d  by an e f f e c t i v e  schedu le  o f  r e i n f o r c e ­

ment, the  c r i t i c a l  f e a t u r e  of which i s  t h a t  th e  organism must be sup­

p l i e d  w ith  d i f f e r e n t i a l  feedback of i t s  perform ance. T h is ,  of  c o u rse ,  

i s  a s t a t e  of a f f a i r s  which i s  norm ally  n o n e x is t e n t  fo r  c a rd ia c  r e ­

sponses under normal c o n d i t io n s  w ith  the  p o s s ib le  e x c e p t io n  of a case  

r e p o r t e d  by Wenger, Bagchi and Anand (1961). They observed a number 

o f  Yoga p r a c t i t i o n e r s  in  In d ia  and found one S who, in  the  absence of 

obvious m e d ia t io n a l  changes, was s u c c e s s fu l  in  slowing h i s  HR by i n ­

c re a s in g  the  c a rd ia c  c y c le  P-R i n t e r v a l  up to  th r e e  seconds . He was 

a l s o  a b le  to  reduce  the  am plitude  of th e  P wave, sometimes to  th e  p o in t  

of d isa p p e a ra n c e .  In  a d d i t io n  he cou ld  e s t a b l i s h  a nodal rhythm fo r  a 

few seconds. I t  i s  i n t e r e s t i n g  to  n o te  t h a t  M i l l e r  and DiCara (1967) 

examined th e  d e t a i l s  of the  EKGs of r a t s  rewarded f o r  slowing HR.
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They r e p o r te d  t h a t  du r ing  the  l a t t e r  p a r t  of t r a i n i n g  th e  P wave showed 

a r e d u c t io n  i n  am plitude  w h ile  the  i n t e r v a l  between i t  and the  QRS 

complex in c r e a s e d .  These e f f e c t s  a re  c o n s id e re d  t y p i c a l  of th e  e f f e c t s  

of va g a l  i n h i b i t i o n .  I t  can only be assumed t h a t  t h i s  p a r t i c u l a r  Yoga 

p r a c t i t i o n e r  has somehow been a b le  to  e s t a b l i s h  an augmented sensory  

feedback o f  h i s  c a rd ia c  a c t i v i t y .

The im portance o f  feedback in  the  c o n t r o l  o f  unconscious 

m uscular a c t i v i t y  has been p re v io u s ly  dem onstra ted  by H e f f e r l i n e  (1958). 

In  t h i s  s tudy  ^ s  were p rov ided  feedback of jaw muscle a c t i v i t y  a t  such 

h igh  a m p l i f i c a t io n  t h a t  ^ s  became v i s u a l l y  aware of moving t h e i r  jaws 

b e fo re  becoming p r o p r io c e p t iv e ly  aware of hav ing  a c t u a l l y  done so .  In  

t im e they  were a b le  to  c o n t r o l  t h e i r  movements which were o v e r t l y  

im p e rc e p t ib le .

Brener and H o th e r s a l l  (1966) adopted  a v e r s io n  of th e  aug­

mented sensory  feedback techn ique  of H e f f e r l i n e  (1958) in  an a t te m p t  

to  de term ine  i f  ^s  cou ld  l e a r n  to  d e c re a se  t h e i r  HR. F ive  s tu d e n ts  

se rved  as Ss in  the  s tu d y .  The c a rd io ta c h o m e te r  ou tp u t  fo r  each ^  was 

fed  in to  a bank of e le c t ro m a g n e t ic  c o u n te rs  which ana lyzed  the  i n t e r ­

b e a t  i n t e r v a l  (IB I) c o n t in u o u s ly .  A c r i t e r i o n  was then  s e t  fo r  each ^  

on the  b a s i s  of h i s  b a s a l  IBI d i s t r i b u t i o n .  This  was th en  used to  

compare each IBI du r ing  feedback t r a i n i n g  in  o rder  to  a s s e s s  whether i t  

was longer  or s h o r t e r  th an  c r i t e r i o n .  The ^ s  were then  p re s e n te d  w ith  

a low frequency tone  fo r  each long IBI (HR slow er than  c r i t e r i o n )  and a 

h igh  frequency  tone f o r  each s h o r t  IBI (HR f a s t e r  than  c r i t e r i o n ) .  Two 

lamps were p re s e n t  in  the  rec o rd in g  room, and th e se  were p o in te d  ou t to  

each They were i n s t r u c t e d  t h a t  when e i t h e r  the  red  or the  g reen  lamp
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was on, they  would h e a r  a su c c e s s io n  of h igh  and low to n e s .  When the  

g reen  l i g h t  was on they  were asked to  work f o r  h ig h  tones  (HR in c r e a s e )  

w h ile  i n  th e  p resence  o f  th e  r e d  l i g h t  they  were to  work fo r  low tones  

(HR d e c re a s e ) .  A l l  Ss were f u r t h e r  i n s t r u c t e d  t h a t  the  tones  had some­

th in g  to  do w ith  t h e i r  i n t e r n a l  b e h a v io r ,  b u t  they  were no t  to ld  t h a t  

i t  was the  h e a r t  which was be ing  c o n t r o l l e d .  They were to ld  n o t  to  

engage in  unnecessary  body movements and to  c o n t r o l  the  tones  by 

m en ta l  p rocess  o n ly .  The ex p e r im en ta l  s e s s io n  c o n s is te d  o f  16 t r i a l s ,  

e ig h t  r e d  and e ig h t  g ree n .  The r e s u l t s  showed t h a t  a l l  Ss a t t a i n e d  

h ig h e r  HRs in  th e  g reen  p e r io d s  than  they  d id  in  the  r e d .  For the 

group as  a w hole, th e s e  r e s u l t s  were h ig h ly  s i g n i f i c a n t .  Since no 

c o n t r o l s  were t e s t e d ,  i t  i s  d i f f i c u l t  to  be su re  whether Ss were 

a c t u a l l y  a b le  to  b o th  i n c r e a s e  and d e c re a se  r a t e  or whether they  were 

c o n t r o l l i n g  r a t e  in  only one d i r e c t i o n .  The v a r i a b i l i t y  of th e  HR 

du ring  th e  feedback s e s s io n  was no t r e p o r t e d  a l th o u g h  in s p e c t io n  of 

th e  i n d iv id u a l  IBI d i s t r i b u t i o n s  p re s e n te d  by Brener and H o th e r s a l l  

(1966, p. 25) su g g e s ts  a s l i g h t  in c re a s e  in  v a r i a b i l i t y  f o r  the  red  as 

compared to  th e  g reen  p e r io d s .  R e s p i ra to ry  changes were no ted  p a r t i c u ­

l a r l y  du r ing  the  g reen  p e r io d s .  This  f in d in g  su g g es ts  t h a t  i t  was 

p r im a r i ly  in c re a s e s  which were be ing  c o n t r o l l e d .  This  p o s s i b i l i t y  

a g re e s  w i th  the  o b s e rv a t io n s  of Engel and Hansen (1966) and Engel and 

Chism (1967) t h a t  i t  i s  e a s i e r  to  in c r e a s e  HR th an  i t  i s  to  slow i t  

down.

In  a second s tu d y ,  Brener and H o th e r s a l l  (1967) r e p l i c a t e d  

th e  Brener and H o th e r s a l l  (1966) s tudy  under c o n d i t io n s  of paced and 

unpaced r e s p i r a t i o n .  In  t h i s  s tudy  f iv e  Ss were ru n  under th e  same
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i n s t r u c t i o n s  and p rocedure  as i n  the  e a r l i e r  s tudy  (Brener and H o ther­

s a l l ,  1966). A f te r  an  i n i t i a l  p e r io d  o f  t r a i n i n g ,  Ss were g iven  a

b r i e f  p e r io d  of i n s t r u c t i o n  on paced b r e a th in g  in  synchrony w ith  a

w h i te  f l a s h in g  s ig n a l  lamp. The Ss were i n s t r u c t e d  to  complete one 

r e s p i r a t o r y  c y c le  between each l i g h t  f l a s h .  They were then  i n s t r u c t e d

to  c o n t r o l  the  tones as  b e fo re  w h ile  having t h e i r  b r e a th in g  r a t e  paced

over a p e r io d  of s ix  p r e s e n ta t io n s  o f  g reen  and r e d  p e r io d s .  Sub­

se q u en t  to  t h i s ,  they  were g iven  th re e  a d d i t i o n a l  r ed  and g reen  

p e r io d s  w ith  the  i n s t r u c t i o n s  t h a t  they were no longer to  be con­

ce rned  w i th  t h e i r  b r e a th in g .

The r e s u l t s  i n d ic a te d  t h a t  a l l  ^ s  showed a s i g n i f i c a n t l y  

g r e a t e r  p r o p o r t io n  of s h o r t  IBIs in  th e  g reen  p e r io d s  a s  compared to  

th e  r ed  p e r io d s .  This  was found to  be t r u e  p a r t i c u l a r l y  du r ing  the  

paced r e s p i r a t i o n  p e r io d .  A na ly s is  of r e s p i r a t i o n  am plitude  and r a t e  

f o r  th e  two p e r io d s  r e v e a le d  no d i f f e r e n c e s .  However, because of wide 

between-S v a r i a b i l i t y  in  r e s p i r a t o r y  b e h a v io r ,  t h i s  would be expec ted . 

V isu a l  i n s p e c t io n  of th e  r e s p i r a t o r y  r e c o rd s  i n d ic a te d  t h a t  th e  p a t ­

t e r n s  du r ing  the  red  and g reen  p e r io d s  f o r  paced r e s p i r a t i o n  were 

very  s i m i l a r .  This  was c o n s id e re d  as  su p p o r t in g  ev idence  fo r  c a rd ia c  

c o n t r o l  independent of r e s p i r a t o r y  changes. S ince no c o n t r o l  _Ss were 

t e s t e d ,  i t  a g a in  i s  d i f f i c u l t  to  de term ine  whether any c a rd ia c  c o n t r o l  

was e s t a b l i s h e d  and, i f  so ,  whether i t  occu rred  in  bo th  the  r ed  and 

g ree n  p e r io d s .  The tech n iq u e  of paced r e s p i r a t i o n  w i th o u t  adequate  

e x p e r im e n ta l  c o n t r o l s  i s  q u e s t io n a b le  to  use  in  a feedback  or i n s t r u ­

m en ta l  c o n d i t io n in g  p rocedure  s in c e  W e stco tt  and H u t ten lo c h e r  (1961) 

have dem onstra ted  t h a t  c o n t r o l l e d  r e s p i r a t i o n  produces uncond it ioned
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d e c re a se s  in  v a r i a b i l i t y  w i th in  and. more im p o r ta n t ly ,  among ^ s . F u r th e r ,  

i f  a S needed to  in c re a s e  h i s  b r e a th in g  r a t e  a t  anytime dur ing  the  course  

o f  th e  s tudy  bu t  was r e s t r a i n e d  because  of th e  pacing  p rocedu re ,  t h i s  

would p robab ly  have the  e f f e c t  of d e c re a s in g  th e  HR (Engel and Han­

sen , 1966, p . 183).

Donelson (1966) a t te m p te d  to  de te rm ine  i f  ^ s  could  bo th  i n ­

c re a s e  and d e c rease  t h e i r  HJR when asked to  match i t  to  a s ta n d a rd  r a t e  

which was above t h e i r  base HR fo r  fou r  c o n se c u t iv e  t r i a l s  ( f a s t  t r i a l s )  

and th en  match t h e i r  HR to  a s ta n d a rd  below t h e i r  base  HR fo r  ano ther  

fou r  c o n sec u t iv e  t r i a l s  (slow t r i a l s ) .  The Ss were d iv id e d  i n to  two 

s e p a r a te  groups: those  t h a t  were to  match a f a s t  s ta n d a rd  r a t e  f i r s t

and th e n  match a slow one second, and those  who were to  match a slow 

s ta n d a rd  rate , f i r s t  and then  match a f a s t  one second. Both th e  s ta n d ­

a rd  r a t e ,  d r iv e n  by a p h y s io lo g ic a l  s t i m u la to r ,  and th e  S s '  HRs were 

d isp la y e d  on a dual-beam o s c i l l o s c o p e .  In  a d d i t i o n  th e r e  was a no- 

feedback c o n t r o l  group. S u b je c ts  in  t h i s  group were a llow ed to  

obse rve  the  s ta n d a rd  r a t e  bu t  were no t a llow ed to  see  t h e i r  own, a l ­

though they  were g iven  i n s t r u c t i o n s  s im i la r  to  th o se  o f  the  feedback 

g roup .

A na ly s is  of the  r e s u l t s  r e v e a le d  a s i g n i f i c a n t  d i r e c t i o n  x 

o rd e r  i n t e r a c t i o n  which in d ic a te d  t h a t  c o n t r o l  o f  HR i s  s t r o n g e r  fo r  

^ s  who t r y  to  in c re a s e  HR f i r s t  and then  to  d e c re a se  i t ,  r a t h e r  than  

v ic e  v e r s a .  I n i t i a l l y ,  th e r e  was a s l i g h t  tendency f o r  HR to  be f a s t e r  

i n  th e  f a s t  f i r s t  group r e l a t i v e  to  the  slow f i r s t  g roup. This  d i f f e r ­

ence was n o t  r e p o r te d  to  be s i g n i f i c a n t l y  d i f f e r e n t ,  a lth o u g h  i t  was 

r e p o r t e d  t h a t  the HR fo r  bo th  groups f a i l e d  to  d i f f e r  s i g n i f i c a n t l y
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from the  no-feedback  c o n t r o l  group. For the  second fou r  t r i a l s  o f  the 

s tu d y ,  th e re  was a la rg e  d ec rease  in  HR fo r  the f a s t - f i r s t ,  s lo w -se c ­

ond group, w h i le  f o r  the  s l o w - f i r s t ,  f a s t - s e c o n d  group HR d id  no t 

appear to  in c r e a s e  much above the  i n i t i a l  base l e v e l .  No s i g n i f i ­

cance l e v e l  was r e p o r te d  fo r  any o f  th e s e  a p o s t e r i o r i  com parisons.

The only  o th e r  c o n s i s t e n t  f in d in g  was a s i g n i f i c a n t  t r i a l s  e f f e c t  i n d i ­

c a t in g  t h a t  HR was tend ing  to  d e c re a se  over t r i a l s .  This f in d in g  sug­

g e s t s  th e  l i k e l ih o o d  t h a t  the  observed HR d e c reases  in  th e  f a s t - f i r s t ,  

s low -second group were caused by a g e n e ra l  d e c rease  in  HR over t r i a l s .

The f in d in g  t h a t  HR was m ain ta ined  a t  abou t  the  i n i t i a l  l e v e l  in  the  

s l o w - f i r s t ,  f a s t - s e c o n d  group would sugges t  t h a t  HR in c re a s e s  were 

probably  o c c u r r in g ,  perhaps to  a g r e a t e r  degree than  were HR d e c reases  

in  the  o th e r  group, b u t  the  in c r e a s e s  were masked by the  h a b i t u a t i o n  

e f f e c t .  S ince  h a b i t u a t i o n  was p robab ly  r e s p o n s ib le  fo r  th e  observed HR 

d e c re a s e s ,  and s in c e  th e  feedback group f a i l e d  to  d i f f e r  s i g n i f i c a n t l y  

from the  no-feedback  c o n t r o l  g roup , the  r e s u l t s  and c o n c lu s io n s  of 

Donelson (1966) must be regarded  as  h ig h ly  q u e s t io n a b le .

Attem pts to  Decrease V a r i a b i l i t y  of HR 

Hnatiow and Lang (1965) were th e  f i r s t  to  p rov ide  an analogue 

type of c a rd ia c  feedback . U nlike  th e  a u d i to r y  b in a ry  d i s p la y  o f  Brener 

and H o th e r s a l l  (1966; 1967) in  which ^ s  re c e iv e d  only  in fo rm a t io n  about 

c o r r e c t  or i n c o r r e c t  HR r e s p o n s e s ,  ^ s  in  t h i s  s tudy  were co n tin u o u s ly  

p rov ided  w ith  a v i s u a l  analogue HR s ig n a l  th roughou t th e  t r a i n i n g  p e r io d s ,  

The major o b j e c t iv e  o f  t h i s  s tudy  was to  determ ine  i f  HR v a r i a b i l i t y  

(HRV) could  be dec reased  v ia  feedback . Like the  Brener and H o th e r s a l l  

(1966; 1967) s t u d i e s ,  no p h y s ic a l  r e i n f o r c e r s  were used in  t h i s  pro-
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ce d u re .  The only  re in fo rc e m e n t  a v a i l a b l e  was the  immediate feedback  of 

success  or f a i l u r e .  F o r ty  s tu d e n ts  se rv ed  as ^ s  in  t h i s  s tu d y ,  20 of 

which were a s s ig n e d  to  an ex p e r im en ta l  group in  which c o r r e c t  HRV fe e d ­

back was a v a i l a b l e  and 20 of  which were a s s ig n e d  to  a c o n t r o l  group 

which was i n s t r u c t e d  to  t r a c k  random p o in te r  movements w h i le  keeping  

t h e i r  b o d i ly  p ro c e s se s  a t  a s te a d y  l e v e l .  The c a rd ia c  d i s p la y  a p p a ra tu s  

was th e  o u tp u t  o f  a ca rd io ta c h o m e te r  p r o je c te d  by means o f  an opaque 

p r o je c to r  on a s c re e n .  The p o in te r  moved on a w h ite  f i e l d ,  th e  c e n te r  

of which was a r e d  s t r i p e  w ith  a b lu e  s t r i p e  p a r a l l e l i n g  i t  on bo th  

s id e s .  The ex p e r im e n ta l  were i n s t r u c t e d  to  keep t h e i r  HR as  s teady  

as p o s s ib le  th roughou t  the  s tudy  by w atch ing  th e  HR d i s p l a y .  They were 

a l s o  t o ld  t h a t  they  would be more s u c c e s s fu l  i f  they  m a in ta in e d  the  

p o in te r  on th e  r ed  s t r i p e  as  much as p o s s ib l e .  The c a rd io ta c h o m e te r  

o u tp u t  was a d ju s te d  so t h a t  each S began th e  s tudy  on th e  r e d  s t r i p e .  

During the  s tudy  a l l  ^ s  observed th e  p r o je c te d  d isp la y  f o r  t h r e e  f i v e -  

m inute  t r i a l s  w i th  seven m inutes  i n te r v e n in g  between d i s p la y  t r i a l s .  

P r io r  to  the  i n i t i a l  d i s p l a y ,  a l l  Ŝ s were g iven  a 16 m inute  a d a p ta t i o n  

p e r io d .  The dependent v a r i a b l e ,  HRV, was measured two ways: time on

t a r g e t  where HRV d id  n o t  go beyond th e  two b lu e  s t r i p e s  and HR s ta n d ­

a rd  d e v ia t io n .

The r e s u l t s  fo r  t a r g e t  time showed t h a t  the  e x p e r im e n ta l  group 

was on t a r g e t  s i g n i f i c a n t l y  more o f te n  du r ing  th e  d i s p la y  as  compared to  

the  n o n -d isp la y  p e r io d s .  F u r th e r ,  the  o v e r - a l l  curve was e v a lu a te d  in  

an o r th o g o n a l  polynom ial a n a ly s i s  which re v e a le d  a h ig h ly  s i g n i f i c a n t  

q u in t i c  (saw -too thed)  t re n d  e v id e n t  in  su c c e s s iv e  h igh  d i s p la y  and low 

n o n -d isp lay  s c o r e s .  The s ta n d a rd  d e v ia t io n  sc o re s  fo llow ed a s im i la r
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t re n d  w ith  d i s p la y  s ta n d a rd  d e v ia t io n s  be ing  s i g n i f i c a n t l y  lower than  

n o n -d is p la y  s ta n d a rd  d e v ia t io n s .  In  a d d i t io n  th e  s ta n d a rd  d e v ia t io n s  

o f  th e  ex p e r im en ta l  group f o r  the  second and t h i r d  d i s p la y  p e r io d s  

were s i g n i f i c a n t l y  lower th an  those  of th e  c o n t r o l  group. A n a ly s is  of 

r e s p i r a t i o n  r a t e  and am plitude  f a i l e d  to  i n d i c a t e  a s i g n i f i c a n t  c o r r e ­

l a t i o n  w ith  HRV. C onsequen tly ,  the  Hnatiow and Lang r e s u l t s  a r e  no t  

s u b je c t  to  the  i n t e r p r e t a t i o n  t h a t  HRV changes were m ediated  by r e s ­

p i r a t i o n .

No s i g n i f i c a n t  changes were no ted  f o r  HR e i t h e r  fo r  th e  d i s ­

p lay  or n o n -d isp lay  p e r io d s .  This  m ight be expected  though, s in c e  the  

^ s  were i n s t r u c t e d  to  keep t h e i r  HR on th e  r e d  c e n te r  l i n e  as  much as 

p o s s ib le  w h i le  they  k e p t  t h e i r  HR as  s teady  as  they  c o u ld .  These 

i n s t r u c t i o n s  concern ing  th e  c e n te r  r ed  s t r i p e  may have served  to  anchor 

th e  HR, thus p re v e n t in g  any changes from o c c u r r in g .

Lang, S roufe  and H a s t in g s  (1967) a t te m p te d  to  ex tend  th e  

Hnatiow and Lang (1965) s tudy  w h i le  m an ip u la t in g  i n s t r u c t i o n a l  s e t .  

S ix ty  s tu d e n t s  were d iv id e d  i n t o  two major groups of ^ s ,  group I  be ing  

i n s t r u c t e d  t h a t  they  would be g iven  feedback of t h e i r  own c a rd ia c  

a c t i v i t y  w h i le  group I I  was i n s t r u c t e d  t h a t  they  would be g iven  a 

t r a c k in g  t a s k .  These two groups were f u r t h e r  d iv id e d  in to  e x p e r i ­

m enta l  (E) and c o n t r o l  (C) g ro u p s „ _Group I  was i n s t r u c t e d  to  keep 

t h e i r  h e a r t  a c t i v i t y  as  s teady  and as  c lo s e  to  th e  c e n te r  o f  the  f e e d ­

back m eter as  p o s s ib l e .  S u b je c ts  in  group IE were then  p rovided  w ith  

d i s p la y s  of t h e i r  own c a rd ia c  a c t i v i t y  w h ile  group IC served  as  yoked- 

cont r o i s  in  t h a t  they  r e c e iv e d  th e  c a rd ia c  a c t i v i t y  of t h e i r  runn ing  

mate in  group IE , a l th o u g h  they thought t h a t  th e  c a rd ia c  a c t i v i t y  they
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were se e in g  was t h e i r  own. Groups H E  and C were bo th  g iv en  i n s t r u c t i o n s  

to  t r a c k  p o in te r  movements w hich , unknown to  IIC , were be ing  d r iv e n  by 

th e  c a rd ia c  a c t i v i t y  o f  each ^  in  the  HE group.

The r e s u l t s  were a g a in  ana lyzed  as  to  tim e on t a r g e t  and HRV 

i n  s ta n d a rd  d e v ia t io n s .  Only th e  IE Ss showed a marked increm ent in  

tim e on t a r g e t  ( th e  c e n te r  o f  the  feedback m e te r ) .  A lso , only IE ^ s  

s i g n i f i c a n t l y  dec reased  t h e i r  HRV during  th e  d i s p la y  as compared to  the  

n o n -d is p la y  p e r io d s ,  and a s i g n i f i c a n t  s e x t i c  t r e n d  was found. I n i t i a l  

d i f f e r e n c e s  in  r e s t i n g  mean s ta n d a rd  d e v ia t io n s  between IE and H E  due 

to  sampling e r r o r  p rev en ted  a comparison o f  th e se  two g roups.  Group IE 

was s i g n i f i c a n t l y  l e s s  v a r i a b l e  than  IC.

The r e s u l t s  of t h i s  s tudy  were i n t e r p r e t e d  as showing th a t  

feedback c l e a r l y  a l t e r s  HRV b u t  t h a t  the  d i r e c t i o n  and m agnitude of 

t h i s  change depends on th e  t a s k  g iven  to  the  S. These r e s u l t s  a p p a r ­

e n t l y  were no t r e l a t e d  to  r e s p i r a t o r y  changes s in c e  a n a ly s e s  were 

performed and no c o r r e l a t i o n s  were found.

In  t h i s  s tudy  HR was n o t  so c l e a r l y  anchored  a s  in  the  

Hnatiow and Lang (1965) s tu d y .  A d e f i n i t e  tendency i s  ap p a re n t  in  the  

d a ta  f o r  HR to  be g r e a t e r  f o r  the  IE than f o r  th e  IC g roups ,  p a r t i c u ­

l a r l y  during  th e  d i sp la y  p e r io d s  (Lang ^  H . , 1967, p . 428) .

S ta tem en t  o f  th e  Problem 

S tu d ie s  on c a r d i a c  c o n t r o l  have been reviewed which a ttem p ted  

to  dem onstra te  t h a t  ^ s  can l e a r n  to  e x e r t  some degree  of c o n t r o l  over 

c e r t a i n  a s p e c ts  of t h e i r  c a rd ia c  a c t i v i t y .  Research  on th e  c o n t r o l  of 

c a rd ia c  behav io r  through le a r n in g  p rocedures  may be d iv id e d  in to  two 

m ajor c a te g o r i e s  on th e  b a s i s  o f  the  re in fo rc e m e n t  techn ique  which was
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employed. The f i r s t  ca te g o ry  com prises  those  s tu d i e s  u s in g  more 

t r a d i t i o n a l  in s t ru m e n ta l  p rocedures  in  t h a t  p h y s ic a l  prim ary or s e c ­

ondary r e i n f o r c e r s  were made c o n t in g e n t  upon s p e c i f i c  c a rd ia c  changes.

The second ca tego ry  com prises th o se  i n v e s t i g a t io n s  where some form of 

c a rd ia c  feedback was employed w ith  th e  only re in fo rc e m e n t  be ing  th e  

immediate feedback o f  success  or f a i l u r e  re s p o n s e s .

Those s tu d i e s  u s ing  p h y s ic a l  r e i n f o r c e r s  to  in c r e a s e  and de­

c re a s e  HR have , in  g e n e ra l ,  found t h a t  HR i s  s u s c e p t ib l e  to  in s t ru m e n ta l  

m o d i f ic a t i o n .  However, th e r e  has  been some q u e s t io n  as to  w hether the 

HR was in s t r u m e n ta l ly  c o n d i t io n e d  pe r  se or whether the c a rd ia c  changes 

were m edia ted  by some o th e r  v a r i a b l e  such as  r e s p i r a t i o n  r a t e .  This 

problem has been s u c c e s s f u l ly  avo ided  only in  th e  c u ra r iz e d  r a t  s t u d i e s .

Because of improper or a b se n t  c o n t r o l s ,  those  s tu d i e s  p ro v id ­

ing  feedback o f  c a rd ia c  a c t i v i t y  in  the  absence o f  p h y s ic a l  r e i n f o r c e r s  

have f a i l e d  to  dem onstra te  d i r e c t i o n  of c o n t r o l  o f  HR, a l th o u g h  i t  i s  

a p p a re n t  from the  d a ta  t h a t  some c o n t r o l  i s  o c c u r r in g ,  b u t  in  u n s p e c i f ie d  

d i r e c t i o n s .  In  a d d i t io n  th e  u n s p e c i f ie d  changes t h a t  have been induced 

through feedback have been accompanied a t  t im es by r e s p i r a t o r y  changes.

On th e  o th e r  hand, s tu d i e s  a t te m p t in g  to  s t a b i l i z e  the  HR th rough fe e d ­

back have been a b le  to  dem onstra te  d i r e c t i o n  of c o n t r o l  bo th  w i th in  and 

between groups and in  the  absence o f  obvious m ed ia ting  in f lu e n c e s  o th e r  

than  th e  feedback per s e .

S ince c a rd ia c  r a t e  has n o t  s u c c e s s f u l ly  been shown to  be 

s u s c e p t ib l e  to  feedback m o d i f ic a t io n  in  th e  absence of p h y s ic a l  r e i n ­

f o r c e r s ,  excep t  in  those  s tu d i e s  where HR has been s t a b i l i z e d  (Hnatiow 

and Lang, 1965; Lang e t  a l . ,  1967), i t  rem ains to  be determ ined  i f  fe e d ­
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back can be used to  e i t h e r  In c re a se  o r  d e c re a se  the  HR. Because i t  

has  been in d ic a te d  t h a t  HR in c r e a s e s  a r e  e a s i e r  to  l e a r n  th an  de­

c re a s e s  under c o n d i t io n s  o f  p h y s ic a l  r e in fo rc e m e n t  (Engel and Chism, 

1967a; Levene e t  a d . ,  1968), i t  appears  t h a t  th e  b e s t  t e s t  of the  

h y p o th e s i s  t h a t  HR can be m od if ied  by feedback would be to  produce 

r e l i a b l e  HR decrem en ts .  S ince the  Lang ex p e r im e n ta l  and feedback  p ro ­

c edu res  have been s u c c e s s fu l ly  employed to  dem onstra te  c a rd ia c  c o n t r o l  

i n  the  absence  o f  obvious m ed ia ting  in f lu e n c e s ,  i t  appears  t h a t  the  

h y p o th e s i s  t h a t  HR can be dec reased  th rough  feedback can b e s t  be t e s t e d  

by the  p rocedures  developed by Hnatiow and Lang (1965) and Lang ^  a l . 

(1967). T h e re fo re ,  t h e i r  b a s ic  feedback  p rocedure  and ex p e r im e n ta l  

d es ig n  w i l l  be adopted  in  o rder  to  t e s t  th e  above h y p o th e s is  and o th e r  

r e l a t e d  problems to  be o u t l in e d  below . The g e n e ra l  purpose of th e  

p re s e n t  s tudy  i s  to  ex tend  th e  f in d in g s  of th o se  s tu d i e s  which have used 

feedback o f  c a rd ia c  a c t i v i t y  in  an a t te m p t  to  dec rease  c a rd ia c  r a t e  and 

v a r i a b i l i t y  and to  de te rm ine  the  e x te n t  to  which the  le a rn e d  c a rd ia c  

changes a r e  r e l a t e d  to  o th e r  p h y s io lo g ic a l  v a r i a b l e s  f e l t  to  be capab le  

of m ed ia ting  le a rn e d  c a rd ia c  b e h a v io r .

Feedback C o n tro l  of HRV 

Hnatiow and Lang (1965) and Lang e t  a l .  (1967) have de m o n s tra t ­

ed t h a t  HRV can be dec reased  when a p p r o p r i a t e  i n s t r u c t i o n s  a r e  g iven  in  

th e  use  of c a rd ia c  feedback . In  bo th  o f  th e s e  s tu d i e s  HR l e v e l  was no t 

a llow ed  to  change and thus  in  a sense  was anchored , a l th o u g h  t h i s  e f f e c t  

was a p p a re n t ly  s t r o n g e r  in  th e  form er as  compared to  the  l a t t e r  s tu d y .

To d a te ,  the  f in d in g  o f  dec reased  v a r i a b i l i t y  fo llow ing  a p p r o p r i a t e  fe e d ­

back i n s t r u c t i o n s  has no t  been confirm ed by o th e r  i n v e s t i g a t o r s .  As a
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p re lu d e  to  th e  fo llow ing  problems to  be i n v e s t i g a t e d ,  an a t te m p t  must 

f i r s t  be made to  r e p l i c a t e  th e  f in d in g s  of d ec reased  HRV fo l lo w in g  

a p p ro p r ia t e  feedback i n s t r u c t i o n s .  The p re s e n t  s tudy w i l l  no t  be an 

e x a c t  r e p l i c a t i o n  of th e  Hnatiow and Lang (1965) and Lang e t  al..  (1967) 

s t u d i e s ,  p r im a r i ly  in  t h a t  HR w i l l  n o t  be anchored to  any s p e c i f i c  t a r ­

g e t  or p o in t  on th e  feedback d i s p la y  a p p a ra tu s .  P re lim in a ry  s tu d i e s  

by the  p re s e n t  i n v e s t i g a t o r  have in d ic a te d  t h a t  HRV can be dec reased  

under th e  c o n d i t io n s  d e sc r ib ed  above. In  th e  p re s e n t  s tu d y ,  as in  the  

Lang i n v e s t i g a t i o n s ,  HRV i s  i m p l i c i t l y  reg a rd e d  as the  o v e r a l l  r e s u l t  of 

a t  l e a s t  t h r e e  c o n t r ib u t in g  f a c t o r s ,  th e s e  be ing  s in u s  a r rh y th m ia ,  b e a t -  

t o - b e a t  changes ,  and slower long-te rm  b a s e l in e  a l t e r a t i o n s .  Thus, th ese  

th r e e  sou rces  of c a rd ia c  v a r i a t i o n s  a re  pooled to g e th e r  under the  common 

term , HRV.

Feedback C o n tro l  of HR 

S ince  Hnatiow and Lang (1965) and Lang e t  (1967) d id  no t  

a t te m p t  to  d e c re a se  HR w ith  t h e i r  analogue feedback procedure  w h ile  a 

number of o th e r  f in d i n g s ,  n o tab ly  those  of Brener and H o th e r s a l l  (1966; 

1967), su g g e s t  t h a t  HR may be dec reased  th rough  feedback , th e  q u e s t io n  

may be asked; Using the  feedback procedure  of Hnatiow and Lang (1965) 

and Lang e t  al., (1967) j i s  HR s u s c e p t ib l e  to  feedback décrém en ta i  mod­

i f i c a t i o n  when s u b je c t s  a re  i n s t r u c t e d  to  d e c rease  HR only?

E f fe c t iv e n e s s  of Feedback C o n tro l  of HR and HRV 

R e la te d  to  the  f i r s t  problem, a second problem concerns  the  

e f f e c t i v e n e s s  o f  feedback in  d e c re a s in g  HR and HRV. S p e c i f i c a l l y ,  the 

q u e s t io n  may be asked: Are HR and HRV e q u a l ly  or d i f f e r e n t i a l l y  suscep-
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t i b l e  to  décrém enta i  m o d if ic a t io n  by feedback?

The E f f e c t  o f  Feedback Decreased HR on HRV and Vice Versa

A t h i r d  problem i s  th e  e f f e c t  on v a r i a b i l i t y  when r a t e  i s  con­

t r o l l e d  and v ic e  v e r s a .  A s l i g h t  t re n d  i s  a p p a re n t  in  the  d a ta  o f  

Brener and H o th e r s a l l  (1966) and Engel and Hansen (1966) fo r  v a r i a b i l i t y  

to  in c r e a s e  when r a t e  i s  d e c re a sed .  A s im i la r  b u t  o p p o s i te  t re n d  oc­

c u rs  i n  th e  d a ta  of Lang £ t  £ l .  (1967) where r a t e  tends to  in c r e a s e  when

v a r i a b i l i t y  i s  d e c re a se d .  In  c o n s id e r a t io n  of th e s e  f in d in g s ,  th e  ques­

t i o n  may be asked; What i s  the  e f f e c t  on HRV when HR i s  d e c re a sed ,  and

what i s  the  e f f e c t  on HR when HRV i s  decreased?

Sim ultaneous Feedback C o n tro l  of HR and HRV 

The f o u r th  and f i n a l  problem to  be i n v e s t i g a t e d  in  t h i s  s tudy  

i s  th e  e f f e c t i v e n e s s  of feedback when s u b je c t s  a r e  i n s t r u c t e d  to  de­

c re a s e  both  r a t e  and v a r i a b i l i t y  t o g e t h e r .  There have been no s tu d i e s  

to  d a te  which have a ttem p ted  to  de term ine  i f  s u b je c t s  a re  a b le  to  de­

c re a s e  both  s im u l ta n e o u s ly .  This problem may be p a r t i t i o n e d  in to  th r e e  

s e p a r a te  b u t  r e l a t e d  q u e s t io n s .  F i r s t ,  can s u b je c t s  use feedback e f f e c ­

t i v e l y  when i n s t r u c t e d  to  dec rease  bo th  r a t e  and v a r i a b i l i t y  to g e th e r?  

S p e c i f i c a l l y ,  when r a t e  i s  d e c re a sed ,  w i l l  v a r i a b i l i t y  d ec rease  and v ic e  

versa?  Second, when both  r a t e  and v a r i a b i l i t y  a r e  dec reased  t o g e t h e r ,  

a r e  th e se  two v a r i a b l e s  e q u a l ly  or d i f f e r e n t i a l l y  dec reased  by feedback? 

T h i rd ,  i s  r a t e  more s u s c e p t ib l e  to  décrém enta i  m o d if ic a t io n  when con­

t r o l l e d  s in g ly  or in  com bination  w ith  v a r i a b i l i t y ?  S im i la r ly ,  i s  v a r i a ­

b i l i t y  more s u s c e p t ib l e  to  décrém enta i m o d if ic a t io n  when c o n t r o l l e d  

s in g ly  or in  com bination  w ith  r a te ?
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S ta tem en t o f  the  Hypotheses

The fo llo w in g  s p e c i f i c  hypo theses  were fo rm u la ted  r e l a t i v e  to  

two o f  the  problems and q u e s t io n s  r a i s e d  above:

1. Given a p p ro p r ia t e  i n s t r u c t i o n s  to  d e c re a se  h e a r t  r a t e  

when c o r r e c t  feedback i s  a v a i l a b l e ,  h e a r t  r a t e  w i l l  

be d e c re a sed ,

2 .  A n e g a t iv e  r e l a t i o n s h i p  e x i s t s  between 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  when e i t h e r  one i s  s in g ly  de­

c re a se d  by c o r r e c t  feedback .

Although a number of problems and q u e s t io n s  a re  to  be i n v e s t i ­

g a te d  in  th e  p re s e n t  s tu d y ,  th e  d i r e c t i o n  of change, i f  any, could  n o t  

be a n t i c i p a t e d  a p r i o r i , w i th  th e  e x c e p t io n  o f  th e  two problems s t a t e d  

a s  hypotheses  one and two above.



CHAPTER I I

METHOD

S u b jec ts

S ix ty  v o lu n te e r  s u b je c t s  (^s)  o f  bo th  sexes  between 16 and 

30 y e a rs  o f  age p a r t i c i p a t e d  in  the  experim en t.  A l l  Ss were pa id  

$2 ,40  per hour fo r  t h e i r  p a r t i c i p a t i o n .  The Ss were randomly a ss ig n e d  

t o  one o f  th e  two ex p e r im e n ta l  g roups,  e i t h e r  c o r r e c t  or i n c o r r e c t  

c a rd ia c  feedback , so t h a t  t h e r e  were 30 Ss in  each g roup . These two 

groups were f u r t h e r  d iv id e d  randomly in to  t h r e e  s e p a r a te  equal-N 

c o n d i t io n s  acco rd ing  to  the  d i f f e r e n t  i n s t r u c t i o n s  which were g iven  

so t h a t  t h e r e  were s i x  d i f f e r e n t  g roups,  10 Ss per group.

Design

This  s tudy  i s  s u s c e p t ib l e  t o a 2 x 3 x 2 x 5  f a c t o r i a l  a n a ly s i s  

a l th o u g h  i t  was no t  ana lyzed  in  t h i s  manner because  o f  a c a n c e l l in g  out 

of f a c t o r s .  This  d e s ig n  in c lu d e s  two ex p e r im en ta l  groups ( c o r r e c t  fe e d ­

back and in c o r r e c t  fee d b a c k );  th re e  l e v e l s  o f  feedback i n s t r u c t i o n s  (HR 

s in g l e  i n s t r u c t i o n  c o n d i t io n ,  HRV s in g le  i n s t r u c t i o n  c o n d i t io n  and HR 

p lu s  HRV combined i n s t r u c t i o n  c o n d i t i o n ) ; two feedback  d i s p la y  con­

d i t i o n s  (d is p la y  and n o - d i s p l a y ) ;  and f iv e  t r i a l s  (5 d i s p la y  and 5 no­

d i s p la y )  . There a re  two dependent v a r i a b le s  i n  t h i s  s tudy  which a re  

HR i n  b e a ts  per minute and HRV in  s ta n d a rd  d e v ia t io n  s c o re s .  Res-
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p i r a t io n ^  EMG, and sk in  conductance, were measured as n e c essa ry  con­

t r o l s  a g a in s t  th e  p o s s i b i l i t y  o f  som atic  m ed ia t io n .

Task and Apparatus 

The Ss ta s k  was to  simply observe the  feedback m eter acco rd ­

ing  to  the  i n s t r u c t i o n s  g iv en .  No o th e r  d u t i e s  were to  be perform ed.

The c o r r e c t  feedback (CF) d i s p la y  a p p a ra tu s  c o n s i s t e d  of a 

v o l ta g e  m eter i n  p a r a l l e l  c i r c u i t  w i th  th e  pen of a Beckman Dyno- 

graph which was being d r iv e n  by the a m p l i f ie d  s ig n a l  o f  a Beckman 

ca rd io ta c h o m e te r  so t h a t  b e a t - t o - b e a t  changes in  c a rd ia c  r a t e  were 

r e p r e s e n te d  on the  m eter f a c e .  The f u l l  v i s u a l  range  of th e  meter was 

80 b e a ts  per m inu te . For th e  i n c o r r e c t  feedback (IF) group th e  v o l t ­

age m eter was aga in  d r iv e n  by the  a m p l i f ie d  ou tp u t  of a Beckman c a r d io ­

tachom eter  which was c o n v e r t in g  a tap e  reco rd ed  EKG in to  an  analogue 

s i g n a l .  The mean r a t e  and s ta n d a rd  d e v ia t io n  of the  IF s ig n a l  i s  

p r e s e n te d  in  Appendix A.

S i l v e r - s i l v e r  c h lo r id e  e le c t r o d e s  were used  fo r  a l l  p h y s io lo g i ­

c a l  r e c o r d in g s .  The c a rd ia c  e le c t r o d e s  were p la c e d ,  one on the  l e f t  

s id e  a t  approx im ate ly  th e  second or t h i r d  i n t e r c o s t a l  sp a ce ,  and the  

o th e r  member o f  the p a i r  on the  back o f  the  neck . R e s p i r a t io n ,  EMG, 

and sk in  conductance were m onito red  fo r  a l l  ^ s .  R e s p i r a t io n  was r e ­

corded from a s t r a i n  gauge s tra p p e d  around the  c h e s t .  Changes in  c h e s t  

c ircu m fe ren ce  were t r a n s m i t t e d  from a c o n s ta n t  v o l ta g e  c i r c u i t  to  the  

Beckman po lyg raph . Muscle te n s io n  was reco rd ed  from a p a i r  of e l e c ­

t ro d e s  p laced  on the  m edia l s u r f a c e  of th e  r i g h t  fo rea rm . The EMG was 

in t e g r a t e d  and reco rded  u s ing  a Beckman EMG c o u p le r .  Skin conductance 

was rec o rd e d  from the  m iddle palmer segments of the  second and t h i r d
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d i g i t s  o f  the  r i g h t  hand u s ing  a c o n s ta n t  v o l ta g e  c i r c u i t .  T h is  was 

reco rd ed  on th e  Beckman po lygraph .

P rocedure

A f te r  approx im ate ly  20 m inu tes  o f  r e s t ,  the  m ete r  d i s p la y  of 

e i t h e r  c o r r e c t  or i n c o r r e c t  c a rd ia c  feedback was p re se n te d  fo r  f iv e  

m inutes fo llow ed  by f iv e  m inutes of n o -d is p la y  in  which th e  m eter b e ­

came i n a c t i v e .  There were f iv e  d i s p la y  and f iv e  n o - d is p la y  t r i a l s  

beg inn ing  w i th  n o - d is p la y .  An a d d i t i o n a l  n o -d is p la y  t r i a l  was g iven  

subsequent, to  the  f i n a l  d i s p la y ,  making a t o t a l  o f  11 ex p e r im en ta l  

t r i a l s .

Subsequent to  e le c t r o d e  p lacem ent, th e  two m ajor g roups ,  CF 

and IF ,  were g iv en  i d e n t i c a l  i n s t r u c t i o n s  concern ing  th e  use  of the  

m eter and avoidance  of somatic m e d ia t io n .  I n s t r u c t i o n s  were g iven  to  

a l l  ^ s  in  th e  p resence  of c o r r e c t  feedback f o r  bo th  CF and IF g roups.

None of th e  ^ s  were to ld  p r io r  to  or du r ing  the  experim ent t h a t  they 

were to  c o n t r o l  h e a r t  f u n c t io n s .  The d e t a i l e d  i n s t r u c t i o n s  fo r  a l l  Ss 

a re  p re s e n te d  in  Appendix B w ith  s u b s t i t u t i o n s  co rre sp o n d in g  to  the 

d i f f e r e n t  g roups .  Emphasis was p laced  in  th e  i n s t r u c t i o n s  on the  use 

of th e  feedback d isp la y  a p p a ra tu s  and how they were to  respond  to  i t .

They were t o ld  only to  a t tem p t to  b r in g  under c o n t r o l  one o f  t h e i r  b o d i ly  

f u n c t io n s ,  and t h a t  they could b e s t  do t h i s  by w atching  i t s  a c t i v i t y  on 

the  d i s p la y  a p p a ra tu s .  They were never  informed t h a t  c a r d i a c  a c t i v i t y  

was invo lved  i n  any way. I t  was s t r e s s e d  t h a t  whatever c o n t r o l  they 

could  e x e r t  upon the  p h y s io lo g ic a l  f u n c t io n  should  be done independent 

of r e s p i r a t o r y  or muscular changes. A lso ,  they  were to ld  t h a t  th e re  

would be a l t e r n a t e  tim es when they  would be r e c e iv in g  and n o t  r e c e iv in g
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feedback  and t h a t  when feedback was n o t  a v a i l a b l e ,  they  should  c o n tin u e  

to  e x e r t  c o n t r o l  w i th o u t  the  d i s p la y  a p p a ra tu s  inform ing  them of how 

w e l l  they  were do in g . At th e  end of th e  s tudy  a b r i e f  p o s t - e x p e r i ­

m en ta l  in te rv ie w  was g iven  each S concern ing  h i s  im press ions  o f  the  

ex p e r im en t .  The q u e s t io n s  asked in  t h i s  in te rv ie w  a re  p re s e n te d  in  

Appendix D.

The po lygraph  re c o rd in g s  were ana lyzed  every 15 seconds a l ­

though th e  r e c o rd s  were co n tin u o u s .  A sampling o f  12 a b s o lu te  m easures 

was taken  from each d i s p la y  (D) and n o - d is p la y  (ND) t r i a l ,  thu s  spanning 

a time p e r io d  o f  t h r e e  m in u te s .  The two rem ain ing  m inutes  o f  unanalyzed  

re c o rd  were used  when r e s p i r a t i o n  i n s p i r a t i o n - e x p i r a t i o n  c y c le  d e v ia t io n s  

o c c u r re d .  When a r e s p i r a t o r y  d e v ia t io n  d id  occur du r ing  a sample p e r io d ,  

t h a t  sample was sk ipped  fo r  t h a t  time p e r io d  and s h i f t e d  forw ard  15 s e c ­

onds. A r e s p i r a t o r y  d e v ia t io n  was d e f in e d  as one in  which th e  i n s p i r a ­

t i o n - e x p i r a t i o n  c y c le  changed more th an  approx im ate ly  33% p lu s  or minus 

of i t s  ave rage  d u r a t io n  in  th e  p rev io u s  D or ND t r i a l .  A lso , any sud­

den changes in  r e s p i r a t i o n  am plitude  g r e a t e r  or l e s s e r  than  a p p ro x i ­

m ate ly  33% of th e  average  am plitude  i n  th e  p rev ious  D or ND t r i a l  were 

d e f in e d  as  a r e s p i r a t o r y  d e v ia t io n .  T h is  type o f  c o n t r o l  a llow ed  fo r  

b a s e - r a t e  changes b u t  r u le d  out p h a s ic  a l t e r a t i o n s  such as b r e a th -  

h o ld in g s ,  g a s p s ,  s i g h s ,  e t c .

R e s p i r a t io n  r a t e ,  s k in  conduc tance ,  and s t r i a t e  m uscle a c t i v i t y  

were ana lyzed  fo r  th e  f u l l  th re e  m inu tes  fo r  each D and ND t r i a l  in  a l l  

ex p e r im e n ta l  g roups .  Skin conductance and EMG re c o rd s  were ana lyzed  

u s in g  a p la n im e t r i c  i n t e g r a t i o n  p ro c e d u re .  Skin conductance and EMG 

changes were n o t  used as  c r i t e r i a  in  th e  s e l e c t i o n  of samples fo r  which
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c a rd ia c  changes were to  be an a ly zed ,  a s  was r e s p i r a t i o n .

The mean and s ta n d a rd  d e v ia t io n  was c a lc u la t e d  on each D and 

ND t r i a l  fo r  every  S based  upon the  12 o b ta in e d  sco res  f o r  c a rd ia c  

a c t i v i t y .  The o b ta in e d  mean and s ta n d a rd  d e v ia t io n  was used in  th e  

a n a ly s i s  of group d a ta .

In  o rd e r  to  a d ju s t  f o r  s l i g h t  b u t  n o n s ig n i f i c a n t  i n i t i a l  d i f ­

fe re n c e s  in  th e  b a s e l in e  ( t r i a l  ND^) between CF and IF g roups,  a l l  ^ s '  

c a rd ia c  sc o re s  were conve r ted  to  T s c o r e s .  This  was done fo r  b o th  the  

mean HR and th e  s ta n d a rd  d e v ia t io n  by f i r s t  f in d in g  the  mean and s ta n d ­

a rd  d e v ia t io n  o f  the  11 t r i a l  sc o re s  ( e i t h e r  HR X or HR SD s c o re s )  fo r  

each in d iv id u a l  The d e r iv e d  11 t r i a l  X and SD fo r  each S was then  

used to  compute a T sco re  d i s t r i b u t i o n  so t h a t  a T sco re  v a lu e  was 

a s s ig n e d  to  each of the  S ’ s 11 t r i a l  sc o re s  f o r  bo th  mean HR and s ta n d ­

a rd  d e v ia t io n .  To dem onstra te  t h i s  p ro ce d u re ,  the  ND̂  raw s c o re s  of 

^  M. C . ,  tak e n  from Appendix E in  the  HR p lus  HRV combined i n s t r u c t i o n  

c o n d i t io n ,  w i l l  be conve rted  to  T s c o r e s .  For HR, the  mean HR equa ls  

71.4  bpm w ith  a s ta n d a rd  d e v ia t io n  o f  1 .7 .  For the  f i r s t  HR sco re  

(ND^) the  raw sco re  73.1 bpm equa ls  a T sc o re  o f  6 0 .0 .  For HRV, th e  

mean SD e qua ls  5 .5  w ith  a SD o f  1 .2 .  The f i r s t  HRV sco re  (ND̂ )̂ equa ls  

a raw sco re  o f  5 .1  and th e r e f o r e  a T sc o re  of 4 6 .7 .
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RESULTS

The fo llow ing  d a ta  w i l l  be ana lyzed  in  t h i s  s e c t io n :  (1) the

e f f e c t s  of c o r r e c t  and in c o r r e c t  feedback on the  c o n t r o l  of c a rd ia c  

v a r i a b i l i t y ;  ( 2) the  t e s t  of the  h y p o thes ized  e f f e c t s  of c o r r e c t  fe e d ­

back (CF) on the c o n t r o l  of c a rd ia c  r a t e ;  (3) the  p o s s ib l e  d i f f e r e n t i a l  

e f f e c t i v e n e s s  of CF on the  c o n t ro l  of c a rd ia c  v a r i a b i l i t y  dec reased  

s in g ly  and c a rd ia c  r a t e  dec reased  s in g ly ;  (4) the t e s t  of the  hypo the­

s iz e d  e f f e c t s  o f  CF on two a s p e c ts  of c a rd ia c  a c t i v i t y  when only one i s  

i n s t r u c t e d  to  be d e c re a s e d ;  and (S) a f o u r - p a r t  s tudy  of the feedback 

c o n t r o l  of c a rd ia c  r a t e  and v a r i a b i l i t y  when i n s t r u c t i o n s  a re  to  dec rease  

b o th  v a r i a b le s  t o g e th e r .  In  a d d i t io n  to  the  above a n a ly s e s ,  two a d d i ­

t i o n a l  problems w i l l  be examined: ( 1) the problem of h a b i t u a t i o n  v e rsu s

le a r n in g  over t r i a l s ,  and ( 2) the  problem o f resp o n se  s p e c i f i c i t y .

The r e s u l t s  of the an a ly se s  fo r  hypo theses  one and two a re  

p re s e n te d  in  s e c t io n s  two and four of the r e s u l t s  c h a p te r .

C ard iac  V a r i a b i l i t y  S ing le  I n s t r u c t i o n  C ondit ion  

The r e s u l t s  fo r  the c o n t r o l  of c a rd ia c  v a r i a b i l i t y  (HRV) fo r  

the  s in g l e  i n s t r u c t i o n  c o n d i t io n  (SIC) a re  p re s e n te d  in  F ig u re  1.

C ard iac  v a r i a b i l i t y  was converted  from s ta n d a rd  d e v ia t io n  sco res  to 

T sc o re s  in  o rder  to  a d j u s t  fo r  s l i g h t  b u t  n o n s ig n i f i c a n t  i n i t i a l  d i f -

36
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Figure I. Feedback control of cardiac  variability
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f e r e n c e s  in  the b a s e l in e  between CF and i n c o r r e c t  feedback  (IF )  g roups. 

This f ig u r e  shows t h a t  the  CF group was a b le  to  reduce  t h e i r  HRV during  

the d i s p la y  (D) t r i a l s  whereas th e  IF group was n o t .  During the n o - d i s ­

p la y  (ND) t r i a l s ,  HRV in c r e a s e d ,  w hile  fo r  the  IF group HRV de c re a sed .

These r e s u l t s  were su b m it te d  i n  T sco re  form to  .a th ree-w ay 

a n a ly s i s  o f  v a r ia n c e  f o r  r e p e a te d  measures (Winer, 1962, pp. 319-337), 

which gave the  r e s u l t s  c o n ta in e d  in  Table 1. Of p rim ary  im portance in

TABLE 1

SUMMARY OF ANALYSIS OF VARIANCE FOR HRV (SIC)

Source df MS F

Between s u b ie c t s 19
G (groups) 1 84 .0 9 .2  b
Subj w. groups 18 9 .1

W ith in  s u b ie c t s 180
D ( d is p la y s ) 1 174. 2 1 .4
CD 1 791.0 6 . 2  a
D X sub j w. groups 18 128.6

T ( t r i a l s ) 4 110.6 1.2
GT 4 9 7 . 2 1.1
T X subj w. groups 72 92 . 2

DT 4 85.2 <1.0
GDT 4 89.2 1.0
DT X subj w. groups 72 89.1

3 p < .05

b p < .01

t h i s  a n a ly s i s  i s  the  s i g n i f i c a n t  group x d i s p la y  i n t e r a c t i o n ,  which i n ­

d i c a t e s ,  as  shown in  F ig u re  1, t h a t  the  CF and IF groups a re  responding
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i n  o p p o s i te  d i r e c t i o n s  to  the  feedback  t re a tm e n t .  The s i g n i f i c a n t  group 

main e f f e c t  was an unexpected  f in d in g  s in c e  v i s u a l  in s p e c t io n  of F ig u re  

1 i n d i c a t e s  a h igh  degree  of o v e r la p  between the two groups.  The 

meaning behind  t h i s  main e f f e c t  was c l a r i f i e d  by a n a ly s i s  o f  the sim ple  

e f f e c t s  shown in  F ig u re  2. F ig u re  2 shows t h a t  during  th e  D t r i a l s ,

HRV was reduced  to  a g r e a t e r  degree  in  the  CF group r e l a t i v e  to  th e  IF 

group, bu t  fo r  the  ND t r i a l s  the CF HRV in c re a s e d  and the  IF HRV dec reased .  

The a n a ly s i s  of v a r ia n c e  fo r  s im ple  e f f e c t s  shown in  Table 2 i n d i c a t e s

TABLE 2

ANALYSIS OF VARIANCE FOR HRV (SIC) SIMPLE EFFECTS

Source o f  V a r ia t io n df MS F

G fo r  d^ (groups fo r  D)
G f o r  dp (groups fo r  ND) 
W ith in  c e l l

1 696.0 10.2  ^
1

36
178.0

68.0
2.6

D fo r  g^ ( d i s p l a y s  fo r  CF) 1 852.0 7.9  ^
D fo r  gp ( d i s p l a y s  fo r  IF) 
W ith in  c e l l

1
18

108.0
128.6

< 1.0

* p < .05

b p < .01

t h a t  the  group d i f f e r e n c e  fo r  D (G fo r  d^) i s  s i g n i f i c a n t  and th e  ND 

d i f f e r e n c e  (G fo r  d£) i s  n o t .  I t  i s  t h i s  s t ro n g  D and weak ND d i f f e r e n c e  

t h a t  i s  r e s p o n s ib le  fo r  the  s i g n i f i c a n t  group main e f f e c t .

F ig u re  2 a l s o  shows t h a t  a l a r g e  d i f f e r e n c e  e x i s t s  between the 

D and ND t r i a l s  f o r  the CF group w hile  the  d i f f e r e n c e  f o r  the  IF group 

i s  sm a l le r  and in  the  o p p o s i te  d i r e c t i o n .  Table 2 i n d i c a t e s  t h a t  t h i s



D for GG for D
CF52

51.5

50.5

50

Lü 49l5 tr
O
o  49 en
H 485

\ ) N D

48

475

47

46

CFNO DISPLAYDISPLAY
GROUPSDISPLAYS

O

Figure 2. Profiles of simple effects for groups for HRV SIC



41

d i f f e r e n c e  i s  s i g n i f i c a n t  fo r  the  CF group (D fo r  g^) on ly .

These f in d in g s  lend  a d d i t io n a l  s u p p o r t  to  p rev ious  s tu d ie s  

which have dem onstra ted  s t a b i l i z a t i o n  of c a rd ia c  a c t i v i t y  fo llow ing  

a p p ro p r ia t e  feedback and i n s t r u c t i o n a l  s e t  to c o n t r o l  HRV.

C ardiac  Rate SIC 

The r e s u l t s  fo r  th e  c o n t r o l  of c a rd ia c  r a t e  (HR) a re  p re s e n te d  

in  F ig u re  3 . L ike c a r d i a c  v a r i a b i l i t y ,  r a t e  was converted  from raw 

s c o re s  to  T s c o re s  i n  o rder  to  a d j u s t  fo r  s l i g h t  b u t  n o n s ig n i f i c a n t  i n i ­

t i a l  d i f f e r e n c e s  in  the  b a s e l in e  between CF and IF groups. F ig u re  3 

shows t h a t  ^ s  of the  CF group were ab le  to  reduce  t h e i r  HR during  the  D 

t r i a l s  whereas the  IF group was n o t .  During the  ND t r i a l s  HR in c re a s e d  

in  the  CF group w hile  i t  d ec reased  in  the  IF g roup.

These r e s u l t s  were subm it ted  i n  T sc o re  form to  a th ree-w ay 

a n a ly s i s  of v a r ia n c e  fo r  r e p e a te d  m easures , which gave the  r e s u l t s  con­

ta in e d  in  Table 3 . Comparable to  the  HRV a n a ly s i s ,  the  group x d i s p la y  

a n a ly s i s  i s  aga in  s t a t i s t i c a l l y  s i g n i f i c a n t  i n d i c a t i n g  t h a t  the  CF and 

IF groups a re  respond ing  in  o p p o s i te  d i r e c t i o n s  to  the  feedback t r e a t ­

ment. The s i g n i f i c a n t  t r i a l s  main e f f e c t  i n d i c a t e s  t h a t  bo th  groups a re  

d e c re a s in g  t h e i r  HR over t r i a l s .  Because of a p o s s ib le  absence of homo­

g e n e i ty  of c o v a r ian ce  found in  r e p e a te d  measures a n a ly s e s ,  the s i g n i f i c a n t  

t r i a l s  main e f f e c t  was rea n a ly z e d  by c o n s e rv a t iv e  t e s t  by red u c in g  the 

degrees  o f  freedom to  the  minimum. This c o n s e rv a t iv e  t e s t  i n d i c a t e s  t h a t  

the t r i a l s  main e f f e c t  i s  n o n s ig n i f i c a n t ;  co n seq u en tly ,  the  s ig n i f i c a n c e  

i n d ic a te d  by the u s u a l  t e s t  shou ld  be accep ted  w ith  c p u tio n .  U nlike the 

HRV i n s t r u c t i o n  c o n d i t io n ,  no s i g n i f i c a n t  group main e f f e c t  o c c u rre d .

The rea so n  f o r  t h i s  i s  made ap p a re n t  by a n a ly s i s  of the sim ple e f f e c t s
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TABLE 3

SUMMARY OF ANALYSIS OF VARIANCE FOR HR (SIC)

Source d f l MS F

Between s u b je c t s 19
G 1 1.0 < 1.0
Subj w. groups 18 9.9

W ith in  s u b je c t s 180
D 1 68.9 <1.0
GD 1 723.0 8. 0  *
D X sub j w. groups 18 90.0

T 4 (1) 281.5 2.6  *
GT 4 (1) 99.0 < 1.0
T X subj w, groups 72 (18) 106.0

DT 4 35,8 < 1.0
GDT 4 115.5 1.6
DT X subj w. groups 72 72.1

* p < .05

^ c o n s e r v a t iv e  t e s t  d f  ( 1 , 18)

shown i n  F ig u re  4 .

F ig u re  4 shows t h a t ,  s im i la r  to  the HRV d a ta ,  HR i s  reduced 

du r ing  the  D t r i a l s  to  a g r e a t e r  degree  in  the CF group as compared to 

the  IF g roup, and fo r  the  ND t r i a l s  the  CF HR in c r e a s e s  and the  IF HR 

d e c re a s e s .  The a n a ly s i s  of v a r ia n c e  fo r  sim ple  e f f e c t s  shown in  Table 

4 i n d i c a t e s  t h a t  bo th  the D and ND d i f f e r e n c e s  fo r  groups (G fo r  d^ and 

G fo r  dg) a re  s i g n i f i c a n t .  This o p p o s i te  and n e a r ly  equa l  D and ND 

d i f f e r e n c e  fo r  the  CF and IF groups a c t s  to  c a n ce l  the  p o s s i b i l i t y  of a 

s i g n i f i c a n t  group main e f f e c t  such as t h a t  which occu rred  in  the  HRV i n ­

s t r u c t i o n  group a n a ly s i s .
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TABLE 4

ANALYSIS OF VARIANCE FOR HR (SIC) SIMPLE EFFECTS 

Source of V a r ia t io n  df MS

G fo r  d^
G fo r  6 - 2  

W ithin  c e l l

D fo r  
D fo r  g2 
W ithin  c e l l

1 336.7 6. 7  a
1 386.9 7.7 b

36 50.0

1 619.0 6 .9  ®
1 172.7 1.9

18 90.0

* p < .05 

b p < .01

F ig u re  4 a l s o  shows t h a t  a l a r g e  d i f f e r e n c e  e x i s t s  between the 

D and ND t r i a l s  fo r  the  CF group w h i le  the  d i f f e r e n c e  i s  s m a l le r  and in  

the  o p p o s i te  d i r e c t i o n  fo r  the  IF g roup . Table  4 i n d i c a t e s  t h a t  t h i s  

d i f f e r e n c e  i s  s i g n i f i c a n t  only fo r  the  CF group. S ince HR has been s i g ­

n i f i c a n t l y  d ec reased  bo th  w i th in  and between g roups, i t  may be concluded 

t h a t  h y p o ih e s is  1 has been su p p o rted ,  t h e r e f o r e  confirm ing  the  p r e d i c t i o n  

t h a t  under c o n d i t io n s  of c o r r e c t  feedback  ^ s  a re  a b le  to  d e c re a se  t h e i r  

c a rd ia c  r a t e  when i n s t r u c t e d  to  do so .

E f f e c t iv e n e s s  of Feedback C o n tro l  of HR and HRV 

A two-way a n a ly s i s  of v a r ia n c e  f o r  re p e a te d  m easures on one 

f a c t o r  (Winer, 1962, pp. 303-308) was conducted on the  T s c o re s  o f  the 

CF HR SIC group and the CF HRV SIC group f o r  the  D t r i a l s  on ly .  This 

was done a f t e r  f i r s t  e s t a b l i s h i n g  t h a t  th e re  was no s i g n i f i c a n t  i n i t i a l  

b a s e l in e  d i f f e r e n c e  between i n s t r u c t i o n  c o n d i t io n s  e i t h e r  fo r  the  raw
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sc o re s  or fo r  the  T s c o re s .  The r e s u l t s  f o r  D and ND t r i a l s  fo r  HR and 

HRV i n s t r u c t i o n  c o n d i t io n s  may be seen  in  F igu re  5 ,  and the r e s u l t s  fo r  

D t r i a l s  only  a re  shown in  F ig u re  6 . The r e s u l t s  o f  the D t r i a l s  a n a ly ­

s i s  a re  shown in  Table  5. A lthough th e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e

TABLE 5

SUMMARY OF ANALYSIS OF VARIANCE FOR HR AND HRV 
INSTRUCTION CONDITIONS

Source df MS F

Between s u b ie c t s 19
G (IC groups) 1 93.1 2.0
Subj w. groups 18 45.8

W ith in  s u b ie c t s 80
T ( d i s p l a y  t r i a l s ) 4 (1) 18.0 < 1.0
GT 4 (1) 212.2 3 .2  *
T X subj w. groups 72 (18) 66.7

* p < .05

between i n s t r u c t i o n  c o n d i t io n s  as  i n d ic a te d  by the  i n s t r u c t i o n  c o n d i t io n  

(IC) group main e f f e c t ,  a s i g n i f i c a n t  IC group x t r i a l  i n t e r a c t i o n  d id  

occur which i n d i c a t e s  t h a t  the two IC groups do respond d i f f e r e n t l y  a c ro s s  

t r i a l s .  S p e c i f i c a l l y ,  as t r i a l s  in c r e a s e  the  a b s o lu te  amount o f  decrement 

d e c re a ses  i n  the  HRV IC group, w h ile  i t  i n c r e a s e s  in  the  HR IC group .

The GT i n t e r a c t i o n  should  be accep ted  w i th  c a u t io n  s in c e  by c o n s e r v a t iv e  

t e s t  i t  i s  no longer  s t a t i s t i c a l l y  s i g n i f i c a n t  (p < . 10) .

The E f f e c t  o f  Feedback Decreased HRV on HR and Vice Versa

Three methods were used i n  a n a ly z in g  the  da ta  fo r  t h i s  phase of the  

s tu d y .  The f i r s t  p rocedure  c o n s i s t e d  of f in d in g  the f i r s t - o r d e r  p a r t i a l
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c o r r e l a t i o n  between c a rd ia c  r a t e  and v a r i a b i l i t y  fo r  each i n d iv id u a l  ^  

in  the  CF and IF groups f o r  11 t r i a l s  (D and ND combined), fo r  f iv e  

t r i a l s  (D t r i a l s  o n ly ) ,  and fo r  s i x  t r i a l s  (ND t r i a l s  o n ly ) .  P a r t i a l  

c o r r e l a t i o n s  were computed s in c e  i t  was a p p a re n t  t h a t  bo th  v a r i a b l e s  were 

c o r r e l a t e d  w i th  t r i a l s .  The p a r t i a l  r-^2 3 each was transfo rm ed  

to  a F i s h e r ’s ^ -v a lu e .  An e s t im a te  of the t ru e  c o r r e l a t i o n  was then  

o b ta in ed  by f in d in g  the  average  ^ -v a lu e  fo r  the  CF group and fo r  the  IF 

group fo r  bo th  the  HRV and HR i n s t r u c t i o n  c o n d i t io n s .  A zero-Mu _t t e s t  

was then computed on each d i s t r i b u t i o n  of ^ -v a lu e s  i n  order  to  de te rm ine  

i f  the e s t im a te d  p a r t i a l  c o r r e l a t i o n  d i f f e r e d  s i g n i f i c a n t l y  from z e ro .  

This  procedure  r e p r e s e n t s  a w i th in -g ro u p s  a n a ly s i s  and i s  termed " e s t i ­

mated" in  subsequen t a n a ly s e s .

The second s t a t i s t i c a l  p rocedu re ,  a l s o  a w i th in -g ro u p  a n a l y s i s ,  

c o n s i s t e d  o f  f in d in g  the  p a r t i a l  r^^  ^ fo r  the  group mean HRV and HR on 

D+ND, D, and ND t r i a l s .  The. s ig n i f i c a n c e  of th e s e  p a r t i a l  c o r r e l a t i o n s  

from ze ro  was then  determ ined  by a p a r t i a l  r  _t t e s t  o f  s i g n i f i c a n c e  

(McNemar, 1949, p. 227). The advantage o f  t h i s  group p a r t i a l  r  s t a t i s ­

t i c a l  p rocedure  over the  e s t im a te d  p a r t i a l  r  was t h a t  i t  p o s ses se d  g r e a t ­

e r  s t a t i s t i c a l  power when a few low p a r t i a l  _r s ig n  r e v e r s a l s  were p r e s e n t  

i n  the  group d i s t r i b u t i o n .  The power of the  e s t im a te d  p a r t i a l  r  a n a ly s i s  

in  the  f i r s t  s t a t i s t i c a l  p rocedure  was much g r e a t e r  than t h a t  o f  th e  s e c ­

ond procedure  when the  p a r t i a l  r  d i s t r i b u t i o n  was more norm ally  d i s t r i b u ­

ted  e i t h e r  e n t i r e l y  on one s id e  of z e ro  or around z e ro .  T h e re fo re ,  when 

the  group-mean p a r t i a l  r  i s  g r e a t e r  than  th e  e s t im a te d  p a r t i a l  r  i t  can 

be assumed t h a t  th e r e  i s  some degree of skewness in  the  d i s t r i b u t i o n  a-  

b ou t  z e ro .  This  would mean t h a t  the  group-mean p a r t i a l  r  i s  the  s t a t i s -
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t i c  of cho ice  fo r  t h a t  p a r t i c u l a r  a n a l y s i s .  I f  th e  group-mean p a r t i a l  

r  i s  l e s s  than the  e s t im a te d  p a r t i a l  r ,  th en  the  e s t im a te d  p a r t i a l  r  i s  

the  s t a t i s t i c  which shou ld  be r e l i e d  upon fo r  t h a t  p a r t i c u l a r  d i s t r i b u ­

t i o n .

The t h i r d  s t a t i s t i c a l  p rocedure  may be d e s c r ib e d  as a betwaen- 

groups a n a l y s i s .  I t  c o n s i s t e d  o f  runn ing  a _t t e s t  fo r  u n c o r r e la te d  

means on the  ^ -v a lu e s  between the  CF and IF g ro u p s .  I t  i s  assumed in  

t h i s  a n a ly s i s  t h a t  the  IF group i s  an ex p e r im e n ta l  c o n t r o l  fo r  the  ex­

p e r im e n ta l  CF group.

The r e s u l t s  o f  the  above a n a ly s e s  fo r  the  e f f e c t  of feedback 

d e c re a sed  HRV on HR a r e  shown in  Table 6 . For the  CF group, none of the

TABLE 6

PARTIAL CORRELATIONS OF HRV VERSUS HR WITH TRIALS HELD 
CONSTANT FOR THE HRV INSTRUCTION CONDITION

OF IF
Between

T r i a l s Group X 

^ 1 2 . 3

E stim ated  

1̂ 2 .3

Group X 

^ 12 .3

E s t im ated

^12 .3

groups

p ( 2 - t a i l )

D+ND - .0 3 .09 - .1 7 .00 NS

D .03 - .0 7 .48 .69 * <.10

ND -.0 9 .14 .28 .07 NS

W ith in  group 
p ( 1- t a i l )
* p < .05

e s t im a te s  o f  th e  t r u e  p a r t i a l  c o r r e l a t i o n  or the  group mean p a r t i a l
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c o r r e l a t i o n s  between HRV and HR d i f f e r e d  s i g n i f i c a n t l y  from z e ro .  For 

the  IF group on th e  D t r i a l s  on ly , the  e s t im a te d  p a r t i a l  r  does d i f f e r  

s i g n i f i c a n t l y  from z e ro .  This s i g n i f i c a n t  p o s i t i v e  p a r t i a l  r  in  the  IF 

group i n d i c a t e s  t h a t  on D t r i a l s  on ly , HRV and HR covary  i n  the  same d i ­

r e c t i o n  to g e th e r .  Thus, maximum HRV in c re a s e s  were a s s o c i a te d  w ith  maxi­

mum HR in c r e a s e s .

The p a r t i a l  c o r r e l a t i o n s  fo r  HR v e rsu s  HRV a re  p re s e n te d  in  

Table 7. None o f  the p a r t i a l  c o r r e l a t i o n s  in  the  IF group a re  s i g n i f i -

TABLE 7

PARTIAL CORRELATIONS OF HR VERSUS HRV WITH TRIALS HELD 
CONSTANT FOR THE HR INSTRUCTION CONDITION

CF IF

Between
groups

p ( 2 - t a i l )
T r i a l s Group X 

^12.3

E stim ated

Z Ï2 .3

Group X 

f l 2 . 3

E s t im ated

?T2.3

D+ND .70 c .21 .32 .19 NS

D .40 .49 a .14 .24 NS

ND .91 b .16 .20 - .2 0 NS

W ith in  group 
p ( 1- t a i l )

* p <  .10

b p < .05

c p <  .01

c a n t ,  and only one of the e s t im a te d  p a r t i a l  c o r r e l a t i o n s  in  the CF group 

approaches s t a t i s t i c a l  s i g n i f i c a n c e  bu t  n o t  in  the  p r e d ic te d  d i r e c t i o n .
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The h ig h ly  s i g n i f i c a n t  CF group mean p a r t i a l  c o r r e l a t i o n s  f o r  D+ND and 

ND s u p p o r t  the c o n c lu s io n  t h a t  HR does n o t  va ry  i n v e r s e ly  w ith  HRV when 

the  former i s  dec reased  through feedback . Consequently , th e se  r e s u l t s  

f a i l  to  su p p o rt  the second p r e d i c t i o n  of a n e g a t iv e  r e l a t i o n s h i p  between 

HRV and HR during  c o r r e c t  feedback.

Sim ultaneous C on tro l  of C ard iac  Rate and V a r i a b i l i t y  
Combined I n s t r u c t i o n  C ondit ion

The r e s u l t s  fo r  t h i s  phase of the  study  have been p a r t i t i o n e d  

i n t o  fou r  s e p a r a te  b u t  r e l a t e d  a n a ly s e s .  The f i r s t  a n a ly s i s  i s  to  d e t e r ­

mine i f  bo th  HR and HRV are. dec reased  to g e th e r  when c o r r e c t  feedback i s  

a v a i l a b l e .  The second a n a ly s i s  i s  to  de term ine  the degree  of c o r r e l a t i o n  

between HR and HRV. The. t h i r d  a n a ly s i s  w i l l  de te rm ine  i f  HR and HRV a re  

e q u a l ly  or d i f f e r e n t i a l l y  dec reased  by c o r r e c t  feedback . The f o u r th  a n a l ­

y s i s  i s  to  de term ine  i f  HR and HRV a re  more s u s c e p t ib l e  to  décrém enta i 

m o d if ic a t io n  when i n s t r u c t i o n s  a re  to  dec rease  s in g ly  or i n  com bination 

w ith  each o th e r .

C ontro l  of C ard iac  R ate  p lu s  V a r i a b i l i t y

The r e s u l t s  fo r  the  c o n t r o l  of c a rd ia c  r a t e  w h ile  s im u l ta n e o u s ­

ly  c o n t r o l l i n g  c a rd ia c  v a r i a b i l i t y  a re  shown in  F ig u re  7. C ard iac  r a t e  

was co n v e r ted  from raw s c o re s  (bpm) to  T sco res  in  o rd e r  to  a d j u s t  fo r  

s l i g h t  b u t  n o n s ig n i f i c a n t  i n i t i a l  d i f f e r e n c e s  in  th e  b a s e l in e  between 

CF and IF g roups.  L ike the  r e s u l t s  fo r  the  HR SIC group, F ig u re  7 shows 

t h a t  ^ s  of the CF group were a b le  to  reduce  t h e i r  HR on th e  D t r i a l s  

whereas the ^ s  of the  IF group were n o t .  During the  ND t r i a l s  HR i n ­

c re a se d  in  the  CF group w hile  i t  d ec reased  in  the  IF group.

These f in d in g s  were subm it ted  to  a th ree-w ay a n a ly s i s  of v a r i -
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ance fo r  r e p e a te d  m easures . The r e s u l t s  of t h i s  a n a ly s i s  a re  p re s e n te d  

in  Table 8 , L ike the HR SIC, the  group x d i s p la y  i n t e r a c t i o n  was aga in

TABLE 8

SUMMARY OF ANALYSIS OF VARIANCE FOR HR (CIC)

Source d f MS F

Between s u b je c t s 19
G 1 62.4 6.1  ^
Subj w. groups 18 10.2

W ithin  s u b je c t s 180
D 1 381.2 8 .2  3
GD 1 761.0 16.5 b
D X subj w. groups 18 46.2

T 4 138.7 < 1.0
GT 4 58.5 < 1.0
T X subj w. groups 72 140.4

DT 4 20.2 < 1.0
GDT 4 8 9 .8 1.6
DT X subj w. groups 72 57.2

^ p < .05

b p < .01

s i g n i f i c a n t ,  thus i n d i c a t i n g ,  as shown i n  F igu re  7, t h a t  when ^ s  o f  the 

CF group dec reased  t h e i r  HR, the  IF group ^ s  in c re a s e d  t h e i r  HR and v ic e  

v e r s a .  A lso  rea c h in g  s t a t i s t i c a l  s i g n i f i c a n c e  i s  the group main e f f e c t  

and the  d i s p la y  main e f f e c t .

An a n a ly s i s  of the  sim ple  e f f e c t s  may be seen  in  F ig u re  8 . In  

F igu re  8 a la rg e  d i f f e r e n c e  e x i s t s  between CF and IF groups fo r  the  D 

t r i a l s  w i th  HR be ing  much lower i n  the CF group. This r e l a t i o n s h i p  b e ­

came r e v e r s e d  on the ND t r i a l s .  Table  9 shows an a n a ly s i s  o f  v a r ia n c e
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TABLE 9

ANALYSIS OF VARIANCE FOR HR (CIC) SIMPLE EFFECTS

Source of V a r ia t io n df MS F

G f o r  dĵ 1 629.5 22.3 ^
G fo r  d2 1 193.0 6 . 8  *
W ithin  c e l l 36 2 8 .2

D fo r 1 1107.5 24.0 ^
D f o r  g2 1 32.5 < 1.0
W ithin  c e l l 18 4 6 . 2

* p <  .05

b p < .01

fo r  sim ple  e f f e c t s  o f  the  d a ta  shown in  F ig u re  8 . The d i f f e r e n c e  b e ­

tween the  two groups fo r  D t r i a l s  (G fo r  dj^) i s  h ig h ly  s i g n i f i c a n t ,  and 

the d i f f e r e n c e  fo r  the  ND t r i a l s  (G f o r  d2) i s  a l s o  s i g n i f i c a n t  b u t  to  

a l e s s e r  deg ree .  I t  i s  the h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  between groups 

on the D t r i a l s  which i s  r e s p o n s ib le  fo r  th e  s i g n i f i c a n t  group main e f f e c t .

F ig u re  8 a l s o  shows a very  la r g e  d i f f e r e n c e  between D and ND 

t r i a l s  fo r  the  CF group w ith  a s m a l le r  o p p o s i te  e f f e c t  a p p a re n t  i n  the  

IF group. Table  9 i n d i c a t e s  t h a t  the  D t r i a l s  a re  s i g n i f i c a n t l y  lower 

than  th e  ND t r i a l s  i n  the CF group (D fo r  g -^), whereas the  D t r i a l s  a re  

n o n s ig n i f i c a n t l y  g r e a t e r  than  th e  ND t r i a l s  (D fo r  g£) i n  the  IF group.

I t  i s  t h i s  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  between D and ND i n  the CF group 

and lac k  of s ig n i f i c a n c e  i n  the  IF group which accoun ts  fo r  th e  s i g n i f i ­

c a n t  d i s p la y  main e f f e c t .

F ig u re  9 shows the  r e s u l t s  fo r  th e  c o n t r o l  of HRV w h ile  s im u l­

taneous ly  c o n t r o l l i n g  HR. L ike the  HRV SIC, HRV was co n v e r ted  from s ta n -
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dard d e v ia t io n  s c o re s  to  T sco res  in  o rder  to  a d ju s t  fo r  s l i g h t  b u t  non­

s i g n i f i c a n t  i n i t i a l  d i f f e r e n c e s  in  the  b a s e l in e  between CF and IF groups. 

Again i t  i s  a p p a re n t  t h a t  th e  CF group ^ s  were a b le  to  reduce  t h e i r  HRV 

during  the D t r i a l s  a t  the  same time they  were red u c in g  t h e i r  HR. The 

IF group ^ s  were n o t  a b le  to  dec rease  t h e i r  HRV during  the D t r i a l s .

Table 10 g iv es  the  r e s u l t s  of a th ree-w ay a n a ly s i s  of v a r ia n c e

TABLE 10

SUMMARY OF ANALYSIS OF VARIANCE FOR HRV (CIC)

Source df MS F

Between s u b je c t s 19
G 1 172.0 5 .8  *
Subj w. groups 18 29.5

W ithin  s u b je c t s 180
D 1 599.6
GD 1 1672.0 18.0
D X subj w. groups 18 92.8

T 4 94.6 1.1
GT 4 75.5 < 1.0
T X subj w. groups 72 89.0

DT 4 50.5 < 1.0
GDT 4 55.0 < 1.0
DT X subj w. groups 72 77.8

* p < .05

b p < .01

fo r  r e p e a te d  m easures . The r e s u l t s  o f  t h i s  a n a ly s i s  a re  a lm ost i d e n t i ­

c a l  to  those of the  c o -c o n t ro l  v a r i a b le  HR, The sim ple  e f f e c t s  a re  

p re s e n te d  in  F ig u re  10, and the a n a ly s i s  o f  v a r ia n c e  of the  sim ple  

e f f e c t s  fo r  HRV in  the  combined i n s t r u c t i o n  c o n d i t io n  (CIC) i s  p re -
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s e n te d  in  Table 11. The r e s u l t s  of th ese  s im ple  e f f e c t  a n a ly s e s  a re  a l s o

TABLE 11

ANALYSIS OF VARIANCE FOR HRV (CIC) SIMPLE EFFECTS

Source of V a r ia t io n df MS F

G fo r  d]̂ 1 1457.6 23.8 b
G f o r  dg 1 3 8 5 .3 6 .3  a
W ithin  c e l l 36 61.1

D f o r  S i 1 2136,3 23.0  b
D fo r  gg 1 134.3 1 .4
W ithin  c e l l 18 9 2 . 8

a p <  .05

b p < .01

v e ry  s im i la r  to  th o se  of the  c o -c o n t ro l  v a r i a b l e  HR.

The R e la t io n s h ip  Between C ard iac  Rate and C ard iac  V a r i a b i l i t y

In  o rd er  to  de te rm ine  the  e x te n t  to  which HR and HRV covary  

to g e th e r ,  f i r s t - o r d e r  p a r t i a l  c o r r e l a t i o n s  between HR and HRV, p a r t i a l -  

ing  ou t the t r i a l s  e f f e c t ,  were computed u s ing  the same a n a ly s i s  p r o ­

cedure  as d e s c r ib e d  in  th e  i n v e s t i g a t i o n  of h y p o th e s is  two. The r e s u l t s  

showing the  r e l a t i o n s h i p  between HR and HRV when the  two a re  i n s t r u c t e d  

to  be dec reased  to g e th e r  a re  g iv en  in  Table 12. Both the e s t im a te d  p a r ­

t i a l  c o r r e l a t i o n  and the  group mean p a r t i a l  c o r r e l a t i o n  fo r  the  D+ND 

t r i a l s  of the CF group reached  s t a t i s t i c a l  s i g n i f i c a n c e ,  th e r e f o r e  i n d i ­

c a t in g  t h a t  HR and HRV were in c re a s e d  and d e c re a se d  to g e th e r .  There i s  

a l s o  some in d i c a t i o n  t h a t  c o v a r i a t i o n  was o c c u r r in g  to  some degree  in  the 

IF group s in c e  IF D+ND group X r^^  g approaches  s ig n i f i c a n c e  and i s  in
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TABLE 12

PARTIAL CORRELATIONS OF HR VERSUS HRV WITH TRIALS HELD 
CONSTANT FOR THE COMBINED INSTRUCTION CONDITION

CF IF
Between

Group X E stim ated Group X E stim ated groups

T r i a l s Z12.3 Ï Ï 2 . 3 r i 2 . 3 ? Ï 2 . 3 p ( 2 - t a i l )

D+ND .82 c .40  b .60 a .22 NS

D .65 .26 .62 - . 0 3 NS

ND - .1 5 - . 0 2 - .6 1 .23 NS

W ith in  group 
p ( 2 - t a i l )

^ p < .10

b p < .05

c p < .01

the  same d i r e c t i o n  as the  CF group. This t re n d  i s  r e s p o n s ib le  fo r  the  

la c k  of s ig n i f i c a n c e  between CF D+ND and IF D+ND.

E f fe c t iv e n e s s  o f  Feedback C on tro l  o f  HR and HRV in  the  
Combined I n s t r u c t i o n  C ond it ion

In  o rder  to  de te rm ine  i f  HR and HRV were e q u a l ly  or d i f f e r e n ­

t i a l l y  dec reased  th rough feedback when bo th  v a r i a b l e s  were i n s t r u c t e d  

to  be dec reased  t o g e t h e r ,  a two-way a n a ly s i s  of v a r ia n c e  fo r  r e p e a te d  

measures was conducted on the d a ta  p re s e n te d  in  F ig u re  11. S ince  bo th  

v a r i a b l e s  came from th e  same p o p u la t io n  (CF group, CIC), the  a n a ly s i s  

was a c t u a l l y  performed on one group. However, s in c e  the two v a r i a b l e s  

a re  norm ally  n o t  c o r r e l a t e d  (Hnatiow and Lang, 1965), they were t r e a t e d
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as i f  they  were from independen t g roups.  The r e s u l t s  of t h i s  a n a ly s i s  

a re  shown i n  Table 13. In  view of the f in d in g  t h a t  n e i t h e r  the  main

TABLE 13

SUMMARY OF ANALYSIS OF VARIANCE FOR HR AND HRV (CIC)

Source df MS F

Between s u b je c t s 19
G (HR vs HRV) 1 101.4 2.6
Subj w. groups 18 39 .4

W ith in  s u b je c t s 80
T ( d i s p la y  t r i a l s ) 4 (1) 203.4 3 .3  *
GT 4 (1) 8 .0 < 1.0
T X subj w. groups 72 (18) 6,2.2

* p < .05

e f f e c t  fo r  groups or the  group x t r i a l s  i n t e r a c t i o n  i s  s i g n i f i c a n t ,  i t  

may be concluded t h a t  the  two v a r i a b l e s  were d ec reased  to  th e  same d e ­

g re e .  By the  u s u a l  t e s t  the  t r i a l s  e f f e c t  i s  s i g n i f i c a n t ,  b u t  w i th  the 

c o n s e r v a t iv e  t e s t  the s ig n i f i c a n c e  l e v e l  i s  d ec reased  (p < . 10) .

S in g le  v e rsu s  Combination I n s t r u c t i o n  C ond it ions  

In  o rder  to de te rm ine  whether HR i s  more s u s c e p t ib l e  to  d é c ré ­

m en ta i  m o d i f ic a t io n  when dec reased  s in g ly  or i n  com bination  w ith  HRV, a 

two-way a n a ly s i s  of v a r ia n c e  fo r  r e p e a te d  m easures was conducted on the  

d a ta  p re s e n te d  i n  F ig u re  12. The r e s u l t s  of t h i s  a n a ly s i s  a re  p re s e n te d  

i n  Table 14. I t  i s  a p p a re n t  from in s p e c t io n  o f  t h i s  t a b l e  t h a t  th e r e  i s  

no s i g n i f i c a n t  d i f f e r e n c e  between the  two HR i n s t r u c t i o n  c o n d i t io n  groups 

s in c e  n e i t h e r  the  group main e f f e c t  nor the i n t e r a c t i o n  term reached
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TABLE 14

SUMMARY OF ANALYSIS OF VARIANCE FOR HR DECREASED 
SINGLY AND IN COMBINATION

Source df MS F

Between s u b je c t s 19
G (SIC vs CIC) 1 104.8 3 .0
Subj w. groups 18 35.0

W ith in  s u b ie c t s 80
T ( d i s p l a y  t r i a l s ) 4 (1) 168 .2 2 .7  *
GT 4 (1) 102,7 1.7
T X sub j w. groups 72 (18) 61.7

* p <  .05

s t a t i s t i c a l  s ig n i f i c a n c e .  The only s i g n i f i c a n t  f in d in g  i s  the  t r i a l s  

main e f f e c t ,  i n d i c a t i n g ,  as shown in  F ig u re  12, a s i g n i f i c a n t  dec rease  

in  HR over t r i a l s .  This t r i a l s  e f f e c t  should  be accep ted  w i th  c a u t io n ,  

s in c e  by c o n s e rv a t iv e  t e s t  the  decrement over t r i a l s  i s  no longer  s i g ­

n i f i c a n t .

P r io r  to  de te rm in ing  whether HRV i s  more s u s c e p t ib l e  to  d é c ré ­

m enta i  m o d i f ic a t io n  when dec reased  s in g ly  or i n  com bina tion  w ith  HR, a 

p r e l im in a ry  a n a ly s i s  by _t t e s t  on the  ND t r i a l s  r e v e a le d  t h a t  a s i g n i f i ­

c a n t  d i f f e r e n c e  e x i s t e d  on the  f i r s t  ND t r i a l  between the  CF HRV SIC and 

the  CF HRV CIC. This d i f f e r e n c e  i s  p robab ly  due to  e r r o r s  of random 

sampling r a t h e r  th an ,  fo re x a n p le ,  i n s t r u c t i o n s  per s e .  T he refo re  an 

a n a ly s i s  of cova r iance  fo r  r e p e a te d  measures (case  1) (Winer, 1962, pp. 

606-615) was conducted, u s ing  HRV fo r  NDĵ  ( th e  i n i t i a l  r e s t  p e r io d  b a se ­

l i n e )  as  the c o v a r i a t e .  This a n a ly s i s  was conducted on the d a ta  shown 

in  F ig u re  13 and i s  p re s e n te d  a long  w i th  an a n a ly s i s  o f  v a r ia n c e  i n  Table
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TABLE 15

SUMMARY OF ANALYSIS OF VARIANCE AND COVARIANCE FOR HRV
DEGREASED SINGLY AND IN COMBINATION

Source df MS F

Between s u b ie c t s 19
G 1 1.4 < 1.0
Subj w. groups 18 8.1

W ithin  s u b je c t s 80
T ( d i s p la y  t r i a l s ) 4 (1) 1.1 < 1.0
GT 4 (1) 62.5 24.0  *
T X sub j w. groups 72 (18) 2.6

G (a d j ) 1 13.0 2 .4
Subj w. groups (a d j ) 17 5 .4

* p < .01

15. Both a n a ly s e s  r e v e a le d  no s i g n i f i c a n t  d i f f e r e n c e  between groups 

du r ing  the d i s p la y  t r i a l s ;  however, a s i g n i f i c a n t  group x t r i a l s  i n t e r ­

a c t i o n  was found which in d ic a te s  t h a t  the  two groups responded d i f f e r e n t ­

ly  as  t r i a l s  in c r e a s e d .  The h ig h  s ig n i f i c a n c e  l e v e l  rem ains  s t a t i s t i c a l ­

ly  s i g n i f i c a n t  by c o n s e rv a t iv e  t e s t  (p < .0 1 ) .  S p e c i f i c a l l y ,  as  t r i a l s  

i n c r e a s e ,  the  amount of decrement in  the HRV SIC d e c re a s e s ,  w h i le  fo r  the  

HRV GIG the  amount of decrement i n c r e a s e s .

The Problem of H a b i tu a t io n  v e rs u s  Learn ing  over T r i a l s  

A p a r t i a l  c o r r e l a t i o n a l  a n a ly s i s  was conducted on bo th  c a rd ia c  

v a r i a b le s  i n  the  two i n s t r u c t i o n  c o n d i t io n s  i n  o rder  to  d e te rm ine  the  

e x te n t  to  which the dependent v a r i a b l e s  dec reased  over t r i a l s  when the  

c a rd ia c  c o v a r i a t e  was h e ld  c o n s ta n t .  The r e s u l t s  were ana lyzed  by ze ro -
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Mu _t t e s t s  and McNemar's _t (McNemar, 1949, p . 227) fo r  the  w i th in -g ro u p  

e f f e c t ,  w hile  the  between-group p a r t i a l  c o r r e l a t i o n s  were t e s t e d  by _t 

t e s t  f o r  u n c o r r e la t e d  means. A s i g n i f i c a n t  n e g a t iv e  p a r t i a l  c o r r e l a t i o n  

i n  the  w i th in -g ro u p  a n a ly s i s  would i n d i c a t e  t h a t  the  dependent v a r i a b l e  

was dec re a s in g  over t r i a l s .  I f  t h i s  e f f e c t  i s  found in  the  CF group b u t  

n o t  in  the IF group, t h i s  would i n d ic a te  a l e a r n in g  or a c q u i s i t i o n  curve 

i n  the  CF group. I f  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  in  the  between- 

groups a n a ly s i s  w h ile  the  i n s t r u c t e d  c a rd ia c  v a r i a b l e  of e i t h e r  one or 

b o th  groups i s  d e c re a s in g  s i g n i f i c a n t l y  over t r i a l s ,  t h i s  would i n d i c a t e  

t h a t  sim ple  a d a p ta t i o n  or h a b i tu a t io n  was o c c u r r in g .  The r e s u l t s  of 

th ese  a n a ly se s  a r e  p re s e n te d  in  Tables 16 th rough 19.

TABLE 16

PARTIAL CORRELATIONS OF HRV VERSUS TRIALS WITH HR HELD 
CONSTANT FOR THE HRV SINGLE INSTRUCTION CONDITION

CF IF
Between

T r i a l s

Group X E stim ated  

^13 .2  ^13 .2

Group X 

^13.2

Estim ated

Ï1 3 .2

groups

p ( l - t a i l )

DfND .21 .24 ^ - .1 3 .04 NS

D .73 .42 a .54 .38 NS

ND .24 .28 a .15 - .1 3 <.10

W ithin  group 
p ( 1- t a i l )

a p < .10

b p < .05
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The r e s u l t s  fo r  HRV versus  t r i a l s  in  the  HRV s in g le  i n s t r u c ­

t i o n  c o n d i t io n  shown i n  Table 16 in d i c a t e  a s i g n i f i c a n t  tendency fo r  

HRV to  in c re a s e  as t r i a l s  In c re a se  as shown by th e  s i g n i f i c a n t  p o s i t i v e  

p a r t i a l  c o r r e l a t i o n s .  This p o s i t i v e  t ren d  approaches s t a t i s t i c a l  s i g n i ­

f ic a n c e  in  the  betw een-groups a n a ly s i s  only fo r  the  ND t r i a l s .  The ob­

se rved  r e l a t i o n s h i p  between HRV and t r i a l s  cannot be i n t e r p r e t e d  as e i ­

th e r  h a b i t u a t i o n  or l e a r n in g .  I t  i s  p o s s ib le  t h a t  f a t i g u e  or some o th e r  

e f f e c t  may be r e s p o n s ib le  fo r  t h i s  r e v e r s e  r e l a t i o n s h i p .  This problem 

w i l l  be taken up in  the  d i s c u s s io n  s e c t io n .

TABLE 17

PARTIAL CORRELATIONS OF HR VERSUS TRIAI.S WITH HRV HELD 
CONSTANT FOR THE HR SINGLE INSTRUCTION CONDITION

CF IF
Between

T r i a l s

Group X 

^13.2

E stim ated

=13.2

Group X 

^13.2

Estim ated

^13 .2

groups

p ( l - t a i l )

D+ND - . 6 8  b - .2 9  b - .7 1  b - .4 0  a NS

D - .5 2 - .4 0  b - .4 3 - .5 2  a NS

ND - . 8 8  b - .2 3 - .6 4 - .4 1 NS

W ith in  group 
p ( 1- t a i l )

a p < .10

b p < .05

Table 17 shows a s tro n g  n e g a t iv e  r e l a t i o n s h i p  between HR and 

t r i a l s  fo r  bo th  CF and IF groups on the  w ith in -g ro u p  a n a ly s i s ,  w i th  no
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s i g n i f i c a n t  d i f f e r e n c e  on the  betw een-groups a n a ly s i s  fo r  any of the 

t r i a l  p e r io d s .  This p a t t e r n  su g g e s ts  h a b i t u a t i o n  or a d a p ta t io n  of HR 

over t r i a l s  i n  bo th  g roups, w i th  no ev idence  o f  a c q u i s i t i o n  or le a rn in g  

in  the  CF group.

TABLE 18

PARTIAL CORRELATIONS OF HRV VERSUS TRIALS WITH HR HELD 
CONSTANT FOR THE HRV COMBINED INSTRUCTION CONDITION

CF IF
Between

T r i a l s

Group X 

^13.2

E stim ated

^13.2

Group X 

^13.2

E stim ated

^13 .2

groups

p ( l - t a i l )

D+ND - .5 6  b - .2 4  a - .7 4  c - . 2 2 NS

D - .7 8 - .3 4 - .3 9 - .1 9 NS

ND -.5 1 - .3 2 - .9 9  d - .3 5 NS

W ith in  group 
p ( 1- t a i l )

a p < .10

b p < .05 

c p < .01

p < .001

Table 18 i n d i c a t e s  t h a t  th e r e  i s  a g e n e ra l  tendency fo r  HRV to  

d e c re a se  over t r i a l s  in  bo th  CF and IF HRV CIC g roups,  thus  i n d ic a t in g  

h a b i t u a t i o n .  S ince the  CF group does n o t  d i f f e r  s i g n i f i c a n t l y  from the 

IF group, th e re  i s  no ev idence  o f  a l e a r n in g  or a c q u i s i t i o n  cu rve .

The da ta  p re s e n te d  in  Table 19 i n d i c a t e  t h a t  th e re  was l i t t l e



71

TABLE 19

PARTIAL CORRELATIONS OF HR VERSUS TRIALS WITH HRV HELD 
CONSTANT FOR THE HR COMBINED INSTRUCTION CONDITION

CF IF
Between

T r i a l s

Group X 

^23.1

Estim ated

Z23.1

Group X 

^23.1

E s t im ated

Z23.1

groups

p ( l - t a i l )

m-ND .39 - . 0 1 .34 .03 NS

D .11 - .4 8  * .26 - .0 5 NS

ND .13 .02 - .6 5 .07 NS

W ith in  group 
p ( 1- t a i l )

* p < .,10

tendency fo r  HR to  dec rease  over t r i a l s  in  the CIC CF and IF g roups.  A 

n e g a t iv e  r e l a t i o n s h i p  d id  occur to  a s l i g h t  though n o n s ig n i f i c a n t  degree  

f o r  the  CF D t r i a l s ,  bu t  t h i s  f a i l e d  to d i f f e r  s i g n i f i c a n t l y  from th e  IF 

group. Consequen tly , t h i s  su g g e s ts  t h a t  h a b i t u a t i o n  r a t h e r  than  a c q u i ­

s i t i o n  o ccu rred  over t r i a l s .

Because a l e a rn in g  or a c q u i s i t i o n  curve could  n o t  be d i s t i n ­

gu ished  s t a t i s t i c a l l y  from h a b i t u a t i o n  c u rv e s ,  f u r t h e r  a n a ly s e s  were con­

duc ted  i n  an a ttem p t to  dem onstra te  a c q u i s i t i o n  of c a rd ia c  c o n t r o l  over 

t r i a l s .  Four two-way a n a ly se s  of v a r ia n c e  fo r  r e p e a te d  measures were 

conducted  on the ND to  D t r i a l  d i f f e r e n c e  s c o re s .  I t  was expected  on 

an a p r i o r i  b a s i s  t h a t  an a c q u i s i t i o n  curve would be seen  in  the  CF groups,  

b u t  n o t  in  the  IF g roups. Thus, a group x t r i a l  i n t e r a c t i o n  was expected  

w ith  the  ND to  D d i f f e r e n c e  sc o re s  i n c r e a s in g  over t r i a l s  in  th e  CF
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groups on ly .  With t h i s  a n a l y s i s ,  none o f  the fo u r  i n s t r u c t i o n  c o n d i­

t i o n  CF groups showed a s i g n i f i c a n t  a c q u i s i t i o n  cu rve .  The same data  

was then  subm it ted  to  a nonparam etr ic  t re n d  a n a ly s i s  (Lubin , 1961).

With t h i s  s t a t i s t i c a l  p rocedu re ,  th e  ND to  D d i f f e r e n c e  s c o re s  were 

found to  i n c r e a s e  s i g n i f i c a n t l y  (K = .37 , p < .01) over t r i a l s  only in  

the  CF HRV combined i n s t r u c t i o n  c o n d i t io n .  A s i g n i f i c a n t  t re n d  was no t 

found in  th e  IF HRV CIC c o n t r o l  group. Thus, ev idence  f o r  a le a rn in g  

curve was found i n  only one of the  fou r  i n s t r u c t i o n  c o n d i t io n s .

The Problem of Response S p e c i f i c i t y

R e s p i r a t io n  r a t e  (RR), s k in  conductance (SC), and s t r i a t e  

m uscle a c t i v i t y  (EMC) were reco rd ed  f o r  a l l  s i x  feedback and i n s t r u c ­

t io n  c o n d i t io n s  in  o rd e r  to  de term ine  the degree o f  s p e c i f i c i t y  of the  

feedback  induced c a rd ia c  c o n t r o l .  These f in d in g s  w i l l  be p re s e n te d  

a c co rd in g  to  th e  feedback  i n s t r u c t i o n  c o n d i t io n  beg inn ing  w i th  the  HRV 

SIC, fo llow ed  by the  HR SIC. Next w i l l  be the  HRV CIC and then  the HR 

CIC. Because of a f a u l t y  c o u p le r ,  EMC d a ta  w i l l  be p re s e n te d  fo r  the 

CIC CF and IF groups only . In  o rd e r  to  f a c i l i t a t e  i n t e r p r e t a t i o n  of the  

d a ta  fo r  RR, the  r e s u l t s  o f  an a f t e r - t h e - f a c t  a n a ly s i s  of the  r e l a t i o n ­

sh ip  between RR and r e s p i r a t i o n  am p litude  (RA) w i l l  a l s o  be p re s e n te d .

A l l  c o r r e l a t i o n s  were by f i r s t - o r d e r  p a r t i a l  r ^2 3 and a l l  

t e s t s  of s ig n i f i c a n c e  shown in  the  t a b l e s  below a re  t w o - ta i l e d .  As in  

p rev io u s  a n a ly se s  fo r  p a r t i a l  r ,  s i g n i f i c a n c e  of w i th in -g ro u p  p a r t i a l  

c o r r e l a t i o n s  a re  determ ined  by zero-Mu ^  t e s t s ,  w h ile  between-group p a r ­

t i a l  c o r r e l a t i o n s  a r e  t e s t e d  by t  t e s t  fo r  u n c o r r e la t e d  means. Group 

mean p a r t i a l  c o r r e l a t i o n s  a re  t e s t e d  by McNemar's _t (McNemar, 1949, p. 

227).
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HRV SIC:RR

The p a r t i a l  c o r r e l a t i o n s  of HRV v e rsu s  RR w ith  t r i a l s  h e ld  

c o n s ta n t  a r e  p re se n te d  i n  Table 20. I t  i s  a p p a re n t  t h a t  n e i t h e r  the  

w i th in -  nor the  between-group p a r t i a l  c o r r e l a t i o n s  a t t a i n e d  s t a t i s t i ­

c a l  s i g n i f i c a n c e .  T h e re fo re ,  i t  may be concluded t h a t  RR d id  n o t  covary 

w ith  HRV in  the  SIC CF group,

TABLE 20

PARTIAL CORRELATIONS OF HRV VERSUS RR WITH TRIALS HELD 
CONSTANT FOR THE HRV SINGLE INSTRUCTION CONDITION

T r i a l s

CF IF
Between

groups

p ( 2 - t a i l )

Group X 

^12.3

Estim ated

^12.3

Group X 

f l 2 . 3

E stim ated  

^ 12 .3

D+ND - .3 9 .02 - .1 8 - .0 2 NS

D .58 .23 - .5 6 .07 NS

ND - .5 4 - .29 .18 - .2 2 NS

HRV SIC:SC

The p a r t i a l  c o r r e l a t i o n s  o f  HRV v e rs u s  SC a re  p re se n te d  in  

Table 21. A lthough none of the  w i th in -g ro u p  a n a ly se s  a re  s i g n i f i c a n t ,  

the  between-group a n a ly s i s  does approach  s t a t i s t i c a l  s i g n i f i c a n c e  fo r  

D+ND and D t r i a l s .  These f in d in g s  su g g e s t  the  p o s s i b i l i t y  o f  a t re n d  

fo r  SC to  covary w i th  HRV so t h a t  when HRV d e c re a s e s ,  SC a l s o  d ec reases  

and v ic e  v e r s a  in  the  CF group r e l a t i v e  to  the  IF group.
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TABLE 21

PARTIAL CORRELATIONS OF HRV VERSUS SG WITH TRIALS HELD 
CONSTANT FOR THE HRV SINGLE INSTRUCTION CONDITION

CF IF
Between

T r i a l s

Group X 

^12 .3

Estim ated

^12 .3

Group X 

^12.3

Estim ated

^12.3

groups

p ( 2 - t a i l )

DfND - . 1 2 .14 - .3 7 - .3 0 <.10

D .68 .48 - .8 9 - .4 0 <.10

ND - .6 2 .15 .03 - .20 NS

HR 1SIC:RR

P a r t i a l  c o r r e l a t i o n s  fo r HR and RR a re  p re se n ted in  Table  22.

TABLE 22

PARTIAL CORRELATIONS OF HR VERSUS RR WITH TRIALS HELD 
CONSTANT FOR THE HR SINGLE INSTRUCTION CŒfDITION

CF IF
Between

T r i a l s

Group X 

^12.3

E stim ated

^12.3

Group X E stim ated  

^12 .3  ^12.3

groups

p ( 2- t a i l )

DfND - .39 - .1 9 .51 .13 NS

D .57 - .2 4 .41 .23 NS

ND - .7 6 - .2 5 .68 .37 <.10

None of the  w i th in -g ro u p  p a r t i a l  c o r r e l a t i o n s  d i f f e r e d  s i g n i f i c a n t l y  from 

z e ro .  The CF group d id  not d i f f e r  s i g n i f i c a n t l y  from the  IF group fo r
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e i t h e r  D+ND or D; however, s ig n i f i c a n c e  was approached fo r  th e  ND t r i a l s .  

Thus, a t re n d  i s  a p p a re n t  fo r  RR to  d e c re a se  when HR in c r e a s e s  and v ic e  

v e rs a  on ND t r i a l s  on ly .

HR SIC:SC

P a r t i a l  c o r r e l a t i o n s  fo r  HR and SC a re  p re se n ted  in  Table 23. 

The p o s i t i v e  p a r t i a l  c o r r e l a t i o n  between HR and SC fo r  the  CF group fo r  D 

t r i a l s  i n d ic a te s  t h a t  when the HR d e c re a s e s ,  SC dec reases  a l s o .  The s i g ­

n i f i c a n t  between-group d i f f e r e n c e  fo r  D t r i a l s  i n d i c a t e s  t h a t  the  s i g n i ­

f i c a n t  p o s i t i v e  c o r r e l a t i o n  i s  unique to  th e  CF group.

TABLE 23

PARTIAL CORRELATIONS OF HR VERSUS SC WITH TRIALS HELD 
CONSTANT FOR THE HR SINGLE INSTRUCTION CONDITION

CF IF
Between

Group X E stim ated Group X E stim ated groups

T r i a l s ^12.3 ’̂ 12.3 ^12.3  ^12.3 p ( 2 - t a i l )

D+ND .16 .12 .00  .18 NS

D .96 * .62 * - .2 5  - .15 < .05

ND - .1 6 - .0 6 .11 .23 NS

W ith in  group 
p ( 2- t a i l )

* p < .05

HRV CIC:RR

The r e s u l t s  of t h i s  a n a ly s i s  a re  p re s e n te d  i n  Table 24. The



76

e s t im a te d  p a r t i a l  c o r r e l a t i o n  fo r  D t r i a l s  of the  CF group does d i f f e r  

s i g n i f i c a n t l y  from ze ro  in  th e  n e g a t iv e  d i r e c t i o n  which in d i c a t e s  t h a t  

when HRV de c re a sed ,  RR in c re a s e d .  The s i g n i f i c a n t  betw een-groups e f f e c t  

f o r  D t r i a l s  i n d i c a t e s  t h a t  th e  s i g n i f i c a n t  n e g a t iv e  p a r t i a l  c o r r e l a t i o n  

i s  unique to  the  CF group.

-  ■ TABLE 24

PARTIAL CORRELATIONS OF HRV VERSUS RR WITH TRIALS HELD 
CONSTANT FOR THE HRV COMBINED INSTRUCTION CONDITION

CF IF
Between

Group X E stim ated Group X E st im ated groups

T r i a l s r i 2 . 3 ^ 12 .3 ^12.3  ^12.3 p ( 2- t a i l )

D+ND ,27 .18 - .2 9  - .1 9 NS

D - .5 0 - .7 1  * - .3 8  - .0 1 < . 0 1  *

ND .41 - . 0 0 .16 - .2 4 NS

W ith in  group 
p ( 2- t a i l )

* p < .01

HRV CIC:SC

The r e s u l t s  o f  t h i s  a n a ly s i s  a re  p re s e n te d  in  Table 25. I t  i s  

a p p a re n t  t h a t  bo th  the w i th in -  and between-group a n a ly se s  f a l l  j u s t  

s h o r t  o f  r e a c h in g  an a c c e p ta b le  l e v e l  o f  s ig n i f i c a n c e  fo r  th e  D+ND 

t r i a l s .  This p o s i t i v e  p a r t i a l  c o r r e l a t i o n  w i th in  the  CF group and r e l a ­

t i v e  to  the  IF group in d i c a t e s  t h a t  fo r  the  CF group, SC i s  dec re a s in g
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w ith  HRV during  the  D t r i a l s  and i s  in c r e a s in g  w i th  the  ND t r i a l s .

TABLE 25

PARTIAL CORRELATIONS OF HRV VERSUS SC WITH TRIALS HELD 
CONSTANT FOR THE HRV COMBINED INSTRUCTION CONDITION

CF IF
Between

Group X E stim ated Group X E st im ated groups

T r i a l s r i 2 . 3 ^12.3 ?12.3 ^12.3 p ( 2 - t a i l )

D+ND .22 .23 * - .13  - . 1 2 < .10

D .38 - . 0 2 .35 .19 NS

ND .18 .32 - .2 0  - .0 4 NS

W ith in  group 
p ( 2 - t a i l )

* p < .10

HRV CIC:EMC

The r e s u l t s  of t h i s  a n a ly s i s  a re  p re s e n te d  in  Table 26. A l­

though none of the  w i th in -g ro u p  p o s i t i v e  p a r t i a l  c o r r e l a t i o n s  d i f f e r  

s i g n i f i c a n t l y  from z e ro ,  th e  p o s i t i v e  CF ND t r i a l s  r ^2 3 r e l a t i v e  to  

the  s i g n i f i c a n t  ND t r i a l s  r i 2 . 3  of the  IF group i n d i c a t e  the  p o s s i b i l i ­

ty  t h a t  fo r  the  CF group , EMC am plitude  in c r e a s e s  and d e c re a ses  a long  

w i th  HRV fo r  ND t r i a l s  on ly .

HR CICrRR

The r e s u l t s  o f  t h i s  a n a ly s i s  a re  p re s e n te d  i n  Table 27. Exam­

i n a t i o n  o f  t h i s  t a b le  i n d i c a t e s  t h a t  a s i g n i f i c a n t  n e g a t iv e  p a r t i a l
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TABLE 26

PARTIAL CORRELATIONS OF HRV VERSUS EMG WITH TRIALS HELD 
CONSTANT FOR THE HRV COMBINED INSTRUCTION CONDITION

CF IF Between

T r i a l s

Group X 

=12.3

E s t im ated  

^ 12 .3

Gr oup X 

=12.3

E st im ated  

= 12.3

groups

p ( 2 - t a i l )

D+ND .28 .13 - .2 8 - . 1 2 NS

D .47 .18 - .2 4 - .2 4 NS

ND .46 .22 - .2 4 - .3 4  * < .05

W ith in  group 
p ( 2- t a i l )

* p < .05

c o r r e l a t i o n  e x i s t s  fo r  the. ND t r i a l s  w i th in  the CF group. Although t h i s  

t re n d  does n o t  rea c h  an a c c e p ta b le  l e v e l  of s ig n i f i c a n c e  f o r  the  CF D+ND 

t r i a l s ,  i t  i s  s i g n i f i c a n t  r e l a t i v e  to  the IF D+ND t r i a l s .  T h e re fo re ,  

th e se  p a r t i a l  c o r r e l a t i o n s  i n d i c a t e  t h a t  %hen HR in c r e a s e s  du r ing  the  ND 

t r i a l s ,  RR d ec reases  and v ic e  v e r s a ,  w hile  fo r  CF D+ND t r i a l s  r e l a t i v e  

to  the  IF D+ND t r i a l s ,  RR in c r e a s e s  when HR d e c re a se s  and v ic e  v e r s a .

HR CIC:SC

The r e s u l t s  o f  t h i s  a n a ly s i s  a re  p re s e n te d  in  Table 28. I t  

i s  a p p a re n t  by in s p e c t io n  of Table  28 th a t  none of the  w i th in -  or b e ­

tween-group a n a ly se s  a t t a i n e d  s t a t i s t i c a l  s i g n i f i c a n c e .  T h e re fo re ,  i t  

may be concluded th a t  SC d id  n o t  covary  to  a s i g n i f i c a n t  degree  w ith  HR 

fo r  e i t h e r  the  CF or IF g roups.
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TABLE 27

PARTIAL CORRELATIONS OF HR VERSUS RR WITH TRIALS HELD 
CONSTANT FOR THE HR COMBINED INSTRUCTION CONDITION

CF IF
Between

T r i a l s

Group X

r i 2 . 3

E st im ated  Group X Estim ated  

%12.3 ZÏ2.3  ^12.3

groups

p ( 2 - t a i l )

DfND .02 - .2 8  * .12 .13 < .05

D - .6 1 - .2 5  .45 .17 NS

ND - .9 4  b - .4 8  .53 .25 < .05

W ith in  group 
p ( 2™t.ail)

 ̂ p < .10

^ p < .05

TABLE 28

PARTIAL CORRELATIONS OF HR VERSUS SC WITH TRIALS HELD 
CONSTANT FOR THE HR COMBINED INSTRUCTION CONDITION

CF IF
Between

T r i a l s

Group Y  

?12 .3

E s t im ated  Group % 

=12.3 =12.3

E s t im ated

=12.3

groups

p ( 2 - t a i l )

DfND .14 .30 - .0 7 .12 NS

D -.3 3 .25 - .1 8 .05 NS

ND .12 .27 .08 .12 NS
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HR CIC;EMG

The r e s u l t s  o f  t h i s  a n a ly s i s  a re  shown in  Table 29. None of 

the  w i th in -  or between-group a n a ly se s  were s t a t i s t i c a l l y  s i g n i f i c a n t .  

T herefo re  i t  may be concluded t h a t  EMG d id  not covary to  a s i g n i f i c a n t  

degree  w i th  HR fo r  e i t h e r  the CF or IF groups.

TABLE 29

PARTIAL CORRELATIONS OF HR VERSUS EMG WITH TRIALS HELD 
CONSTANT FOR THE HR COMBINED INSTRUCTION CONDITION

T r ia l s

CF IF Between

groups

p ( 2 - t a i l )

Group % 

'^12.3

Estim ated  

= 12.3

Group % 

=12.3

E s t im ated

=12.3

D+ND .08 .01 .12 - .2 1 NS

D - .4 1 .06 .42 .13 NS

ND .69 - .1 8 - .0 2 - .4 9 NS

R e s p i r a t io n  Rate v e rs u s  R e s p i r a t io n  Amplitude 

The. r e s u l t s  of an a f t e r - t h e - f a c t  a n a ly s i s  o f  the  r e l a t i o n s h i p  

between RR and RA f o r  CF and IF CIC groups a re  p re s e n te d  in  Table 30. 

A lthough no ex p e r im en ta l  p r e d i c t i o n s  were being t e s t e d  fo rm a lly ,  one- 

t a i l  s i g n i f i c a n c e  t e s t s  were used due to  the f a c t  t h a t  under normal 

b re a th in g  c o n d i t io n s  a n e g a t iv e  r e l a t i o n s h i p  e x i s t s  between RR and RA. 

A lso , s in c e  RA was n o t  a n t i c i p a t e d  as a measure in  t h i s  i n v e s t i g a t i o n ,  

no p r e c a u t io n s  were taken  to  in s u re  accu racy  i n  i t s  r e c o r d in g .  The p roba­

b le  e f f e c t  o f  t h i s  o v e r s ig h t  would be to  in c r e a s e  the  v a r i a b i l i t y  of the
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d a ta .  T h e re fo re ,  i t  i s  p robab le  t h a t  o n e - t a i l  a n a ly se s  would more 

a c c u r a te ly  r e p r e s e n t  the  s ig n i f i c a n c e  of the d a ta .

TABLE 30

PARTIAL CORRELATIONS OF RR VERSUS RA WITH TRIALS HELD 
CONSTANT FOR THE COMBINED INSTRUCTION CONDITION

CF IF Between

Group X Estim ated Group X E stim ated groups

T r ia l s r i 2 . 3 ^ 12.3 r i 2 . 3  ^12.3 p ( l - t a i l )

D+ND - . 0 1 - .2 1 - .0 1  - .1 7  ^ NS

D - . 3 2 - .43 .25 - .5 4  b NS

ND - .3 5 - .4 3  a - .2 9  - .2 4  b NS

W ithin  group 
p ( l - t a i l )

* p < .10

b p <  .05

The r e s u l t s  shown i n  Table  30 i n d i c a t e  t h a t  t h e r e  i s  no s i g n i ­

f i c a n t  d i f f e r e n c e  between CF and IF groups fo r  any of the  t r i a l  c o n d i t io n s ,  

a lth o u g h  the  IF group does show a more s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  

between RR and RA than the  CF group. When th ese  r e s u l t s  fo r  RA a re  con­

s id e re d  in  view of the  f in d in g s  fo r  RR in  the  CIC CF and IF g roups ,  i t  

becomes a p p a re n t  t h a t  a l though  th e re  was a g e n e ra l  tendency fo r  RR to  

va ry  in v e r s e ly  w ith  c a rd ia c  a c t i v i t y  in  th e  CF group r e l a t i v e  to  the  IF 

g roup, the  r e l a t i o n s h i p  between RR and RA remained l a r g e ly  u n a f f e c te d  

by the d i f f e r e n t i a l  feedback t r e a tm e n t .



CHAPTER IV

DISCUSSION

The fo llow ing  w i l l  be d isc u s s e d  i n  t h i s  c h a p te r :  (1) the

e f f e c t  of feedback on the  c o n t r o l  o f  c a r d i a c  v a r i a b i l i t y  and the  f i r s t  

h y p o th e s is  of the  i n v e s t i g a t i o n  t h a t  c a r d i a c  r a t e  may be dec reased  

through  c o r r e c t  feedback ; ( 2) the  s im u ltan eo u s  c o n t r o l  o f  c a r d i a c  r a t e  

and v a r i a b i l i t y  and the  e f f e c t iv e n e s s  o f  c o r r e c t  feedback on the  con­

t r o l  o f  th ese  two v a r i a b l e s  when c o n t r o l l e d  s in g ly  and i n  com bina tion ; 

(3) p o s t- e x p e r im e n ta l  in te r v ie w s ;  (4) the  problem o f  h a b i t u a t i o n  v e rsu s  

le a rn in g  over t r i a l s ;  (5) the  problem o f  response  s p e c i f i c i t y ,  in c lu d in g  

w i th in  t h i s  problem the  t e s t  o f  the second h y p o th e s is  which i s  concerned 

w i th  th e  e f f e c t s  of feedback on two a s p e c ts  of c a rd ia c  a c t i v i t y  when 

only  one i s  i n s t r u c t e d  to  be d e c re a se d ;  and ( 6) t h e o r e t i c a l  and p r a c t i ­

c a l  im p l ic a t i o n s .

The fo llow ing  a b b re v ia t io n s  w i l l  be used in  t h i s  d i s c u s s io n  

c h a p te r :  (1) c a rd ia c  ra te --H R ; (2) c a r d i a c  v a r ia b i l i ty - -H R V ;  (3)

c o r r e c t  feedback--CF; (4) i n c o r r e c t  f e e d b a c k - - lF ; (5) d i s p l a y —D; ( 6) 

no -d isp lay --N D ; (7) s in g l e  i n s t r u c t i o n  c o n d i t io n - - S I C ; (8 ) combined 

i n s t r u c t i o n  c o n d i t io n - -C lC ;  (9) r e s p i r a t i o n  r a t e —RR; (10) r e s p i r a t i o n  

am plitude--RA ; (11) s k in  conductance--SC ; and (12) s t r i a t e  m uscle ac-  

tivity--EM G .

82
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The E f f e c t  o f  Feedback on the C o n tro l  o f  Card iac  
V a r i a b i l i t y  and C ard iac  R ate

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

s u b je c t s  (Ss) can red u ce  t h e i r  c a rd ia c  v a r i a b i l i t y  under c o n d i t io n s  of 

c o r r e c t  feedback, t h e r e f o r e  confirm ing  th e  f in d in g s  of Hnatiow and Lang

(1965) and Lang, S roufe  and H as t in g s  (1967). The f in d in g  o f  no s i g n i f i ­

c a n t  d i f f e r e n c e  between d i s p la y  (D) and n o - d is p la y  (ND) t r i a l s  f o r  the 

i n c o r r e c t  feedback (IF )  group su g g e s ts  t h a t  the  r e s u l t s  cannot be f u l l y  

accounted  fo r  m erely  by a t te n d in g  to  the  feedback .

I t  i s  a l s o  c l e a r  t h a t  ^ s  a re  a b le  to  d e c re a se  t h e i r  c a rd ia c  

r a t e  (HR) when so i n s t r u c t e d ,  assuming t h a t  c o r r e c t  feedback i s  a v a i l a ­

b l e .  S ince ^ s  a re  a b le  to  d ec rease  t h e i r  HR j u s t  a s  they a re  a b le  to 

s t a b i l i z e  i t ,  su p p o rt  o f  the  i n i t i a l  h y p o th e s is  i s  a s s u re d .  L ike the 

c a rd ia c  v a r i a b i l i t y  (HRV) r e s u l t s ,  the  f in d in g  o f  a n o n s ig n i f i c a n t  

d i f f e r e n c e  in  HR between D and ND t r i a l s  in  the  IF group does su g g e s t  

t h a t  the r e s u l t s  cannot be f u l l y  accounted  fo r  by the  unco n d it io n ed  

e f f e c t  of a t t e n d in g  to  an e x te r n a l  s t im u lu s .

I t  was n o t  expec ted  a p r i o r i  t h a t  the  IF group would tend  to  

in c r e a s e  t h e i r  i n s t r u c t e d  c a rd ia c  v a r i a b l e  on the  D t r i a l s ,  p a r t i c u l a r l y  

i n  the  HR i n s t r u c t i o n  c o n d i t io n .  I t  was a n t i c i p a t e d ,  on an a p r i o r i  

b a s i s ,  t h a t  HR would d e c rease  on the D t r i a l s  because o f  the  uncondi­

t io n e d  resp o n se  o f  th e  HR to  a t t e n d in g  to  a s t im u lu s  as d e s c r ib e d  by 

Lacey, Kagan, Lacey and Moss (1963). The f in d in g  t h a t  HR, l i k e  HRV, i n ­

c re a se d  during  D t r i a l s  in  the  IF group s u g g e s t s ,  a cco rd ing  to  the  Lacey 

e t  a l . (1963) h y p o th e s i s ,  t h a t  the  ^ s  were n o t  a t t e n d in g  b u t  e i t h e r  pon­

d e r in g  or r e j e c t i n g  the  i n c o r r e c t  feedback . However, t h i s  p o s s i b i l i t y  

does n o t  seem e n t i r e l y  te n a b le  s in c e  n o n s ig n i f i c a n t  HR d e c re a ses  on the
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D t r i a l s  r e l a t i v e  to  the ND t r i a l s  were observed when i n s t r u c t i o n s  were 

g iven  to  the  IF group to  d e c re a se  HRV only (p > .1 0 ) .  These HR de­

c re a s e s  a re  p re se n te d  i n  Appendix C. I t  i s  p o s s ib l e  t h a t  the c o n s i s t e n t  

i n c r e a s e s  fo r  the  i n s t r u c t e d  c a rd ia c  v a r i a b l e  a c ro s s  D t r i a l s  were caused 

by the  assumed 50% re in fo rc e m e n t  o f  HR and HRV i n c r e a s e s .  This i s  s u s ­

p e c te d  s in c e  Engel and Chism (1967a) and Levene e t  £ l .  (1968) have r e ­

p o r te d  t h a t  HR in c re a s e s  a re  e a s i e r  to  l e a r n  than  d e c re a s e s .  This may 

a l s o  be th e  case  fo r  HRV, a lthough  i t  has n o t  been e m p i r ic a l ly  d e t e r ­

mined, Engel and Chism and Levene p o in t  ou t the  r ea so n  HR in c re a s e s  a re  

e a s i e r  to  l e a r n  than  d e c re a ses  i s  t h a t  the most t y p i c a l  i n d iv id u a l  r e s ­

ponse s p e c i f i c i t y  p a t t e r n  to  a pe rc e iv e d  s t r e s s  i s  HR increm en t.  Thus, 

fo r  th e  IF groups under a t h e o r e t i c a l  50% re in fo rc e m e n t ,  c a rd ia c  a c t i v i ­

t y  in c rem en ts ,  r a t h e r  than  decrem ents, occu rred  because  the  autonomic 

resp o n se  system i s  t y p i c a l l y  b iase d  in  t h a t  d i r e c t i o n .  Had r e i n f o r c e ­

ment exceeded 50%, e v e n tu a l ly  the  b ia s  would have been overcome, lead ing  

to  c a rd ia c  a c t i v i t y  decrem ent. I t  i s  p o s s ib le  t h a t  Ss were f r u s t r a t e d  

i n  the IF group and, co n seq u e n t ly ,  responded to  t h i s  f r u s t r a t i o n  w ith  

c a rd ia c  i n c r e a s e s .  However, p o s t -e x p e r im e n ta l  in te rv ie w s  f a i l e d  to 

r e v e a l  any tendency fo r  the  IF ^ s  to  be more f r u s t r a t e d  than  the CF S^s. 

P o s t -e x p e r im e n ta l  in te rv ie w  q u e s t io n s  a re  g iv en  in  Appendix D.

The o b s e rv a t io n  of Engel and Chism (1967a) and Levene e_t a l . 

(1968) t h a t  HR in c re a s e s  a re  e a s i e r  to  l e a r n  than  d e c re a ses  may c a s t  

some doubt on the a u t h e n t i c i t y  of the  CF c a rd ia c  a c t i v i t y  d e c reases  on 

the D t r i a l s  r e l a t i v e  to  th e  ND t r i a l s .  A case  could  j u s t  as e a s i l y  be 

made, depending on how one views the  d a ta ,  t h a t  the  ^ s  were a c tu a l l y  

l e a r n in g  to  in c re a s e  HR and HRV r a t h e r  than  to  d e c re a se  i t .  This p o s s i -
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b i l i t y  w i l l  be d isc u sse d  more f u l l y  in  the d i s c u s s io n  s e c t i o n  on response  

s p e c i f i c i t y .  Although c a rd ia c  increm ents  p roducing  a p p a re n t  decrements 

may have o ccu rred  to some deg ree ,  i t  i s  p robab le  t h a t  c a rd ia c  a c t i v i t y  

was a c t i v e l y  being  dec reased  as  w e l l ,  s in c e  c a rd ia c  a c t i v i t y  on the CF 

D t r i a l s  was c o n s i s t e n t ly  and s i g n i f i c a n t l y  lower than  the  c a rd ia c  a c t i ­

v i t y  o f  the IF group on D t r i a l s .

Hnatiow and Lang (1965) and Lang e t  (1967) a l s o  observed 

b a c k la sh es  or increm ents of HRV on ND t r i a l s  r e l a t i v e  to  D t r i a l s .  They 

p o s tu l a te d  t h a t  f u r t h e r  t r i a l s  m ight produce a more l a s t i n g  e f f e c t  l e a d ­

ing to  a r e d u c t io n  of th e  ND t r i a l  in c rem en ts .  I n  th e  p r e s e n t  s tudy , 

fo r  bo th  HRV and HR, fou r  a d d i t i o n a l  t r i a l s  were g iven  r e l a t i v e  to  the 

Lang i n v e s t i g a t i o n s ,  two d i s p la y  and two n o - d is p la y .  I t  i s  ap p a re n t  from 

the d a ta  p re se n te d  i n  F ig u re s  1 and 3 (pp. 37 and 42 )  t h a t  the  l a t e r  ND 

t r i a l s  a r e  s t i l l  c h a r a c te r i z e d  by c a rd ia c  increm en ts  r e l a t i v e  to  the D 

t r i a l s .  I t  i s  p o s s ib le  t h a t  m ed ia t iv e  e f f e c t s  may, a t  l e a s t  in  p a r t ,  

account fo r  t h i s  back la sh  e f f e c t  on the  ND t r i a l s .  D iscuss ion  o f  t h i s  

p o s s i b i l i t y  w i l l  be d e fe r re d  u n t i l  the  s e c t io n  on resp o n se  s p e c i f i c i t y .

C on tro l  of Card iac  A c t i v i t y  in  Combined and in  S in g le  
I n s t r u c t i o n  C ondit ions

Sim ultaneous C o n tro l  o f  HR and HRV 

The f in d in g  o f  a s i g n i f i c a n t  d i f f e r e n c e  between D and ND t r i a l s  

fo r  b o th  HR and HRV under the  combined i n s t r u c t i o n  c o n d i t io n ,  as  w e ll  as 

the  s i g n i f i c a n t  d i f f e r e n c e  between CF and IF groups on D t r i a l s ,  su g g es ts  

t h a t  HR and HRV can be c o n t r o l l e d  to g e th e r .  These o b s e rv a t io n s  a re  sup­

p o r te d  by the s i g n i f i c a n t  w i th in -g ro u p  D+ND e s t im a te d  and group mean 

p a r t i a l  c o r r e l a t i o n s  e x i s t i n g  between HR and HRV in  the  CF group. The
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f in d in g  of a s i g n i f i c a n t  r e l a t i o n s h i p  i s  u n u su a l .  Normally, HR and HRV 

show no r e l a t i o n s h i p  (Hnatiow and Lang, 1965). S ince the  betw een-groups 

a n a ly s i s  fo r  p a r t i a l  c o r r e l a t i o n s  i n d ic a te d  no s i g n i f i c a n t  d i f f e r e n c e  

fo r  D+ND t r i a l s ,  w h ile  the p o s i t i v e  p a r t i a l  c o r r e l a t i o n  i n  the  IF group 

i s  of b o r d e r l i n e  s ig n i f i c a n c e  fo r  D+ND t r i a l s ,  i t  i s  p o s s ib l e  t h a t  the 

degree  o f  r e l a t i o n s h i p  between HR and HRV i s  in  p a r t  a fu n c t io n  o f  no t  

only the i n s t r u c t i o n s  per se  b u t  a l s o  the  p ro p o r t io n  o f  c o r r e c t  feedback 

a v a i l a b l e .  This p o s s i b i l i t y  a g a in  depends on the assum ption  t h a t  IF i s  

c h a r a c te r i z e d  by 50% c o r r e c t  re in fo rc e m e n t  o r  feedback , b u t  i n  the  ab­

sence of a d i s p la y  th e r e  i s  approx im ate ly  z e ro  feedback .

E f f e c t iv e n e s s  of C o r re c t  Feedback Under D i f f e r e n t  
I n s t r u c t i o n  C ondit ions

In  o rd er  to  de te rm ine  the r e l a t i v e  e f f e c t i v e n e s s  of CF under 

d i f f e r e n t  i n s t r u c t i o n  c o n d i t io n s ,  a number o f  l o g i c a l  com parisons were 

made w i th in -  and b e tw e e n - in s t ru c t io n  c o n d i t io n s .  Of a l l  the  l o g i c a l  

comparisons (HRV decreased  s in g ly  vs HRV dec reased  i n  com bina tion ; HR 

d ec reased  s in g ly  vs HR decreased  i n  com bina tion ; HRV d ec reased  s in g ly  

vs HR d ec reased  s in g l y ;  and HRV d ec reased  in  com bina tion  vs HR decreased  

in  co m b in a tio n ) ,  CF was found to  be l e a s t  e f f e c t i v e  i n  th e  HRV SIC CF 

group. A lthough th e re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  any o f  the  group 

main e f f e c t s ,  s i g n i f i c a n t  group x t r i a l  i n t e r a c t i o n s  were observed in  

the HRV SIC v e rsu s  HR SIC and, more im p o r ta n t ly ,  i n  th e  HRV SIC v e rsu s  

HRV CIC com parisons. These i n t e r a c t i o n s  in d ic a te d  t h a t  as t r i a l s  i n ­

c re a s e d ,  the  a b s o lu te  amount o f  decrement fo r  the HRV SIC CF group de­

c re a s e d ,  w h ile  the  a b s o lu te  amount of decrement fo r  the  HR SIC and HRV 

CIC CF groups in c re a s e d .  Hnatiow and Lang (1965) a l s o  r e p o r t e d  t h a t
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o v e r a l l  HRV in c re a s e d  over t r i a l s .  I t  was p o s tu l a te d  t h a t  the  g rad u a l  

lo s s  of c a rd ia c  s t a b i l i t y  over t r i a l s  was caused by the  i n i t i a l  r e s t  

p e r io d  being too  b r i e f .  However, s in c e  HRV SIC was the  only  group in  

which t h i s  occurred  in  the p r e s e n t  s tu d y ,  i t  i s  p o s s ib le  t h a t  an o v e r a l l  

HRV in c r e a s e  i s  an u n co n d it io n ed  e f f e c t  of d e c re a s in g  HRV s in g ly .  From 

a co n cep tu a l  p o in t  o f  view, i t  i s  p o s s ib l e  th a t  HRV would be more d i f f i ­

c u l t  to  d e c re a se  than  would HR. To s t a b i l i z e  HRV would r e q u i r e  the  ^  

to  make c o r r e c t i o n a l  HR a d ju s tm en ts  in  two opposing d i r e c t i o n s  w h ile  Ŝ s 

i n s t r u c t e d  to  d e c re a se  HR must make c o r r e c t i o n a l  ad ju s tm en ts  i n  only 

one d i r e c t i o n .  I f  a ^  who was i n s t r u c t e d  to  d e c re a se  HRV made a s t ro n g  

c o r r e c t i o n  in  one d i r e c t i o n ,  he m ight be thrown i n  the  o th e r  d i r e c t i o n ,  

thereby  having  the  n e t  e f f e c t  of i n c r e a s in g  r a t h e r  than d e c re a s in g  HRV. 

Consequently , w h ile  the  ^ s  were a p p a re n t ly  a b le  to  avoid  t h i s  o s c i l l a ­

t io n  e f f e c t  in  the  e a r l y  p a r t  o f  the  s tu d y ,  in  the l a t e r  t r i a l s ,  p o s s ib ly  

due to  f a t i g u e ,  they  became more c a r e l e s s ,  o v e r - c o n t r o l l i n g  in  one d i r e c ­

t io n  or the  o th e r  so t h a t  t h e i r  perform ance dec reased  r e l a t i v e  to  the 

o th e r  g roups.  Though t h i s  i n t e r p r e t a t i o n  s u c c e s s f u l ly  hand le s  the  i n t e r ­

a c t io n  e f f e c t  found in  the HR SIC v e rs u s  HRV SIC D t r i a l  com parison, i t  

f a i l s  to  e x p la in  th e  la c k  of d i f f e r e n c e  between HRV and HR in  the  CIC 

CF group, u n le s s  i t  i s  f u r t h e r  assumed t h a t  th e r e  i s  a lower p h y s io lo ­

g i c a l  l i m i t  which i s  be ing  in f r in g e d  upon as HR i s  d e c re a sed .  In  sum­

mary, HRV could  be c o n t r o l l e d  p r im a r i ly  in  one d i r e c t i o n ,  t h a t  being 

s u p p re s s io n  of HR. Thus, o s c i l l a t i o n s  i n  the d i r e c t i o n  o f  f u r t h e r  d e c re ­

ment would be p rev e n ted  by a lower p h y s io lo g ic a l  l i m i t  now in  range  by 

v i r t u e  of the o v e r a l l  HR be ing  d e c re a sed .

S im i la r  to  the  f in d in g s  o f  p rev io u s  in s t ru m e n ta l  c o n d i t io n in g  

and feedback s tu d i e s  o f  c a rd ia c  a c t i v i t y  m o d if ic a t io n ,  th e  e x te n t  of



change, in  terms of raw sc o re s  i s  n o t  la rg e  fo r  e i t h e r  HR or HRV. For 

example, the  l a r g e s t  d i f f e r e n c e  between ND and D fo r  the CF CIC group 

fo r  mean HR over th re e -m in u te  p e r io d s  was only 3 .9  bpm w hile  fo r  HRV 

on the  same ND to  D p e r io d  th e re  was a d i f f e r e n c e  o f  2 .0  s ta n d a rd  d e v i ­

a t i o n s  (SD). In  terms o f  T sco re  d i f f e r e n c e s  based on the c a rd ia c  a c ­

t i v i t y  d i s t r i b u t i o n  o f  11 t r i a l s  and 10 ND to  D changes, th e se  raw sco re  

d i f f e r e n c e s  may take  on more b i o lo g i c a l  s i g n i f i c a n c e  s in c e  bo th  v a r i a b l e s  

on the same ND to  D p e r io d  dec reased  10.2 T s c o re s ,  or approx im ate ly  one- 

p lu s  SDs in d ic a t in g  a change, in  the a c t i v i t y  l e v e l  of bo th  c a rd ia c  v a r i ­

a b le s  of 38%.

Although sex  d i f f e r e n c e s  were n o t  fo rm a lly  examined in  the  

p r e s e n t  i n v e s t i g a t i o n ,  i t  was ap p a re n t  from exam ination  of the  raw d a ta  

t h a t  th e re  was no obvious d i f f e r e n c e  between the  sexes  as to  amount of 

c a rd ia c  c o n t r o l .  None of the p rev ious  s tu d i e s  on c a rd ia c  c o n t r o l  have 

r e p o r t e d  a sex d i f f e r e n c e .

P o s t-E x p e r im e n ta l  In te rv ie w s

B r ie f  p o s t-e x p e r im e n ta l  in te rv ie w s  were conducted w ith  each  ^  

a s  done in  p rev io u s  in s t ru m e n ta l  c o n d i t io n in g  and feedback s tu d i e s  (se e  

Appendix D). Perhaps the most s t r i k i n g  f in d in g  o f  these  in te rv ie w s  was 

t h a t  none of the  60 ^ s  were aware t h a t  c a rd ia c  a c t i v i t y  was invo lved  in  

any way. This f in d in g  i s  u n d e rs ta n d ab le  i n  view of the  f a c t  t h a t  c a r d i ­

ac feedback was p re s e n te d  in  an analogue r a t h e r  than  a d i g i t a l  or p u lse  

form.

When Ŝ s were asked whether they  f e l t  they  s u c c e s s f u l ly  c o n t r o l l e d  

t h e i r  i n s t r u c t e d  b o d i ly  fu n c t io n ,  approx im ate ly  75% r e p o r te d  su c c e s s .

The rem ainder was n o n s ig n i f i c a n t^ /  d iv id ed  between CF and IF g roups.  An
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exam ina t ion  of the  in d iv id u a l  re c o rd s  of those  CF ^ s  c la im ing  no c o n t r o l  

i n d ic a te d  th a t  they were about as  s u c c e s s fu l  as those  ^ s  who claimed 

some c o n t r o l  in  th e  CF group. S im i la r ly ,  those  ^ s  c la im ing  c o n t r o l  in  

th e  IF group performed i n  a manner t y p i c a l  of the  r e s t  of the  IF group. 

Only one ^  in  the  e n t i r e  s tudy  r e p o r te d  f r u s t r a t i o n  i n  h i s  a t te m p ts  to  

g a in  c o n t r o l .  This  f in d in g  i s  perhaps e x p la in a b le  by the  f a c t  t h a t  a l l  

Ss were c a u t io n ed  by i n s t r u c t i o n  no t  to  worry about how w e l l  they were 

doing and to  avoid f e e l in g s  of f r u s t r a t i o n .

Answers p e r t a in in g  to  how the  ^ s  a t t a i n e d  c o n t r o l  were very  

d iv e r s e  w i th  no c o n s i s t e n t  tendency be ing  n o te d .  Most d id  say t h a t  a l l  

th ey  d id  was watch the  m eter as  they  were i n s t r u c t e d .

The most im p o r tan t  co n c lu s io n  to  be drawn from the  p o s t - e x ­

p e r im e n ta l  in te rv ie w s  i s  t h a t  the  IF ^ s  were p ro p e r ly  deceived  by the 

i n c o r r e c t  feedback s ig n a l  even though they had had an o p p o r tu n i ty  to  ob­

se rv e  t h e i r  own c a rd ia c  s ig n a l  during  the  i n s t r u c t i o n  p e r io d .  The su c ­

c e s s  o f  t h i s  d e c ep t io n  i s  h ig h ly  im p o r ta n t  to  the  o v e r a l l  f in d in g s  of 

t h i s  i n v e s t i g a t i o n ,  s in c e  f a i l u r e  to  dece ive  would imply f a i l u r e  o f  the 

IF group as an adequate  c o n t r o l  group.

The Problem o f  H a b i tu a t io n  v e rsu s  Learn ing  Over T r i a l s

In  most in s t ru m e n ta l  c o n d i t io n in g  and o th e r  le a rn in g  s i t u a t i o n s ,  

a l e a r n in g  or a c q u i s i t i o n  curve may be dem onstra ted  over r e p e a te d  t r i a l s .  

S u r p r i s in g l y ,  i n  the  p r e s e n t  i n v e s t i g a t i o n  l i t t l e  ev idence  of a l e a r n in g  

curve  was found. S ince i t  i s  a p p a re n t  t h a t  the  c o r r e c t  feedback was 

e f f e c t i v e  in  producing the d e s i r e d  c a rd ia c  r e s p o n s e s ,  i t  must be con­

c luded  t h a t  le a rn in g  d id  occur a t  some time i n  the s tu d y .  Had c a rd ia c  

a c t i v i t y  d e c reases  occurred  in  the IF g roups,  the  observed d e c re a ses  in
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the  CF groups would be s u b je c t  to  the a l t e r n a t i v e  e x p la n a t io n  t h a t  the  

d e c re a s e s  were produced by the  u n c o n d it io n e d  resp o n se  o f  a t t e n d in g  to  

the  feedback . Engel and Hansen (1966), Engel and Chism (1967a),

Hnatiow and Lang (1965) and Lang e_t (1967) a l l  r e p o r t e d  the  same

f in d in g  as i n  the  p r e s e n t  s tu d y .  S ince  c o r r e c t  perform ance d id  occur 

as e a r ly  as  the f i r s t  t r i a l  i n  each o f  th e se  i n v e s t i g a t i o n s ,  as  w e ll  as 

the  p r e s e n t  one, i t  has  been concluded by each of th e  c i t e d  i n v e s t i g a t o r s  

t h a t  o n e - t r i a l  l e a r n in g  must have o ccu rred .  Levene e t  a l ,  (1968) i s  the  

only i n v e s t i g a t o r  to  p r e s e n t  ev idence  of an a c q u i s i t i o n  cu rve .  Unfor­

t u n a t e ly ,  no c o n t r o l  group was employed; th e r e f o r e  the  cu rve  which he 

p r e s e n t s  may r e f l e c t  h a b i t u a t i o n  r a t h e r  than  a c q u i s i t i o n .  The s i g n i f i ­

c a n t  a c q u i s i t i o n  curve found in  the p r e s e n t  s tu d y  in  the HRV CIC CF 

group r e p r e s e n t s  the only le a rn in g  curve in  the  l i t e r a t u r e  which cannot 

be accoun ted  f o r  by h a b i t u a t i o n  over t r i a l s .

I t  i s  a l s o  c u r io u s  t h a t  s u c c e s s fu l  perform ance f a i l e d  to  c a r ry  

over i n t o  the  ND t r i a l s .  I t  would be expected  t h a t  the  ^ s  would be more 

s e n s i t i z e d  to  t h e i r  own i n t e r n a l  feedback and thus  be a b le  to  c a r ry  on 

to  some d e g re e .  The Ŝ s were i n s t r u c t e d  to  a t te m p t  to  c o n tin u e  c o n t r o l ­

l i n g  in  the  absence of feedback . A problem r e l a t e d  t o  th e  lac k  o f  t r a n s ­

f e r  to  ND t r i a l s  was encoun te red  by M i l l e r  and DiCara (1967) who found 

t h a t  c u r a r iz e d  and a r t i f i c i a l l y  r e s p i r a t e d  r a t s  changed t h e i r  o v e r a l l  

HR. i n  the  rew arded d i r e c t i o n  du r ing  bo th  and non-S^ p e r io d s .  This 

f in d in g  was i n t e r p r e t e d  a s  i n d i c a t i n g  th a t  the  r a t s  were f a i l i n g  to  d i s ­

c r im in a te  between the  two c o n d i t io n s .  With a d d i t i o n a l  t r i a l s ,  however, 

d i s c r im in a t io n  was ach ie v e d .  In  view o f  M i l l e r  and D iC ara 's  f in d in g s ,  

i t  i s  p o s s ib l e  t h a t  in  th e  p r e s e n t  s tu d y ,  th e  la c k  o f  t r a n s f e r  to  the
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ND t r i a l s  r e p r e s e n t s  s u c c e s s fu l  d i s c r im in a t io n  between (D t r i a l s )  

and non-S^ (ND t r i a l s )  p e r io d s .  The a l t e r n a t e  p o s s i b i l i t y  a l s o  e x i s t s  

t h a t  Ŝ s i n  the  p re s e n t  s tudy  may have been a c t i v e l y  m ed ia ting  or in  some 

unknown manner producing c a rd ia c  a c t i v i t y  increm ents  a s  w e l l  as  d e c re ­

ments from ND t o  D t r i a l s .  These and o th e r  p o s s i b i l i t i e s  w i l l  be d i s ­

cussed f u r t h e r  in  the  d i s c u s s io n  s e c t io n  on resp o n se  s p e c i f i c i t y .

In  c o n c lu s io n ,  l i t t l e  ev idence  fo r  l e a r n in g  in  the  u s u a l  sense 

was found s in c e  a c q u i s i t i o n  cu rves  cou ld  n o t  be d i s t i n g u i s h e d  from h a b i t u ­

a t i o n  cu rv es  on a s t a t i s t i c a l  b a s i s ,  ex cep t  fo r  the  HRV CIC CF group. 

Because s u c c e s s fu l  performance d id  occur in  a l l  CF g roups,  i t  i s  p robab le  

t h a t  l e a r n in g  d id  take  p lac e  w i th in  the  f i r s t  or even second or t h i r d  

t r i a l s .  F a i lu r e  fo r  t r a n s f e r  of performance from D"to ND t r i a l s  to  

occur may be due to  a number of c o n tam in a t in g ,  p o s s ib ly  m e d ia t io n a l ,  

f a c t o r s .  The p o s s i b i l i t y  a l s o  rem ains  t h a t  lack  of t r a n s f e r  r e f l e c t s  

l e a rn in g  s u p e r io r  to  t h a t  in  which t r a n s f e r  to  ND t r i a l s  o c c u rre d .  T ran s ­

f e r  to  ND t r i a l s  was, as m entioned above, n o t  observed  i n  th e  p re s e n t  

s tu d y .

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

The E f f e c t  of Feedback-Decreased HR on HRV and Vice Versa

The second p r e d i c t i o n ,  t h a t  a n e g a t iv e  r e l a t i o n s h i p  e x i s t s  be­

tween HR and HRV when e i t h e r  i s  s in g ly  dec reased  by c o r r e c t  feedback, 

was n o t  su p p o rte d .  This h y p o th e s is  was based on the  p resen ce  of a 

n o t i c e a b le  t re n d  in  the r e s u l t s  of Brener and H o th e r s a l l  (1966) and 

Engel and Hansen (1966) f o r  v a r i a b i l i t y  to  in c re a s e  when r a t e  dec reased , 

and in  th e  r e s u l t s  of Lang ^  a l .  (1967) where HR tended to  in c r e a s e  when
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HRV was d e c re a sed .

C o v a r ia t io n  o f  Other Response Systems 

RR and HRV. Although s i g n i f i c a n t  p a r t i a l  c o r r e l a t i o n s  were 

n o t  found fo r  every  comparison between RR and c a rd ia c  a c t i v i t y ,  th e re  

was a c o n s i s t e n t  tendency f o r  RR to  be n e g a t iv e ly  c o r r e l a t e d  w i th  both  

HR and HRV in  a l l  CF groups. Thus, when e i t h e r  c a rd ia c  v a r i a b l e  was 

dec reased  s in g ly  or in  com bina tion , RR tended to  i n c r e a s e .  C onversely , 

when e i t h e r  c a rd ia c  v a r i a b l e  was in c re a s e d ,  RR tended to  d e c re a s e .

Judging on the b a s i s  o f  s ig n i f i c a n c e  l e v e l s  p re se n te d  i n  T ab les  20 

(p . 73), 22 (p . 74), 24 (p . 76) and 27 (p . 79), RR was m ost s i g n i f i ­

c a n t ly  n e g a t iv e ly  c o r r e l a t e d  w i th  HRV and HR in  the  CF combined i n s t r u c ­

t i o n  c o n d i t io n .  The c o r r e l a t i o n s  were g e n e ra l ly  low or n o n s ig n i f i c a n t  

in  the SIC CF groups.

T r a d i t i o n a l l y ,  p a s t  r e s e a r c h  in  t h i s  a re a  has i n t e r p r e t e d  any 

c o rrespond ing  RR changes as m ed ia ting  the c a rd ia c  changes. I t  i s  a l s o  

known t h a t  m an ip u la t io n  o f  c e r t a i n  c a rd ia c  v a r i a b l e s  w i l l  a f f e c t  r e s p i ­

r a t i o n  (B ren e r ,  1967). Hence, ev idence  o f  a r e l a t i o n s h i p  does n o t  imply 

d i r e c t i o n  of c a u s a l i t y .

The r e s p i r a t i o n  m ed ia t io n  h y p o th e s is  was examined by Engel and 

Chism (1967b) who paced RR a t  d i f f e r e n t  speeds w ith  a metronome. I t  was 

found t h a t  by in c re a s in g  the  RR, HRV dec reased , w h ile  d e c re a s in g  the RR 

in c re a s e d  th e  HRV. Engel and Chism 's  f in d in g s  comport w e l l  w i th  those 

of W e stc o t t  and H u t ten lo ch er  (1961) who observed t h a t  one m ajor c o n t r ib u ­

to r  to  o v e r a l l  HRV, s in u s  a r rh y th m ia ,  i s  g r e a t e s t  when r e s p i r a t i o n  i s  

slow and deep and l e a s t  when r e s p i r a t i o n  i s  sha llow  and r a p i d .  However, 

Engel and Chism r e p o r te d  t h a t  s in u s  a rrhy thm ia  was m ain ta in e d  du r ing  the
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f a s t -p a c e d  b r e a th in g .  T h e re fo re ,  o th e r  a s p e c t s  of o v e r a l l  HRV would be 

dec re a s in g  such as lo n g e r - te rm  b a s e l in e  v a r i a b i l i t y  and b e a t - t o - b e a t  

changes. The. o b s e rv a t io n  t h a t  s in u s  a rrhy thm ia  was p e r s i s t i n g  ir. th e  

f a s t -p a c e d  c o n d i t io n  su g g e s ts  t h a t  the  ^ s ' HRV may have been decreased  

through h y p e r v e n t i l a t i o n  e f f e c t s .  Normally, i n  th e  n o n - e x e r c is e  c o n d i­

t io n  RR and r e s p i r a t i o n  am plitude  (RA) a re  in v e r s e ly  r e l a t e d ,  s in c e  an 

in c r e a s e  i n  e i t h e r  one w i th o u t  a compensatory d e c re a se  i n  the  o th e r  would 

soon r e s u l t  i n  a low ering  of i n  a r t e r i a l  b lo o d .  F a i lu r e  o f  t h i s  

compensatory mechanism to  occur would be r e f l e c t e d  in  a g r e a t e r  p o s i t i v e  

r e l a t i o n s h i p  between RR and RA. The o b s e rv a t io n  made by Engel and 

Chism (1967b) t h a t  s in u s  a rrhy thm ia  was p e r s i s t i n g  du r ing  th e  f a s t -  

paced b r e a th in g  may i n d i c a t e  t h a t  th e s e  ^ s  were b r e a th in g  n o t  only 

r a p id ly  b u t  deep ly ,  t h e r e f o r e  s u g g e s t in g  a p o s i t i v e  r e l a t i o n s h i p  fo r  RR 

and RA. According to  the  f in d in g s  of W e stc o t t  and H u t te n lo c h e r  (1961), 

deep b r e a th in g  i s  n e c es sa ry  f o r  s in u s  a rrhy thm ia  to  p e r s i s t .

In  the  combined i n s t r u c t i o n  c o n d i t io n  of the  p r e s e n t  i n v e s t i ­

g a t io n ,  a s i g n i f i c a n t  n e g a t iv e  r e l a t i o n s h i p  was observed f o r  HRV (D 

t r i a l s  only) and HR (D+ND and ND t r i a l s ) .  R e s p i r a t io n  am p litude  was n o t  

in tended  as a measure i n  t h i s  s tu d y ,  and th e r e fo r e  no p re c a u t io n s  were 

taken to  i n s u r e  accu racy  in  i t s  r e c o r d in g .  Consequen tly , t h i s  v a r i a b l e  

was no t  ana lyzed  w i th  HRV and HR under the  d i f f e r e n t  i n s t r u c t i o n  c o n d i­

t i o n s .  However, in  an a t te m p t  to  check on the  h y p e r v e n t i l a t i o n  p o s s i b i ­

l i t y ,  an a f t e r - t h e - f a c t  p a r t i a l  c o r r e l a t i o n a l  a n a ly s i s  was conducted b e ­

tween RR and RA h o ld ing  t r i a l s  c o n s ta n t  f o r  the  CF and IF CIC groups.

This i n s t r u c t i o n  c o n d i t io n  was s e l e c t e d  fo r  a n a l y s i s ,  s in c e  RR was more 

c o n s i s t e n t l y  and s i g n i f i c a n t l y  c o r r e l a t e d  w ith  c a rd ia c  a c t i v i t y  in  t h i s  

c o n d i t io n .
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The r e s u l t s  of t h i s  a n a ly s i s  su g g e s t  t h a t  the  CF group , w hile  

they may have been m ed ia ting  c a rd ia c  changes through RR, were no t  h y p e r ­

v e n t i l a t i n g  as the  c o r r e l a t i o n s  d id  show a rea so n a b ly  c o n s i s t e n t  nega­

t i v e  t re n d  and d id  n o t  d i f f e r  s i g n i f i c a n t l y  w ith  the IF c o n t r o l  group.

In  an a t te m p t  to  v e r i f y  t h i s  c o n c lu s io n ,  an exam ination  o f  the  i n d i v i ­

dual re sp o n se  p r o f i l e s  o f  two CF group S s ,  bo th  showing la rg e  p a r t i a l  

c o r r e l a t i o n s  between RR and RA b u t  i n  o p p o s i te  d i r e c t i o n s ,  was c a r r i e d  

ou t .  S u b je c t  P .S .  showed a p a r t i a l  x-j^2 3 between RR and RA of + .7 6 ,  

w hile  s u b je c t  J .C .  showed a p a r t i a l  r-^2 3 - . 9 0 .  Both o f  th e se  Ss

performed p o o r ly  in  c a rd ia c  a c t i v i t y  decrement r e l a t i v e  to  th e  o v e r a l l  

group perfo rm ance, p a r t i c u l a r l y  when the  d i r e c t i o n  of c a rd ia c  change b e ­

tween D and ND t r i a l s  was ana lyzed . O v e ra l l  fo r  bo th  HR and HRV, w ith  

a p o s s ib le  of 20 c o r r e c t  d i r e c t i o n  changes, P .S .  made 12 c o r r e c t  changes 

w hile  J .C .  made 11. Considered on an in d iv id u a l  b a s i s ,  n e i t h e r  ^ ' s  RR 

c o r r e l a t e d  s i g n i f i c a n t l y  w ith  Hh a l th o u g h  by o n e - t a i l  t e s t ,  S J .C .  d id  

show a s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  between RR and HRV. Although 

th ese  in d iv id u a l  cases  cannot be c o n s id e red  c o l l e c t i v e l y  as  p ro o f  t h a t  

h y p e r v e n t i l a t i o n  was no t invo lved  i n  the  p o s s ib l e  m ed ia t io n  of the de­

s i r e d  c a rd ia c  changes, they do lend  s u p p o r t  to  t h i s  t h e s i s .

A nother f a c t o r  which a rgues  a g a in s t  the  h y p e r v e n t i l a t i o n -  

m ed ia tio n  p o s s i b i l i t y  i s  the  e f f e c t  o f  such r e s p i r a t o r y  maneuvers on 

HR. According to  Schneider  (1930), Brown (1953), and B est and Taylor 

(1966, pp. 898-900), when h y p e r v e n t i l a t i o n  reduces  the  P^Q^ o f  the  a r ­

t e r i a l  b lood , a low ering of the to n ic  a c t i v i t y  of the  v a s o c o n s t r i c to r  

c e n te r  i s  p roduced, which then  causes  a r t e r i o l a r  d i l a t i o n  r e s u l t i n g  in  

a f a l l  i n  blood p r e s s u r e .  As a compensatory a d ju s tm en t  r e s u l t i n g  from 

the s i n o a o r t i c  r e f l e x ,  HR in c r e a s e s .
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The im p l ic a t i o n  o f  t h i s  fo r  the  p r e s e n t  s tudy  i s  t h a t ,  a l though  

o v e r a l l  HRV could  be reduced  through h y p e r v e n t i l a t i o n  e f f e c t s ,  r e d u c t io n  

of HR would be. made more d i f f i c u l t .  The f in d in g s  of the p r e s e n t  s tudy  

c o n t r a in d i c a t e  t h i s ,  s in c e  th e re  was no s i g n i f i c a n t  d i f f e r e n c e  in  the  

amount of decrement between HR and HRV i n  th e  combined i n s t r u c t i o n  con­

d i t i o n .  Engel and Chism (1967b) r e p o r te d  t h a t  HR in c re a s e d  b u t  n o t  to  

a s i g n i f i c a n t  l e v e l  during  f a s t -p a c e d  b r e a th in g .  I f  t h e i r  Ŝ s were h y p e r­

v e n t i l a t i n g  as su s p e c te d ,  HR would be expected  to  i n c r e a s e .  However, 

r e s u l t s  r e p o r te d  by Schneider  (1930) in d ic a te d  t h a t  HR does no t  in c r e a s e  

markedly i n  humans u n t i l  app rox im ate ly  11 m inutes  of h y p e r v e n t i l a t i o n .  

F a s t-p a c ed  b re a th in g  was te rm in a te d  i n  the  Engel and Chism s tudy  a f t e r  

10 m inu tes ;  th e r e f o r e ,  s i g n i f i c a n t  HR changes may n o t  have had time to  

occur. A second e f f e c t  of h y p e r v e n t i l a t i o n  i s  compensatory p e r ip h e r a l  

v a s o c o n s t r i c t i o n  i n  the  forearm  and the  hand (S ch n e id e r ,  1930; Brown, 

1953). Engel and Chism (1967b) d id  f in d  t h a t  f in g e r  pu lse  volume and 

f in g e r  tem pera tu re  d id  d e c re a se  s i g n i f i c a n t l y  in  fou r  o f  t h e i r  s i x  Ss. 

This f in d in g  of d ec reased  f in g e r  p u lse  volume and tem pera tu re  does sup ­

p o r t  the in fe re n c e  t h a t  h y p e r v e n t i l a t i o n  may have been o cc u rr in g  in  

t h e i r  ^ s .  U n fo r tu n a te ly ,  f in g e r  p u lse  volume and tem pera tu re  were n o t  

measured in  the  p r e s e n t  s tu d y .  T h e re fo re ,  i t  cannot be determ ined  i f  

th ese  p e r ip h e r a l  changes occurred  w ith  RR in c r e a s e s  a s s o c ia te d  w i th  c a r ­

d iac  a c t i v i t y  d e c re a s e s .

Although h y p e r v e n t i l a t i o n  m ed ia t io n  can be t e n t a t i v e l y  r u le d  

out as  o cc u rr in g  in  the p r e s e n t  s tu d y ,  the p o s s i b i l i t y  o f  RR m ed ia tio n  

canno t.  W e stco tt  and H u t ten lo c h e r  (1961) r e p o r te d  t h a t  r a p i d ,  sha llow  

b r e a th in g ,  which y i e l d s  normal v e n t i l a t i o n ,  reduced  HRV. I t  i s  p robab le  

t h a t  the HRV was reduced  by the r e d u c t io n  o f  s in u s  a rrhy thm ia  caused .
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a t  l e a s t  in  p a r t ,  by deep b r e a th in g .  The deeper the  i n h a l a t i o n ,  the  

g r e a t e r  i s  the i n h i b i t i o n  of the  c a r d i o i n h i b i to ry  c o n t r o l  a re a  in  the  

m edulla  ob longata ,  the  i n h i b i t i o n  being i n i t i a t e d  by the  a c t i v a t i o n  of 

va g a l  r e c e p te r s  by i n s p i r a t i o n .  This d i s i n h i b i t i o n  r e f l e x  causes  an 

i n c r e a s e  in  the  HR. Upon e x p i r a t i o n  th e re  i s  a r e t u r n  of t o n ic  v a g a l  

d isc h a rg e  which slows the  HR,

Since HRV was d ec reased  in  the  CF CIC group on D t r i a l s  r e l a ­

t i v e  to  ND t r i a l s  and the  D t r i a l s  of the IF c o n t r o l  group, and t h i s  

decrement was a s s o c ia te d  w ith  a s i g n i f i c a n t  p a r t i a l  c o r r e l a t i o n  b e ­

tween HRV and RR a c ro ss  D t r i a l s ,  i t  i s  p o s s ib l e  t h a t  th ese  decrements 

were r e s p i r a t i o n  m ed ia ted .  The f in d in g  of a n e g a t iv e  p a r t i a l  c o r r e l a ­

t io n  between RR and HRV su g g e s ts  t h a t  the g r e a t e r  the  in c r e a s e  in  RR, 

and co rre sp o n d in g ly  the  g r e a t e r  the  d e c rease  in  RA, the g r e a t e r  the  

d ec rease  in  HRV. T h e re fo re ,  maximum HRV decrement f o r  D t r i a l s  only  

occurred  in  the  p resen ce  o f  a r e s p i r a t i o n  p a t t e r n  known to  d e c re a se  HRV. 

This  in fe r e n c e  i s  suppo rted  by e y e - b a l l  in s p e c t io n  o f  the  raw d a ta  in  

t h a t  s in u s  a rrhy thm ia  does appear to  be reduced  to  the  g r e a t e s t  degree  

on those  D t r i a l s  where RR i s  most r a p id  and o v e r a l l  HRV i s  minimal.

Had RR changes been p o s i t i v e l y  a s s o c ia te d  w ith  HRV decrem ents , a change 

n o t  known to  produce HRV decrem ent, an a l t e r n a t i v e  i n t e r p r e t a t i o n  would 

be favored  such as  p a r a l l e l  RR changes or m ed ia t io n  of RR changes th rough 

HRV changes. In  c o n c lu s io n ,  a l th o u g h  th ese  o b s e rv a t io n s  do n o t  v e r i f y  

the  p o s s i b i l i t y  t h a t  HRV decrements were r e s p i r a t i o n  m edia ted , such an 

i n t e r p r e t a t i o n  i s  n o t  i n c o n s i s t e n t  w i th  the  d a ta .

Because HRV decrement was n o t  a s s o c i a te d  w i th  RR in  the CF SIC 

group, i t  may a l s o  be t e n t a t i v e l y  concluded t h a t  RR m ed ia tion  i s  n o t  a 

n e c e s sa ry  c o n d i t io n ,  a l th o u g h  i t  may be a s u f f i c i e n t  one fo r  decrement
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o f  HRV.

I t  should  be p o in te d  out t h a t  a l th o u g h  a n e g a t iv e  r e l a t i o n s h i p  

does e x i s t  between HRV and RR fo r  D t r i a l s ,  i n d i c a t i n g  t h a t  maximum HRV 

d e c re a s e s  a re  a s s o c i a te d  w i th  maximum RR i n c r e a s e s ,  the  r e l a t i o n s h i p  i s  

n o t  m a in ta in ed  beyond th e  D t r i a l s .  T h e re fo re ,  i t  does n o t  fo l lo w  t h a t  

RR would be slow er on ND t r i a l s  than  on D t r i a l s ,  even though HRV i n ­

c r e a s e s .  Consequen tly , i t  a p p ears  t h a t  one e f f e c t  o f  c o r r e c t  feedback  

i s  to  coup le  RR and HRV. This  coup ling  e f f e c t  i s  n o t  m ain ta ined  beyond 

the  D t r i a l s .

RR and HR. Though much of the  d i s c u s s io n  concern ing  RR and 

HRV in v o lv e s  HR, i t  a p p e a rs ,  on the  b a s i s  o f  Engel and Chism 's (1967b) 

f in d in g s  and from th e  a n a ly s e s  of the  combined i n s t r u c t i o n  c o n d i t io n  

d a ta  i n  the  p r e s e n t  s tu d y ,  t h a t  RR m e d ia t io n  of HR, i f  i t  i s  o c c u r r in g ,  

i s  doing so in  a manner d i f f e r e n t  from t h a t  d e s c r ib e d  fo r  HRV. Engel 

and Chism r e p o r te d  t h a t  a l th o u g h  average  HR a c ro s s  ^ s  was n o t  a f f e c t e d  

by e i t h e r  f a s t  or slow paced r e s p i r a t i o n ,  a m inu te-by-m inu te  a n a ly s i s  

o f  HR during  paced b r e a th in g  in d ic a te d  t h a t  th e r e  was a d e f i n i t e  t e n ­

dency fo r  slow b r e a th in g  to  in c r e a s e  HR w hile  f a s t  b r e a th in g  d id  n o t .

In  the  p re s e n t  s tudy  under the  CF CIC, HR in c r e a s e s  fo r  ND t r i a l s  only 

were s i g n i f i c a n t l y  c o r r e l a t e d  w i th  d e c re a ses  i n  RR. This t re n d  was a l s o  

a p p a re n t  on the  ND t r i a l s  in  the  CF HR SIC group. Although maximum HR 

f o r  ND t r i a l s  i n  the  CF CIC group was a s s o c i a te d  w ith  minimal RR and 

maximal RA, HRV was n o t  s i g n i f i c a n t l y  c o r r e l a t e d  w ith  RR p r im a r i ly  b e ­

cause  HRV was no t  s i g n i f i c a n t l y  c o r r e l a t e d  w ith  HR on ND t r i a l s ,  and 

s e c o n d a r i ly  because  the  RA increm ents  were p robab ly  n o t  o f  s u f f i c i e n t  

m agnitude to  produce in c re a s e d  HRV v ia  s in u s  a r rh y th m ia .  However, on



98

th e  ND t r i a l s  in  the  HR CF SIC group, th e re  was a t r e n d  f a l l i n g  j u s t  

s h o r t  of s t a t i s t i c a l  s i g n i f i c a n c e  fo r  HR to  be c o r r e l a t e d  w ith  RR w hile  

HRV i n  the  same group was c o r r e l a t e d  p o s i t i v e l y  and s i g n i f i c a n t l y  w ith  

HR. I t  i s  probable , t h e r e f o r e ,  t h a t  in c re a s e d  HRV was caused by in c re a s e d  

s in u s  a rrh y th m ia .

The f in d in g  o f  a s i g n i f i c a n t  n e g a t iv e  p a r t i a l  c o r r e l a t i o n  be­

tween HR and RR fo r  ND t r i a l s  in  the  CF CIC group su g g e s ts  t h a t  a l ­

though the  ^ s  were g iv en  i n s t r u c t i o n s  designed  to  d e c re a se  HR, they 

may have been in c r e a s in g  i t  on ND t r i a l s ,  p o s s ib ly  by r e s p i r a t o r y  medi­

a t i o n .  The f in d in g s  of Brener and H o th e r s a l l  (1966; 1967), Donelson 

(1966),  and Levene e^  a%. (1968) su p p o rt  th e  s u s p ic io n  t h a t  the  HR i n ­

c re a s e d  a c t i v e l y  on the  ND t r i a l s ,  s in c e  i n  each  o f  th e se  s tu d i e s  i t  was 

d i f f i c u l t  to  de te rm ine  w hether ^ s  were e i t h e r  i n c r e a s in g  or d e c re a s in g  

t h e i r  HR or bo th .  Two o f  the  Ŝ s i n  the Levene s tu d y  d id  show evidence  

of be ing  a b le  to  a l t e r n a t e l y  in c re a s e  and d e c re a se  t h e i r  HR a t  one- 

m inute  i n t e r v a l s ,  b u t  th e s e  r e s u l t s  may have been b ia s e d  i n  favor of 

d e c re a se s  through h a b i t u a t i o n  over t r i a l s .  Such a b i a s  cou ld  occur, 

y e t  HR in c r e a s e s  would s t i l l  be a b le  to  rea c h  s t a t i s t i c a l  s ig n i f i c a n c e  

when compared to  the  i n i t i a l  b a s e l i n e .  This c o n te n t io n  i s  suppo rted  by 

the o b s e rv a t io n  of Engel and Chism (1967a) and Levene e t  a l .  (1968) t h a t  

HR speed ing  i s  e a s i e r  to  l e a r n  than HR slow ing . This  f i n a l  p o in t  i s  

p a r t i c u l a r l y  r e l e v a n t  to  the  i n t e r p r e t a t i o n  of th e  f in d in g s  of the  p r e s e n t  

s tu d y ,  s in c e  a c t i v e  HR in c r e a s e s  may have been m edia ted  by RR during  ND 

t r i a l s .

R e s u l ts  r e p o r t e d  by Donelson (1966) on th e  o rd er  e f f e c t  of 

a t te m p ts  to  e i t h e r  in c r e a s e  or d ec rease  the  HR f i r s t ,  fo llowed by the
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r e v e r s e  o rder  a s h o r t  time l a t e r ,  i n d ic a te d  t h a t  c o n t r o l  i s  b e s t  f o r  Ŝ s 

who t r y  to  in c re a s e  HR f i r s t  and th en  t r y  to  d e c re a se  i t ,  r a t h e r  than 

v i c e  v e r s a .  These r e s u l t s  a re  comparable to  those  ob ta in ed  on the  f i r s t  

few t r i a l s  in  the  CF HR SIC group where HR f a i l e d  to  d ec rease  on the 

f i r s t  D t r i a l ,  bu t  in c re a s e d  f u r t h e r  on the second ND t r i a l .  On the  

second D t r i a l  a r e l i a b l e  d e c re a se  occurred  fo r  the  f i r s t  t im e. This 

shou ld  be c o n t r a s te d  to  the  CF HRV SIC where a r e l i a b l e  d ec rease  o ccu rred  

on th e  f i r s t  D t r i a l .  These f in d in g s ,  a long w ith  th o se  o f  Donelson

(1966), o f f e r  a d d i t i o n a l  s u p p o r t  to  the  i n t e r p r e t a t i o n  t h a t  n o t  only 

a re  HR in c re a s e s  being a c t i v e l y  produced in  the p r e s e n t  s tudy , b u t  they 

may i n  f a c t  be n e c essa ry  fo r  HR d e c re a ses  to  occur.  I t  should  be p o in te d  

out t h a t  r e g a r d le s s  of how or when HR d e c re a ses  were e f f e c t e d ,  whether 

they were a c t i v e  or p a s s iv e ,  the d e c re a ses  were more than  j u s t  a p p a re n t  

as c o n t r a s t e d  to  the ND t r i a l s .  This  i s  suppo rted  by the  o b s e rv a t io n  

t h a t  a s i g n i f i c a n t  d i f f e r e n c e  d id  e x i s t  between CF and IF HR s in g l e  and 

combined i n s t r u c t i o n  groups fo r  D t r i a l s ,  w h ile  t h e r e  was no s i g n i f i c a n t  

d i f f e r e n c e  between D and ND t r i a l s  i n  the  IF groups.

Levene e t  a l .  (1968) r e p o r te d  r e s u l t s  on one p a r t i c u l a r  S who 

showed evidence  of RR m e d ia t io n  o f  HR i n c r e a s e s .  When t h i s  p a r t i c u l a r  

S, who had marked s in u s  a rrh y th m ia  i n  the r e s t i n g  s t a t e ,  managed to  slow 

her  HR, s in u s  a rrhy thm ia  became g r e a t l y  reduced . On the  o th e r  hand, her 

HR in c r e a s e s  were a s s o c i a te d  w ith  in c re a s e s  in  s in u s  a rrh y th m ia .  This 

s u g g e s ts  t h a t  t h i s  ^  was b re a th in g  slow ly  and deep ly .  I t  i s  p o s s ib le  

t h a t  the  HR in c re a s e s  were produced, a t  l e a s t  i n  p a r t ,  by the  peaks of 

the s in u s  a rrh y th m ia .  A lthough the  evidence in  the  p r e s e n t  s tudy  f a i l e d  

to  i n d i c a t e  t h a t  in c re a s e d  HRV during  the ND t r i a l s  in  the  CF CIC group 

was caused by in c re a se d  s in u s  a rrh y th m ia ,  s u p p o r t  was found fo r  t h i s
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p o s s i b i l i t y  i n  the CF HR SIC group. As p o in te d  ou t e a r l i e r  i n  t h i s  d i s ­

c u s s io n ,  a n o th e r  f a c t o r  c o n t r ib u t in g  to  the HR in c r e a s e s  i s  the  tendency 

fo r  most Ŝ s to  r e a c t  to  ex p e r im e n ta l  c o n d i t io n s  w i th  in c re a s e d  HR. The 

rea so n  HR d e c re a ses  a re  a p p a re n t ly  more d i f f i c u l t  to  e f f e c t  i s  because 

most ^ s ' i n d iv id u a l  response  s p e c i f i c i t y  p r o f i l e s  in c lu d e  a p a t t e r n  of 

HR increm en t to  any p e rc e iv e d  s t r e s s  s i t u a t i o n .

As a t e n t a t i v e  c o n c lu s io n  to  t h i s  d i s c u s s io n ,  i t  appears  t h a t  

RR m ed ia tio n  on the  ND t r i a l s  could  have been p a r t l y  r e s p o n s ib le  fo r  the 

D t r i a l  HR d e c re a s e s .  This c o n c lu s io n  i s  based n o t  on ly  on the  r e s u l t s  

of th e  p r e s e n t  s tudy  b u t  a l s o  on th e  f in d in g s  of p rev io u s  i n v e s t ig a t io n s  

in  t h i s  a r e a .  There i s  no d e f i n i t i v e  ev idence  to  s u p p o r t  the  r e s p i r a t i o n  

m ed ia tio n  h y p o th e s i s .  However, th e  evidence  p re s e n te d  in  t h i s  d i s c u s s io n  

i s  n o t  i n c o n s i s t e n t  w i th  the  h y p o th e s i s ,  s in c e  the  r e s p i r a t o r y  p a t t e r n s  

found i n  t h i s  and o th e r  s tu d i e s  have been dem onstra ted  by Engel and Chism 

(1967b) to  be capab le  of p roducing  the types o f  c a r d i a c  a c t i v i t y  observed 

in  the  p r e s e n t  s tudy .

F u tu re  r e s e a r c h  d e a l in g  w i th  the  problem o f  r e s p i r a t i o n  medi­

a t i o n  o f  c a rd ia c  a c t i v i t y  shou ld  approach the problem in  r e v e r s e  o rder  

to  the  p r e s e n t  s tudy , by p ro v id in g  feedback and i n s t r u c t i o n s  to  c o n t r o l  

r e s p i r a t i o n  w h ile  observ ing  the concom itan t c a rd ia c  changes. The e f f e c t  

o f  c a r d i a c  changes on r e s p i r a t i o n  induced by methods o th e r  than feedback 

shou ld  a l s o  be examined. I f  i t  can be dem onstra ted  t h a t  th ese  induced 

c a rd ia c  changes do n o t  produce the  type of r e s p i r a t i o n  a c t i v i t y  seen in  

the  p r e s e n t  s tudy  and i f  i t  i s  a p p a re n t  t h a t  r e s p i r a t i o n  feedback can 

produce c a rd ia c  changes s im i l a r  to  those  produced by c a rd ia c  feedback, 

then the r e s p i r a t i o n  m ed ia tio n  h y p o th e s is  can be a c ce p ted  w ith  l e s s  

r e s e r v a t i o n  than  in  th e  p r e s e n t  s tu d y .
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Skin conductance and c a r d i a c  a c t i v i t y . S im i la r  to  the  f i n d ­

ings fo r  r e s p i r a t i o n ,  s k in  conductance (SC) d id  n o t  c o r r e l a t e  s i g n i f i ­

c a n t ly  w i th  c a rd ia c  changes on every  comparison. There was, however, 

a c o n s i s t e n t  tendency fo r  SC to  be c o r r e l a t e d  p o s i t i v e l y  w ith  bo th  

HRV and HR, p a r t i c u l a r l y  i n  the  s in g l e  i n s t r u c t i o n  c o n d i t io n s  f o r  D 

t r i a l s  on ly .  Thus, when e i t h e r  c a r d ia c  v a r i a b l e  was d e c re a sed ,  SC 

tended to  d e c re a se  as w e l l .  C onversely , when e i t h e r  c a rd ia c  v a r i a b l e  

in c r e a s e d ,  SC a l s o  tended to  in c r e a s e .

Only two p rev io u s  s tu d i e s  (Donelson, 1966; F r a z i e r ,  1966) have 

reco rd ed  e le c t ro d e rm a l  a c t i v i t y  w h i le  a t te m p t in g  to  modify c a rd ia c  a c ­

t i v i t y  th rough in s t ru m e n ta l  c o n d i t io n in g  or feedback p ro ce d u re s .  The 

only s i g n i f i c a n t  f in d in g  of the  Donelson s tudy  was an in c r e a s e  i n  sk in  

r e s i s t a n c e  over t r i a l s .  F r a z i e r  d id  r e p o r t  SC changes accompanying HR 

changes. However, th e se  p a r a l l e l  changes only occurred  under t h r e a t  of 

shock, a f in d in g  which i s  n o t  a t  a l l  u n u su a l .

T r a d i t i o n a l l y ,  p a s t  s tu d i e s  and t h e o r e t i c a l  papers  i n  t h i s  a rea  

have chosen to  i n t e r p r e t  any a d d i t i o n a l  autonomic changes accompanying 

in s t r u m e n ta l ly  c o n d it io n e d  or feedback-induced  c a rd ia c  changes as e v i ­

dence fo r  l a c k  of re sp o n se  s p e c i f i c i t y .  F u r th e r ,  the  c o - v a r i a b l e  i s  

i n t e r p r e t e d  as  being e i t h e r  a m e d ia t io n a l  v a r i a b l e  as i s  r e s p i r a t i o n ,  or 

the  c o v a r i a t i o n  i s  i n t e r p r e t e d  as r e f l e c t i n g  a. g e n e ra l  change in  a c t i v a ­

t io n  l e v e l  or a r o u s a l ,  e s p e c i a l l y  when th e re  i s  more than  one c o v a r ia t e .

In  the  p r e s e n t  s tu d y ,  th e  f in d in g  of a s i g n i f i c a n t  c o r r e l a t i o n  

between SC and HR may be i n t e r p r e t e d  as n o t  i n c o n s i s t e n t  w i th  the  p o s s i ­

b i l i t y  t h a t  a r o u s a l  m ed ia tio n  or m ed ia t io n  by r e l a x a t i o n  o ccu rred  in  the 

CF HR SIC group fo r  D t r i a l s  on ly .  I t  i s  p o s s ib l e ,  of c o u rse ,  t h a t  the 

feedback-induced  HR changes m ed ia ted  the SC changes e i t h e r  th rough vas-
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c u la r  changes or by changing l e v e l s  of a r o u s a l .  In  c o n s id e r a t io n  of 

the l a t t e r  p o s s i b i l i t y ,  i f  the SC changes were secondary to  a ro u s a l  

used i n  c o n t r o l ,  i t  would be expected  t h a t  SC would in c re a s e  on ND 

t r i a l s .  This d id  no t  occur. T h e re fo re ,  i t  i s  d o u b tfu l  t h a t  a ro u s a l  

changes were secondary to  the  HR changes.

As a ro u s a l  m ed ia tio n  i s  more t y p i c a l l y  thought o f ,  the  case  

fo r  a c t i v a t i o n  m ed ia t io n  of HR a c t i v i t y  would have been more d e fe n s ib le  

had RR a l s o  c o v a r ie d  w ith  HR during  th e  D t r i a l s ,  no t  because RR might 

be a good measure of a r o u s a l ,  b u t  because  i t  would be expected  on the  

b a s i s  of an  a r o u s a l  h y p o th es is  t h a t  more than  one response  system should 

covary  w ith  HR. I f  i t  i s  assumed t h a t  any t re n d  toward a s i g n i f i c a n t  

c o r r e l a t i o n  between c a rd ia c  a c t i v i t y  and RR or SC r e f l e c t s  some form of 

m ed ia tio n  o f  the c a rd ia c  changes du r ing  c o r r e c t  feedback, the r e s u l t s  

o f  th e  p r e s e n t  s tudy  su g g es t  t h a t  th e r e  may be more than  one type of 

m ed ia t io n .  However, s in c e  RR and SC f a i l e d  to  approach c o r r e l a t i n g  

s i g n i f i c a n t l y  w i th  the  i n s t r u c t e d  c a rd ia c  v a r i a b l e  s im u l ta n e o u s ly ,  i t  

appears  t h a t  th e s e  two types  of m ed ia t io n  a re  m u tua lly  e x c lu s iv e .  This 

ve ry  tenuous i n t e r p r e t a t i o n  makes the assum ption  t h a t  i t  i s  p roper  to 

dea l  w i th  con tinuous  v a r i a b le s  as  i f  they  were d i s c r e t e .

R e g a rd le ss  of whether or n o t  th e  i n t e r p r e t a t i o n  o f  a ro u s a l  

m ed ia t io n  o f  HR a c t i v i t y  during  D t r i a l s  i s  w arran ted  on the b a s i s  of 

the  a v a i l a b l e  d a ta ,  the  f in d in g  t h a t  SC d id  c o r r e l a t e  w i th  HR does i n ­

d i c a t e  lack  o f  response  s p e c i f i c i t y .  This i s  a l s o  t ru e  f o r  HRV in  the 

CF CIC group du r in g  D+ND t r i a l s  and to  a l e s s e r  e x te n t  in  the  HRV SIC 

group fo r  D+ND and D t r i a l s ,  s in c e  b o th  HRV groups showed p a r t i a l  c o r r e ­

l a t i o n s  f a l l i n g  j u s t  s h o r t  of a c c e p ta b le  s ig n i f i c a n c e  l e v e l s  (p < . 10) .
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S t r i a t e  muscle and c a rd ia c  a c t i v i t y . Very l i t t l e  ev idence  

was found to  s u p p o r t  the  p o s s i b i l i t y  t h a t  th e  observed c a rd ia c  changes 

were a s s o c i a te d  w ith  changes i n  s t r i a t e  muscle c o n t r o l .  In  g e n e ra l ,  

the EMG d a ta  f o r^ th e  CIC groups in d ic a te d  a s l i g h t  b u t  n o n s ig n i f i c a n t  

tendency fo r  EMG a c t i v i t y  to  d ec rease  when c a rd ia c  a c t i v i t y  was de­

c re a s e d .  This  r e l a t i o n s h i p  reached  s ig n i f i c a n c e  in  the  betw een-groups 

a n a ly s i s  fo r  the  ND t r i a l s  when HRV was dec reased  in  the CF CIC group.

This r e l a t i o n s h i p  was r e v e r s e d  and d i f f e r e d  s i g n i f i c a n t l y  from z e ro  on 

the  ND t r i a l s  i n  th e  IF group, so t h a t  when c a rd ia c  v a r i a b i l i t y  in c re a s e d ,  

EMG a c t i v i t y  d e c re a sed .  This r e l a t i o n s h i p  i s  unique only to  the  ND t r i a l s  

of the  IF g roup. I t  does n o t  fo llow  t h a t  t h i s  r e l a t i o n s h i p  would be 

m ain ta ined  a c ro s s  a l l  t r i a l s  as i t  was observed t h a t  bo th  HRV and EMG 

dec reased  to g e th e r .  I t  i s  im p o r tan t  to  no te  t h a t  the s i g n i f i c a n t  nega­

t iv e  r e l a t i o n s h i p  was a p p a re n t  only when th e  t r i a l s  e f f e c t  was p a r t i a l e d  

ou t .

The o b s e rv a t io n  of a tendency fo r  HR and EMG to  be p o s i t i v e l y  

r e l a t e d  i s  suppo rted  in  a loose  sense  by the  f in d in g s  of C h r i s t  (1968) 

who observed an i n h i b i t i o n  of EMG a c t i v i t y  which was concom itan t w i th  

a n t i c i p a t o r y  d e c e l e r a t i o n  o f  HR. C onverse ly , the HR a c c e l e r a te d  when 

a b u r s t  o f  EMG a c t i v i t y  occu rred . Though the  d i f f e r e n c e s  between the  

C h r i s t  s tudy  and th e  p r e s e n t  a re  obvious i n  terms o f  c o n d i t io n in g  p ro ­

cedure  and type  o f  response  measured, the  concordance between the  two 

i n v e s t ig a t io n s  su g g e s ts  t h a t  the d i r e c t i o n  of the  r e l a t i o n s h i p  between 

c a rd ia c  a c t i v i t y  and EMG i s  f a i r l y  c o n s i s t e n t .

Because the tren d s  examined in  t h i s  d i s c u s s io n  were l a r g e ly  

n o n s ig n i f i c a n t ,  i t  cannot be concluded w ith  any degree  o f  c e r t a i n t y  t h a t
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the  observed c a rd ia c  changes were r e l a t e d  to  m uscular changes. I t  i s  

p o s s ib le  t h a t  s t r i a t e  muscle a c t i v i t y  e lsew here  in  the  body may have 

been covary ing  to  a s i g n i f i c a n t  deg ree  w ith  c a rd ia c  changes. F u tu re  

r e s e a rc h  on t h i s  problem should  a t te m p t  to  r e c o rd  EMG from a number of 

d i f f e r e n t  s i t e s .  S ince the  ^ s  i n  t h i s  i n v e s t i g a t i o n  were i n s t r u c t e d  to 

remain as s t i l l  as  p o s s ib l e  th roughout the  55 m inutes  rec o rd in g  time, 

the low p a r t i a l  c o r r e l a t i o n s  which were observed  may have been due to  

the  d i f f i c u l t y  of d e te c t in g  f u r t h e r  p robab le  d e c re a ses  in  f l e x o r  muscle 

am plitude  because  the  m uscles were a l r e a d y  in  a v o l u n t a r i l y  induced 

s t a t e  o f  minimal a c t i v i t y .

T h e o r e t ic a l  and P r a c t i c a l  I m p l ic a t io n s

The ev idence  in  t h i s  s tudy  p o in t s  to  the c o n c lu s io n  t h a t  Ss 

can g a in  c o n s id e ra b le  c o n t r o l  over t h e i r  own c a rd ia c  r a t e  a n d /o r  v a r i a ­

b i l i t y  when c o r r e c t  feedback i s  a v a i l a b l e .  This  s tudy  p ro v id es  the  

f i r s t  d em o n s tra t io n  o f  HR decrement induced by an in s t ru m e n ta l  c o n d i­

t io n in g  techn ique  where p s y c h o lo g ic a l  r a t h e r  than  p h y s ic a l  r e i n f o r c e ­

ment was used . Three o th e r  feedback s tu d i e s  have a ttem p ted  to  d e c rease  

HR b u t  were u n s u c c e s s fu l  due to  the  lac k  o f  adequate  ex p e r im e n ta l  con­

t r o l s ,  t h e r e f o r e  making i t  im p o ss ib le  to  d i s t i n g u i s h  HR increm en t  from 

decrement (B rener and H o th e r s a l l ,  1966; 1967) and decrement from h a b i ­

tu a t io n  (Donelson, 1966), The n e c e s s i t y  fo r  having p roper  ex p e r im en ta l  

c o n t r o l s ,  e s p e c i a l l y  when a t te m p tin g  to  d e c re a se  HR, was made p a r t i c u ­

l a r l y  c l e a r  by the  f in d in g s  of Engel and Chism (1967a) and Levene £ t  a l . 

(1968) who found t h a t  w i th  p h y s ic a l  r e i n f o r c e r s  HR increm ents  were 

e a s i e r  to  l e a r n  than  HR decrem ents.

Beyond dem onstra ting  t h a t  feedback  of c a rd ia c  a c t i v i t y  can be
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used to  d e c re a se  a n d /o r  s t a b i l i z e  the  HR i n  th e  absence of p h y s ic a l  r e ­

i n f o r c e r s ,  the p r e s e n t  i n v e s t i g a t io n  was des igned  to  d i s t i n g u i s h  whether 

feedback-induced  changes in  c a rd ia c  a c t i v i t y  show response  s p e c i f i c i t y .  

Though i t  i s  r e c o g n ize d  t h a t  ev idence  a g a in s t  re sponse  s p e c i f i c i t y  could 

be due to  changes induced in  o th e r  resp o n se  v a r i a b le s  by the  c a rd ia c  

changes or by o th e r  v a r i a b l e s  responding  i n  p a r a l l e l  w ith  the  c a rd ia c  

changes, lac k  o f  re sp o n se  s p e c i f i c i t y  i s  damaging to  the  h y p o th e s is  t h a t  

in s t r u m e n ta l  c o n d i t io n in g  of c a rd ia c  a c t i v i t y  occurred  d i r e c t l y .  The 

rea so n  fo r  t h i s  i s  tw ofo ld . F i r s t ,  i t  was o r i g i n a l l y  b e l ie v e d  by Skinner 

(1953) t h a t  autonomic fu n c t io n s  could  no t  be c o n d it io n e d  in s t r u m e n ta l ly ,  

and second, i t  i s  t h e o r e t i c a l l y  p o s s ib le  f o r  autonomic a c t i v i t y  to  be 

shaped i n d i r e c t l y  through  in a d v e r te n t  r e in fo rc e m e n t  of o p e ra n t  b ehav io r  

which m ed ia tes  the  d e s i r e d  autonomic changes. Thus, any s u b s t a n t i a l  

ev idence  of a l a c k  o f  response  s p e c i f i c i t y  accompanying in s t r u m e n ta l ly  

induced c a rd ia c  changes has a u to m a t ic a l ly  been i n t e r p r e t e d  by most in  

the l i t e r a t u r e  a s  i n d i c a t i n g  m e d ia t io n .  I f  r e s p i r a t o r y  or s t r i a t e  muscu­

l a t u r e  changes occur,  then  the autonomic a c t i v i t y  has been m ediated  by 

i n s t r u m e n ta l ly  c o n d i t io n e d  s o m a t ic a l ly  in n e rv a te d  re s p o n s e s .  I f  s k in  

conductance changes occur or a number of o th e r  resp o n se  systems become 

more a c t i v e  s im u l ta n e o u s ly ,  then  autonomic a c t i v i t y  has been m edia ted  

by in s t r u m e n ta l ly  c o n d i t io n e d  changes in  a r o u s a l .  The v a l i d i t y  o f  th ese  

m ed ia tio n  i n t e r p r e t a t i o n s  has never been de te rm ined , a lth o u g h  i t  has 

been c h a llen g ed  by C r id e r ,  Schwartz and Shnidman ( i n  p r e s s ) .  U n t i l  the  

v a l i d i t y  of th e s e  i n t e r p r e t a t i o n s  i s  e s t a b l i s h e d ,  ev idence  o f  a lack  of 

re sp o n se  s p e c i f i c i t y  r a i s e s  the  a l t e r n a t i v e  i n t e r p r e t a t i o n  t h a t  m ed ia t io n  

o f  the  dependent v a r i a b l e  has occurred  r a t h e r  than  in s t ru m e n ta l  c o n d i­

t io n in g  per s e .
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The m ed ia tio n  problem has le d  K a tk in  and Murray (1968) to  s t a t e  

t h a t  in s t ru m e n ta l  ANS c o n d i t io n in g  has n o t  been dem onstra ted  d e f i n i t i v e ­

ly  in  humans, a l th o u g h  i t  has in  the  c u r a r i z e d  r a t  s t u d i e s .  K a tk in  and 

Murray have fo rc e d  the  i s s u e  i n  a sense  by t h e i r  s ta te m e n t  t h a t  " . . . a t  

a p r a c t i c a l  l e v e l  a d i s t i n c t i o n  must be drawn between c o n d i t io n in g  the  

ANS and c o n t r o l l i n g  i t . "  (K atk in  and Murray, 1968, p . 66) . They a l s o  

added, " In  f a c t ,  i t  i s  p robab ly  f r u i t l e s s  to  pursue  f u r t h e r  any a t te m p ts  

a t  p ro v id in g  such d em ons tra t ions  in  h u m a n s . . . . "  (K atkin  and Murray,

1968, p. 66) .

To r e t u r n  to  the  f in d in g s  of th e  p r e s e n t  s tudy , i t  appears  

t h a t  K atk in  and Murray may have been o v e r ly  p e s s i m i s t i c  about " . . . s u c h  

d em ons tra t ions  i n  h u m a n s , . . . "  s in c e  th e r e  was no s i g n i f i c a n t  ev idence  

in  the  HRV s in g le  i n s t r u c t i o n  c o n d i t io n  to  i n d i c a t e  a lac k  of response  

s p e c i f i c i t y .  This i n s t r u c t i o n  c o n d i t io n  i s ,  fo r  a l l  p r a c t i c a l  pu rposes ,  

a r e p l i c a t i o n  of th e  Hnatiow and Lang (1965) and Lang e t  a l .  (1967) 

s tu d i e s  on feedback-induced  s t a b i l i z a t i o n  of HR. In  bo th  of the  Lang 

s t u d i e s ,  r e s p i r a t i o n  a c t i v i t y  was found to  be u n r e la te d  to  r e d u c t io n  

o f  HRV. The r e s u l t s  o f  the  p r e s e n t  i n v e s t i g a t i o n  may be i n t e r p r e t e d  

as su p p o rt in g  the  f in d in g s  o f  the Lang s t u d i e s .  In  a d d i t io n ,  th e re  was 

no ev idence  to  i n d i c a t e  t h a t  SC and HRV were covary ing  to  any s i g n i f i c a n t  

d eg ree .  T h e re fo re ,  the  r e s u l t s  of the  Lang s tu d i e s  a re  bo th  confirmed 

and ex tended to  in c lu d e  e le c tro d e rm a l  a c t i v i t y .  From a t h e o r e t i c a l  

v iew p o in t ,  th ese  combined f in d in g s  may be tak e n  as evidence  fo r  i n ­

s t ru m e n ta l  c o n d i t io n in g  of the  ANS, s p e c i f i c a l l y  c a rd ia c  v a r i a b i l i t y .

T his  c o n c lu s io n  should  be accep ted  w ith  c a u t io n ,  however, s in c e  i t  i s  

p o s s ib le  t h a t  re sp o n se  systems o th e r  th a n  those  s e le c te d  fo r  o b se rv a ­

t i o n  could  have been responding  i n  u n ison  w i th  the  c a rd ia c  v a r i a b i l i t y .
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Because th e re  was evidence  of a lack  o f  re sp o n se  s p e c i f i c i t y  

i n  th e  HR and combined i n s t r u c t i o n  c o n d i t io n  g roups, the  p o s s i b i l i t y  

does e x i s t  t h a t  th e  S^s' c a rd ia c  a c t i v i t y  was n o t  i n s t r u m e n ta l ly  con­

d i t io n e d  d i r e c t l y  b u t  c o n t r o l l e d  e i t h e r  th rough  a ro u s a l  changes, a s  i n  

the  HR s in g le  i n s t r u c t i o n  c o n d i t io n  group, or by r e s p i r a t o r y  m aneuvers, 

as  i n  the combined i n s t r u c t i o n  group, where RR dec reased  when c a rd ia c  

a c t i v i t y  in c re a s e d  and v ic e  v e rs a .  The c o n c lu s io n  of c o n t r o l  r a t h e r  

than  in s t ru m e n ta l  c o n d i t io n in g  per  se  i s  f u r t h e r  suppo rted  by the  f i n d ­

ing of an absence of a l e a r n in g  curve fo r  the  dependent c a rd ia c  v a r i a b l e s .  

I f  some form of m ed ia t io n  was o c c u rr in g ,  one t r i a l  l e a rn in g  w ith  l i t t l e  

or no f u r t h e r  improvement m ight be expec ted , s in c e  the  d e s i r e d  c a rd ia c  

changes would a c t u a l l y  be u ncond it ioned  re sp o n se s  which would by n a tu r e  

be s u b je c t  to  h a b i t u a t i o n  to  the u ncond it ioned  p h y s io lo g ic a l  s t im u l i  

p roducing  them.

Although lac k  of response  s p e c i f i c i t y  i n  an ANS in s t ru m e n ta l  

c o n d i t io n in g  or feedback s tudy  may p r e s e n t ly  imply t h a t  i t  i s  p o s s ib le  

to  a t t a i n  c o n t r o l  th rough  m ed ia tion  o f  o n e 's  own in v o lu n ta ry  b eh av io r ,  

b u t  n o t  in s t ru m e n ta l  c o n d i t io n in g  p e r  s e , a t  a p r a c t i c a l  l e v e l  th e re  

a re  many obvious im p l ic a t io n s  which a r e  n o t  dependent upon t h e o r e t i c a l  

d i s t i n c t i o n s .  The f in d in g  th a t  autonomic re sp o n se s  may be m odified  

through in s t ru m e n ta l  p ro ce d u re s ,  as  in  the  HRV SIC CF group, i n d i c a t e s  

t h a t  the  r e in fo rc e m e n t  o f  such changes i s  n o t  r e s t r i c t e d  to  u ncond it ioned  

s t i m u l i  which produce as  an uncond it ioned  re sp o n se  the  s p e c i f i c  d e s i r e d  

change. The f in d in g  t h a t  autonomic re s p o n s e s ,  such as c a rd ia c  a c t i v i t y ,  

can be m odif ied  e i t h e r  d i r e c t l y  or i n d i r e c t l y  th rough in s t ru m e n ta l  con­

d i t i o n in g  u s ing  e i t h e r  p h y s ic a l  or p sy c h o lo g ic a l  r e i n f o r c e r s  c l e a r l y  i n ­
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d i c a t e s  t h a t  i t  i s  p o s s ib l e  f o r  the  v i s c e r a l  r e sp o n se s  to  be a l t e r e d  by 

in s t ru m e n ta l  p r o c e s s e s .  This  may lead  to  the  fo rm a tio n  o f  in d iv id u a l  

re sp o n se  s p e c i f i c i t y  h i e r a r c h i e s  which under extreme r e i n f o r c in g  con­

d i t i o n s  may lea d  to  psychosom atic  symptoms. The degree  to  which such 

v i s c e r a l  re sp o n se s  occur p robab ly  depends upon th e  degree  to  which p a r ­

t i c u l a r  re in fo rc e m e n t  c o n d i t io n s  a re  p r e s e n t  i n  the l i f e  of each i n d i ­

v i d u a l .

F i n a l l y ,  from a ve ry  p r a c t i c a l  v ie w p o in t ,  the  in s t ru m e n ta l  

c o n t r o l  of autonomic re sp o n se s  has g r e a t  t h e r a p e u t i c  p o t e n t i a l  fo r  

bo th  c l i n i c a l  psychology and m ed ic ine .  By p ro v id in g  feedback to  a 

p a t i e n t ,  i t  should  be p o s s ib l e  to  r e p la c e  u n d e s i r a b le  re sp o n se s  w ith  

more d e s i r a b l e  ones. I t  i s  a p p a re n t  from the  r e s u l t s  o f  th e  p r e s e n t  

s tu d y  t h a t  re sp o n se  s p e c i f i c i t y  can be a l t e r e d  by i n s t r u c t i o n s  r e s u l t i n g  

i n  the  p o s s ib le  m o d i f ic a t io n  o f  e i t h e r  one o r ,  i f  d e s i r e d ,  two v a r i a b l e s  

a t  a tim e, as  shown by the  s in g l e  and combined i n s t r u c t i o n  c o n d i t io n  

g ro u p s .  As an example of the  p o s s ib le  t h e r a p e u t i c  im p l ic a t io n s  of the  

c o n t r o l  o f  two v a r i a b l e s  s im u l ta n e o u s ly ,  Levene e t  a l .  (1968) r e p o r te d  

t h a t  some of the  ^ s  in  the s tu d y ,  i n  th e  c o u rse  of l e a r n in g  to  c o n t r o l  

t h e i r  HR, ac q u ired  c o n t r o l  over t h e i r  c a rd ia c  a r rh y th m ias  as  w e l l .

Any p o s s ib l e  a p p l i c a t i o n s  of feedback t r e a tm e n t  should  be used 

w i th  c a u t io n ,  p a r t i c u l a r l y  when a t te m p tin g  to  modify v i t a l  f u n c t io n s ,  

s in c e  the  f in d in g s  of the  p r e s e n t  s tu d y  concern ing  the  ND t r i a l  b a c k la s h  

e f f e c t  imply t h a t  when c a rd ia c  a c t i v i t y  i s  d e c re a sed  through feedback, 

th e  p h y s io lo g ic a l  pendulum seems t o  swing too  f a r  in  the  u n d e s i r a b le  

d i r e c t i o n  when feedback  i s  removed a b ru p t ly .  While the back laph  e f f e c t  

may be n e c e s s a ry  fo r  the  c o n t r o l  o f  HR, the  e f f e c t  may a l s o  i n d i c a t e



109

t h a t  the  h o m eo s ta tic  mechanisms a re  being  a l t e r e d  too  g r e a t l y  or p e r ­

haps too  r a p i d l y .  F u tu re  r e s e a r c h  shou ld  observe  the  p resence  of the  

e f f e c t  a f t e r  ex tended p e r io d s  of feedback t r e a tm e n t .



CHAPTER V 

SUMMARY AND CONCLUSIONS

S tu d ie s  on c a rd ia c  c o n t r o l  have r e c e n t l y  been r e p o r te d  which 

dem onstra te  t h a t  ^ s  can l e a r n  to  c o n t r o l  t h e i r  own c a rd ia c  a c t i v i t y .  

P r io r  to  the  p re s e n t  i n t e r e s t  in  t h i s  a r e a ,  i t  was w ide ly  assumed t h a t  

autonomic re sponses  could  n o t  be in s t r u m e n ta l ly  c o n d i t io n e d ,  s in c e  

autonomic fu n c t io n s  were n o t  capab le  o f  p rov id ing  the  k inds of con­

sequences found in  o p e ra n t  re in fo rc e m e n t .

S tu d ie s  c la im ing  s u c c e s s fu l  in s t ru m e n ta l  c o n d i t io n in g  of ANS 

fu n c t io n s  have been c h a l len g e d  to  dem onstra te  resp o n se  s p e c i f i c i t y .  

O therw ise ,  r e s u l t s  were open to  the  a l t e r n a t i v e  i n t e r p r e t a t i o n  t h a t  

in a d v e r te n t  r e in fo rc e m e n t  of o p e ra n t  behav io r  had o ccu rred  which 

se rved  to  m edia te  the  d e s i r e d  autonomic changes. S tu d ie s  a t te m p tin g  to  

modify c a rd ia c  r a t e  through feedback p rocedures  where p s y c h o lo g ic a l  

r a t h e r  than  p h y s ic a l  r e i n f o r c e r s  were used have a l s o  experienced  d i f ­

f i c u l t y  in  avo id ing  the  problem of m e d ia t io n .  In  a d d i t i o n ,  r e s u l t s  

dem onstra t ing  c o n t r o l  over c a rd ia c  a c t i v i t y  have been ambiguous as to 

w hether c a rd ia c  r a t e  was be ing  in c re a s e d  or d e c re a sed .  Since c a rd ia c  

r a t e  had never been shown to  be s u s c e p t ib l e  to  feedback-induced  d e c re ­

m ent, r e g a r d le s s  of the  p resence  of p o s s ib le  m ed ia ting  v a r i a b l e s ,  a 

feedback procedure  was adop ted  which has been used s u c c e s s fu l ly  by
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Hnatiow and Lang (1965) and Lang e t  £ l .  (1967) to  s t a b i l i z e  c a rd ia c  r a t e  

in  the  absence of obvious m ed ia tin g  in f lu e n c e s .

The p re s e n t  i n v e s t i g a t i o n  a ttem p ted  to  r e p l i c a t e  and extend 

th e  f in d in g s  of th e  Lang s t u d i e s .  Thus, i t  was p r e d i c te d  t h a t  fe e d ­

back n o t  only  could  be used to  s t a b i l i z e  the  HR b u t  a l s o  cou ld  be used 

to  d e c re a se  i t .  Although no p r e d i c t i o n  was made, i t  was a n t i c i p a t e d  

t h a t  feedback  could  be used to  bo th  s t a b i l i z e  and d e c re a se  th e  HR a t  

th e  same t im e. As a c o n t r o l  fo r  t h i s  d e m o n s tra t io n ,  i t  was n e c e s ­

s a ry  to  de te rm ine  the  mutual e f f e c t  o f  the  two v a r i a b l e s  when each was 

s in g ly  dec reased  through feedback . On the  b a s i s  o f  p rev io u s  f in d in g s ,  

i t  was p r e d ic te d  t h a t  th e  two v a r i a b l e s  would be i n v e r s e ly  r e l a t e d .

I t  was a n t i c i p a t e d  t h a t  t h i s  a n a ly s i s  would be u s e f u l  i n  th e  i n t e r ­

p r e t a t i o n  o f  th e  d a ta  in  th e  combined i n s t r u c t i o n  c o n d i t io n .  Comparisons 

were th en  made w i th in  and among i n s t r u c t i o n  c o n d i t io n s  i n  o rd e r  to  d e te c t  

p o s s ib le  d i f f e r e n c e s  in  th e  s t a b i l i z a t i o n  and /o r  decrem ent of HR us ing  

amount o f  a b s o lu te  decrement as  th e  dependent v a r i a b l e .

The r e s u l t s  sup p o rted  th e  f i r s t  h y p o th e s is  t h a t  feedback 

cou ld  be used to  d ec rease  th e  HR j u s t  as i t  could  be used  to  s t a b i l i z e  

the  HR. The r e s u l t s  were found to  be s i g n i f i c a n t  fo r  b o th  HR and HRV 

i n s t r u c t i o n  c o n d i t io n s  bo th  w i th in  (d is p la y  v e rsu s  n o - d is p la y  t r i a l s )  

and between ( c o r r e c t  feedback v e rsu s  i n c o r r e c t  feedback) g roups .  I t  

was a l s o  found t h a t  HR and HRV cou ld  be dec reased  t o g e t h e r .  The r e ­

s u l t s  f o r  the  second h y p o th e s is  were n o t  su p p o rted ,  s in c e  th e  c o r r e l a ­

t i o n  f o r  HRV and HR did  no t  d i f f e r  s i g n i f i c a n t l y  from z e ro  when HRV 

was dec reased  s in g ly .  In  a d d i t i o n ,  HR was found to  be p o s i t i v e l y  

c o r r e l a t e d  w i th  HRV when HR was dec reased  through feedback . This  in -
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d ic a t e s  t h a t  s im ultaneous  HR decrement and s t a b i l i z a t i o n  may have been 

ach ieved  th rough c o n c e n t r a t io n  upon the  decrement o f  HR. The r e s u l t s  

fo r  th e  comparison a n a ly se s  in d ic a te d  t h a t  when HRV was dec reased  

s in g l y ,  th e  a b s o lu te  amount o f  decrement dec reased  as t r i a l s  i n ­

c r e a s e d ,  r e l a t i v e  to  HR d ec reased  s in g ly  and HRV dec reased  in  com­

b i n a t io n  w i th  HR. C ard iac  r a t e  was im p l ic a te d  as be ing  p a r t l y  re sp o n ­

s i b l e  f o r  t h i s  i n t e r a c t i o n  e f f e c t .  I t  was f u r t h e r  suggested  t h a t  HRV 

i s  more d i f f i c u l t  to  c o n t r o l  than  HR.

P a r t i a l  c o r r e l a t i o n  a n a ly s e s  i n d ic a te d  a g e n e ra l  lack  o f  r e s ­

ponse s p e c i f i c i t y  o cc u rr in g  in  a l l  b u t  the  HRV s in g ly  i n s t r u c t i o n  con­

d i t i o n ,  where no ev idence  was found to  be i n c o n s i s t e n t  w i th  the  i n t e r ­

p r e t a t i o n  t h a t  in s t ru m e n ta l  c o n d i t io n in g  r a t h e r  th a n  c o n t r o l  of HRV 

had o c c u r re d .  Evidence was found in  the  combined i n s t r u c t i o n  con­

d i t i o n  t h a t  r e s p i r a t i o n  r a t e  was v a ry in g  in v e r s e ly  to  a s i g n i f i c a n t  

degree  w i th  HRV during  d i s p la y  t r i a l s  and w ith  HR du ring  th e  n o - d i s ­

p lay  t r i a l s .  This  f in d in g  a llo w s  th e  a l t e r n a t i v e  i n t e r p r e t a t i o n  to  be 

made t h a t  c a rd ia c  a c t i v i t y ,  r a t h e r  than  be ing  d i r e c t l y  in s t r u m e n ta l ly  

c o n d i t io n e d ,  i s  c o n t r o l l e d  by th e  in s t r u m e n ta l ly  c o n d i t io n e d  r e s p i r a ­

to ry  r a t e ,  which in  tu rn  m ed ia te s  th e  d e s i r e d  c a rd ia c  decrem ents .

A n a ly s is  o f  r e s p i r a t i o n  am p litude  in  the  combined i n s t r u c t i o n  c o n d i­

t i o n  f a i l e d  to  i n d i c a t e  t h a t  h y p e r v e n t i l a t i o n  was o c c u r r in g ,  s in c e  RR 

and RA were n e g a t iv e ly  r e l a t e d  in  b o th  c o r r e c t  and i n c o r r e c t  feedback 

g ro u p s .  T h e re fo re ,  i t  i s  u n l ik e ly  t h a t  ^ s  were m ed ia ting  c a rd ia c  changes 

th rough  h y p e r v e n t i l a t i o n .

On the  b a s i s  o f  the  f in d in g  t h a t  RR was in v e r s e ly  r e l a t e d  w ith  

HR on n o -d is p la y  t r i a l s ,  i t  was i n f e r r e d  t h a t  HR may have been a c t i v e l y
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m ediated  by RR to  produce lîR in c r e a s e s  r a t h e r  than  d e c re a se s  as i n ­

s t r u c t e d .  S ince  RR was in v e r s e ly  r e l a t e d  w ith  HRV on th e  d i s p la y  

t r i a l s ,  i t  was i n f e r r e d  t h a t  i f  m ed ia t io n  o f  HRV was o c c u r r in g ,  i t  

was ta k in g  p la c e  du r ing  HRV d e c re a s e s .  R e s p i r a t io n  r a t e  d id  no t 

change s i g n i f i c a n t l y  from d is p la y  to  n o -d is p la y  t r i a l s  f o r  any of the  

i n s t r u c t i o n  or feedback c o n d i t io n s .

There was ve ry  l i t t l e  ev idence  to  i n d ic a te  t h a t  sk in  conduc­

tan ce  was covary ing  w i th  c a rd ia c  a c t i v i t y ,  a lth o u g h  th e r e  was a g e n e ra l ,  

b u t  n o n s ig n i f i c a n t ,  t re n d  fo r  SC to  c o r r e l a t e  p o s i t i v e l y  w ith  HR and 

HRV in  a l l  c o r r e c t  feedback i n s t r u c t i o n  c o n d i t io n s .  The r e l a t i o n ­

sh ip  was s t r o n g e s t  in  th e  HR s in g l e  i n s t r u c t i o n  c o n d i t io n ,  where 30 

and HR were s i g n i f i c a n t l y  c o r r e l a t e d  on th e  d i s p la y  t r i a l s  b o th  w i th ­

in  and between g roups .  U n t i l  more i s  known about th e  problem o f  media­

t i o n ,  th e  observed  absence o f  response  s p e c i f i c i t y  fo r  SC and HR may 

i n d i c a t e  m e d ia t io n  through changes i n  a r o u s a l .

S t r i a t e  muscle a c t i v i t y  was ana lyzed  only  in  th e  combined i n ­

s t r u c t i o n  c o n d i t io n  and was found i n  g e n e ra l  to  be n o n s ig n i f i c a n t l y ,  

b u t  p o s i t i v e l y  c o r r e l a t e d  w ith  b o th  HR and HRV.

Of th e  fou r  i n s t r u c t i o n  c o n d i t io n  CF g roups ,  on ly  the  HRV 

combined i n s t r u c t i o n  c o n d i t io n  group showed a s i g n i f i c a n t  a c q u i s i t i o n  

curve over t r i a l s .  In  th o se  c ases  where no a c q u i s i t i o n  curve  fo r  

c a rd ia c  changes was found, i t  i s  p robab le  t h a t  o n e - t r i a l  l e a r n in g  

o c c u r re d ,  perhaps through m e d ia t io n .

The t h e o r e t i c a l  and p r a c t i c a l  im p l ic a t io n s  o f  t h i s  i n v e s t i ­

g a t io n  were d isc u s s e d  w i th  s p e c i a l  emphasis on th e  i s s u e  o f  whether 

in s t ru m e n ta l  c o n d i t io n in g  or c o n t r o l  o f  c a rd ia c  changes o c c u rre d .  

S ugges tions  were made fo r  f u tu r e  r e s e a r c h  u s ing  feedback p ro ce d u re s .
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APPENDIX B 

INSTRUCTIONS TO SUBJECTS

You have p robab ly  guessed by now t h a t  we a re  r e c o rd in g  a 

number o f  your b o d i ly  f u n c t i o n s .  One of th e s e  i s  be ing  d isp la y e d  to  you 

on th e  m eter you see i n  f r o n t  of you. (During i n s t r u c t i o n s  a l l  Ss were 

a llow ed to  see  t h e i r  own c a rd ia c  a c t i v i t y . )  This b o d i ly  fu n c t io n  we a re  

showing you i s  an ex trem ely  s e n s i t i v e  one. I t  i s  s e n s i t i v e  to  your 

b r e a th in g ,  your movements, and even your th o u g h ts .  The re a so n  you a re  

be ing  shown th e  m eter i s  t h a t  your t a s k  today  i s  to  l e a r n  to  c o n t r o l  

t h i s ,  your own b o d i ly  f u n c t io n .  Normally, i t  i s  n o t  under your con­

sc io u s  c o n t r o l ,  b u t  w i th  th e  a id  of th e  m eter you may l e a r n  to  be ab le  

to  c o n t r o l  i t .  S p e c i f i c a l l y ,  what we want you to  l e a r n  to  do i s  to  

keep the  p o i n t e r ,  which r e f l e c t s  th e  amount of a c t i v i t y  o f  your b o d i ly  

fu n c t io n ,  ( f o r  HRV i n s t r u c t i o n  group) as  s te a d y  a s  you p o s s ib ly  can so 

t h a t  the  p o in te r  does n o t  w igg le  back and f o r t h ;  ( fo r  HR i n s t r u c t i o n  

group) as  low as you p o s s ib ly  can—a low l e v e l  of a c t i v i t y  i s  r e p r e ­

se n te d  on th e  l e f t  s id e  of the  face  of th e  m e te r ,  to  your l e f t ;  ( fo r  

HRV p lu s  HR i n s t r u c t i o n  group) a t  as  low and s te a d y  a l e v e l  a s  you 

p o s s ib ly  can -- low  l e v e l  be ing  r e p r e s e n te d  on th e  l e f t  s id e  of the  

f a c e  o f  th e  m e te r ,  t o  your l e f t .  S teady means to  keep th e  p o in te r  from 

w ig g lin g  back and f o r t h .
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Now th e  t a s k  you have been g iv en  i s  an  ex trem ely  d i f f i c u l t  

one , so I  do n o t  ex p ec t  you to  be a b s o lu t e ly  p e r f e c t .  P lease  d o n ' t  

become f r u s t r a t e d  because  you do no t  f e e l  you a re  doing w e l l .  J u s t  

do the  b e s t  t h a t  you can .  That i s  a l l  I  ex p ec t  from you. (At t h i s  

p o in t  they  were asked  i f  they  unders tood  th e  i n s t r u c t i o n s  so f a r  

and i f  they  had any q u e s t io n s . )

You probab ly  remember t h a t  I  t o ld  you how s e n s i t i v e  t h i s  

b o d i ly  f u n c t io n  i s  to  b re a th in g  and moving. To be ve ry  s u c c e s s fu l  in  

t h i s  t a s k ,  you must n o t  t r y  to  m an ip u la te  t h i s  b o d i ly  f u n c t io n  by 

b r e a th in g  in  unusua l  ways such as  h o ld in g  your b r e a th ,  yawning, or 

t h in g s  of t h i s  n a tu r e .  A lso , you must rem ain  very  s t i l l  i n  your c h a i r  

because  even th e  ve ry  s l i g h t e s t  o f  movements w i l l  h in d e r  your p e r f o r ­

mance. Of c o u rs e ,  you may f e e l  a s t ro n g  u rge  to  yawn or to  move around 

and i f  you do, go ahead and do so ,  b u t  remember to  minimize th e s e  th in g s  

a s  much as p o s s ib le  fo r  they w i l l  d e f e a t  your purpose .

Now in  r e g a rd s  to  your b r e a t h in g ,  I  want to  g ive  you some i n ­

s t r u c t i o n s  as  to  how you should  b r e a th e  in  t h i s  s tu d y .  A c tu a l ly ,  th e r e  

i s  r e a l l y  n o th in g  s p e c i a l  about t h i s .  I  j u s t  want you to  b r e a th e  r e g u ­

l a r l y  in  an o u t ,  in  an ou t and so on, j u s t  a s  you probably  a re  doing 

now anyway. Do you have any q u e s t io n s  now about th is ?

Many ^ s  sometimes beg in  to  b r e a th e  in  unusua l ways such as 

h o ld in g  t h e i r  b r e a th  f o r  a s h o r t  p e r io d  of time or g a sp in g ,  and they  

d o n ' t  r e a l i z e  t h a t  they  a re  doing t h i s .  I  r e a l i z e  t h a t  i t  i s  very  

easy  to  s l i p  i n t o  unusua l  modes of b r e a th in g  in  an a t te m p t  to  c o n t r o l  

t h i s  b o d i ly  f u n c t io n ,  bu t  I  d o n ' t  want you to  do t h i s .  Watch your 

b r e a th in g  ve ry  c lo s e ly  so t h a t  t h i s  does n o t  happen w ith  you. I f ,  how-
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ever  a you do beg in  to  b re a th e  i r r e g u l a r l y  I  w i l l  t e l l  you of t h i s  and 

c a u t io n  you to b re a th e  more r e g u l a r l y .  I f  t h i s  happens, do no t f e e l  

t h a t  you a re  doing poorly  i n  the  ta s k  I  have g iven  you. This  i s  simply 

a p re c a u t io n  1 must take  fo r  a l l  Ss in  th e  s tu d y .  Do you have any 

ques tions?

Since I  have to ld  you two d o -n o ts ,  do n o t  move around unneces­

s a r i l y  and do no t  b r e a th e  in  unusua l ways, I  w i l l  now t e l l  you a l i t t l e  

more abou t what you can do. The m eter  i s  p ro v id in g  you w ith  c o n t in u ­

ous in fo rm a t io n  abou t y o u r s e l f .  A l l  you have to  l e a r n  to  do i s  use  i t .  

This  w i l l  r e q u i r e  a con tinuous  m enta l e f f o r t  on your p a r t ,  so you must 

rem ain  a l e r t  th roughou t th e  s tu d y .  1 have a l r e a d y  to ld  you how to  re a d  

th e  m e te r ,  b u t  now I  w i l l  t e l l  you a l i t t l e  more abou t how to  use  the  

in fo rm a t io n  the  m eter i s  g iv in g  you. I f  the  p o in te r  ( fo r  HRV i n s t r u c ­

t i o n  group) rem ains ve ry  s teady  so t h a t  i t  does n o t  w igg le  back and 

f o r t h ;  ( fo r  HR i n s t r u c t i o n  group) goes to  th e  low s id e  of the  s c a le  

to  your l e f t ;  ( fo r  HRV p lu s  HR i n s t r u c t i o n  group) goes to  th e  low s id e  

of th e  s c a le  and rem ains  ve ry  s te a d y ,  then  th e  m eter  i s  in  a sense  

t e l l i n g  you t h a t  w hatever  you a re  doing , w hatever  you a re  th in k in g ,  

w hatever  b o d i ly  s t a t e  you p e rc e iv e  y o u r s e l f  to  be in  fo r  the  moment, 

t h a t  you should  c o n tin u e  t h a t  th o u g h t ,  t h in g ,  or s t a t e  t h a t  you a re  do­

ing  or t h a t  you a r e  i n ,  f o r  i t  i s  h e lp in g  you a t t a i n  the  goa l  I  have 

g iven  you.

On th e  o th e r  hand, i f  the  p o in te r  i s  ( fo r  HRV i n s t r u c t i o n  group) 

n o t  s teady  bu t i s  w ig g lin g  back and f o r t h  a g r e a t  d e a l ;  ( fo r  HR i n s t r u c ­

t i o n  group) n o t  low bu t  i s  h ig h ;  ( fo r  HR p lu s  HRV i n s t r u c t i o n  group) no t  

s te a d y  and i s  w ig g lin g  back and f o r t h  a g r e a t  dea l  and a l s o  i s  no t  low
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b u t  i s  h ig h ,  then  the  m eter  i s  in  a sense  t e l l i n g  you t h a t  whatever you 

a re  do ing , w hatever  you a r e  th in k in g ,  w hatever b o d i ly  s t a t e  you p e r ­

c e iv e  y o u r s e l f  to  be i n  f o r  th e  moment, t h a t  you shou ld  drop th a t  

th o u g h t ,  th in g  or s t a t e  t h a t  you a re  doing or t h a t  you a r e  i n ,  f o r  i t  

i s  n o t  h e lp in g  you a t t a i n  th e  goa l I  have g iven  you . Do you have any 

qu es tio n s?

There a re  two o th e r  th in g s  I  w ish  to  t e l l  you b e fo re  we b e ­

g in  th e  experim en t .  F i r s t ,  t h e r e  w i l l  be p e r io d s  du r in g  th e  course  of 

th e  s tudy  when you a r e  "on  th e  m ete r"  as you a re  now, meaning t h a t  you 

a r e  connected  w ith  i t  so  t h a t  you may g a in  in fo rm a t io n  abou t y o u r s e l f .  

There w i l l  be oLher tim es du r ing  the  s tudy  when you w i l l  be " o f f  the  

m ete r"  i n  t h a t  the  m ete r  w i l l  go dead , and you w i l l  n o t  be a b le  to  g e t  

any in fo rm a t io n  about y o u r s e l f  by w atch ing  i t .  You w i l l  be d isco n n ec ted  

from i t .  Now du ring  th e s e  p e r io d s  where you a re  o f f  the  m e te r ,  your 

t a s k  i s  s t i l l  th e  same as i t  was b e f o r e ,  th e  only d i f f e r e n c e  be ing  t h a t  

you w i l l  n o t  have th e  m eter  to  a s s i s t  you. Do you u n d e rs ta n d  the  d i f f e r ­

ence between on and o f f  th e  meter? Do n o t  i n t e r p r e t  th e  o f f  th e  m eter 

p e r io d  as a r e s t  p e r io d  because  i t  i s  n o t ,  so you must s t i l l  rem ain a l e r t .  

I  w i l l  t e l l  you each tim e you a re  to  be pu t  on th e  m eter  or taken  o f f  i t  

i n  o rd e r  to  b r in g  i t  t o  your a t t e n t i o n .  Are t h e r e  any more ques tions?

The second th in g  I  wished to  t e l l  you i s  t h a t  from t h i s  moment 

on u n t i l  th e  end of th e  ex p e r im en t ,  which w i l l  be abou t one hour from 

now, th e r e  w i l l  be no t a l k i n g  between us because  as  you have p robably  

n o t i c e d ,  t a l k in g  cau ses  your b o d i ly  fu n c t io n  to  become more a c t i v e .  I f  

t h e r e  a re  no more q u e s t io n s ,  we w i l l  b e g in .
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A P P E N D IX  C 
HR D E C R E A SE S FO R  HRV SIC  IF  G RO U P

81.5

80.5

a: 79

78.5

775

76.5

ND, D, N D , D , N D , D ,  ND^ D^ ND^ D . ND,
T R IA L S
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APPENDIX D 

POST-EXPERIMENTAL INTERVIEW QUESTIONS

lo Which a l t e r n a t i v e  would you choose as  most a c c u ra te  concern ing  

your e x p e r ie n c e  in  t h i s  s tudy : one, you f e e l  t h a t  you were a b le

a t  t im es to  e x e r t  some c o n t r o l  over th e  p h y s io lo g ic a l  f u n c t io n ,  

or two, you f e e l  t h a t  a b s o lu t e ly  and a t  no time d id  you have any 

c o n t r o l  a t  a l l  over th e  p h y s io lo g ic a l  function?  In  o th e r  w ords, 

you f e e l  you had e i t h e r  some c o n t r o l ,  o r  you f e e l  you had no 

c o n t r o l .  Which a l t e r n a t i v e  do you f e e l  i s  most ac cu ra te ?

2 .  Do you have any id ea  which p h y s io lo g ic a l  fu n c t io n  was be ing  

d isp la y e d  to  you on the  meter? Could you i d e n t i f y  i t?

3 .  Did you f e e l  f r u s t r a t e d  in  your a t te m p ts  to  ga in  c o n t r o l  over 

th e  p h y s io lo g ic a l  function?

4 .  I f  you f e e l  you d id  have some c o n t r o l  over the  p h y s io lo g ic a l  

f u n c t io n ,  could  you d e s c r ib e  how you were a b le  to  do th is?
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APPENDIX E

Rav  Data fo r  Card iac  R ate  and V a r i a b i l i t y



STANDARD DEVIATION SCORES

S u b j e c t NDi Dl NÜ2 D2 ND3 D3 ND4 D4 ND5 D5
NDg

Raw Da t a  f o r  HRV SIC CF Group

J . H , 6 . 1 3 . 1 2 . 5 2 . 1 3 . 1 2 . 8 4 . 2 3 . 2 3 . 4 3 . 3 5 . 4
H.K. 4 . 4 5 . 4 4 . 8 4 . 8 3 . 6 3 . 5 5 . 8 5 . 6 5 . 5 2 . 7 5 . 2
B . B . 3 . 5 4 . 4 3 . 5 3 . 3 9 . 0 0 . 8 9 . 5 7 . 1 5 . 6 2 . 1 7 . 2
O. P. 5 . 9 2 . 7 3 . 2 5 . 1 6 . 1 3 . 7 3 . 6 5 . 9 4 . 1 5 . 7 5 . 7
K.C. 1 . 8 1 . 8 1 1 . 9 3 . 3 4 . 2 2 . 8 1 3 . 3 3 . 4 1 0 . 7 4 . 0 5 . 5
L . C. 2 . 4 2 . 3 3 . 2 4 . 3 6 . 4 7 . 4 7 . 0 3 . 4 6 . 1 5 . 8 4 . 3
D.H. 4 . 9 4 . 7 4 . 2 4 . 1 3 . 2 4 . 3 6 . 7 3 . 4 5 . 3 6 . 1 6 . 8

J . L . 3 . 7 3 . 4 6 . 2 3 . 4 4 . 4 1 . 6 2 . 7 3 . 4 2 . 2 4 . 8 4 . 2
W.H. 8 . 8 6 . 9 9 . 3 6 . 8 1 1 . 0 5 . 4 9 . 9 5 . 8 1 0 . 4 6 . 8 1 0 . 4
D. B. 6 . 2 4 . 9 6 . 9 5 . 4 4 . 0 8 . 0 9 . 7 5 . 4 4 . 4 1 0 . 0 1 0 . 1

Raw Da t a  f o r HRV SIC IF Group

C. D. 5 . 6 5 . 8 4 . 0 6 . 5 4 . 9 6 . 8 4 . 1 4 . 8 4 . 7 5 . 2 4 . 6
S . T . 3 . 6 3 . 0 2 . 9 3 . 9 3 . 8 4 . 2 5 . 3 4 . 5 4 . 3 5 . 9 3 . 2
L . F . 5 . 6 4 . 6 6 . 1 6 . 6 9 . 0 6 . 4 4 . 9 6 . 0 4 . 7 4 . 7 6 . 8

M.R, 2 . 5 3 . 9 2 . 2 5 . 7 3 . 5 4 . 9 3 . 0 4 . 2 2 . 7 3 . 7 6 . 6

L . E . 5 . 2 4 . 8 5 . 7 5 . 9 6 . 2 6 . 9 4 . 0 4 . 4 4 . 0 3 . 7 3 . 6
E . F . 4 . 9 3 . 7 4 . 2 3 . 6 3 . 6 4 . 4 5 . 5 4 . 6 5 . 3 3 . 3 2 . 8

A. H. 5 . 2 4 . 8 4 . 5 3 . 5 4 . 1 3 . 7 2 . 4 7 . 9 3 . 8 5 . 7 4 . 8
B. C. 2 . 8 1 . 3 1 . 7 1 . 3 1 . 4 1 . 2 4 . 2 1 . 4 2 . 0 2 . 7 1 . 5
R . S . 2 . 7 2 . 8 2 . 3 3 . 8 3 . 2 3 . 2 2 . 0 2 . 3 2 . 5 2 . 9 2 . 1

D. T. 2 . 0 1 . 2 2 . 3 2 . 8 2 . 9 2 . 0 2 . 5 3 . 8 3 . 4 2 . 2 2 . 2

N3



HR BPM SCORES

S u b j e c t NDi Dl ND2 Ü2 ND3 D3 ND4 D4
ND5 D5 NDg

Raw Da t a f o r  HR SIC CF Group

R.W. 6 2 . 6 6 6 . 8 6 6 . 4 6 9 . 1 6 7 . 8 6 5 . 8 6 7 . 4 6 7 . 2 6 5 . 2 6 5 . 6 6 5 . 3
D. S . 7 6 . 1 7 6 . 3 6 8 . 5 7 2 . 2 7 3 . 2 7 4 . 1 8 1 . 1 7 7 . 1 7 7 . 9 7 1 . 0 7 7 . 0
M.D. 8 4 . 1 8 2 . 8 7 8 . 4 8 1 . 2 6 9 . 9 7 3 . 2 7 4 . 5 6 7 . 9 6 9 . 3 7 4 . 6 6 8 . 9
F, G. 6 1 . 5 6 2 . 8 6 3 . 8 5 9 . 8 6 6 . 8 6 3 . 0 6 4 . 2 6 1 . 4 5 9 . 8 5 8 . 2 5 5 . 8
C.H. 6 9 . 9 6 9 . 8 7 0 . 2 6 6 . 6 7 3 . 0 6 6 . 7 7 5 . 7 7 0 . 2 6 7 . 4 6 9 . 0 7 1 . 2
W.A. 6 8 . 5 6 9 . 2 7 0 . 5 6 6 . 8 6 8 . 9 7 1 . 6 7 2 . 9 6 8 . 5 7 0 . 1 6 6 . 7 6 6 . 9
P . P . 6 7 . 2 6 8 . 8 6 8 . 8 6 7 . 6 6 8 . 4 6 8 . 8 6 8 . 6 6 8 . 5 7 2 . 0 6 8 . 7 6 9 . 7
V . J . 8 8 . 4 8 8 . 4 9 1 . 3 8 6 . 3 9 3 . 0 8 5 .  2 9 2 . 5 8 9 . 0 8 9 . 5 8 2 . 1 8 5 . 1
G. F . 8 8 . 8 8 1 . 3 9 1 . 8 8 5 . 4 9 1 . 5 8 7 . 2 8 0 . 2 7 8 . 2 8 3 . 3 7 8 . 6 7 5 . 8
J . M. 7 4 . 2 6 6 . 3 6 9 . 3 6 6 . 1 6 4 . 8 8 3 . 4 7 9 . 5 7 0 . 4 6 3 . 1 6 1 . 2 6 2 . 0

Raw Data f o r  HR SIC IF Group

B.G. 1 0 0 . 0 9 7 . 1 9 6 . 9 9 7 . 8 9 5 . 4 9 3 . 4 9 3 . 2 9 5 . 7 9 1 . 6 9 7 . 0 9 3 . 3
N.H. 8 6 . 5 8 5 . 8 8 6 . 2 8 5 . 7 8 5 . 7 8 5 . 5 8 6 . 9 8 2 . 2 8 3 . 1 8 2 . 2 8 4 . 4
P . V . 8 5 . 6 8 7 . 0 8 3 . 8 8 1 . 8 7 8 . 3 7 7 . 8 7 4 . 0 8 0 . 4 7 1 . 6 7 1 . 9 6 8 . 6

L . F . 5 9 . 1 6 6 . 2 6 2 . 5 6 6 . 9 6 4 . 4 6 7 . 6 6 3 . 4 6 8 . 8 6 0 . 8 6 2 . 2 6 4 .  5
J . G . 6 8 . 1 6 7 . 4 7 0 . 3 6 4 . 3 6 3 . 9 6 5 . 8 6 3 . 8 6 8 . 9 6 7 . 6 6 5 . 8 6 4 . 9
J . N . 7 1 . 5 7 3 . 2 7 0 . 3 7 1 . 0 6 7 . 8 7 2 . 8 7 3 . 3 7 3 . 9 7 4 . 1 7 6 . 5 7 4 . 3
B . B . 7 5 . 2 7 8 . 2 7 6 . 6 7 8 . 5 7 6 . 9 7 2 . 5 7 3 . 2 7 0 . 8 6 7 . 8 6 5 . 8 7 2 . 0
H. L. 6 7 . 3 6 3 . 7 6 1 . 8 6 7 . 4 6 3 . 7 6 9 . 2 6 5 . 8 6 3 . 2 6 3 . 1 6 2 . 9 5 7 . 8
P . L . 7 1 . 3 6 5 . 6 6 6 . 2 6 5 . 5 6 7 . 0 6 9 . 3 6 7 . 0 7 1 . 2 6 8 . 9 7 4 . 6 7 3 . 6
J . R . 6 4 . 0 6 0 . 8 5 6 . 8 6 4 . 2 5 8 . 6 6 0 . 8 6 4 . 6 6 5 . 8 6 1 . 9 5 8 . 8 5 6 . 4

ro
00



STANDARD DEVIATION SCORES

S u b j e c t ND^ Dl NÜ2
^ 2

ND3 Dj ND4 D4
ND5 D5 ND^

M.C. 5 . 1 6 . 3

Raw

7 . 2

Dat a  f o r  

5 . 0

HRV GIG 

7 . 1

GF Group  

3 . 6 5 . 2 5 . 3 5 . 9 3 . 6 6 . 2

L. K. 4 , 8 4 . 2 7 . 3 2 . 2 7 . 2 7 . 9 8 . 1 6 . 7 3 . 3 2 . 7 9 . 4
O.P. 6 . 1 5 . 0 8 . 5 4 . 8 5 . 4 3 . 4 1 1 . 2 4 . 8 6 . 9 8 . 3 6 . 9
B.K. 4 . 8 4 . 2 5 . 4 3 . 2 8 . 1 5 . 2 8 . 2 5 . 1 7 . 9 2 . 1 6 . 7
P . S . 5 . 5 3 . 2 2 . 7 3 . 9 3 . 8 2 . 9 5 . 1 3 . 1 8 . 4 3 . 8 4 . 5
P.M. 6 . 1 2 . 6 3 . 8 2 . 6 5 . 5 2 . 4 4 . 0 1 . 9 5 . 2 0 . 9 4 . 0
P . G. 8 . 2 6 . 4 5 . 5 3 . 8 8 . 5 4 . 2 8 . 3 5 . 0 5 . 7 2 . 9 3 . 8
J . G . 9 . 9 1 2 . 8 5 . 3 4 . 3 4 . 9 4 . 7 3 . 5 3 . 9 3 . 5 5 . 0 4 . 9
B. C. 8 . 0 6 . 0 5 . 6 6 . 6 7 . 3 3 . 5 9 . 7 4 . 0 8 . 1 2 . 2 9 . 4
P.M. 3 . 2 2 . 5 2 . 0 3 . 7 2 . 6 2 . 6 3 . 3 1 . 0 3 . 2 2 . 4 6 . 0

E . S . 8 . 9 1 0 . 4

Raw

6 . 8

Dat a  f o r  

3 . 9

HRV GIG 

8 . 2

IF Group 

1 1 . 0 3 . 4 7 . 1 5 . 0 4 . 5 2 . 5
M.R. 3 . 6 5 . 4 6 . 5 8 . 4 9 . 1 1 2 . 6 5 . 4 7 . 6 7 . 0 5 . 7 5 . 8
S.M. 4 . 5 4 . 2 3 . 1 3 , 2 4 . 2 3 . 5 3 . 7 5 . 2 5 . 8 3 . 8 2 . 6

H . P . 4 . 2 2 . 7 4 . 0 4 . 4 4 . 6 4 . 5 4 . 1 4 . 2 4 . 2 3 . 4 4 . 9
B. H. 7 . 2 6 . 7 4 . 6 5 . 0 4 . 2 4 . 6 4 . 5 4 . 0 3 . 0 6 . 4 2 . 9
D . S . 8 . 2 3 . 0 3 . 1 2 . 9 3 . 6 7 . 4 4 . 9 4 . 5 6 . 2 3 . 0 4 . 5
J . H . 4 . 9 1 2 . 3 4 . 2 6 . 1 7 . 3 1 1 . 0 6 . 8 8 . 9 6 . 4 1 3 . 1 6 . 2

L.  J . 6 . 7 8 . 6 7 . 6 6 . 5 6 . 6 5 . 9 6 . 4 1 0 . 5 8 . 0 7 . 6 6 . 9
K.A. 2 . 6 3 . 3 2 . 6 4 . 4 5 . 3 2 . 7 4 . 3 2 . 9 3 . 6 4 . 6 4 . 7
J . N . 4 . 2 4 . 2 4 . 4 6 . 2 4 . 6 5 . 2 5 . 7 4 . 8 3 . 6 5 . 1 1 . 8

N>VO



HR BPM SCORES

S u b j e c t NDi
° 1

ND2 ° 2
ND3 D3

ND4 % ND5 D5 ND6

Raw Da t a  f o r HR CIG CF Gr oup

M.C. 7 3 . 1 7 2 . 1 7 1 . 0 7 0 . 2 7 0 . 9 7 0 . 2 7 1 . 4 6 8 . 1 7 1 . 6 7 1 . 7 7 5 . 0
L.K, 8 2 . 2 8 2 . 4 8 1 . 3 7 4 . 7 8 4 . 3 8 2 . 9 8 6 . 5 8 0 . 9 7 2 . 8 7 2 . 8 8 8 . 2

O. P. 6 9 . 8 6 9 . 4 7 8 . 2 7 2 . 7 7 8 . 4 7 3 . 8 8 0 . 9 6 6 . 9 7 2 . 7 7 2 . 9 7 6 . 1
D.K. 9 5 . 3 7 8 . 9 8 5 . 1 7 7 . 8 8 8 . 1 8 2 . 4 8 8 . 1 7 5 . 8 8 2 . 2 7 3 . 8 8 1 . 6
P . S . 6 0 . 1 5 4 . 4 5 4 . 6 5 5 . 4 5 4 . 3 5 5 . 0 5 4 . 6 5 6 . 8 6 2 . 7 5 9 . 0 6 1 . 7
P.M. 9 3 . 4 1 0 4 . 2 1 0 2 . 8 1 0 1 . 2 1 0 0 . 2 9 6 . 0 1 0 3 . 7 1 0 1 . 1 1 0 2 . 9 9 8 . 8 9 8 . 0
P . G. 8 3 . 2 8 2 . 5 8 5 . 6 7 7 . 6 7 8 . 2 7 0 . 6 7 4 . 9 7 8 . 9 7 9 . 2 7 9 . 9 7 7 . 6
J . C . 9 3 . 8 8 3 . 5 9 9 . 7 9 4 . 6 9 0 . 2 8 7 . 2 8 6 . 8 8 5 . 3 8 6 . 6 8 1 . 2 8 6 . 8

B. C. 5 8 . 3 6 1 . 7 6 5 . 2 6 3 . 7 6 8 . 2 6 1 . 8 6 3 . 8 6 0 . 6 6 3 . 2 6 3 . 7 6 6 . 7
P.M.  - 7 3 . 0 7 1 . 9 7 0 . 2 6 8 . 6 6 9 . 8 6 4 . 5 6 4 . 8 6 9 . 0 7 1 . 7 7 0 . 2 6 9 . 3

Raw D a ta  f o r HR CIC IF  Group

E . S . 6 0 . 6 6 2 . 2 5 5 . 9 5 2 . 3 5 8 . 1 6 0 . 8 5 5 . 8 5 6 . 2 5 4 . 8 5 3 . 0 5 1 . 1
M.R. 5 6 . 6 5 8 . 8 5 7 . 6 5 9 . 1 6 2 . 1 6 4 . 8 6 1 . 6 6 7 . 2 6 1 . 2 6 8 . 3 5 9 . 7
S.M. 8 6 . 5 8 7 . 2 8 6 . 3 8 9 . 8 8 5 . 7 8 0 . 2 7 8 . 0 8 0 . 3 7 8 . 4 7 7 . 8 7 9 . 1
H. P . 7 9 . 9 7 5 . 8 8 1 . 1 7 7 . 6 7 5 . 3 7 7 . 7 7 8 . 0 7 4 . 7 7 4 . 9 7 7 . 6 7 9 . 4
B.H. 7 2 . 3 7 1 . 8 6 8 . 9 7 2 . 8 7 3 . 4 7 1 . 9 7 0 . 2 7 2 . 7 6 8 . 7 6 8 . 0 6 6 . 4
D . S . 7 7 . 2 7 4 . 6 7 3 . 8 7 2 . 5 6 7 . 9 7 2 . 2 7 1 . 9 7 1 . 1 6 7 . 5 6 6 . 4 6 9 . 0
J . H . 8 5 . 0 8 4 . 8 8 8 . 2 8 8 . 9 8 3 . 0 8 6 . 2 8 0 . 7 8 2 . 2 8 2 . 5 7 5 . 3 8 2 . 0
L.  J . 7 1 . 3 6 9 . 9 7 2 . 8 6 1 . 8 6 4 . 2 6 0 . 3 6 5 . 0 7 3 . 6 6 8 . 2 7 4 . 3 6 2 . 0
K.A. 8 2 . 2 8 0 . 0 8 1 . 6 8 1 . 9 8 4 . 5 8 5 . 3 8 5 . 8 8 7 . 9 8 3 . 8 8 3 . 4 8 1 . 1
J . N . 9 3 . 0 9 4 . 8 9 3 . 6 9 4 . 2 9 4 . 4 1 0 0 . 9 9 8 . 9 9 9 . 3 9 9 . 9 1 0 1 .3 1 0 3 . 2
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