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ABSTRACT

T h is  s tudy  in v e s t ig a te d  th e  r e la t io n s h ip s  between th e  

e le c t r o p h y s io lo g ic a l  a c t i v i t y  in  s k e le ta l  muscles and in d iv id u a l  

complex le a r n in g .  Three e xpe r im e n ta l ta s k s  o f  o rd e red  c o m p le x i ty  

were employed. These were, a N o -Lea rn ing  ta s k  o f  a p e rc e p tu a l-m o to r  

n a tu re ,  a P a i r - L e a rn in g  ta s k  o f  a s t im u lu s - re s p o n s e  n a tu re ,  and a 

P ro b le m -s o lv in g  ta s k  o f  a c o g n i t i v e  n a tu re .  The e le c t r o p h y s io lo g ic a l  

a c t i v i t y  ( p h y s io lo g ic a l  responses) was de te rm ined  by th e  s u r fa c e  

e le c t ro m y o g ra p h ic  te c h n iq u e .

The e xpe r im en ta l group c o n s is te d  o f  n in e  male und e rg ra du a te ,  

m on o lingua l s tu d e n ts .  The le v e l  o f  le a rn in g  was de te rm ined  ove r 

b lo c k s  o f  s i x  t r i a l s .  The p h y s io lo g ic a l  responses were s i m i l a r l y  

de te rm ined .

Tne r e s u l t s  showed an in c re a s e  in  th e  m agnitude  o f  th e  

p h y s io lo g ic a l  responses from  th e  n o - le a rn in g  ta s k  to  th e  p a i r - l e a r n in g  

t a s k ,  and from  th e  p a i r - l e a r n i n g  ta s k  to  th e  p ro b le m -s o lv in g  ta s k .

These in c re a s e s  were shown 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 .  The 

in c re ase s  in  th e  m agnitude o f  th e  p h y s io lo g ic a l  responses c o u ld  n o t be 

a t t r i b u t e d  to  p h y s ic a l  work as i t  was i d e n t i c a l  in  th e  th r e e  e x p e r i ­

m enta l ta s k s .  The d i f fe r e n c e s  in  th e  m agnitude  o f  th e  th r e e  

p h y s io lo g ic a l  responses w i t h in  s u b je c ts  was n o t s i g n i f i c a n t .

The d u ra t io n  o f  th e  p h y s io lo g ic a l  response o f  th e  a c t i v e  

arm was found to  in c re a s e  s i g n i f i c a n t l y  between th e  n o - le a r n in g  ta s k  

and both  o f  th e  two le a rn in g  ta s k s .  The d i f f e r e n c e  o f  th e  p h y s io lo g ic a l

i i
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response d u ra t io n  between th e  two le a rn in g  ta s k s  was n o t s i g n i f i c a n t ,  

The r e s u l t s  were d iscussed  in  terms o f  c e n t r a l  p ro cesses .  

F u r th e r  research  to  broaden th e  u n d e rs ta n d in g  o f  th e  r e la t io n s h ip s  

between th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  in  th e  p e r ip h e ry  and 

in d iv id u a l  complex le a rn in g  was recommended.
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PREFACE

T h is  s tudy  began a p p ro x im a te ly  two ye a rs  ago when th e  

a u th o r  became in c r e a s in g ly  aware t h a t  th e re  was more in v o lv e d  in  th e  

u n d e rs ta n d in g  o f  le a r n in g  than  m ere ly  i n v e s t i g a t in g  is o la te d  o v e r t  

response c h a r a c t e r i s t i c s .  I t  was f e l t  t h a t  a b ro ad e r  and more 

w h o l i s t i c  u n d e rs ta n d in g  o f  le a r n in g  co u ld  be ga ined  by m easur ing , in  

some way, th e  i n t e r n a l  p h y s io lo g ic a l  a c t i v i t y  o f  i n d i v id u a ls  w h i le  

le a rn in g  ta s k s  o f  v a ry in g  c o m p le x i ty .  Thus, w i t h  th e  e x c e l le n t  

research  f a c i l i t i e s  a v a i la b le  in  th e  departm ent o f  Psycho logy ,

U n iv e r s i t y  o f  W indsor, i t  was p o s s ib le  to  des ign  and conduct a research  

p r o je c t  s tu d y in g  th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  in  s k e le ta l  muscles 

d u r in g  le a r n in g  ta s k s  o f  v a ry in g  c o m p le x i ty .  A s ide  from th e  

t h e o r e t i c a l  v a lu e  o f  such research  in  th e  psycho logy  o f  human le a r n in g ,  

i t  p re s e n ts  e x c e l le n t  o p p o r t u n i t i e s  f o r  research  in  more a p p l ie d  b u t  

e s s e n t ia l  aspec ts  o f  human b eh a v io u r  such as th e  d e te c t io n  o f  

p h y s io lo g ic a l  a b n o rm a l i t ie s  where le a rn in g  problems a re  known to  e x i s t .

I would l i k e  to  express  my g r a t i t u d e  to  P ro fe s s o r  A. A. S m ith , 

my d i r e c t o r  whose su g g e s t io n s  f o r  e xpe r im e n ta l and appa ra tus  d e s ig n ,  

and h is  e nd u r ing  p a t ie n c e  and gu idance  made t h i s  paper a r e a l i t y .  I 

w ish  a ls o  to  express my a p p r e c ia t io n  to  my re a d e rs .  P ro fe s s o r  J .  V. 

Basmajian o f  Queens U n iv e r s i t y ,  f o r  h is  h e lp f u l  su g g e s t io n s  and f o r  

coming to  Windsor f o r  th e  o r a l  e xa m in a t io n ,  and to  P ro fe s s o rs  R. C.

Fehr and M. W. S ta r r  f o r  s e rv in g  on th e  com m ittee .

i V
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I w ish  to  express my g r a t i t u d e ,  a g a in ,  and pe rsona l 

indeb tedness  to  P ro fe s s o rs  F eh r ,  Smith and S ta r r  f o r  th e  e x c e l le n t  

t r a i n i n g  and gu idance  t h a t  I have re ce ive d  d u r in g  my fo u r  yea rs  in  

th e  departm ent o f  P sycho logy , U n iv e r s i t y  o f  W indsor, as a g ra d u a te  

s tu d e n t .  W ith o u t  th e  u n d e rs ta n d in g  and te a c h in g  o f  the se  t r u l y  

un ique  and b r i l l i a n t  men t h i s  t h e s is  co u ld  n o t have m a te r ia l i z e d  

o r  been com p le ted .

F i n a l l y ,  I would l i k e  to  thank W a lte r  S c h re d e l,  my f r i e n d ,  

who a s s is te d  me in  so many c o u n t le s s  and v a lu a b le  ways in  th e  te c h n ic a l  

a spec ts  o f  t h e  t h e s i s ;  and K a th e r in e  Ladd, my w i f e ,  who typed  th e  many 

d r a f t s  o f  th e  t h e s is .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

PREFACE
Page.

IV

LIST OF TABLES V I  1 1

LIST OF FIGURES I X

Chapter
INTRODUCTION ..........................................................

HI STOPICAL OVERVIEW OF ELECTROPHYSIOLOGY 

REVIEW OF THE LITERATURE .

1

4

9

METHODOLOGY AND PROCEDURE

S ub je c ts
Apparatus

E xperim en ta l 
E le c t r o p h y s io lo g ic a l  

P rocedure  .
E le c t r o p h y s io lo g ic a l  
E xpe rim en ta l Task 

N o - le a rn in g  Task . 
P a i r - l e a r n in g  Task 
P ro b le m -s o lv in g  Task

16

16
17
17
21
23
23
26
26
27
28

RESULTS ...............................................

Leve l o f  Lea rn in g  .
P h y s io lo g ic a l  Response Measures 
P h y s io lo g ic a l  Response D u ra t io n s

31

31
31
55

DISCUSSION . . . .

Leve l o f  L ea rn in g  .
P h y s io lo g ic a l  Responses 
P h y s io lo g ic a l  Response D u ra t io n s

64

64
64
71

VI

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Page

S U M M A R Y .................................................................................  74

APPENDIX A In te g ra te d  EMGs o f  th e  P ass ive  Arm, A c t iv e  Arm
and Speech Responses f o r  T r i a l  Number 40 . 77

APPENDIX B I n s t r u c t io n s ,  E xpe r im en ta l Tasks . . 81

APPENDIX C Random O rder o f  P re s e n ta t io n  o f  T h i r t y - s i x  
W hite  L ig h ts  and th e  Response B u tton
Connections . . . . . . .  84

APPENDIX D Random Order o f  P re s e n ta t io n  o f  th e  W hite
L ig h t  Pai rs  . . . . . .  . 85

APPENDIX E The In d iv id u a l  and th e  Mean Values o f  th e  
P h y s io lo g ic a l  Responses in  M i l l im e te r s ,  and 
Perform ance in  Terms o f  C o rre c t  and In c o r r e c t  
I n d iv id u a l  Responses . . . . .  86

APPENDIX F The In d iv id u a l  and th e  Mean Values o f  th e  
P h y s io lo g ic a l  Responses in  M ic r o v o l t s ,  and 
Perform ance in  Terms o f  C o rre c t  and In c o r r e c t  
I n d iv id u a l  Responses . . . . .  126

R E F E R E N C E S ............................................................................................. 166

VI  1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LIST OF TABLES

T a b le  Page

1 Net P h y s io lo g ic a l  Responses in  M ic r o v o l t s  . 51

2 A n a ly s is  o f  V a r ia n ce  on th e  Net
P h y s io lo g ic a l  Responses . . . . .  53

3 Test on Means o f  th e  Net P h y s io lo g ic a l
Responses Using Newman-Keuls P rocedure  . . 54

4 Net P h y s io lo g ic a l  Response D u ra t io n
in  Seconds . . . . . . . .  61

5 t  T es ts  Between th e  Net P h y s io lo g ic a l  Response
D u ra t io n s  in  Seconds . . . . .  63

V I  1 1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LIST OF FIGURES

F ig u re  Page.

1 Muscle te n s io n  o f  a c t i v e  l im bs  and p a s s iv e  l im bs
as a f u n c t io n  o f  induced muscle te n s io n  . . 12

2 Panel B as i t  appeared to  each s u b je c t  in  th e  no -
le a r n in g  ta s k  . . . . . . .  18

3 Panel B as i t  appeared to  each s u b je c t  in  bo th
th e  p a i r - l e a r n in g  and th e  p ro b le m -s o lv in g  ta s k s  18

4 Relay panel used to  su pp ly  th e  b u t to n s  and l i g h t s
o f  th e  s u b je c t ’ s panel w i t h  12 v o l t  d i r e c t
c u r r e n t  . . . . . . . . . 2 0

5 S u b je c t  Number 1, N o -L ea rn in g .  The mean p h y s io ­
l o g i c a l  responses in  m ic r o v o l t s  o f  th e  a c t i v e
arm, p a s s iv e  arm and speech. . . . .  35

6 S ub je c t  Number 2 , N o - le a rn in g .  The mean p h y s io ­
l o g i c a l  responses in  m ic r o v o l t s  o f  th e  a c t i v e
arm, p a s s iv e  arm and speech. . . . .  36

7 S ub je c t  Number 3 , N o -L e a rn in g .  The mean p h y s io ­
l o g i c a l  responses in  m ic r o v o l t s  o f  th e  a c t i v e
arm, p a s s iv e  arm and speech . . . .  37

8 S ub je c t  Number 1, P a i r - l e a r n in g .  The mean p h y s io ­
l o g i c a l  responses in  m ic r o v o l t s  o f  th e  a c t i v e  arm, 
p a s s iv e  arm and speech . . . . .  38

9 S u b je c t  Number 2, P a i r - l e a r n in g .  The mean p h y s io ­
l o g i c a l  responses in  m ic r o v o l t s  o f  th e  a c t i v e  arm, 
p a s s iv e  arm and speech. . . . . .  39

10 S u b je c t  Number 3, P a i r - l e a r n in g .  The mean p h y s io ­
l o g i c a l  responses in  m ic r o v o l t s  o f  th e  a c t i v e  arm, 
p a s s iv e  arm and speech . . . . .  40

11 S ub je c t  Number 1, P ro b le m -s o lv in g .  The mean
p h y s io lo g ic a l  responses in  m ic r o v o l t s  o f  th e  a c t i v e
arm, p a s s iv e  arm and speech . . . .  41

12 S ub je c t  Number 2 , P ro b le m -s o lv in g .  The mean
p h y s io lo g ic a l  responses in  m ic r o v o l t s  o f  th e  a c t i v e
arm, p a s s iv e  arm and speech . . . .  42

i x

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



F ig u re  ' Page.

13 S ub je c t  Number 3, P ro b le m -s o lv in g .  The mean 
p h y s io lo g ic a l  responses in  m ic r o v o l t s  o f  th e  a c t i v e
arm, p a s s iv e  arm and speech . . . .  43

14 The t o t a l  n e t  p h y s io lo g ic a l  responses in  m ic r o v o l t s
o f  a l l  t h r e e  s u b je c ts  f o r  each e xpe r im e n ta l ta s k .  56

15 The mean p h y s io lo g ic a l  response d u r a t io n s  in
seconds, N o - le a rn in g .  . . . . .  58

16 The mean p h y s io lo g ic a l  response d u r a t io n s  in
seconds. P a i r - l e a r n in g  . . . . .  59

17 The mean p h y s io lo g ic a l  response d u r a t io n s  in
seconds. P ro b le m -s o lv in g  . . . . .  60

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER I 

INTRODUCTION

S tud ie s  o f  th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  in  s k e le ta l  

muscles o f  i n d iv id u a l  humans w h i le  p e r fo rm in g  v a r io u s  p s y c h o lo g ic a l  

ta s k s  have been re p o r te d  in  th e  l i t e r a t u r e  s in c e  th e  l a t e  1930s. The 

g en e ra l goa l o f  t h i s  a c t i v e  a rea  o f  research  has been to  d e te rm ine  th e  

q u a n t i t a t i v e  changes in  th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  d u r in g  

perfo rm ance  o f  a s p e c i f i c  ta s k  and th e n ,  to  t h e o r e t i c a l l y  i n t e r p r e t  

th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  in  term s o f  c e n t r a l  p rocesses ;  i . e . ,  

c e n t r a l  nervous system mechanisms a n d /o r  a c t i v i t y ,  u n d e r ly in g  th e  

o rg a n ize d  perfo rm ance  o f  th e  ta s k .  The changes in  th e  e l e c t r o ­

p h y s io lo g ic a l  a c t i v i t y ;  i . e . ,  th e  e l e c t r i c a l  a c t i v i t y  o f  th e  m otor 

u n i t s  o f  th e  s k e le ta l  m usc les , have been found to  be p r o g r e s s iv e ly  

in c re a s in g  changes, b e g in n in g  w i th  th e  onse t o f  a c o n t in u o u s  ta sk  

and c o n t in u in g  to  th e  t e r m in a t io n  o f  th e  ta s k .  In th e  s tu d ie s  

re p o r te d  th e s e  p ro g re s s iv e  in c re a se s  have been r e fe r r e d  to  g e n e r a l ly  

as " p h y s io lo g ic a l  g r a d ie n t s " .  The g r a d ie n ts  have been t h e o r e t i c a l l y  

i n t e r p r e t e d ,  in  term s o f  c e n t r a l  p rocesses , as i n d i c a t i n g  in c re a s in g  

le v e ls  o f  e i t h e r  m o t iv a t io n ,  a t t e n t i o n ,  a c t i v a t i o n ,  awareness, i n t e r e s t ,  

o r  such d u r in g  perfo rm ance o f  th e  ta s k .  The ta s k s  have been l i m i t e d ,  

f o r  th e  most p a r t ,  to  p e rc e p tu a l-m o to r  ty p e  b e h a v io u r .

Malmo ( l9 6 5 )  and Thompson, L in d s le y  and Eason (1967) 

have p re sen te d  e x c e l le n t  rev iew s o f  th e  s tu d ie s  in  t h i s  a rea  o f  

e le c t r o p h y s io lo g ic a l  research  in  p sycho logy .  Basmajian (1965) has 

p resen ted  a re v ie w  concerned w i t h  th e  u n d e r ly in g  ana tom ica l c o n s id e ra ­

t i o n s  o f  th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  in  th e  s k e le ta l  m uscles.

1
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2

Hodgkin (1964) has p resen ted  a d e f i n i t i v e  e x p la n a t io n  o f  th e  b io ­

chem ica l and th e  b io - p h y s ic a l  mechanisms u n d e r ly in g  th e  e le c t r o ­

p h y s io lo g ic a l  a c t i v i t y .  S idowski (1967) has p resen ted  a d e ta i le d  

re p o r t  on th e  c u r r e n t  s ta tu s  o f  in s t ru m e n ta t io n  and methodology in  

t h i s  a rea .

An e x te n s iv e  re v ie w  o f  th e  s tu d ie s  in  t h i s  a rea  o f  e le c t r o ­

p h y s io lo g ic a l  research  in  psycho logy  has re ve a le d  two m a jo r  c o n t r i b u ­

t io n s  from  which th e  i n v e s t i g a t io n  undertaken  in  t h i s  t h e s is  has been 

deve loped. F i r s t ,  t h e  re ce n t advancements in  in s t ru m e n ta t io n  and 

te c h n ic a l  methodology have made th e  necessary  complex and s e n s i t i v e  

equipment r e a d i l y  a v a i la b le  to  any la b o r a to r y ,  s p e c i f i c a l l y  th e  

psycho logy  la b o r a t o r ie s  o f  th e  U n iv e r s i t y  o f  W indsor. S econd ly , 

in  t h a t  th e  m a jo r i t y  o f  s tu d ie s  re p o r te d  have been l im i t e d  g e n e r a l ly  

to  one b e h a v io u ra l  l e v e l ;  i . e . ,  p e rc e p tu a l-m o to r  ta s k s ,  a w e l l  de­

ve loped  e xpe r im e n ta l approach has been e s ta b l is h e d  f o r  e l e c t r o -  

p h y s o lo g ic a l  research  in  p sych o lo g y .

The r e s u l t ,  stemming from  the se  c o n t r i b u t i o n s ,  i s  t h a t  

bo th  th e  necessary  equipment was a v a i l a b le  and a dependable e x p e r i ­

menta l approach has been deve loped a t  one b e h a v io u ra l  le v e l  from  which 

th e  e x p e r im e n ta t io n  in  t h i s  t h e s is  has been des igned f o r  a d i f f e r e n t  

and more complex b e h a v io u ra l  l e v e l .  That i s ,  t h r e e  d i f f e r e n t  e x p e r i ­

menta l ta s k s  were designed to  s tu d y  th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  

o f  th e  s k e le ta l  muscles o f  i n d i v id u a l  humans d u r in g  complex i n d iv id u a l  

le a r n in g .  Task one was o p e r a t i o n a l l y  d e f in e d  as a " n o - le a r n in g "  ta s k ;  

ta s k  two was d e f in e d  as a " p a i r - l e a r n i n g "  ta s k ;  and ta s k  th r e e  was
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d e f in e d  as a " p r o b le m -s o lv in g "  ta s k .

The research  was o f  a h ig h ly  e x p lo r a to r y  and e m p ir ic a l  

n a tu re .  The f i r s t  o b je c t i v e  o f  th e  research  was to  d e te rm ine  th e  

r e la t i o n s h ip  between th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  o f  th e  fo rea rm  

e x te n s o r  muscles and th e  speech muscles and perfo rm ance  o f  th e  th r e e  

e xpe r im e n ta l ta s k s  d u r in g  a c q u i s i t i o n .  The second o b je c t i v e  was to  

de te rm in e  th e  same r e la t i o n s h ip  d u r in g  o v e r - le a r n in g .

A b r i e f  h i s t o r i c a l  o v e rv ie w  o f  th e  s c ie n c e  o f  e l e c t r o ­

p h y s io lo g y  has been p resen ted  in  th e  f o l l o w in g  s e c t io n  s e p a ra te ly  

from  th e  re v ie w  o f  th e  s tu d ie s  o f  e le c t r o p h y s io lo g ic a l  re sea rch  in  

p sycho lo g y .  T h is  has been done to  g iv e  th e  reade r a g en e ra l idea  o f  

what th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  in  s k e le ta l  muscles is  in  t h i s  

and in  o th e r  s tu d ie s .
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HISTORICAL OVERVIEW OF ELECTROPHYSIOLOGY

U n t i l  1791 e le c t r o p h y s io l o g ic a l  a c t i v i t y  o f  nervous t i s s u e  

was a h ig h ly  s p e c u la t i v e  and l i t t l e  known phenomena. In t h i s  yea r 

G a lvan i (1791) p u b l is h e d  h is  famous Commentarius w i t h  th e  c o n c lu s io n  

t h a t  nerves  c o n ta in  an i n t r i n s i c  fo rm  o f  e l e c t r i c i t y :

ConjeSur£y C5* ctMfe^iaria nonnulln^

E X  haâenus cognitis,  exploratifque fatis conftare arbi- 
tcor, eleâricitatem animal:bus inelTe » quam liceat no* 

bis cum Bartolonio, aliifque générait quodam nomine a* 
nimaLem appeUare. H%c* fio minus omnibus, pleiifque ta*
men inimaHuni partlbuf contlnetur; fed in mufculia, ac 
nervis luculentiflime fe exhtbet. Hujui peculiare net antea co* 
gnitum ingenium efle videtur, ut a mufculif ad nervos, ycl 
ab his potius ad illos tendat vchementer, fubeatque illico 
vel arcum, vel hominum catenam, vei auxcumque alia de* 
ferentia corpora, qux a nervis ad mufcuios breviori, & ex* 
peditiori durant itinere, celerrimeque per eadem ab illis ad 
hos excurtat.

Ex hoc autem duq maxime profluere videntur, dupli* 
cem fctlicet in his parti bus eledricitatcm efle, pofitivam a- 
liam, ut credere e lt , aliam negativam , atque alteram ab 
altera penitus efle natura fejunâam ; fecus enim xquilibrio 
habito, nullus motus, excurfus elcAriciiatis nullus, nullum 
mulcularis contraétionis phenomenon. (D

(1 )  From th e  th in g s  t h a t  have been a s c e r ta in e d  and in v e s t ig a te d  thu s  
f a r ,  I b e l ie v e  i t  has been s u f f i c i e n t l y  w e l l  e s ta b l is h e d  t h a t  th e r e  is  
p re s e n t  in  a n im a ls  an e l e c t r i c i t y  wh ich  we, to g e th e r  w i t h  B a r th o lo n iu s  
and o th e rs  a re  wont to  d e s ig n a te  w i t h  th e  g e n e ra l te rm ,  " a n im a l " .  T h is  
e l e c t r i c i t y  i s  p re s e n t ,  i f  n o t  in  a l l ,  a t  l e a s t  in  many p a r ts  o f  
a n im a ls .  I t  i s  seen most c l e a r l y ,  however, in  th e  muscles and n e rves .  
I t s  s p e c ia l  c h a r a c t e r i s t i c ,  n o t  recogn ized  b e fo re ,  seems to  be t h a t  i t  
courses  s t r o n g ly  from  th e  muscles to  th e  nerves o r  r a th e r  from  th e  
l a t t e r  to  th e  fo rm e r ,  and d i r e c t l y  e n te rs  an a r c ,  a c h a in  o f  men, o r  
o th e r  c o n d u c t in g  bod ie s  wh ich  lead  from  th e  ne rves  to  th e  muscles by 
th e  s h o r te s t  and most d i r e c t  co u rse  p o s s ib le ,  and passes in  a l l  h as te  
from  one to  th e  o th e r  th ro u g h  them.

From t h i s ,  two f a c t s  a re  p a r t i c u l a r l y  e v id e n t ,  namely t h a t
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T h is  d is c o v e ry ,  u s in g  ne rve -m usc le  p re p a ra t io n s  o f  sheep 

and dogs, marked th e  b e g in n in g  o f  th e  s c ie n c e  o f  e le c t r o p h y s io lo g y .  

A no ther 50 yea rs  passed b e fo re  s c i e n t i s t s  r e a l i z e d  t h a t  th e  e l e c t r i c a l  

a c t i v i t y  o f  th e  nervous system co u ld  be used as an in h e re n t  s ig n  o f  

i t s  f u n c t i o n ;  in s te a d  o f ,  as G a lvan i had a c t u a l l y  dem onstra ted , t h a t  

nervous t i s s u e  was capab le  o f  th e  c o n d u c t io n  o f  e l e c t r i c i t y .  I t  was 

in  1848 t h a t  i t  was f i n a l l y  dem onstra ted  by DuBois-Reymond t h a t  

a c t i v i t y  in  a n e rve  was i n v a r ia b l y  accompanied by an e l e c t r i c a l  change 

and c u r r e n t  f lo w  ( B r a z ie r ,  1961; Zacks, 1964).  He had s u c c e s s fu l ly  

dem onstra ted , w o rk in g  in  p e r ip h e r a l  n e rv e s ,  t h a t  an e l e c t r i c a l  s ig n a l  

i s  co n co m ita n t  w i t h  th e  t ra n s m is s io n  o f  th e  n e rve  im pu lse , wh ich  is  s t i l l  

t h e  most im p o r ta n t  concep t f o r  d e te rm in in g  th e  t ra n s m is s io n  o f  im pulses 

in  n e rves .  DuBois-Reymond s ta te d  t h a t  th e  e l e c t r i c a l  change was due, 

p o s s ib ly ,  to  changes in  c o n c e n t r a t io n  o f  chem ica ls  between th e  in s id e  

and o u ts id e  o f  th e  merve membrane. The n ex t m a jo r  s tep  in  e l e c t r o -  

phys io logy^w & s th e  e s ta b l is h m e n t  o f  s i m i l a r  e l e c t r i c a l  a c t i v i t y  in  

th e  b r a in .  The f i r s t  account o f  t h i s  in  th e  l i t e r a t u r e  was re p o r te d  

by R. Gaton o f  England in  1875 ( B r a z ie r ,  1961). Caton experim ented  

w i th  th e  exposed b r a in s  o f  r a b b i t s  and monkeys u s in g  s u r fa c e  e le c t ro d e s

a two—f o l d  e l e c t r i c i t y  is  p re s e n t  in  th e se  b o d i l y  p a r t s ,  one p o s i t i v e ,  
as one supposes, th e  o th e r  n e g a t iv e ,  and t h a t  each is  c o m p le te ly  sep­
a ra te d  from  th e  o th e r  by n a tu re ;  o th e rw is e ,  i f  t h e r e  were a s t a t e  o f  
e q u i l i b r iu m ,  no movement, no f lo w  o f  e l e c t r i c i t y ,  and no phenomenon o f  
m uscu la r c o n t r a c t io n  would ta k e  p la c e .
T ra n s la te d  by M argare t G lo v e r  F o le y .  Burnby L ib r a r y ,  1953. N o rw a lk , 
C o n n e c t ic u t .  P u b l ic a t io n  No. 10, pp. 132-133.
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and a ga lvanom ete r to  e s ta b l i s h  th e  p resence  o f  e l e c t r i c a l  a c t i v i t y .

To account f o r  th e  i n v a r ia b le  e l e c t r i c a l  a c t i v i t y  and 

c u r r e n t  wh ich  was dem onstra ted by DuBois-Reymond, B e rn s te in  p re sen ted  

th e  "membrane th e o ry "  o f  nervous c o n d u c t io n  in  1868 (Z acks ,  1964) and 

in  1902 and 1912 (H o d gk in ,  1964 ).  B ro a d ly ,  B e rn s te in  conce ived  

th e  r e s t in g  ne rve  as be ing  surrounded  by a p o la r i z e d  membrane w i th  

s e le c t i v e  p e r m e a b i l i t y  to  po ta ss iu m . I t  was b a s i c a l l y  th e  n e u t r a l i ­

z a t io n  o f  th e  p o la r i z e d  membrane t h a t  was re s p o n s ib le  f o r  th e  e l e c t r i c a l  

c u r r e n t  f l o w .  B e rns te in T s  membrane th e o ry  was w id e ly  accepted w i t h ­

o u t  m a jo r  m o d i f i c a t io n  u n t i l  th e  e a r ly  1950s. Hodgkin and Huxley (1952) 

have m o d i f ie d  B e rn s te in * s  th e o ry  t o  show t h a t  i t  was n o t a n e u t r a l i ­

z a t io n  o f  th e  p o la r i z e d  membrane p o t e n t i a l  b u t  a re v e rs a l  o f  th e  

p o t e n t i a l ,  from  n e g a t iv e  to  p o s i t i v e ,  wh ich  was re s p o n s ib le  f o r  th e  

e l e c t r i c a l  t ra n s m is s io n  o f  th e  im pu lse . That i s ,  in  th e  r e s t in g  s t a t e  

th e  membrane i n t e r i o r  i s  h igh  in  po tass ium  ions  and low in  sodium ions 

w i t h  re s p e c t  to  th e  e x t r a c e l l u l a r  s o lu t i o n ,  r e s u l t i n g  in  a n e g a t iv e  

p o t e n t i a l .  Under s t im u la t io n  th e  membrane was shown to  be more p e r ­

meable to  sodium ions  and, as a r e s u l t ,  t h e  in s id e  swings m o m e n ta r i ly  

p o s i t i v e ,  g i v in g  a t r a n s ie n t  " a c t io n  p o t e n t i a l " .  At th e  peak o f  th e  

a c t io n  p o t e n t i a l  th e  in s id e  o f  th e  membrane i s  p o s i t i v e  w i th  re sp ec t 

to  th e  e x t r a c e l l u l a r  s o lu t i o n .  T h is  io n ic  change has been a t t r i b u t e d  

to  a s e le c t i v e  io n ic  p e r m e a b i l i t y  q u a l i t y  o f  th e  membrane (Hiodgkin, 1964),

In term s o f  th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  o f  th e  s k e le ta l  

muscles i t  i s  the se  a c t io n  p o t e n t i a l s ,  o r i g i n a t i n g  in  th e  m otor 

neuron, , t h a t  a re  th e  b a s is  o f  th e  e le c t r o p h y s io lo g ic a l  g ra d ie n ts
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d iscussed  in  th e  in t r o d u c t i o n .  S p e c i f i c a l l y ,  i t  has been shown t h a t  

w i t h  th e  a c t i v a t i o n  o f  th e  s p in a l  m otor neuron th e  a c t io n  p o t e n t i a l  i s  

conducted v i a  th e  m otor n e rve  axon sp re ad in g  in to  th e  te r m in a l  branches 

o f  th e  m otor e n d -p la te  o f  th e  muscle  f i b e r  (neu rom uscu la r  j u n c t i o n ) ,  

r e s u l t i n g  in  th e  e n d -p la te  a c t io n  p o t e n t i a l  (Gasser and E r la n g e r ,  1930). 

I t  i s  im p o r ta n t  to  s t a t e  t h a t  th e  e n d -p la te  p o t e n t i a l  has been found 

to  be a graded response, I t  ihas no r e f r a c t o r y  p e r io d ,  and subsequent 

e x c i t a t i o n  b e fo re  i t  has decayed w i l l  cause summation a long  th e  whole  

le n g th  o f  i t s  e le c t r o t o n i c  e x te n s io n ;  i . e . ,  a few m i l l im e t e r s  

( B r a z ie r ,  1960 ).  T h is  summative p ro p e r ty  o f  th e  e n d -p la te  p o t e n t i a l  

may have accoun ted , in  p a r t ,  f o r  th e  p h y s io lo g ic a l  g r a d ie n ts  o b ta in e d  

in  p re v io u s  re s e a rc h .  The e n d -p la te  p o t e n t i a l ,  in  t u r n ,  g iv e s  r i s e  

to  muscle  a c t io n  p o t e n t i a l s  wh ich  a re  p ropagated  tow ard  bo th  ends o f  

th e  muscle f i b r e  from  th e  c e n t r a l l y  lo c a te d  e n d -p la te s .

T h is  e le c t r o p h y s io lo g ic a l  a c t i v i t y ,  in  th e  fo rm  o f  a c t io n  

p o t e n t i a l s ,  between th e  m otor neurons and th e  muscle  f i b e r s  i s  what 

has been measured in  th e  p h y s io lo g ic a l  g r a d ie n ts  r e fe r r e d  to  in  th e  

i n t r o d u c t i o n .  The  p h y s io lo g ic a l  g r a d ie n ts  have been de te rm ined  gen­

e r a l l y  by m easuring and re c o rd in g  th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  

f o r  s p e c i f i c  muscles o f  muscle  groups from  th e  s u r fa c e  o f  th e  s k in .

T h is  p ro ced u re  has been shown to  r e s u l t  in  a broad  su rvey  o f  th e  

a c t io n  p o t e n t i a l s  gene ra ted  by many m otor u n i t s  w i t h i n  a s p e c i f i c  

m uscle  o r  group o f  muscles (B a sm a jia n ,  1964; J .F .  D a v is ,1959 ).  T h is  

p ro ce d u re  o f  measuring th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  from  th e  

s u r fa c e  o f  th e  s k in  has been r e fe r r e d  to  as "e le c t ro m y o g ra p h y "  and
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t h e  a c tu a l  re c o rd in g s  have been r e fe r r e d  to  as "e le c tro m yo g ram s" ( EMGs) 

in  th e  l i t e r a t u r e .  I t  i s  im p o r ta n t  to  r e a l i z e  t h a t  th e  s u r fa c e  EMG 

is  n o t  a d i r e c t  measure o f  m u s c u la tu re  c o n t r a c t io n ,  a l th o u g h  a h igh  

c o r r e l a t i o n  has been shown to  e x i s t  between th e  e le c t r o p h y s io lo g ic a l  

a c t i v i t y  and th e  m echan ica l o r  m uscu la r even ts  ( B u l lo c k ,  1959 ).  The 

EMG has been shown to  be, a g a in ,  a more d i r e c t  index o f  m otor nerve  

a c t i v i t y  in  th e  fo rm  o f  m otor neuron a c t io n  p o t e n t i a l s ,  as th e  m agnitude  

o f  th e  g ro ss  e le c t r o p h y s io lo g ic a l  response in  th e  m otor u n i t  i s  a 

d i r e c t  f u n c t io n  o f  th e  amount o f  c e n t r a l  nervous system s t im u la t io n  

imposed upon th e  i n d iv id u a l  m o tor neurons ( B u l lo c k ,  1959).

The s tud y  o f  th e  r e l a t i o n s h ip  between th e  e le c t r o p h y s io  lo g ­

i c a l  a c t i v i t y  o f  s k e le ta l  muscles and perfo rm ance  o f  e xpe r im e n ta l 

p s y c h o lo g ic a l  ta s k s ,  em ploy ing  th e  s u r fa c e  e le c t ro m y o g ra p h ic  te c h n iq u e ,  

had i t s  b e g in n in g  w i th  th e  work o f  R.G, D av is  (1937 , 1940 ).  S ince  

t h a t  t im e  numerous s tu d ie s  have been re p o r te d  in  th e  l i t e r a t u r e .  A 

re v ie w  o f  th e s e  s tu d ie s  and o th e r  e le c t r o p h y s io lo g ic a l  s tu d ie s ,  

p e r t i n e n t  to  t h i s  t h e s i s ,  i s  p re sen ted  in  th e  f o l l o w in g  re v ie w  o f  th e  

l i t e r a t u r e .
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REVIEW OF THE LITERATURE

The re v ie w  o f  th e  l i t e r a t u r e  is  an a gg re g a te  re v ie w  w i th  

th e  emphasis on th e  e m p ir ic a l  r e s u l t s .  The a p p r o p r ia te  re v ie w  r e f ­

erences and th e  i n d iv id u a l  s tu d ie s  have been c i t e d  e x te n s iv e ly  f o r  th e  

reader who i s  in te r e s te d  in  s p e c i f i c  d e t a i l s .

The i n d iv id u a l  s tu d ie s  concerned w i t h  th e  r e la t io n s h ip s  

between th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  in  s k e le ta l  muscles and 

perfo rm ance  have been g e n e r a l ly  w i t h i n  th e  b e h a v io u ra l  framework o f  

c o n t in u o u s  p e rc e p tu a l-m o to r  ta s k s ;  e . g . ,  v is u a l  and a u d i t o r y  d i s c r i ­

m in a t io n ,  t r a c k in g  b e h a v io u r ,  m i r r o r  t r a c i n g ,  g r i p  p re s s u re ,  l i s t e n i n g  

and t a l k i n g .  The e le c t r o p h y s io lo g ic a l  a c t i v i t y  has been de te rm ined  

by re c o rd in g  from th e  s u r fa c e  o f  th e  s k in  o v e r  th e  muscle o r  muscles 

s p e c i f i e d .  The e le c t r o p h y s io lo g ic a l  a c t i v i t y  has been measured in  

te rm s o f  q u a n t i t a t i v e  changes in  m ic r o v o l t s  o v e r  t im e  o r  ta s k  

pe r fo rm ance . The measurements (EMGs) have been g e n e r a l l y  r e fe r r e d  

to  as " p h y s io lo g ic a l  g r a d ie n t s " .  T h is  te rm  has been used as th e  

q u a n t i t a t i v e  changes in  th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  have been 

shown to  be c o n t in u e d  and p r o g r e s s iv e lv  m onoton ie  in c re a s e s . The 

g r a d ie n ts  have been shown to  commence w i th  th e  o nse t o f  th e  ta s k  and 

c o n t in u e  to  th e  c o m p le t io n  o f  th e  ta s k ,  and decrease s h a r p ly  w i t h  ta s k  

c o m p le t io n .  The g r a d ie n ts  have been observed  o f t e n  in  muscles n o t 

a c t i v e l y  engaged in  th e  ta s k  as w e l l  as in  tho se  muscles d i r e c t l y  

engaged in  th e  ta s k .

Time courses o f  th e  g r a d ie n ts  have depended on th e  le n g th  

o f  th e  e xpe r im en ta l ta s k s .  T h is  has been from  20 to  30 seconds in  th e

9
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case o f  some m i r r o r  d raw ing  ta s k s ,  f o r  example, up to  10 m inu tes  

in  th e  case o f  l i s t e n i n g  and t a l k i n g  ta s k s .

[n th e  m a jo r i t y  o f  cases in d iv id u a l  s tu d ie s  have y ie ld e d  

th e  p h y s io lo g ic a l  g ra d ie n ts  d u r in g  perfo rm ance  where th e y  have been 

looked f o r  (B a r to s h u k ,  1955, a , b ;  B a r to sh uk , 1956; B e lan g e r ,  1957; 

C o u r ts ,  1939; D a v is ,  R . , 1937; D a v is ,  F . , and Malmo, 1951; D a v is ,  J . ,  

and Mundl, 1964; Eason, 1960, 1963; Eason and B ranks , 1963; Eason and 

W h ite ,  1960, 1961; E l l i o t t ,  1964; Freeman, 1940; H a r te r ,  Eason and 

W h ite ,  1964; Kennedy and T r a v is ,  1947, 1948; Malmo and D a v is ,  1956;

Malmo and Shagass, 1949; Malmo, Shagass and D a v is ,  1951; Malmo

and S u r w i l l o ,  1960; P inneo , 1961; Ryan, C o t t r e l l  and B i t te rm a n ,  1950;

Schnore, 1959; Shagass and Malmo, 1954; Shaw, 1956; S m ith , 1953;

S m ith , Malmo and Shag ass , 1954; S te n n e t t ,  1957; S u r w i l l o ,  1956; 

W a l le r s t e in ,  1954).

F a i lu r e  to  obse rve  g r a d ie n ts  in  a d u l t s  have been r e l a t i v e l y  

uncommon. MacNeilage (1966) has re p o r te d  t h a t  he had observed no 

g r a d ie n ts  d u r in g  a paced a u d i t o r y  ta s k .  He d id  n o t  a t te m p t to  e x p la in  

h is  f a i l u r e  to  obse rve  g r a d ie n ts .  In re fe re n c e  to  th e s e  r e s u l t s  

B e la n g e r ’ s (1957) f i n d i n g s  appear r e le v a n t .  B e lange r re q u ire d  s u b je c t s ,  

in  a ta s k  r e q u i r in g  a s e r ie s  o f  ra p id  v is u a l  d i s c r im in a t i o n s ,  to  p ress 

a b u t to n  each t im e  a judgement was made. Under th e se  c o n d i t io n s  

p h y s io lo g ic a l  g ra d ie n ts  were o b ta in e d .  However, when a l l  th e  s u b je c ts  

had to  do was to  p ress  th e  b u t to n  a t  th e  same i n t e r v a l s  w i th o u t  making 

th e  v is u a l  d i s c r im in a t io n s ,  p h y s io lo g ic a l  g r a d ie n ts  were n o t  obse rved . 

Malmo (1965) has s ta te d  t h a t  th e  f a i l u r e  to  o bse rve  g r a d ie n ts  is  due.
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perhaps , to  th e  f a c t  t h a t  th e  ta s k  may be too  s im p le  and, t h e r e f o r e ,  

too  low in  i t s  demands on th e  i n d i v i d u a l .  Eason’ s (1959) f a i l u r e  

to  have observed  g ra d ie n ts  appears s i m i l a r  to  B e la n g e r ’ s r e s u l t s  and 

may be accounted f o r  by th e  s i m p l i c i t y  o f  th e  e xpe r im e n ta l ta s k .

E l l i o t  (1964) has re p o r te d  t h a t  he f a i l e d  to  o b ta in  g r a d ie n ts  

in  young c h i ld r e n  d u r in g  e xpe r im e n ta l c o n d i t io n s  where t y p i c a l  

g r a d ie n ts  were observed in  a d u l t s .  E l l i o t  conc luded  t h a t  th e  f a i l u r e  

to  obse rve  g r a d ie n ts  was due p r i m a r i l y  to  th e  f a c t  t h a t  th e  c h i ld r e n  

were f a r  le s s  a b le  than  th e  a d u l t  s u b je c ts  to  m a in ta in  an u n d iv id e d  

and p e rs e v e r in g  a t t e n t i o n  to  th e  e xpe r im e n ta l ta s k .

The rev iew s in  t h i s  a rea  o f  research  have been p resen ted  

p e r i o d i c a l l y  by B a r to sh uk , 1955b; C o u r ts ,  1942; D u f f y ,  1957, 1962;

Malmo, 1957, 1959, 1962, 1965; Laza ru s ,  1966; Meyer, 1953; Thompson, 

L in d s le y  and Eason, 1966; Woodworth and S ch losb e rg ,  1954. These 

rev iew s  as w e l l  as th e  in d iv id u a l  s tu d ie s  have p o in te d  o u t  t h a t  in  

g e n e ra l as perfo rm ance  p roceeds , p h y s io lo g ic a l  g r a d ie n ts  a re  obse rved . 

The g r a d ie n ts  have shown a c o n t in u e d  monotonie  in c re a s e  from  th e  onse t 

to  th e  end o f  th e  ta s k  and f a l l  o f f  s h a r p ly  w i th  ta s k  c o m p le t io n .

T y p ic a l  g r a d ie n ts  a re  shown in  F ig u re  1.

In r e la t i n g  th e  p h y s io lo g ic a l  g r a d ie n ts  to  pe r fo rm ance , 

as a r u l e ,  th e s e  two v a r i a b l e s  have been found  to  be p o s i t i v e l y  re ­

l a t e d .  T h a t  i s ,  as perfo rm ance  in c re a s e s ,  th e  g r a d ie n ts  have been 

found to  in c re a s e .  Severa l s tu d ie s  have shown a n e g a t iv e  r e l a t i o n ­

s h ip ;  e . g . ,  Eason, 1963; D a v is ,  R . , 1940. T h is  n e g a t iv e  r e la t i o n s h ip  

has been accounted f o r  in  e i t h e r  o f  two ways. F i r s t ,  i f  th e
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Figure 1. Muscle tension of active limbs (used in tracking or in squeezing 
on the dynamometer) and passive limbs (not used in any way, merely 
resting) as a function of induced muscle tension. Baseline intervals are 
as follows: No tension ( N) ,  very light tension (VL), light tension (L),  
heavy tension ( H ) ,  very heavy tension ( VH) .  The last unconnected point 
on each curve is for the “exertion” condition in which the majority of sub­
jects exerted their maximum pull on the dynamometer during a period at 
the end of the experiment when they were not tracking. [Data from Pinneo, 
1961, courtesy of the Journal of Experimental Psychology.]
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in c re a se s  in  th e  p h y s io lo g ic a l  g r a d ie n ts  were produced by f a c t o r s  

ex traneous  to  th e  ta s k ,  t h i s  c o u ld  account f o r  a n e g a t iv e  r e l a t i o n ­

s h ip .  Second, a n e g a t iv e  r e l a t i o n s h ip  c o u ld  be expected i f  th e  

i n d iv id u a l  was p e r fo rm in g  a t  maximum s k i l l  l e v e l  a t  th e  b e g in n in g  o f  

th e  ta s k .  In such case, no f u r t h e r  improvement c o u ld  occu r  and th e re  

may a c t u a l l y  be a decrement in  per fo rm ance  w h ic h ,  in  t u r n ,  c o u ld  

r e s u l t  in  a dec reas ing  g r a d ie n t  d u r in g  pe r fo rm ance . Evidence t h a t  such 

decrements do occu r under th e se  c o n d i t io n s  was re p o r te d  by Eason (1 9 6 3 ) .

V a r io u s  s u g g e s t io n s  have been o f f e r e d  in  term s o f  c e n t r a l  

p rocesses  as to  what i s  in d ic a te d  by th e  r e l a t i o n s h ip  between th e  

p h y s io lo g ic a l  g ra d ie n ts  and pe r fo rm ance . The f i r s t  fo rm a l s ta tem en t 

co nce rn in g  th e  r e la t io n s h ip  in  term s o f  c e n t r a l  p rocesses  was g iv e n  

by Smith (1 9 5 3 ) .  Sm ith *s  h y p o th e s is  was s ta te d  as f o l l o w s :

. . .  th e  observed in c re a s e  in  muscle  te n s io n  d u r in g  draw ing  
r e f l e c t s  th e  d e ve lo p in g  o r g a n iz a t io n  o f  a c e n t r a l  n e u ra l 
p ro c e s s ,  wh ich  c o n t r o ls  and " a n t i c i p a t e s "  th e  o v e r t  a c t i v i t y ,  
and is  y e t  r e l a t i v e l y  independent o f  imm ediate  sensory  
s t im u la t io n  (1953 , pp. 3 4 -3 5 ) .

In th e  m a jo r i t y  o f  s tu d ie s  f o l l o w in g  S m ith 's  t h e r e  was a d e f i n i t e  

t re n d  away from  d is c u s s in g  th e  r e la t i o n s h ip  between th e  p h y s io lo g ic a l  

g r a d ie n ts  and perfo rm ance  d i r e c t l y  in  term s o f  c e n t r a l  p rocesses .  

In s te a d ,  th e  i n t e r p r e t a t i o n s  were d iscussed  in  more s p e c i f i c  b e h a v io u r ­

a l  and p h y s io lo g ic a l  term s such as m o t iv a t io n  and a c t i v a t i o n .  These 

i n t e r p r e t a t i o n s  a re  d iscussed  s u b s e q u e n t ly .  The c u r r e n t  t r e n d  in  th e  

d is c u s s io n  o f  th e  r e la t i o n s h ip  between p h y s io lo g ic a l  g r a d ie n ts  and 

perfo rm ance  i s ,  a g a in ,  in  te rm s o f  c e n t r a l  p rocesses  d i r e c t l y .  T h is  

t h in k in g  has been r e f le c te d  c u r r e n t l y  in  Malmo's (1965) h y p o th e s is
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developed fro m  an e x te n s iv e  re v ie w  o f  th e  l i t e r a t u r e :

A ga in , th e  ev idence  in d ic a te s  t h a t  th e  r i s i n g  g r a d ie n ts  
do n o t  s i g n i f y  in c re a s in g  m o t iv a t i o n ,  degree o f  i n t e r e s t ,  
o r  th e  l i k e ,  d u r in g  th e  course  o f  th e  b e h a v io u ra l  sequence. 
In s te a d ,  th e  i n d ic a t io n s  a re  t h a t  t h i s  in c re a s in g  " t o n i c "  
background is  somehow p a r t  o f  th e  who le  p h y s io lo g ic a l  
a c t i v i t y  seem ing ly  re q u ire d  f o r  s u s ta in in g  a r e l a t i v e l y  
even le v e l  o f  a t t e n t i o n  from  th e  b e g in n in g  to  th e  end o f  
th e  t a s k . . (1 9 6 5 ,  p . 2 31 ).

In term s o f  s p e c i f i c  q u a l i t i e s  o f  b e h a v io u r  Bartoshuk 

(1955 a , b , ;  1956) has d iscussed  th e  r e la t i o n s h ip  between p h y s io lo g ic a l  

g r a d ie n ts  and perfo rm ance  in  term s o f  m o t iv a t io n .  H is  h y p o th e s is  was 

t h a t  th e  g r a d ie n ts  a re  a d i r e c t  f u n c t io n  o f  s t r e n g th  o f  m o t iv a t io n  to  

p e r fo rm  a g iv e n  ta s k .  The m o t iv a t io n a l  h y p o th e s is  has been used by 

E l l i o t  (1 9 6 4 ) ,  MacNeilage (1 9 6 6 ) ,  S u r w i l l o  (1 9 5 6 ) ,  W a l le r s te in  (1954) 

and o th e r s .  O the r s p e c i f i c  q u a l i t i e s  o f  b e h a v io u r  r e fe r r e d  to  have in ­

c luded  i n t e r e s t ,  a t t e n t i o n  and such. These q u a l i t i e s  a re  g e n e r a l l y  

subsumed under th e  g e n e ra l head ing  o f  m o t iv a t io n .

The s p e c i f i c  p h y s io lo g ic a l  q u a l i t y  t h a t  has been r e fe r r e d  to  

i s  a c t i v a t i o n  o r  a ro usa l ( D u f f y ,  1962; Eason, 1963; Malmo, 1962;

P inneo , 1951; Schnore, 1959; S te n n e t ,  1957 and o t h e r s ) .  The 

a c t i v a t i o n  h y p o th e s is  has s ta te d  g e n e r a l l y  t h a t  th e  g r a d ie n ts  r e f l e c t  

th e  r e l a t i v e  amount o f  e f f o r t  o r  a c t i v i t y  e xe r te d  d u r in g  th e  p e r—  

formance o f  v a r io u s  p e rc e p tu a l-m o to r  ta s k s .  I t  has been suggested 

t h a t  a c t i v a t i o n  i s  m ediated c h i e f l y  th rough  th e  ascend ing  r e t i c u l a r  

a c t i v a t i n g  system (Magoun, 1964; Malmo, 1962).

At th e  p re s e n t  s ta g e  o f  e m p ir ic a l  knowledge in  t h i s  a rea  

o f  p s y c h o -p h y s io lo g ic a l  resea rch  th e  e m p ir ic a l  r e s u l t s  and th e  

hypotheses shou ld  be c o n s id e re d  as l im i t e d  and t e n t a t i v e .
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T h is  s ta te m e n t is  made in  v ie w  o f  th e  f a c t  t h a t  th e  research  has been 

l im i t e d  g e n e r a l l y  to  p e rc e p tu a l-m o to r  ta s k s  and th e  e m p ir ic a l  r e l a t i o n ­

s h ip s  observed  d u r in g  a c q u is i t i o n  o n ly .  I t  i s  im p o r ta n t ,  t h e r e fo r e ,  

t h a t  t h i s  ty p e  o f  research  be extended bo th  in  terms o f  more complex 

b e h a v io u r  and in  terms o f  o v e r - le a r n in g ,  o r  a c t i v e  p a r t i c i p a t i o n  

in  th e  e xpe r im e n ta l ta s k  beyond a c q u i s i t i o n .

I t  i s  f e l t  t h a t  such research  would r e s u l t  in  a more 

d e f i n i t i v e  u n d e rs ta n d in g  o f  th e  e m p ir ic a l  r e la t i o n s h ip  between th e  

e le c t r o p h y s io  l o g i c a l  a c t i v i t y  in  th e  s k e le ta l  muscles and perfo rm ance . 

I t  i s  th e  purpose o f  th e  p re s e n t  research  to  accom plish  t h i s .  Three 

expe rim en ts  were des igned to  s tu d y  th e  r e la t io n s h ip s  between th e  

e le c t r o p h y s io lo g ic a l  a c t i v i t y  in  th e  s k e le ta l  muscles and perfo rm ance  

d u r in g  complex le a r n in g .

The f i r s t  e xp e r im e n t ,  a " n o - le a r n in g "  t a s k ,  was des igned 

to  de te rm ine  th e  r e la t io n s h ip  between th e  p h y s io lo g ic a l  a c t i v i t y  and 

perfo rm ance  in  terms o f  p h y s ic a l  w ork . The p h y s ic a l  work in  th e  no­

le a r n in g  and th e  two le a r n in g  ta s k s  was i d e n t i c a l .  The two le a rn in g  

ta s k s  were d e f in e d  as complex le a r n in g  ta s k s .  Complex le a rn in g  is  

d e f in e d  as le a r n in g  where m e d ia t io n  c o u ld  be i n f e r r e d .  The f i r s t  

le a rn in g  ta s k  was o f  a s t im u lu s - re s p o n s e  n a tu re  and is  r e fe r r e d  to  

as th e  " p a i r - l e a r n in g "  ta s k .  The second le a r n in g  ta s k  was o f  a 

c o g n i t i v e  n a tu re  and i s  r e fe r r e d  to  as th e  " p ro b le m -s o lv in g "  ta s k .

The research  was o f  an h ig h ly  e x p lo r a to r y  n a tu re  w i th  th e  

emphasis on e s ta b l i s h in g  th e  e m p ir ic a l  r e la t io n s h ip s  between th e  

e le c t r o p h y s io lo g ic a l  a c t i v i t y  in  s p e c i f i c  s k e le ta l  muscles and complex 

le a rn in g  d u r in g  both  a c q u is i t i o n  and o v e r - le a r n in g .
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CHAPTER I I  

METHODOLOGY AND PROCEDURE

S u b je c ts

The s u b je c ts  were n in e  male u nde rg radu a te  s tu d e n ts  e n r o l le d  

in  th e  in t r o d u c to r y  psycho logy  courses  a t  th e  U n iv e r s i t y  o f  W indsor. 

The age range o f  th e  s u b je c ts  was l im i t e d  to  between 19 and 21 y e a rs .  

T h is  p re c a u t io n  was taken  to  m in im ize  p o s s ib le  v a r i a t i o n s  in  th e  

e le c t r o p h y s io lo g ic a l  re c o rd in g s  wh ich  co u ld  have been a t t r i b u t e d  to  

c h r o n o lo g ic a l  age f a c t o r s .  A l l  s u b je c ts  were e n g l is h  speak ing  mono- 

l i n g u a ls  s in c e  i t  has been de te rm ined  in  p re v io u s  in v e s t i g a t io n s  by 

th e  w r i t e r  and o th e rs  t h a t  m o n o l in g u a ls  le a rn  more r a p id l y  than 

b i l i n g u a l s  in  th e  ty p e  o f  e x p e r im e n ta l le a rn in g  p ro cedu re  employed.

The n in e  s u b je c ts  were randomly ass igned  to  th r e e  

d i f f e r e n t  e xpe r im e n ta l le a rn in g  ta s k s :  a n o - le a r n in g  ta s k ,  a p a i r -  

le a r n in g  ta s k ,  and a p ro b le m -s o lv in g  ta s k .  Three s u b je c ts  each were 

ass igned  to  th e  th r e e  ta s k s .  A t o t a l  o f  30 s u b je c ts  were used to  

com ple te  th e  e x p e r im e n ta t io n .  The f i r s t  e ig h t  s u b je c ts  used were 

d isca rd e d  because o f  an improvement in  p re p a r in g  th e  s k in  f o r  

e le c t r o d e  p lacem ent.  The improvement was a lowered  s k in  re s is ta n c e  

w h ich ,  in  t u r n ,  r e s u l te d  in  c le a r e r  e le c t r o p h y s io lo g ic a l  re c o rd in g s .  

The a d d i t i o n a l  lo s s  o f  13 s u b je c ts  was due to  e i t h e r  too  h ig h  a 

s k in  re s is ta n c e  f o r  c le a r  e le c t r o p h y s io lo g ic a l  re c o rd in g s ,  re fu s a l  

to  p a r t i c i p a t e ,  o r  to  appa ra tus  f a i l u r e  d u r in g  e x p e r im e n ta t io n .

The s u b je c ts  p a r t i c i p a t e d  on an i n d iv id u a l  b a s is .  That i s ,  

one s u b je c t  was run each day o f  e x p e r im e n ta t io n .  The o rd e r  o f  

p a r t i c i p a t i o n  was random re g a rd le s s  o f  wh ich  one o f  th e  th r e e  e x p e r i—

16
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mental ta s k s  th e  s u b je c t  p a r t i c i p a t e d  in .  The s t a r t i n g  t im e  f o r  

each e xpe r im e n ta l se ss ion  was between 3:00 p.m. and 3:30 p.m. T h is  

t im e  v a r i a b l e  was c o n t r o l le d  in  o rd e r  to  m in im iz e  v a r i a b i l i t y  in  th e  

i n d iv id u a l  e le c t r o p h y s io lo g ic a l  a c t i v i t y  which c o u ld  be a t t r i b u t e d  

to  tem pora l v a r i a t i o n s  in  f a t i g u e  and s k in  re s is ta n c e .  E xperim en ta l 

t im e  was a p p ro x im a te ly  two hours f o r  each o f  th e  th r e e  s u b je c ts  

p a r t i c i p a t i n g  in  th e  n o - le a r n in g  ta s k .  E xpe rim en ta l t im e  was ap­

p ro x im a te ly  t h r e e  hours f o r  each o f  th e  th r e e  s u b je c ts  p a r t i c i p a t i n g  

in  e i t h e r  th e  p a i r - l e a r n in g  ta s k  o r  th e  p ro b le m -s o lv in g  ta s k .

A l l  s u b je c ts  were n a iv e  as to  th e  n a tu re  o f  th e  expe rim en t 

and th e  appa ra tus  p re v io u s  to  p a r t i c i p a t i o n .  The s u b je c ts  were n o t 

re im bursed  f o r  p a r t i c i p a t i n g  in  th e  experim en t and were f r e e  to  

re fu s e .  Each s u b je c t  was c o n ta c te d  one day in  advance o f  p a r t i c i p a t i o n .

Appara tus

E xpe rim en ta l

The General L ea rn in g  Appara tus (GLA) o f  th e  departm ent 

o f  P sycho logy ,  U n iv e r s i t y  o f  W indsor was used. The appa ra tus  c o n s is te d  

o f  s i x  i s o la te d  i n d iv id u a l  p an e ls  and a m aster c o n s o le  from  which  a l l  

pane ls  were a u to m a t ic a l ly  o p e ra te d .  The GLA has been o p e r a t i o n a l l y

and p h y s i c a l l y  d e sc r ibe d  in  d e t a i l  e lsew here  (O e rv in ,  Smith and

K ab isch , 1966 ).  O f th e  s i x  pane ls  A th ro u g h  F, panel B was used. A

d iag ram m atic  re p re s e n ta t io n  o f  panel B as i t  appeared to  each s u b je c t

in  th e  no—le a r n in g  ta s k  is  p re sen ted  in  F ig u re  2 . The s i x  orange 

l i g h t s  and th e  s i x  response b u t to n s  numbered 1 th rou g h  6 were used 

in  t h i s  ta s k .  The o n s e t ,  d u r a t io n  t im e  and o f f s e t  f o r  each orange 

l i g h t  p re s e n ta t io n  was pre-programmed and c o n t r o l l e d  from th e  c o n s o le .
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F ig u re  2 . Panel B as i t  appeared to  each s u b je c t  
in  th e  n o - le a rn in g  ta s k .

V.\QiW\S
0 0 Q Q 0 0

F ig u re  3. Panel B as i t  appeared to  each s u b je c t  
in  bo th  th e  p a i r - l e a r n in g  and th e  p ro b le m -s o lv in g  
ta s k s .
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The t im e  between orange l i g h t  p re s e n ta t io n s  ( i n t e r - t r i a l  i n t e r v a l )  

was pre-programmed and c o n t r o l l e d  from  th e  c o n s o le .

A d iagram m atic  re p re s e n ta t io n  o f  panel B as i t  appeared 

to  each s u b je c t  in  bo th  th e  p a i r - l e a r n i n g  and in  th e  p ro b le m -s o lv in g  

ta s k s  i s  p resen ted  in  F ig u re  3. The s i x  w h i te  l i g h t s  numbered 1 th rough  

6 ,  th e  s i x  o range l i g h t s  and th e  s i x  response b u t to n s  numbered 1 th rough  

6 were used in  bo th  ta s k s .  The o n s e t ,  d u ra t io n  t im e  and o f f s e t  f o r  th e  

w h i te  and orange l i g h t s  were pre-programmed and c o n t r o l le d  from  th e  

co n s o le .  The t im e  between w h i te  l i g h t  p re s e n ta t io n s -  ( i n t e r - t r i a l  

i n t e r v a l )  and th e  t im e  between w h i t e - l i g h t  onse t and orange l i g h t  onse t 

( i n t e r s t im u lu s  i n t e r v a l )  were pre-programmed and c o n t r o l l e d  from  th e  

c o n s o le .

The s u b je c t * s  panel was s i t u a te d  a t  a d is ta n c e  from  th e  

programming co nso le  o f  th e  GLA, in  a sm a ll s o u n d - t re a te d  room a d ja c e n t  

to  th e  e le c t r o p h y s io lo g ic a l  re c o rd in g  a p p a ra tu s .  S ince  th e  GLA 

n o rm a l ly  o p e ra te s  on a l t e r n a t i n g  c u r r e n t  w h ich ,  d e s p i te  a t te m p ts  a t  

sc re e n in g  and g ro u n d in g ,  r e s u l te d  in  a g ro ss  a r t i f a c t  in  th e  re c o rd in g s ,  

i t  p roved necessary  to  t e r m in a te  th e  remote c a b le  in  a r e la y  panel 

as an i n t e r f a c e  ( F ig u r e  4 ) ,  and feed  th e  b u t to n s  and l i g h t s  on th e  

pane l w i t h  d i r e c t  c u r r e n t  from  a 12 v o l t  a u to m o t iv e  b a t t e r y .

The room had one sm a ll d o u b le -g la s s  window, to  p e rm it  

o b s e rv a t io n  o f  th e  s u b je c t .  The i n t e r i o r  was p a in te d  a n e u t r a l  g re y  

and was i l l u m in a t e d  by a s in g le  incandescen t b u lb  mounted in  th e  c e n t re  

o f  th e  c e i l i n g  in  a la r g e  m i l k - g la s s  d i f f u s i n g  g lo b e .
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The s u b je c t  s a t  in  an a rm -c h a i r ,  f a c in g  th e  GLA p a n e l,  

w i t h  th e  lead  te rm in a l  box CO ffner Model) mounted c o n v e n ie n t ly  n e a r ,  

b u t  o u t  o f  th e  d i r e c t  v ie w . There were no o th e r  f u r n i s h in g s  o r  

appa ra tus  in  th e  room. T h is  ty p e  o f  e xpe r im e n ta l room was used to  

e l im in a te  e le c t r o p h y s io lo g ic a l  responses caused by e x te rn a l  nove l 

s t im u la t i o n .  Such a c t i v a t i o n  responses m ediated by th e  r e t i c u l a r  

fo rm a t io n  c o u ld  have confounded th e  e le c t r o p h y s io lo g ic a l  responses 

wh ich  were be ing  a t t r i b u t e d  to  th e  e xpe r im en ta l ta s k s  (Magoun, 1964 ).  

E le c t  rophys i o lo g  i ca l

A s tanda rd  O f fn e r  e ig h t - c h a n n e l ,  in k  re c o rd in g  TYPE R 

DYNOGRAPH was used to  measure, a m p l i f y  and reco rd  th e  e l e c t r o -  

p h y s io lo g ic a l  a c t i v i t y  o f  s k e le ta l  muscles in  th e  form  o f  e l e c t r o ­

myograms (EMGs). Channels one th rough  s i x ,  o f  th e  e ig h t  channe ls  

were used. Each o f  th e  s i x  channe ls  was f u n c t i o n a l l y  made up o f  

an in p u t  s e le c t o r ,  in p u t  c o u p le r ,  p r e - a m p l i f i e r ,  a m p l i f i e r ,  zero  

s e t t i n g  c o n t r o l ,  and an in k - r e c o r d in g  u n i t .  D e ta i le d  in fo rm a t io n  

co nce rn in g  th e  o p e ra t io n  o f  t h i s  equipment i s  c o n ta in e d  in  th e  O f fn e r  

Manual f o r  TYPE R DYNOGRAPHS. T h is  manual i s  a v a i l a b le  a t  O f fn e r  

re g io n a l  o f f i c e s  o r  d i r e c t l y  f ro m ; O f fn e r  D iv i s io n ,  Beckman 

In s t ru m e n ts ,  I n c . ,  3900 R iv e r  Road, S c h i l l e r  P a rk ,  I l l i n o i s .

Of th e  s i x  ch an n e ls ,  channel one was used to  measure and 

reco rd  th e  d i r e c t  EMG o f  th e  l e f t  fo rea rm  e x te n s o r  m usc le , channel 

th r e e  th e  d i r e c t  EMG o f  th e  r i g h t  fo rea rm  e x te n s o r  m usc le , and 

channel f i v e  th e  d i r e c t  EMG o f  th e  speech muscles ( dep resso r la b i  i 

i n f e r i o r i s . geneop lossus . p la tv s m a . and th e  d i g a s t r i c  m uscles) v i a
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th e  c h in .  Channel two was used to  measure and reco rd  th e  in te g ra te d  

EMG o f  th e  l e f t  e x te n s o r  m usc le , channel f o u r  th e  in te g ra te d  EMG o f  

th e  r i g h t  e x te n s o r  muscle and channel s i x  th e  in te g r a te d  EMG o f  th e  

speech m usc les . The in te g r a te d  EMGs were p r o p o r t io n a l  to  th e  average 

number, a m p l i tu d e  and d u r a t io n  o f  th e  im pu lses o f  th e  d i r e c t  EMGs.

The d i r e c t  EMG re co rd s  which i l l u s t r a t e d  bo th  th e  p o s i t i v e  

and n e g a t iv e  moment-to-moment changes in  th e  a c t io n  p o t e n t i a l s  w i t h in  

th e  muscles were used to  d e te rm ine  th e  source  o f  change i l l u s t r a t e d  in  

th e  in te g r a te d  EMG re c o rd s .  The in te g r a te d  EMGs, summing th e  p o s i t i v e  

and n e g a t iv e  changes w i th o u t  re fe re n c e  to  s ig n ,  were recorded in  one 

d i r e c t i o n  from  a p rede te rm ined  base and were used f o r  purposes o f  

a n a ly s is  (see  Appendix A f o r  t y p i c a l  d i r e c t  and in te g ra te d  EMG 

re c o r d in g s ) .  The s i x  EMGs f o r  any one s u b je c t  were recorded s im u l­

ta n e o u s ly  on c o n t in u o u s  16 inch  w ide  c u r v i l i n e a r  reco rd  paper.

In a d d i t io n  to  th e  e ig h t  in k - r e c o r d in g  u n i t s  f o r  e l e c t r o -  

p h y s io lo g ic a l  re c o rd in g ,  th e  Dynograph was equipped w i t h  two e v e n t -  

m arker pens. The onse t and th e  o f f s e t  o f  th e  o range l i g h t  were 

c o n t in u o u s ly  recorded  on one o f  th e  m arker pens in  th e  n o - le a r n in g  ta s k .  

The response, dep ress ing  th e  response b u t to n ,  was c o n t in u o u s ly  re ­

corded on th e  second marker pen. These e x p e r im e n ta l even ts  were r e c ­

orded s im u l ta n e o u s ly  w i th  th e  EMGs. The onse t and th e  o f f s e t  o f  bo th  

th e  w h i te  l i g h t  and th e  o range  l i g h t  were c o n t in u o u s ly  reco rded  on 

one o f  th e  m arker pens f o r  bo th  th e  p a r r - le a r n in g  and th e  prob lem ­

s o lv in g  ta s k s .  The response, dep ress ing  th e  c o r r e c t  response b u t to n ,  

was c o n t in u o u s ly  recorded on th e  second marker pen. Aga in , the se
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e x p e r im e n ta l ta s k  even ts  were recorded  s im u l ta n e o u s ly  w i th  th e  EMGs.

T h is  s im u lta ne o u s  re c o rd in g  o f  th e  e xp e r im e n ta l ta s k  even ts  and th e  

EMGs f o r  each s u b je c t  a l lo w e d  f o r  p re c is e  d e te rm in a t io n  o f  th e  r e l a t i o n ­

s h ip s  between th e  e xpe r im e n ta l ta s k  even ts  and th e  EMGs ( t o  be r e fe r r e d  

to  as p h y s io lo g ic a l  responses).

O f fn e r  ty p e  350069 s u r fa c e  e le c t ro d e s  were used to  p ic k  up 

th e  e lc t r o p h y s io lo g i c a l  a c t i v i t y  in  th e  m usc les . These e le c t ro d e s  

a re  d e s c r ib e d  in  d e t a i l  in  O f fn e r  Manual O-TB-002. T h is  manual i s  

a v a i l a b le  a t  th e  same addresses l i s t e d  p r e v io u s ly  f o r  th e  TYPE R 

DYNOGRAPH manual.

For each a rea  o f  e le c t r o p h y s io lo g ic a l  measurement, l e f t  and 

r i g h t  fo rea rm  e x te n so r  muscles and speech m usc les , two e le c t ro d e s  were 

used. The two e le c t ro d e s  were spaced two inches a p a r t ,  c e n te r  to  c e n te r .  

T h is  e le c t r o d e  p lacement p ro cedu re  has been d e s c r ib e d  as a b ip o la r  

le a d ,  o r ,  re c o rd in g  from  two p o in t s ,  bo th  o f  wh ich  a re  a c t i v e  (D a v is ,

J . , 1959 ).  I t  was th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y ,  in c re ase s  and 

decreases in  a c t io n  p o t e n t i a l s ,  between th e  two e le c t ro d e s  wh ich  

c o n s t i t u t e d  th e  p h y s io lo g ic a l  responses. In a d d i t i o n ,  one ground 

e le c t r o d e  was a t ta ch e d  t o  th e  in s id e  s u r fa c e  o f  th e  l e f t  fo rea rm  o f  

th e  s u b je c t .  The Beckman, O f fn e r  e le c t r o d e  p a s te  was th e  c o n d u c t io n  

medium used between th e  e le c t ro d e s  and th e  s k in  s u r fa c e .

P rocedure

El e c t r o p h y s io lo g ic a l

The p rocedu re  used f o r  s u b je c t  p re p a ra t io n  and f o r  d e te rm in ­

ing th e  s p e c i f i c  a reas where th e  e le c t ro d e s  were p la ced  on th e  s u r fa c e
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o f  th e  s k in  was i d e n t i c a l  f o r  each o f  th e  n in e  s u b je c t s .  I n i t i a l l y ,  

and b e fo re  s u b je c t  p r e p a r a t io n ,  th e  gen e ra l purpose  o f  th e  experim en t 

was e x p la in e d  to  th e  s u b je c t .  T h is  was, t h a t  th e  e xpe r im en te r  was 

in te r e s te d  in  measuring th e  a c t i v i t y  o f  c e r t a in  muscles w h i le  th e  

s u b je c t  perfo rm ed a s p e c i f i c  ta s k .  To do t h i s  th e  e xpe r im en te r  was 

re q u ire d  to  a t ta c h  s i x  sm a ll r e c o rd in g  u n i t s  on th e  s u r fa c e  o f  th e  

s k in .  The s u b je c t  was then asked by th e  expe r im en te r  f o r  p e rm iss io n  

to  a t ta c h  th e  re c o rd in g  u n i t s .  Then w i th  th e  s u b j e c t ' s  p e rm is s io n ,  th e  

g ene ra l s k in  areas f o r  th e  e lc t r o d e  p o s i t i o n s  over th e  fo rea rm  ex tenso r 

muscles o f  bo th  arms were p repa red  in  th e  f o l l o w in g  manner.

The s k in  areas over th e  fo rea rm  e x ten so r muscles o f  bo th  

arms were swabbed w i t h  a lc o h o l .  These areas were then shaved, to  

ensure  maximum c o n ta c t  between s k in  and e le c t r o d e ,  w i t h  warm d i s t i l l e d  

w a te r  and a s a fe t y  ra z o r .  The arms were then rubbed b r i s k l y  w i t h  a 

coarse  t u r k i s h  tow e l soaked in  a lc o h o l  f o r  a p p ro x im a te ly  th r e e  to  f i v e  

m in u te s ,  o r  u n t i l  th e  s k in  had begun to  tu r n  p in k .  T h is  p ro ced u re ,  

removing excess dead la y e rs  o f  s k in  and th e  o i l  from  th e  pores 

m in im ized  s k in  re s is ta n c e  w h ich ,  in  t u r n ,  r e s u l te d  in  c le a r e r  EMGs.

The s p e c i f i c  p o s i t i o n s  f o r  th e  two e le c t ro d e s  o ve r  th e  l e f t  fo rea rm  ex­

te n s o r  muscle  and f o r  th e  two e le c t ro d e s  o ve r  th e  r i g h t  fo rea rm  ex­

te n s o r  muscle  were then  de te rm ined  in  th e  f o l l o w in g  manner. A p o in t ,  

on a s t r a i g h t  l i n e ,  o n e - t h i r d  o f  th e  d is ta n c e  from  th e  l a t e r a l  humeral 

e p ic o n d y le  (e lbow ) to  th e  s t y l o i d  p rocess o f  th e  u ln a  ( w r i s t )  was 

d e te rm ined . The f i r s t  e le c t r o d e  was ce n te re d  o v e r  t h i s  p o in t ,  A 

second p o in t  was de te rm ined  two inches in  th e  d i s t a l  d i r e c t i o n  from
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from  th e  f i r s t  p o in t .  The second e le c t r o d e  was ce n te re d  o v e r  t h i s  p o in t .

The gen e ra l a reas f o r  th e  two e le c t r o d e  p o s i t i o n s  f o r  th e  

speech muscles v i a  th e  c h in  were p repared  in  th e  same manner as o u t l i n e d  

above. The s p e c i f i c  p o s i t i o n s  f o r  th e  two e le c t ro d e s  ove r th e  speech 

muscles were then de te rm ined  as f o l l o w s .  On th e  m id l i n e  o f  th e  c h in  

a p o in t  t h r e e - q u a r te r s  o f  an inch  above th e  p o in t  o f  th e  c h in  was de­

te rm in e d .  The f i r s t  e le c t r o d e  was ce n te re d  o v e r  t h i s  p o in t .  On th e  

m id l in e  o f  th e  c h in  a p o in t  t h r e e - q u a te r s  o f  an inch  below th e  p o in t  o f  

th e  c h in  was de te rm ined . The second e le c t r o d e  was ce n te re d  o ve r  t h i s  

p o in t .  A l l  s i x  e le c t ro d e s  were f i l l e d  w i t h  O f fn e r  e le c t r o d e  c o n d u c t in g  

p a s te  b e fo re  be ing  à t tabhëd  to  th e  s k in .

These e le c t r o d e  p o s i t i o n s ,  f o r  bo th  th e  e x te n s o r  and speech 

m usc les , have been shown to  be th e  o p t im a l  ana tom ica l p o s i t i o n s  to  

measure th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y ,  in  th e  form  o f  s u r fa c e  EMGs. 

The d e ta i le d  ana tom ica l and e le c t r o p h y s io lo g ic a l  c o n s id e ra t io n s  ac­

c o u n t in g  f o r  th e  d e te rm in a t io n  o f  th e  e le c t r o d e  p o s i t i o n s  have been 

re p o r te d  by J .G . D av is  (1 9 5 9 ) .

In a d d i t io n  to  th e  s i x  e le c t ro d e s  used to  measure th e  p h y io -  

l o g i c a l  responses a ground e le c t r o d e  was a t ta c h e d  to  th e  lo w e r ,  in s id e  

l e f t  fo re a rm . T h is  ground e le c t r o d e  was o f  th e  s i l v e r  d i s c - t y p e ,  one- 

h a l f  c e n t im e te r  in  d ia m e te r ,  m anufac tu red  by Grass Ins t ru m e n ts  Inc .

A f te r  th e  seven e le c t ro d e s  were p o s i t io n e d  th e  s u b je c t  was 

taken  in to  th e  expe r im en ta l room and seated  c o m fo r ta b ly  in  th e  arm 

c h a i r .  The e le c t r o d e  leads  were then a t ta c h e d  to  th e  lead  s e le c to r  

box. The s u b je c t  was in s t r u c te d  t o  s i t  q u i e t l y  and r e la x  w h i le  th e  

e xpe r im en te r  a d ju s te d  th e  re c o rd in g  a p p a ra tu s .  The s k in  re s is ta n c e
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f o r  each p a i r  o f  e le c t ro d e s  was then  measured. I f  th e  re s is ta n c e  

f o r  each o f  th e  th r e e  p a i r s  o f  e le c t ro d e s  was le s s  than  ten  k i l o —ohms 

th e  s u b je c t  was used. The s u b je c t  was d i s q u a l i f i e d  i f  th e  s k in  

re s is ta n c e  f o r  any one p a i r  o f  e le c t ro d e s  was in  excess o f  ten  k i l o -  

ohms.

F o l lo w in g  th e  d e te rm in a t io n  o f  th e  s k in  re s is ta n c e s  th e  

s u b je c t  re s te d  f o r  a p p ro x im a te ly  te n  m inu tes  d u r in g  wh ich  th e  dyna- 

graph was a d ju s te d  to  measure and re co rd  th e  d i r e c t  and in te g r a te d  

EMGs. A f t e r  t h i s  a d jus tm en t p e r io d  a two m in u te  re c o rd in g  was made 

o f  th e  s i x  channe ls  w h i le  th e  s u b je c t  remained in  th e  r e s t in g  p o s i t i o n .  

The re c o rd in g  was made, as were a l l  re c o rd in g s ,  a t  te n  m i l l im e t e r s  

pe r second. The purpose o f  t h i s  p re -e x p e r im e n ta l  re c o rd in g  was to  

de te rm ine  base le v e ls  o f  th e  p h y s io lo g ic a l  responses f o r  com parisons 

w i th  tho se  o b ta in e d  w h i le  th e  s u b je c t  perfo rm ed th e  e xpe r im en ta l ta s k .

On co m p le t io n  o f  th e  p re -e x p e r im e n ta l  re c o rd in g  th e  

s u b je c t  was in s t r u c te d  in  th e  e x p e r im e n ta l ta s k  p ro ced u re .  T h is  p ro ­

cedure  v a r ie d  f o r  th e  th r e e  d i f f e r e n t  e xp e r im e n ta l ta s k s .

E xpe r im en ta l Task

N o - le a rn in g  ta s k  p ro ce d u re . The s u b je c t  was in s t r u c te d  to  depress 

and re le a s e  th e  response b u t to n  d i r e c t l y  below each orange l i g h t  as 

i t  came on. T h is  p rocedu re  c o n s is te d  o f  72 o range l i g h t  p r e s e n ta t io n s ;  

i . e . ,  each o f  th e  s i x  orange l i g h t s  was p resen ted  in  random o rd e r  12 

t im e s .  The d u ra t io n  t im e  f o r  th e  orange l i g h t  and i n t e r - t r i a l  

i n t e r v a l  was 4 .00  seconds each.

The in s t r u c t i o n s  were read to  th e  s u b je c t  w h i le  he ob­

served th e  p a n e l.  A copy o f  th e  i n s t r u c t i o n s  was then  g iv e n  to  th e
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s u b je c t  to  read . The s u b je c t  was then  g iv e n  th e  o p p o r tu n i t y  to  ask 

q u e s t io n s  wh ich  were answered by re - re a d in g  th e  p e r t i n e n t  s e c t io n s  o f  

th e  i n s t r u c t i o n s .  The i n s t r u c t i o n s  f o r  th e  n o - le a r n in g  ta s k  a re  

c o n ta in e d  in  Appendix B. The p h y s io lo g ic a l  responses were recorded 

c o n t in u o u s ly  th ro u g h o u t  th e  e xpe r im e n ta l ta s k .

P a i r - l e a r n in g  ta s k  p ro c e d u re . The s u b je c t  was in s t r u c te d  to  le a rn  

s i x  randomized c o n n e c t io n s  between s i x  w h i te  l i g h t s  and s i x  response 

b u t to n s ;  e . g . ,  w h i te  l i g h t  ^  to  response b u t to n  HO., T h is  p rocedu re  

c o n s is te d  o f  144 t r i a l s  as f o l l o w s .  For any one t r i a l  th e  w h i te  l i g h t  

came on f o r  e ig h t  seconds. D u r in g  seconds f i v e  th rough  e ig h t  o f  t h i s  

e ig h t  second p e r io d  th e  a p p r o p r ia te  o range l i g h t  came on. The orange 

l i g h t  s ig n a l l e d  th e  c o r r e c t  response b u t to n  t h a t  th e  s u b je c t  would 

have to  depress f o r  a c o r r e c t  response. The i n t e r - t r i a l  i n t e r v a l ,  

t im e  between w h i te  l i g h t  p re s e n ta t io n s ,  was 4 .00  seconds. T h is  w h i te  

and o range l i g h t  p r e s e n ta t io n  p ro ced u re  was o p e r a t i o n a l l y  d e f in e d  as 

a de layed  p ro cedu re .

Each o f  th e  s i x  w h i te  l i g h t s  was randomly p resen ted  24 

t im e s  in  th e  144 t r i a l s  and was fo l lo w e d  a lways by th e  a p p r o p r ia te  

orange l i g h t .  The o rd e r  in  wh ich  th e  s i x  w h i te  l i g h t s  were p resen ted  

was randomly v a r ie d  o ve r  36 t r i a l s  w i t h  each w h i te  l i g h t  be ing  p re ­

sented once o u t  o f  every  b lo c k  o f  s i x  t r i a l s .  T h is  random o rd e r  o f  

th e  36 w h i te  l i g h t s  was c o n s ta n t  (se e  Appendix C) and was repea ted  

f o u r  t im e s  f o r  a t o t a l  o f  144 t r i a l s .  The ra n do m iza t io n  o f  th e  w h i te  

l i g h t  sequence was to  e l im in a te  m em oriza t ion  o f  th e  w h i te  l i g h t  a n d /o r  

response b u t to n  sequence.
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The w h i te  l i g h t  response b u t to n  c o n n e c t io n s  were randomly 

de te rm ined  and remained th e  same f o r  each o f  th e  th r e e  s u b je c ts .  These 

c o n n e c t io n s  a re  g iv e n  in  Appendix C.

The above de layed  p rocedu re  was used to  a l lo w  th e  s u b je c t  

to  respond b e fo re  th e  orange l i g h t  came on. Thus, th e  e m p ir ic a l  

c r i t e r i o n  o f  100 per ce n t  le a r n in g ,  12 c o n s e c u t iv e  c o r r e c t  responses 

b e fo re  th e  orange l i g h t ,  where each w h i te  l i g h t  had appeared tw ic e ,  

was e s ta b l is h e d .  I t  has been shown by Ladd (1965) t h a t  s u b je c ts  respond 

c o n s i s t e n t l y  b e fo re  th e  orange l i g h t  in  t h i s  4 .00  second de layed  

p ro cedu re .  In a d d i t i o n ,  Ladd found th a t  s u b je c ts  le a rn e d  to  c r i t e r i o n  

w i t h i n  72 t r i a l s  on th e  average . The 144 t r i a l s  were used s in c e  one 

o f  th e  o b je c t i v e s  o f  t h i s  research  was to  de te rm ine  th e  r e la t io n s h ip s  

between th e  p h y s io lo g ic a l  responses and perfo rm ance  when th e  s u b je c t  

c o n t in u e d  a c t i v e l y  in  th e  e x p e r im e n ta l ta s k  a f t e r  th e  e m p ir ic a l  

c r i t e r i o n  had been e s ta b l is h e d .

The in s t r u c t i o n s  were read to  th e  s u b je c t  w h i le  he ob­

served  th e  p a n e l.  A copy o f  th e  i n s t r u c t i o n s  was then  g iv e n  to  th e  

s u b je c t  to  read. The s u b je c t  was then g iv e n  th e  o p p o r tu n i t y  to  

ask q u e s t io n s  which were answered by re - re a d in g  th e  p e r t i n e n t  s e c t io n s  

o f  th e  i n s t r u c t i o n s .  The i n s t r u c t i o n s  f o r  th e  p a i r - l e a r n i n g  ta s k  a re  

c o n ta in e d  in  Appendix B. The p h y s io lo g ic a l  responses were recorded 

c o n t in u o u s ly  th ro u g h o u t  th e  e x p e r im e n ta l ta s k .

P ro b le m -s o lv in g  ta s k  p ro c e d u re . The s u b je c t  was in s t r u c te d  to  f i n d  o u t  

and le a rn  th e  co n n e c t io n  between 12 w h i te  l i g h t  p a i r s  and th e  s i x  

response b u t to n s ;  e .g .  w h i te  l i g h t  p a i r  #6 , #1 to  response b u t to n
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number 5 . The concept was num er ic ,  t h a t  i s  th e  la r g e r  minus th e  s m a l le r .  

T h is  p ro ced u re  c o n s is te d  o f  144 t r i a l s  as f o l l o w s .  For any one t r i a l  

t h e  w h i te  l i g h t  p a i r  came on f o r  e ig h t  seconds. D u r in g  seconds f i v e  

th rough  e ig h t  o f  t h i s  e ig h t  second p e r io d  th e  a p p r o p r ia te  o range l i g h t  

came on. T h is  w h i te  l i g h t  p a i r  and o range l i g h t  p r e s e n ta t io n  was, 

a g a in ,  o p e r a t i o n a l l y  d e f in e d  as a de layed  p ro ced u re .  The orange 

l i g h t  s ig n a l l e d  th e  c o r r e c t  response b u t to n  th e  s u b je c t  would have t o ' 

depress f o r  a c o r r e c t  response. The i n t e r - t r i a l  i n t e r v a l ,  t im e  be­

tween w h i te  l i g h t  p a i r  p r e s e n ta t io n s ,  was 4 .00  seconds.

Each o f  th e  12 w h i te  l i g h t  p a i r s  was randomly p re sen ted  

12 t im e s  in  th e  144 t r i a l s  and was a lways fo l lo w e d  by th e  a p p r o p r ia te  

o range l i g h t .  The o rd e r  in  w h ich  th e  12 w h i te  l i g h t  p a i r s  were p re ­

sen ted  was randomly v a r ie d  o v e r  36 t r i a l s  w i t h  each w h i te  l i g h t  p a i r  

b e ing  p re sen ted  once in  every  b lo c k  o f  12 t r i a l s .  T h is  random o rd e r  

o f  th e  36 w h i te  l i g h t  p a i r s  was c o n s ta n t  (see  Appendix D) and was 

repea ted  f o u r  t im es  to  g iv e  th e  144 t r i a l s  re q u ire d  f o r  th e  e xpe r im en ta l 

s e s s io n .  The random iza t ion  o f  th e  w h i te  l i g h t  p a i r  sequence was to  

e l im in a te  m em oriza t ion  o f  th e  w h i te  l i g h t  p a i r  a n d /o r  response b u t to n '  

sequence.

The de layed p ro ced u re  was used, a g a in ,  to  a l lo w  th e  s u b je c t  

to  respond b e fo re  th e  orange l i g h t  came on. Thus th e  e m p ir ic a l  c r i t e r i o n  

o f  100 p e rc e n t  le a r n in g ,  12 c o r r e c t  c o n s e c u t iv e  responses b e fo re  th e  

o range  l i g h t ,  where each w h i te  l i g h t  p a i r  had appeared once was e s ta ­

b l i s h e d .  I t  had been de te rm ined  p r e v io u s ly  by Schiech (1965) t h a t  

s u b je c ts  le a rn e d  to  t h i s  c r i t e r i o n  in  th e  p ro b le m -s o lv in g  ta s k  w i t h in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



30

se ve n ty - tw o  t r i a l s  on th e  average . The 144 t r i a l s  were used s in c e  

one o f  th e  o b je c t i v e s  o f  t h i s  research  was to  de te rm ine  th e  r e l a t i o n ­

s h ip  between th e  p h y s io lo g ic a l  responses and perfo rm ance  when th e  

s u b je c t  c o n t in u e d  a c t i v e l y  in  th e  e xp e r im en ta l ta s k  a f t e r  th e  e m p ir ic a l  

c r i t e r i o n  had been e s ta b l is h e d .

The i n s t r u c t i o n s  were read to  th e  s u b je c t  w h i le  he observed 

th e  p a n e l .  A copy o f  th e  i n s t r u c t i o n s  was then g iv e n  to  th e  s u b je c t  

to  read. The s u b je c t  was then  g iv e n  th e  o p p o r t u n i t y  to  ask q u e s t io n s  

wh ich  were answered by re - re a d in g  th e  p e r t i n e n t  s e c t io n s  o f  th e  

i n s t r u c t i o n s .  The i n s t r u c t i o n s  f o r  th e  p ro b le m -s o lv in g  ta s k  a re  

c o n ta in e d  in  Appendix B, The p h y s io lo g ic a l  responses were recorded  

c o n t in u o u s ly  th ro u g h o u t  th e  e x p e r im e n t .  .

In re v ie w , th e n ,  d i r e c t  and in te g r a te d  s u r fa c e  EMGs were 

measured and recorded i d e n t i c a l l y  f o r  each o f  n in e  s u b je c t s ;  t h r e e  

s u b je c ts  in  a n o - le a rn in g  ta s k ,  th r e e  s u b je c ts  in  a p a i r - l e a r n in g  

ta s k ,  and th r e e  s u b je c ts  in  a p ro b le m -s o lv in g  ta s k .  The p h y s io lo g ic a l  

responses were measured and recorded  from  th e  l e f t  fo rea rm  e x te n so r  

m usc les , th e  r i g h t  fo rea rm  e x te n s o r  muscles and th e  speech muscles 

v i a  th e  c h in .  The n in e  s u b je c ts  p a r t i c i p a t e d  i n d i v i d u a l l y .  The 

p h y s io lo g ic a l  responses and th e  e m p ir ic a l  ta s k  even ts  ( w h i te  l i g h t  

o n s e t ,  o f f s e t  a n d /o r  o range l i g h t  o n s e t ,  o f f s e t ,  th e  response and th e  

i n t e r - t r i a l  i n t e r v a l )  were in k - re c o rd e d  s im u l ta n e o u s ly  on th e  same 

c h a r t  pape r.  T h is ,  in  t u r n ,  has a l lo w e d  f o r  a p r e c is e  and c r i t i c a l  

e v a lu a t io n ,  f o r  each s u b je c t ,  o f  th e  r e la t i o n s h ip  between th e  

p h y s io lo g ic a l  responses and th e  e xpe r im e n ta l ta s k .
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CHAPTER I I I  

RESULTS

The expe r im en ta l r e s u l t s  a re  p resen ted  in  t h r e e  s e c t io n s .  

These s e c t io n s  in c lu d e  th e  le v e l  o f  le a r n in g ,  th e  p h y s io lo g ic a l  

response measures, and th e  p h y s io lo g ic a l  response d u ra t io n  t im e .

Leve l o f  L ea rn in g  

The le v e l  o f  le a rn in g  was de te rm ined  f o r  th e  p a i r - l e a r n in g

s u b je c ts  and f o r  th e  p ro b le m -s o lv in g  s u b je c ts .  The le v e l  o f  le a rn in g

was n o t  de te rm ined  f o r  th e  no—T e a m in g  s u b je c ts  as th e r e  was no 

o p e r a t i o n a l l y  d e f in e d  le a rn in g  ta s k .

The le v e l  o f  le a rn in g  was de te rm ined  by th e  number o f  

c o r r e c t  responses, b e fo re  th e  onse t o f  th e  orange l i g h t ,  in  each o f  

24 b lo c k s  o f  s i x  t r i a l s .  One hundred p e rc e n t  le a r n in g  was 12 c o r r e c t  

c o n s e c u t iv e  responses b e fo re  th e  onse t o f  th e  orange l i g h t .

The th r e e  s u b je c ts  in  th e  p a i r - l e a r n in g  ta s k  each a t ­

ta in e d  one hundred p e rc e n t  le a r n in g ,  as d id  each o f  th e  th r e e  s u b je c ts

in  th e  p ro b le m -s o lv in g  ta s k .  These r e s u l t s  a re  p resen ted  g r a p h ic a l l y  

by th e  perfo rm ance  cu rves  in  F ig u re s  8 th rough  13. The raw sco res  f o r  

th e  perfo rm ance  cu rves  a re  p resen ted  in  Appendix E .

P h y s io lo g ic a l  Response Measures 

The th r e e  p h y s io lo g ic a l  responses, a c t i v e  arm ( t h e  arm 

used to  depress and re le a s e  th e  response b u t t o n ) ,  p a s s iv e  arm and 

speech, were , in  each case, th e  mean m ic r o v o l t  v a r i a t i o n s  from  zero  

f o r  b lo c k s  o f  s i x  t r i a l s .  There were 12 such measurements f o r  each 

o f  th e  th r e e  p h y s io lo g ic a l  responses f o r  each o f  th e  th r e e  s u b je c ts

31

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



32

in  th e  n o - le a r n in g  ta s k .  There  were 24 such measurements f o r  each 

o f  th e  th r e e  p h y s io lo g ic a l  responses f o r  each o f  th e  th r e e  s u b je c ts  

in  bo th  th e  p a i r - l e a r n in g  and th e  p ro b le m -s o lv in g  ta s k s .

The p h y s io lo g ic a l  responses o f  bo th  th e  a c t i v e  arm, th e  

p a s s iv e  arm and speech were de te rm ined  from  th e  in te g ra te d  re c o rd in g s  

f o r  each o f  th e  n in e  s u b je c t s .  The i n d iv id u a l  p h y s io lo g ic a l  response 

o f  th e  p a s s iv e  arm and o f  speech was de te rm ined  by m easuring th e  

average h e ig h t  o f  pen d e f l e c t i o n  from  th e  b a s e - l i n e ,  in  m i l l im e t e r s ,  

f o r  each com p le te  t r i a l .  Tha t i s ,  from  th e  o nse t o f  àhe o range 

l i g h t  to  th e  onse t o f  th e  n e x t  o range l i g h t  f o r  each o f  th e  th r e e  

s u b je c ts  in  th e  n o - le a rn in g  ta s k ;  and, from  th e  o nse t o f  one w h i te  

l i g h t  to  th e  onse t o f  th e  n ex t  w h i te  l i g h t  f o r  each o f  th e  th r e e  

s u b je c ts  in  bo th  th e  p a i r - l e a r n in g  and p ro b le m -s o lw n g  ta s k s .  The 

p h y s io lo g ic a l  response o f  th e  a c t i v e  arm was de te rm ined  by measuring 

th e  average h e ig h t  o f  pen d e f l e c t i o n ,  in  m i l l im e t e r s ,  from th e  base­

l i n e  d u r in g  th e  i n t e r - t r i a l  i n t e r v a l .  That i s ,  from  th e  o f f - s e t  o f  

one o range l i g h t  t o  th e  o n se t o f  th e  n e x t  o range l i g h t  in  th e  no­

le a r n in g  ta s k ;  and, from th e  o f f - s e t  o f  th e  w h i te  l i g h t ( s )  to  th e  

onse t o f  th e  n ex t  w h i te  l i g h t ( s )  in  th e  two le a rn in g  ta s k s .  I t  

was f e l t  t h a t  by measuring th e  p h y s io lo g ic a l  response o f  th e  a c t i v e  

arm d u r in g  th e  i n t e r - t r i a l  i n t e r v a l  o n ly ,  th e  e f f e c t  o f  p h y s ic a l  

work (d e p re s s in g  and re le a s in g  th e  response b u t to n )  on th e  p h y s io ­

l o g i c a l  response would be m in im ize d .

The measurement, average  h e ig h t  o f  pen d e f l e c t i o n  from 

th e  base in  m i l l im e t e r s ,  f o r  each t r i a l  and f o r  each o f  th e  th r e e
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p h y s io lo g ic a l  measures was a s t r a i g h t  1 i n e - o f - b e s t - f i t  p a r a l l e l  

to  th e  base. The d is ta n c e  between th e  base and l i n e - o f —b e s t - f i t  

was then  measured in  m i l l im e t e r s .  Two such independent measures 

were made f o r  each t r i a l ,  f o r  each o f  th e  th r e e  p h y s io lo g ic a l  measures 

and f o r  a l l  s u b je c ts  by two d i f f e r e n t  s c o re rs .  The two independent 

measurements were then averaged to  g iv e  th e  average  pen d e f l e c t i o n  

in  m i l l im e t e r s  from  th e  b a s e - l i n e .  T h is  same p ro ced u re  was used 

to  de te rm ine  th e  p re -e x p e r im e n ta l  b ase -1 e ve ls  f o r  each o f  th e  th r e e  

p h y s io lo g ic a l  responses and f o r  each o f  th e  n in e  s u b je c ts .  These 

measurements were de te rm ined  in  th e  l a s t  12 seconds o f  th e  t w o -  

m in u te  p re -e x p e r im e n ta l  re c o rd in g .  The s u b je c ts  were n o t engaged 

in  th e  e x p e r im e n ta l ta s k  d u r in g  th e  p re -e x p e r im e n ta l  re c o rd in g .  The 

raw d a ta  f o r  the se  measurements a re  p re sen ted  in  Appendix E .

These d a ta ,  in  m i l l im e t e r s ,  were then co n ve r te d  to  

m ic r o v o l t s  o f  pen d e f l e c t i o n  f o r  each t r i a l ,  f o r  each o f  th e  th r e e  

p h y s io lo g ic a l  measures, and f o r  a l l  s u b je c ts .  T h is  was done by 

m u l t i p l y i n g  th e  m i l l im e t e r s  o f  pen d e f l e c t i o n  by m ic r o - v o l t s  per 

m i l l im e t e r .  The m ic r o v o l t s  pe r m i l l im e t e r  o f  d e f l e c t i o n  were 

de te rm ined  i n d i v i d u a l l y  f o r  each o f  th e  th r e e  p h y s io lo g ic a l  responses 

o f  a l l  s u b je c ts  in  terms o f  th e  s e n s i t i v i t y  s e t t i n g s  o f  th e  

equipment re q u ire d  to  o b ta in  adequate  re c o rd in g  f o r  each p h y s io lo g ic a l  

response.

The a p p ro p r ia te  p re -e x p e r im e n ta l  b a s e - le v e l  in  m ic r o v o l t s  

was then  s u b t ra c te d  from  each p h y s io lo g ic a l  response, in  m ic r o v o l t s ,  

f o r  each t r i a l ,  f o r  each response and f o r  a l l  s u b je c t s .  T h is  p ro cedu re
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reduced th e  th r e e  p h y s io lo g ic a l  responses to  th e  same zero  p o in t  

o f  m ic r o v o l t s  r e l a t i v e  to  th e  th r e e  e xpe r im e n ta l ta s k s .  Thus, th e  

m ic r o v o l t  v a r i a t i o n  in  th e  p h y s io lo g ic a l  responses d u r in g  th e  ex­

p e r im e n ta l  ta s k s  co u ld  be a t t r i b u t e d  o n ly  to  th e  s u b je c ts *  p a r t i c i ­

p a t io n  in  th e  ta s k .  These c o n v e r te d  d a ta  a re  p re sen ted  in  Appendix F.

The in d iv id u a l  p h y s io lo g ic a l  responses in  m ic r o v o l t s  f o r  

each t r i a l ,  f o r  each p h y s io lo g ic a l  response and f o r  each s u b je c t  

were then summed and averaged f o r  each b lo c k  o f  s i x  t r i a l s .  T h is  

average i s  now r e fe r r e d  to  as th e  "mean p h y s io lo g ic a l  response" f o r  

each o f  th e  th r e e  p h y s io lo g ic a l  measures; i . e . ,  a c t i v e  arm, p a s s iv e  

arm and speech. These mean p h y s io lo g ic a l  responses a re  p re sen ted  

in  Appendix F.

The th r e e  mean p h y s io lo g ic a l  responses f o r  each o f  th e  

th r e e  s u b je c ts  in  th e  n o - le a rn in g  ta s k  a re  p re sen ted  g r a p h ic a l l y  in  

F ig u re s  5 , 6 and 7 . The th r e e  mean p h y s io lo g ic a l  responses f o r  each 

o f  th e  th r e e  s u b je c ts  in  bo th  th e  p a i r - l e a r n in g  and th e  problem­

s o lv in g  ta s k s  a re  p resen ted  g r a p h ic a l l y  in  F ig u re s  8 ,  9 , lO , 11, 12 

and 13.

In s p e c t io n  o f  th e  g raphs (F ig u re s  5 , 6 and 7) f o r  th e  th r e e  

s u b je c ts  in  th e  n o - le a rn in g  ta s k  shows t h a t  th e r e  is  r e l a t i v e l y  l i t t l e  

v a r i a t i o n  between th e  th r e e  mean p h y s io lo g ic a l  responses f o r  each 

s u b je c t  d u r in g  th e  cou rse  o f  th e  e x p e r im e n ta l ta s k .  S econd ly , th e re  

appears to  be l i t t l e  to  no v a r i a t i o n  in  th e  m agnitude  o f  each o f  th e  

mean p h y s io lo g ic a l  responses d u r in g  th e  course  o f  th e  e xpe r im en ta l ta s k .  

T h i r d l y ,  t h e r e  is  l i t t l e  to  no d i f f e r e n c e  in  th e  th r e e  mean p h y s io lo g ic a l
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response p r o f i l e s  between th e  th r e e  s u b je c ts .

A g e n e ra l in s p e c t io n  o f  th e  g raphs f o r  th e  th r e e  s u b je c ts  

in  th e  p a i r - l e a r n i n g  ta s k  dem onstra tes  t h a t ,  by comparison to  th e  

s u b je c ts  in  th e  n o - le a rn in g  ta s k ,  th e re  is  a s u b s t a n t ia l  in c re a s e  in  

th e  m agnitude  o f  th e  mean p h y s io lo g ic a l  responses. I t  must be p o in te d  

o u t  a g a in ,  t h a t  th e se  o v e r a l l  d i f fe r e n c e s  in  th e  m agnitude  o f  th e  

mean p h y s io lo g ic a l  responses between th e  s u b je c ts  in  th e  two ta s k s  

cannot be accounted f o r  by p h y s ic a l  work o u tp u t ,  s in c e  th e  p h y s ic a l  

work i s  e x a c t ly  th e  same f o r  th e  two e xpe r im e n ta l ta s k s .  T h e re fo re ,  

th e  o v e r a l l  in c re ase s  in  th e  m agn itude  o f  th e  mean p h y s io lo g ic a l  

responses f o r  th e  p a i r - T e a r n in g  s u b je c ts  can be a t t r i b u t e d  o n ly  to  

th e  re q u ire m e n ts ,  in  term s o f  le a r n in g ,  o f  th e  p a i r - l e a r n in g  ex­

p e r im e n ta l  ta s k .

W h ile  th e re  appears to  be no v a r i a t i o n  between th e  mean 

p h y s io lo g ic a l  responses w i t h i n  each s u b je c t  and between s u b je c ts  

in  th e  n o - le a rn in g  ta s k ,  t h e r e  i s  c o n s id e ra b le  v a r i a t i o n  between 

both  th e  th r e e  mean p h y s io lo g ic a l  responses w i t h i n  each s u b je c t  and 

between s u b je c ts  in  th e  p a i r - l e a r n in g  ta s k .

In s u b je c t  number one, p a i r - l e a r n in g  ( F ig u r e  8 ) ,  th e  

m agnitude  o f  th e  mean p h y s io lo g ic a l  response in  th e  a c t i v e  arm i s  f a r  

g r e a te r ,  p r o p o r t i o n a l l y ,  than  t h a t  o f  th e  mean p h s y io lo g ic a l  response 

f o r  e i t h e r  th e  p a s s iv e  arm o r  speech. W h ile  th e re  is  c o n s id e ra b le  

v a r i a b i l i t y  in  th e  a c t i v e  arm mean p h y s io lo g ic a l  response, th e  response 

p a r a l l e l s  th e  perfo rm ance  c u rv e  c lo s e l y .  That i s ,  c o n s id e ra b le  

v a r i a b i l i t y  was dem onstra ted in  th e  m agnitude  o f  th e  mean p h y s io -
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l o g i c a l  response and in  th e  perfo rm ance  c u rve  between t r i a l  b lo c k s  

one and 12. Between t r i a l  b lo c k s  12 and 24 a s y m p to t ic  perfo rm ance  

is  e s ta b l is h e d  and th e  m agnitude  o f  th e  mean p h y s io lo g ic a l  response 

d rops s h a r p ly  tow ards th e  base. The mean p h y s io lo g ic a l  response 

o f  th e  p a s s iv e  arm f o r  t h i s  s u b je c t  appears to  be c o n s id e ra b ly  le s s  

in  m agnitude  and f l u c t u a t e s  w i t h  no g e n e ra l p a t te r n  o r  t re n d  w i th  

re fe re n c e  to  perfo rm ance . The mean p h y s io lo g ic a l  response f o r  speech, 

w h i le  le s s  in  m agnitude than th e  a c t i v e  arm p a r a l l e l s  th e  perfo rm ance  

c u rv e  c l o s e l y ,  showing an i n i t i a l  in c re a s e  and then  d ec reas ing  between 

t r i a l  b lo c k s  one and 12. The speech response then  shows a gen e ra l 

in c re a s e  between b lo c k s  12 and 24 w h i le  th e  s u b je c t  i s  p e r fo rm in g  

c o n t in u o u s ly  a t  a s y m p to t ic  l e v e l .

The m a jo r p h y s io lo g ic a l  response f o r  s u b je c t  number two , 

p a i r - l e a r n i n g ,  was, a g a in ,  in  th e  a c t i v e  arm ( F ig u r e  9 ) .  In t h i s  case, 

however, th e  m agnitude o f  th e  mean p h y s io lo g ic a l  response is  bo th  h ig h ly  

v a r ia b l e  and shows l i t t l e  d i r e c t  r e la t i o n s h ip  to  th e  h ig h ly  v a r ia b le  

perfo rm ance  c u rv e  between t r i a l  b lo c k s  one and 18. As w i t h  s u b je c t  

number one, th e re  is  a sharp drop in  th e  m agnitude  o f  th e  mean p h y s io ­

l o g i c a l  response when th e  s u b je c t  i s  p e r fo rm in g  a t  a s y m p to t ic  le v e l  

between t r i a l  b lo c k s  17 and 24. There is  an i n i t i a l  in c re a s e  in  th e  

m agnitude  o f  th e  mean p h y s io lo g ic a l  response o f  th e  p a s s iv e  arm be­

tween t r i a l  b lo c k s  one and th r e e  f o r  s u b je c t  number two. The response 

decreases between t r i a l  b lo c k s  th r e e  and ten  and then c o n t in u e s  in  a 

s t r a i g h t  l i n e  between t r i a l  b lo c k s  ten  and 24. There is  a s l i g h t  

in c re a s e  in  th e  m agnitude  o f  th e  mean p h y s io lo g ic a l  response f o r
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speech in  t r i a l  b lo c k  one f o r  s u b je c t  number two . The response then  

remains c o n s ta n t  th rou g h  t r i a l  b lo c k s  f o u r  to  24. In r e l a t i o n  to  

th e  mean p h y s io lo g ic a l  response f o r  th e  a c t i v e  arm, th e  responses o f  

th e  p a s s iv e  arm and speech a re  o f  f a r  le s s  m agnitude  and show l i t t l e  

r e la t i o n s h ip  to  pe r fo rm ance , w h i le  th e  response in  th e  a c t i v e  arm does 

in d ic a t e  a r e la t i o n s h ip  to  perfo rm ance .

In c o n t r a s t  to  s u b je c ts  numbers one and tw o , p a i r - l e a r n i n g ,  

th e  m a jo r p h y s io lo g ic a l  response f o r  s u b je c t  number th r e e ,  p a i r -  

le a r n in g  was speech (F ig u r e  1 0 ) .  There is  an i n i t i a l  and c o n s id e ra b le  

in c re a s e  in  th e  m agnitude  o f  th e  mean p h y s io lo g ic a l  speech response 

between t r i a l  b lo c k s  one and f o u r  w i th  a subsequent smooth decrease 

between t r i a l  b lo c k s  fo u r  and te n .  Then, w i t h  th e  e s ta b l is h m e n t  o f  

a s y m p to t ic  per fo rm ance  between t r i a l  b lo c k s  ten  and 24 th e r e  i s  a 

gen e ra l l e v e l in g  o u t  in  th e  m agn itude  o f  th e  response, in d i c a t i n g  a 

r e la t i o n s h ip  to  pe rfo rm ance . That i s ,  d u r in g  a c q u is i t i o n  th e  response 

in c re ase s  a n d ' th e n ,  as a s y m p to t ic  b eh a v io u r  i s  e s ta b l is h e d  th e  response 

decreases in  m agnitude o ve r  f u r t h e r  t r i a l s .  The mean p h y s io lo g ic a l  

response f o r  th e  a c t i v e  arm is  m in im a l in  m agn itude  in  comparison to  

th e  speech response, and th e  g e n e ra l response p a t t e r n  is  a s t r a i g h t  

l i n e  th ro u g h o u t  t r i a l  b lo c k s  one to  24, i n d i c a t i n g  l i t t l e  o r  no 

r e la t i o n s h ip  to  per fo rm ance .

In r e la t io n s h ip  to  perfo rm ance  a com par ison , between th e  

th r e e  s u b je c t s ,  o f  th e  mean p h y s io lo g ic a l  responses can be made.

F i r s t ,  t h e re  appears to  be o n ly  one dominant p h y s io lo g ic a l  response 

wh ich  shows a d e f i n i t e  r e la t i o n s h ip  to  pe r fo rm ance . There is  h igh
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v a r i a b i l i t y  in  th e  dom inant response where perfo rm ance  i s  e r r a t i c  

d u r in g  a c q u is i t i o n  ( s u b je c t s  numbers one and tw o ) ,  and low v a r i a b i l i t y  

in  th e  dom inant response d u r in g  a c q u is i t i o n  where perfo rm ance  i s  low 

in  v a r i a b i l i t y  ( s u b je c t  number t h r e e ) .  S econd ly , th e  dom inant response 

drops o f f  r a p id l y  in  m agn itude  w i t h  th e  e s ta b l is h m e n t  o f  a s y m p to t ic  

pe r fo rm ance . The o th e r  two p h y s io lo g ic a l  responses, f o r  each o f  th e  

th r e e  s u b je c t s ,  show l i t t l e  r e l a t i o n  to  pe r fo rm an ce , and a re  o f  le s s  

m agn itude  than  th e  dominant response.

in  c o n t r a s t  to  th e  p h y s io lo g ic a l  response r e la t io n s h ip s  

to  pe r fo rm ance  f o r  th e  s u b je c ts  in  bo th  th e  n o - le a r n in g  ta s k  and in  

th e  p a i r - l e a r n in g  ta s k ,  th e  p h y s io lo g ic a l  response r e la t io n s h ip s  to  

perfo rm ance  f o r  s u b je c ts  in  th e  p ro b le m -s o lv in g  ta s k  a re  q u i t e  

d i f f e r e n t .  That i s ,  a l l  th r e e  mean p h y s io lo g ic a l  responses f o r  th e  

s u b je c ts  in  th e  p ro b le m -s o lv in g  ta s k  show a r e la t i o n s h ip  t o  p e r -  

fo  rmance.

For s u b je c t  number one, p ro b le m -s o lv in g  ( F ig u r e  1 1 ) ,  

t h e r e  i s  a sharp  in c re a s e  in  th e  m agnitude  o f  th e  mean p h y s io lo g ic a l  

response o f  th e  a c t i v e  arm in  t r i a l  b lo c k s  one and tw o . The response 

then  decreases randomly between t r i a l  b lo c k s  two and 11. I t  i s  

im p o r ta n t  to  n o te  h e re  th e  r e l a t i v e l y  smooth decrease  between t r i a l  

b lo c k s  s i x  and n in e  where th e  s u b je c t  d is c o v e re d  th e  co n ce p t.  T h is  

i s  fo l lo w e d  by h ig h ly  random a c t i v i t y  in  th e  response between t r i a l  

b lo c k s  11 and 24. T h is  random a c t i v i t y  was accounted f o r  by th e  

s u b je c t  a f t e r  th e  e xpe r im en t.  He s ta te d  t h a t ,  a f t e r  he had d is c o v e re d  

th e  answer, he then t r i e d  to  s o lv e  th e  prob lem  u s in g  o th e r  methods.

The mean p h y s io lo g ic a l  response f o r  speech shows a s i m i l a r  and
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p a r a l l e l  r e l a t i o n s h ip  to  pe r fo rm ance ; a sharp in c re a s e  in  m agn itude  

in  t r i a l  b lo c k s  one to  t h r e e  w i t h  a subsequent r e l a t i v e l y  smooth 

decrease between t r i a l  b lo c k s  th r e e  and 11. The h ig h ly  random re ­

sponse a c t i v i t y  i s  dem onstra ted , a g a in ,  between t r i a l  b lo c k s  11 and 

24 when th e  s u b je c t  t r i e d  to  s o lv e  th e  prob lem  u s in g  o th e r  methods.

The mean p h y s io lo g ic a l  response in  th e  p a s s iv e  arm dem onstra tes  an 

i n i t i a l  sharp  in c re a s e  in  m agn itude  between t r i a l  b lo c k s  one and th r e e ,  

ahd then  remains c o n s ta n t  between t r i a l  b lo c k s  two and 11. The h ig h ly  

random v a r i a b i l i t y  i s  seen between t r i a l  b lo c k s  11 and 24 where th e  

s u b je c t  t r i e d  to  s o lv e  th e  prob lem  u s ing  o th e r  methods. I t  i s  c l e a r l y  

dem onstra ted , th e n ,  t h a t  a l l  t h r e e  mean p h y s io lo g ic a l  responses show 

a r e la t i o n s h ip  to  perfo rm ance  f o r  s u b je c t  number one, p ro b le m - s o lv in g .

The mean p h y s io lo g ic a l  response o f  th e  a c t i v e  arm f o r  

s u b je c t  number tw o , p ro b le m -s o lv in g  ( F ig u r e  1 2 ) ,  shows a v e ry  sharp 

and extrem e in c re a s e  in  m agn itude  between t r i a l  b lo c k s  one and f i v e .

A s l i g h t  g ra d u a l decrease  i s  dem onstra ted between t r i a l  b lo c k s  f i v e  

and 15, w i t h  in c re a s in g  and random v a r i a b i l i t y  between b lo c k s  15 and 

21, and a sharp  decrease between t r i a l  b lo c k s  21 and 24. The mean 

p h y s io lo g ic a l  response o f  th e  p a s s iv e  arm 'shows-an extreme in c re a s e ,  

a g a in ,  in  th e  m agnitude  o f  th e  response between t r i a l  b lo c k s  one and 

12. A s l i g h t  g ra du a l decrease i s  dem onstra ted  between t r i a l  b lo c k s  

12 and 21, w i t h  a sharp decrease  between t r i a l  b lo c k s  21 and 24. In 

r e la t i o n s h ip  to  th e  perfo rm ance  c u rv e ,  s u b je c t  number two v e r b a l i z e d  

a f t e r  th e  e xp e r im e n t ,  t h a t  he d id  n o t  r e a l i z e  th e  answer u n t i l  th e  

end o f  th e  e xpe r im en t.  T h is  would  account f o r  th e  h ig h  v a r i a b i l i t y  

in  th e  perfo rm ance  c u rv e ,  as w e l l  as f o r  t h e  r e l a t i v e l y  h ig h  and
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c o n t in u o u s  mean p h y s io lo g ic a l  responses in  t r i a l  b lo c k s  one th roug h  

21. The mean p h y s io lo g ic a l  response o f  speech shows a random in c re a s e  

between t r i a l  b lo c k s  one and seven and then  a g ra du a l decrease between 

t r i a l  b lo c k s  seven and 20. T h is  was fo l lo w e d  by an in c re a s e  between 

t r i a l  b lo c k s  20 and 24, a g a in ,  where th e  s u b je c t  r e a l i z e d  th e  c o nce p t.  

A d e f i n i t e  r e la t i o n s h ip  o f  th e  th r e e  mean p h y s io lo g ic a l  responses and 

perfo rm ance  was dem onstra ted f o r  s u b je c t  number two , p ro b le m -s o lv in g  

as i t  was f o r  s u b je c t  number one, p ro b le m -s o lv in g .

The mean p h y s io lo g ic a l  response o f  th e  a c t i v e  arm f o r  

s u b je c t  number t h r e e ,  p ro b le m -s o lv in g  (F ig u r e  1 3 ) ,  shows a random 

in c re a s e  in  m agnitude between t r i a l  b lo c k s  one and s i x  w i th  a sub­

sequent decrease  between t r i a l  b lo c k s  s i x  arid 17, fo l lo w e d  by random 

v a r i a b i l i t y  o f  low m agnitude  between b lo c k s  17 and 24. The mean 

p h y s io lo g ic a l  response o f  th e  p a s s iv e  arm shows a s l i g h t  g ra d u a l 

in c re a s e  between t r i a l  b lo c k s  one and f o u r  and the n  a s l i g h t  decrease 

w i t h  l i t t l e  random v a r i a b i l i t y  between t r i a l  b lo c k s  f o u r  and 17. T h is  

a c t i v i t y  is  fo l lo w e d  by random v a r i a b i l i t y  o f  low m agnitude  between 

t r i a l  b lo c k s  17 arid 24. The mean p h y s io lo g ic a l  response o f  speech 

dem onstra tes  a v a r ia b le ,  sharp in c re a s e  in  m agn itude  between t r i a l  

b lo c k s  one and f o u r  and then  a sharp decrease between t r i a l  b lo c k s  

fo u r  and f i v e .  T h is  a c t i v i t y  i s  fo l lo w e d  by a s l i g h t  random decrease 

between t r i a l  b lo c k s  f i v e  and 17 fo l lo w e d ,  in  t u r n ,  by random v a r i a ­

b i l i t y  between t r i a l  b lo c k s  17 and 24. S u b je c t  number t h r e e ,  p rob lem ­

s o lv in g ,  s a id ,  a f t e r  th e  e xp e r im e n t ,  t h a t  he had r e a l i z e d  th e  answer 

in  th e  b e g in n in g  o f  th e  e xp e r im e n t ,  as i s  dem onstra ted  in  th e  p e r -
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formance c u rv e  ( F ig u r e  1 3 ) .  In term s o f  th e  r e l a t i o n s h ip  between 

th e  pe r fo rm ance  c u rv e  and th e  p h y s io lo g ic a l  responses, t h i s  e a r ly  

r e a l i z a t i o n  o f  th e  concep t would  account f o r  th e  i n i t i a l  in c re a s e  in  

th e  m agn itude  o f  th e  th r e e  mean p h y s io lo g ic a l  responses between t r i a l  

b lo c k s  one and s i x ,  and, f o r  th e  subsequent decreases in  th e  m agnitude  

o f  th e  responses.

in  summary, a l l  t h r e e  o f  th e  mean p h y s io lo g ic a l  responses 

f o r  each o f  th e  th r e e  s u b je c ts  in  th e  p ro b le m - s o lv in g  ta s k  show a 

d e f i n i t e  r e la t i o n s h ip  to  th e  e m p ir ic a l  per fo rm ance  c u rv e s .  In c o n t r a s t ,  

o n ly  one o f  th e  mean p h y s io lo g ic a l  responses showed a d e f i n i t e  r e l a t i o n ­

s h ip  to  th e  perfo rm ance  cu rve s  f o r  each o f  th e  th r e e  s u b je c ts  in  th e  

p a i r - l e a r n in g  ta s k .

The t o t a l  mean p h y s io lo g ic a l  response o f  each o f  th e  th r e e  

e le c t r o p h y s io lo g ic a l  measures f o r  each o f  th e  th r e e  s u b je c ts  in  th e  

n o - le a r n in g  ta s k  was then  d e te rm ined . T h is  was accom plished  by summing 

th e  72 p h y s io lo g ic a l  responses f o r  each e le c t r o p h y s io lo g ic a l  measure 

and then  ta k in g  th e  mean. These th r e e  means a r e  r e fe r r e d  to  as th e  

"n e t  p h y s io lo g ic a l  responses".  The ne t p h y s io lo g ic a l  responses were 

then  de te rm ined  by th e  same p ro ced u re  f o r  each e le c t r o p h y s io lo g ic a l  

measure f o r  each o f  th e  th r e e  s u b je c ts  in  b o th  th e  p a i r - l e a r n in g  and 

th e  p ro b le m -s o lv in g  ta s k s .  These r e s u l t s  a re  p re sen ted  in  T a b le  1 .

The raw sco re s  f o r  th e  d a ta  in  T ab le  1 a re  p re sen ted  in  Appendix F.

An a n a ly s is  o f  v a r ia n c e  w as ' done on th e  d a ta  in  T a b le  1 

to  d e te rm ine  i f  th e  d i f f e r e n c e s  among th e  n e t p h y s io lo g ic a l  responses 

o v e r  th e  th r e e  e xpe r im e n ta l p rocedu res  were s i g n i f i c a n t .  The r e s u l t s
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T a b le  1

Net P h y s io lo g ic a l Responses in  M ic r o v o l t s

S ub je c t A c t iv e  Arm P a ss ive  Arm Speech

N o-Lea rn ing  No. 1 1 .59 -  5 .00 4.19

N o-Lea rn ing  No. 2 6 .07 0 .0 0 ' -  0 .57

N o-Lea rn ing  No. 3 11.47 16.66 12.89

P a i r -L e a rn in g  No. 1 67.24 7 .05 20.08

P a i r -L e a rn in g  No. 2 41.81 7 .55 9.21

P a i r -L e a rn in g  No. 3 3.36 -  2 .02 24.03

P ro b le m -S o lv in g  No. 1 43.48 65.45 33.05

P ro b le m -S o lv in g  No. 2 106.90 90.57 17.26

P ro b le m -S o lv in g  No. 3 12.50 9.03 23.19
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o f  th e  a n a ly s is  o f  v a r ia n c e  in d ic a t e  t h a t  th e  d i f f e r e n c e s  in  th e  ne t 

p h y s io lo g ic a l  responses o ve r  th e  th r e e  e xpe r im e n ta l ta s k s  were s ig ­

n i f i c a n t  a t  th e  0 .05  l e v e l .  T h is  r e s u l t  i n d ic a te s  a s i g n i f i c a n t  in c re a s e  

in  th e  n e t  p h y s io lo g ic a l  responses from  th e  n o - le a r n in g  ta s k ,  to  th e  

p a i r - l e a r n in g  ta s k ,  to  th e  p ro b le m -s o lv in g  ta s k .

The la c k  o f  s ig n i f i c a n c e  o f  th e  main e f f e c t  between n e t  

p h y s io lo g ic a l  responses i s  accounted  f o r  by th e  c lo s e  s i m i l a r i t y  o f  th e  

th r e e  p h y s io lo g ic a l  responses f o r  each s u b je c t  in  th e  n o - le a rn in g  

ta s k ;  by th e  c lo s e  s i m i l a r i t y  o f  a t  l e a s t  two o f  th e  p h y s io lo g ic a l  

responses f o r  each s u b je c t  in  th e  p a i r - l e a r n in g  ta s k ;  and by th e  f a c t  

t h a t  a t  le a s t  two o f  th e  p h y s io lo g ic a l  response f o r  each s u b je c t  in  

th e  p ro b le m -s o lv in g  ta s k  show a c lo s e  s i m i l a r i t y .  The r e s u l t s  o f  

th e  a n a ly s is  o f  v a r ia n c e  a re  p re sen ted  in  T a b le  2 .

A Newman-Keuls a n a ly s is  was pe rfo rm ed  on th e  d i f f e r e n c e  

between th e  n e t  p h y s io lo g ic a l  responses f o r  th e  th r e e  e xp e r im e n ta l 

ta s k s ,  main e f f e c t  A. These r e s u l t s  in d ic a t e  t h a t  d i f f e r e n c e s  in  th e  

n e t  p h y s io lo g ic a l  responses between each o f  th e  th r e e  e x p e r im e n ta l ta s k s  

were s i g n i f i c a n t .  That i s ,  th e  n e t p h y s io lo g ic a l  responses in  th e  no­

le a r n in g  ta s k  were s i g n i f i c a n t l y  le s s  a t  th e  0 .0 5  le v e l  than  in  bo th  

th e  p a i r - l e a r n in g  and p ro b le m -s o lv in g  ta s k s .  The n e t  p h y s io lo g ic a l  

responses in  th e  p a i r — le a r n in g  ta s k  were s i g n i f i c a n t l y  le s s  a t  th e  

0 .05  le v e l  th a n  f o r  th e  p ro b le m -s o lv in g  ta s k .  These r e s u l t s  a re  

p re sen te d  in  T ab le  3.

The r e s u l t s  o f  th e  Newman-Keuls t e s t  on th e  n e t  p h y s io ­

l o g i c a l  responses a re  v e ry  m e a n in g fu l when i t  i s  c o n s id e re d  t h a t  th e
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T ab le  2

A n a ly s is  o f  V a r ia nce  on th e  Net P h y s io lo g ic a l  Responses

Source o f  V a r ia t io n d f MS F Rat i 0

Between S ub je c ts 8

A (E x p e r im e n ta l Tasks) 2 3,563.59 3.58*

S u b je c ts  W i th in  Groups 6 994.56

W ith in  S ub je c ts 18

B ( P h y s io lo g ic a l  Responses) 2 662.46

AB 4 542.16

B X S ub je c ts  W i th in  Groups 12 409.80

*  F 2 5 ( 6 , 2 ) = 3.46
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T a b le  3

T es ts  on Means o f  th e  Net P h y s io lo g ic a l  Responses 

Using Newman-Keuls P rocedure

54

Tasks
1 . 1 
I N o -Lea rn ing  |
1 1 
1 1

Pai r - L e a rn in g

^2

P ro b 1em -SoIv ing  

&3

Ordered
Means

] 1 
1 15.77 1

1 1
59.29 133.81

1 1 %2 &3

1
1 D i f fe re n c e s  
1 Between 
1 Means
1

43.52 118.04

74.52

S j  =  10.47 r  =  2 r =  3

q ^95C r,6 )  = 3 .46 4 .34

36.23 45.44

q^qgC r , 6 )  = 5 .24 6 .33

54.86 66.27

1
I
1

&2 ^3

^1

1
1 * * *

^2

1
1
1
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t h r e e  n e t p h y s io lo g ic a l  responses f o r  each s u b je c t ,  when combined, 

y i e l d  a r e l a t i v e  pe rcen tag e  in d i c a t i o n  o f  th e  t o t a l  e le c t r o p h y s io lo g ic a l  

a c t i v i t y  in  th e  s k e le ta l  m u s c u la tu re  d u r in g  ta s k  pe r fo rm ance . Thus, 

p a r t i c i p a t i o n  in  th e  n o - le a r n in g  ta s k  re q u ire d  s i g n i f i c a n t l y  le s s  

e le c t r o p h y s io lo g ic a l  a c t i v i t y  than  d id  p a r t i c i p a t i o n  in  e i t h e r  th e  

p a i r - l e a r n in g  o r  th e  p ro b le m -s o lv in g  ta s k s .  F u r th e r ,  p a r t i c i p a t i o n  

in  th e  p a i r - l e a r n i n g  ta s k  re q u ire d  s i g n i f i c a n t l y  le s s  e le c t r o p h y s io -  

l o g i c a l  a c t i v i t y  than  d id  p a r t i c i p a t i o n  in  th e  p ro b le m -s o lv in g  ta s k .  

These d i f f e r e n c e s  in  th e  ne t p h y s io lo g ic a l  responses a re  p re sen te d  

g r a p h ic a l l y  in  F ig u re  14.

P h y s io lo g ic a l  Response D u ra t io n

The p h y s io lo g ic a l  response d u r a t io n  was de te rm ined  by 

m easuring  in  m i l l im e t e r s  th e  le n g th  o f  each response, on th e  d i r e c t  

EMG re c o rd in g ,  f o r  each one o f  th e  n in e  s u b je c ts .  These r e s u l t s  

were then  d iv id e d  by 12, as th e  c h a r t  paper speed was 12 m i l l im e t e r s  

p e r  second, to  g iv e  th e  p h y s io lo g ic a l  d u r a t io n  in  seconds. The 

p h y s io lo g ic a l  response d u r a t io n s  were then  summed and averaged o v e r  

b lo c k s  o f  s i x  t r i a l s .  These means a re  r e fe r r e d  to  as th e  "mean 

p h y s io lo g ic a l  d u r a t io n s " .  The raw d a ta  in  m i l l im e t e r s  a re  co n ta in e d  

in  Appendix E and th e  c o n ve r te d  d a ta  in  seconds a re  c o n ta in e d  in  

Appendix F.

The comparison o f  th e  mean p h y s io lo g ic a l  response d u r a t io n s  

o v e r  t r i a l  b lo c k s  f o r  each o f  th e  th r e e  s u b je c ts  in  th e  n o - le a r n in g  

ta s k  dem onstra tes  t h a t  th e r e  was l i t t l e  v a r i a t i o n  in  th e  response 

d u r a t io n  o v e r  t r i a l  b lo c k s .  In a d d i t i o n ,  th e  comparison dem onstra tes
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t h a t  th e  mean response d u r a t io n s  between s u b je c ts  were v e ry  s i m i l a r .  

These r e s u l t s  a re  p re sen ted  in  F ig u re  15.

In c o n t r a s t ,  th e  mean p h y s io lo g ic a l  response d u r a t io n s  f o r  

each o f  th e  th r e e  s u b je c ts  in  bo th  th e  p a i r - l e a r n i n g  and problem ­

s o lv in g  ta s k s  show a much lo n g e r  mean response d u r a t io n .  C o n s id e ra b le  

v a r i a b i l i t y  was dem onstra ted  w i t h i n  each s u b je c t  in  th e se  two ta s k s ,  

an h ig h  v a r i a b i l i t y  was dem onstra ted between th e  th r e e  s u b je c ts  in  

t h e  p a i r - l e a r n in g  ta s k  and th e  th r e e  s u b je c ts  in  th e  p ro b le m -s o lv in g  

ta s k .  These r e s u l t s  a re  shown in  F ig u re s  16 and 17.

The mean p h y s io lo g ic a l  response d u r a t io n s  o v e r  t r i a l  b lo c k s  

were then  summed and averaged f o r  each s u b je c t .  T h is  mean i s  r e fe r r e d  

to  as th e  " n e t  p h y s io lo g ic a l  response d u r a t io n " .  The n e t p h y s io ­

l o g i c a l  response d u r a t io n s  f o r  th e  th r e e  s u b je c ts  in  th e  n o - le a r n in g  

ta s k  were c o m p a ra t iv e ly  le s s  than  th e  n e t  p h y s io lo g ic a l  response 

d u r a t io n s  f o r  th e  th r e e  s u b je c ts  in  e i t h e r  th e  p a i r - l e a r n in g  o r  th e  

p ro b le m -s o lv in g  ta s k s .  The d i f f e r e n c e  in  th e  n e t  p h y s io lo g ic a l  

response d u r a t io n s  between th e  th r e e  s u b je c ts  in  th e  p a i r - l e a r n i n g  

ta s k  and th e  th r e e  s u b je c ts  in  th e  p ro b le m -s o lv in g  ta s k  was m in im a l by 

com par ison . These com parisons a re  p re sen ted  in  T ab le  4.

A t  t e s t  a n a ly s is  was perfo rm ed  on th e  com parisons o f  th e  

n e t  p h y s io lo g ic a l  response d u r a t io n s  to  d e te rm ine  i f  th e  d i f f e r e n c e s  

were s i g n i f i c a n t .  The a n a ly s is  showed th a t  th e  n e t  p h y s io lo g ic a l  

response d u r a t io n s  o f  th e  th r e e  s u b je c ts  in  th e  n o - le a r n in g  ta s k  

were s i g n i f i c a n t l y  le s s  a t  th e  0 .05  le v e l  than  e i t h e r  th e  p a i r -  

le a r n in g  o r  p ro b le m -s o lv in g  ta s k  d u r a t io n s .  The d i f f e r e n c e  between
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T a b le  4

Net P h y s io lo g ic a l  Response D u ra t io n s  in  Seconds

S u b je c t Net P h y s io lo g ic a l  Response D u ra t io n

N o -L ea rn in g  No. 1 2.91 seconds

N o -L ea rn ing  No. 2 2 .1 8  seconds

N o -L ea rn ing  No. 3 3.71 seconds

P a i r -L e a rn in g  No. 1 4 .82  seconds

P a i r -L e a rn in g  No. 2 6 .68  seconds

P a i r -L e a rn in g  No. 3 10.05 seconds

P ro b le m -S o lv in g  No. 1 3 .43  seconds

P ro b le m -S o lv in g  No. 2 6.91 seconds

P ro b le m -S o lv in g  No. 3 7 .76  seconds
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t h e  th r e e  s u b je c ts  in  th e  p a i r - l e a r n in g  ta s k  and th e  problenrr— 

s o lv in g  ta s k  were no t s i g n i f i c a n t .  These r e s u l t s  a re  p re sen ted  in  

T a b le  5.

The s i g n i f i c a n t  d i f f e r e n c e  between th e  n o - le a r n in g  ta s k  

and th e  two le a rn in g  ta s k s  dem onstra tes  c l e a r l y  t h a t  th e  e l e c t r o -  

p h y s io lo g ic a l  a c t i v i t y  in  th e  a c t i v e  arm was n o t  a f u n c t io n  o n ly  o f  

p h y s ic a l  w o rk ;  t . e . , d ep re ss in g  and re le a s in g  th e  response b u t to n .  

In s te a d ,  th e  a c t i v i t y  must be a t t r i b u t e d  to  th e  le a r n in g  req u irem en ts  

o f  th e  two ta s k s .  The p h y s io lo g ic a l  response d u r a t io n  d is c r im in a te s  

between th e  perfo rm ance  o f  a p e r c e p tu a l—m otor ta s k  ( n o - le a r n in g  

ta s k )  and o f  le a r n in g  ta s k s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



63

T a b le  5

t  T e s ts  Between th e  Net P h y s io lo g ic a l  Response D u ra t io n s  in  Seconds 

Comparisons t

No-Lea rn ing  ve rsus  
Pai r - L e a rn in g 2 .6 6 *

N o-Lea rn ing  ve rsu s  
P ro b le m -S o lv in g 2 .2 2 *

P a i r -L e a rn in g  ve rsus  
P ro b le m -S o lv in g 0 .0 0

*  t  05( 4 ) =  2 .1 3
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CHAPTER IV 

DISCUSSION

The d is c u s s io n  o f  th e  r e s u l t s  i s  p re sen ted  in  t h r e e  s e c t io n s .  

These s e c t io n s  in c lu d e  th e  le v e l  o f  l e a r n in g ,  th e  p h y s io lo g ic a l  re ­

sponses and th e  p h y s io lo g ic a l  response d u r a t io n s .

The emphasis in  th e  d is c u s s io n  is  on th e  o rd e r in g  and 

s y n th e s is  o f  th e  e m p ir ic a l  r e s u l t s .  T h is  approach is  in  o rd e r  as 

th e  research  was, as c l e a r l y  s ta te d  p r e v io u s ly ,  o f  an h ig h ly  ex­

p lo r a t o r y  n a tu re  w i t h  th e  emphasis on e m p ir ic a l  f a c t  f i n d i n g ,  o r ,  

th e  e m p ir ic a l  r e la t io n s h ip s  between th e  p h y s io lo g ic a l  responses and 

i n d i v id u a l  le a r n in g .

Leve l o f  L ea rn in g  

In th e  d is c u s s io n  o f  th e  le v e l  o f  le a r n in g  i t  i s  necessary  

o n ly  to  p o in t  o u t  t h a t ,  f i r s t l y ,  each o f  th e  th r e e  s u b je c ts  in  bo th  

o f  th e  two le a r n in g  ta s k s  ach ieved  th e  o p e r a t i o n a l l y  d e f in e d  

c r i t e r i o n  o f  one hundred p e rc e n t  le a r n in g ;  i . e . ,  12 c o n s e c u t iv e  

c o r r e c t  responses b e fo re  th e  o nse t o f  th e  o range l i g h t .  The phy--  

s i o l o g i c a l  responses can be d is c u s s e d ,  t h e r e f o r e ,  bo th  in  term s o f  

a c q u is i t i o n  and a s y m p to t ic  pe r fo rm ance . S econd ly , in  t h a t  each o f  

th e  th r e e  s u b je c ts  in  b o th  o f  th e  two le a r n in g  ta s k s  ach ieved  

c r i t e r i o n  p re v io u s  to  th e  te r m in a t io n  o f  th e  e xp e r im e n t ,  th e  p h y s io ­

l o g i c a l  responses can be d iscussed  in  term s o f  o v e r - le a r n in g  ( a c t i v e l y  

c o n t in u in g  in  th e  e xpe r im en ta l ta s k  beyond a c q u i s i t i o n ) .

P h y s io lo g ic a l  Response Measures 

In read ing  th e  d is c u s s io n  o f  th e  p h y s io lo g ic a l  responses

64
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i t  i s  e x tre m e ly  im p o r ta n t  to  remember t h a t  th e  m agnitude  o f  each o f  

th e  th r e e  mean p h y s io lo g ic a l  responses o ve r  t r i a l  b lo c k s  f o r  each o f  

th e  n in e  s u b je c ts  was de te rm ined  from  th e  same r e l a t i v e  zero  p o in t .  

T h is  was accom plished  by s u b t r a c t in g  th e  a p p r o p r ia te  p re -e x p e r im e n ta l  

b a s e - le v e l  f rom  th e  mean p h y s io lo g ic a l  responses. T h e re fo re ,  th e  

d i f f e r e n c e  between th e  mean p h y s io lo g ic a l  responses in  th e  th r e e  

e x p e r im e n ta l ta s k s  can be d iscussed  in  te rm s o f  th e  demands and 

c o m p le x i ty  o f  th e  ta s k s .

The d is c u s s io n  o f  th e  r e s u l t s  i s  p re fa c e d  by th e  w r i t e r * s  

t h e o r e t i c a l  p o s i t i o n  on th e  meaning o f  th e  p h y s io lo g ic a l  responses 

in  r e la t i o n s h ip  to  pe r fo rm ance . The p h y s io lo g ic a l  responses as 

measured and q u a n t i f i e d  in  t h i s  research  a re ,  a t  l e a s t ,  a r e l a t i v e  

p e rcen tage  in d i c a t i o n  o f  th e  t o t a l  c e n t r a l  p h v s io lo g ic a l  a c t i v i t y  

re q u ire d  o f  th e  s u b je c ts  to  s u c c e s s fu l l y  pe r fo rm  th e  d i f f e r e n t  

e x p e r im e n ta l ta s k s .  T h is  t h e o r e t i c a l  p o s i t i o n  i s  s e t  o u t  in  th e  

assum ptions l i s t e d  be low .

1) Task perfo rm ance  i s  c o n t r o l l e d  by th e  development o f  a 

s p e c i f i c  and o rg a n ize d  c e n t r a l  p ro cess .

2) T h is  c e n t r a l  p rocess n o t  o n ly  c o n t r o ls  th e  imm ediate s tag e  

o f  pe r fo rm ance , b u t  a ls o  " a n t i c i p a t e s "  l a t e r  s ta g e s .

3) The p a r t i c u l a r  le v e l  (m agn itude ) o f  c e n t r a l  o r g a n iz a t io n  

depends n o t  o n ly  on th e  d u r a t io n  o f  p re v io u s  a c t i v i t y ,  bu t 

a ls o  on th e  c o m p le x i ty  o f  th e  ta s k .

4) The c e n t r a l  p rocess  has p r o p e r t ie s  v e ry  s i m i l a r  t o  tho se  

p o s tu la te d  by Hebb (1955) f o r  th e  " c e l l  assem bly" and 

phase sequence. In p a r t i c u l a r  i t  a) u s u a l ly  has a s p e c i f i c
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m otor f a c i l i t a t i o n ,  and b) when w e l l  o rg a n iz e d  i t  w i l l  tend  

to  d im in is h  in ,  o r  cease a c t i v i t y  a l t o g e th e r .

N o -L ea rn ing  Task

The r e la t io n s h ip s  o f  th e  th r e e  mean p h y s io lo g ic a l  responses 

to  pe r fo rm ance  f o r  each o f  th e  th r e e  s u b je c ts  were v e ry  s i m i l a r .  That 

i s ,  each o f  th e  th r e e  responses th ro u g h o u t  perfo rm ance  was o f  s ig ­

n i f i c a n t l y  low er m agnitude  than  th e  responses o f  th e  s u b je c ts  in  th e  

two le a r n in g  ta s k s .  F u r th e r ,  th e  responses showed m in im a l v a r i a t i o n  

w i t h i n  each s u b je c t ,  and l i t t l e  to  no v a r i a t i o n  between s u b je c t s .

There was no s y s te m a t ic  in c re a s e  in  th e  p h y s io lo g ic a l  responses 

th ro u g h o u t  perfo rm ance .

S im i la r  r e s u l t s  have been re p o r te d  by Be langer (1 8 5 7 ) ,

Eason (1959) and MacNeilage (1 9 6 6 ) .  The i n t e r p r e t a t i o n  o f f e r e d  here  

is  t h a t  th e  ta s k  was too  s im p le  and r e p e t i t i o u s  a n d /o r  too  low 

in  i t s  demands on th e  in d i v id u a l  s u b je c ts  to  p roduce  any s y s te m a t ic  

in c re a se s  in  th e  p h y s io lo g ic a l  responses o v e r  t r i a l  b lo c k s .  O r,  to  

pe r fo rm  th e  n o - le a rn in g  ta s k  as such produced an o v e r a l l  in c re a s e  

o f  low m agnitude  in  th e  p h y s io lo g ic a l  responses wh ich  remained 

r e l a t i v e l y  c o n s ta n t  th ro u g h o u t  perfo rm ance . In terms o f  c e n t r a l  

p ro cesse s ,  t h i s  response p a t t e r n  in d ic a te s  t h a t  th e  s u b je c t  i s  n o t  

re q u ire d  d u r in g  perfo rm ance  to  o rg a n iz e  and deve lop  a s p e c i f i c  

p rocess  to  p e r fo rm  th e  ta s k  s u c c e s s fu l l y .  In s te a d ,  th e  s u c c e s s fu l  

perfo rm ance  o f  th e  ta s k  i s  a n t i c i p a t e d  o r  p e rc e iv e d  im m e d ia te ly ,  and 

th e  m agnitude  o f  th e  responses in d ic a t e  s im p ly  th e  le v e l  o f  c e n t r a l  

a c t i v i t y  necessary  to  m a in ta in  perfo rm ance .
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P a i r —L e a rn in g  Task

The mean p h y s io lo g ic a l  responses o ve r  t r i a l  b lo c k s  f o r  

each s u b je c t ,  w h i le  i d i o s y n c r a t i c ,  dem onstra ted g en e ra l r e l a t i o n ­

s h ip s  to  pe rfo rm ance . The r e s u l t s  in d ic a t e  t h a t  one o f  th e  th r e e  

p h y s io lo g ic a l  responses dem onstra ted  a re le v a n t  r e la t i o n s h ip  to  

perfo rm ance  f o r  each s u b je c t  (F ig u re s  8 ,  9 and 1 0 ) .  The sou rce  o f  

t h i s  response was found to  be d i f f e r e n t  between th e  s u b je c ts .

The r e la t io n s h ip s  o f  th e  r e le v a n t  p h y s io lo g ic a l  responses 

to  perfo rm ance  were shown to  be c o n s is te n t  f o r  each s u b je c t .  That 

i s !  1) where th e  response was h ig h ly  v a r ia b le  d u r in g  a c q u is i t i o n  

perfo rm ance  was h ig h ly  v a r i a b l e ,  and where th e  response was low 

in  v a r i a b i l i t y  d u r in g  a c q u is i t i o n  perfo rm ance  was low in  v a r i a b i l i t y ;

2) a sharp decrease  in  th e  m agnitude  o f  th e  r e le v a n t  p h y s io lo g ic a l  

response was dem onstra ted by each s u b je c t  when th e  s u b je c t  was 

c o n t in u o u s ly  p e r fo rm in g  a t  a s y m p to t ic  l e v e l ,  and th e  decrease 

o f  th e  response preceded a s y m p to t ic  pe r fo rm ance ; 3) th e re  was 

c o n t in u o u s  random a c t i v i t y  in  th e  re le v a n t  response a f t e r  th e  

decrease th ro u g h o u t  th e  re s t  o f  th e  ta s k  pe r fo rm ance , o r  o v e r ­

le a r n in g .

The two a d d i t i o n a l  p h y s io lo g ic a l  responses were c o n s id e ra b ly  

le s s  in  m agn itude  than th e  re le v a n t  response f o r  each s u b je c t ,  and 

were v e ry  s i m i l a r  to  each o th e r  f o r  each s u b je c t  and between s u b je c ts  

in  m agn itude . The r e le v a n t  response was seen to  a pp rox im a te  th e se  

two responses d u r in g  o v e r - le a r n in g .  In the se  l a t t e r  re sp e c ts  th e  

p h y s io lo g ic a l  responses in  th e  p a i r —le a r n in g  ta s k  a re  q u i t e  s i m i l a r

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



68

in  m agn itude  and v a r i a b i l i t y  to  th e  responses in  th e  n o - le a r n in g  

ta s k .

Through a n a ly s is  o f  v a r ia n c e  th e  in c re a s e  in  th e  m agnitude  

o f  th e  p h y s io lo g ic a l  response between th e  n o - le a r n in g  ta s k  and 

th e  p a i r - l e a r n in g  ta s k  was shown to  be s i g n i f i c a n t  a t  th e  0 .0 5  l e v e l .  

T h is  s i g n i f i c a n t  in c re a s e  in  m agn itude  is  i n t e r p r e t e d  as meaning th a t  

perfo rm ance  o f  a complex le a r n in g  ta s k  o f  a s t im u lu s - re s p o n s e  n a tu re  

re q u i re s  g r e a te r  o u tp u t  i n ,  and o r g a n iz a t io n  o f  th e  c e n t r a l  p rocesses  

than  does perfo rm ance  o f  a p e rc e p tu a l-m o to r  t a s k .  The o r g a n iz a t io n  

would ta k e  p la c e  d u r in g  pe r fo rm ance  and n o t  b e fo re ,  as in  th e  no­

le a r n in g ,  o r  p e rc e p tu a l-m o to r  ta s k .

That perfo rm ance  i s  c o n t r o l l e d  by th e  development o f  a 

s p e c i f i c  and o rg an ize d  c e n t r a l  p rocess  i s  shown by th e  c o n t in u o u s  

in c re a s e  in  m agn itude  o f  th e  r e le v a n t  response d u r in g  a c q u i s i t i o n .

T h is  would in d ic a t e  t h a t  d u r in g  a c q u is i t i o n  bo th  th e  le v e l  o f  c e n t r a l  

a c t i v i t y  and th e  number o f  mechanisms in v o lv e d  was an in c re a s in g  

f u n c t i o n .  Then, w i t h  th e  e s ta b l is h m e n t  o f  a s y m p to t ic  perfo rm ance  

th e  response shows a ra p id  decrease  and then  le v e ls  o u t  d u r in g  o v e r ­

le a r n in g .  T h is  ra p id  decrease and l e v e l in g  o u t  i s  a t t r i b u t e d  to  

th e  assum ption  t h a t  le a r n in g  i s  com p le te  o r  o rg a n iz e d  and th e  le v e l  

o f  c e n t r a l  a c t i v i t y  a n d /o r  th e  number o f  mechanisms re q u ire d  to  

m a in ta in  le a r n in g  d im in is h e s .

The assum ption  t h a t  pe r fo rm ance  i s  c o n t r o l l e d  and a n t i c i p a t e d  

c e n t r a l l y  i s  suppo rted  by th e  imm ediate  and sharp  decrease in  th e  

r e le v a n t  response p r i o r  t o  c o n t in u e d  a s y m p to t ic  pe r fo rm ance . T h is
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p r i o r  decrease  i s ,  f u r t h e r ,  a c le a r  i n d ic a t io n  t h a t  le a r n in g  c e n t r a l l y  

precedes th e  o v e r t  o r  perfo rm ance  a c t i v i t y ,  and is  r e l a t i v e l v  indepen- 

o f  sensory  s t im u la t i o n . T h is  idea  was f i r s t  p o s tu la te d  by Smith (1 9 5 3 ) .

The s i m i l a r i t y  between th e  p h y s io lo g ic a l  responses o f  th e  

s u b je c ts  in  th e  p a i r - l e a r n i n g  ta s k ,  once c o n t in u e d  a s y m p to t ic  p e r ­

formance was e s ta b l is h e d ,a n d  th e  s u b je c ts  in  th e  n o - le a r n in g  ta s k  would 

seem to  in d ic a t e  t h a t :  d u r in g  o v e r - le a r n in g  th e  s p e c i f i c  c e n t r a l  p rocess

re q u ire d  to  p e r fo rm  a ta s k  o f  s t im u lu s - re s p o n s e  n a tu re  i s  s i m i l a r  to  

t h a t  o f  a ta s k  o f  a p e rc e p tu a l-m o to r  n a tu re .

P ro b le m -S o lv in g  Task

I t  was dem onstra ted  in  th e  p ro b le m -s o lv in g  ta s k  t h a t  th e  

th r e e  p h y s io lo g ic a l  responses f o r  each s u b je c t  showed a r e la t i o n s h ip  

to  perfo rm ance  (F ig u te s  11, 12 &  1 3 ) .  The r e la t io n s h ip s  w ere : 1) a

s u b s t a n t ia l  in c re a s e  in  th e  m agnitude  o f  th e  responses d u r in g  a c q u i­

s i t i o n ;  2) a gene ra l decrease in  th e  m agnitude o f  th e  responses f o l l o w ­

ing  a c q u is i t i o n  o f  th e  co n ce p t,  where th e  decreases in  th e  responses 

precede th e  c r i t e r i o n  o f  one-hundred  p e rc e n t  le a r n in g ;  3) a r e l a t i v e l y  

h ig h  and random a c t i v i t y  in  th e  responses a f t e r  th e  i n i t i a l  decrease , 

o r  d u r in g  o v e r - le a r n in g .

A n a ly s is  o f  v a r ia n c e  showed t h a t  th e  in c re a s e  in  m agn itude  

o f  th e  p h y s io lo g ic a l  responses between th e  n o - le a r n in g  ta s k  and th e  

p ro b le m -s o lv in g  ta s k  was s i g n i f i c a n t  a t  th e  0.01 l e v e l .  The in c re a s e  

between th e  p a i r - l e a r n in g  ta s k  and th e  p ro b le m -s o lv in g  ta s k  was 

s i g n i f i c a n t ,  as w e l l ,  a t  th e  0.01 l e v e l .

These s i g n i f i c a n t  in c re a s e s  in  m agn itude  a re  in t e r p r e t e d  as 

in d i c a t i n g  t h a t  th e  perfo rm ance  o f  a complex le a r n in g  ta s k  o f  a c o g n i t i v e
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n a tu re  re q u i re s  g r e a te r  o u tp u t  i n ,  and o r g a n iz a t io n  o f ,  th e  c e n t r a l  

p rocesses  than  does th e  perfo rm ance  o f  e i t h e r  a s t im u lu s - re s p o n s e  

le a r n in g  ta s k  o r  a p e rc e p tu a l-m o to r  ta s k .  In term s o f  th e  assum ptions 

l i s t e d  p r e v io u s ly ,  th e  s i g n i f i c a n t  d i f f e r e n c e s  g iv e  e m p ir ic a l  s u p p o r t  

to  th e  assum tion  t h a t :  t h e  p a r t i c u l a r  le v e l  (m agn itude ) o f  c e n t r a l

o r g a n iz a t io n  dqsends n o t  o n ly  on th e  d u r a t io n  o f  p re v io u s  a c t i v i t y ,  b u t  

a ls o  on th e  c o m p le x i ty  o f  th e  ta s k .

The in c re a se s  in  th e  p h y s io lo g ic a l  responses d u r in g  

a c q u is i t i o n  a re  in t e r p r e te d  as s i g n i f y i n g  th e  development o f  a s p e c i f i c  

and o rg a n iz e d  c e n t r a l  p rocess necessary  to  comprehend and s u c c e s s fu l l y  

p e r fo rm  th e  p ro b le m -s o lv in g  ta s k .  That i s ,  d u r in g  a c q u is i t i o n  bo th  th e  

le v e l  o f  c e n t r a l  a c t i v i t y  and number o f  mechanisms in v o lv e d  i s  an 

in c re a s in g  f u n c t io n .  The decreases in  th e  m agnitude  o f  th e  responses 

w i t h  th e  a c q u is i t i o n  o f  th e  concep t a re  i n t e r p r e t e d  as meaning t h a t  once 

le a r n in g  has been ach ieved  th e  le v e l  o f  a c t i v i t y  a n d /o r  number o f  

mechanisms o f  th e  o rg a n ize d  c e n t r a l  p rocess  necessary  to  m a in ta in  

le a r n in g  is  g r e a t l y  reduced. The assum ption  t h a t  perfo rm ance  is  con­

t r o l l e d  and a n t i c i p a t e d  c e n t r a l l y  is  s u p p o r te d ,  a g a in ,  by th e  decreases 

in  th e  responses p r i o r  to  c o n t in u e d  a s y m p to t ic  pe r fo rm ance .

The r e l a t i v e l y  h igh  and c o n s is te n t  random a c t i v i t y  o f  th e  

p h y s io lo g ic a l  responses f o l l o w in g  a c q u is i t i o n  i s  a t t r i b u t e d  to  th e  

n a tu re  o f  th e  ta s k .  That i s ,  th e  s u b je c t  must c o n t in u o u s ly  m e d ia te ,  

use th e  concept to  pe r fo rm  s u c c e s s fu l l y  in  th e  p ro b le m -s o lv in g  ta s k .

T h is  r e s u l t s  in  an inc reased  le v e l  o f  c e n t r a l  a c t i v i t y  d u r in g  o v e r ­

le a r n in g  when compared to  th e  responses in  th e  p a i r - l e a r n i n g  task

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



71

d u r in g  o v e r - le a r n in g .  T h is  a c t i v i t y  d u r in g  o v e r - le a r n in g  c l e a r l y  

d i f f e r e n t i a t e s  th e  p ro b le m -s o lv in g  ta s k  from  th e  p a i r - l e a r n in g  ta s k .

The la c k  o f  any s i g n i f i c a n t  d i f f e r e n c e s  between th e  th r e e  

p h y s io lo g ic a l  responses ( a c t i v e  arm, p a s s iv e  arm, and speech) w i t h in  

s u b je c ts  i s  in t e r p r e te d  as s u p p o r t in g  th e  th e o ry  t h a t  th e  p h y s io lo g ic a l  

responses a re  a r e l a t i v e  p e rcen tag e  in d i c a t i o n  o f  th e  t o t a l  c e n t r a l  

p h y s io lo g ic a l  a c t i v i t y  re q u ire d  to  p e r fo rm  th e  e xpe r im e n ta l ta s k s .

I f  t h i s  were no t so one m igh t expect to  g e t  s i g n i f i c a n t  d i f f e r e n c e s  be­

tween th e  p h y s io lo g ic a l  responses, a t  le a s t  between th e  response o f  th e  

a c t i v e  arm and th e  o th e r  responses.

P h y s io lo g ic a l  Response D u ra t io n s

There was l i t t l e  v a r i a t i o n  in  th e  mean response d u r a t io n s  

bo th  w i t h i n  s u b je c ts  and between s u b je c ts  in  th e  n o - le a r n in g  ta s k .

The response d u ra t io n s  f o r  th e  s u b je c ts  in  bo th  th e  p a i r - l e a r n in g  

ta s k  and th e  p ro b le m -s o lv in g  ta s k  were h ig h ly  v a r i a b l e  bo th  w i t h i n  

and between s u b je c ts  and were o f  g r e a te r  d u r a t io n  than  in  th e  no­

le a r n in g  ta s k .  The in c re ase s  in  th e  d u r a t io n  o f  th e  response between 

th e  n o - le a r n in g  ta s k  and both  th e  two le a rn in g  ta s k s  were shown by 

t  t e s t s  to  be s i g n i f i c a n t  a t  th e  0 .0 5  l e v e l .  The d i f fe r e n c e s  between 

th e  d u r a t io n  o f  th e  responses between th e  s u b je c ts  in  th e  p a i r -  

le a r n in g  ta s k  and th e  p ro b le m -s o lv in g  ta s k  were n o t s i g n i f i c a n t .

The s i g n i f i c a n t  d i f f e r e n c e s  in  th e  p h y s io lo g ic a l  response 

d u r a t io n s  can be a t t r i b u t e d  o n ly  to  th e  demands, in  term s o f  le a r n in g ,  

o f  th e  e x p e r im e n ta l ta s k s  and n o t  to  p h y s ic a l  w o rk , s in c e  t h i s  was 

i d e n t i c a l  f o r  each o f  th e  th r e e  ta s k s .  In s te a d ,  th e  r e s u l t s  a re
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in t e r p r e t e d  as i n d i c a t i n g  t h a t  th e  d u r a t io n  o f  th e  response in  th e  

a c t i v e  arm was, a g a in ,  a f u n c t io n  o f  th e  t o t a l  c e n t r a l  p h y s io lo g ic a l  

a c t i v i t y  re q u ire d  to  s u c c e s s fu l l y  pe r fo rm  th e  e x p e r im e n ta l ta s k s .  

O th e rw is e ,  one would n o t  expect any s i g n i f i c a n t  d i f f e r e n c e s  in  th e  

d u r a t io n  o f  th e  responses.

In r e l a t i o n  to  p re v io u s  research  th e  p re s e n t  r e s u l t s  o f  th e  

tw o - le a r n in g  ta s k s  a re ,  f o r  th e  most p a r t ,  m arked ly  d i f f e r e n t .  The 

m a jo r i t y  o f  p re v io u s  resea rch  has shown t h a t  th e  p h y s io lo g ic a l  

responses ( p h y s io lo g ic a l  g r a d ie n ts )  have been r e l a t i v e l y  smooth, 

m o n o to n ic a l ly  in c re a s in g  responses d u r in g  a c q u is i t i o n  (Malmo, 1965 ).

In c o n t r a s t ,  th e  p re s e n t  rese a rch  shows t h a t  th e  p h y s io lo g ic a l  responses 

a re  g e n e r a l l y  h ig h ly  v a r ia b le  d u r in g  a c q u i s i t i o n .  T h is  d i f f e r e n c e  is  

a t t r i b u t e d  to  th e  d i f f e r e n c e  between th e  c u r r e n t  and p re v io u s  

e x p e r im e n ta l ta s k s ;  i . e . ,  complex le a r n in g  ta s k s  v e rsu s  p e r c e p tu a l -  

m otor ta s k s .  In a d d i t i o n ,  th e  p re s e n t  research  has a ttem p ted  to  

e s ta b l i s h  th e  r e la t io n s h ip  between p h y s io lo g ic a l  responses and p e r­

formance d u r in g  o v e r - le a r n in g ,  and th e  r e la t i o n s h ip  o f  p h y s io lo g ic a l  

response d u r a t io n  and pe r fo rm ance . These two prob lem s have n o t  been 

e x p lo re d  in  p re v io u s  re se a rch .

In gen e ra l i t  was f e l t  t h a t  th e  p re s e n t  s tu d y  s u p p o r ts  th e  

th e o ry  t h a t  th e  e le c t r o p h y s io lo g ic a l  a c t i v i t y  in  th e  s k e le ta l  muscles 

d u r in g  perfo rm ance  o f  complex le a rn in g  ta s k s  i s  a r e l a t i v e  i n d ic a t io n  

o f  th e  t o t a l  c e n t r a l  a c t i v i t y  re q u ire d  to  s u c c e s s fu l l y  p e r fo rm  th e  

ta s k s .  T h is  r e l a t i v e  a c t i v i t y  i s  th e  muscles i s  p ro b a b ly  accounted 

f o r ,  in  p a r t ,  by th e  s e n s i t i v e  gamma e f f e r e n t  system o r .
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m usc le - s p in d le  feed  back c i r c u i t s ,  and would presum ably  be m ed ia ted  be­

tween th e  h ig h e r  c o r t i c a l  a reas and th e  p e r ip h e ry  by th e  "a scend ing  

r e t i c u l a r  a c t i v a t i n g  sys tem " and th e  "descend ing  r e t i c u l a r  f a c i l i -  

t a t o r y  s y s te "  (Magoun, 1964).

Sugges t ions  f o r  F u r th e r  Research 

I t  i s  recommended t h a t  th e  p re s e n t  s tu d y  be r e p l i c a te d  

u s in g  an inc reased  number o f  t r i a l s .  In t h i s  way i t  co u ld  be 

de te rm ined  i f  th e  p h y s io lo g ic a l  responses in  p ro b le m -s o lv in g  d u r in g  

o v e r - le a r n in g  would come to  app ro x im a te  th e  responses o f  th e  p a i r -  

le a r n in g  ta s k  d u r in g  o ye r -1  e a rn in g  and th e  responses o f  th e  n o - le a r n in g  

ta s k  o r ,  would  th e  same r e la t i o n s h ip s ,  e s ta b l is h e d  in  t h i s  re s e a rc h ,  

h o ld  d u r in g  o v e r - le a r n in g  w i t h  in c reased  t r i a l s .

Tn t h a t  t h i s  e x p lo r a to r y  research  in  c o n ju n c t io n  w i th  th e  

a v a i l a b le  equipment has e s ta b l is h e d  a m ethodology by wh ich  th e  

r e la t io n s h ip s  between complex le a rn in g  and p e r ip h e r a l  p h y s io lo g ic a l  

a c t i v i t y  can be s tu d ie d ,  i t  i s  f u r t h e r  recommended t h a t  a d d i t i o n a l  

research  u s in g  d i f f e r e n t  e x p e r im e n ta l p rocedu res  be done. Such 

expe rim en ts  to g e th e r  w i th  th e  p re s e n t  s tu d y  would  r e s u l t  in  a 

b roade r u n d e rs ta n d in g  o f  th e  r e la t i o n s h ip s  between p e r ip h e r a l  

p h y s io lo g ic a l  a c t i v i t y  and complex le a r n in g .
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CHAPTER V 

SUMMARY

The problem  in  th e  p re s e n t  study was to  in v e s t i g a t e  th e  

r e la t i o n s h ip s  between in d i v id u a l  complex le a r n in g  and th e  e l e c t r o -  

p h y s io lo g ic a l  a c t i v i t y  in  th e  fo re a rm  e x te n so r  muscles o f  bo th  arms 

and th e  speech muscles v i a  th e  c h in .  Three d i f f e r e n t  e xpe r im e n ta l 

ta s k s  were used, a n o - le a r n in g  ta s k  o f  a p e rc e p tu a l-m o to r  n a tu re ,  a 

p a i r - l e a r n in g  ta s k  o f  a s t im u lu s - re s p o n s e  n a tu re ,  and a prob lem ­

s o lv in g  ta s k  o f  a c o g n i t i v e  n a tu re .  The e le c t r o p h y s io lo g ic a l  a c t i v i t y  

( p h y s io lo g ic a l  responses) was measured by th e  s u r fa c e  e lec trom yo ­

g ra p h ic  te c h n iq u e .

N ine  male u nd e rg ra d u a te ,  m o n o l igu a l s tu d e n ts  between 19 and 

21 yea rs  o f  age p a r t i c i p a t e d  in  th e  e xpe r im e n ts .  The General L ea rn in g  

Appara tus and s tan d a rd  O f fn e r  e ig h t - c h a n n e l ,  in k  re c o rd in g  TYPE R 

DYNOGRAPH o f  th e  departm ent o f  P sycho logy , U n iv e r s i t y  o f  Windsor were 

used.

The th r e e  s u b je c ts  in  th e  n o - le a r n in g  ta s k  were in s t r u c te d  

to  respond to  s i x  o range l i g h t s  by de p re ss in g  th e  response b u t to n s ,  

one a t  a t im e ,  below th e  o range  l i g h t s  as th e  o range l i g h t s  came on 

one a t  a t im e .  The th r e e  s u b je c ts  in  th e  p a i r - l e a r n i n g  ta s k  were 

in s t r u c te d  to  le a rn  s i x  randomized c o n n e c t io n s  between s i x  w h i te  

l i g h t s  and s i x  response b u t to n s .  The th r e e  s u b je c ts  in  th e  prob lem ­

s o lv in g  ta s k  were in s t r u c te d  to  le a rn  th e  c o n n e c t io n  between p a i r s  o f  

w h i te  l i g h t s  and th e  response b u t to n ;  i . e . ,  th e  la r g e r  minus th e  

s m a l le r  e q u a l le d  th e  c o r r e c t  response. The le v e l  o f  le a r n in g  was
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measured o ve r  b lo c k s  o f  s i x  t r i a l s .  The p h y s io lo g ic a l  responses in  

th e  form  o f  d i r e c t  and in te g r a te d  e lectrom yogram s were measured o ve r  

b lo c k s  o f  s i x  t r i a l s .

The r e s u l t s  in d ic a t e  t h a t  th e  r e l a t i o n s h ip  h o ld in g  between 

th e  p h y s io lo g ic a l  responses and perfo rm ance  d u r in g  th e  th r e e  e x p e r i ­

m enta l ta s k s  is  an in c re a s in g  f u n c t i o n .  That i s ,  as th e  c o m p le x i ty  

a n d /o r  demands o f  th e  ta s k  was in c re ase d  from  th e  n o - le a r n in g  ta s k  to  

th e  p a i r - l e a r n i n g  ta s k ,  to  th e  p ro b le m -s o lv in g  ta s k  th e  m agnitude  o f  

th e  p h y s io lo g ic a l  responses was shown to  in c re a s e  s i g n i f i c a n t l y .

I t  was dem onstra ted , s p e c i f i c a l l y ,  t h a t  in  a n o - le a r n in g  

ta s k  o f  a p e rc e p tu a l-m o to r  n a tu re  th e re  is  l i t t l e  w i t h i n  s u b je c t  and 

between s u b je c t  v a r i a t i o n  in  th e  p h y s io lo g ic a l  responses, and th e  

responses d id  no t show any s y s te m a t ic  in c re a s e  o v e r  pe r fo rm ance . The 

p h y s io lo g ic a l  responses w ere , as w e l l ,  o f  s i g n i f i c a n t l y  le s s  m agnitude  

than th e  responses o f  th e  s u b je c ts  in  th e  two le a r n in g  ta s k s .

In c o n t r a s t  to  th e  above, i t  was dem onstra ted  t h a t  in  a 

complex le a r n in g  ta s k  o f  a s t im u lu s - re s p o n s e  n a tu re  th e r e  was a 

s i g n i f i c a n t  in c re a s e  in  th e  m agnitude  o f  th e  p h y s io lo g ic a l  responses. 

One o f  th e  th r e e  p h y s io lo g ic a l  responses was found  to  be more r e le v a n t  

to  pe r fo rm ance . T h is  r e le v a n t  response was found to  in c re a s e  in  

m agn itude  d u r in g  a c q u i s i t i o n .  The response then  decreased r a p id l y *  

and d u r in g  o v e r - le a r n in g  c o n t in u e d  a t  a r e l a t i v e l y  decreased and 

random m agn itude . The ra p id  decrease  a t  th e  p o in t  o f  a c q u is i t i o n  was 

seen to  precede a s y m p to t ic  pe r fo rm ance .
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In comparison to  th e  p a i r - l e a r n i n g  t a s k ,  i t  was e s ta b l is h e d  

t h a t  in  a complex le a rn in g  ta s k  o f  a p ro b le m -s o lv in g  o r  c o g n i t i v e  

n a tu re  th e r e  was a s i g n i f i c a n t  in c re a s e  in  th e  m agn itude  o f  th e  

p h y s io lo g ic a l  responses. D u r ing  a c q u is i t i o n  th e  p h y s io lo g ic a l  responses 

were found to  in c re a s e  in  m agn itude . At th e  p o in t  o f  a c q u is i t i o n  th e  

responses decreased r a p id l y  and then  d u r in g  o v e r - le a r n in g ,  c o n t in u e d  a t  

a r e l a t i v e l y  h ig h  b u t  random m agn itude . The decrease  a t  th e  p o in t  o f  

a c q u is i t i o n  was seen to  precede a s y m p to t ic  pe r fo rm ance .

The d i f fe r e n c e s  in  th e  m agn itude  o f  th e  th r e e  d i f f e r e n t  

p h y s io lo g ic a l  responses w i t h i n  s u b je c ts  was found  to  be n o t  s i g n i f i c a n t .  

The d i f f e r e n c e s  between th e  p h y s io lo g ic a l  response d u r a t io n  o f  th e  

a c t i v e  arm o f  th e  s u b je c ts  in  bo th  o f  th e  two le a r n in g  ta s k s  and th e  

s u b je c ts  in  th e  n o - le a r n in g  ta s k  were s i g n i f i c a n t .  The d i f f e r e n c e s  in  

th e  p h y s io lo g ic a l  response d u r a t io n s  o f  th e  s u b je c ts  in  th e  two 

le a rn in g  ta s k s  were n o t  s i g n i f i c a n t .

I t  was shown t h a t  th e  d i f f e r e n c e s  in  bo th  th e  m agn itude  o f  

th e  p h y s io lo g ic a l  responses and th e  d u r a t io n  o f  th e  p h y s io lo g ic a l  

responses c o u ld  n o t  be a t t r i b u t e d  to  p h y s ic a l  w o rk .  The p h y s ic a l  work 

was i d e n t i c a l  in  a l l  t h r e e  e x p e r im e n ta l ta s k s .

The r e s u l t s  were d iscu ssed  in  term s o f  c e n t r a l  p ro cesse s .

That i s ,  t h e  p h y s io lo g ic a l  responses were p o s tu la te d  as be ing  r e l a t i v e  

i n d ic a t io n s  o f  th e  t o t a l  amount o f  c e n t r a l  p h y s io lo g ic a l  a c t i v i t y  a n d /o r  

number o f  mechanisms in v o lv e d  in  th e  pe r fo rm ance  o f  th e  e x p e r im e n ta l 

ta s k s .  Thus, th e  s i g n i f i c a n t  in c re a s e s  in  th e  m agn itude  o f  th e  

p h y s io lo g ic a l  responses between th e  th r e e  ta s k s  r e f l e c t e d  in c re a s in g  

le v e ls  o f  c e n t r a l  o r g a n iz a t io n .
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APPENDIX A

In te g ra te d  EMGs o f  th e  P ass ive  Arm, A c t iv e  Arm 

and Speech Responses f o r  T r i a l  Number 40
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Appendix A Passive Arm

I2

\
bas(

N o -L e a rn in g .  1 = Orange L ig h t  O nset,
2 = Response, 3 =  Orange L ig h t  O f f s e t .

base

P a i r - L e a r n in g .  1 = W h ite  L ig h t  O nse t,  2 = Response,
3 = Orange L ig h t  O nse t,  4 =  W h ite  L ig h t  and Orange L ig h t  
O f f  s e t .

base

P ro b le m -S o lv in g .  1 = W h ite  L ig h t  P a i r  O nse t,
2 = Response, 3 =  Orange L ig h t  O nset, 4 = W h ite  L ig h t  
and Orange L ig h t  O f f s e t .
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Appendix A con tinued . A c t iv e  Arm

h .

base

N o -L e a rn in g .  1 
2 = Response, 3

Orange L ig h t  O nset, 
Orange L ig h t  O f fs e t ,

base

P a i r - L e a r n in g .  1 = W h ite  L ig h t  O nset, 2 = Response,
3 = Orange L ig h t  O nset, 4 = W h ite  L ig h t  and Orange L ig h t  
O f f s e t .

ii l3 '4

\
base

P ro b le m -S o lv in g .  1 = W h ite  L ig h t  P a i r  O nset,
2 = Response, 3 = Orange L ig h t  O nse t,  4 = W h ite  L ig h t  
and Orange L ig h t  O f f s e t .
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Appendix A con t inued . Speech

base

N o -L e a rn in g .  1 
2 = Response, 3

Orange L ig h t  O nset, 
Orange L ig h t  O f fs e t ,

P a i r - L e a r n in g .  1 = W h ite  L ig h t  O nse t,  2 =  Response2g h t  u iiseï-, c. — neapunac,
3 = Orange L ig h t  O nse t,  4 =  W h ite  L ig h t  and Orange L ig h t

On e t Resps 5

base

O f f s e t .

base

P ro b le m -S o lv in g .  1 = W h ite  L ig h t  P a i r  O nse t,
2 = Response, 3 = Orange L ig h t  O nset, 4 = W h ite  L ig h t  
and Orange L ig h t  O f f s e t .
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APPENDIX B 

I n s t r u c t i o n s :  E xpe r im en ta l Tasks

N o-Lea rn ing  Task

THE EXPERIMENT, NOW, WILL WORK LIKE THIS:

1. When an orange l i g h t  comes on you a re  to  f i r m l y  depress and 

re le a s e  th e  response b u t to n  d i r e c t l y  below i t .

2 .  Your ta s k  is  s im p ly  to  respond to  each o range l i g h t .  TItere i s  

n o th in g  to  le a r n .

3 . P lease  respond w i t h  yo u r  r i g h t  /  l e f t  hand th ro u g h o u t  th e  

e xp e r im e n t .

4 . Do you have any q u e s t io n s ?

Pai r -L e a rn  i np Task

THE EXPERIMENT, NOW, WILL WORK LIKE THIS:

1 . Each response b u t to n  is  e l e c t r i c a l l y  connected w i t h  a d i f f e r e n t  

w h i te  l i g h t .

2 . Your ta s k  is  to  le a rn  th e  c o r r e c t  response b u t to n  w h i te  l i g h t  

c o n n e c t io n s .

3 . You a re  to  i n d i c a t e  yo u r  response to  each w h i te  l i g h t  by f i r m l y  

d ep re ss in g  and re le a s in g  one (1 )  response b u t to n .  P lease  respond 

to  each w h i te  l i g h t .

4. When an orange l i g h t  comes on a f t e r  a w h i te  l i g h t  i t  in d ic a te s
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Appendix B con tinued .

to  you th e  c o r r e c t  response b u t to n  c o n n e c t io n  f o r  t h a t  p a r t i c u l a r  

w h i te  l i g h t .  For example, i f  w h i t e  l i g h t  # 3  comes on and then 

th e  orange l i g h t  above response b u t to n  #  3 comes on, t h i s  in d ic a te s

t h a t  w h i te  l i g h t  # 3  is  connected  to  response b u t to n  #  3 .

5 . Your responses w i l l  be reco rded  a u to m a t ic a l l y .

6 . P lease  respond w i t h  you r r i g h t  /  l e f t  hand th ro u g h o u t  th e  

expe r im en t.

7 . Do you have any q u e s t io n s ?

P ro b le m -S o lv in g  Task

THE EXPERIMENT, NOW, WILL WORK LIKE THIS;

1 . Two w h i te  R ig h ts ,  a p a i r ,  w i l l  come on.

2. Each p a i r  o f  w h i te  l i g h t s  i s  e l e c t r i c a l l y  connected  w i t h  a

response b u t to n .

3. Your ta s k  is  to  f i n d  o u t  and le a rn  th e  c o n n e c t io n  between th e

p a i r s  o f  w h i te  l i g h t s  and th e  response b u t to n s .

4 . You a re  to  i n d i c a t e  yo u r  response to  each p a i r  o f  w h i te  l i g h t s  by 

f i r m l y  d ep re ss in g  and r e le a s in g  one (1 )  response b u t to n .  P lease  

respond to  each p a i r  o f  w h i te  l i g h t s .

5 . When an orange l i g h t  comes on a f t e r  a p a i r  o f  w h i te  l i g h t s  i t

i n d ic a te s  to  you th e  c o r r e c t  response b u t to n  co n n e c t io n  f o r  t h a t
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Appendix B con tinued .

p a r t i c u l a r  p a i r  o f  w h i te  l i g h t s .  For example, i f  a p a r t i c u l a r  

p a i r  o f  w h i te  l i g h t s  come on and then  th e  o range l i g h t  above 

response b u t to n  #  3 comes on , t h i s  in d ic a te s  t h a t  t h a t  p a r t i c u l a r  

p a i r  o f  w h i te  l i g h t s  i s  connected to  response b u t to n  # 3 .

6 . Your response w i l l  be reco rded  a u to m a t i c a l l y .

7 . P lease  respond w i t h  yo u r  r i g h t  /  l e f t  hand th ro u g h o u t  th e  

e xp e r im e n t .

8 .  Do you have any q u e s t io n s ?
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APPENDIX C

Random O rder o f  P re s e n ta t io n  o f  T h i r t y - s i x  W h ite  L ig h ts  and th e  
Response b u t to n  C onnections

1 . -  5 19. -  6
2 . — w# 4 — -  6 20. -  4
3. -  -  5 - -  2 21. -  3
4 . -  4 22 . -  5
5. — — 1 — -  3 23. -  1

5. — — 6 — -  1 24. — 2

7. M  M  1  » -  3 25. -  6
8 . -  6 26. "  —  1  M -  3
9 . -  4 27. — — 3 — -  4

1 0 . -  -  5 - -  2 28. -  1

1 1 . —  —  6  — -  1 29. —  —  2 — -  5
12. — — 2 — -  5 30. -  2

1 3 .— — 6 — — 1 31. -  1
14. — — 5 — — 2 32. ■M M ^ M -  6
15. —  — 4 — -  6 33. — 3 " -  4
16. —  — 3 34. -  3
17. -  - 2 -  -  5 35. mm mm ^  mm " •  2
18. —  — 1 -  -  3 36. -  5
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APPENDIX D

Random O rder o f  P re s e n ta t io n  o f  th e  W h ite  L ig h t  P a i r s

1. 5 - 6 19. 5 - 6
2. 3 - 6 20. 1 -  5
3. 4 - 5 21. 1 — 6
4. 1 -  6 22. 3 - 6
5 . 1 -  5 23. 2 - 4
6 . 4 .— 6 24. 3 - 4

7. 2 - 6 25. 4 — 6
8. 3 - 4 26. 3 - 5
9 . 1 -  4 27. 4 - 5

10. 2 - 5 28. 1 -  5
11. 3 - 5 29. 1 — 6
12. 2 - 4 30. 2 - 5

13. 1 -  4 31. 5 - 6
14. 2 - 5 32. 1 - 4
15. 4 - 6 33. 2 - 4
16: 3 - 5 34. 2 — 6
17. 2 - 6 35. 3 - 4
18. 4 - 5 36. 3 - 6
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APPENDIX E

The in d i v id u a l  and th e  Mean Values 

o f  th e  P h y s io lo g ic a l  Responses in  M i l l im e t e r s  

and, Perfo rm ance  in  Terms o f  

C o r re c t  and I n c o r r e c t  I n d iv id u a l  Responses
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Appendix E

SUBJECT NO. 1« NO LEARNING 

(CONVERSION MM TO MICRO-VOLTS)
ACT. ARM 

1 0 . 0
PASS. ARM 

1 0 . 0
CHIN POT, 

10 .0

TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION ARM ARM POTENTIAL

(MM) (MM) (MM) (MM)

PRE-EXPERI MENTAL
BASE LEVELS I.00 .50 1.00

1 1 91 00 3 00 0.00 1 75
2 1 91 00 3 50 0.00 1 75
3 1 27 00 5 00 0.00 1 75
4 1 74 00 5 50 0.00 2 00
5 1 78 00 1 75 0.00 2 00
6 1 28 00 1 75 0.00 2 00

SUMMATIONS 389 00 20 50 0.00 11 25
MEAN VALUES 64 83 3 41 0.00 1 87

7 1 46 00 1 50 0.00 1 50
a 1 25 00 1 25 0.00 4 00
9 1 26 00 1 50 0.00 1 75
10 1 26 00 1 25 0.00 1 50
1 1 1 31 00 1 50 0.00 1 50
12 1 30 00 1 00 0.00 4 75

SUMMATIONS 184 00 8 00 0.00 15 00
MEAN VALUES 30 66 1 33 0. 00 2 50

13 1 32 00 1 50 0.00 1 25
14 1 25 00 1 25 0.00 1 00
15 1 30 00 1 25 0.00 1 00
16 1 88 00 2 00 0.00 1 00
17 1 27 00 50 0.00 1 00
18 1 59 00 1 50 0.00 1 50

SUMMATIONS 261 00 8 00 0.00 6 75
MEAN v a l u e s 43 50 1 33 0.00 1 12

19 1 65 00 1 5 0 0.00 1 50
20 1 37 00 1 00 0.00 2 00
21 1 32 00 75 0.00 1 50
22 1 30 00 50 0.00 1 00
23 1 27 00 50 0.00 4 75
24 1 25 00 50 0.00 1 50

SUMMATIONS 216 00 4 75 0.00 12 25
MEAN VALUES 36 00 79 0.00 2 04

87

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T R I A L  R I GHT = 1
N O . WRONG=0

RESPONSE
DURATION

ACTIVE
ARM

PASSIVE
ARM

CHIN
POTENTIAL

(MM ) ( MM ) ( MM ) ( MM )

25 1 33 00 1 00 0 00 .50
26 I 31 00 75 0 00 .50
27 1 87 00 4 50 0 00 .50
28 1 44 00 1 50 0 00 .50
29 1 37 00 1 00 0 00 .50
30 1 27 00 50 0 00 4.75

SUMMATIONS 259 00 9 25 0 00 7.25
MEAN VALUES 43 16 1 54 0 00 1 .20

31 1 88 00 4 50 0 00 .50
32 1 91 00 3 00 0 00 .50
33 1 37 00 1 00 0 00 .50
34 1 35 00 1 00 0 00 .50
35 1 28 00 75 0 00 1 .25
36 1 28 00 50 0 00 2.00

SUMMATIONS 307 00 10 75 0 00 5.25
MEAN VALUES 51 16 1 79 0 00 .87

37 1 27 00 75 0 00 .50
38 1 27 00 1 00 0 00 .50
39 1 30 00 75 0 00 .50
40 1 22 00 50 0 00 .50
41 1 25 00 50 0 00 .50
42 1 26 00 50 0 00 1.00

SUMMATIONS 157 00 4 00 0 00 3.50
m e a n  v a l u e s 26 16 66 0 00 .58

43 1 24 00 25 0 00 1.00
44 1 56 00 2 75 0 00 1.00
45 1 57 00 0 00 0 00 1 .00
46 1 22 00 0 00 0 00 .75
47 1 28 00 0 00 0 00 6.50
48 1 23 00 50 0 00 1.25

SUMMATIONS 210 00 3 50 0 00 1 1.50
MEAN VALUES 35 00 58 0 00 1.91

49 1 24 00 50 0 00 1.25
50 1 22 00 75 0 00 1.00
51 1 22 00 25 0 00 1.00
52 1 55 00 3 00 0 00 1 .25
53 1 60 00 1 00 0 00 1.25
54 1 50 00 0 00 0 00 1 .25

SUMMATIONS 233 00 5 50 0 00 7.00
MEAN VALUES 38 83 91 0 00 1.16
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION ARM ARM POTENT I

(MM) ( MM ) ( MM ) ( MM )

55 1 23.00 .25 0.00 1.00
56 1 29.00 .50 0.00 1.00
57 1 26.00 .50 0.00 1.25
58 1 24.00 .25 0.00 1 .50
59 1 28.00 0.00 0.00 3.50
60 1 18.00 .25 0.00 1.00

SUMMATIONS 148.00 1 .75 0.00 9.25
MEAN VALUES 24 .66 .29 0.00 1 .54

61 1 25.00 .25 0.00 1 .25
62 1 25.00 0.00 0.00 1.25
63 I 29.00 .50 0.00 1.00
64 1 22.00 .50 0.00 1 .00
65 1 25.00 .50 0.00 1.25
66 1 30.00 0.00 0.00 1.25

SUMMATIONS 156.00 1 .75 0. 00 7.00
MEAN VALUES 26.00 .29 0.00 1.16

67 1 33.00 1 .75 0.00 1.25
68 1 30.00 .50 0.00 1.00
69 1 29.00 3.50 0.00 1.00
70 1 24.00 0.00 0.00 1 .00
71 1 24.0 0 0.00 0.00 1.00
72 1 20.00 0.00 0.00 1.00

SUMMATIONS 160.00 5.75 0.00 6.25
MEAN VALUES 26 . 66 .95 0.00 1.04
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SUBJECT NO. 2$ NO LEARNING

(CONVERSION MM TO MICRO-VOLTS)

ACT. ARM PASS. ARM CHiN POT. 
5.0 5.0 5.0

TRIAL RIGHT=1 
NO. WRONG=0

RESPONSE
d u r a t i o n

(MM )

ACTIVE 
ARM 
{ MM )

PASSIVE 
ARM 

( MM )

CHIN 
POTENTIAL 

( MM )

PRE-EXPERI MENTAL
BASE LEVELS 2. 00 2. 00 2 .50

1 1 56 00 4 25 2 00 2 00
2 1 45 00 4 25 2 00 1 50
3 1 40 00 4 50 2 00 1 50
4 1 40 00 2 00 2 00 2 00
5 1 15 00 1 50 2 00 6 75
6 1 13 00 1 50 2 00 1 75

SUMMATIONS 209 00 18 00 12 00 15 50
MEAN VALUES 34 83 3 00 2 00 2 58

7 1 15 00 7 75 2 00 2 25
8 1 50 00 3 25 2 00 3 50
9 1 35 00 26 00 2 00 4 50
10 1 68 00 7 00 2 00 2 50
1 1 1 34 00 6 25 2 00 1 25
12 1 28 00 3 50 2 00 1 75

SUMMATIONS 230 00 53 75 12 00 15 75
MEAN v a l u e s 38 33 8 95 2 00 2 62

13 1 22 00 5 50 2 00 2 00
14 1 35 00 2 50 2 00 2 00
15 1 27 00 4 00 2 00 2 00
16 1 16 00 7 50 2 00 2 00
17 1 14 00 3 00 2 00 2 00
18 1 16 00 2 50 2 00 3 00

SUMMATIONS 130 00 25 00 12 00 13 00
MEAN VALUES 21 66 4 16 2 00 2 16

19 1 20 00 1 50 2 00 2 75
20 1 22 00 1 50 2 00 2 50
21 1 15 00 1 50 2 00 2 00
22 1 18 00 2 00 2 00 2 00
23 1 14 00 2 50 2 00 2 00
24 1 18 00 1 50 2 00 3 00

s u m m a t i o n s 107 00 10 50 12 00 14 25
m e a n  v a l u e s 17 83 1 75 2 00 2 37
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T R I A L  R IGH T=1
N O . WRONGsO

RESPONSE 
DURATION 

(MM )
ACTIVE 
ARM 
( MM )

PASSIVE 
ARM 

( MM )
CHIN 

POTENTIAL 
( MM )

25 1 19 00 1 50 2 00 1 75
26 1 14 00 1 50 2 00 2 00
27 1 17 00 3 00 2 00 2 00
28 1 18 00 2 50 2 00 2 00
29 1 22 00 1 50 2 00 2 00
30 1 16 00 1 50 2 00 2 00

SUMMATIONS 106 00 1 1 50 12 00 11 75
MEAN v a l u e s 17 66 1 91 2 00 1 95

31 1 23 00 6 25 2 00 2 00
32 1 20 00 2 25 2 00 2 00
33 1 13 00 1 50 2 00 2 00
34 1 13 00 2 25 2 00 2 00
35 1 23 00 1 50 2 00 2 00
36 1 20 00 1 50 2 00 2 00

SUMMATIONS 112 00 15 25 12 00 12 00
MEAN VALUES 18 66 2 54 2 00 2 00

37 1 40 00 8 25 2 00 2 00
38 1 20 00 6 00 2 00 2 00
39 1 22 00 1 50 2 00 2 00
40 1 20 00 1 75 2 00 2 00
41 1 21 00 2 50 2 00 2 50
42 1 13 00 4 00 2 00 2 00

SUMMATIONS 136 00 24 00 1 2 00 12 50
MEAN VALUES 22 66 4 00 2 00 2 08

43 1 15 00 2 50 2 00 2 00
44 1 29 00 2 50 2 00 2 00
45 1 16 00 2 50 2 00 2 50
46 1 16 00 1 75 2 00 2 50
47 1 15 00 2 00 2 00 2 50
48 1 19 00 3 00 2 00 2 00

SUMMATIONS 110 00 14 25 12 00 13 50
MEAN VALUES 18 33 2 37 2 00 2 25

49 1 19 00 2 75 2 00 2 50
50 1 13 00 1 50 2 00 2 00
51 1 13 00 2 50 2 00 2 50
52 1 23 00 3 00 2 00 3 00
53 1 17 00 1 50 2 00 3 00
54 1 19 00 4 00 2 00 3 00

SUMMATIONS 104 00 15 25 12 00 16 00
m e a n  v a l u e s 17 33 2 54 2 00 2 66
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION ARM ARM POTENTIAL

(MM) ( MM ) ( MM ) ( MM )

55 1 20.00 1 .50 2.00 2.50
56 1 17.00 2.50 2.00 2.50
57 1 25.00 3.00 2.00 2.50
58 1 18.00 2.50 2.00 2.50
59 1 19.00 1 .50 2.00 2.50
60 1 17.00 1 .50 2.00 2.50

SUMMATIONS 116.00 12.50 12.00 15.00
MEAN VALUES 19.33 2.08 2.00 2.50

61 1 31 .00 4.25 2.00 2.50
62 1 16.00 2.25 2.00 2.50
63 1 17.00 2.50 2.00 2.50
64 1 19.00 2.50 2.00 2.50
65 1 13.00 2.25 2.00 2.50
66 1 13.00 2.50 2.00 2.50

SUMMATIONS 109.00 16.25 1 2.00 15.00
MEAN VALUES 18.16 2.70 2.00 2.50

67 1 17.00 2.00 2.00 2.50
68 1 17.00 2.25 2.00 2.75
69 1 15.00 4.50 2.00 2.50
70 1 17.00 2.50 2.00 3.00
71 1 22.00 2.50 2.00 4.75
72 1 18.00 1 .50 2.00 2.00

SUMMATIONS 106.00 15.25 12.00 17.50
m e a n  v a l u e s 17.66 2.54 2.00 2.91
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SUBJECT NO. 3» NO LEARNING 

(CONVERSION MM TO MICRO-VOLTS)

ACT. ARM PASS. ARM CHIN POT.
50.0 50.0 5.0

TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION ARM ARM POTENT I

(MM ) ( MM ) ( MM ) ( MM)

PRE-EXPERIMENTAL
BASE LEVELS 1 .00 1.00 . .50

1 1 32.00 1 .50 1 00 3.00
2 1 39.0 0 1 .25 1 00 3.00
3 1 33.00 2.00 1 00 3.00
4 1 24.00 1.00 1 00 3.00
5 1 21 .00 1 .00 1 00 3.00
6 1 22.00 1 .00 1 00 3.75

SUMMATIONS 171.00 7.75 6 00 18.75
MEAN v a l u e s 28.50 1 .29 1 00 3. 12

7 1 26.00 1 .00 1 00 3.25
8 1 23.00 1 .00 1 00 3.50
9 1 33.00 1.00 1 00 3.00
10 1 28.00 1 .00 1 00 7.00
1 1 1 28.00 1.00 1 00 3.00
12 1 29.00 1.00 1 00 3.00

SUMMATIONS 167.00 6.00 6 00 22.75
MEAN v a l u e s 27.83 1 .00 1 00 3.79

13 1 28.00 1 .00 1 00 3.25
14 1 31.00 1 .00 1 00 3.00
15 1 36.00 1 .00 1 00 3.00
16 1 27.00 3.00 1 00 3.00
17 1 23.00 1 .00 1 00 3.25
18 1 29.00 1.00 1 00 3.00

SUMMATIONS 174.00 8.00 6 00 18.50
MEAN VALUES 29.00 1 .33 1 00 3.08

19 1 26.00 1 .00 1 50 3.00
20 1 36.00 1.00 1 50 3.00
21 1 31 .00 1 .00 1 50 3.00
22 1 27.00 1 .00 1 50 3.00
23 1 33.00 1 .00 1 00 3.50
24 1 36.00 1 .00 1 00 3.50

SUMMATIONS 189.00 6.00 8 00 19.00
MEAN VALUES 31.50 1 .00 1 33 3. 16
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T R I A L  R IG H T =1
NO» WRONG=0

25
26
27
28
29
30

SOMMAT IONS 
MEAN v a l u e s

31
32
33
34
35
36

SUMMATIONS 
MEAN VALUES

37
38
39
40
41
42

SUMMATIONS 
MEAN VALUES

43
44
45
46
47
48

SUMMATIONS 
MEAN VALUES

49
50
51
52
53
54

SUMMATIONS 
m e a n  VALUES

RESPONSE
DURAT I ON

ACTIVE
ARM

PASSIVE
ARM

CHIN
POTENTIAL

(MM ) ( MM ) ( MM ) (MM)

27 00 1 00 1 50 3.00
27 00 1 00 1 50 3.00
36 00 1 00 1 50 4.00
29 00 1 00 1 50 3.00
27 00 1 00 1 50 2.50
29 00 1 00 1 50 2.75

175 00 6 00 9 00 18.25
29 16 1 00 1 50 3.04

32 00 1 00 1 50 3.00
33 00 1 00 1 50 3.00
29 00 1 50 2 00 3.00
24 00 1 25 1 50 3.00
32 00 1 00 1 50 3.00
22 00 1 00 1 50 3.00

172 00 6 75 9 50 18.00
28 66 1 12 1 58 3.00

27 00 1 00 1 50 2.50
35 00 1 50 1 50 2.50
28 00 1 00 1 50 2.50
28 00 1 00 1 50 2.50
27 00 1 00 1 50 7.00
30 00 1 00 1 50 2.50

175 00 6 50 9 00 19.50
29 16 1 08 1 50 3.25

34 00 1 00 1 50 2.50
32 00 1 00 1 50 2.50
27 00 1 00 1 50 2.50
30 00 1 50 1 50 2.50
31 00 1 00 1 50 2.50
36 00 1 25 1 50 2.50

190 00 6 75 9 00 15.00
31 66 1 12 1 50 2.50
25 00 1 00 1 50 2.50
25 00 1 00 1 50 2.50
31 00 1 00 1 50 2.75
35 00 1 50 1 50 2.50
21 00 1 00 1 50 2.50
32 00 1 50 1 50 2.25

169 00 7 00 9 00 15.00
28 16 1 16 1 50 2.50

94

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO* WR0NG=0 DURAT I ON ARM ARM POTENTIAL

(MM ) ( MM ) ( MM ) ( MM )

55 1 32.0 0 1 .00 1.50 2.50
56 1 34.00 1.00 1.50 2.50
57 I 25.00 1 .50 1.50 3.00
58 1 27.00 3.50 1.50 2.50
59 1 24.0 0 1 .50 1.00 2.50
60 1 26.00 1 .00 1 .00 3.25

SUMMATIONS 168.00 9.50 8.00 16.25
MEAN VALUES 28.00 1 .58 1.33 2.70

61 1 25.0 0 1 .00 1.50 2.00
62 1 31 .00 1 .00 1.50 2.50
63 1 26.0 0 1 .00 1.50 2.50
64 1 26.00 1 .00 1 .50 2.50
65 1 27.00 1 .50 1.50 3.00
66 1 43.00 2.50 1.50 2.50

SUMMATIONS 178.00 8.00 9.00 15.00
MEAN VALUES 29.66 1 .33 1.50 2.50

67 1 27.00 3.00 1.50 8.00
68 1 33.00 1 .50 1 .00 6.75
69 1 34.00 1 .50 1.00 2.50
70 1 22.00 1 .75 1 .50 3.50
71 1 30.00 1 .00 1.50 2.50
72 1 25.00 1 .50 1 . 00 2.50

SUMMATIONS 171.00 10.25 7.50 25.75
MEAN VALUES 28.50 1 .70 1 .25 4.29
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SUBJECT NO. 1 , PAIR l e a r n i n g

(CONVERSION MM TO MICRO- VOLTS)

ACT. ARM PASS. ARM CHIN POT.
5.0 5.0 5.0

TRIAL RIGHT = 1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG = 0 DURATION ARM ARM POTENT I

(MM ) ( MM ) ( MM ) (MM)

PRE-EXPERIMENTAL
BASE LEVELS 1 .00 1 .00 1 .00

1 1 1 19 00 24.00 18.00 4.00
2 1 121 00 18.00 2.50 4.50
3 0 121 00 23.00 11.00 2.50
4 0 121 00 17.00 2.00 4.25
5 0 121 00 32.75 12.75 9.25
6 0 121 00 31 .00 1.50 6.25

SUMMATIONS 724 00 145.75 47.75 30.75
MEAN VALUES 120 66 24.29 7.95 5.12

7 1 121 00 32.50 1.00 4.00
8 1 80 00 21 .25 1.00 7.00
9 1 121 00 30.50 1.00 5.75
10 1 76 00 20.00 1 .00 5.50
11 0 121 00 30.50 .50 5.75
12 0 121 00 5.50 .50 5.00

SUMMATIONS 640 00 140.25 5.00 33.00
MEAN v a l u e s 106 66 23.37 .83 5.50

13 0 121 00 28.75 .50 4.50
14 1 121 00 13.50 1 .00 3.50
15 1 121 00 33.50 1.00 4.00
16 0 121 00 33.00 1.00 7.25
17 1 121 00 33.50 1 .00 4.75
18 1 121 00 31.00 1 .00 3.50

SUMMATIONS 726 00 173.25 5.50 27.50
MEAN v a l u e s 121 00 28.87 .91 4.58

19 1 1 18 00 5.00 1.00 3.50
20 1 119 00 33.50 1.50 2.50
21 1 121 00 33.00 1.75 1 .50
22 1 121 00 31 .50 1.00 1.50
23 1 121 00 32.00 1.00 2.50
24 1 121 00 9.50 1 .50 6.00

SUMMATIONS 721 .00 144.50 7.75 17.50
MEAN VALUES 120 .16 24.08 1 .29 2.91
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WR0NG=0 DURAT I ON ARM ARM POTENT I

(MM ) ( MM ) ( MM ) { MM )

25 1 29 00 3 00 1 00 2 00
26 1 44 00 2 75 1 00 2 00
27 1 37 00 3 50 1 00 9 00
28 1 121 00 19 00 1 00 3 00
29 1 121 00 29 00 1 00 1 50
30 0 121 00 17 50 1 00 2 00

SUMMATIONS 473 00 74 75 6 00 19 SO
MEAN VALUES 78 83 12 45 1 00 3 25

31 1 53 00 4 75 1 00 1 50
32 1 121 00 5 SO 1 50 1 50
33 0 121 00 3 00 1 00 7 00
34 1 121 00 32 00 1 00 5 00
35 1 121 00 23 25 1 00 1 25
36 0 56 00 29 00 1 00 9 00

SUMMATIONS 593 00 97 50 6 50 25 25
MEAN VALUES 98 83 16 25 1 08 4 20

37 1 121 00 32 25 1 00 6 00
38 1 121 00 33 00 1 00 7 75
39 1 121 00 5 50 1 00 1 75
40 1 121 00 26 25 1 00 3 00
41 1 121 00 5 50 1 00 8 75
42 0 121 00 22 00 1 50 14 00

s u m m a t i o n s 726 00 124 50 6 50 41 25
m e a n  v a l u e s 121 00 20 75 1 08 6 87

43 1 121 00 21 00 1 00 5 00
44 0 64 00 9 75 2 50 9 50
45 1 81 00 1 50 1 38 3 25
46 1 64 00 2 00 1 00 2 25
47 1 121 00 12 75 1 13 1 50
48 1 54 00 1 50 1 50 1 50

SUMMATIONS 505 00 48 50 8 51 23 00
m e a n  v a l u e s 84 16 8 08 1 4 1 3 83

49 1 1 16 00 33 50 1 25 1 50
50 1 121 00 21 75 1 00 1 50
51 1 121 00 33 50 1 38 1 50
52 1 121 00 31 75 1 00 1 75
53 1 121 00 33 50 1 50 3 38
54 1 121 00 33 00 1 50 5 00

SUMMATIONS 721 00 187 00 7 63 14 63
MEAN VALUES 120 16 31 16 1 27 2 43
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T R I A L  R I GH T = 1
N O . WRONG=0

RESPONSE 
DURATION 

(MM )
ACTIVE 
ARM 
( MM )

PASSIVE 
ARM 

( MM )
CHIN 

POTENTIAL 
( MM)

55 1 121 00 6 50 1 50 5 25
56 1 49 00 22 00 1 00 2 50
57 1 121 00 18 75 1 00 1 50
58 1 121 00 5 75 1 50 1 50
59 1 121 00 10 50 9 25 8 00
60 1 32 00 1 50 8 75 4 25

SUMMATIONS 565 00 65 00 23 00 23 00
MEAN VALUES 94 16 10 83 3 83 3 83

61 1 21 00 2 38 1 50 1 1 25
62 0 53 00 2 50 3 00 8 75
63 1 34 00 2 00 1 50 6 50
64 0 1 15 00 31 25 3 50 1 1 13
65 1 121 00 31 50 2 25 6 25
66 1 121 00 20 25 1 00 2 50

SUMMATIONS 465 00 89 88 1 2 75 46 38
MEAN VALUES 77 50 14 98 2 1 2 7 73

67 1 121 00 5 75 1 00 2 13
68 1 121 00 33 50 1 00 1 50
69 121 00 33 50 1 00 1 50
70 1 121 00 33 00 1 00 2 00
71 1 121 00 32 50 1 00 1 38
72 1 121 00 24 00 4 00 2 50

SUMMATIONS 726 00 162 25 9 00 1 1 01
MEAN VALUES 121 00 27 04 1 50 1 83

73 1 121 00 22 00 1 25 2 50
74 1 121 00 8 00 1 75 3 00
75 1 121 00 12 50 18 50 3 50
76 1 121 00 10 00 3 25 8 00
77 1 121 00 13 25 4 00 3 50
78 1 121 00 7 75 3 00 2 75

SUMMATIONS 726 00 73 50 31 75 23 25
MEAN VALUES 121 00 12 25 5 29 3 87

79 1 121 00 6 00 2 25 2 25
80 1 121 00 6 00 2 25 1 50
81 1 121 00 15 00 2 00 2 00
82 1 121 00 13 25 1 SO 1 50
83 1 121 00 12 00 1 50 1 38
84 1 121 00 9 75 1 50 2 00

SUMMATIONS 726 00 62 00 1 1 00 10 63
MEAN VALUES 121 00 10 33 1 83 1 77
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION a r m ARM POTENT I

< MM ) (MM) ( MM ) ( MM)

85 1 121.00 7.50 9.00 4 . 50
86 1 121.00 4.00 2.00 3.75
87 1 90.00 7.25 2.00 2.50
88 1 32.00 3.00 1 .25 1 .50
89 1 25.00 1 .38 1.25 2.00
90 1 29.00 1 .50 1 .00 1 .50

SUMMATIONS 418.00 24.63 16.50 15.75
MEAN VALUES 69 .66 4.10 2.75 2.62

91 1 1 15.00 8.50 2.50 6,00
92 1 80.00 3.00 1.00 5.00
93 1 121.00 4.50 1 .00 2.75
94 1 121.00 1 1 .00 1 .75 2.75
95 1 121.00 14.00 1 .00 2.75
96 1 52.00 4.25 1.00 1.75

SUMMATIONS 610.00 45.25 8.25 21.00
MEAN VALUES 101.66 7.54 1 .37 3.50

97 1 117.00 12.75 1 .00 6.50
98 1 121.00 6.50 1.50 2.50
99 1 121.00 22.75 7.00 18.00

100 1 121.00 22.00 1 .00 12.50
101 1 121.00 17.00 22.00 2.75
102 1 121.00 10.00 1.00 2.50

s u m m a t i o n s 722.00 91 .00 33.50 44.75
MEAN VALUES 120.33 15.16 5.58 7.45

103 1 121.00 6.00 1 .00 3.00
104 1 121.00 8.00 3.75 2.50
105 1 121.00 7.00 1.00 3.00
106 1 1 1 1.00 17.50 1.00 4.50
107 1 121.00 13.25 1.00 6.50
108 1 75.00 8.75 1.00 5.00

SUMMATIONS 670.00 60.50 8.75 24.50
MEAN VALUES 1 1 1 .66 10.08 1 .45 4.08

109 1 121.00 13.25 1.00 12.00
110 1 121.00 33.00 1.00 12.75
111 1 121.00 1 0.00 1.38 10.50
1 12 1 121.00 6.75 1.00 2.50
113 1 63.00 3.00 1 .00 7.50
114 1 45.00 1 .50 2.00 3.00

SUMMATIONS 592.00 67.50 7.38 48.25
MEAN VALUES 98.66 1 1 .25 1.23 8.04
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TRIAL RIGHT=1 r e s p o n s e ACTIVE PASSIVE CHIN
NO. WRQNG=0 DURAT I ON ARM ARM POTENT n

(MM ) (MM) (MM) ( MM )

115 1 104.00 10.00 1 .25 4.50
1 16 1 39.00 6.25 1 .50 2.63
117 1 117.00 5.75 1 .00 2.25
1 18 1 36.00 2.00 1 .00 10.00
119 1 37.0 0 4.25 1.00 5.50
120 1 57.00 2.25 1 .00 17.75

SUMMATIONS 390.0 0 30.50 6.75 42.63
MEAN v a l u e s 65.00 5.08 1.12 7.10

121 1 48.00 2.25 2.00 4.75
122 1 25.00 1.13 1 .50 3.00
123 1 56.00 2.50 1.38 3.25
124 1 117.00 8.75 2.50 2.50
125 1 121.00 5.00 1.25 3,00
126 1 50.00 8.75 1 4.00 19.00

SUMMATIONS 417.00 28.38 22.63 35.50
MEAN VALUES 69.50 4.73 3.77 5.91

127 1 121.00 7.00 1 .00 20.00
128 1 1 14.00 5.00 1.00 10.00
129 1 1 16.00 4.50 1.00 4.00
130 1 1 15.00 16.75 1 .00 3.75
131 1 121.00 23.00 1 .00 3.00
132 1 121.00 22.00 1.00 3.00

SUMMATIONS 708.00 78.25 6.00 43.75
m e a n  VALUES 1 18.00 13.04 1 .00 7.29

133 1 111.00 4.50 1.00 2.75
134 1 40.00 3.25 5.75 8.00
135 1 33.00 1 .38 2.00 17.50
136 1 28.00 2.00 1 .50 10.50
137 1 18.00 1 .25 1.00 2.50
138 1 32.00 8.00 15.00 5.00

SUMMATIONS 262.00 20.38 26.25 46.25
MEAN VALUES 43.66 3.39 4.37 7.70

139 1 121.00 5.75 9.00 6.50
140 1 121.00 15.00 2.50 14.00
141 1 75.00 2.50 1.50 17.25
142 1 118.00 12.50 5.00 6.75
143 1 116.00 2.50 1 .00 3.00
144 1 110.00 7.63 3.75 6.00

s u m m a t i o n s 661.00 45.88 22.75 53.50
m e a n  v a l u e s 110.16 7.64 3.79 8.91
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SUBJECT NO. 2. PAIR LEARNING 

(CONVERSION MM TO MICRO-VOLTS)

ACT. a r m  
5.0

PASS. ARM
5.0

CHIN POT, 
5.0

t r i a l
NO.

RIGHT=1 
WR0NG=0

RESPONSE 
DURAT I ON 

(MM)

ACTIVE 
ARM 
( MM )

P A S S I V E
ARM 

( MM )

CHIN 
POTENTIAL 

( MM)

PRE-EXPERIMENTAL
BASE LEVELS .50 1 .00 2.00

1 0 121 00 30 50 1 25 4.00
2 0 121 00 17 25 1 50 4.50
3 0 121 00 26 00 2 00 5.25
4 0 121 00 10 75 1 75 5.75
5 0 121 00 12 75 2 38 4.50
6 0 121 00 9 25 1 25 4.25

SUMMATIONS 726 00 106 50 10 13 28.25
MEAN VALUES 121 00 17 75 1 68 4.70

7 0 121 00 7 75 3 25 4.00
8 0 121 00 2 25 2 50 5.00
9 0 121 00 5 00 2 00 4.00

10 0 59 00 1 1 50 2 75 5.00
1 1 1 85 00 50 4 00 4.50
12 0 1 14 00 2 50 3 00 4.00

SUMMATIONS 621 00 29 50 17 50 26.50
MEAN VALUES 103 50 4 91 2 91 4.41

13 0 121 00 2 00 8 00 4.00
14 0 121 00 9 00 14 00 5.25
15 0 64 00 13 00 3 00 3.25
16 1 60 00 1 25 2 75 3.75
17 0 1 17 00 2 50 8 00 4.00
18 1 121 00 4 00 7 50 4.00

SUMMATIONS 604 00 31 75 43 25 24.25
MEAN VALUES 1 00 66 5 29 7 20 4.04

19 0 121 00 8 25 7 00 3.50
20 1 121 00 3 00 7 00 3.00
21 1 58 00 50 4 00 3.00
22 1 33 00 75 4 00 3.50
23 0 1 14 00 1 1 50 4 00 4.00
24 1 38 00 75 4 00 4.00

SUMMATIONS 485 00 24 75 30 00 21.00
MEAN VALUES 80 83 4 12 5 00 3.50
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T R I A L
NO.

R IG H T = 1
WRONG=0

RESPONSE 
DURAT I ON 

(MM )

ACTIVE
ARM
(MM)

PASSIVE
ARM

(MM)

CHIN 
POTENTIAL 

( MM )

25 1 29 00 1 38 4 00 3 50
26 1 25 00 1 00 3 50 3 25
27 1 23 00 11 50 3 25 3 50
28 0 112 00 2 00 4 00 4 50
29 0 19 00 1 50 5 50 4 25
30 1 26 00 1 38 3 00 3 00

s u m m a t i o n s 234 00 18 76 23 25 22 00
MEAN VALUES 39 00 3 1 2 3 87 3 66

31 1 28 00 88 3 00 3 00
32 1 35 00 1 00 2 50 4 00
33 1 35 00 2 00 2 50 3 50
34 0 66 00 6 50 4 50 3 75
35 1 43 00 2 75 1 50 1 50
36 1 51 00 1 25 4 50 2 50

SUMMATIONS 258 00 14 38 18 50 18 25
MEAN VALUES 43 00 2 39 3 08 3 04

37 1 22 00 2 00 4 00 3 00
38 1 50 00 2 50 1 50 3 00
39 1 30 00 6 75 1 75 3 50
40 1 20 00 5 00 1 63 4 00
41 1 26 00 2 13 2 00 4 00
42 1 70 00 50 2 50 4 00

SUMMATIONS 218 00 18 88 13 38 21 50
MEAN VALUES 36 33 3 1 4 2 23 3 58

43 0 40 00 50 1 50 4 00
44 0 45 00 22 25 2 50 3 50
45 1 60 00 63 4 00 3 25
46 1 26 00 50 4 00 3 50
47 1 26 00 2 38 4 00 3 50
48 0 30 00 1 00 4 00 3 75

SUMMATIONS 227 00 27 26 20 00 21 50
MEAN VALUES 37 83 4 54 3 33 3 58

49 1 21 00 1 00 6 00 3 25
50 0 41 00 12 00 2 00 3 50
51 0 121 00 16 00 1 25 3 75
52 1 28 00 2 50 1 50 4 25
53 0 121 00 30 00 1 25 3 75
54 0 59 00 23 50 1 00 6 00

SUMMATIONS 391 00 85 00 13 00 24 50
MEAN VALUES 65 16 14 16 2 1 6 4 08
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION ARM ARM POTENT I

(MM) ( MM ) ( MM ) (MM)

55 0 50 00 13 50 1 00 3 00
56 1 32 00 2 50 1 25 3 00
57 1 52 00 9 75 1 00 3 75
58 1 121 00 8 75 1 50 4 00
59 1 121 00 3 25 1 25 4 00
60 0 47 00 1 00 1 50 4 00

SUMMATIONS 423 00 38 75 7 50 21 75
MEAN VALUES 70 50 6 45 1 25 3 62

61 1 19 00 1 13 1 50 3 50
62 1 30 00 18 00 1 50 3 50
63 1 45 00 12 00 1 00 4 00
64 1 121 00 1 1 25 1 00 4 00
65 0 121 00 28 50 1 00 4 50
66 1 121 00 9 75 1 50 4 00

SUMMATIONS 457 00 80 63 7 50 23 50
MEAN VALUES 76 16 13 43 1 25 3 91

67 1 121 00 13 25 1 00 4 00
68 1 121 00 7 25 1 50 4 00
69 1 121 00 25 50 1 50 4 00
70 1 121 00 12 00 1 25 3 50
71 1 121 00 25 00 1 25 3 50
72 1 28 00 20 00 1 25 3 50

SUMMATIONS 633 00 103 00 7 75 22 50
MEAN v a l u e s 105 50 17 16 1 29 3 75

73 0 110 00 50 1 50 6 00
74 1 1 15 00 24 00 2 00 3 00
75 1 62 00 3 00 2 00 2 50
76 1 21 00 38 1 25 3 50
77 1 21 00 25 1 25 3 00
78 1 28 00 25 1 50 3 25

SUMMATIONS 357 00 28 38 9 50 . 21 25
MEAN VALUES 59 50 4 73 1 58 3 54

79 1 19 00 1 00 1 50 3 00
80 1 35 00 25 1 50 3 75
81 1 19 00 50 1 50 2 75
82 1 24 00 25 1 50 2 50
83 1 20 00 25 1 75 4 00
84 0 38 00 25 1 50 3 00

SUMMATIONS 155 00 2 50 9 25 19 00
MEAN VALUES 25 83 41 1 54 3 16
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t r i a l RIGHT=1 RESPONSE ACT IVE PASSIVE CHI N
NO. WRONG=0 DURA TION ARM ARM POTENT I

(MM) ( MM ) ( MM ) ( MM )

85 1 30 00 50 1 50 3 50
86 1 25 00 50 2 00 3 50
87 1 29 00 50 1 50 3 50
88 1 22 00 25 1 50 3 75
89 1 22 00 25 2 00 4 00
90 1 20 00 25 2 00 3 25

SUMMATIONS 148 00 2 25 1 0 50 21 50
MEAN VALUES 24 66 37 1 75 3 58

91 1 18 00 25 1 50 3 00
92 1 24 00 25 2 00 3 50
93 1 23 00 25 1 75 4 00
94 1 22 00 25 2 00 4 50
95 1 21 00 7 75 1 50 3 00
96 1 14 00 26 00 1 50 3 50

SUMMATIONS 122 00 34 75 1 0 25 21 50
MEAN VALUES 20 33 5 79 1 70 3 58

97 1 121 00 9 50 1 50 3 50
98 1 121 00 32 00 2 00 3 50
99 1 121 00 28 50 2 50 3 50
100 1 121 00 31 00 1 50 3 50
101 1 121 00 31 00 1 50 3 50
102 1 121 00 21 00 2 00 4 00

SUMMATIONS 726 00 153 00 1 1 00 21 50
MEAN VALUES 121 00 25 50 1 83 3 58

1 03 1 121 00 19 50 1 88 3 50
104 1 121 00 19 25 1 50 4 00
105 1 30 00 7 00 1 75 6 25
106 1 56 00 32 00 1 50 4 00
107 0 106 00 29 50 2 75 4 25
108 1 121 00 25 50 2 50 3 00

SUMMATIONS 555 00 132 75 1 1 88 25 00
MEAN VALUES 92 50 22 12 1 98 4 16

1 09 1 121 00 20 50 5 00 3 50
1 10 1 121 00 12 00 4 00 4 50
1 1 1 1 121 00 21 00 3 00 4 00
1 12 1 121 00 24 50 3 50 4 00
1 13 1 121 00 25 00 3 50 4 00
1 14 1 121 00 15 00 2 00 4 00

S U M M A T IO N S 726 00 1 18 00 21 00 24 00
MEAN v a l u e s 121 00 19 66 3 50 4 00
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T R I A L
N O .

RIGHT=1
WR0NG=0

RESPONSE
DURATION

(MM)

ACTIVE
ARM
(MM)

PASSIVE 
ARM 

( MM )

CHIN 
POTENTIAL 

( MM )

115 1 30 00 21 50 3 50 4 25
116 1 121 00 1 75 2 00 4 00
117 1 21 00 3 00 2 50 4 75
118 1 28 00 10 00 1 50 4 25
1 19 1 85 00 2 75 2 00 3 75
120 1 29 00 3 50 2 00 4 75

SUMMATIONS 314 00 42 50 13 50 25 75
MEAN VALUES 52 33 7 08 2 25 4 29

121 1 18 00 10 00 1 50 4 00
122 1 121 00 3 00 2 50 4 00
123 1 29 00 14 00 1 25 4 75
124 1 121 00 22 75 2 50 5 00
125 1 121 00 4 00 2 50 4 50
126 1 31 00 20 00 2 00 4 00

SUMMATIONS 441 00 73 75 12 25 26 25
MEAN v a l u e s 73 50 12 29 2 04 4 37

127 1 57 00 1 00 2 50 4 75
128 1 49 00 2 75 2 00 4 50
129 1 28 00 5 75 1 25 4 50
130 1 78 00 2 00 1 50 4 50
131 1 33 00 13 25 3 00 4 00
132 1 55 00 1 25 1 25 4 00

SUMMATIONS 300 00 26 00 1 1 50 26 25
MEAN VALUES 50 00 4 33 1 91 4 37

133 1 28 00 3 00 1 50 3 25
134 1 24 00 16 50 1 50 3 50
135 1 21 00 5 00 2 00 4 25
136 1 100 00 5 25 6 00 4 25
137 1 33 00 6 00 2 50 3 50
138 1 60 00 7 75 2 50 4 00

SUMMATIONS 266 00 43 50 16 00 22 75
MEAN VALUES 44 33 7 25 2 66 3 79

139 1 20 00 9 00 1 50 3 75
140 1 32 00 2 00 1 50 4 00
141 1 21 00 17 25 1 50 4 00
142 1 121 00 4 00 2 50 3 50
143 I 26 00 4 00 1 25 4 00
144 1 22 00 3 50 5 00 4 00

SUMMATIONS 242 00 39 75 1 3 25 23 .25
MEAN VALUES 40 33 6 62 2 20 3 .87
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SUBJECT NO. 3. PAIR LEARNING 

(CONVERSION M M  TO MICRO-VOLTS)
ACT. ARM PASS. ARM CHIN POT.

5. 0 5.0 5.0

TRIAL RIGHTsl RESPONSE ACTIVE PASSIVE CHIN
NO. WR0NG=0 DURATION ARM ARM POTENT I

(MM) (MM) ( MM ) (MM)

PRE-EXPERI MENTAL
BASE LEVELS 1 .00 1 .00 1.50

1 0 29 00 1 .00 .75 8.50
2 0 49 00 1 .38 .75 7.25
3 1 121 00 2.00 .50 6.50
4 0 42 00 1 .00 .50 7.00
5 0 57 00 1 .00 .50 6.00
6 0 27 00 1.00 .50 5.75

SUMMATIONS 325 00 7.38 3.50 41.00
MEAN VALUES 54 16 1.23 .58 6.83

7 0 35 00 1 .63 .50 6.50
8 0 43 00 1 .00 .50 6.50
9 1 27 00 .88 .50 7.00

10 1 26 00 .75 .50 5.75
1 1 0 34 00 .50 .50 7.50
12 0 37 00 .50 .25 7.00

SUMMATIONS 202 00 5.26 2.75 40.25
MEAN VALUES 33 66 .87 .45 6.70

13 0 33 00 .50 .25 8.75
14 1 39 00 .75 .25 7.00
15 1 41 00 30.00 .50 6.00
16 0 83 00 1 .63 .50 7.50
17 1 52 00 .88 .50 6.25
18 1 38 00 .63 .50 8.75

SUMMATIONS 286 00 34.39 2.50 44.25
MEAN v a l u e s 47 66 5.73 .4 1 7.37

19 0 41 00 .75 .50 13.00
20 0 37 00 .88 .50 12.75
21 0 42 00 .88 .50 1 1.75
22 0 41 00 1 .00 .50 1 1 .25
23 1 24 00 1 .00 .50 7.25
24 1 26 00 1 .00 .50 7.00

SUMMATIONS 21 1.00 5.51 3.00 63.00
MEAN VALUES 35 .16 .91 .50 10.50
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TRIAL RIGHT=1 RESPONSE ACTI VE PASSIVE CHIN
NO. WRONG=0 DURAT ION ARM ARM POTENT IAL

(MM ) ( MM ) ( MM ) { MM )

25 0 65 00 1 00 .50 7.75
26 1 43 00 I 00 .50 7.50
27 1 29 00 1 00 .50 6.25
28 1 27 00 1 00 .75 18.00
29 1 1 12 00 2 00 .50 6.00
30 1 60 00 1 25 .50 6.00

SUMMATIONS 336 00 7 25 3.25 51.50
MEAN VALUES 56 00 1 20 .54 8.58

31 1 1 12 00 4 50 .50 6.00
32 0 72 00 88 .50 7.50
33 1 31 00 1 00 .50 6.75
34 1 108 00 2 50 .50 9.50
35 0 75 00 1 50 .50 9.00
36 1 121 00 2 00 .50 6.00

SUMMATIONS 519 00 12 38 3.00 44.75
MEAN VALUES 86 50 2 06 .50 7.45

37 1 37 00 3 00 1 .00 11.00
38 1 121 00 2 50 .50 7.50
39 1 39 00 88 .50 5.75
40 1 30 00 75 .50 5.50
41 1 32 00 1 00 .75 8.50
42 1 29 00 2 50 .50 5.75

SUMMATIONS 288 00 10 63 3.75 44.00
MEAN VALUES 48 00 1 77 .62 7.33

43 1 40 00 1 00 .50 6.00
44 1 41 00 75 .50 6.50
45 1 1 16 00 2 50 .75 6.00
46 1 39 00 1 25 .50 12.75
47 1 37 00 88 .50 6.75
48 1 46 00 1 50 .50 6.75

SUMMATIONS 319 00 7 88 3.25 44.75
MEAN VALUES 53 16 1 31 .54 7.45

49 1 28 00 1 25 .50 5.50
50 1 28 00 1 00 .50 6.25
51 0 60 00 1 00 .50 7.75
52 1 27 00 1 00 .50 6.25
53 1 48 00 13 00 .75 10.00
54 1 25 00 75 .50 6.50

SUMMATIONS 216 00 18 00 3.25 42.25
MEAN VALUES 36 00 3 00 .54 7.04
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t r i a l  RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION ARM ARM P O T E N T W

(MM) ( MM ) (MM) ( MM )

55 1 32.00 .75 .50 6.00
56 1 48.00 .88 .50 6.00
57 1 63.00 1 .00 .75 10.00
58 1 46.00 1 .75 .50 6.25
59 1 113.00 2.50 .50 5.00
60 1 39.00 1 .25 .50 6.75

SUMMATIONS 341.00 8.13 3.25 40.00
MEAN VALUES 56.83 1 .35 .54 6 . 66

61 1 32.00 1 .00 .50 5.50
62 1 1 14.00 4.00 .50 6.50
63 1 37.00 .88 .50 6.00
64 1 32.00 .75 .50 6.25
65 1 33.00 1.13 .50 9.50
66 1 108.00 4.00 .50 7.50

SUMMATIONS 356.00 1 1 .76 3.00 41.25
MEAN VALUES 59.33 1 .96 .50 6.87

67 1 121.00 4.00 .50 6. 00
68 1 50.00 .75 .50 5.75
69 1 31 .00 .75 .50 6.00
70 1 30.00 .75 .50 5.00
71 1 34.00 .75 .50 4.50
72 1 33.00 .75 .50 4.50

SUMMATIONS 299.00 7.75 3.00 31.75
MEAN VALUES 49.63 1 .29 .50 5.29

73 1 42.00 2.50 2.50 4.00
74 1 30.00 1 .00 .50 5.50
75 1 35.00 1 .00 .50 4.75
76 1 35.00 2.00 .50 7.25
77 1 60.00 1 .25 .50 5.00
78 1 50.00 1 .00 .50 5.50

SUMMATIONS 252.00 8.75 5.00 32.00
MEAN VALUES 42.00 1 .45 .83 5.33

79 1 42.00 1 .00 .50 5.75
80 1 34.0 0 1.13 .50 5.50
81 1 43.00 .75 .50 6.25
82 1 41.00 1 .00 .50 7.50
83 1 39.00 1 .25 .50 5.75
84 1 39.00 1 .50 .50 5.75

SUMMATIONS 238.00 6.63 3.00 36.50
MEAN v a l u e s 39.66 1.10 .50 6.08
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t r i a l  RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=Q DURATION ARM ARM POTENT Î

(MM) (MM) ( MM ) ( MM )

85 1 32.00 1.00 .50 5.25
86 1 33.00 1 .00 .50 5.25
87 1 35.00 1 .00 .50 7.25
88 1 1 15.00 2.50 .25 6.75
89 1 41.00 1 .00 .25 6.00
90 1 34.00 1 .00 .50 5.50

SUMMATIONS 290.00 7.50 2.50 36.00
MEAN VALUES 48.33 1 .25 • 4 1 6.00

91 1 1 14.00 2.50 .25 6.25
92 1 49.00 2.00 .25 5.50
93 1 121.00 3.00 .25 5.50
94 1 121.00 3.00 .25 5.00
95 1 40.00 1 .00 .25 6.25
96 1 45.00 .75 .25 5.25

SUMMATIONS 490.00 12.25 1.50 33.75
MEAN VALUES 81 .66 2.04 .25 5.62

97 1 51 .00 1 .00 .50 10.00
98 1 34.00 1 .00 .50 6.00
99 1 41 .00 1 .00 .50 6.25

100 1 34.00 1 .00 .50 5.00
101 1 55.00 1 .00 .25 6.25
102 1 45.00 1 .25 .50 5.00

SUMMATIONS 260.00 6 . 25 2.75 38.50
m e a n  VALUES 43.33 1 .04 .45 6.41

103 1 37.00 1 .00 .25 6.00
104 1 42.00 1 .00 .25 4.50
105 1 31.00 1 .00 .25 5.25
106 1 46.00 1 .00 .50 6.75
107 1 39.00 1 .00 .50 6.00
108 1 35.00 1 .25 .50 5.50

SUMMATIONS 230.00 6.25 2.25 34.00
MEAN VALUES 38.33 1 .04 .37 5.66

109 1 37.00 1 .00 1 .00 5.50
110 1 39.00 1 .00 .50 5.25
111 1 40.00 1 .25 .50 5.25
1 12 1 37.00 1 .38 . 5 0 4.00
113 1 40.00 5.25 .50 5.50
114 1 39.00 1 .00 .50 5.00

SUMMATIONS 232.00 10.88 3.50 3 0 . 5 0
MEAN v a l u e s 38.66 1 .81 .58 5.08
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t r i a l  RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WR0NG=0 DURATION ARM ARM POTENT I

(MM ) ( MM ) (MM) ( MM)

115 1 68.00 1 13 .50 5.75
1 16 1 41 .00 75 .50 6.50
117 1 51 .00 1 50 .25 4.50
118 1 39.00 1 25 .25 5.00
119 1 34.00 75 .50 4.50
120 1 49.00 88 1.50 8.50

SUMMATIONS 282.00 6 26 3.50 34.75
MEAN VALUES 47.00 1 04 .58 5.79

121 1 39.00 50 1 .50 5.00
122 1 46.00 75 1.50 5.50
123 1 38.00 75 1.50 4.75
124 1 34.00 10 00 1.50 5.50
125 1 66 .00 8 00 1.25 3.50
126 1 79.00 75 1.00 3.50

SUMMATIONS 302.00 20 75 8.25 27.75
MEAN VALUES 50.33 3 45 1.37 4.62

127 1 39.0 0 1 00 1.00 3.50
128 1 39.00 75 1 .00 4.25
129 1 37.00 1 00 1.00 3.50
130 1 29.00 2 50 2.00 5.25
131 1 30.00 75 2.00 4.25
132 1 32.0 0 88 1 .25 4.00

SUMMATIONS 206.00 6 88 8.25 24.75
MEAN VALUES 34.33 1 14 1.37 4.12

133 1 34.00 1 00 .75 4.75
134 1 35.00 1 00 .50 3.50
135 1 40.00 1 00 .50 3.50
136 1 32.00 1 00 .50 5.00
137 1 36.00 1 00 .50 4.00
138 1 42.00 1 25 2.00 3.50

SUMMATIONS 219.00 6 25 4.75 24.25
MEAN v a l u e s 36.50 1 04 .79 4.04

139 1 39.0 0 1 00 .50 3.50
140 1 58.0 0 1 00 .50 3.00
141 1 39.00 75 .50 3.00
142 1 48.00 75 .50 7.25
143 1 37.00 1 50 .50 6.00
144 1 33.00 1 00 .50 4.00

SUMMATIONS 254.00 6 00 3.00 26.75
MEAN VALUES 42.33 1 00 .50 4.45
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s u b j e c t  n o . 1, PROBLEM SOLVING 

(CONVERSION MM TO MICRO-VOLTS)

ACT. ARM PASS. ARM CHIN POT.
5. 0 5.0 5.0

TRIAL RIGHT=1 RESPONSE ACT IVE PASSIVE CHIN
NO. WR0NG=0 DURAT I ON a r m ARM POTENT I

(MM) ( MM ) ( MM ) ( MM )

PRE-EXPERIMENTAL
BASE LEVELS 10. 00 1 .00 1 .50

1 0 1 12 00 33 00 1 1 50 5.00
2 0 121 00 33 00 13 SO 1 1.25
3 1 121 00 31 00 14 00 9.75
4 0 121 00 30 00 13 50 4.75
5 0 1 10 00 25 50 1 4 00 7.00
6 1 1 09 00 33 00 1 4 00 9.75

SUMMATIONS 694 00 185 50 80 50 47.50
MEAN v a l u e s 1 15 66 30 91 13 41 7.91

7 1 121 00 26 00 1 3 50 9.75
8 1 121 00 31 00 14 00 9.25
9 0 121 00 30 00 1 4 00 10.25

10 1 105 00 22 25 14 00 10.50
1 1 0 1 06 00 27 50 1 4 50 11.00
12 0 75 00 1 1 50 13 75 14.25

s u m m a t i o n s 649 00 148 25 83 75 65.00
MEAN VALUES 108 16 24 70 13 95 10.83

13 0 63 00 1 1 50 13 50 18.00
14 1 67 00 12 25 1 5 00 14.50
15 1 121 00 21 75 14 00 12.25
16 0 102 00 17 50 15 00 11.00
17 1 106 00 18 50 13 50 10.50
18 0 121 00 14 00 13 50 15.50

s u m m a t i o n s 580 00 95 50 84 50 81.75
MEAN v a l u e s 96 66 15 91 1 4 08 13.62

19 0 67 00 1 1 50 1 4 00 16.75
20 0 100 00 15 00 14 00 12.00
21 0 67 00 1 1 50 14 00 13.75
22 1 97 00 13 00 14 00 7.00
23 0 121 00 14 50 15 00 1 1.75
24 0 78 00 12 00 15 00 13.00

SUMMATIONS 530 00 77 50 86 00 74.25
MEAN VA LU ES 88 33 12 91 14 33 12.37
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T R I A L
NO.

R I GH T = 1
WRONG=0

RESPONSE 
DURATION 

( M M  )

ACTIVE 
ARM 
( MM )

PASSIVE 
ARM 

( MM )

CHIN 
POTENTIAL 

( MM )

25 1 60 00 12 50 16 00 9 75
26 0 106 00 24 50 14 50 9 00
27 0 76 00 12 00 1 4 50 12 50
28 1 1 1 1 00 13 00 15 00 10 50
29 0 121 00 32 00 14 50 7 00
30 1 50 00 1 1 50 14 00 6 25

SUMMATIONS 524 00 105 50 88 50 55 00
MEAN VALUES 87 33 17 58 14 75 9 16

31 0 107 00 29 00 14 00 6 75
32 0 121 00 25 00 1 4 00 10 00
33 0 1 17 00 16 50 1 4 50 12 50
34 1 97 00 29 50 14 00 7 25
35 0 121 00 12 25 14 00 12 00
36 0 121 00 17 50 14 00 8 50

SUMMATIONS 684 00 129 75 84 50 57 00
MEAN VALUES 1 14 00 21 62 14 08 9 50

37 1 89 00 33 00 14 00 9 50
38 1 121 00 13 00 13 50 1 1 00
39 0 121 00 13 00 14 00 12 00
40 0 71 00 1 1 00 1 3 50 13 75
41 0 108 00 30 00 13 50 9 50
42 1 80 00 12 00 14 00 7 00

SUMMATIONS 590 00 1 12 00 82 50 62 75
MEAN v a l u e s 98 33 18 66 13 75 10 45

43 1 46 00 1 1 50 14 50 6 50
44 1 85 00 13 00 1 4 00 7 75
45 58 00 1 1 50 14 50 8 50
46 1 56 00 1 1 00 14 00 6 75
47 1 38 00 1 1 00 14 00 9 50
48 1 59 00 1 1 00 13 50 9 00

SUMMATIONS 342 00 69 00 84 50 48 00
MEAN VALUES 57 00 1 1 50 14 08 8 00

49 1 60 00 1 1 00 1 3 50 10 00
50 1 52 00 1 1 00 14 00 7 50
51 1 13 00 24 50 16 75 6 50
52 1 57 00 1 1 50 14 00 9 00
53 1 34 00 1 1 00 1 4 00 7 50
54 1 32 00 1 1 00 13 50 8 25

SUMMATIONS 348 00 80 00 85 75 48 75
MEAN VALUES 58 00 13 33 14 29 8 12
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TRIAL RIGHTal RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURAT I ON ARM ARM POTENT I

(MM ) ( MM ) ( MM) ( MM )

55 1 45.0 0 1 1 .00 13.50 11.00
56 1 26.00 10.50 13.25 20.50
57 1 29.00 10.50 13.00 7.75
58 1 26.00 11.00 13.50 3.00
59 1 20.00 23.00 13.00 4.00
60 1 121.00 24.00 14.00 5.00

SUMMATIONS 267.00 90.00 80.25 51 .25
MEAN VALUES 44.50 15.00 13.37 8.54

61 1 31 .00 1 1 .50 14.00 4.00
62 1 35.00 1 1 .50 15.00 9.00
63 1 25.00 33.00 13.50 12.50
64 1 49.00 1 1 .25 17.00 5.00
65 1 50.00 1 1 .50 18.50 4.75
66 1 45.00 1 1 .50 1 7.25 4.25

SUMMATIONS 235.00 90.25 95.25 39.50
MEAN v a l u e s 39.16 15.04 15.87 6.58

67 1 113.00 33.00 1 3.50 7.25
68 1 70.0 0 10.50 13.00 7.00
69 1 113.00 23.00 21.00 3.25
70 1 52.00 10.50 12.50 2.50
71 1 33.00 10.25 12.38 18.00
72 1 1 10.00 33.00 15.00 2.75

s u m m a t i o n s 491.00 120.25 87.38 40.75
MEAN VALUES 81 .83 20.04 14.56 6.79

73 1 45.00 10.50 13.00 4.50
74 1 38.00 13.25 12.50 2.50
75 1 43.00 12.75 12.50 2.75
76 1 33.00 10.00 12.00 3.25
77 1 21 .00 29.50 12.25 14.00
78 1 56.00 10.00 12.50 9.50

s u m m a t i o n s 236.00 86.00 74.75 36.50
m e a n  VALUES 39.33 14.33 12.45 6.08

79 1 20.00 18.00 12.00 16.00
80 1 121.00 14.00 1 3.00 13.00
81 1 38.00 10.00 12.50 6.00
82 1 73.00 10.00 13.00 18.00
83 1 55.00 10.50 13.00 4.25
84 1 107.00 17.00 12.50 8.25

SUMMATIONS 414.00 79.50 76.00 65.50
m e a n  VALUES 69.00 13.25 12.66 10.91
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WR0NG=0 DURATION ARM ARM POTENT I

(MM) (MM) ( MM ) ( MM)

85 1 121.00 30.75 13.00 18.00
86 1 22.00 10.00 12.50 6.50
87 1 109.00 32.25 13.00 6.50
88 1 80.00 10.25 12.50 8.00
89 1 105.00 26.50 14.50 4.75
90 1 1 14.00 26.50 19.25 3.50

SUMMATIONS 551.00 136.25 84.75 47.25
MEAN v a l u e s 91 .83 22.70 14.12 7.87

91 1 101.00 19.75 20.75 4.00
92 1 28.00 10.00 12.50 3.50
93 1 109.00 32.50 1 2.50 12.25
94 1 45.0 0 10.00 12.50 10.00
95 1 111.00 33.00 13.50 13.00
96 1 60.00 10.00 12.50 8.50

SUMMATIONS 454.00 115.25 84.25 51.25
MEAN v a l u e s 75.66 19.20 14.04 8.54

97 1 23.00 10.00 1 3.00 4.75
98 1 26.00 10.00 1 3.00 7.75
99 1 1 13.00 18.00 13.00 3.50

100 1 40.00 1 1 .00 12.50 4.25
101 1 121.00 19.00 12.50 2.13
102 1 65.00 11.00 25.00 2.00

SUMMATIONS 388.00 79.00 89.00 24.38
m e a n  v a l u e s 64 .66 13.16 14.83 4.06

103 1 63.00 33.00 14.75 1.50
104 1 102.00 18.75 17.00 2.50
105 1 43.00 17.00 13.00 3.00
106 1 112.00 22.50 2 1.25 8.00
107 1 22.00 10.50 13.00 9.50
108 1 28.00 1 1 .25 19.50 4.75

SUMMATIONS 370.00 113.00 98.50 29.25
MEAN v a l u e s 61 .66 18.83 16.4 1 4.87

109 1 35.00 1 1 .00 1 4.00 6.75
110 1 99.0 0 1 1 .25 12.50 6.50
111 1 32.00 10.00 12.50 5.00
112 1 108.00 12.00 1 2.50 5.50
113 1 49.00 20.00 12.75 6.00
114 1 52.00 10.00 12.50 6.00

SUMMATIONS 375.00 74.25 76.75 35.75
MEAN v a l u e s 62.50 12.37 12.79 5.95
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TRIAL RIGHT*! RESPONSE ACTIVE PASSIVE CHIN
NO. WRONGrO DURATION a r m ARM POTENT I /

(MM) (MM) ( MM ) (MM)

115 1 38.00 1 1 .00 14.00 10.00
1 16 1 103.00 31 .00 13.50 9.00
1 17 1 121.00 32.00 15.00 9.00
1 18 1 121.00 33.00 18.00 9.00
1 19 1 121.00 33.00 12.75 9.00
120 1 80.00 10.00 12.00 15.00

SUMMATIONS 584.00 150.00 85.25 61.00
MEAN v a l u e s 97.33 25.00 14.20 10.16

121 1 47.00 9.50 16.00 23.00
122 1 26.00 16.00 1 1 .50 5.00
123 1 45.00 9.50 12.25 5.00
124 1 52.00 33.00 11.00 4.00
125 1 121,00 32.00 11.00 3.25
126 1 121.00 30.50 12.00 4.75

SUMMATIONS 412.00 130.50 73.75 45.00
MEAN v a l u e s 68 .66 21 .75 12.29 7.50

127 1 121.00 32.50 30.00 3.50
128 1 121.00 31 .00 29.00 3.75
129 1 62.0 0 30.00 12.00 4.25
130 1 52.00 9.00 11.25 6.50
131 1 39.00 9.00 11.00 9.75
132 1 26.0 0 32.75 11.00 8.50

SUMMATIONS 421.00 144.25 104.25 36.25
MEAN VALUES 70.16 24.04 17.37 6.04

133 1 47.00 25.00 11.25 9.50
134 1 121.00 33.00 12.00 3.75
135 1 121.00 33.00 12.00 3.75
136 1 121.00 33.00 12.00 2.00
137 1 121.00 21 .50 17.00 4.25
138 1 47.00 9.50 12.50 9.50

SUMMATIONS 578.0 0 155.00 76.75 32.75
MEAN VALUES 96.33 25.83 12.79 5.45

139 1 107.0 0 33.00 12.00 2.25
140 1 121.00 33.00 12.25 2.50
141 1 121.00 23.00 25.00 3.50
142 1 53.00 9.00 11.00 3.50
143 1 29.00 19.50 11.00 12.75
144 1 32.00 8.50 1 0.50 6.00

SUMMATIONS 463.00 126.00 81.75 30.50
MEAN VALUES 77.16 21 .00 1 3.62 5.08
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SUBJECT NO. 2, PROBLEM SOLVING

(CONVERSION MM TO MICRO-VOLTS)

ACT. ARM 
5.0

PASS. ARM 
5.0

CHIN POT, 
5.0

TRIAL
NO.

RIGHT=1
WRONG=0

RESPONSE
d u r a t i o n

(MM)

ACTIVE 
ARM 
( MM )

PASSIVE 
ARM 

( MM )

CHIN
p o t e n t i a l

( MM )

PRE-EXPERI MENTAL
BASE LEVELS 2.50 1 .50 2.00

1 0 121 00 32.50 2.25 9.00
2 0 121 00 32.50 1.25 10.25
3 1 121 00 32.00 2.25 9.50
4 0 76 00 20.00 5.00 9.50
5 0 43 00 10.00 8.00 7.75
6 0 104 00 32.00 1 0 . 0 0 9.50

SUMMATIONS 586 00 159.00 28.75 55.50
MEAN VALUES 97 66 26.50 4.79 9 . 2 5

7 0 121 00 29.50 1 1 .00 7.00
a 0 69 00 23.00 1 3.50 5.50
9 0 68 00 23.00 15.00 8.00
10 1 108 00 32.00 16.00 1 1 .25
1 1 0 121 00 31.00 1 5.00 7.00
12 0 121 00 26.75 15.00 5.50

SUMMATIONS 608 00 165.25 85.50 44.25
MEAN VALUES 101 33 27.54 14.25 7.37

13 0 121 00 27.25 1 7.50 7.50
14 1 69 00 20.00 1 7.50 8.75
15 0 103 00 32.00 17.50 6.75
16 0 50 00 17.00 16.50 5.00
17 0 107 00 3 0 . 0 0 17.00 6.50
18 1 121 00 28.50 16.50 6.25

SUMMATIONS 571 00 154.75 102.50 40.75
MEAN VA L U E S 95 16 2 5 . 7 9 1 7.08 6.79

19 1 121 00 32.00 1 7.00 5.25
20 1 121 00 32.00 17.00 5.25
21 0 121 00 29.00 1 7.50 6.25
22 0 65 00 2 5 . 0 0 1 7.00 4,25
23 0 93 0 0 29.00 19.00 6.50
24 0 58 00 21 .50 20.00 5.25

SUMMATIONS 579 .00 168.50 107.50 32.75
MEAN VALUES 96 .50 28.08 17.91 5.45

116

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURAT ION ARM ARM POTENTIAL

(MM ) (MM ) ( MM ) ( MM )

25 1 121 00 29 SO 18 00 5.25
26 0 121 00 32 00 18 00 5.50
27 0 121 00 32 00 1 9 00 6.50
28 1 121 00 29 75 20 00 5.00
29 0 121 00 32 00 20 50 6.50
30 1 121 00 30 00 20 00 6.75

SUMMATIONS 726 00 185 25 115 50 35.50
MEAN VALUES 121 00 30 87 19 25 5.91

31 1 64 00 32 25 20 50 5.75
32 1 55 00 25 50 21 00 8.50
33 1 45 00 19 25 20 50 6.75
34 1 99 00 20 00 20 50 6.75
35 1 121 00 30 25 21 00 8.75
36 0 121 00 29 75 22 00 7.75

SUMMATIONS 505 00 157 00 125 50 44.25
MEAN VALUES 84 16 26 16 20 91 7.37

37 0 121 00 29 50 22 00 17.25
38 0 42 00 24 50 21 50 9.25
39 0 103 00 20 00 22 00 10.50
40 0 97 00 25 00 23 00 6.50
41 1 121 00 31 00 23 50 7.00
42 1 121 00 30 25 23 00 6.75

SUMMATIONS 605 00 160 25 135 00 57.25
MEAN VALUES 100 83 26 70 22 50 9.54

43 0 121 00 29 00 22 00 8.50
44 1 77 00 29 50 22 00 6.25
45 1 51 00 20 00 22 50 9.25
46 0 70 00 23 00 22 00 10.25
47 0 30 00 24 00 22 50 5.50
48 0 46 00 24 25 22 00 6.25

SUMMATIONS 395 00 149 75 133 00 46.00
MEAN VALUES 65 83 24 95 22 16 7.66

49 0 40 00 21 00 22 00 6.00
50 1 96 00 28 50 22 50 6.00
51 1 65 00 31 50 23 00 6.00
52 0 30 00 21 75 23 00 6.75
53 1 28 00 20 50 22 50 6.25
54 1 70 00 26 00 23 00 4.75

s u m m a t i o n s 329 00 149 25 136 00 35.75
MEAN VALUES 54 83 24 87 22 66 5.95
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t r i a l RIGHT=1 RESPO NSE ACTIVE PASSIVE CHIN
NO. WRONG=0 d u r a t i o n

(MM )
ARM 
( MM )

ARM 
( MM )

POTENT I 
( MM )

55 1 27 00 24 25 23 00 5.25
56 1 28 00 19 50 22 50 4.75
57 1 30 00 19 00 22 00 7.00
58 0 36 00 22 00 22 00 6.25
59 0 30 00 26 50 22 50 5.25
60 0 55 00 20 00 21 00 4.50

SUMMATIONS 206 00 131 25 133 00 33.00
MEAN VALUES 34 33 21 87 22 16 5.50

61 1 23 00 26 00 25 00 4.50
62 0 121 00 29 50 22 50 4.00
63 1 59 00 20 00 22 50 4.00
64 1 37 00 30 50 23 00 3.38
65 1 32 00 20 50 23 50 5.00
66 1 43 00 20 25 23 25 4.75

SUMMATIONS 315 00 146 75 139 75 25.63
MEAN VALUES 52 50 24 45 23 29 4.27

67 1 70 00 23 00 23 50 4.50
68 1 31 00 28 25 24 50 4.50
69 1 45 00 22 00 25 00 5.00
70 1 26 00 21 50 24 50 5.50
71 0 20 00 21 00 24 00 5.00
72 0 22 00 24 50 23 50 4.75

SUMMATIONS 214 00 140 25 145 00 29.25
MEAN VALUES 35 66 23 37 24 16 4.87

73 1 51 00 31 50 24 00 3.25
74 0 42 00 21 75 24 00 5.00
75 1 70 00 26 00 23 50 4.25
76 1 70 00 25 00 23 00 4.50
77 1 33 00 20 75 23 00 3.50
78 0 55 00 27 75 22 50 5.75

SUMMATIONS 321 00 152 75 140 00 26.25
m e a n VALUES 53 50 25 45 23 33 4.37

79 1 55 00 25 00 22 00 5.00
80 0 40 00 23 75 25 00 5.25
81 1 23 00 19 75 21 25 4.50
82 0 103 00 27 50 21 00 4.50
83 0 105 00 27 00 22 00 5.00
84 1 15 00 19 25 2 1 00 4.75

SUMMATIONS 341 00 142 25 132 25 29.00
MEAN v a l u e s 56 83 23 70 22 04 4.83
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WR0NG=0 DURAT I ON 

(MM)
ARM
(MM)

ARM 
( MM )

POTENTIAL 
( MM )

85 1 20 00 18 75 21 00 4 50
86 1 2 0 00 18 50 20 50 3 50
87 0 21 00 19 00 20 50 4 50
88 1 17 00 23 25 21 00 5 00
89 1 27 00 19 00 21 25 6 00
90 1 21 00 19 00 21 50 3 50

SUMMATIONS 126 00 1 17 50 125 75 27 00
MEAN v a l u e s 21 00 19 58 20 95 4 50

91 0 21 00 2 5 00 21 00 4 00
9 2 1 110 00 3 0 00 2 1 25 4 00
93 1 121 00 2 8 50 21 00 2 00
94 0 52 00 18 50 20 50 3 00
95 1 16 00 18 00 20 50 4 50
96 0 18 00 18 00 20 00 3 00

SUMMATIONS 338 00 138 00 124 25 2 0 50
MEAN VALUES 56 33 2 3 00 20 70 3 41

97 1 45 00 2 0 00 20 00 3 75
98 1 29 00 18 50 20 50 4 0 0
99 1 108 00 32 50 21 00 3 00
100 1 121 00 3 2 50 2 1 00 3 00
101 1 121 00 32 00 2 1 00 4 25
1 0 2 1 121 00 3 2 00 21 25 4 00

SUMMATIONS 545 00 167 50 124 75 22 00
MEAN VALUES 90 83 27 91 20 79 3 66

103 0 93 00 28 00 22 25 4 25
1 04 1 62 00 19 25 21 00 4 00
105 1 30 00 18 50 2 1 00 3 50
106 1 107 00 31 00 22 00 4 75
107 0 65 00 19 25 2 1 00 3 50
108 1 21 00 2 0 75 22 00 4 00

SUMMATIONS 378 00 136 75 129 2 5 24 00
MEAN VALUES 63 00 22 79 21 54 4 00

109 1 30 00 19 00 21 00 3 00
1 10 1 30 00 16 75 20 0 0 3 25
1 1 1 1 23 00 16 0 0 19 00 4 00
1 1 2 1 2 4 0 0 18 00 19 50 2 00
1 13 1 20 0 0 17 0 0 20 50 3 00
1 14 1 23 00 17 00 19 50 2 00

SUMMATIONS 150 00 103 75 1 19 50 17 25
MEAN VALUES 25 00 17 29 19 91 2 87
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION ARM ARM POTENT I/!

(MM) ( MM ) ( MM ) ( MM)

115 1 108.00 21 .00 20.00 3.00
1 16 1 121.00 24.00 19.50 2.50
1 17 1 42.00 15.50 24.00 2.00
118 1 26.00 15.50 18.00 3.75
1 19 1 63.00 16.75 18.00 2.00
120 1 94.00 31.50 23.00 3.75

SUMMATIONS 454.00 124.25 122.50 17.00
m e a n  v a l u e s 75.66 20.70 20.4 1 2.83

121 1 121.00 28.25 19.00 5.00
122 1 121.00 27.75 24.50 4.50
123 0 121.00 29.75 1 9.00 5.25
124 1 121.00 30.25 22.00 5.25
125 1 95.00 19.50 20.00 6.00
126 1 106.00 29.75 20.00 5.50

SUMMATIONS 685.00 165.25 124.50 31.50
MEAN VALUES 114.16 27.54 20,75 5.25

127 1 82.00 19.25 1 8.50 5.00
128 1 108.00 29.75 18.00 4.50
129 1 69.00 17.50 1 7.00 4.00
130 1 100.00 32.00 1 8.00 4.50
131 1 121.00 25.50 1 7.50 4.00
132 1 62.00 14.25 1 7.00 4.00

SUMMATIONS 542.00 138.25 106.00 26.00
m e a n  v a l u e s 90.33 23.04 1 7.66 4.33

133 1 52.00 25.00 15.50 4.00
134 1 73.00 18.50 15.00 4.00
135 1 27.00 14.50 18.00 4.00
136 1 28.00 13.00 21.00 4.50
137 1 23.00 14.00 15.50 6.00
138 1 46.00 13.50 15.50 5.00

SUMMATIONS 249.00 98.50 100.50 27.50
MEAN VALUES 41 .50 16.41 16.75 4.58

139 1 78.00 17.50 15.50 15.00
140 1 25.00 13.00 15.00 3.50
141 1 30.00 13.50 14.00 7.50
142 1 21.00 13.50 14.50 4.25
143 1 16.00 17.00 15.00 3.50
144 1 18.00 12.50 14.50 3.50

SUMMATIONS 188.00 87.00 88.50 37.25
MEAN VALUES 31 .33 14.50 14.75 6.20
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SUBJECT NO. 3, PROBLEM SOLVING 

(CONVERSION MM TO MICRO-VOLTS)

ACT. ARM PASS. ARM CHIN POT.
5. 0 5.0 5.0

TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURAT I ON ARM ARM POTENTIAL

(MM) ( MM ) ( MM ) ( MM )

PRE-EXPERI MENTAL
BASE LEVELS 1 .75 1.75 2.50

1 0 33.00 2.25 3.25 21.50
2 1 44.00 2.38 3.00 17.00
3 0 30.00 2.50 3.00 1 1.00
4 0 35.0 0 2.25 3.00 13.75
5 0 30.00 2.25 3. 13 18.00
6 1 42.00 2.50 3.50 15.00

SUMMATIONS 214.00 14.13 1 8.88 96.25
MEAN v a l u e s 35.66 2.35 3. 1 4 16.04

7 I 35.00 5.00 3.50 13.25
8 0 47.0 0 2.25 3.00 12.00
9 0 29.0 0 2.50 3.00 13.50

10 Q 35.00 2.50 3.25 11.15
1 1 0 49.00 2.25 3.00 11.00
12 0 62.0 0 2.25 3. 1 3 6.25

SUMMATIONS 257.00 16.75 18.88 67.15
MEAN v a l u e s 42.83 2.79 3. 14 11.19

13 1 35.00 2.25 3.00 7.25
14 0 42.00 2.50 3.50 7.00
15 1 27.00 3.00 3.50 6.50
16 1 27.00 2.25 3.50 7.50
17 1 106.00 15.00 3.75 17.00
18 1 42.00 2.50 3.75 16.00

SUMMATIONS 279.00 27.50 21.00 61.25
MEAN VALUES 46.50 4.58 3.50 10.20

19 1 22.00 2.50 4.00 13.00
20 1 23.00 2.50 3.88 17.00
21 1 19.00 2.38 3.50 10.00
22 1 27.00 2.38 3.75 26.00
23 1 27.00 2.25 3.88 17.50
24 1 22.00 2.25 3.50 10.00

SUMMATIONS 140.00 14.26 22.51 93.50
MEAN VALUES 23.33 2.37 3.75 15.58
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T R I A L  R I GHT = 1
N O . WRONG=0

RESPONSE 
DURAT I ON 

(MM )

ACTIVE
ARM
(MM)

PASSIVE 
ARM 

( MM )

CHIN 
POTENTIAL 

( MM)

25 1 22 00 11 00 3 50 7 50
26 1 26 00 2 50 3 00 7 50
27 1 34 00 2 50 3 00 9 00
28 1 20 00 2 50 3 00 3 50
29 1 28 00 2 50 3 00 4 00
30 1 20 00 12 75 3 00 3 75

SUMMATIONS 150 00 33 75 18 50 35 25
MEAN v a l u e s 25 00 5 62 3 08 5 87

31 1 121 00 15 00 3 25 4 25
32 1 42 00 3 00 3 13 4 00
33 1 68 00 3 00 3 25 8 50
34 1 75 00 3 75 3 25 7 25
35 1 121 00 21 00 3 1 3 6 25
36 1 29 00 2 50 3 00 6 50

SUMMATIONS 456 00 48 25 19 0 1 36 75
MEAN v a l u e s 76 00 8 04 3 16 6 12

37 1 24 00 4 25 3 50 6 00
38 1 121 00 14 00 3 25 6 75
39 1 26 00 9 50 3 50 7 75
40 1 30 00 2 38 3 00 17 00
41 1 21 00 2 38 3 00 10 50
42 1 17 00 2 50 3 00 4 25

SUMMATIONS 239 00 35 0 1 19 25 52 25
MEAN v a l u e s 39 83 5 83 3 20 8 70

43 1 36 00 12 00 3 25 5 25
44 1 35 00 3 00 3 00 6 00
45 1 30 00 2 50 3 00 6 50
46 1 28 00 8 00 3 25 5 50
47 1 35 00 2 75 3 50 6 00
48 1 29 00 2 50 3 25 6 00

SUMMATIONS 193 00 30 75 19 25 35 25
MEAN VALUES 32 16 5 12 3 20 5 87

49 1 24 00 2 50 3 25 6 00
50 1 27 00 2 25 3 25 5 00
51 1 58 00 3 75 3 25 6 75
52 1 22 00 6 50 3 25 6 00
53 1 121 00 6 00 3 00 6 75
54 1 121 00 6 00 3 00 6 75

SUMMATIONS 373 00 27 00 19 00 37 25
MEAN VALUES 62 16 4 50 3 1 6 6 20
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WR0NG=0 DURAT I ON ARM ARM POTENT I ;

(MM) (MM) ( MM) ( MM )

55 1 121.00 5 . 0 0 3.25 7.75
56 1 28.0 0 2 . 5 0 3.25 7.50
57 1 35.00 3.00 3.25 6.50
5 8  1 22.00 2 . 5 0 7.00 4.50
59 1 32.00 4.50 3.50 6 . 0 0
60 1 121.00 4.00 3.50 7.00

SUMMATIONS 359.00 21 .50 23.75 39.25
MEAN VALUES 59.83 3 . 5 8 3.95 6.54

61 1 88.00 4.25 3.50 7.25
62 1 20.00 2.50 3.25 6.00
63 1 21 .00 2 . 5 0 3.25 7.00
64 1 34.00 2.50 3.25 15.00
65 1 30.00 3 . 0 0 3.25 4.25
66 1 20.00 2.50 3.25 3.00

SUMMATIONS 213.00 17.25 1 9.75 42.50
MEAN VALUES 3 5 . 5 0 2 . 8 7 3.29 7.08

67 1 19.00 2.50 3.50 3.00
68 1 15.00 2 . 5 0 3.50 3.00
69 1 21 .00 2.50 19.00 4.50
70 1 18.00 2 . 5 0 3.25 4.75
71 1 23.00 2.50 3.50 5.50
72 1 18.00 2.50 3.25 6.00

SUMMATIONS 1 14.00 15.00 36.00 26.75
MEAN v a l u e s 19.00 2.50 6.00 4.45

73 1 18.00 2.50 3.50 6.00
74 1 16.00 2.50 3.25 6.50
75 1 16.00 2.50 3.25 7.00
76 1 52.00 2.50 3.25 6.25
77 1 17.00 2.50 3.25 6 .  0 0
78 1 83.00 9.00 3 . 2 5 6.00

SUMMATIONS 202.00 21 .50 19.75 37.75
MEAN VALUES 33.66 3 . 5 8 3.29 6.29

79 1 16.00 2 . 5 0 3.25 5.75
8 0  1 30.00 2.50 3.25 10.00
81 1 2 0 . 0 0 2.50 3.25 5.25
82 1 21 .00 2 . 2 5 3.25 4.50
8 3  1 18.00 2 . 2 5 3.25 5.00
84 1 17.00 2 . 2 5 3.25 6.25

SUMMATIONS 122.00 14.25 19.50 36.75
MEAN VALUES 20.33 2.37 3.25 6.12
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t r i a l RIGHT=1 RESPONSE ACT IVE PASSIVE CHI N
NO. WRONG=0 DURA TION ARM ARM POTENT I

(MM) ( MM ) ( MM ) ( MM )

85 1 19 00 2 25 3 25 6 75
86 1 22 00 2 25 3 25 7 25
87 1 17 00 2 2 5 3 25 7 50
88 1 17 00 2 25 3 25 8 00
89 1 2 3 00 2 25 3 25 a 00
90 1 21 00 2 25 3 50 7 00

SUMMATIONS 119 00 13 5 0 19 7 5 44 50
MEAN VALUES 19 83 2 25 3 29 7 4 1

91 1 18 00 2 5 0 3 25 5 00
92 1 17 00 2 25 3 50 5 75
93 1 22 00 2 2 5 3 25 7 75
94 1 17 00 2 50 3 25 8 00
95 1 16 00 2 25 3 25 8 50
96 1 18 00 2 25 3 50 7 75

SUMMATIONS 108 00 14 00 20 00 42 75
MEAN VALUES 18 00 2 33 3 33 7 12

9 7 1 2 0 00 2 25 3 25 5 50
98 1 3 5 00 2 50 3 25 4 50
99 1 26 00 3 75 3 50 4 00

1 00 1 45 00 3 25 3 50 5 50
101 1 80 00 3 50 3 50 7 00
1 02 1 21 00 9 00 3 50 7 00

SUMMATIONS 2 2 7 00 24 25 2 0 50 33 SO
MEAN VALUES 37 83 4 04 3 4 1 5 5 8

103 1 30 00 25 50 8 00 7 50
1 04 1 40 00 10 25 8 00 9 0 0
1 05 1 2 5 00 7 50 8 00 8 75
1 06 1 27 00 16 00 3 50 9 25
1 07 1 27 00 2 75 3 50 7 75
108 1 24 00 3 25 3 50 5 25

SUMMATIONS 173 0 0 65 2 5 34 50 47 50
MEAN VALUES 28 8 3 10 87 5 75 7 91

1 09 1 24 0 0 3 3 8 3 50 5 50
1 10 1 27 0 0 3 63 3 50 6 25
1 1 1 1 21 00 5 0 0 3 50 7 00
1 12 1 30 00 3 5 0 3 50 8 50
1 13 1 20 00 2 50 3 50 2 50
1 14 1 20 00 2 38 3 25 2 50

SUMMATIONS 142 .00 20 39 2 0 75 32 25
MEAN VALUES 23 .66 3 3 9 3 45 5 37
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t r i a l RIGHT=1 RESPONSE ACT IVE PASS I VE CHIN
NO* WRONG=0 DURAT I ON ARM ARM POTENT I

( MM ) < MM ) ( MM ) ( MM )

1 15 1 26 00 2 25 3 25 3.50
1 16 1 2 3 00 2 50 3 50 4.25
1 17 1 18 00 2 50 3 50 2.50
1 18 1 15 00 10 00 3 25 2.50
1 19 1 19 00 2 50 3 25 2.50
120 1 32 00 3 50 3 2 5 4.50

SUMMATIONS 133 00 23 25 20 00 19.75
MEAN VALUES 22 16 3 87 3 33 3.29

121 1 12 00 2 25 3 25 2.50
122 1 30 00 6 50 3 25 3. 13
123 1 21 00 7 00 3 25 3.50
124 1 121 00 1 1 50 3 25 4.00
125 1 21 00 13 25 3 50 4.00
1 2 6 1 34 00 4 50 3 50 4.25

SUMMATIONS 2 3 9 00 45 00 20 00 21.38
MEAN v a l u e s 39 83 7 50 3 33 3.56

127 1 22 00 2 50 3 50 3.00
128 1 27 00 2 50 3 50 4.00
129 1 40 00 4 25 3 50 8.25
1 30 1 26 00 3 00 3 25 3.00
131 1 25 00 2 38 3 25 12.00
132 1 24 00 2 75 3 50 2.50

SUMMATIONS 164 00 17 38 20 50 32.75
MEAN VALUES 27 33 2 8 9 3 4 1 5.45

133 1 16 00 2 50 3 50 3.00
134 1 14 00 2 38 3 25 3.25
1 35 1 19 00 4 00 3 50 4.00
136 1 24 00 2 25 3 25 4.50
137 1 18 00 2 00 3 50 4.75
138 1 17 00 2 00 3 25 4.25

SUMMATIONS 108 00 15 13 20 25 23.75
MEAN VALUES 18 00 2 52 3 37 3.95

1 3 9 1 18 00 3 50 3 25 4.00
140 1 2 8 00 2 50 3 25 5.00
141 1 23 00 4 50 3 50 5.00
142 1 121 00 6 2 5 3 50 5.50
143 1 21 00 9 00 4 00 7.00
144 1 17 00 12 00 3 50 5.50

SUMMATIONS 228 00 37 75 21 00 32.00
MEAN VALUES 38 00 6 29 3 50 5.33

125

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX F

The In d iv id u a l and th e  Mean Values 

o f  th e  P h y s io lo g ic a l Responses in  M ic ro v o lts  

and, P erfo rm ance in  Terms o f  

C o rre c t and in c o r re c t  In d iv id u a l Responses
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Appendix F

SUBJECT NO. 1. NO LEARNING 

RESPONSE DURATION IN SECONDS
ELECTROPHYSIOLOGICAL MEASUREMENTS IN MICRO- VOLTS

TRIAL RIGHT* 1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG* 0 DURATION ARM ARM POTENTIAL

(SEC . ) (MIC-V.) (MIC-V. ) (MIC-V.)

PRE-EXPERIMENTAL
BASE LEVELS 10.00 5 .0 0 10.00

1 1 9 1 0 20 .0 0 -5.00 7.50
2 1 9 10 25.00 -5.00 7.50
3 1 2 70 40.00 -5.00 7.50
4 1 7 40 45.00 -5.00 10.00
5 1 7 80 7.50 -5.00 10.00
6 1 2 80 7.50 -5.00 10.00

SUMMATIONS 38 90 145.00 -30.00 52.50
MEAN VALUES 6 48 24.16 -5.00 8.75

7 1 4 60 5.00 -5.00 5.00
8 1 2 50 2.50 -5.00 30.00
9 1 2 60 5.00 -5.00 7.50

10 1 2 60 2 .5 0 - 5 . 0 0 5.00
11 1 3 1 0 5 .0 0 -5.00 5.00
12 1 3 00 0 .0 0 -5.00 37.50

SUMMATIONS 18 40 20.00 -30.00 90.00
MEAN v a l u e s 3 06 3 .3 3 -5.00 15.00

13 1 3 20 5.00 -5.00 2.50
14 1 2 50 2.50 -5.00 0.00
15 1 3 00 2.50 -5.00 0 .0 0
16 1 a 80 10.00 -5.00 0.00
17 1 2 70 -5.00 -5.00 0.00
18 1 5 90 5.00 -5.00 5.00

SUMMATIONS 26 10 20.00 -30.00 7.50
MEAN v a l u e s 4 35 3.33 -5.00 1 .25

19 1 6 50 5.00 -5.00 5.00
20 1 3 70 0.00 -5.00 10.00
21 1 3 20 -2.50 -5.00 5.00
22 1 3 00 -5.00 -5.00 0.00
23 1 2 70 -5.00 -5.00 37.50
24 1 2 50 -5.00 -5.00 5.00

SUMMATIONS 21 60 -12.50 - 3 0 . 0 0 62.50
MEAN VALUES 3 60 - 2 . 0 8 -5.00 10.41
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TRIAL RIGHT*1 RESPONSE ACT IVE PASS I VE CHI N
NO. WRONG=0 DURAT ION ARM ARM POTENT I

( SEC . ) (MIC -V. ) (MIC -V. ) (MIC -V

25 1 3 30 0 00 -5 00 -5 00
26 1 3 10 -2 50 -5 00 -5 00
27 1 8 70 35 00 -5 00 — 5 00
28 1 4 40 5 00 -5 00 -5 00
29 1 3 70 0 00 -5 00 -5 00
30 1 2 70 -5 00 -5 00 37 50

SUMMATIONS 25 90 32 50 -30 00 12 50
MEAN v a l u e s 4 31 5 41 -5 00 2 08

31 1 8 80 35 00 -5 00 — 5 00
32 1 9 1 0 20 00 -5 00 -5 00
33 1 3 70 0 00 -5 00 -5 00
34 1 3 50 0 00 -5 00 -5 00
35 1 2 80 -2 50 -5 00 2 50
36 1 2 80 -5 00 -5 00 10 00

SUMMATIONS 30 70 47 50 -30 00 -7 50
MEAN VALUES 5 1 1 7 91 -5 00 -1 25

37 1 2 70 -2 50 -5 00 -5 00
38 1 2 70 0 00 -5 00 -5 00
39 1 3 00 -2 50 -5 00 -5 00
40 1 2 20 -5 00 -5 00 -5 00
41 1 2 50 -5 00 -5 00 -5 00
42 1 2 60 -5 00 -5 00 0 00

SUMMATIONS 15 70 -20 00 -30 00 -25 00
MEAN v a l u e s 2 6 1 -3 33 -5 00 -4 16

43 1 2 40 -7 50 -5 00 0 00
44 1 5 60 17 50 -5 00 0 00
45 1 5 70 -10 00 -5 00 0 00
46 1 2 20 — 1 0 00 -5 00 -2 50
47 1 2 80 -10 00 -5 00 55 00
48 1 2 30 -5 00 -5 00 2 50

SUMMATIONS 21 00 -25 00 -30 00 55 00
MEAN v a l u e s 3 50 -4 16 -5 00 9 16

49 1 2 40 -5 00 -5 00 2 50
50 1 2 20 -2 50 -5 00 0 00
51 1 2 20 -7 50 -5 00 0 00
52 1 5 50 20 00 -5 00 2 50
53 1 6 00 0 00 -5 00 2 50
54 1 5 00 -10 00 -5 00 2 50

SUMMATIONS 23 30 -5 00 -30 00 10 00
m e a n VALUES 3 88 — 83 -5 00 1 66
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TRIAL RIGHT=1 r e s p o n s e ACTIVE P A S S I V E CHIN
NO. WR0NG=0 DURAT I ON ARM ARM PO T E N T  I

( S E C . ) ( M I C - V . ) ( M I C - V . ) (MIC-V

55 1 2.30 -7.50 -5.00 0.00
56 1 2.90 -5.00 -5.00 0.00
57 1 2.60 -5.00 -5.00 2.50
58 1 2.40 -7.50 -5.00 5.00
59 1 2.80 -10.00 -5.00 25.00
60 1 1 .80 -7.50 -5.00 0.00

S U M M A T I O N S 14.80 -42.50 -30.00 32.50
m e a n  v a l u e s 2.46 -7.08 -5.00 5.41

61 1 2.50 -7.50 -5.00 2.50
62 1 2.50 -10.00 -5.00 2.50
63 1 2.90 -5.00 -5.00 0.00
64 1 2.20 -5.00 -5.00 0.00
65 1 2.50 -5.00 - 5.00 2.50
66 1 3.00 -1 0.00 - 5 . 0 0 2.50

SUMMA T I O N S 15.60 -42.50 -30.00 10.00
MEAN VALUES 2.60 -7.08 -5.00 1 .66

67 1 3.30 7.50 - 5.00 2.50
68 1 3.00 -5.00 - 5 . 0 0 0.00
69 1 2.90 25.00 -5.00 0.00
70 1 2.40 -10.00 -5.00 0.00
71 1 2.40 -10.00 - 5.00 0.00
72 1 2.00 -10.00 - 5.00 0.00

S U M M A T I O N S 16.00 -2.50 -30.00 2.50
MEAN v a l u e s 2.66 -.41 — 5.00 .41
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SUBJECT NO. 2. NO L E A R N I N G

R E S P O N S E  D U R A T I O N  IN 
E L E C T R O P H Y S l O L O G I C A L

SECONDS
M E A S U R E M E N T S IN  M IC R O -V O L T S

TRIAL RIGHT*! R E S P O N S E ACTIVE PASS I V E CHIN
NO. WRONG=0 d u r a t i o n ARM ARM P O T E N T  I

(S E C . ) ( M I C - V . ) ( M I C - V . ) (MIC-V

P R E - E X P E R I M E N T A L  
BASE LEVELS 10.00 10.00 12.50

1 I 5.60 1 1 .25 0.00 -2.50
2 1 4.50 1 1 .25 0.00 -5.00
3 1 4.00 12.50 0.00 — 5 . 00
4 1 4.00 0.00 0.00 -2.50
5 1 1 .50 -2.50 0.00 21.25
6 1 1 .30 -2.50 0.00 -3.75

SUMM A T I O N S 20.90 30.00 0.00 2.50
MEAN VALUES 3.48 5.00 0.00 .41

7 I 1 .50 28.75 0.00 -1.25
8 1 5.00 6.25 0.00 5.00
9 1 3.50 120.00 0.00 10.00

10 1 6.8 0 25.00 0.00 0.00
1 1 1 3.40 21.25 0.00 -6.25
12 1 2.80 7.50 0.00 -3.75

SUMMA T I O N S 23.00 208.75 0.00 3.75
MEA N  VALUES 3.83 3 4.79 0.00 .62

13 1 2.20 17.50 0.00 -2.50
14 1 3.50 2.50 0.00 -2.50
15 1 2.70 10.00 0. 00 -2.50
16 1 1 .60 27.50 0. 00 -2.50
17 1 1 .40 5.00 0.00 -2.50
18 1 1 .60 2.50 0.00 2.50

S U M M A T I O N S 13.00 65.00 0.00 - 10.00
MEAN VALUES 2.16 10.83 0.00 — 1 . 66

19 1 2.00 -2.50 0.00 1 .25
20 1 2.20 -2.50 0.00 0.00
21 1 1 .50 -2.50 0.00 -2.50
22 1 1 .80 0.00 0.00 -2.50
23 1 1 .40 2.50 0.00 -2.50
24 1 1 .80 -2.50 0.00 2.50

S U M M A T I O N S 10.70 -7.50 0.00 -3.75
MEAN VALUES 1 .78 -1 .25 0.00 -.62
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TRIAL RIGHT=1 RESPONSE ACT IVE PASS I VE CHIN
NO. WR0NG=0 DURAT I ON a r m ARM POT E N T I A L

(SEC . ) (MIC -V. ) (MIC -V. ) ( M I C - V . )

25 1 1 90 -2 50 0 00 -3.75
26 I 1 40 -2 50 0 00 -2.50
27 1 1 70 5 00 0 00 -2.50
28 1 1 80 2 50 0 00 -2.50
29 1 2 20 -2 50 0 00 -2.50
30 1 1 60 -2 50 0 00 -2.50

S U M M A T I O N S 10 60 -2 50 0 00 -16.25
MEAN VALUES 1 76 - 41 0 00 -2.70

31 1 2 30 21 25 0 00 -2.50
32 1 2 00 1 25 0 00 -2.50
33 1 1 30 -2 50 0 00 -2.50
34 1 1 30 1 25 0 00 -2.50
35 1 2 30 -2 SO 0 00 -2.50
36 1 2 00 -2 50 0 00 -2.50

S U M M A T I O N S 1 1 20 16 25 0 00 -15.00
MEAN VALUES 1 86 2 70 0 00 -2,50

37 1 4 00 31 25 0 00 -2.50
38 1 2 00 20 OO 0 00 -2.50
39 1 2 20 -2 50 0 00 -2.50
40 1 2 00 -1 25 0 00 -2.50
41 1 2 10 2 50 0 00 0.00
42 1 1 30 10 00 0 00 -2.50

S U M M A T I O N S 13 60 60 00 0 00 -12.50
MEAN v a l u e s 2 26 10 00 0 00 -2.08

43 1 1 50 2 50 0 00 -2.50
44 1 2 90 2 SO 0 00 -2.50
45 1 1 60 2 50 0 00 0.00
46 1 1 60 -1 25 0 00 0.00
47 1 1 50 0 00 0 00 0.00
48 1 1 90 5 00 0 00 -2.50

S U M M A T I O N S 1 1 00 1 1 25 0 00 -7.50
MEAN VALUES 1 83 1 87 0 00 -1.25

49 1 1 90 3 75 0 00 0.00
50 1 1 30 -2 50 0 00 -2.50
51 1 1 30 2 50 0 00 0.00
52 1 2 30 5 00 0 00 2.50
53 1 1 70 -2 50 0 00 2.50
54 1 1 90 10 00 0 00 2.50

S U M M A T I O N S 10. 40 16 25 0 00 5.00
MEAN VALUES 1 .73 2 70 0 00 .83
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TRIAL RIGHT=1 RESPO N S E ACTIVE PASS I V E CHIN
NO. WRONG=0 DURAT I ON a r m ARM POT E N T I A L

( S E C . ) ( M I C - V . ) ( M I C - V . ) (M I C - V . )

55 1 2.00 -2.50 0.00 0.00
56 1 1 .70 2.50 0.00 0.00
57 1 2.50 5.00 0.00 0.00
58 1 1 .80 2.50 0.00 0.00
59 1 1 .90 -2.50 0.00 0.00
60 1 1 .70 -2.50 0.00 0.00

SUMMA T I O N S 1 1 .60 2.50 0.00 0.00
MEAN VALUES 1 .93 .41 0.00 0.00

61 1 3.10 1 1 .25 0.00 0.00
62 1 1 .60 1 .25 0.00 0.00
63 1 1 .70 2.50 0.00 0.00
64 1 1 .90 2.50 0.00 0.00
65 1 1 .30 1 .25 0.00 0,00
66 1 1 .30 2.50 0.00 0.00

S U M M A T I O N S 10.90 21 .25 0.00 0.00
MEAN VALUES 1 .81 3.54 0.00 0,00

67 1 1 .70 0.00 0.00 0.00
68 1 1 .70 1 .25 0.00 1.25
69 1 1 .50 12.50 0.00 0.00
70 1 1 .70 2.50 0.00 2.50
71 1 2.20 2.50 0.00 1 1 .25
72 1 1 .80 -2.50 0.00 -2.50

S U M M A T I O N S 10.60 16.25 0.00 12.50
MEAN VALUES 1 .76 2.70 0.00 2.08
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SUBJECT NO. 3» NO L E A R N I N G

R E S P O N S E  d u r a t i o n  IN 
E L E C T R O P H Y S I O L O G I C A L

S ECONDS
MEA S U R E M E N T S IN  M IC R O -V O L T S

TRIAL RIGHT=1 R E S P O N S E  ACTIVE P A S S I V E  CHIN
NO. WRONG=0 D U R A T I O N  ARM ARM PO T E N T I A L

(SEC.) (MIC-V.) (MIC-V.) (MIC-V.)

P R E - E X P E R I M E N T A L  
BASE LEVELS

1
2
3
4
5
6

SUMMA T I O N S  
M EAN VALUES

7
a
9 

10 
11 
12

SUMMA T I O N S  
M EAN v a l u e s

13
14
15
16
17
18

S U M M A T I O N S 
MEAN v a l u e s

19
20 
21 
22
23
24

S U M M A T I O N S 
MEAN v a l u e s

50 .00 50. 00 2. 50

3.20 25 00 0 00 12 SO
3.90 12 50 0 00 12 50
3.30 50 00 0 00 12 50
2.40 0 00 0 00 12 50
2.10 0 00 0 00 12 50
2.20 0 00 0 00 16 25

17.10 87 50 0 00 78 75
2 .85 14 58 0 00 13 12

& v 6 0 0 00 0 00 13 75
2.30 0 00 0 00 15 00
3.30 0 00 0 00 12 50
2.80 0 00 0 00 32 50
2.8 0 0 00 0 00 12 50
2.90 0 00 0 00 12 50

16.70 0 00 0 00 98 75
2.7 8 0 00 0 00 16 45

2.80 0 00 0 00 13 75
3. 10 0 00 0 00 12 50
3.60 0 00 0 00 12 50
2.70 100 00 0 00 12 50
2.30 0 00 0 00 13 75
2.90 0 00 0 00 12 50

17.40 100 00 0 00 77 SO
2.90 16 66 0 00 12 91

2.60 0 00 25 00 12 50
3.60 0 00 25 00 12 50
3. 10 0 00 25 00 12 50
2.70 0 00 25 00 12 50
3.30 0 00 0 00 15 00
3.60 0 00 0 00 15 00

18.90 0 00 100 00 80 00
3.1 5 0 00 16 66 1 3 33
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t r i a l  RIGHT=1 r e s p o n s e A C T I V E PASSIVE C H I N
NO. WRONG=0 DURATION ARM ARM POTENT I AI

(S E C . ) (MIC -V. ) (MIC -V, ) (MIC-V.

25 1 2 70 0 00 25 00 12 50
26 1 2 70 0 00 25 00 12 50
27 1 3 60 0 00 25 00 17 50
28 1 2 9 0 0 00 25 00 12 50
29 1 2 7 0 0 00 25 0 0 10 00
30 1 2 9 0 0 00 2 5 0 0 1 1 25

SUMMATIONS 17 50 0 00 150 0 0 76 25
MEAN VALUES 2 91 0 00 2 5 00 12 70

31 1 3 20 0 0 0 2 5 00 12 50
32 1 3 3 0 0 00 25 00 12 50
3 3  1 2 9 0 2 5 0 0 5 0 00 12 50
34 1 2 40 12 5 0 2 5 00 12 50
35 1 3 20 0 00 25 00 12 50
36 1 2 20 0 0 0 25 0 0 12 50

SUMMATIONS 17 20 37 50 175 00 75 00
MEAN VALUES 2 86 6 25 29 16 12 5 0

37 1 2 70 0 00 2 5 00 10 00
38 1 3 50 25 00 2 5 00 10 00
39 1 2 80 0 0 0 2 5 0 0 10 00
40 1 2 8 0 0 0 0 2 5 00 10 00
41 1 2 7 0 0 00 2 5 00 32 50
42 1 3 0 0 0 0 0 2 5 00 10 00

SUMMATIONS 17 50 2 5 0 0 1 5 0 00 82 50
MEAN v a l u e s 2 91 4 16 2 5 00 13 75

43 1 3 4 0 0 00 25 00 10 00
44 1 3 20 0 0 0 25 00 10 00
45 1 2 70 0 0 0 25 00 10 00
46 1 3 00 25 00 2 5 00 10 00
47 1 3 1 0 0 00 2 5 00 10 00
48 1 3 60 12 5 0 2 5 00 10 00

SUMMATIONS 19 0 0 3 7 5 0 150 00 60 00
m e a n  v a l u e s 3 16 6 2 5 2 5 00 10 00

49 1 2 5 0 0 0 0 25 0 0 10 00
50 1 2 5 0 0 00 2 5 00 10 00
51 1 3 10 0 0 0 25 00 1 1 25
52 1 3 5 0 2 5 0 0 25 00 10 00
53 1 2 1 0 0 0 0 2 5 00 10 00
54 1 3 20 2 5 00 25 00 8 75

s u m m a t i o n s 16 9 0 5 0 00 150. 00 60 00
MEAN v a l u e s 2 8 1 8 3 3 2 5 . 00 10 00
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WR0NG=0 DURATION ARM ARM POTENTIAL

(S E C . ) (MIC-V.) (MIC-V.) (MI C - V . )

55 1 3.20 0.00 25.00 10.00
56 1 3.40 0.00 25.00 10.00
57 1 2.50 25.00 25.00 12.50
58 1 2.70 125.00 25.00 10.00
59 1 2.40 25.00 0.00 10.00
60 1 2.60 0.00 0.00 13.75

SUMMATIONS 16.80 175.00 100.00 66.25
MEAN VALUES 2.80 29.16 1 6.66 11.04

61 1 2.50 0.00 25.00 7.50
62 1 3.10 0.00 25.00 10.00
63 1 2.60 0.00 25.00 10.00
64 1 2.60 0.00 25.00 10.00
65 1 2.70 25.00 25.00 12.50
66 1 4.30 75.00 25.00 10.00

SUMMATIONS 17.80 100.00 150.00 60.00
MEAN VALUES 2.96 16. 66 25.00 10.00

67 1 2.70 100.00 25.00 37.50
68 1 3.30 25.00 0.00 31.25
69 1 3.40 25.00 0.00 10.00
70 1 2.20 37.50 25.00 15.00
71 1 3.00 0.00 25.00 10.00
72 1 2.50 25.00 0.00 10.00

SUMMATIONS 17.10 212.50 75.00 113.75
MEAN VALUES 2.85 35.41 12.50 18.95
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s u b j e c t  NO. 1, PAIR LEARNING

RESPONSE DURATION IN 
ELECTROPHYSlOLOGICAL

SECONDS
MEASUREMENTS IN  M IC R O -V O L T S

TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WR0NG=0 DURATION ARM ARM POTENTIAL

(SEC « ) (MIC-V.) (MIC-V.) (MIC-V.)

PRE-EXPERIMENTAL
BASE LEVELS 5.00 5.00 5.00

1 1 1 1 90 115.00 85.00 15.00
2 I 12 10 85.00 7.50 17.50
3 0 12 1 0 1 10.00 50.00 7.50
4 0 12 1 0 80.00 5.00 16.25
5 0 12 1 0 158.75 58.75 41.25
6 0 12 10 150.00 2.50 26.25

s u m m a t i o n s 72 40 698.75 208.75 123.75
MEAN v a l u e s 12 06 116.45 34.79 20.62

7 1 12 10 157.50 0.00 15.00
8 1 8 00 101.25 0.00 30.00
9 1 12 10 147.50 0.00 23.75
10 1 7 60 95.00 0.00 22.50
1 1 0 12 10 147.50 -2.50 23.75
12 0 12 10 22.50 -2.50 20.00

s u m m a t i o n s 64 00 671.25 -5.00 135.00
MEAN VALUES 10 66 1 1 1.87 — .83 22.50

13 0 12 10 138.75 -2.50 17.50
14 1 12 10 62.50 0.00 12.50
15 1 12 1 0 162.50 0.00 15.00
16 0 12 10 160.00 0.00 31.25
17 1 12 10 162.50 0.00 18.75
18 1 12 1 0 150.00 0.00 12.50

SUMMATIONS 72 60 836.25 -2.50 107.50
MEAN v a l u e s 12 10 139.37 -.4 1 1 7.91

19 1 1 1 80 20.00 0.00 12.50
20 1 1 1 90 162.50 2.50 7.50
21 1 12 1 0 160.00 3.75 2.50
22 1 12 10 152.50 0.00 2.50
23 1 12 10 155.00 0.00 7.50
24 1 12 10 42.50 2.50 25.00

SUMMATIONS 72 1 0 692.50 8.75 57.50
MEAN VALUES 12 0 1 115.41 1 .45 9.58
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t r i a l RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION ARM ARM POTENTIAL

(SEC . ) (MlC-V.) (MIC -V. ) (MIC-V.)

25 1 2 90 10.00 0 00 5.00
26 1 4 40 8.75 0 00 5.00
27 1 3 70 12.50 0 00 40.00
28 1 12 1 0 90.00 0 00 10.00
29 1 12 10 140.00 0 00 2.50
30 0 12 1 0 82.50 0 00 5.00

SUMMATIONS 47 30 343.75 0 00 67.50
MEAN VALUES 7 88 57.29 0 00 1 1 .25

31 1 5 30 18.75 0 00 2.50
32 1 12 10 22.50 2 50 2.50
33 0 12 10 10.00 0 00 30.00
34 1 12 10 155.00 0 00 20.00
35 1 12 10 111.25 0 00 1.25
36 0 5 60 140.00 0 00 40.00

SUMMATIONS 59 30 457.50 2 50 96.25
MEAN VALUES 9 88 76.25 4 1 16.04

37 1 12 1 0 156.25 0 00 25.00
38 1 12 10 160.00 0 00 33.75
39 1 12 10 22.50 0 00 3.75
40 1 12 10 126.25 0 00 10.00
41 1 12 10 22.50 0 00 38.75
42 0 12 10 105.00 2 50 65.00

SUMMATIONS 72 60 592.50 2 50 176.25
MEAN VALUES 12 1 0 98.75 4 1 29.37

43 1 12 10 100.00 0 00 20.00
44 0 6 40 43.75 7 50 42.50
45 1 8 10 2.50 1 90 11.25
46 1 6 40 5.00 0 00 6.25
47 1 12 1 0 58.75 65 2.50
48 1 5 40 2.50 2 50 2.50

SUMMATIONS 50 50 212.50 12 55 85.00
MEAN VALUES 8 4 1 35.41 2 09 14.16

49 1 1 1 60 162.50 1 25 2.50
50 1 12 10 103.75 0 00 2.50
51 1 12 10 162.50 1 90 2.50
52 1 12 10 153.75 0 00 3.75
53 1 12 1 0 162.50 2 50 11.90
54 1 12 1 0 160.00 2 50 20.00

SUMMATIONS 72. 10 905.00 8. 15 43. 15
MEAN VALUES 12. 0 1 150.83 1 •35 7.19
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T R I A L  R I GHT =1
N O . WRONG=0

RESPONSE ACTIVE PASSIVE CHIN
DURATION ARM ARM POTENTIAL
(SEC.) (MIC-V.) (MIC-V.) (MIC-V.)

55 1 12 10 27 50 2 50 21 25
56 1 4 90 105 00 0 00 7 50
57 1 12 10 88 75 0 00 2 50
58 1 12 1 0 23 75 2 50 2 50
59 1 12 1 0 47 50 4 1 25 35 00
60 1 3 20 2 50 38 75 16 25

SUMMATIONS 56 50 295 00 85 00 85 00
MEAN VALUES 9 4 1 49 16 1 4 16 14 16

61 1 2 1 0 6 90 2 50 51 25
62 0 5 30 7 50 1 0 00 38 75
63 1 3 40 5 00 2 50 27 50
64 0 1 1 50 151 25 12 50 50 65
65 1 12 1 0 152 50 6 25 26 25
66 1 12 1 0 96 25 0 00 7 50

SUMMATIONS 46 50 4 19 40 33 75 201 90
MEAN VA LU ES 7 75 69 90 5 6 2 33 65

67 1 12 1 0 23 75 0 00 5 65
68 1 12 10 162 50 0 00 2 50
69 1 12 1 0 162 50 0 00 2 50
70 1 12 1 0 160 00 0 00 5 00
71 1 12 1 0 157 50 0 00 1 90
72 1 12 10 1 15 00 15 00 7 50

SUMMATIONS 72 60 781 25 15 00 25 05
MEAN VALUES 12 10 130 20 2 50 4 17

73 1 12 10 105 00 1 25 7 50
74 1 12 10 35 00 3 75 10 00
75 1 12 10 57 50 87 50 12 50
76 1 12 10 45 00 1 1 25 35 00
77 1 12 10 61 25 15 00 12 50
78 1 12 10 33 75 1 0 00 8 75

SUMMATIONS 72 60 337 50 128 75 86 25
MEAN VALUES 12 10 56 25 21 45 1 4 37

79 1 12 10 25 00 6 25 6 25
80 12 10 25 00 6 25 2 50
81 1 12 10 70 00 5 00 5 00
82 1 12 1 0 61 25 2 50 2 50
83 1 12 1 0 55 00 2 50 1 90
84 1 12 1 0 43 75 2 50 5 00

SUMMATIONS 72 60 280 00 25 00 23 15
MEAN VALUES 12 1 0 46 66 4 16 3 85
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T R IA L
N O .

R IG H T =1
WR0NG=0

RESPONSE 
DURAT I O N  
(S E C . )

ACTIVE 
ARM 

( M I C - V . )

PASS I V E
ARM

(MIC-V.

CHIN 
P OT E N T I A L  
( M I C - V . )

85 1 12 1 0 32 50 40 00 17 50
86 1 12 1 0 15 00 5 00 13 75
87 1 9 00 31 25 5 00 7 50
88 1 3 20 10 00 1 25 2 50
89 1 2 50 1 90 1 25 5 00
90 1 2 90 2 50 0 00 2 50

S U M M A T I O N S 41 80 93 15 52 50 48 75
MEAN VALUES 6 96 15 52 8 75 8 12

91 1 1 1 50 37 50 7 50 25 00
92 1 a 00 10 00 0 00 20 00
93 1 12 1 0 17 50 0 00 a 75
94 1 12 1 0 50 00 3 75 8 75
95 1 12 10 65 00 0 00 8 75
96 1 5 20 16 25 0 00 3 75

S UMMATIONS 61 00 196 25 1 1 25 75 00
M EA N  VALUES 10 16 32 70 1 87 12 50

97 1 1 1 70 58 75 0 00 27 50
98 I 12 1 0 27 50 2 50 7 50
99 1 12 10 108 75 30 00 85 00

100 1 12 10 105 00 0 00 57 50
101 1 12 10 80 00 105 00 8 75
102 1 12 10 45 00 0 00 7 50

SUMM A T I O N S 72 20 425 00 137 50 193 75
m e a n  v a l u e s 12 03 70 83 22 91 32 29

103 1 12 10 25 00 0 00 10 00
104 1 12 10 35 00 13 75 7 50
105 1 12 1 0 30 00 0 00 10 00
106 1 1 1 1 0 82 50 0 00 17 50
107 1 12 1 0 61 25 0 00 27 50
108 1 7 50 38 75 0 00 20 00

S U M M A T I O N S 67 00 272 50 13 75 92 50
MEAN v a l u e s 1 1 16 45 41 2 29 15 41

1 09 1 12 10 61 25 0 00 5 5 00
110 1 12 10 160 00 0 00 58 75
111 1 12 10 45 00 1 90 47 50
112 1 12 10 28 75 0 00 7 50
113 1 6 30 10 00 0 00 32 50
114 1 4 50 2 50 5 00 10 00

S U M M A T I O N S 59 20 307 50 6 90 21 1 25
MEAN v a l u e s 9 86 51 2 5 1 1 5 35 20
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T R IA L  R IG H T =1
N O . WRONG=0

RESPONSE 
DURAT I ON

ACTIVE
ARM

PASS IVE 
ARM

CHIN
p o t e n t i a l

(SEC.) (MIC-V.) (MIC-V.) (MIC-V

115 1 10 40 45 00 1 25 17 50
116 1 3 90 26 25 2 50 8 15
117 1 1 1 70 23 75 0 00 6 25
118 1 3 60 5 00 0 00 45 00
119 1 3 70 16 25 0 00 22 50
120 1 5 70 6 25 0 00 83 75

SUMMATIONS 39 00 122 50 3 75 183 15
MEAN VALUES 6 50 20 41 62 30 52

121 1 4 80 6 25 5 00 18 75
122 1 2 50 65 2 50 10 00
123 1 5 60 7 50 1 90 1 1 25
124 1 1 1 70 38 75 7 50 7 50
125 1 12 10 20 00 1 25 10 00
126 1 5 00 38 75 65 00 90 00

SUMMATIONS 41 70 1 1 1 90 83 1 5 147 50
m e a n  VALUES 6 95 18 65 13 85 24 58

127 1 12 10 30 00 0 00 95 00
128 1 1 1 40 20 00 0 00 45 00
129 1 1 1 60 17 50 0 00 15 00
130 1 1 1 50 78 75 0 00 13 75
131 1 12 10 1 10 00 0 00 10 00
132 1 12 10 105 00 0 00 10 00

SUMMATIONS 70 80 361 25 0 00 188 75
MEAN VALUES 1 1 80 60 20 0 00 31 45

133 1 1 1 10 17 50 0 00 8 75
134 1 4 00 1 1 25 23 75 35 00
135 1 3 30 1 90 5 00 82 50
136 1 2 80 5 00 2 50 47 50
137 1 1 80 1 25 0 00 7 50
138 1 3 20 35 00 70 00 20 00

SUMMATIONS 26 20 71 90 10 1 25 20 1 25
MEAN VALUES 4 36 1 1 98 16 87 33 54

139 1 12 1 0 23 75 40 00 27 50
140 1 12 10 70 00 7 50 65 00
141 1 7 50 7 50 2 50 81 25
142 1 1 1 80 57 50 20 00 28 75
143 1 1 1 60 7 50 0 00 10 00
144 1 1 1 00 33 15 13 75 25 00

SUMMATIONS 66 10 199 40 83 75 237 50
MEAN VALUES 1 1 01 33 23 13 95 39 58
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SUBJECT NO. 2» PAIR LEARNING

RESPONSE DURATION IN SECONDS
ELECTROPHYSIOLOGICAL MEASUREMENTS IN MICRO-VOLTS

TRIAL RIGHT=1 
NO. WRONG=0

RESPONSE 
DURATION 
(S E C . )

ACTIVE
a r m

(MIC-V,

P A S S I V E
ARM 

(MIC-V.)

CHIN 
POTENTIAL 
(MI C - V . )

PRE-EXPERIMENTAL
BASE LEVELS 2. 50 5. 00 10. 00

1 0 12 10 150 00 1 25 10 00
2 0 12 10 83 75 2 50 12 50
3 0 12 10 127 50 5 00 16 25
4 0 12 10 51 25 3 75 18 75
5 0 12 1 0 61 25 6 90 12 50
6 0 12 10 43 75 1 25 1 1 25

SUMMATIONS 72 60 517 50 20 65 81 25
MEAN VALUES 12 10 86 25 3 44 13 54

7 0 12 10 36 25 1 1 25 10 00
8 0 12 10 8 75 7 50 15 00
9 0 12 1 0 22 SO 5 00 10 00

10 0 5 90 55 00 8 75 15 00
1 1 1 8 50 0 00 15 00 12 50
12 0 1 1 40 10 00 1 0 00 1 0 00

SUMMATIONS 62 10 132 50 57 50 72 50
MEAN VALUES 10 35 22 08 9 58 12 08

13 0 12 10 7 50 35 00 10 00
14 0 12 10 42 50 65 00 16 25
15 0 6 40 62 50 1 0 00 6 25
16 1 6 00 3 75 8 75 8 75
17 0 1 1 70 10 00 35 00 10 00
18 1 12 10 17 50 32 50 10 00

SUMMATIONS 60 40 143 75 186 25 61 25
MEAN VALUES 1 0 06 23 95 3 1 04 10 20

19 0 12 10 38 75 30 00 7 50
20 1 12 10 12 50 30 00 5 00
21 1 5 80 0 00 15 00 5 00
22 1 3 30 1 25 15 00 7 50
23 0 1 1 40 55 00 15 00 10 00
24 1 3 80 1 25 15 00 10 00

SUMMATIONS 48 50 108 75 120 00 45 00
MEAN VALUES 8 08 18 12 20 00 7 50
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURAT I ON 

(SEC.)
ARM
(MIC -V. )

ARM 
(MIC-V.)

POTENT I) 
{MIC-V

25 1 2 90 4 40 1 5 00 7 50
26 1 2 50 2 50 12 50 6 25
27 1 2 30 55 00 1 1 25 7 50
28 0 1 1 20 7 50 1 5 00 12 50
29 0 1 90 5 00 2 2 50 1 1 2 5
30 1 2 60 4 40 1 0 00 5 00

SUMMATIONS 23 40 78 80 86 25 50 00
MEAN VALUES 3 90 13 1 3 14 37 8 33

31 1 2 8 0 1 90 1 0 00 5 00
32 1 3 50 2 50 7 SO 10 00
33 1 3 50 7 50 7 5 0 7 50
34 0 6 60 30 00 1 7 50 a 75
35 1 4 30 1 1 25 2 5 0 -2 50
36 1 5 10 3 75 1 7 5 0 2 SO

SUMMATIONS 25 80 5 6 90 62 50 31 2 5
MEAN v a l u e s 4 30 9 48 1 0 4 1 5 20

37 1 2 20 7 50 1 5 00 5 00
38 1 5 00 10 00 2 50 5 00
39 1 3 00 31 25 3 75 7 50
40 1 2 00 22 50 3 15 10 00
41 1 2 60 a 15 5 00 10 00
42 1 7 00 0 00 7 50 10 00

SUMMATIONS 21 80 79 40 36 90 47 50
MEAN v a l u e s 3 63 13 23 6 15 7 91

43 0 4 00 0 00 2 50 10 00
44 0 4 50 108 75 7 50 7 50
45 1 6 00 65 15 00 6 25
46 1 2 60 0 00 15 00 7 50
47 1 2 60 9 40 15 00 7 50
48 0 3 00 2 50 15 00 8 75

SUMMATIONS 22 70 121 30 70 00 47 50
MEAN VALUES 3 78 20 21 1 1 66 7 91

49 1 2 1 0 2 50 25 00 6 25
50 0 4 10 57 50 5 00 7 ■50
51 0 12 10 77 50 1 25 8 75
52 1 2 80 10 00 2 50 1 1 25
53 0 12 1 0 147 5 0 1 25 8 75
54 0 5 90 1 15 00 0 00 20 00

SUMMATIONS 39 10 410 00 35 00 6 2 50
MEAN VALUES 6 5 1 68 33 5 83 10 41
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T R IA L
N O .

R IG H T =1
WRONG=0

RESPONSE
d u r a t i o n

ACTIVE
a r m

PASSIVE
ARM

CHIN
POTENTIAL

(SEC.) ( M IC-V. ) (MIC -V. ) (MIC -V

55 0 5 00 65 00 0 00 5 00
56 1 3 20 10 00 1 25 5 00
57 1 5 20 46 25 0 00 8 75
58 1 12 10 41 25 2 50 10 00
59 1 12 10 13 75 1 25 10 00
60 0 4 70 2 50 2 50 10 00

SUMMATIONS 42 30 178 75 7 50 48 75
MEAN VALUES 7 OS 29 79 1 25 8 12

61 1 1 90 3 15 2 50 7 50
62 1 3 00 87 50 2 SO 7 50
63 1 4 50 57 50 0 00 10 00
64 1 12 10 53 75 0 00 10 00
65 0 12 10 140 00 0 00 12 50
66 1 12 10 46 25 2 50 10 00

SUMMATIONS 45 70 388 15 7 50 57 50
MEAN VALUES 7 61 ' 64 69 1 25 9 58

67 1 12 10 63 75 0 00 10 00
68 1 12 10 33 75 2 50 10 00
69 1 12 10 125 00 2 50 10 00
70 1 12 10 57 50 1 25 7 50
71 1 12 10 122 50 1 25 7 50
72 1 2 80 97 50 1 25 7 50

SUMMATIONS 63 30 500 00 8 75 52 50
MEAN VALUES 10 55 83 33 1 45 8 75

73 0 1 1 00 0 00 2 50 20 00
74 1 1 1 50 1 17 50 5 00 5 00
75 1 6 20 12 50 5 00 2 50
76 1 2 10 — 60 1 25 7 50
77 1 2 1 0 -1 25 1 25 5 00
78 1 2 80 -1 25 2 50 6 25

SUMMATIONS 35 70 126 90 1 7 50 46 25
MEAN v a l u e s 5 95 21 15 2 91 7 70

79 1 1 90 2 50 2 50 5 00
80 1 3 50 -1 25 2 50 8 75
81 1 1 90 0 00 2 50 3 75
82 1 2 40 -1 25 2 50 2 50
83 1 2 00 -1 25 3 75 10 00
84 0 3 80 -1 25 2 50 5 00

SUMMATIONS 15 50 -2 50 16 25 35 00
MEAN VALUES 2 58 — 41 2 70 5 83
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t r i a l  RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURA TI ON ARM ARM POTENTIAL

(SEC.) (MIC-V.) (MIC-V.) (M I C - V . )

85 1 3.00 0.00 2.50 7.50
86 1 2.50 0.00 5.00 7.50
87 1 2.90 0.00 2.50 7.50
88 1 2.20 -1.25 2.50 8.75
89 1 2.20 -1 .25 5.00 10.00
90 1 2.00 -I .25 5.00 6.25

SUMMATIONS 14.80 -3.75 22.50 47.50
MEAN VALUES 2.46 -.62 3.75 7.91

91 1 1 .80 -1 .25 2.50 5.00
92 1 2.40 -1 .25 5.00 7.50
93 1 2.30 -1.25 3.75 10.00
94 1 2.20 -1.25 5.00 1 2.50
95 1 2.10 36.25 2.50 5.00
96 1 1 .40 127.50 2.50 7.50

SUMMATIONS 12.20 158.75 21.25 47.50
MEAN VALUES 2.03 26.45 3.54 7.91

97 1 12.10 45.00 2.50 7.50
98 1 12.10 157.50 5.00 7.50
99 1 12.10 140.00 7.50 7.50
100 1 12.10 152.50 2.50 7.50
101 1 12.10 152.50 2.50 7.50
102 1 12.10 102.50 5.00 10.00

SUMMATIONS 72.60 750.00 25.00 47.50
m e a n  VALUES 12.10 125.00 4. 16 7.91

103 1 12.10 95.00 4.40 7.50
104 1 12.10 93.75 2.50 10.00
105 1 3.00 32.50 3.75 21 .25
106 1 5.60 157.50 2.50 10.00
107 0 10.60 145.00 8.75 11.25
108 1 12.10 125.00 7.50 5.00

SUMMATIONS 55.50 648.75 29.40 65.00
MEAN VALUES 9.25 108.12 4.90 10.83

109 1 12.10 100.00 20.00 7.50
1 10 1 12. 10 57.50 15.00 12.50
111 1 12.10 102.50 1 0.00 10.00
1 12 1 12.10 120.00 12.50 10.00
113 1 12.10 122.50 12.50 10.00
114 1 12.10 72.50 5.00 10.00

SUMMATIONS 72.60 575.00 75.00 60.00
MEAN VALUES 12. 10 95.83 12.50 10.00
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TRIAL RIGHT=1 RESPONSE ACT IVE PASS I VE CHI N
NO. WR0NG=0 DURAT ION ARM ARM POTENT I

(SEC . ) (MIC -V. ) (MIC -V. ) (MIC -V

1 15 1 3 00 105 00 12 50 1 1 25
1 16 1 12 10 6 25 5 00 10 00
1 17 1 2 10 12 50 7 50 13 75
1 18 1 2 80 47 50 2 50 1 1 25
1 19 1 8 50 1 1 25 5 00 8 75
120 1 2 90 15 00 5 00 13 75

SUMMATIONS 31 40 197 50 37 50 68 75
m e a n v a l u e s 5 23 32 91 6 25 1 1 45

121 1 1 80 47 50 2 50 10 00
122 1 12 10 12 SO 7 50 10 00
123 1 2 90 67 50 1 25 13 75
124 1 12 10 1 1 1 25 7 50 15 00
125 1 12 10 17 50 7 50 12 50
126 1 3 10 97 50 5 00 10 00

SUMMATIONS 44 10 353 75 31 25 71 25
MEAN VALUES 7 35 58 95 5 20 1 1 87

127 1 5 70 2 50 7 50 13 75
128 1 4 90 1 1 25 5 00 1 2 50
129 1 2 80 26 25 1 25 12 50
130 1 7 80 7 50 2 50 12 50
131 1 3 30 63 75 1 0 00 10 00
132 1 5 50 3 75 1 25 10 00

SUMMATIONS 30 00 1 15 00 27 50 71 25
MEAN VALUES 5 00 19 16 4 58 1 1 87

133 1 2 80 12 50 2 50 6 25
134 1 2 40 80 00 2 50 7 50
135 1 2 10 22 50 5 00 1 1 25
136 1 10 00 23 75 25 00 1 1 25
137 1 3 30 27 50 7 50 7 50
138 1 6 00 36 25 7 50 10 00

SUMMATIONS 26 60 202 50 50 00 53 75
MEAN VALUES 4 43 33 75 8 33 8 95

139 1 2 00 42 50 2 50 8 75
140 1 3 20 7 50 2 50 10 00
141 1 2 10 83 75 2 50 10 00
142 1 12 10 17 50 7 50 7 50
143 1 2 60 17 50 1 25 10 00
144 1 2 20 15 00 20 00 10 00

SUMMATIONS 24 20 183 75 36 25 56 25
MEAN VALUES 4 03 30 62 6 04 9 37

145

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



SUBJECT NO. 3* PAIR LEARNING

RESPONSE DURATION IN SECONDS
ELECTROPHYSIOLOGICAL MEASUREMENTS IN MICRO-VOLTS

TRIAL RIGHT=1 
NO. WRONG=0

RESPONSE ACTIVE PASSIVE CHIN
DURATION ARM ARM POTENTIAL
(SEC.) (MIC-V.) (MIC-V.) (MIC-V.)

PRE-EXPERIMENTAL
BASE LEVELS 5. 00 5.00 7.50

1 0 2 90 0 00 -1.25 35.00
2 0 4 90 1 90 -1.25 28.75
3 1 12 10 5 00 -2.50 25.00
4 0 4 20 0 00 -2.50 27.50
5 0 5 70 0 00 -2.50 22.50
6 0 2 70 0 00 -2.50 21 .25

SUMMATIONS 32 50 6 90 -12.50 160.00
MEAN VALUES 5 4 1 1 15 -2.08 26.66

7 0 3 50 3 15 -2.50 25.00
8 0 4 30 0 00 -2.50 25.00
9 1 2 70 - 60 -2.50 27.50

10 1 2 60 -1 25 -2.50 21.25
1 1 0 3 40 -2 50 -2.50 30.00
12 0 3 70 -2 50 -3.75 27.50

SUMMATIONS 20 20 -3 70 -16.25 156.25
MEAN v a l u e s 3 36 - 61 -2.70 26.04

13 0 3 30 -2 50 -3.75 36.25
14 1 3 90 — 1 25 -3.75 27.50
15 1 4 1 0 145 00 -2.50 22.50
16 0 a 30 3 15 -2.50 30.00
17 1 5 20 - 60 -2.50 23.75
18 1 3 80 -1 85 -2.50 36.25

SUMMATIONS 28 60 141 95 -17.50 176.25
MEAN VALUES 4 76 23 65 -2.91 29.37

19 0 4 1 0 -1 25 -2.50 57.50
20 0 3 70 - 60 — 2 . 50 56.25
21 0 4 20 - 60 -2.50 51.25
22 0 4 10 0 00 -2.50 48.75
23 1 2 40 0 00 -2.50 28.75
24 1 2 60 0 00 -2.50 27.50

SUMMATIONS 21 10 -2 45 -15.00 270.00
MEAN v a l u e s 3 5 1 - 40 -2.50 45.00
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TRIAL RIGHT=1 RESPONSE ACTIVE PASS IVE CHIN
NO. WRONG=0 DURATION ARM ARM POTENTIAL

(SEC.) (MIC-V.) (MIC-V.) (M I C - V . >

25 0 6.50 0.00 -2.50 31.25
26 1 4.30 0.00 -2.50 30.00
27 1 2.90 0.00 -2.50 23.75
28 1 2.70 0.00 -1.25 82.50
29 1 1 1 .20 5.00 -2.50 22.50
30 1 6.00 1 .25 -2.50 22.50

SUMMATIONS 33.60 6.25 -13.75 212.50
MEAN v a l u e s 5.60 1 .04 -2.29 35.41

31 1 1 1 .20 17.50 -2.50 22.50
32 0 7.20 — .60 -2.50 30.00
33 1 3.10 0.00 -2.50 26.25
34 1 10.80 7.50 -2.50 40.00
35 0 7.50 2.50 -2.50 37.50
36 1 12.10 5.00 -2.50 22.50

SUMMATIONS 51 .90 31 .90 -15.00 178.75
MEAN VALUES 8.65 5.31 -2.50 29.79

37 1 3.70 10.00 0.00 47.50
38 1 12.10 7.50 -2.50 30.00
39 1 3.90 — .60 -2.50 21.25
40 1 3.00 -1.25 -2.50 20.00
41 1 3.20 0.00 -1 .25 35.00
42 1 2.90 7.50 -2.50 21.25

SUMMATIONS 28.80 23.15 -11.25 175.00
MEAN VALUES 4.80 3.85 -1.87 29. 16

43 1 4.00 0.00 -2.50 22.50
44 1 4.10 -1 .25 -2.50 25.00
45 1 1 1 .60 7.50 -1.25 22.50
46 1 3.90 1 .25 -2.50 56.25
47 1 3.70 -.60 -2.50 26.25
48 1 4.60 2.50 -2.50 26.25

SUMMATIONS 31 .90 9.40 -13.75 178.75
MEAN VALUES 5.3 1 1 .56 -2.29 29.79

49 1 2.80 1 .25 -2.50 20.00
50 1 2.80 0.00 -2.50 23.75
51 0 6.00 0.00 -2.50 31 .25
52 1 2.70 0.00 -2.50 23.75
53 1 4.80 60.00 -1.25 42.50
54 1 2.50 -1 .25 -2.50 25.00

SUMMATIONS 21 .60 60.00 -13.75 166.25
m e a n VALUES 3.60 10.00 -2.29 27.70
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WR0NG=0 DURAT ION ARM ARM POTENTIAL

(SEC • ) (MIC-V.) (MlC-V.) (MIC-V.)

55 1 3 20 -1 .25 -2.50 22.50
56 1 4 80 -.60 -2.50 22.50
57 1 6 30 0.00 -1 .25 42.50
58 1 4 60 3.75 -2.50 23.75
59 1 1 1 30 7.50 -2.50 17.50
60 1 3 90 1 .25 -2.50 26.25

SUMMATIONS 34 10 10.65 -13.75 155.00
MEAN VALUES 5 68 1 .77 -2.29 25.83

61 1 3 20 0.00 -2.50 20.00
62 1 1 1 40 15.00 -2.50 25.00
63 1 3 70 - .60 -2.50 22.50
64 1 3 20 -1 .25 -2.50 23.75
65 1 3 30 .65 -2.50 40.00
66 1 10 80 15.00 -2.50 30.00

SUMMATIONS 35 60 28.80 -15.00 161.25
m e a n VALUES 5 93 4.80 -2.50 26.87

67 1 12 1 0 15.00 -2.50 22.50
68 1 5 00 -1 .25 -2.50 21.25
69 1 3 10 -1.25 -2.50 22.50
70 1 3 00 -1 .25 -2.50 17.50
71 1 3 40 -1 .25 -2.50 15.00
72 1 3 30 -1 .25 -2.50 15.00

SUMMATIONS 29 90 8.75 -15.00 113.75
MEAN VALUES 4 98 1 .45 -2.50 18.95

73 1 4 20 7.50 7.50 12.50
74 1 3 00 0.00 -2.50 20.00
75 1 3 50 0.00 -2.50 16.25
76 1 3 50 5.00 -2.50 28.75
77 1 6 00 1 .25 -2.50 17.50
78 1 5 00 0.00 -2.50 20.00

SUMMATIONS 25 20 13.75 -5.00 115.00
m e a n VALUES 4 20 2.29 -.83 19.16

79 1 4 20 0.00 -2.50 21 .25
80 1 3 40 .65 -2.50 20.00
81 1 4 30 -1 .25 -2.50 23.75
82 1 4 10 0.00 -2.50 30.00
83 1 3 90 1 .25 -2.50 21.25
84 1 3 90 2.50 -2.50 21.25

s u m m a t i o n s 23 80 3.15 -15.00 137.50
m e a n VALUES 3 96 .52 -2.50 22.91
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TRIAL RIGHT=1 r e s p o n s e A C T I V E PASSIVE CHIN
NO. WR0NG=0 DURAT I ON ARM ARM POTENTIAL

(SEC . ) (MIC-V.) (MIC-V.) (MIC-V.)

85 1 3 20 0.00 -2.50 18.75
86 1 3 30 0.00 -2.50 18.75
87 1 3 50 0.00 -2.50 28.75
88 1 1 1 50 7.50 -3.75 26.25
89 1 4 10 0 . 0 0 -3.75 22.50
9 0 1 3 40 0.00 -2.50 20.00

SUMMATIONS 29 00 7.50 -17.50 135.00
MEAN V A L U E S 4 83 1 .25 -2.91 22.50

91 1 1 1 40 7.50 -3.75 23.75
92 1 4 9 0 5.00 -3.75 20.00
9 3 1 12 10 10.00 -3.75 20.00
94 1 12 1 0 10.00 -3.75 17.50
9 5 1 4 00 0.00 -3.75 23.75
96 1 4 50 -1 .25 -3.75 18.75

SUMMATIONS 49 00 31 .25 -22.50 123.75
MEAN VA LU ES 8 16 5.20 -3.75 20.62

9 7 1 5 1 0 0.00 -2.50 42.50
98 1 3 40 0.00 -2.50 22.50
9 9 1 4 10 0.00 -2.50 23.75

100 1 3 40 0.00 -2.50 17.50
101 1 5 SO 0.00 -3.75 23.75
1 0 2 1 4 50 1 .25 -2.50 17.50

SUMMATIONS 26 0 0 1 .25 — 16.25 147.50
MEAN V A L U E S 4 3 3 .20 -2.70 24.58

103 1 3 7 0 0.00 -3.75 22.50
104 1 4 2 0 0.00 -3.75 15.00
105 1 3 10 0.00 -3.75 18.75
106 1 4 60 0.00 -2.50 26.25
1 07 1 3 9 0 0.00 -2.50 22.50
108 1 3 5 0 1 .25 -2.50 20.00

s u m m a t i o n s 23 0 0 1 .25 -18.75 125.00
m e a n v a l u e s 3 83 .20 — 3 . 1 2 20.83

1 09 1 3 7 0 0.00 0.00 20.00
1 10 1 3 9 0 0.00 -2.50 18.75
1 1 1 1 4 0 0 1 .25 -2.50 18.75
1 12 1 3 70 1 .90 -2.50 12.50
1 13 1 4 0 0 2 1 . 2 5 -2.50 20.00
1 14 1 3 90 0.00 -2.50 17.50

SUMMATIONS 23. 2 0 24.40 -12.50 107.50
m e a n v a l u e s 3. 86 4.06 -2.08 17.91
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION ARM ARM POTENT 1 A

(SEC.) (MIC-V.) (MIC-V.) (MIC-V.

115 1 6.80 .65 -2.50 21.25
116 1 4.10 -1 .25 — 2.50 25.00
117 1 5.10 2.50 -3.75 15.00
1 18 1 3.90 1 .25 -3.75 17.50
1 19 1 3.40 -1 .25 -2.50 15.00
120 1 4.90 — .60 2.50 35.00

SUMMATIONS 28.20 1 .30 -12.50 128.75
m e a n  v a l u e s 4.70 .21 -2.08 21.45

121 1 3.90 -2.50 2.50 17.50
122 1 4.60 -1 .25 2.50 20.00
123 1 3.80 -1 .25 2.50 16.25
124 1 3.40 45.00 2.50 20.00
125 1 6.60 35.00 1 .25 10.00
126 1 7.90 -1 .25 0.00 10.00

SUMMATIONS 30.20 73.75 1 1 .25 93.75
MEAN VALUES 5.03 12.29 1.87 15.62

127 1 3.90 0.00 0.00 10.00
128 1 3.90 -1 .25 0.00 1 3.75
129 1 3.70 0.00 0.00 10.00
130 1 2.90 7.50 5.00 18.75
131 1 3.00 -1 .25 5.00 13.75
132 1 3.20 — .60 1.25 12.50

SUMMATIONS 20.60 4.40 11.25 78.75
MEAN VALUES 3.43 .73 1.87 13.12

133 1 3.40 0.00 -1 .25 16.25
134 1 3.50 0.00 -2.50 10.00
135 1 4.00 0.00 -2.50 10.00
136 1 3.20 0.00 -2.50 17.50
137 1 3.60 0.00 -2.50 12.50
138 1 4.20 1 .25 5.00 10.00

SUMMATIONS 21 .90 1 .25 — 6. 25 76.25
MEAN VALUES 3.65 .20 - 1 .04 12.70

139 1 3.90 0.00 -2.50 10.00
140 1 5.80 0.00 -2.50 7.50
141 1 3.90 -1 .25 -2.50 7.50
142 1 4.80 -1 .25 -2.50 28.75
143 1 3.70 2.50 -2.50 22.50
144 1 3.30 0.00 -2.50 12.50

SUMMATIONS 25.40 0.00 -15.00 88.75
MEAN v a l u e s 4.23 0.00 -2.50 14.79
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SUBJECT NO. 1. PROBLEM SOLVING

RESPONSE DURATION IN 
ELECTROPHYSIOLOGICAL

SECONDS
MEASUREMENTS IN  M I C R O - V O L T S

TRIAL RIGHT=1 
NO. WRONG=0

RESPONSE 
DURAT I ON 
(SEC.)

ACTIVE 
ARM 

(MIC-V.)

PASS IVE 
ARM 

(MIC-V.)

CHIN 
POTENTIAL 
(MIC-V.)

PRE-EXPERIMENTAL
BASE LEVELS 50 .00 5. 00 7. 50

1 0 1 1 20 1 15 00 52 50 17 50
2 0 12 10 1 15 00 62 50 48 75
3 1 12 1 0 105 00 65 00 41 25
4 0 12 10 1 00 00 62 50 16 25
5 0 1 1 00 77 50 65 00 27 50
6 1 10 90 1 15 00 65 00 41 25

SUMMATIONS 69 40 627 50 372 50 1 92 50
MEAN v a l u e s 1 1 56 104 58 62 08 32 08

7 1 12 10 80 00 62 50 41 25
8 1 12 10 1 05 00 65 00 38 75
9 0 12 10 1 00 00 65 00 43 75

10 1 10 50 61 25 65 00 45 00
1 1 0 10 60 87 50 67 50 47 50
12 0 7 50 7 50 63 75 63 75

SUMMATIONS 64 90 44 1 25 388 75 280 00
MEAN VALUES 10 81 73 54 64 79 46 66

13 0 6 30 7 50 62 50 82 50
14 1 6 70 1 1 25 70 00 65 00
15 1 12 10 58 75 65 00 53 75
16 0 10 20 37 50 70 00 47 50
17 1 10 60 42 50 62 50 45 00
18 0 12 10 20 00 62 50 70 00

SUMMATIONS 58 00 177 50 392 50 363 75
m e a n VALUES 9 66 29 58 65 4 1 60 62

19 0 6 70 7 50 65 00 76 25
20 0 10 00 25 00 65 00 52 50
21 0 6 70 7 50 65 00 61 25
22 1 9 70 15 00 65 00 27 50
23 0 12 10 22 50 70 00 51 25
24 0 7 80 10 00 70 00 57 50

SUMMATIONS 53 00 87 50 400 00 326 25
MEAN VALUES 8 83 14 58 66 66 54 37
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION ARM ARM POTENTIAL

(SEC . ) (MIC-V.) (MIC-V.) (MIC-V.)

25 1 6 00 12.50 75.00 41.25
26 0 10 60 72.50 67.50 37.50
27 0 7 60 10.00 67.50 55.00
28 1 1 1 10 15.00 70.00 45.00
29 0 12 10 110.00 67.50 27.50
30 1 5 00 7.50 65.00 23.75

SUMMATIONS 52 40 227.50 412.50 230.00
MEAN VALUES 8 73 37.91 68.75 38.33

31 0 10 70 95.00 65.00 26.25
32 0 12 10 75.00 65. 00 42.50
33 0 1 1 70 32.50 67.50 55.00
34 1 9 70 97.50 65.00 28.75
35 0 12 1 0 1 1 .25 65.00 52.50
36 0 12 10 37.50 65.00 35.00

SUMMATIONS 68 40 348.75 392.50 240.00
MEAN VALUES 1 1 40 58.12 65.4 1 40.00

37 1 8 90 115.00 65.00 40.00
38 1 12 10 15.00 62.50 47.50
39 0 12 10 15.00 65.00 52.50
40 0 7 10 5.00 62.50 61.25
41 0 10 80 100.00 62.50 40.00
42 1 8 00 10.00 65.00 27.50

SUMMATIONS 59 00 260.00 382.50 268.75
m e a n  VALUES 9 83 4 3.33 63.75 44.79

43 1 4 60 7.50 67.50 25.00
44 1 8 50 15.00 65.00 31.25
45 1 5 80 7.50 67.50 35.00
46 1 5 60 5.00 6 5 . 0 0 26.25
47 1 3 80 5.00 65.00 40.00
48 1 5 90 5.00 62.50 37.50

s u m m a t i o n s 34 20 45.00 392.50 195.00
MEAN v a l u e s 5 70 7.50 65.4 1 32.50

49 1 6 00 5.00 62.50 42.50
50 1 5 20 5.00 65. 00 30.00
51 1 1 1 30 72.50 78.75 25.00
52 1 5 70 7.50 65.00 37.50
53 1 3 40 5.00 65.00 30.00
54 1 3 20 5.00 62.50 33.75

SUMMATIONS 34, 80 100.00 398.75 198.75
MEAN VALUES 5. 80 16.66 66. 45 33.12
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION ARM ARM POTENTIAL

< S E C . ) (MIC-V.) (MIC-V.) (MI C - V . )

55 1 4 50 5.00 62.50 47.50
56 1 2 60 2.50 61.25 95.00
57 1 2 90 2.50 60.00 31.25
58 1 2 60 5.00 62.50 7.50
59 1 2 00 65.00 60.00 12.50
60 1 12 10 70.00 65.00 17.50

SUMMATIONS 26 70 150.00 371.25 21 1.25
MEAN VALUES 4 45 25.00 6 1.87 35.20

61 1 3 10 7.50 65.00 12.50
62 1 3 50 7.50 70.00 37.50
63 1 2 50 115.00 62.50 55 . 00
64 1 4 90 6.25 80.00 17.50
65 1 5 00 7.50 87.50 16.25
66 1 4 50 7.50 81 .25 13.75

s u m m a t i o n s 23 50 151.25 446.25 152.50
MEAN VALUES 3 91 25.20 74.37 25.41

67 1 1 1 30 115.00 62.50 28.75
68 1 7 00 2.50 60.00 27.50
69 1 1 1 30 65.00 100.00 8.75
70 1 5 20 2.50 57.50 5.00
71 1 3 30 1 .25 56.90 82.50
72 1 1 1 00 1 15.00 70.00 6.25

SUMMATIONS 49 10 301.25 406.90 158.75
MEAN VALUES 8 18 50.20 67.81 26.45

73 1 4 50 2.50 60.00 15.00
74 1 3 80 16.25 57.50 5.00
75 1 4 30 13.75 57.50 6.25
76 1 3 30 0.00 55.00 8.75
77 1 2 10 97.50 56.25 62.50
78 1 5 60 0.00 57.50 40.00

SUMMATIONS 23 60 130.00 343.75 137.50
MEAN VALUES 3 93 21 .66 57.29 22.91

79 1 2 00 40.00 55.00 72.50
80 1 12 10 20.00 60.00 57.50
81 1 3 80 0.00 57.50 22.50
82 1 7 30 0.00 60.00 82.50
83 1 5 50 2.50 60.00 1 3.75
84 1 10 70 35.00 57.50 33.75

SUMMATIONS 41 .40 97.50 350.00 282.50
MEAN VALUES 6 .90 16.25 58.33 47.08
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TRIAL RIGHTsl RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURAT I ON ARM ARM POTENTIAL

(SEC.) (MIC-V.) (MIC-V.) (MIC-V.)

85 1 12.10 103.75 60.00 82.50
86 1 2.20 0.00 57.50 25.00
87 1 10.90 111.25 60.00 25.00
88 1 8.00 1 .25 57.50 32.50
89 1 10.50 82.50 67.50 16.25
90 1 11.40 82.50 91.25 10.00

s u m m a t i o n s 55. 10 381.25 393.75 191.25
MEAN VALUES 9.18 63.54 65. 62 31.87

91 1 10.10 48.75 98.75 12.50
92 1 2.80 0.00 57.50 10.00
93 1 10.90 112.50 57.50 53.75
94 1 4.50 0.00 57.50 42.50
95 1 11.10 115.00 62.50 57.50
96 1 6.00 0.00 57.50 35.00

s u m m a t i o n s 45.40 276.25 391.25 21 1 .25
MEAN v a l u e s 7.56 46.04 65.20 35.20

97 1 2.30 0.00 60.00 16.25
98 1 2.60 0.00 60.00 31.25
99 1 11.30 40.00 60.00 10.00
100 1 4.00 5.00 57.50 13.75
101 1 12.10 45.00 57.50 3.15
102 1 6.50 5.00 120.00 2.50

SUMMATIONS 38.80 95.00 415.00 76.90
MEAN v a l u e s 6.46 15.83 69. 16 12.81

103 1 6.30 1 15.00 68.75 0.00
104 1 10.20 43.75 80.00 5.00
105 1 4.30 35.00 60.00 7.50
1 06 1 1 1 .20 62.50 101 .25 32.50
107 1 2.20 2.50 60.00 40.00
108 1 2.80 6.25 92.50 16.25

SUMMATIONS 37.00 265.00 462.50 101.25
m e a n  v a l u e s 6.16 44.16 77.08 16.87

109 1 3.50 5.00 65. 00 26.25
110 1 9.90 6.25 57.50 25.00
111 1 3.20 0.00 57.50 17.50
112 1 10.80 10.00 57.50 20.00
113 1 4.90 50.00 58.75 22.50
114 1 5.20 0.00 57.50 22.50

SUMMATIONS 37.50 71 .25 353.75 133.75
MEAN VALUES 6.25 1 1 .87 58.95 22.29
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T R I A L  R IG H T = 1
N O . WR0NG=0

R E S PONSE 
DURAT I ON

ACTIVE
a r m

P A S S I V E
ARM

CHIN
PO T E N T I A L

( S E C . ) (MIC -V. ) (MIC -V. ) (MIC-V

115 1 3 80 5 00 65 00 42 50
116 1 10 30 105 00 62 50 37 50
117 1 12 1 0 1 10 00 70 00 37 50
1 18 1 12 10 1 15 00 85 00 37 50
119 1 12 10 1 15 00 58 75 37 50
120 1 8 00 0 00 55 00 67 50

S UMM A T I O N S 58 40 450 00 396 25 260 00
MEAN VALUES 9 73 75 00 66 04 43 33

121 1 4 70 -2 50 75 00 1 07 50
122 1 2 60 30 00 52 50 17 50
123 1 4 50 -2 50 56 25 17 50
124 1 5 20 1 15 00 50 00 12 50
125 1 12 10 1 10 00 50 00 a 75
126 1 12 1 0 102 50 55 00 16 25

SUMM A T I O N S 41 20 352 50 338 75 180 00
MEAN VALUES 6 86 58 75 56 45 30 00

127 1 12 10 1 12 50 145 00 10 00
128 1 12 10 105 00 140 00 1 1 25
129 1 6 20 1 00 00 55 00 13 75
130 1 5 20 -5 00 51 25 25 00
131 1 3 90 -5 00 50 00 41 25
132 1 2 60 1 13 75 50 00 35 00

S U M M A T I O N S 42 10 421 25 491 25 1 36 25
m e a n  v a l u e s 7 01 70 20 81 87 22 70

133 1 4 70 75 00 51 25 40 00
134 1 12 10 1 15 00 55 00 1 1 25
135 1 12 1 0 1 15 00 55 00 1 1 25
136 1 12 10 1 15 00 55 00 2 50
137 1 12 10 57 50 80 00 1 3 75
138 1 4 70 -2 50 57 50 40 00

s u m m a t i o n s 57 80 475 00 353 75 1 18 75
MEAN VALUES 9 63 79 16 58 95 19 79

139 1 10 70 1 15 00 55 00 3 75
140 1 12 10 1 15 00 56 25 5 00
141 1 12 10 65 00 120 00 10 00
142 1 5 30 -5 00 50 00 10 00
143 1 2 90 47 50 50 00 56 25
144 1 3 20 -7 50 47 SO 22 50

S U M M A T I O N S 46 .30 330 00 378 75 107 50
MEAN VALUES 7 .71 55 00 63 12 17 91

155

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



SUBJECT NO. 2» PROBLEM SOLVING

RESPONSE DURATION IN SECONDS 
ELECTROPHYSIOLOGICAL MEASUREMENTS IN  M IC R O - V O L T S

t r i a l RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WR0NG=0 DURAT I ON ARM ARM POTENT I

(SEC . ) (MIC-V.) (MIC-V.> (MIC-V

PRE-EXPERIMENTAL
BASE LEVELS 12.50 7.50 10.00

1 0 12 10 150.00 3.75 35.00
2 0 12 10 150.00 -1.25 41.25
3 1 12 10 147.50 3.75 37.50
4 0 7 60 87.50 1 7.50 37.50
5 0 4 30 37.50 32.50 28.75
6 0 10 40 147.50 42.50 37.50

SUMMATIONS 58 60 720.00 98.75 217.50
MEAN v a l u e s 9 76 120.00 16.45 36.25

7 0 12 10 135.00 47.50 25.00
8 0 6 90 102.50 60.00 17.50
9 0 6 80 102.50 67.50 30.00
10 1 10 80 147.50 72.50 46,25
1 1 0 12 10 142.50 67.50 25.00
12 0 12 10 121.25 67.50 17.50

SUMMATIONS 60 80 751.25 382.50 161.25
MEAN VALUES 10 13 125.20 63.75 26.87

13 0 12 10 123.75 80.00 27.50
14 1 6 90 87.50 80.00 33.75
15 0 10 30 147.50 80.00 23.75
16 0 5 00 72.50 75.00 15.00
17 0 10 70 137.50 77.50 22.50
18 1 12 10 130.00 75.00 21,25

SUMMATIONS 57 10 698.75 467.50 143.75
MEAN VALUES 9 51 1 16.45 77.91 23.95

19 1 12 10 147.50 77.50 16.25
20 1 12 1 0 147.50 77.50 16.25
21 0 12 10 132.50 80.00 21.25
22 0 6 50 1 12.50 77.50 1 1.25
23 0 9 30 132.50 87.50 22.50
24 0 5 80 95.00 92.50 16.25

SUMMATIONS 57 90 767.50 492.50 103.75
MEAN VALUES 9 65 127.91 82.08 17.29
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION ARM ARM POTENTIAL

(SEC . ) (MIC — V . ) (MIC-V.) (MIC-V.)

25 1 12 10 135 00 82.50 16.25
26 0 12 10 147 50 82.50 17.50
27 0 12 1 0 147 50 87.50 22.50
28 1 12 10 136 25 92.50 15.00
29 0 12 10 147 50 95.00 22.50
30 1 12 10 137 50 92.50 23.75

SUMMATIONS 72 60 851 25 532.50 1 17.50
MEAN VALUES 12 10 14 1 87 88.75 19.58

31 1 6 40 148 75 95.00 18.75
32 1 5 50 1 15 00 97.50 32.50
33 1 4 50 83 75 95.00 23.75
34 1 9 90 87 50 95.00 23.75
35 1 12 10 138 75 97.50 33.75
36 0 12 10 136 25 102.50 28.75

SUMMATIONS 50 50 710 00 582.50 161.25
MEAN v a l u e s 8 41 1 18 33 97.08 26.87

37 0 12 1 0 135 00 102.50 76.25
38 0 4 20 1 10 00 100.00 36.25
39 0 10 30 87 50 102.50 42.50
40 Ü 9 70 1 12 50 107.50 22.50
41 1 12 1 0 142 50 1 10.00 25.00
42 1 12 1 0 138 75 107.50 23.75

SUMMATIONS 60 50 726 25 630.00 226.25
MEAN VALUES 10 08 121 04 105.00 37.70

43 0 12 10 132 50 102.50 32.50
44 1 7 70 135 00 102.50 21.25
45 1 5 1 0 87 50 105.00 36.25
46 0 7 00 102 50 102.50 41.25
47 0 3 00 107 50 105.00 17.50
48 0 4 60 108 75 102.50 21.25

SUMMATIONS 39 50 673 75 620.00 170.00
MEAN VALUES 6 58 1 12 29 103.33 28.33

49 0 4 00 92 50 102.50 20.00
50 1 9 60 1 30 00 105.00 20.00
51 1 6 50 145 00 107.50 20.00
52 0 3 00 96 25 107.50 23.75
53 1 2 80 90 00 105.00 21.25
54 1 7 00 1 17 50 107.50 13.75

SUMMATIONS 32. 90 671 25 635.00 118.75
MEAN VALUES 5. 48 1 1 1 87 105.83 19.79
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TRIAL RIGHT=1 r e s p o n s e ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION ARM ARM POTENTIAL

(SEC • ) (MIC-V.) (MIC-V.) (MIC-V.)

55 1 2 70 108.75 107.50 16.25
56 1 2 80 85.00 105.00 13.75
57 1 3 00 82.50 102.50 25.00
58 0 3 60 97.50 102.50 21.25
59 0 3 00 120.00 105.00 16.25
60 0 5 50 87.50 97.50 12.50

SUMMATIONS 20 60 5 8 1 .25 620.00 105.00
MEAN VALUES 3 43 96.87 103.33 17.50

61 1 2 30 1 17.50 1 17.50 12.50
62 0 12 10 135.00 105.00 10.00
63 1 5 90 87.50 105.00 10.00
64 1 3 70 140.00 107.50 6.90
65 1 3 20 90.00 110.00 15.00
66 1 4 30 88.75 108.75 13.75

SUMMATIONS 31 50 658.75 653.75 68.15
MEAN VALUES 5 25 109.79 108.95 1 1.35

67 1 7 00 102.50 110.00 12.50
68 1 3 10 128.75 115.00 12.50
69 1 4 50 97.50 117.50 15.00
70 1 2 60 95.00 1 15.00 17.50
71 0 2 00 92.50 112.50 15.00
72 0 2 20 110.00 1 10.00 13.75

SUMMATIONS 21 40 626.25 680.00 86.25
MEAN VALUES 3 56 104.37 113.33 14.37

73 1 5 10 145.00 1 12.50 6.25
74 0 4 20 96.25 112.50 15.00
75 1 7 00 117.50 110.00 1 1.25
76 I 7 00 112.50 107.50 12.50
77 1 3 30 91.25 107.50 7.50
78 0 5 50 126.25 105.00 18.75

SUMMATIONS 32 10 688.75 655.00 71 .25
MEAN v a l u e s 5 35 1 14.79 109.16 1 1.87

79 1 5 50 1 12.50 102.50 15.00
80 0 4 00 106.25 1 17.50 16.25
81 1 2 30 8 6.25 98.75 12.50
82 0 10 30 125.00 97.50 12.50
83 0 10 50 122.50 102.50 15.00
84 1 1 50 83.75 97.50 13.75

SUMMATIONS 34 10 636.25 61 6 . 2 5 85.00
m e a n v a l u e s 5 68 106.04 102.70 14.16
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION ARM ARM POTENTIAL

(SEC . ) (MIC-V.) (MIC-V.) (MIC-V.)

85 1 2 00 81.25 97.50 12.50
86 1 2 00 80.00 95.00 7.50
87 0 2 10 82.50 95.00 12.50
88 1 1 70 103.75 97.50 15.00
89 1 2 70 82.50 98.75 20.00
90 1 2 10 82.50 100.00 7.50

SUMMATIONS 12 60 512.50 58 3 . 7 5 75.00
MEAN VALUES 2 10 85.41 97.29 12.50

91 0 2 1 0 112.50 97.50 10.00
92 1 1 1 00 137.50 98.75 10.00
93 1 12 10 130.00 97.50 0.00
94 0 5 20 80.00 95.00 5.00
95 1 1 60 77.50 95.00 12.50
96 0 1 80 77.50 92.50 5.00

SUMMATIONS 33 80 615.00 576.25 42.50
MEAN VALUES 5 63 102.50 96.04 7.08

97 1 4 50 87.50 92.50 8.75
98 1 2 90 80.00 95.00 10.00
99 1 10 80 150.00 97.50 5.00

ICO 1 12 10 150.00 97.50 5.00
101 1 12 10 147.50 97.50 1 1.25
102 1 12 10 147.50 98.75 10.00

SUMMATIONS 54 50 762.50 578.75 50.00
MEAN VALUES 9 08 127.08 96.45 8.33

103 0 9 30 127.50 103.75 1 1.25
104 1 6 20 83.75 97.50 10.00
105 1 3 00 80.00 97.50 7.50
106 1 10 70 142.50 102.50 13.75
107 0 6 50 83.75 97.50 7.50
108 1 2 10 91 .25 102.50 10.00

SUMMATIONS 37 80 608.75 60 1.25 60.00
MEAN VALUES 6 30 101.45 100.20 10.00

109 1 3 00 82.50 97.50 5.00
110 1 3 00 71 .25 92.50 6.25
111 1 2 30 67.50 87.50 10.00
112 1 2 40 77.50 9 0 . 0 0 0.00
113 1 2 00 72.50 95.00 5.00
114 1 2 30 72.50 90.00 0.00

SUMMATIONS 15 00 443.75 552.50 26.25
MEAN VALUES 2 50 73.95 92.08 4.37
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T R IA L
N O .

R IG H T = 1
WRONG=0

RESPONSE 
DURAT I ON

ACTIVE
a r m

PASSIVE
ARM

CHIN
POTENTIAL

(SEC . ) (MIC -V. ) (MIC -V. ) (MIC -V.

1 15 1 10 80 92 50 92 50 5 00
1 16 1 12 10 107 50 90 00 2 50
1 17 1 4 20 65 00 112 50 0 00
1 18 1 2 60 65 00 82 50 8 75
1 19 1 6 30 71 25 82 50 0 00
120 1 9 40 145 00 107 50 8 75

SUMMATIONS 45 40 546 25 567 50 25 00
MEAN VALUES 7 56 91 04 94 58 4 16

121 1 12 10 128 75 87 50 15 00
122 1 12 10 126 25 1 1 5 00 12 50
123 0 12 10 136 25 87 50 16 25
124 1 12 10 138 75 102 50 16 25
125 1 9 50 85 00 92 50 20 00
126 1 10 60 136 25 92 50 17 50

SUMMATIONS 68 50 751 25 577 50 97 50
MEAN v a l u e s 1 1 4 1 125 20 96 25 16 25

127 1 a 20 83 75 85 00 15 00
128 1 10 80 136 25 82 50 12 50
129 1 6 90 75 00 77 50 10 00
130 1 10 00 147 50 82 50 12 SO
131 1 12 10 1 15 00 80 00 10 00
132 1 6 20 58 75 77 50 10 00

SUMMATIONS 54 20 616 25 485 00 70 00
MEAN VALUES 9 03 102 70 80 83 1 1 66

133 1 5 20 1 12 50 70 00 10 00
134 1 7 30 80 00 67 50 10 00
135 1 2 70 60 00 82 50 10 00
136 1 2 80 52 50 97 50 12 50
137 1 2 30 57 50 70 00 20 00
138 1 4 60 55 00 70 00 15 00

SUMMATIONS 24 90 4 17 50 457 50 77 50
MEAN VALUES 4 15 69 58 76 25 12 91

139 1 7 80 75 00 70 00 65 00
140 1 2 50 52 50 67 50 7 50
141 1 3 00 55 00 62 50 27 50
142 1 2 10 55 00 65 00 1 1 25
143 1 1 60 72 50 67 50 7 50
144 1 1 80 50 00 65 00 7 50

s u m m a t i o n s 18 80 360 00 397 50 126 25
MEAN VALUES 3 1 3 60 00 66 25 21 04
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SUBJECT NO. 3, PROBLEM SOLVING

RESPONSE DURATION IN SECONDS
ELECTROPHYSIOLOGICAL MEASUREMENTS IN MICRO-VOLTS

TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURATION a r m ARM POTENT I

(S E C . ) (MIC-V.) (MIC-V.) (MIC-V

PRE-EXPERI MENTAL
BASE LEVELS 8.75 8.75 12.50

1 0 3.30 2.50 7.50 95.00
2 1 4.40 3. 15 6.25 72.50
3 0 3.00 3.75 6.25 42.50
4 0 3.50 2.50 6.25 56.25
5 0 3.00 2.50 6.90 77.50
6 1 4.20 3.75 8.75 62.50

SUMMATIONS 21 .40 18.15 41.90 406.25
MEAN VALUES 3.56 3.02 6.98 67.70

7 1 3.50 16.25 8.75 53.75
8 0 4.70 2.50 6.25 47.50
9 0 2.90 3.75 6.25 55.00
10 0 3.50 3.75 7.50 43.25
1 1 0 4.90 2.50 6.25 42.50
12 0 6.20 2.50 6.90 18.75

SUMMATIONS 25.70 31.25 41 .90 260.75
MEAN VALUES 4.28 5.20 6.98 43.45

13 1 3.50 2.50 6.25 23.75
14 0 4.20 3.75 8.75 22.50
15 1 2.70 6.25 8.75 20.00
16 1 2.70 2.50 8.75 25.00
17 1 10.60 66.25 10.00 72.50
18 1 4.20 3.75 1 0.00 67.50

SUMMATIONS 27.90 85.00 52.50 231.25
MEAN VALUES 4.65 14.16 8.75 38.54

19 1 2.20 3.75 11.25 52.50
20 1 2.30 3.75 1 0.65 72.50
21 1 1 .90 3. 15 8.75 37.50
22 1 2.70 3.15 10.00 117.50
23 1 2.70 2.50 1 0.65 75.00
24 1 2.20 2.50 8.75 37.50

SUMMATIONS 14.00 18.80 60.05 392.50
MEAN VALUES 2.33 3. 13 1 0.00 65.41
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T R IA L
N O .

R IG H T =1
WRONG=0

RESPONSE
DURATION

ACT IVE 
ARM

PASSIVE
ARM

CHIN
POTENTIAL

(SEC • ) (MIC -V. ) (MIC “ V. ) (MIC -V

25 1 2 20 46 2 5 8 75 25 00
26 1 2 60 3 75 6 25 25 00
27 1 3 40 3 75 6 25 32 50
28 1 2 00 3 75 6 25 5 00
29 1 2 80 3 75 6 25 7 50
30 1 2 00 55 00 6 25 6 25

SUMMATIONS 15 00 1 16 25 40 00 101 25
MEAN v a l u e s 2 50 19 37 6 66 16 87

31 1 12 10 66 25 7 50 8 75
32 1 4 20 6 25 6 90 7 50
33 1 6 80 6 25 7 50 30 00
34 1 7 50 10 00 7 5 0 23 75
35 1 12 10 96 25 6 90 18 75
36 1 2 90 3 75 6 25 20 00

s u m m a t i o n s 45 60 188 75 42 55 108 75
MEAN v a l u e s 7 60 31 45 7 09 18 12

37 1 2 4 0 12 50 8 75 17 50
38 1 12 10 61 25 7 5 0 21 25
39 1 2 60 38 75 8 75 26 25
40 1 3 00 3 15 6 25 72 50
41 1 2 1 0 3 15 6 25 40 00
42 1 1 70 3 75 6 25 8 75

SUMMATIONS 23 90 1 2 2 55 43 75 1 8 6 25
MEAN VALUES 3 98 2 0 42 7 29 31 04

43 1 3 60 51 25 7 50 13 75
44 1 3 50 6 25 6 25 17 50
45 1 3 00 3 75 6 25 20 00
46 1 2 80 31 25 7 50 15 00
47 1 3 50 5 00 8 75 17 50
48 1 2 90 3 75 7 SO 17 50

SUMMATIONS 19 3 0 101 2 5 43 75 1 0 1 25
MEAN v a l u e s 3 2 1 16 87 7 29 16 87

49 1 2 40 3 75 7 50 17 50
5 0  1 2 7 0 2 50 7 50 12 50
51 1 5 80 10 00 7 5 0 21 25
52 1 2 20 23 75 7 5 0 17 50
53 1 12 10 21 25 6 25 21 25
54 1 12 10 21 25 6 2 5 21 25

SUMMATIONS 37 30 82 5 0 42 5 0 1 1 1 2 5
MEAN VALUES 6 21 13 75 7 08 18 5 4

162

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WRONG=0 DURAT I ON A R M ARM p o t e n t i a l

(SEC . ) (MIC-V.) (MIC-V.) (MI C - V . )

55 1 12 10 16.25 7.50 26.25
56 1 2 80 3.75 7.50 25.00
57 1 3 50 6.25 7.50 20.00
58 1 2 20 3.75 26.25 10.00
59 1 3 20 13.75 8.75 17.50
60 1 12 10 1 1 .25 8.75 22.50

SUMMATIONS 35 90 55.00 66. 25 121.25
m e a n VALUES 5 98 9.16 11.04 20.20

61 1 8 80 12.50 8.75 23.75
62 1 2 00 3.75 7.50 17.50
63 1 2 1 0 3.75 7.50 22.50
64 1 3 40 3.75 7.50 62.50
65 1 3 00 6.25 7.50 8.75
66 1 2 00 3.75 7.50 2.50

SUMMATIONS 21 30 33.75 46.25 137.50
MEAN v a l u e s 3 55 5.62 7.70 22.91

67 1 1 90 3.75 8.75 2.50
68 1 1 50 3.75 8.75 2.50
69 1 2 10 3.75 86.25 10.00
70 1 1 80 3.75 7.50 11.25
71 1 2 30 3.75 8.75 15.00
72 1 1 80 3.75 7.50 17.50

SUMMATIONS 1 1 40 22.50 127.50 58.75
MEAN v a l u e s 1 90 3.75 21.25 9.79

73 1 1 80 3.75 8.75 17.50
74 1 1 60 3.75 7.50 20.00
75 1 1 60 3.75 7.50 22.50
76 1 5 20 3.75 7.50 18.75
77 1 1 70 3.75 7.50 17.50
78 1 a 30 36.25 7.50 17.50

SUMMATIONS 20 20 55.00 46.25 113.75
MEAN v a l u e s 3 36 9.16 7.70 18.95

79 1 1 60 3.75 7.50 16.25
80 1 3 00 3.75 7.50 37.50
81 1 2 00 3.75 7.50 13.75
82 1 2 10 2.50 7.50 10.00
83 1 1 80 2.50 7.50 12.50
84 1 1 70 2.50 7.50 18.75

SUMMATIONS 12 20 18.75 45.00 108.75
MEAN v a l u e s 2 03 3.12 7.50 18.12
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TRIAL RIGHT=1 RESPONSE ACTIVE PASSIVE CHIN
NO. WR0NG=0 DURAT I ON ARM ARM POTENTIAL

( SEC » ) (MIC-V.) (MIC-V.) (MIC-V.)

85 1 1 9 0 2.50 7.50 21.25
86 1 2 2 0 2.50 7.50 23.75
87 1 1 70 2.50 7.50 25.00
88 1 1 70 2.50 7.50 27.50
89 1 2 30 2.50 7.50 27.50
90 1 2 10 2.50 8.75 22.50

SUMMATIONS 1 1 90 15.00 46.25 147.50
MEAN VALUES 1 98 2 . 5 0 7.70 24.58

91 1 1 80 3.75 7.50 12.50
92 1 1 70 2 . 5 0 8.75 16.25
93 1 2 20 2.50 7.50 26.25
9 4 1 1 70 3.75 7.50 27.50
95 1 1 60 2.50 7.50 30.00
96 1 1 80 2.50 8.75 26.25

SUMMATIONS 10 80 17.50 47.50 138.75
MEAN VALUES 1 8 0 2.91 7.91 23.12

97 1 2 00 2.50 7.50 15.00
98 1 3 50 3.75 7.50 10.00
99 1 2 60 10.00 8.75 7.50

1 0 0 1 4 50 7.50 8.75 15.00
101 1 8 00 8.75 8.75 22.50
102 1 2 10 36.25 8.75 22.50

s u m m a t i o n s 22 70 68.75 50.00 92.50
MEAN VALUES 3 78 1 1 .45 8.33 15.41

103 1 3 00 1 18.75 31.25 25.00
1 0 4 1 4 00 42.50 31.25 32.50
105 1 2 50 28.75 3 1 . 2 5 31.25
1 06 1 2 70 71 .25 8 . 7 5 33.75
107 1 2 70 5.00 8.75 26.25
1 08 1 2 40 7.50 8.75 13.75

SUMMATIONS 17 30 273.75 120.00 162.50
MEAN VALUES 2 88 45.62 20.00 27.08

1 09 1 2 40 8.15 8.75 15.00
1 10 1 2 70 9.40 8.75 18.75
1 1 1 1 2 10 16.25 8 . 7 5 22.50
1 12 1 3 00 8 . 7 5 8.75 30.00
1 13 1 2 00 3.75 8.75 0.00
1 14 1 2 00 3.15 7.50 0.00

SUMMATIONS 14 20 49.45 51.25 86.25
MEAN VALUES 2 36 8.24 8.54 14.37
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TRIAL RIGHT=1 r e s p o n s e ACTI VE PASS I VE CHI N
NO. WR0NG=0 DURAT ION ARM ARM POTENT I

(SEC • ) (MIC -V. ) (MIC — V.) (MIC -V

1 15 1 2 60 2 50 7 50 5 0 0
1 16 1 2 30 3 75 8 75 a 75
1 17 1 1 80 3 75 8 75 0 00
1 18 1 1 50 41 2 5 7 50 0 00
1 19 1 1 90 3 75 7 50 0 00
1 2 0 1 3 20 8 75 7 50 10 00

SUMMATIONS 13 30 63 75 47 50 23 75
MEAN VALUES 2 21 10 6 2 7 91 3 95

121 1 1 20 2 50 7 50 0 00
1 2 2 1 3 00 23 75 7 50 3 15
123 1 2 1 0 2 6 25 7 50 5 00
124 1 12 10 48 7 5 7 50 7 50
125 1 2 10 57 5 0 8 75 7 50
126 1 3 40 13 75 8 75 8 75

SUMMATIONS 23 90 1 7 2 5 0 47 50 31 90
MEAN VALUES 3 98 2 8 75 7 91 5 31

127 1 2 20 3 7 5 8 7 5 2 50
128 2 70 3 75 8 75 7 50
129 1 4 00 12 50 8 75 28 75
130 1 2 60 6 25 7 50 2 50
131 1 2 50 3 15 7 50 47 50
132 1 2 40 5 00 8 7 5 0 0 0

SUMMATIONS 16 40 34 40 50 00 88 75
MEAN v a l u e s 2 73 5 73 8 3 3 14 79

133 1 1 60 3 75 8 75 2 50
134 1 1 40 3 IS 7 5 0 3 75
135 1 1 90 1 1 2 5 8 75 7 50
1 36 1 2 40 2 50 7 50 10 00
137 1 1 80 1 25 8 75 1 1 25
138 1 1 70 1 25 7 5 0 8 75

SUMMATIONS 10 80 2 3 15 48 75 43 75
MEAN v a l u e s 1 80 3 85 8 1 2 7 29

139 1 1 80 8 7 5 7 5 0 7 50
140 1 2 80 3 75 7 50 12 50
141 1 2 30 13 75 8 7 5 12 50
142 1 12 1 0 2 2 50 8 75 15 00
143 1 2 1 0 3 6 25 1 1 25 22 50
144 1 1 70 51 25 8 75 15 00

SUMMATIONS 22 80 136 25 52 5 0 85 00
MEAN v a l u e s 3 80 2 2 7 0 8 75 14 1 6
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