
INFORMATION TO USERS

This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted.

The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction.

1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to  obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity.

2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame.

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete.

4. The majority of users indicate that the textual content is of greetest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to  the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.

5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received.

Xerox University Microfilms
300 North Zeeb Road
Ann Arbor, Michigan 48106



75-17,501

APPEL, Antoinette Ruth, 1943- 
STABILITY OF VISUAL FIXATION WITH AND 
WITHOUT FEEDBACK.

The City University of New York, Ph.D., 1972 
Psychology, experimental

Xerox University Microfilms , Ann Arbor, Michigan 48106

©COPYRIGHT BY

ANTOINETTE RUTH APPEL

1972



STABILITY OF VISUAL FIXATION WITH AND WITHOUT FEEDBACK 

ANTOINETTE RUTH APPEL

A d i s s e r t a t i o n  s u b m it te d  t o  th e  G raduate  

F a c u lty  i n  P sych o lo g y  in  p a r t i a l  f u l f i l lm e n t  

o f  th e  re q u ire m e n ts  f o r  th e  d eg ree  o f  D octo r 

o f  P h ilo s o p h y , The C ity  U n iv e r s i ty  o f  New York

1972



T his m a n u sc r ip t has b e e n  r e a d  and a c c e p te d  f o r  th e  G rad u a te  

F a c u lty  i n  P sycho logy  i n  s a t i s f a c t i o n  o f  th e  d i s s e r t a t i o n  

re q u ire m e n t f o r  th e  d e g re e  o f  D octo r o f  P h ilo so p h y .

? t i l t -
J ' d a te

/■?. /F 7J
'  d a te

Chairm an o f  E xam ining Com m ittee

E x e c u tiv e  O f f ic e r

S u p e rv is o ry  Committee

The C ity  U n iv e r s i ty  o f  New York



ACKNOWLEDGEMENTS



T h is  s tu d y  was s u p p o r te d  in  p a r t  by a  U n ited  S ta te s  

P u b l ic  H e a lth  S e rv ic e  T ra in in g  G ran t (MH 1 0 3 9 5 ), in  p a r t  

by a  N a t io n a l  I n s t i t u t e  o f  M ental H e a lth  P r e d o c to r a l  Re­

s e a rc h  F e llo w sh ip  (5 F0 -  1 ,  MH 3 7 ,5 7 0 -0 1 , -0 2 , -0 3  P S ) , 

and i n  p a r t  by a  C ity  U n iv e r s i ty  o f  New York D i s s e r t a t i o n  

F e l lo w s h ip .

v



The a c t iv e  p u r s u i t  o f  s c ie n c e  i s  n o t a  s o l i t a r y  v e n tu r e ;  

i t  i s  a c o o p e ra t iv e  e f f o r t .  T h is  ex p e rim e n t i s  com p le te  and t h i s  

d i s s e r t a t i o n  w r i t t e n  b e c a u se  many p eo p le  w ere w i l l i n g  t o  g iv e  f r e e ly  

o f  t h e i r  t im e ,  e x p e r t i s e ,  and c o n c e rn . W ithou t t h e i r  a s s i s t a n c e ,

I  w ould  have  b een  l o s t .  I r  p a r t i c u l a r ,  I  w ould l i k e  t o  th an k  

Dr. Ja ck  O rbach , who has s e rv e d  as ny m entor and who has been  

my f r i e n d .  He has alw ays found tim e  to  en co u rag e  and t o  g u id e  

t h i s  w o rk , and f o r  t h a t  I  am g r a t e f u l .  I  am e q u a lly  g r a t e f u l  

f o r  h i s  co n cern  f o r  me as a  p e rs o n .

I  sh o u ld  a ls o  l i k e  t o  th a n k  D r. F ra n c is  Volkmann(who s e rv e d  

as a  member o f  my com m ittee) and Dr. Jack  Volkm ann, th e  two 

p e o p le  who o r i g i n a l l y  k in d le d  my i n t e r e s t  i n  th e  o cu lom o to r 

sy s te m . They have  c o l l e c t i v e l y  s p e n t  more h o u rs  th a n  can be  

c o u n ted  d i s c u s s in g ,  q u e s t io n in g ,  p ro b in g , a n sw e rin g , b u t  above 

a l l  e n c o u ra g in g . T here  i s  no way t h a t  I  can d e l i n e a t e  t h e i r  

c o n t r ib u t io n  to  ny e d u c a t io n .

I  w ould l i k e  t o  th an k  D r. W illia m  S . B a t te r s b y ,  a  njember 

o f  my com m ittee , who saw more in  th e  d a ta  th a n  I  d id .  H is 

p a t i e n t  a n a ly s i s ,  s i g n i f i c a n t l y  c o n tr ib  u te d  t o  th e  s u c c e s s  o f  

t h i s  w ork.

I  w ould  a ls o  l i k e  t o  th an k  Dr. Thomas E. Frumkes and Dr.

L ouis G erstm an. Each o f  th e s e  gen tlem en  s e rv e d  as members o f  

my com m ittee and each  o f  them  d id  f a r  more th a n  t h a t  p o s i t i o n  

r e q u i r e d .

v i



Mr. R e in h o ld  B re n n e r i s  a  p e rs o n  whose a s s i s t a n c e  I  s h a l l  

s o r e ly  m is s . W hatever m ach inery  h a d  t o  he  b u i l t ,  h e  b u i l t ;  more 

o f te n  th a n  n o t he a ls o  had  to  t e l l  me w hat h e  sh o u ld  b u i ld .

Thanks a re  due to  Mr. W. N. S h a w n fle ld  o f  Texas In s tru m e n ts  

I n c . ,  who h e a rd  t h a t  I  needed  a  s e n s i t i v e ,  h ig h  g a in ,  h ig h  

fre q u e n c y  p h o to d e te c to r  and was k in d  enough t o  lo a n  a  p ro to ty p e  

m odel t o  me. Mr. L a rry  M onari and D r. M elv in  Pavlow each gave 

much o f  t h e i r  tim e  to  s o lv e  in n u m erab le  p roblem s in  o p t ic s  and 

e l e c t r o n i c s  r e s p e c t i v e ly ,  and I  acknow ledge t h e i r  g en ero u s  a s s i s t a n c e .  

I  acknow ledge a ls o  th e  a s s i s t a n c e  o f  Dr. F re d  K ru g e r, who was th e  

f i r s t  p e rs o n  to  t a c k l e  t h e  d e s ig n  p rob lem s w ith  me and who ta u g h t  

me how t o  u se  su ch  th in g s  as a  s o ld e r in g  i r o n  w ith o u t  d e s t r o y in g  

n y s e l f .

F i n a l l y ,  I  w ish  t o  th a n k  th e  one p e rso n  w ith o u t  whom t h i s  

d i s s e r t a t i o n  w ould  n o t hav e  b een  p o s s i b l e ,  Mr. L a rry  Feldm an.

T here  a re  no words w hich a p p r o p r ia t e ly  d e s c r ib e  L a rry  o r  th e  k in d s  

o f  th in g s  he d o e s . Q u ite  a s id e  from  h i s  trem endous t e c h n i c a l  

h e lp ,  I  th a n k  L a rry  f o r  h i s  p e r s o n a l  d e d ic a t io n  t o  t h i s  

p r o j e c t .  I f  th e  h i s t o r y  o f  t h i s  d i s s e r t a t i o n  i s  t h a t  we w ould  n o t 

l e t  go o f  a  p rob lem  u n t i l  we s o lv e d  i t ,  t h e  r e s o lv e  t h a t  th e  p rob lem  

h ad  a  s o lu t i o n  came from  L a r ry . The s e c u r i t y  p a t r o l  a t  Queens 

C o lleg e  becam e v e ry  u sed  t o  s e e in g  two p e o p le  le a v e  th e  l a b o r a to r y



a t  two o r  t h r e e  i n  t h e  m orn ing . L a rry  s t a r t e d  o f f  as th e  e x p e r t  

to  whom I  tu rn e d  f o r  a s s i s t a n c e ;  h e  h as  become my f r i e n d  and I  am 

r i c h e r  f o r  i t .  I f  d i s s e r t a t i o n s  w ere  d e d ic a te d ,  t h i s  one w ould  

b e  f o r  him .

To th o s e  p e o p le  t h a t  I  have  i n a d v e r te n t ly  o m it te d  from  t h i s  

l i s t ,  I  a p o lo g iz e .  To my fa m ily  and ny f r ie n d s  who had  to  p u t 

up w ith  c ra z y  h o u rs  and u n p r e d ic ta b le  b e h a v io r ,  f o r  so  lo n g , go n o t 

o n ly  my th an k s  b u t  a ls o  a  p ro m ise  t h a t  you  s h a l l  once a g a in  b e  

a b le  t o  p r e d i c t  my comings and g o in g s . I t ' s  been  fun  and I  

w ould  do i t  a g a in  -  th e  same way.

A. R. A.

E lm ont, New York 

May 9 ,  1972.

v i i i



TABLE OF CONTENTS

A cknow ledgem ents............................................................................................  i v

T ab le  o f  C o n te n ts .......................................................................................... i x

L is t  o f  T a b le s ................................................................................................. x

L i s t  o f  I l l u s t r a t i o n s ................................................................................  x i i

I n t r o d u c t i o n .....................................................................................................  1

M ethod and A p p a ra tu s ....................................    23

R e s u l t s .................................................................................................................  33

D is c u s s io n ..........................................................................................................  57

Summary.................................................................................................................  83

R e fe re n c e s ..........................................................................................................  86

A ppendix 1 ..........................................................................................................  92

A ppendix I I ........................................................................................................ 122

A u to b io g ra p h ic a l  S ta te m e n t ....................................................................  1 7 7

i x



LIST OF TABLES

T a b le  Page

1 The F ix a t io n  C o n d i t io n s .......................................................  25

2 F requency  o f  T r i a l s  D uring  Which Os M a in ta in e d

U n in te r ru p te d  A c c u ra te  F i x a t i o n ...................................  1*9

3 Summary o f  Chi S q u a re  A n a ly ses : D if fe r e n c e s

Between th e  O bserved  and P r e d ic te d  F re q u e n c ie s  

W ith Which Os M a n ita in e d  U n in te r ru p te d  Accu­

r a t e  F i x a t i o n ..............................................................................  50

1+ Summary o f  Chi S q u are  A n a ly ses : C o n tin u ity  o f

F ix a t io n  W ith and W ithou t F e ed b ack ............................  52

5 Summary o f  A n a ly ses  o f  V a ria n c e : E f f e c t  o f  

Feedback and Runs on C um ulative F ix a t io n

D u ra tio n .........................................................................................  5 I+

6 Summary o f  K e n d a ll  C o e f f i c ie n t s  o f  C oncordance:

E f f e c t  o f  P o s i t i o n  o f  T r i a l  W ith in  Run on

C um ulative F ix a t io n  D u r a t io n ..........................................  56

7 D ata  from  H e c h t, H a ig , and W ald (1 9 3 5 ): R e s u lts  

o f  One Dark A d a p ta tio n  D e te rm in a tio n  a t  Zero

D e g re e s ............................................................................................ 79

8  C i r c u i t  C h eck p o in ts  A f te r  C le a r in g  and B e fo re

S t a r t  o f  T r i a l ...........................................................................  96

x



9 I n te g r a t e d  C i r c u i t  Num bers...................................................  10l+

10 Components f o r  A m p l if ie r s ......................................................  109

11 Components f o r  D iscre te-C om ponen t C i r c u i t s   I l l

12 T o ta l  Time on F ix a t io n  D uring  1 ,  1 0 , and 90

s e c .  F ix a t io n  I n t e r v a l s ......................................................... 123

x i



LIST OF ILLUSTRATIONS

I l l u s t r a t i o n  Page

1 Rye Movements D uring  M onocular F i x a t i o n . . . .  1+

2 C um ulative E f f e c t  o f  D r i f t  Eye Movements

D uring  F ix a t io n  o f  a  S ta t io n a r y  P o i n t   7

3 The T h e o r e t ic a l  R e la t io n s h ip  Betw een O culo­

m otor A c t iv i ty  and V is u a l  S e n s i t i v i t y   9

1+ The Time C ourse o f  S a c c a d ic  S u p p r e s s i o n . . . .  1 3

5 P r o je c t io n  o f  S t im u li  on Fovea B e fo re  and

A f te r  a  2U' a rc  Eye Movement.................................  18

6  S chem atic  o f  O p t ic a l  S ystem .....................................  29

7 V o ltage  C om parator C i r c u i t  and A m p l i f i e r . . .  33

8  S im ple S chem atic  o f  E le c t r o n ic  C i r c u i t s . . . .  36

9 Mean F ix a t io n  D u ra tio n s  W ith and W ithou t

F eedback ................................................................................  1+0

10 Time on T a r g e t ,  0 ^ ..........................................................  1+2

11 Time on T a r g e t , 0_ .̂.........................................................  1+1+

12 Time on T a rg e t ,  ..........................................................  1+6

13 Amblyopic Zone as a  S t a t i s t i c a l  Phenomenon. 70

ll+ Change in  Eye P o s i t i o n  F o llo w in g  E x t in c t io n

o f  F ix a t io n  T a rg e t  i n  th e  D ark ............................. 75

x i i



15 L o g ic a l  S ch em atic  o f  E le c t r o n i c  C i r c u i t s . . .  gk

16 U n c o n s tra in e d  F ix a t io n  S tim u lu s  T r ig g e r

T im e r .......................................................................................  98

17 C o n s tra in e d  F ix a t io n  S tim u lu s  T r ig g e r

T im e r .......................................................................................  101

18 I n v e r t i n g  A m p lif ie r  and T ru th  T a b le .................. 105

19 N o n - in v e r t in g  A m p lif ie r  and  T ru th  T a b l e . . . .  107

20 AND G ate  and T ru th  T a b le ...........................................  l lU

21 OR G ate  and T ru th  T a b le ..............................................  I l 6

22 NOR G ate  and T ru th  T a b le ...........................................  118

23 F l ip - F lo p  and T ru th  T a b le .........................................  123

2U Time on T a r g e t ,  0 ^ ,  L - S - ........................................  129

25 Time on T a r g e t ,  0_^, L - S + ........................................  131

26 Time on T a r g e t ,  0 ^ ,   133

27 Time on T a r g e t ,  0_^, L + S - ........................................  135

28 Time on T a r g e t ,  0 ^ ,  L+S+ ........................................  137

29 Time on T a r g e t ,  0j_>   139

30 Time on T a r g e t ,  0 ^ ,  L ^ S - ........................................  1^1

31 Time on T a r g e t ,  0 ^ , L ^ S + ........................................  1^3

32 Time on T a r g e t ,  0 ^ ,  L -S - ........................................  1^5

33 Time on T a r g e t ,  O3 , L-S+ ........................................ 1̂ +7

3l+ Time on T a r g e t ,  0 _ , L-S ........................................  1^9
1  fb

x i i i



35 Time on T a r g e t ,  0^» L+S-...........................................  151

36 Time on T a r g e t ,  0^» L+S+...........................................  153

37 Time on T a r g e t ,  0_^, L + S ^ .........................................  155

38  Time on T a r g e t ,  0 , L S - .........................................  157
~ 3 fb

39 Time on T a r g e t ,  0 .  L S+........................................  159
—3 rb

1+0 Time on T a r g e t ,  0 ^ ,  L -S - ...........................................  l 6 l

1+1 Time on T a r g e t ,  0 ^ ,  L -S+...........................................  163

1+2 Time on T a r g e t ,  0. , L-S .........................................  165
— f b

1+3 Time on T a r g e t ,  0 ^ ,  L+S-...........................................  167

1+1+ Time on T a r g e t ,  0 ^ ,  L+-S+........................................   169

1+5 Time on T a r g e t ,  0 ^ ,............. ......................................... 171

1+6 Time on T a r g e t ,  2 l». L fbS- .........................................

1+7 Time on T a r g e t ,  ° V  Lfb S+........................................* 175

x iv



INTRODUCTION



2

I n s t r u c t i o n s  in  a  v a r i e ty  o f  p s y c h o p h y s ic a l ,  p h y s io lo g ic a l ,  

and p e r c e p tu a l  s tu d i e s  ( e .  g . dark  a d a p ta t io n  e x p e r im e n ts , r e t i n a l  

lo c u s  s t u d i e s ,  and p e r im e try )  t y p i c a l l y  d i r e c t  th e  s u b je c t  (0 ) t o  

lo o k  a t  a  s p e c i f i e d  t a r g e t  and t o  m a in ta in  th e  f i x a t i o n  d u r in g  

each  t r i a l  u n t i l  e x p o su re  o f  th e  c r i t i c a l  v i s u a l  stimulus-*- i s  

c o m p le te . I m p l i c i t  i n  d a ta  t r e a tm e n t  and a n a ly s i s  i s  th e  assum ption  

t h a t  0_ i s  c a p a b le  o f  h o ld in g  th e  p r o je c t io n  o f  th e  c e n te r  o f  th e  

f i x a t i o n  s p o t  on th e  c e n te r  o f  th e  fo v ea  o r  some o th e r  s p e c i f i e d  

r e t i n a l  p o in t  w i th o u t  i n t e r r u p t i o n  f o r  th e  r e q u i r e d  p e r io d  

(R ig g s , A rm ing ton , and R a t l i f f ,  195*+> p .  3 1 5 ).

The s p e c i f i c a t i o n  o f  th e  ocu lom oto r e v e n ts  t h a t  fo llo w  upon 

i n s t r u c t i o n s  t o  f i x a t e  have  in f r e q u e n t ly  b een  s u b je c te d  t o  

e x p e r im e n ta l  s c r u t i n y .  T hat such  an e x a m in a tio n  i s  c a l l e d  fo r  

i s  s u g g e s te d  by th e  e a r l y  d a ta  o f  G u ilfo rd  and  Hackman (1 9 3 6 ).

They m o n ito re d  eye p o s i t i o n  p h o to g ra p h ic a l ly  b e f o r e ,  d u r in g , and 

a f t e r  t a c h i s to s c o p ic  ex p o su re  and found a  s i g n i f i c a n t  number o f  

d e v ia t io n s  from  f i x a t i o n  d u r in g  th e  f i x a t io n  i n t e r v a l .

S in c e  t h a t  t im e ,  a  number o f  i n v e s t i g a t o r s  (a s  sum m arized 

by D itc h b u rn  and F o le y - F i s h e r , 1 9 6 7 ) have m easu red  th e  m agnitude

■ ''C r it ic a l  v i s u a l  s tim u lu s  i s  u sed  t o  d e n o te  a  t a r g e t  t o  be 

d i s c r im in a te d  by 0_. The te rm  i s  u sed  to  a v o id  c o n fu s io n  w ith  

f i x a t i o n  s t im u lu s ,  and no s p e c i a l  s t a t u s  s h o u ld  b e  i n f e r r e d .
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o f  eye  movements w hich  o c c u r  d u r in g  m onoculus f i x a t i o n .  T hree  

ty p e s  o f  movements have  b een  n o te d :  t r e m o r ,  d r i f t ,  and m ic ro -  

s a c c a d e s .  C a re fu l  e x a m in a tio n  o f  p u b l is h e d  r e c o rd s  r e v e a l  in s ta n c e s  

o f  s i n g l e  eye movements i n  e x c e s s  o f  1° d u r in g  f i x a t i o n  (F ig u re  1 ) .  

More commonly h o w ev er, m edian  s a c c a d e  a m p litu d e s  o f  U .5 ' a rc  

( ra n g e  1 - 5 0 ' a r c )  and m edian  d r i f t  a m p litu d e s  o f  2 . 5 ' a r c  have 

been  r e p o r te d .  T hese a m p litu d e s  r e f l e c t  th e  m agnitude  o f  

i n d iv i d u a l  eye movements d u r in g  f i x a t i o n ;  th e y  a re  n o t m easu res  o f  

th e  m agn itude  o f  d e v ia t io n  from  t h e  c e n te r  o f  th e  f i x a t io n  s p o t .  

Though each  i n d iv i d u a l  ey e  movement d u r in g  f i x a t i o n  may b e  

r e l a t i v e l y  s m a l l ,  th e  c u m u la tiv e  e f f e c t  o f  c o n tig u o u s  movements 

in  t h e  same d i r e c t i o n  may b e  l a r g e .

R e c e n tly ,  Y arbus ( 1 9 6 7 ) h a s  exam ined  o cu lo m o to r e v e n ts  

d u r in g  i n s t r u c t i o n s  t o  f i x a t e  a  s p e c i f i e d  p o in t  (p resum ab ly  

m o n o c u la r ly ) .  H is d a ta  w ere  o b ta in e d  by  r e f l e c t i n g  a  l i g h t  

beam from  a  s u c t io n  cap  a t t a c h e d  t o  th e  eye o n to  s t a t i o n a r y  

p h o to s e n s i t i v e  p a p e r . The c a p , l i k e  th e  c o n ta c t  le n s  u se d  i n  

s t a b i l i z e d  im age s tu d i e s  ( e .  g . R a t l i f f  and R ig g s , 1950) moved 

w ith  th e  e y e . A lthough t h e r e  i s  a  c e r t a i n  amount o f  s l ip p a g e  

o f  b o th  c o n ta c t  l e n s e s  and s u c t io n  c a p s ,  t h i s  s l ip p a g e  i s  

in t r o d u c e d  d u r in g  s a c c a d ic  jumps w h ich  a re  g r e a t e r  th a n  5 °

(Y oung, 1 9 6 3 ). T h u s, i n  Y a rb u s ' r e c o r d ,  w here t h e r e  w ere no 

s a c c a d ic  jumps g r e a t e r  th a n  5° ,  t h e  r e c o r d  r e f l e c t e d  th e
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F ig . 1 . An exam ple o f  eye movements r e c o rd e d  d u r in g  

m onocu lar f i x a t i o n .  The l a r g e  d e f l e c t i o n  in  a r e p r e s e n t s  

a  d r i f t  w hich  changed  th e  p o s i t i o n  o f  th e  v i s u a l  a x is  by 

more th a n  1 ° . R e p r in te d  from  B a rlo w , H. B . . J o u r n a l  o f  

P h y s io lo g y , 19 5 2 , 1 1 6 , 2 90 -306 .
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s p a t i a l  p o s i t i o n s  v iew ed  by any g iv e n  r e t i n a l  e lem en t o v e r some 

p e r io d  o f  t im e . The r e c o rd s  showed a  la r g e  num ber o f  d r i f t s ;  

t h e  c u m u la tiv e  e f f e c t  o f  t h e s e  d r i f t s  was to  move th e  eye as 

much as 1 - 1 / 2 ° from  f i x a t i o n  d u r in g  a  60  s e c .  p e r io d  u n d er 

i n s t r u c t i o n s  t o  f i x a t e .  F ig u re  2 ( a s  re p ro d u c e d  from Y arb u s,

1967 , p . 107) shows t h a t ,  as th e  d u r a t io n  o f  th e  f i x a t i o n  i n t e r v a l  

i n c r e a s e d ,  any g iv e n  r e t i n a l  e lem en t v iew ed an in c r e a s in g  s p a t i a l  

a r e a .  T h is  l a r g e  c u m u la tiv e  e f f e c t  o f  eye movements d u r in g  

f i x a t i o n  may make i n v a l i d  t h e  a ssu m p tio n  t h a t  i n s t r u c t e d  f i x a t i o n  

in  an u n in te r r u p te d  e v e n t.

V io la t io n s  o f  th e  assu m p tio n  o f  c o n t in u i ty  o f  a c c u ra te  

f i x a t i o n  a r e  im p o r ta n t  ( l )  b e c a u se  o c u lo m o to r  a c t i v i t y  and 

v i s u a l  s e n s i t i v i t y  have been  shown t o  be r e l a t e d  ( R a t l i f f  

and R ig g s , 1950 ; R ig g s , R a t l i f f ,  C ornsw eet and C o m sw e e t, 1953; 

Volkm ann, 1962; Volkm ann, S c h ic k , and R ig g s , 1 9 6 8 ) , and (2 ) 

b e c a u se  f i x a t i o n  s t a b i l i t y  i s  r e q u i r e d  i n  th o s e  e x p e rim e n ts  i n  

w h ich  r e t i n a l  lo c u s  o f  th e  s t im u lu s  i s  s p e c i f i e d  ( e .  g . H e c h t,

H a ig , and W ald, 1 9 3 5 ).

The r e l a t i o n s h i p  betw een  v i s u a l  s e n s i t i v i t y  and o cu lo m o to r 

a c t i v i t y  ( e x p r e s s e d  as th e  in s ta n ta n e o u s  a c c e l e r a t i o n  o f  th e  

im age on th e  r e t i n a )  i s  com plex , b u t  i t  p ro b a b ly  i s  b e s t  

d e s c r ib e d  by  an i n v e r t e d  U fu n c t io n  (F ig u re  3 ) .  On th e  one 

h a n d , when t h e  r e t i n a l  e f f e c t  o f  eye movements i s  e l im in a te d  th ro u g h
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F ig . 2 . The s p a t i a l  e x te n t  o f  d r i f t  eye movements 

d u r in g  m onocu lar f i x a t i o n  o f  a  s t a t i o n a r y  p o in t .  Record 

si shows movements d u r in g  10  s e c .  f i x a t i o n ,  r e c o rd  b_ shows 

movements d u r in g  30 s e c .  f i x a t i o n ,  and r e c o r d  c_ shows move­

m ents d u r in g  60 s e c .  f i x a t i o n .  The a r e a  v iew ed by a s in g le  

r e t i n a l  e lem en t ex ceeded  1° in  60 s e c . .  R e p r in te d  from 

Y arb u s , A. L . . Eye Movements and V is io n . New York:

P lenum , 1967-
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F ig . 3. The h y p o th e t i c a l  r e l a t i o n s h i p  b e tw een  o cu lo m o to r 

a c t i v i t y  and v i s u a l  s e n s i t i v i t y .  O culom otor a c t i v i t y  i s  e x p re s s e d  

as t h e  in s ta n ta n e o u s  a c c e l e r a t i o n  o f  th e  im age on th e  r e t i n a .

For a  s t a b i l i z e d  im age, th e  a c c e l e r a t i o n  o f  th e  image on th e  r e t i n a  

i s  z e ro .  The sh ap e  o f  th e  f u n c t io n  (n o rm a l, skewed) i s  

a r b i t r a r y .
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th e  u se  o f  s t a b i l i z e d  im age te c h n iq u e ,  v i s u a l  s e n s i t i v i t y  i s  

d e p re s s e d  ( R a t l i f f  and R ig g s , 1950 ; R ig g s , R a t l i f f ,  C ornsw eet 

and C o rn sw ee t, 1 9 5 3 ). In  th e s e  s t a b i l i z e d  r e t i n a l  im age 

s t u d i e s ,  th e  t a r g e t  was r e f l e c t e d  o n to  a  p la n e  m ir r o r  from  a  

m ir r o r  im bedded i n  a  t i g h t - f i t t i n g  s c l e r a l  c o n ta c t  le n s  and 

th e n  th ro u g h  an o p t i c a l  co m p en sa tio n  sy s tem  o n to  th e  r e t i n a .

The d i s t a n c e  from  th e  p la n e  m ir ro r  t o  th e  eye  was e x a c t ly  

tw ic e  t h a t  from  th e  le n s  m ir ro r  t o  th e  p la n e  m ir r o r ;  t h u s , th e  

a n g le  th ro u g h  w hich  th e  t a r g e t  moved on th e  r e t i n a  was 

e x a c t ly  e q u a l t o  th e  a n g le  th ro u g h  w hich th e  eye moved. When 

e x p o su re  d u r a t io n  ex ceeded  a  few s e c o n d s , Os r e p o r te d  t h a t  th e s e  

s t a b i l i z e d  r e t i n a l  im ages fa d e d . The i n t e r p r e t a t i o n  t h a t  

d is a p p e a ra n c e  o f  s t a b i l i z e d  im ages i s  r e l a t e d  t o  d e p re s s io n  o f  

v i s u a l  s e n s i t i v i t y  i s  b e s t  s u p p o r te d  by  th o s e  s tu d i e s  w hich  showed 

t h a t  m o d u la tin g  th e  i n t e n s i t y  o f  t h e  s t a b i l i z e d  im age ( e .g .  

f l i c k e r i n g )  w i th o u t  m oving th e  im a g e , ca u se d  th e  im age t o  r e - a p p e a r  

(C o rn sw e e t, 1956; D itc h b u m  and F e n d e r , 1 9 5 5 ). H ence , changes i n  

th e  i n t e n s i t y  f a l l i n g  on any r e t i n a l  u n i t  o r  i n  th e  lo c u s  o f  

th e  r e t i n a l  im age seem t o  a id  i n  p r e s e r v in g  v i s u a l  s e n s i t i v i t y .  

These changes a r e  b ro u g h t ab o u t by  n a t u r a l l y  o c c u r r in g  s m a ll  eye 

movements and a re  p re v e n te d  by s t a b i l i z a t i o n  o f  th e  r e t i n a l  

im age. On th e  o th e r  h a n d , when th e  r e t i n a l  e f f e c t  o f  eye move­

m ents i s  p r e s e rv e d  and 0_ i s  i n s t r u c t e d  to  move h i s  eye from
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one f i x a t i o n  p o in t  t o  a n o th e r ,  (a )  changes in  i n t e n s i t y  on 

th e  r e t i n a  o c c u r  r a p i d l y ,  (b ) th e  r e t i n a l  image i s  moved o v e r 

a  r e l a t i v e l y  g r e a t  d i s t a n c e ,  and (c )  v i s u a l  s e n s i t i v i t y  

i s  s e v e r e ly  d e p re s s e d . T h is  phenomenon i s  known as s a c c a d ic  

s u p p re s s io n  ( H o l t ,  1903 ; L a to u r , 1968; Volkmann, 1962; Volkmann, 

S c h ic k , and R ig g s , 1968 ; Z u b e r, M ic h a e l, and S t a r k ,  1961+).

Volkmann ( 1 9 6 2 ) o b ta in e d  th re s h o ld s  fo r  d e te c t io n  o f  f o v e a l ly  

p r e s e n te d  d o t d is p la y s  and r e s o lu t io n  o f  fo v e a l ly  p r e s e n te d  g r a t i n g  

d is p la y s  b o th  d u r in g  i n s t r u c t e d  f i x a t io n  and i n s t r u c t e d  s a c c a d e s .  

T h re sh o ld s  d u r in g  sa c c a d e s  w ere found  t o  be o n e - h a l f  lo g  u n i t  

h ig h e r  th a n  th r e s h o ld s  d u r in g  f i x a t i o n .  Volkmann e t .  a l .  (1968) 

v a r i e d  th e  i n t e r v a l  betw een  th e  o n s e t  o f  a  s i g n a l  to  e x e c u te  a 

s a c c a d e  and th e  o n s e t  o f  a  t a r g e t .  0_ i n d i c a t e d ,  f o r  each  i n ­

s t r u c t e d  s a c c a d e , w h e th e r  o r  n o t th e  t a r g e t  h a d  b e e n  p r e s e n te d .

P o s t  s e s s io n  a n a ly s i s  o f  f i lm  re c o rd s  showing b o th  eye p o s i t i o n  and 

th e  t a r g e t  su p e rim p o sed  on th e  eye p o s i t i o n ,  r e v e a le d  th e  p r e c i s e  

te m p o ra l r e l a t i o n s h i p  betw een  th e  b e g in n in g  o f  th e  sa cc a d e  and th e  

o n s e t  o f  th e  t a r g e t .  P e rc e n t  o f  f la s h e s  d e te c te d  was e x p re s s e d  

as a  fu n c t io n  o f  th e  i n t e r v a l  be tw een  o n se t o f  t a r g e t  and s a c c a d e . 

The tim e  c o u rse  o f  s a c c a d ic  s u p p re s s io n  th u s  o b ta in e d  i s  shown in  

F ig u re  1+. U sing  a  c r i t e r i o n  o f  30% v i s u a l  s e n s i t i v i t y ,  th e  

d e c re a s e  in  v i s u a l  s e n s i t i v i t y  p rec e e d ed  th e  o n s e t  o f  t h e  sa cc a d e  

by  30 m sec, and e x te n d e d  a t  l e a s t  100  m sec, beyond  th e  b e g in n in g
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F ig . h. The tim e  c o u rs e  o f  s a c c a d ic  s u p p re s s io n .  

A veraged  d a ta  from  t h r e e  f l s . Redrawn from  Volkm ann, S c h ic k , 

and R ig g s . J o u r n a l  o f  t h e  O p t ic a l  S o c ie ty  o f  A m erica , 1968 , 

58 , 562-569 .
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o f  th e  s a c c a d e . Thus e x e c u tio n  o f  u n d e te c te d  s a c c a d e s  d u r in g  

t h e  f i x a t i o n  i n t e r v a l  may a r t i f i c i a l l y  r a i s e  t h r e s h o ld  m easu res 

o b ta in e d  i n  p s y c h o p h y s ic a l  i n v e s t i g a t i o n s .  How much th r e s h o ld s  

w i l l  be r a i s e d  depends on th e  te m p o ra l  r e l a t i o n s h i p  b e tw een  th e  

o n s e t  o f  s t im u la t io n  and th e  b e g in n in g  o f  s a c c a d e s  w hich  e i t h e r  

p re c e e d  o r  fo llo w  s tim u lu s  p r e s e n t a t i o n .

In  sum m ary, b o th  s t a b i l i z a t i o n  and s a c c a d ic  movement 

d e p re s s  v i s u a l  s e n s i t i v i t y .  The p ro p o se d  r e l a t i o n s h i p  betw een  

o c u lo m o to r  a c t i v i t y  and v i s u a l  s e n s i t i v i t y  was shown in  F ig u re  3 , 

w here o cu lo m o to r a c t i v i t y  i s  e x p re s s e d  i n  term s o f  a c c e l e r a t i o n  

o f  th e  im age on th e  r e t i n a .  T ha t v i s u a l  s e n s i t i v i t y  i s  a  fu n c t io n  

o f  a c c e l e r a t i o n  and n o t  v e lo c i ty  i s  s u g g e s te d  by t h e  o b s e rv a t io n  

t h a t  c o n s ta n t  v e lo c i ty  eye movements ( e .g .  t r a c k in g )  do n o t 

r e s u l t  in  s u p p re s s io n  o f  v i s u a l  s e n s i t i v i t y .  I t  a p p e a rs  

t h a t  s t a b i l i z a t i o n  d e p re s s e s  v i s u a l  s e n s i t i v i t y  by  d e c re a s in g  

th e  r a t e  o f  change in  p o s i t i o n  o f  th e  image on th e  r e t i n a  t o  z e ro ,  

w hereas  s a c c a d ic  movements p resum ab ly  d e p re s s  s e n s i t i v i t y  b o th  

by i n c r e a s in g  r a t e  o f  change t o  a  l e v e l  so  h ig h  t h a t  th e  v i s u a l  

sy s te m  m o m en ta rily  i s  u n a b le  t o  p ro c e s s  th e  incom ing  in fo rm a ­

t i o n ,  and by s im u l ta n e o u s ly  s i g n a l l i n g  th e  sy s tem  (more 

c e n t r a l l y )  t h a t  th e  eye i s  m oving. Thus v i s u a l  s e n s i t i v i t y  

a p p e a rs  t o  be  in f lu e n c e d  by r a t e  o f  ch an g e , and i t  i s  bounded  

on b o th  e x tre m e s . E v id en ce  t o  s u p p o r t  t h i s  p o in t  o f  view  i s  

p ro v id e d  by  E n ro th -C u g e ll  and  Jo n es  (1 9 6 3 ). They r e c o rd e d
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e x t r a - c e l l u l a r l y  from  c a t  r e t i n a l  g a n g lio n  c e l l s  w h i le  v a ry in g  

th e  r a t e  o f  change o f  th e  s t im u lu s  i n t e n s i t y .  " In  some 

u n i t s  th e  im p u lse  fre q u e n c y  o f  t h e  re s p o n s e  was m axim al f o r  

in te r m e d ia te  r a t e s  o f  change o f  s t im u lu s  i n t e n s i t y  and 

e s s e n t i a l l y  no change in  fre q u e n c y  o c c u rre d  f o r  f a s t e r  o r  s lo w e r  

ram ps. T h is  was o b se rv e d  b o th  a t  on and a t  o f f "  ( E n ro th -C u g e l l  

and J o n e s ,  1 9 6 3 , p .  9 0 7 ) . T h is  e v id e n c e  le a d s  t o  th e  

s u g g e s t io n  t h a t  s tu d i e s  in v o lv in g  m easu res  o f  v i s u a l  s e n s i t i v i t y  

s h o u ld  b e  c o n d u c te d  u n d e r c o n d i t io n s  w here o cu lo m o to r a c t i v i t y  

i s  c o n s ta n t  and s u f f i c i e n t  t o  p r e s e r v e  o p tim a l v i s u a l  s e n s i t i v i t y  

I f  o cu lo m o to r a c t i v i t y  i s  n o t  c o n s ta n t  u n d e r  th e  d i f f e r e n t  e x p e r i  

m e n ta l c o n d i t io n s ,  and i f  th e  e x p e rim e n t i s  n o t c o n c e rn e d  w ith  

e lu c i d a t i n g  th e  d i f f e r e n c e s  i n  v i s u a l  s e n s i t i v i t y  w h ich  accompany 

d i f f e r e n c e s  i n  o cu lo m o to r a c t i v i t y ,  th e n  th e  e x p e r im e n te r  (E) 

i s  l e f t  w ith  th e  u n c o m fo rta b le  t a s k  o f  d e c id in g  w h e th e r  t h e  

changes i n  v i s u a l  s e n s i t i v i t y  o b se rv e d  w ere  c a u se d  d i r e c t l y  

by h i s  m a n ip u la t io n s  o r  i n d i r e c t l y  by s a c c a d ic  s u p p r e s s io n .

F ix a t io n  s t a b i l i t y  i s  a l s o  an i m p l i c i t  r e q u ire m e n t  when E 

w ish e s  t o  s p e c i f y  th e  r e t i n a l  lo c u s  o f  th e  c r i t i c a l  v i s u a l  

s t im u lu s .  U s u a l ly ,  0> i s  p r e s e n te d  w ith  a  f i x a t i o n  m ark e r  a t  

a  known d i s t a n c e ,  and th e n  on th e  a ssu m p tio n  t h a t  th e  p r o ­

j e c t i o n  o f  th e  c e n te r  o f  th e  f i x a t i o n  s p o t  i s  on th e  c e n te r  o f  

t h e  fo v ea  o r  some o th e r  s p e c i f i e d  r e t i n a l  p o i n t ,  a  v i s u a l
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s tim u lu s  i s  p r e s e n te d  in  some s p a t i a l  r e l a t i o n s h i p  t o  th e  

f i x a t io n  m a rk e r. I f  0 's  eye m oves, th e  p r o j e c t i o n  l o c i  on th e  

r e t i n a  o f  b o th  th e  f i x a t i o n  m ark er and  th e  v i s u a l  s t im u lu s  

w i l l  b e  i n c o r r e c t  r e l a t i v e  t o  t h a t  s p e c i f i e d  by  E_, though  

th e  d i s t a n c e  betw een  th e  f i x a t i o n  m ark e r and  t h e  s t im u lu s  

rem ai ns c ons t  a n t .

As an i l l u s t r a t i o n ,  su p p o se  E a n a ly s e s  th e  c o n d it io n s  

n e c e s s a ry  t o  a s s u re  a c c u ra c y  o f  th e  s ta te m e n t :  "a  1° t e s t  

f l a s h  was p r e s e n te d  to  th e  f o v e a ."  T h is  exam ple i s  n o t 

a r b i t r a r y ;  th e  ex p e rim e n t d e s c r ib e d  i n  t h i s  r e p o r t  d e r iv e d  

from  c o n s id e r a t io n  o f  t h i s  s ta te m e n t .  I n  o r d e r  t o  a s s u re  

ac cu ra cy  o f  r e t i n a l  lo c u s  o f  s t i m u l a t i o n ,  i t  i s  n e c e s s a ry  

to  g u a ra n te e  t h a t  (D f i x a t e s  f o v e a l ly  and w ith o u t  i n t e r r u p t i o n  

a  ( e .  g . 1 8 ' a r c )  t a r g e t  whose c e n te r  i s  p r o je c te d  o n to  th e  

c e n te r  o f  t h e  fo v e a . U nder t h e s e  c o n d i t io n s ,  a  1° t e s t  

f l a s h ,  p r e s e n te d  so  t h a t  i t s  c e n te r  i s  a ls o  p r o je c te d  on th e  

c e n te r  o f  th e  fo v e a ,  f a l l s  t o t a l l y  w i th in  t h e  fo v e a . F ig u re  5 

shows th e  fo v e a  in  some assum ed p o s i t i o n  w ith  a  f i x a t i o n  

sp o t and a  r e p r e s e n t a t i o n  o f  th e  t e s t  f l a s h  c e n te re d  on i t .

In  t h i s  p o s i t i o n ,  (D a c c u r a te ly  f i x a t e s  th e  f i x a t i o n  s p o t .

A lso  shown i s  a  new p o s i t i o n  f o r  th e  fo v e a ,  fo llo w in g  a  2h'  

a rc  eye movement to  th e  l e f t .  I n  t h i s  p o s i t i o n ,  i t  i s  s t i l l  

t r u e  t h a t  th e  s t im u lu s  f l a s h  i s  t o t a l l y  on th e  fo v e a . Any more
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F ig . 5 . Fovea drawn t o  s c a l e  in  an o r i g i n a l l y  s p e c i f i e d  

p o s i t i o n  and fo llo w in g  a  2 k 1 a rc  eye movement t o  th e  l e f t .  

P r o je c te d  o n to  th e  c e n te r  o f  th e  fo v e a  i n  th e  o r i g i n a l  p o s i t i o n  

i s  an 1 8 ' a r c  d ia m e te r  f i x a t i o n  s p o t ,  a  U81 a rc  d ia m e te r  a r e a  

s p e c i f y in g  th e  l i m i t s  o f  a c c e p ta b le  f i x a t i o n ,  and a  1° a rc  

d ia m e te r  t e s t  f l a s h .  F o llo w in g  th e  2 k '  a rc  movement t o  th e  

l e f t ,  th e  1° t e s t  f l a s h  i s  s t i l l  t o t a l l y  w i th in  th e  fo v e a . 

F o v e a l d ia m e te r  i s  assum ed t o  h e  2 ° .



EYE TO LIM IT \ r  
OF FIXATION A

24'movement
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th a n  6 '  a rc  a d d i t i o n a l  movement t o  th e  l e f t  would r e s u l t  in  

some p o r t io n  o f  th e  s t im u lu s  f l a s h  b e in g  o f f  th e  f o v e a .  Thus 

p r e s e n ta t io n  o f  a  1" t e s t  f l a s h  t o  th e  f o v e a  i s  a s s u r e d  on ly  

when th e  r e t i n a l  p r o je c t i o n  o f  th e  c e n te r  o f  th e  f i x a t i o n  s p o t  

i s  w i th in  3 0 ' a r c  o f  th e  c e n te r  o f  th e  fo v e a .  C om pensation 

fo r  e r r o r s  i n  a lig n m e n t i s  p ro v id e d  i f  t h i s  c a lc u la t e d  r a d iu s  i s  

red u c e d  by 20# t o  2k '  a r c .

S t a b i l i z e d  image te c h n iq u e  i s  a  f i r s t  a p p ro x im atio n  

to w a rd  s o lu t i o n  o f  th e  p rob lem  o f  o p e r a t io n a l ly  a s s u r in g  

a c c u ra c y  o f  r e t i n a l  lo c u s  o f  s t im u la t io n .  I f  th e  s t im u lu s  i s  

a t t a c h e d  to  t h e  c o n ta c t  l e n s ,  t h e  r e t i n a l  lo c u s  o f  s t im u la t i o n  

rem ains  c o n s ta n t  i n  s p i t e  o f  eye movements (+  e r r o r  due to  

s l ip p a g e  o f  t h e  le n s  when th e  eye e x e cu te s  saccades  g r e a t e r  

th a n  5 ° ) .  I f  t h e  s t a b i l i z a t i o n  te c h n iq u e  u se d  in v o lv e s  a 

com pensa ting  o p t i c a l  sy s te m  (R ig g s , R a t l i f f ,  C o rnsw eet, and 

C ornsw eet, 1 9 5 3 ) ,  i t  i s  t h e o r e t i c a l l y  p o s s ib l e  to  

a s s u re  t h a t  t h e  f i x a t i o n  t a r g e t  a c tu a l ly  f a l l s  on ( e .  g .)  

th e  c e n te r  o f  t h e  fo v e a  and t h a t  s t im u la t io n  w i l l  b e  d e l iv e r e d  

to  some p r e c i s e  r e t i n a l  r e g io n .

A lthough  a s s u r in g  a c c u ra c y  o f  r e t i n a l  l o c i  in  s p i t e  o f  e y e  

m ovem ents, s t a b i l i z e d  im age te c h n iq u e  in tro d u c e d  a t  l e a s t  

two m a jo r  p ro b lem s i n to  v i s u a l  s e n s i t i v i t y  and p e r c e p tu a l  

(e .  g . r e v e r s i b l e  f ig u r e )  e x p e rim e n ts : ( l )  th e  r a t e  o f  change 

o f  t h e  p o s i t i o n  o f  th e  im age on t h e  r e t i n a  i s  so low t h a t  th e
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im age has a  te n d e n c y  t o  fad e  on p ro lo n g e d  ( i .  e .  a  few s e c . )  

e x p o s u re , and  (2 ) o cu lo m o to r a c t i v i t y  i s  n o t  r e s t r i c t e d  by 

s t a b i l i z a t i o n .  F a i lu r e  o f  s t a b i l i z a t i o n  t o  r e s t r i c t  o cu lom o to r 

a c t i v i t y  assum es im p o rta n c e  b e c a u se  th e  lo c u s  f o r  s a c c a d ic  

s u p p re s s io n  may be  c e n t r a l  (Volkmann e t .  a l .  , 1 9 6 8 ). I f  th e  

lo c u s  fo r  s a c c a d ic  s u p p re s s io n  i s  c e n t r a l ,  s t a b i l i z a t i o n  may, 

by i t s  i n a b i l i t y  to  r e s t r i c t  o cu lo m o to r a c t i v i t y ,  n o t  o n ly  f a i l  

t o  e l im in a te  th e  r e d u c t io n  o f  v i s u a l  s e n s i t i v i t y  a s s o c ia te d  

w i th  s a c c a d e s ,  b u t  a l s o  adds t o  t h i s  r e d u c t io n  a  r e t i n a l  c o n t r i ­

b u t io n .  C o n se q u e n tly , i t  i s  o f  some im p o rta n c e  t h a t  a  te c h n iq u e  

be d e v e lo p e d  w hich ( l )  a s s u re s  t h a t  s t im u l i  w i l l  be p r e s e n te d  

o n ly  when 0_ h a s  met E_'s f i x a t i o n  re q u ire m e n ts  b o th  s p a t i a l l y  

and  te m p o ra l ly  and (2 ) r e s t r i c t s  o cu lo m o to r a c t i v i t y  to  th e  

r a n g e  r e q u i r e d  to  a s s u r e  o p tim a l v i s u a l  s e n s i t i v i t y .

I n i t i a l l y ,  i t  was p lan n e d  t o  r e s t r i c t  o cu lom o to r a c t i v i t y  

d u r in g  f i x a t i o n  and t o  o b se rv e  th e  e f f e c t  o f  such  r e s t r i c t i o n  

on d e te c t io n  t h r e s h o ld s .  A sy s tem  was d e s ig n e d  t o  m o n ito r  eye 

p o s i t i o n  and t o  t r i g g e r  s t im u l i  o n ly  when 0_ had  m et E 's  f i x a t i o n  

re q u ire m e n ts  b o th  s p a t i a l l y  and te m p o r a l ly .  P re lim in a ry  s tu d i e s  

r e v e a le d  t h a t  a lth o u g h  th e  sy s tem  f u n c t io n e d ,  0^was r a r e ly  

a b le  to  m a in ta in  s p a t i a l  a ccu racy  and te m p o ra l c o n t in u i ty  t o  a  

r e a s o n a b le  c r i t e r i o n .  Q u ite  by a c c id e n t ,  i t  was n o te d  t h a t  

o s c i l l o s c o p ic  d is p la y  o f  th e  f i x a t i o n  t r a n s d u c e r  o u tp u t -  d i s p la y
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v i s i b l e  t o  (^ im p ro v e d  f i x a t i o n  p e rfo rm a n c e . T hese o b s e rv a t io n s  

s u g g e s te d  t h a t  th e  a ssu m p tio n  o f  a c c u r a te  f i x a t i o n  as a  c o n tin u o u s  

e v e n t  n eeded  r e - e x a m in a t io n ,  and t h a t  th e  e f f e c t  o f  feed b ack  on 

f i x a t i o n  p e rfo rm a n c e  ough t t o  b e  i n v e s t i g a t e d .  The s tu d y  t o  be  

r e p o r t e d  was d e s ig n e d  ( l )  t o  exam ine th e  a ssu m p tio n  t h a t  £  k eeps 

t h e  p r o j e c t i o n  o f  th e  c e n te r  o f  t h e  f i x a t i o n  s p o t  on th e  c e n te r  

o f  some r e t i n a l  p o in t  (+ a llo w a b le  e r r o r )  th ro u g h o u t a  t r i a l ,

(2 )  t o  d e te rm in e  t h e  e f f e c t  o f  feed b ack  ( v i s u a l  a n d /o r  a u d i to r y )  

i n  im p ro v in g  0_'s f i x a t i o n  p e rfo rm a n c e , and (3 ) to  p ro v id e  a  

te c h n iq u e  t o  a s s u re  t h a t  v i s u a l  s t im u l i  a r e  p r e s e n te d  o n ly  

when 0_ h as  m et some s p e c i f i e d  s p a t i a l  and te m p o ra l  

f i x a t i o n  c r i t e r i o n .



METHOD AND APPARATUS
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E x p e rim e n ta l d e s ig n

A re p e a te d -m e a s u re s  d e s ig n  was u s e d  ( l )  t o  exam ine th e  

a ssu m p tio n  t h a t  a c c u r a te  f i x a t i o n  i s  a  c o n tin u o u s  e v e n t and 

(2 ) t o  a s s e s s  t h e  e f f e c t  o f  feed b ack  and p r a c t i c e  on f i x a t i o n  

p e rfo rm a n c e .

F ix a t io n  was o b se rv e d  in  dim l i g h t  ( c l e a r l y  p h o to p ic )  

u n d e r  n in e  f i x a t i o n  c o n d i t i o n s . Four o f  th e  c o n d it io n s  p ro v id e d  

feed b ack  (FB) r e g a r d in g  a c c u ra c y  o f  f i x a t i o n  and fo u r  o f  th e  

c o n d it io n s  p ro v id e d  no such  feed b ack  (NFB). The n i n th  c o n d i t io n  

p ro v id e d  fee d b a c k  in  two m o d a l i t i e s .

The n in e  f i x a t i o n  c o n d it io n s  w ere  d e r iv e d  by m a n ip u la t in g  

th e  i l l u m i n a t i o n  o f  th e  f i x a t i o n  t a r g e t  and th e  p re s e n c e  o f  

an a u d i to r y  s i g n a l .  The f i x a t i o n  s p o t ,  a  l i g h t  e m i t t in g  

d io d e  (LED) c o u ld  b e  (a )  c o n tin u o u s ly  o f f ,  i n  w hich c a s e  i t  

a p p e a re d  b l a c k ,  (b )  c o n tin u o u s ly  o n , in  w hich  c a se  i t  a p p e a re d  

r e d ,  o r  (c )  i n t e r m i t t e n t l y  o n , w ith  i l l u m i n a t i o n  c o n tin g e n t  

upon 0^b e in g  on f i x a t i o n .  Sound, a  2600 Hz (n o m in a l fre q u e n c y )  

t o n e ,  c o u ld  b e  (a )  o f f  th ro u g h o u t th e  t r i a l ,  (b ) on th ro u g h o u t 

th e  t r i a l ,  o r  ( c )  i n t e r m i t t e n t l y  o n , w i th  p re s e n c e  b e in g  

c o n tin g e n t  upon 0̂  b e in g  on f i x a t i o n .  Each c o n d it io n  o f  

l i g h t  was p a i r e d  w ith  each  c o n d it io n  o f  sound . The n in e  f i x a t i o n  

c o n d it io n s  a re  shown in  T a b le  1 .

Each 0_ was ru n  th ro u g h  th e  s e r i e s  o f  f i x a t i o n  c o n d it io n s  

once on each  o f  f o u r  c o n s e c u tiv e  d a y s . The o r d e r  o f  p r e s e n t a t io n
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T ab le  1 

The F ix a t io n  C o n d itio n s

I l lu m in a t io n  o f  

F ix a t io n  T a rg e t

Auditory-

S ig n a l

Symbol

o f f

o f f

o f f

on

on

on

fee d b a c k  (FB) 

feed b ack  (FB) 

feed b ack  (FB)

o f f

on

feed b ack  (FB)

o f f

on

feed b ack  (FB)

o f f

on

feed b ack

L-S-

L-S+

L - S fb

L+S-

L+S+

L+S
fb

L f b S -

L f b S +

Lfb Sfb (a )

The double  feed b ack  c o n d i t io n  was used  

f o r  c a l i b r a t i o n .  I t  was t h e r e f o r e  e l im in a te d  

from  al 1 a n a ly s e s  in  w h ich  th e  e f f e c t  o f  feedback  

was e v a lu a te d .
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o f  c o n d it io n s  was random ized .

S u b je c ts

T hree  g r a d u a te  s tu d e n t s  a t  Queens C o llege  o f  th e  C ity  

U n iv e r s i ty  o f  New York s e r v e d  as v o lu n te e r  o b s e r v e r s .  A l l  

Os h a d  20 /20  S n e l le n  s c o r e s ,  no rm al c o lo r  v i s i o n ,  and no 

m ea su rab le  a s tig m a tis m .

P ro c ed u re

A l im b a l  r e f l e c t i o n  te c h n iq u e  was used  t o  d e t e c t  w h e th e r  

0_ v iew ed c o n tin u o u s ly  f o r  90 s e c . and  w ith  t h e  same p a r t  o f  

h i s  r e t i n a  a  s p o t  s u b te n d in g  1 8 ' a r c  p re s e n te d  1 .8 3  m. from  

h i s  l e f t  eye i n  th e  f r o n t o p a r a l l e l  p la n e .  0_'s r i g h t  eye was 

o c c lu d e d  and h i s  head  was s t a b i l i z e d  on a b i t e  b o a r d ,  c h in  

r e s t ,  and h e a d  r e s t .  The b i t e  b o a rd  assem bly an d  th e  c h in  

and h e a d  r e s t  assem bly  w ere  each a d ju s ta b le  a lo n g  th e  X, Y , and 

Z a x e s . 0 was p o s i t io n e d  and  i n s t r u c t e d  and t h e  system  

was c a l i b r a t e d .  E th en  s e t  th e  to n e  and l i g h t  c o n d i t io n ,  

c a l l e d  " r e a d y " ,  c le a re d  t h e  sy s te m , and began t h e  t r i a l .  The 

i n t e r v a l  b e tw een  th e  end o f  c a l i b r a t i o n  and s t a r t  o f  t r i a l  was 

g iv e  s e c .

I n s t r u c t i o n s  to  s u b j e c t s .  —  "You a re  t o  f i x a t e  th e  

f i x a t i o n  s p o t  w i th  y o u r l e f t  ey e . Your r ig h t  e y e  w i l l  b e  

c o v e re d  and y o u  w i l l  be s t a b i l i z e d  on a b i t e  b o a r d ,  ch in  

r e s t ,  and  head  r e s t .  Your ta s k  i s  t o  f ix a t e  t h e  s p o t  as 

a c c u r a te ly  as p o s s ib l e  d u r in g  th e  e n t i r e  t r i a l .  The t r i a l
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w i l l  l a s t  90 s e c .

"Som etim es th e  f i x a t i o n  s p o t  w i l l  h e  s e l f - i l l u m i n a t e d  

( re d )  th ro u g h o u t th e  t r i a l .  Som etim es th e  f i x a t i o n  s p o t w i l l  

be u n i l lu m in a te d  th ro u g h o u t th e  t r i a l .  I f  i t  i s  u n i l lu m in a te d ,  

i t  w i l l  look  l i k e  a b la c k  d o t .  Som etim es th e  s p o t  w i l l  b e  

b o th  i l l u m in a te d  and u n i l lu m in a te d  in  th e  same t r i a l .  I f  

t h i s  i s  th e  c a s e ,  then  i l l u m i n a t i o n  a c c u r a te ly  r e f l e c t s  y o u r  

f i x a t i o n  p e rfo rm an ce . I n  o th e r  w o rd s , t h e  s p o t  w i l l  be i l lu m in a te d  

when y o u  a re  on f i x a t i o n ,  and i t  w i l l  be  u n i l lu m in a te d  when 

you a r e  o f f  f i x a t i o n .

"T here  w i l l  a lso  b e  th r e e  c o n d it io n s  o f  to n e :  n ev er

on , i n t e r m i t t e n t l y  on , an d  alw ays on. A gain  in te r m i t t e n c y  

w i l l  a c c u r a te ly  r e f l e c t  y o u r  p e rfo rm a n c e : th e  to n e  w i l l  be  

on when you a r e  on f i x a t i o n  and t h e  to n e  w i l l  b e  o f f  when 

you a r e  o f f  f i x a t i o n .  E ach to n e  c o n d i t io n  w i l l  b e  p a ir e d  

w ith  e a ch  i l lu m in a t io n  c o n d i t io n .  You w i l l  be  c a l i b r a t e d  

to  'o n  f i x a t i o n '  b e fo re  each  t r i a l ,  and each  t r i a l  w i l l  

b e g in  w i th  a 'r e a d y ' c a l l  from t h e  e x p e r im e n te r ."

A p p ara tu s

O p t ic s . —  L igh t from  a 12 v o l t  d i r e c t  c u rre n d  (VDC)

h e l i c a l - f i l a m e n t  bu lb  was fo cu se d  on th e  l e f t  l a t e r a l  

l im b a l  ta n g e n t  o f  0 's  l e f t  e y e . The i n c i d e n t  a n g le  o f  th e  

l i g h t  beam  was su ch  t h a t  when 0_ was f i x a t i n g  th e  f ix a t io n  

s p o t ,  o r  any p o i n t  w ith  1 5 ' a rc  from  th e  s p o t 's  p e r im e te r ,
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th e  r e f l e c t e d  beam (fro m  th e  eye) was fo cu se d  on t h e  a c t i v e  

s u r f a c e  o f  a  s i l i c o n  a v a la n c h e  p h o to d e te c to r ^ .  The o p t i c a l  

a rrangem en t i s  shown i n  F ig u re  6 .

The f i la m e n t  was p la c e d  a t  th e  f o c a l  p la n e  o f  a  100 mm. 

f o c a l  le n g th  a c h ro m a tic  l e n s .  The le n s  t h e r e f o r e ,  s e rv e d  

t o  c o l l im a te  t h e  l i g h t .  C o ll im a tio n  s e rv e d  two p u rp o se s :

( l )  i t  a llo w e d  in t r o d u c t io n  o f  a  f i l t e r  and i r i s  such  t h a t  

th e s e  com ponents w ould n o t  a l t e r  th e  l i g h t  p a th  and  (2) i t  

p re v e n te d  th e  lo s s  o f  i n t e n s i t y  (as  w ou ld  o c cu r w i th  a n o n ­

c o ll im a te d  beam where i n t e n s i t y  f a l l s  o f f  w ith  t h e  sq u a re  

o f  th e  d i s t a n c e ) .  A no ther le n s  , o f  i d e n t i c a l  c h a r a c t e r i s t i c s ,  

was p la c e d  i n  th e  p a th  o f  th e  c o l l im a te d  beam 100 mm. from  th e  

l im b a l  s u r f a c e .  T h is  le n s  s e rv e d  to  form  an im age o f  th e  

f i la m e n t  on th e  lim bus . An i r i s  w ith  a  2 mm. o p e n in g  was p la c e d  

b e tw een  th e  two l e n s e s ,  as was a  rem ovable  Kodak W ratten  88 A 

( i n f r a - r e d )  f i l t e r .  The i r i s  r e s t r i c t e d  th e  s p o t  on th e  ey e  to  

th e  l im b u s , and th e  f i l t e r ,  w h ich  was i n s e r t e d  a f t e r  0 was 

a l ig n e d ,  made th e  l i g h t  beam e s s e n t i a l l y  i n v i s i b l e .

L ig h t from  th e  f i la m e n t  im age on t h e  lim bus was 

c o l l im a te d  by  a  t h i r d  100 mm. f o c a l  l e n g th  a c h ro m a tic  le n s  

and a n o th e r  image was form ed on th e  a c t i v e  s u r f a c e  o f  th e

2
The p h o to d e te c to r ,  lo a n e d  t o  th e  a u th o r  by  W. N.

S h a u n f ie ld  o f  Texas In s t ru m e n ts  , was a  p ro to ty p e  m odel.
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F ig . 6 . S c h e m a tic  o f  o p t i c a l  s y s te m , n o t to  s c a l e ,  

show ing in c id e n t  l i g h t  heam , r e f l e c t e d  l i g h t  beam , f i x a t io n  

a x i s ,  and o p t i c a l  com ponents.
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s i l i c o n  a v a la n c h e  p h o to d e te c to r  by a  fo u r th  100 mm. f o c a l  

l e n g th  a c h ro m a tic  l e n s .  The p h o to d e te c to r  was p o s i t io n e d  

so  t h a t  i t  was m axim ally  i l l u m in a te d  when 0_ v iew ed  th e  

c e n te r  o f  th e  f i x a t io n  s p o t .  I n t e n s i t y  o f  i l l u m i n a t i o n  on 

th e  p h o to d e te c to r  d e c re a s e d  in  an a n a lo g  f a s h io n  as 0̂  moved 

h i s  gaze  away from  th e  c e n t e r  o f  t h e  f i x a t io n  s p o t .

C a l ib r a t i o n .  — The p h o to tr a n s d u c e r  and i t s  a s s o c ia te d  

c i r c u i t r y  w ere a d ju s te d  t o  i n d ic a te  o n  w henever £  v iew ed 

any p o in t  w i th in  2 k '  a rc  from  th e  c e n t e r  o f  t h e  f i x a t i o n  s p o t ,  

and o f f  i f  0_ moved h is  g a z e  beyond t h e s e  l i m i t s .  C a l ib r a t io n  

was o b ta in e d  by  i n s t r u c t i n g  0_ t o  v i s u a l l y  t r a c k  a  p o i n t e r  

w hich was moved back  and f o r t h  b e tw een  two p o i n t s ,  each  

one o f  w hich was lo c a te d  2 k '  a rc  fro m  th e  c e n t e r  o f  t h e  

f i x a t i o n  s p o t .  The t r a n s d u c e r  was p o s i t io n e d  and  i t s  r e f e r e n c e  

v o l ta g e  a d ju s te d  such t h a t  when th e  p o i n t e r  ( a n d  p resum ab ly  

0_'s g a ze ) p a s s e d  th e  2k '  a r c  l im i t  o f  f i x a t io n  ( 9 '  a rc  

r a d iu s  o f  s p o t  + 15 a rc  a n n u lu s  o f  l i m i t )  th e  t r a n s d u c e r  

s i g n a l  i n d i c a t e d  0̂  was o f f  f i x a t i o n .  When t h e  p o in te r  and  

0 /s  gaze  w ere b ro u g h t b a c k  w ith in  t h e  l im i t s  o f  f i x a t i o n ,  th e  

t r a n s d u c e r  i n d ic a te d  on . The a d ju s tm e n t  was r e p e a te d  u n t i l  th e  

t r a n s d u c e r  s i g n a l  c o n s i s t e n t ly  changed  s t a t e  a t  th e  i n d ic a te d  

p o i n t .  0_ r e c e iv e d  fe e d b a c k  in  b o th  m o d a l i t i e s  ( l i g h t
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and sound) d u r in g  t h i s  p ro c e d u re . C a l ib r a t io n  was checked

3
betw een  each  t r i a l  in  th e  ru n .

E le c t r o n ic s ^  The o u tp u t o f  th e  p h o to d e te c to r  was c o n n e c te d  

as  one in p u t  t o  a  v o l ta g e  co m p ara to r (F ig u re  7) .  The o th e r  

in p u t  t o  th e  c o m p a ra to r  was an a d ju s ta b le  r e f e r e n c e  v o l ta g e .

The r e f e r e n c e  v o l ta g e  was s e t  such  t h a t  t h e  d e te c to r  v o l ta g e  

w ould  e x c e e d  th e  r e f e r e n c e  v o l ta g e  w henever 0 v iew ed th e  

f i x a t io n  s p o t  o r  any p o in t  w i th in  1 5 ' a rc  from  th e  s p o t 's  

p e r im e te r .

When 0 was on f i x a t i o n ,  t h e  co m p ara to r o u tp u t was h ig h .

T h is  o u tp u t  rem ain ed  h ig h  u n t i l  0_ moved h i s  gaze o u t s id e  th e  

a llo w a b le  a r e a  a t  w hich  tim e  th e  co m p ara to r o u tp u t w ent 

low .

0q_ was n o t c a l i b r a t e d  t o  "on f i x a t io n "  b e fo re  each  t r i a l  

in  runs one and tw o. She was c a l i b r a t e d  t o  "on f i x a t i o n "  

b e fo r e  e ach  t r i a l  in  ru n s  t h r e e  and fo u r .  D ata  from  0^ was i n ­

c lu d e d  b e c a u se  t h e r e  was no d i f f e r e n c e  in  h e r  p e rfo rm an ce  d u r in g  

th o s e  ru n s  i n  w hich  sh e  was c a l i b r a t e d  b e f o r e  each t r i a l  and th o s e  

ru n s  in  w h ich  sh e  was n o t  c a l i b r a t e d  b e fo r e  each  t r i a l .

E l e c t r o n i c  c i r c u i t s ,  l o g ic  f u n c t io n s ,  a p p a ra tu s  check­

p o in ts  and com ponents a r e  shown in  A ppendix I .
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F ig .  7 . V o ltag e  c o m p a ra to r  c i r c u i t  show ing  a n a lo g  to  

d i g i t a l  c o n v e rs io n  o f s i g n a l  i n d i c a t i n g  d e v ia t io n  from  

f i x a t i o n .  T ra n sd u c e r  o u tp u t  (T l)  i s  p r o p o r t io n a l  to  t h e  

i n t e n s i t y  o f l i g h t  on th e  p h o to d e te c to r .  L im its  o f  f i x a t i o n  

a re  d e f in e d  e l e c t r i c a l l y  a s  : on = T I p r e f e r e n c e  v o l ta g e ,  

o f f  = T I p r e f e r e n c e  v o l t a g e .  C om parator o u tp u t  a m p l i f ie d  

t o  + 12 VDC i n  on s t a t e  an d  ground i n  o f f  s t a t e .
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F ig u re  8 shows a  s im p le  s c h e m a tic  o f  t h e  sy s te m  used  

t o  o b ta in  th e  t r i a l  and f i x a t io n  re c o rd s  and t o  c o n t r o l  th e  

i l l u m i n a t i o n  o f  th e  f i x a t io n  s p o t  and th e  p re s e n c e  o f  sound .

In  t h e  feed b ack  c o n d i t io n s ,  th e  a u d i to r y  and v i s u a l  s ig n a l s  

w ere  d r iv e n  by th e  f i x a t io n  t r a n s d u c e r  o u tp u t ,  w hereas in  

t h e  no feed b ack  c o n d it io n s  th e s e  s ig n a l s  w ere  d e r iv e d  from  

e x te r n a l  v o l ta g e  s o u rc e s .  A com ple te  d e s c r i p t i o n  o f  th e  

s y s te m  i s  g iv en  in  A ppendix I .

The sy s tem  as d e s ig n e d  in c lu d e d  a  c o n s t r a in e d  f i x a t io n  

s t im u lu s  t r i g g e r  su b -sy s te m . T h is  s u b -s y s te m , a l s o  d e s c r ib e d  

in  d e t a i l  in  A ppendix I ,  a llo w ed  f o r  th e  p r e s e n t a t io n  o f  

s t i m u l i  i f ,  and on ly  i f ,  0_ met E_'s f i x a t i o n  re q u ire m e n ts  

b o th  s p a t i a l l y  and te m p o ra l ly . E x c u rs io n s  from  f ix a t io n  

a u to m a t ic a l ly  r e s e t  th e  system  t o  t= 0 .

D ata  c o l l e c t i o n . — The t r i a l  re c o rd s  and  f i x a t i o n  r e c o rd  

w ere  r e c o rd e d  on a  H arv ard  A pp ara tu s  R ecorder'* . C h a rt sp e ed  

was Ul m m/sec. A one s e c .  tim e  m arker was a l s o  d is p la y e d  on 

th e  r e c o r d .  The f i x a t i o n  r e c o r d  was r e a d  t o  th e  n e a r e s t  h a l f  

mm. by th e  t r i a l  d u r a t io n  in  mm. and m u l t ip ly in g  by 90,

The r e c o rd  was re a d  c o n tin u o u s ly  ( i .  e .  n o t  sa m p le d ).

H arv a rd  A ppara tus Corp. Model No. U50 and pen d r iv e r  

M odel No. 350.
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F ig . 8 . A s im p le  sc h e m a tic  o f  th e  sy s te m  u sed  t o  

o b ta in  t r i a l  and f i x a t i o n  re c o rd s  and t o  c o n t r o l  th e  i l l u m i n a t i o n  

o f  th e  f i x a t i o n  t a r g e t  and th e  p re s e n c e  o f  th e  a u d i to r y  s i g n a l .
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A summary o f  th e  d a ta  i s  shown in  F ig u re s  9 -1 2 . F ig u re  9 

shows th e  mean c u m u la tiv e  f i x a t io n  d u r a t io n  w i th  and w ith o u t  

feed b ack  f o r  each  0_ f o r  1 ,  10 , and 90 s e c . f i x a t i o n  i n t e r v a l s .

The f i x a t i o n  d u r a t io n  i s  shown b o th  in  s e c .  and in  p e rc e n t  o f  th e  

f i x a t i o n  i n t e r v a l .  F ig u re s  10-12 show th e  t im e  c o u rse  o v e r  

w hich th e  c u m u la tiv e  f i x a t io n  d u r a t io n  d e v e lo p e d  ( e m u l a t iv e  

tim e  on t a r g e t  as a fu n c t io n  o f  t im e  in  t r i a l ) .  The d ash ed  

l i n e  r e p r e s e n t s  th e  p r e d ic te d  f i x a t i o n  f u n c t io n  f o r  c o n tin u o u s  

f i x a t i o n .  FB and NFB a re  th e  fu n c t io n s  o b ta in e d  w ith  

and w ith o u t  feed b ack  (N=l6 fo r  e ach  p o i n t ) .  A more com ple te  

p r e s e n ta t io n  o f  th e  d a t a  may be found  in  A ppendix  I I .  Each 

f ig u r e  in  th e  ap p en d ix  shows tim e  on t a r g e t  as a  fu n c t io n  

o f  t im e  i n  t r i a l  f o r  each  0̂  in  e a ch  o f  th e  f o u r  s e s s io n s  

( 1 ,  2 , 3 , i+).

F ig u re s  9 -1 2  r e v e a l  d i s c o n t in u i ty  o f  f i x a t i o n  th ro u g h o u t 

th e  f i x a t i o n  t r i a l  u n d e r  a l l  c o n d i t io n s .  I n  F ig u re  9 ,  th e  

mean c u m u la tiv e  f i x a t i o n  d u ra t io n  i s  n e v e r  e q u a l  t o  th e  

le n g th  o f  th e  f i x a t i o n  i n t e r v a l  ( th e  c h a r a c t e r i s t i c  o f  c o n t in u i ty )  

even when th e  f i x a t io n  i n t e r v a l  i s  as s h o r t  as one s e c .  In  

F ig u re s  10=12, d i s c o n t in u i ty  i s  shown by th e  d e v ia t io n  o f  th e  

o b ta in e d  c u m u la tiv e  f i x a t i o n  d u r in g  f u n c t io n  from  th e  p r e d ic te d  

f i x a t i o n  f u n c t io n .
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F ig . 9 . Mean f i x a t i o n  d u r a t io n  (and  95$ c o n fid e n c e  i n t e r v a l s )  

w ith  and w ith o u t  fe e d b a c k .
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F ig .  10. Time on t a r g e t  w ith  and w i th o u t  fee d b a c k  

f u n c t io n  o f  t im e  in  t r i a l .  0 _̂ .
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F ig . 11 . Time on t a r g e t  w i th  and w ith o u t  feed b ack  as a  

f u n c t io n  o f  t im e  in  t r i a l .  0 _̂ .
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F ig . 12 . Time on t a r g e t ,  w ith  and w ith o u t  f e e d b a c k , as 

a  f u n c t io n  o f  t im e  in  t r i a l .  0 , .
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The f ig u r e s  a l s o  show t h a t  th e  e f f e c t  o f  fee d b a c k  was t o  

in c r e a s e  t h e  c u m u la tiv e  f i x a t i o n  d u r a t io n .  When 0_ r e c e iv e d  no 

e x p e r im e n ta l  fe e d b a c k , t h e  c u m u la tiv e  f i x a t io n  f u n c t io n  rea c h e d  

an a s y m p to tic  v a lu e  a t  30-60 s e c .  i n to  th e  t r i a l .  When 0_ 

o b ta in e d  e x p e r im e n ta l  fe e d b a c k , t h e  o b se rv ed  f i x a t i o n  f u n c t io n  

and th e  p r e d i c te d  f i x a t io n  f u n c t io n  were s i m i l a r .  H ow ever, 

th e r e  was a  s m a ll  b u t  c o n tin u o u s  d e p a r tu re  from  th e  p r e d i c t e d  

f i x a t i o n  f u n c t io n .

C o n t in u i ty  o f  f i x a t i o n . — C ontinuous f i x a t i o n  means th a t

0_ k e p t  t h e  p r o je c t i o n  o f  t h e  c e n te r  o f  th e  f i x a t i o n  s p o t

w i th in  2 k '  a r c  o f  th e  c e n te r  o f  some o p e r a t io n a l ly  d e f in e d

c o n s ta n t  r e t i n a l  a r e a  w ith o u t  i n t e r r u p t i o n  f o r  t h e  r e q u i r e d

p e r io d .  T a b le  2 shows th e  fre q u e n c y  w ith  w hich  t h i s  c r i t e r i o n

was met in  e ach  c o n d i t io n  f o r  1 , 1 0 , and 90  s e c .  f i x a t i o n

i n t e r v a l s .  Chi s q u a re  a n a ly s e s  w ere  used  t o  t e s t  t h e  h y p o th e s is

t h a t  t h e r e  was no d i f f e r e n c e  b e tw een  th e  o b se rv e d  and p r e d ic te d

fre q u e n c y  w i th  w hich 0_s m et th e  c r i t e r i o n  o f  u n i n te r r u p te d

( i .  e .  c o n tin u o u s )  f i x a t i o n .  T hese a n a ly se s  a re  shown i n

T ab le  3. F o r  each  f i x a t i o n  i n t e r v a l  t e s t e d ,  th e  h y p o th e s i s

was u n te n a b le  (X2 =28.1+2, X2 = 6 7 .3 3 , X2
1  s e c .  10  s e c .  9 0  s e c .

1 0 6 .0 8 ; d f  = 8 , p K. .0 0 1 ) . T hese r e s u l t s  a re  a l s o  shown 

g r a p h ic a l ly  i n  F ig u re s  9 -1 2 . I f  0̂  f ix a te d  c o n t in u o u s ly ,  t h e  

c u m u la tiv e  f i x a t i o n  fu n c t io n s  w ou ld  be  c o in c id e n t  w i th  t h e  

p r e d i c te d  f i x a t i o n  fu n c t io n s  and th e  mean f i x a t i o n  d u r a t io n



1+9

T ab le  2

F req u en cy  o f  T r i a l s  D uring  Which 0_s M a in ta in e d  

U n in te r ru p te d  A c c u ra te  F ix a t io n

F ix a t io n  C o n d itio n

I n t e r v a l  L ig h t O ff O ff O ff On On On FB FB FB

Sound O ff On FB O ff On FB O ff On FB

1 s e c . 8 2 7 5 5 6 7 7 8

10  s e c . 5 0 k 2 1 2 5 2 3

90  s e c . 0 0 0 0 0 1 1 0 0

N o te . — Combined d a ta  from  a l l  t h r e e  Os . The 

maximum p o s s ib le  fre q u e n c y  i n  each 

c o n d it io n  i s  1 2 .
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T a b le  3

Summary o f  Chi S q u a re  A n a ly s e s :  D if fe r e n c e s  Between th e  

O bserved  and P r e d ic t e d  F re q u e n c ie s  W ith Which 0_s M a in ta in e d  

U n in te r r u p te d  A c c u ra te  F ix a t io n

F ix a t io n  I n t e r v a l  

1  s e c .  10  s e c .  90  s e c .

X2 28.1+2 6 7 .3 3  1 0 6 .0 8

d f  8  8  8

p < .0 0 1  < . 0 0 1  < . 0 0 1

N o te . — The l i t e r a t u r e  im p l ie s  t h a t  0_ i s

e x p e c te d  t o  m a in ta in  a c c u r a te  f i x a t i o n ;  

th u s  th e  p r e d i c t e d  f re q u e n c y  i s  e q u a l 

t o  t h e  num ber o f  t r i a l s  p r e s e n te d .  The 

o b se rv e d  f re q u e n c y  f o r  each  c o n d i t io n  i s  

shown i n  T a b le  2 .
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w ould  toe e q u a l  t o  th e  t r i a l  d u r a t io n .  C le a r ly ,  t h i s  was n o t  s o .

Chi s q u a re  a n a ly s e s  w ere u sed  t o  t e s t  t h e  h y p o th e s i s ,  

t h a t  th e  fre q u e n c y  o f  t r i a l s  d u r in g  w hich  0_ f i x a t e d  c o n tin u o u s ly  

was u n r e la te d  t o  th e  p re s e n c e  o r  ab sen ce  o f  fe e d b a c k . These 

a n a ly s e s  a re  shown i n  T ab le  1*. In  each  c a se  ( l ,  1 0 , and 90 

s e c . )  th e  h y p o th e s is  was t e n a b le .

E f f e c t  o f  feed b ack  and p r a c t i c e  on t o t a l  f i x a t i o n  d u r a t i o n . — 

T a b le  5 shows th e  s umma ry  o f  t h e  a n a ly s e s  o f  v a r ia n c e  u se d  t o  

t e s t  th e  m ain e f f e c t  o f  feed b ack  and p r a c t i c e  ( ru n s  on con­

s e c u t iv e  days) on t o t a l  f i x a t i o n  d u r a t io n  (K irk ,  1968 , p . 2 3 9 ). 

Feedback was s i g n i f i c a n t  i n  r a i s i n g  t o t a l  f i x a t io n  d u r a t io n

w i th in  each  i n t e r v a l  (F  = 1 6 .0 5 , F = 1 2 .6 1 , F =
1  s e c .  10  s e c .  90  s e e .

3 3 .7 9 ; d f  = 1 , 1 ^ , p K .0 1 ) .  The g r a p h ic a l  p r e s e n t a t i o n  o f  

t h e s e  f in d in g s  a r e  a g a in  shown i n  F ig u re s  1 0 -1 2 . W ith o u t fe e d b a c k , 

0_ f i x a t e d  i n t e r m i t t e n t l y  f o r  th e  f i r s t  ^0 - 6 0  s e c .  and th e n  

w andered  o f f  f i x a t i o n  and s ta y e d  o f f  f i x a t i o n .  W ith fe e d b a c k ,

0 te n d e d  t o  m a in ta in  f i x a t io n  th ro u g h o u t th e  t r i a l .  T hat 

f i x a t i o n  w ith  fe e d b a c k , though  im p ro v ed , i s  n o t c o n tin u o u s  i s  

a g a in  shown by th e  d e v ia t io n  o f  th e  f i x a t i o n  f u n c t io n  w i th -  

fee d b a c k  from  th e  p r e d ic te d  f i x a t i o n  f u n c t io n .

The m ain e f f e c t  o f  p r a c t i c e  f a i l e d  t o  re a c h  s ig n i f i c a n c e  

^ 1  s e c .  — 0 .6 U , F10  se c> -  1 .1 7 ,  F90  sec> -  0 .2 7 5 ;  d f  -  3 , 1 ^ , 

p . ^  .0 5 ) .  These r e s u l t s  a re  p r e s e n te d  g r a p h ic a l ly  i n  A ppendix 

I I .  W ith in  each  c o n d i t io n ,  t h e r e  was no s y s te m a t ic  im provem ent
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T a b le  1»

Summary o f  Chi S q u are  A n a ly s e s : 

C o n t in u ity  o f  F ix a t io n  W ith and W ithou t Feedback

F ix a t io n  

I n t e r v a l  

1  s e c .

10  s e c .

C o n d itio n

No FB

FB

No FB

FB

Obs. f  

P re d . f  

Obs. f  

P re d . f

x2

d f

P

Obs. f  

P re d . f  

Obs. f  

P re d . f  

X2 

d f  

P

C ontinuous

F ix a t io n

2 0 .

2 3 .5  

27

2 3 .5

2.0U

1 .

> . 0 5

8.

1 0 .5  

13 .

1 0 .5

1 . 1*2

1 .

> .0 5

I n t e r r u p t e d

F ix a t io n

2 8 .

2U.5

21

2U.5

1*0 -

37 .5  

35.

37 .5
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F ix a t io n  

I n t e r v a l  

90  s e c .

C o n d itio n  C ontinuous I n t e r r u p t e d

F ix a t io n  F ix a t io n

Obs. f 0 . CD

P re d . f 1 . ^7.

Obs. f 2 . U6 .

P re d . f 1 . k l .

X2 2 . Ok

d f 1 .

P > .0 5
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T a b le  5

Summary o f  A n a ly ses  o f  V a ria n c e :

E f f e c t  o f  Feedback  and Rims on C um ulative F ix a t io n  D u ra tio n

F ix a t io n S o u rce d f MS F P

I n t e r v a l

1  s e c . B locks ( q _s ) 2 3 .1 9 2 6 5.89 < • 0 5

T ream en ts 7 .1+887

f b / nfb 1 8 .6938 16 .05 < .0 1

Rims (R) 3 .31+87 . 6 U

FB x R 3 .lt035 .71+

R e s id u a l lit .5^16

10  s e c . B lo ck s (0_s) 2 233.8015 5 .8 8 < .0 5

T re a tm e n ts 7 1 2 5 .2 3 8 1

FB/NFB 1 501.0911+ 1 2 .6 0 < . 0 1

Runs (R) 3 lt6 .5 6 3 6 1 .1 7

FB x R 3 7 8 .6 2 8 3 1 .9 7

R e s id u a l lit 39.71+87

9 0  s e c . B locks (0_s) 2 561+1.72 1 .3 8 > .0 5

T re a tm e n ts 7 21039.116

FB/NFB 1 138298.91 33.79 < . 0 1

Runs (R) 3 1133.81

FB x R 3 1 8 5 8 .6 2

R e s id u a l l it U0 9 2 . 3 I+
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in  f i x a t i o n  perfo rm ance  a c ro s s  d a y s .

E f f e c t  o f  f a t ig u e  on f i x a t i o n  p e rfo rm a n c e . — The e f f e c t  o f  

f a t i g u e  on f i x a t i o n  p e rfo rm an ce  was a s s e s s e d  v ia  a  K e n d a ll c o e f f i c ­

i e n t  o f  c o n c o rd a n c e . The a n a ly s e s  a r e  sum m arized in  T ab le  6 . The 

c u m u la tiv e  f i x a t i o n  d u ra t io n s  w i th in  a  run  w ere r a n k e d , and 

t h a t  ran k  a s s ig n e d  t o  th e  p o s i t i o n  o f  th e  t r i a l  w i th in  t h e  ru n , 

w ith o u t  r e g a r d  f o r  th e  ty p e  o f  t r i a l  p r e s e n te d  in  t h a t  p o s i t i o n .

The r e s u l t s  w ere e v a lu a te d  t o  d e te rm in e  w h e th e r  t h e r e  was any 

r e l a t i o n s h i p  betw een  p o s i t i o n  w ith  a  ru n  and th e  t o t a l  f i x a t i o n  

d u r a t io n  d u r in g  th a t  t r i a l .  The K e n d a ll  c o e f f i c i e n t s  o f  con­

co rdance  i n d ic a te d  t h a t ,  f o r  a l l  f i x a t i o n  i n t e r v a l s  exam ined 

( l ,  1 0 , and 90  s e c . ) ,  t h e r e  was no r e l a t i o n s h i p  betw een  p o s i t i o n  

w i th in  a  ru n  and e m u la t iv e  f i x a t i o n  d u r a t io n .
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T ab le  6

Summary o f  K e n d a ll  C o e f f i c ie n t s  o f  C oncordance: E f f e c t  o f  

P o s i t i o n  o f  T r i a l  W ith in  Run on C um ulative F ix a t io n  D u ra tio n

w

P

F ix a t io n  I n t e r v a l  

1  s e c .  10  s e c .  90  s e c ,

.111 .088  .117

X2  1 0 .6  8.1+5 10 .56

d f  8 8  8

> . 1 0  > . 3 0  > . 1 0



DISCUSSION
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The r e s u l t s  o b ta in e d  in  t h i s  s tu d y  may b e  sum m arized as 

fo llo w s : Os i n s t r u c t e d  t o  f i x a t e  a m arker d id  n o t m a in ta in  

f i x a t io n  w i t h in  2k '  a r c  o f  th e  i n i t i a l  f i x a t io n  a x is  w ith o u t  

i n t e r r u p t i o n  f o r  th e  r e q u i r e d  d u r a t io n ,  even  when t h e  r e q u i r e d  

d u ra t io n  was as s h o r t  a s  one s e c .  F eed b ack , e i t h e r  v i s u a l  o r  

a u d i to r y ,  p ro d u ce d  a  s i g n i f i c a n t  in c r e a s e  in  th e  t o t a l  tim e  

s p e n t  on f i x a t i o n  in  any g iv en  t r i a l .  W ith in  th e  l i m i t s  o f  

t h i s  e x p e r im e n t , f i x a t i o n  perfo rm ance  d id  n o t im prove w ith  

p r a c t i c e  a c ro s s  d a y s , n o r  d id  i t  d e t e r i o r a t e  w ith  f a t i g u e .

An u n e x p e c te d  f in d in g  in  t h i s  s tu d y  was th e  i n t r a - t r i a l  

d e t e r i o r a t i o n  o f  f i x a t i o n .  In  th e  n o -fe e d b a c k  c o n d i t io n s ,  

f i x a t io n  d e t e r i o r a t e d  su c h  t h a t  a t  th e  end  o f  3 0 -6 0  s e c .  , 0_ 

r a r e ly  f i x a t e d  anywhere w i th in  2 k '  a rc  o f  th e  c e n te r  o f  

th e  f i x a t io n  s p o t  ( F ig u re s  1 0 -1 2 ) . T hat t h i s  f in d in g  was un ­

r e l a t e d  to  f a t i g u e  was d e m o n s tra ted  in  two w ays: ( l )  e x t e r n a l  

fe e d b a c k , w h ich  does n o t  in f lu e n c e  f a t i g u e ,  im proved  i n t r a - t r i a l  

p e rfo rm a n c e , and  ( 2 ) f i x a t i o n  p e rfo rm an ce  w ith o u t  feed b ack  was 

u n r e la te d  t o  p o s i t i o n  o f  a t r i a l  w i th in  a  s e s s io n .

P re v io u s  s tu d ie s  h av e  shown t h a t  eye movements d u r in g  

m onocular f i x a t i o n  may change s u b s t a n t i a l l y  th e  p o s i t i o n  o f  

th e  f i x a t io n  a x is  (B a rlo w , 1952; R a t l i f f  and R ig g s , 1950 , 

p . 695 ; Y arbus , 1967). Nachmias (1959) d is a g re e d  w ith  t h e s e



59

c o n c lu s io n s ,  s u g g e s t in g  i n s t e a d  t h a t  th e  f i x a t i o n  a x is  rem ains 

w i th in  5 1 a r c  o f  i t s  o r i g i n a l  p o s i t i o n  6 8 $ o f  th e  tim e  i n  30 

s e c .  t r i a l s .  I t  ap p e a rs  t h a t  th e  d i f f e r e n c e s  b e tw een  N achm ias ' 

o b s e rv a t io n s  and  th e  o b s e rv a t io n s  b o th  in  t h i s  s tu d y  and in  

th e  c i t e d  l i t e r a t u r e  d e r iv e d  from  N achm ias ' s a m p lin g  te c h n iq u e .  

"Only th o s e  30 s e c .  ru n s  w ere  s e l e c t e d  f o r  m easurem ent w hich 

p roduced  s h a rp  p h o to g ra p h ic  t r a c e s  f r e e  o f  p r o g r e s s iv e ,  un ­

com pensated  d r i f t s ;  an e n t i r e  ru n  was r e j e c t e d  i f  any p a r t  o f  

i t  a p p e a re d  u n s a t i s f a c t o r y .  T h is  was done t o  e l im in a te  runs  

d u r in g  w hich  e i t h e r  p o o r f i x a t i o n  o r  a p p re c ia b le  c o n ta c t  le n s  

s l ip p a g e  h ad  ta k e n  p la c e "  (N achm ias, 1 9 5 9 , p . 9 0 2 ; i t a l i c s  

m in e ) . T h is  te c h n iq u e  e l im in a te s  from  th e  e s t im a te  o f  f i x a t i o n  

i n s t a b i l i t y  th o s e  t r i a l s  d u r in g  w hich  (D showed a p p re c ia b le  

f i x a t i o n  i n s t a b i l i t y ;  th e  l o g i c  o f  su ch  s a m p lin g  can b e  q u e s t io n e d . 

When f i x a t i o n  re c o rd s  a re  a n a ly z e d  c o n tin u o u s ly  (a s  i n  F ig u re s  

1 0 - 1 2 ) ,  r a t h e r  th a n  sa m p le d , and when a l 1 f i x a t i o n  t r i a l s  

a re  in c lu d e d  i n  th e  a n a l y s i s ,  a more r e p r e s e n t a t i v e  m easure o f  

f i x a t i o n  s t a b i l i t y  i s  o b ta in e d .

The num ber o f  t r i a l s  d u r in g  w hich  0_ f i x a t e d  w ith o u t  i n t e r r u p ­

t i o n  w i th in  2h '  a rc  o f  th e  c e n te r  o f  th e  f i x a t i o n  s p o t  d e c re a s e d  

as d u r a t io n  o f  t h e  f i x a t i o n  i n t e r v a l  in c r e a s e d .  T here w ere  55 

t r i a l s  ( o f  1 0 8 ) d u r in g  w hich  £  m a in ta in e d  a c c u r a te  f i x a t i o n  f o r  

th e  f i r s t  s e c .  o f  f i x a t i o n .  T h is  number d e c re a s e d  t o  2k  when th e  

r e q u i r e d  i n t e r v a l  o f  f i x a t i o n  was in c r e a s e d  t o  10 s e c .  When th e
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r e q u i r e d  i n t e r v a l  o f  f i x a t i o n  was 90  s e c . ,  a c c u r a te  f i x a t i o n  was 

o b se rv e d  t o  be c o n tin u o u s  i n  o n ly  two t r i a l s .  Out o f  U8 n o - f e e d ­

back  t r i a l s  ( th e  u s u a l  f i x a t i o n  c o n d it io n  s p e c i f i e d  in  t h e  

l i t e r a t u r e ) ,  u n in te r r u p te d  f i x a t i o n  was o b se rv e d  d u r in g  20 

t r i a l s  when th e  r e q u i r e d  f i x a t i o n  i n t e r v a l  was one s e c . ,  d u r in g  8

t r i a l s  when th e  r e q u i r e d  f i x a t i o n  i n t e r v a l  was 10  s e c ,  and i n  no

t r i a l s  when th e  r e q u i r e d  i n t e r v a l  was 90  s e c .

F ig u re s  10-12 show ( l )  t h a t  f i x a t i o n  was u n s ta b le  th ro u g h ­

o u t th e  f i x a t i o n  i n t e r v a l  and ( 2 ) t h a t ,  as th e  d u r a t io n  o f  th e  

f i x a t io n  i n t e r v a l  i n c r e a s e d ,  th e  a x is  o f  f i x a t i o n  was i n  e r r o r  

a  g r e a t e r  p ro p o r t io n  o f  t h e  t im e . Thus i t  m ust be  co n c lu d e d  

t h a t  th e  a c tu a l  p r o j e c t i o n  lo c i  on th e  r e t i n a  o f  s t im u l i  in  

p h y c h o p h y s ic a l e x p e rim e n ts  f r e q u e n t ly  d e v ia te  by more th a n  

2 k '  a rc  from  t h a t  s p e c i f i e d  by E_ and a ls o  t h a t  th e  p r o b a b i l i t y  

o f  such  an e r r o r  in c r e a s e s  as th e  s e s s io n  p r o g r e s s e s ,  p a r t i c u l a r l y  

in  th o s e  s tu d i e s  w here f i x a t i o n  i s  presum ed t o  b e  u n in te r r u p te d  

( i n f r a :  p l o t t i n g  o f  v i s u a l  f i e l d s ) .

The f in d in g  o f  d e t e r i o r a t i n g  f i x a t io n  p e rfo rm an ce  w ith o u t  

feedback  and im proved f i x a t i o n  w ith  feed b ack  r a i s e s  two i s s u e s :

( l )  why does th e  a x is  o f  f i x a t i o n  change as much as i t  was 

o b se rv e d  t o  ch an g e , and ( 2 ) how does feedback  im prove f i x a t i o n  

s t a b i l i t y .

In  o r d e r  t o  answ er t h e s e  q u e s t io n s ,  i t  m igh t be  h e l p f u l  

t o  c o n s id e r  th e  ty p e s  o f  s t im u l i  t h a t  a f f e c t  th e  n e rv o u s  sy s te m .
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Among o th e r  t h i n g s , th e  n e rv o u s  sy s te m  resp o n d s  to  m agn itude  and 

r a t e  o f  c h a n g e . M ag n itu d e , f o r  exam p le , d e te rm in e s  many a b s o lu te  

t h r e s h o ld s .  C ooper, D a n ie l ,  and W h it te r id g e  (1951) hav e  shown 

t h a t  movement a c ro s s  th e  v i s u a l  sy s te m  m ust exceed  a  p a r t i c u l a r  

r a t e  in  o r d e r  f o r  0 /s  n e rv o u s  sy s te m  t o  d e te c t  m o tio n . In  th e  

v i s u a l  s y s te m , a  c l e a r  exam ple o f  r a t e  o f  change i s  f l i c k e r ;  

i n  f l i c k e r ,  th e  r a t e  i s  bounded  on b o th  e x tre m e s . I f  a  l i g h t  i s  

m o d u la ted  v e ry  s lo w ly , f l i c k e r  i s  n o t  p e rc e iv e d  ( i n d i v id u a l  

f la s h e s  a r e )  and i f  a  l i g h t  i s  m o d u la ted  v e ry  r a p i d l y ,  th e  p e rc e p t  

o f  f l i c k e r  i s  r e p la c e d  by th e  p e r c e p t  o f  a  c o n tin u o u s  l i g h t .

The c o n c ep t o f  r a t e  o f  change im p l ie s  t h a t  t h e  nervous sy s te m  

can o n ly  i n t e g r a t e  o v e r  a  f i n i t e  te m p o ra l  i n t e r v a l ;  t h i s  

p o in t  o f  view  r e c e iv e s  s u p p o r t  from  th o s e  s tu d i e s  w hich have 

d e m o n s tra te d  th e  r e c i p r o c i t y  o f  i n t e n s i t y  and d u r a t io n  in  th e  

v i s u a l  sy s te m  ( e .  g . Graham and M a rg a r ia , 1 9 3 5 ). The r e c i p r o c i t y  

i s  l im i t e d  t o  i n t e r v a l s  o f  l e s s  th a n  100 m sec. Beyond t h a t  

ex p o su re  d u r a t io n ,  i n t e n s i t y  a lo n e  d e te rm in e s  th e  n e rv o u s sy stem  

r e s p o n s e .  A no ther exam ple o f  r a t e  o f  change as a  d e te rm in a n t 

o f  p e r c e p t io n  i s  th e  phenomenon o f  Mach b a n d s .

T here  a re  two p o s s ib l e  s o u rc e s  o f  in fo rm a t io n  re g a rd in g  

change i n  eye p o s i t i o n .  One s o u rc e  i s  v isu a l , and th e  o th e r  

s o u rc e  i s  n e u r a l ,  p resu m ab ly  th ro u g h  th e  e x t r a - o c u l a r  m uscle  

p in d le  a f f e r e n t s .  I t  i s  p ro p o se d  t h a t ,  d u r in g  a tte m p te d  

f i x a t i o n ,  t h e  r a t e  o f  change in  eye  p o s i t i o n  i s  s u f f i c i e n t l y  low
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as to  p re v e n t  e i t h e r  o f  t h e s e  so u rc e s  from  p r o v id in g  a c c u ra te  

eye p o s i t i o n  in fo r m a t io n  t o  t h e  n e rv o u s sy s te m . T h is  u n a v a i la ­

b i l i t y  o f  eye p o s i t i o n  in fo rm a tio n  r e s u l t s  in  f i x a t i o n  e r r o r .

The f u n c t io n  o f  f i x a t i o n  i s  to  h o ld  an im age on th e  

r e t i n a  i n  a  p o s i t i o n  w h ich  m axim izes t h e  p r o b a b i l i t y  t h a t  th e  

im age w i l l  rem ain  v i s i b l e .  T h is  im p l ie s  t h a t  th e  im age s h o u ld  be 

p r o je c te d  f o v e a l ly ;  i t  does n o t s u g g e s t  t h a t  t h e r e  i s  any s u r v i v a l  

v a lu e  in  h o ld in g  th e  im age on one p a r t  o f  t h e  fo v e a  as opposed  t o  

a n o th e r  p a r t  o f  th e  fo v e a . E v idence  d e r iv e d  from  s t a b i l i z a t i o n  

l i t e r a t u r e  s u g g e s ts  t h a t  m a in ta in in g  t h e  im age w ith o u t  m otion  on 

one p a r t  o f  th e  fo v e a  d e c re a s e s  th e  p r o b a b i l i t y  t h a t  a  s t im u lu s  

w i l l  rem ain  v i s i b l e ,  and e v id e n c e  from  s a c c a d ic  s u p p re s s io n  

l i t e r a t u r e  s u g g e s ts  t h a t  m oving th e  im age to o  r a p id ly  a ls o  de­

c re a s e s  th e  p r o b a b i l i t y  t h a t  a  s t im u lu s  w i l l  rem ain  v i s i b l e .

T h a t s u p p re s s io n  o f  v i s u a l  s e n s i t i v i t y  accom panies r a p id  changes 

i n  eye p o s i t i o n  h as  b een  shown b o th  f o r  m ic ro -s a c c a d e s  w hich 

accompany norm al f i x a t i o n  and f o r  v o lu n ta r y  sa c c a d e s  ( B e e le r ,

1967 ; Volkmann, S c h ic k ,  and R ig g s , 1 9 6 8 ) .  Thus i t  seem s l i k e l y  

t h a t  v i s u a l ly  p ro v id e d  in fo rm a t io n  as to  change in  eye p o s i t i o n  

w i l l  be o b ta in e d  on ly  i f  t h a t  change i n  p o s i t i o n  o c c u rs  more 

r a p id ly  th a n  t h e  changes n e c e s s a ry  t o  m a in ta in  c l e a r  v i s i o n ,  and 

l e s s  r a p id ly  th a n  th e  changes w hich s u p p re s s  v i s io n  ( s e e  F ig u re  3 ) .

The o th e r  in p u t  w hich  co u ld  p ro v id e  s ig n a l s  t o  th e  nervous 

sy s te m  t h a t  th e  eye h as  changed  p o s i t i o n  d e r iv e s  from  th e  m uscle
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( s p in d le )  a f f e r e n t s .  The l i t e r a t u r e  i s  u n c le a r  as t o  w h e th e r  

th e  c e n t r a l  n e rv o u s  sy s tem  r e c e iv e s  n e u r a l  " fe e d b a c k "  o f  eye 

p o s i t i o n  (Fuchs and K o rn h u b e r, 1969; C o l l i n s , 1971 ; G r a n i t ,

1971 ; M erton , 196*0. Even i f  i t  i s  shown t h a t  th e  m uscle  a f f e r e n t s  

do p ro v id e  n e u ra l  feed b ack  o f  change in  eye p o s i t i o n ,  th e  

e s s e n t i a l  q u e s t io n  w i l l  rem ain  -  w hat i s  th e  n e c e s s a ry  and s u f f i c i e n t  

s t im u lu s  w hich  s ig n a l s  a  change in  eye p o s i t i o n ?  The a f f e r e n t s  

from  m usc le  s p in d le s  f i r e  i n  r e s p o n s e  t o  a  m a in ta in e d  lo a d  as 

w e l l  as in  r e s p o n s e  t o  a  sudden  a p p l i c a t i o n  o f  a  lo a d .  A l l  

o c u lo - r o ta r y  m uscles have  a  m a in ta in e d  lo a d  d u r in g  f i x a t i o n ;  in  

o rd e r  t o  s i g n a l  a change i n  eye  p o s i t i o n  th ro u g h  th e  s p in d le  

sy s te m , i t  w ould  b e  n e c e s s a ry  t o  i n c r e a s e  o r  d e c re a s e  t h e  r a t e  

o f  f i r i n g  o f  th e  a f f e r e n t .  A t w hat r a t e  does eye p o s i t i o n  have 

to  change t o  i n c r e a s e  o r  d e c re a s e  t h e  r a t e  o f  f i r i n g  o f  th e  

a f f e r e n t  and how much does t h e  r a t e  o f  f i r i n g  o f  th e  a f f e r e n t  have  

t o  change b e fo r e  t h e  c e n t r a l  n e rv o u s  sy s te m  resp o n d s  t o  th e  

change? At th e  p r e s e n t  t im e , th e  r a t e  o f  change o f  eye p o s i t i o n  

n e c e s s a ry  and s u f f i c i e n t  t o  s ig n a l  t h e  c e n t r a l  ne rv o u s sy s te m  i s  

unknown. I t  may b e  p o s s ib l e  t o  d e te rm in e  t h i s  r a t e  o f  change i f  

m uscle s p in d le  a f f e r e n t  o u tp u t  i s  r e c o rd e d  w h i le  th e  eye i s  

r o t a t e d  a t  d i f f e r e n t  v e l o c i t i e s .  The d e te rm in a t io n  o f  

th r e s h o ld  a c c e l e r a t i o n  f o r  c e n t r a l  n e rv o u s  sy s te m  feed b ack  

i s  im p o r ta n t  b e c a u se  i t  h a s  been  shown t h a t  m ost eye p o s i t i o n
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changes d u r in g  f i x a t i o n  a r e  caused  by d r i f t ;  d r i f t  t y p i c a l l y  

has  a  v e lo c i ty  o f  6 ' a r c  p e r  s e c .  (Y a rb u s , 1 9 6 7 ) .  I f  t h i s  

r a t e  o f  change i s  s u b - th r e s h o ld ,  th e n  0_ w ould  have no in fo rm a ­

t i o n  t h a t  he  h as  ex ceed ed  th e  l i m i t s  o f  f i x a t i o n .

E x te r n a l  feed b ack  ( e .  g . l i g h t  o r  sound  as i n  t h i s  s tu d y )  

can p ro v id e  th e  e r r o r  s ig n a l  w hich i s  n o t n o rm a lly  d e r iv e d  from  

f i x a t i o n  i n s t a b i l i t y .  E x te r n a l  feed b ack  w ould  th u s  s e rv e  t o  

i n i t i a t e  v o lu n ta r y  s e a rc h  b e h a v io r  and w ould  a f f e c t  o n ly  th e  

v o lu n ta ry  eye movement sy s te m . T hat t h i s  e x p la n a t io n  i s  com­

p a t i b l e  w ith  t h e  r e s u l t s  o b ta in e d  i n  t h i s  s tu d y  i s  s u g g e s te d  by 

th e  f a c t  t h a t  th e  e f f e c t  o f  feed b ack  was t o  i n c r e a s e  th e  t o t a l  

amount o f  tim e  w i th in  a  t r i a l  t h a t  0_ s p e n t  on f i x a t i o n ,  b u t  n o t 

t o  e f f e c t  th e  c o n t in u i ty  o f  f i x a t i o n .  T ha t fee d b a c k  d id  n o t 

a s s u re  c o n t in u i ty  o f  f i x a t io n  was n o t s u r p r i s i n g ;  w i th  o r  w i th o u t  

fe e d b a c k , (1 a tte m p te d  t o  m a in ta in  a c c u r a t e , c o n tin u o u s  f i x a t i o n .  

T y p ic a l ly ,  when £  d r i f t s  o f f  x i a t i o n ,  h e  i s  unaw are t h a t  he 

h a s  done s o .  The feed b ack  p ro v id e d  i n  t h i s  e x p e rim e n t a l e r t e d  

0  ̂ t h a t  he  was o f f  f i x a t io n  ( i n  e r r o r )  so  t h a t  h e  c o u ld  make a  

v o lu n ta ry  s e a r c h in g  and p o s s ib l e  c o r r e c t iv e  eye  movement back  to  

f i x a t i o n .  Feedback does n o t  p re v e n t  t h e  in v o lu n ta r y  eye movement 

sy s te m  from  a g a in  moving th e  eye i n t o  a  n e r r o r  s e t t i n g .  S in c e  

y e s /n o  fee d b a c k  does n o t p ro v id e  a  w a rn in g  o f  im pend ing  d e p a r tu re  

from  f i x a t i o n ,  i t  can n o t a s s u r e  c o n t in u i ty  o f  f i x a t i o n .  S im i la r ly ,  

y e s /n o  feed b ack  does n o t p ro v id e  0^w ith  in fo r m a t io n  r e g a r d in g  th e
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d eg ree  and d i r e c t i o n  o f  h i s  d e p a r tu re  from  f i x a t i o n ;  t h e r e f o r e  

i t  c an n o t a s s u r e  r e t u r n  t o  a c c u r a te  f i x a t i o n .  I t  c a n , h o w ev er, 

p ro v id e  a  s i g n a l  t h a t  0_ i s  i n  e r r o r ,  th u s  i n i t i a t i n g  s e a r c h ,  and 

i t  can p ro v id e  a  s ig n a l  t h a t  0  ̂ i s  no lo n g e r  in  e r r o r ,  p ro v id in g  

an e n d -p o in t  f o r  v o lu n ta ry  s e a r c h in g  eye movement.

I n  many s tu d i e s  w here lo c u s  o f  s t im u la t io n  i s  s p e c i f i e d  

i t  i s  n e c e s s a ry  f o r  () t o  m a in ta in  a c c u r a te  f i x a t i o n  on command.

In  such  s t u d i e s ,  feed b ack  w ould  be  an e f f e c t i v e  m ethod f o r  

a s s i s t i n g  0_ in  p e rfo rm an ce  o f  t h e  f i x a t i o n  t a s k .  H ow ever, 

feed b ack  by i t s e l f ,  p ro v id e s  no g u a ra n te e  t h a t  0_ w i l l  b e  on 

f i x a t i o n  when s t i m u l i  a r e  p r e s e n te d .  One p o s s ib le  s o lu t io n  

to  th e  p rob lem  o f  g u a ra n te e in g  a c c u r a te  f i x a t i o n  and c o n s e q u e n tly  

g u a ra n te e in g  s t im u lu s  p r e s e n t a t io n  t o  t h e  s p e c i f i e d  r e t i n a l  

l o c u s ,  i s  t o  have a  s ig n a l  w h ich  i n d ic a te s  t h a t  0  ̂ i s  on f i x a t i o n  

t r i g g e r  th e  c r i t i c a l  v i s u a l  s t im u lu s .  Such a  s i g n a l  was 

g e n e ra te d  in  th e  a p p a ra tu s  sy s te m  d e s c r ib e d .  As u se d  i n  t h i s  

e x p e r im e n t, t h e  s ig n a l  p ro v id e d  feed b ack  t o  0_. H ow ever, th e  

a p p a ra tu s  was d e s ig n e d  t o  p ro v id e  th e  same s ig n a l  to  a  s t im u lu s  

t r i g g e r  sy b sy s te m . Such a  sy s te m  a llo w s  E t o  s p e c i f y  th e  

s p a t i a l  l i m i t s  o f  a c c u ra te  f i x a t i o n  and th e  te m p o ra l  r e q u i r e ­

m ents o f  c o n t i n u i t y .  I f  0 moves h i s  gaze  from  th e  s p a t i a l  l o c i  

s p e c i f i e d  by E_ b e fo r e  th e  te m p o ra l ly  d e f in e d  f i x a t i o n  c r i t e r i o n  

i s  m e t, th e  sy s te m  r e s e t s  i t s e l f ;  th u s  i t  a s s u re s  t h a t  s t im u l i  w i l l
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b e  p r e s e n te d  t o  c o n s ta n t  r e t i n a l  l o c i  ( s e e  A ppendix  I  f o r  

d e t a i l s  o f  t h e  a p p a r a tu s ) .

The re m a in d e r  o f  t h i s  d i s c u s s io n  w i l l  b e  d i r e c t e d  t o  a  

c o n s id e r a t io n  o f  th e  e f f e c t  o f  f i x a t i o n  i n s t a b i l i t y  on th e  

p l o t t i n g  o f  v i s u a l  f i e l d s  and th e  m easurem ent o f  dark  a d a p ta t io n  

th r e s h o ld s .  T hese two a re a s  have  b een  chosen  f o r  d i s c u s s io n  

b e c a u se  th e y  b o th  r e q u i r e  lo n g  d u r a t io n  f i x a t i o n .

I n f lu e n c e  o f  i n s t a b i l i t y  o f  m onocu lar f i x a t i o n  on th e  

p l o t t i n g  o f  v i s u a l  f i e l d s . —  " P e r im e t r y . . . i s  co n c e rn e d  w ith  

th e  f i e l d  o f  th e  s t a t i o n a r y  e y e . . . "  ( S c o t t ,  1 9 6 7 , p .  l ) .

C u rre n t p e r im e t r i c  te c h n iq u e s  f a i l  t o  a s s u r e  t h a t  th e  e y e , whose 

f i e l d  i s  b e in g  p l o t t e d ,  i s  i n  f a c t  s t a t i o n a r y .  T h is  d i s c u s ­

s io n  i s  co n c e rn e d  w ith  th e  co nsequences  o f  t h i s  f a i l u r e  t o  

a s s u re  f i x a t i o n .

P e r i m e t r i s t s  o r d i n a r i l y  depend upon d i r e c t  o b s e rv a t io n  o f  

th e  eye as an in d e x  o f  v i s u a l  f i x a t i o n .  I f  th e  p e r i m e t r i s t  

n o te s  d e v ia t io n  from  f i x a t i o n ,  h e  r e p e a ts  h i s  m easu rem en t, a f t e r  

f i r s t  r e i n s t r u c t i n g  <3 to  f i x a t e .  Ludvigh (19^9) q u e s t io n e d  how 

f a r  gaze  h a d  t o  b e  s h i f t e d  from  f i x a t i o n  b e fo r e  an o b s e rv e r ,  

whose o n ly  t a s k  was t o  m o n ito r  eye  m ovem ent, d e te c te d  th e  

e x c u rs io n . Ludvigh  s e l e c t e d  a  c a rd  w hich  i n s t r u c t e d  him  t o  

e x e c u te  an eye movement o f  X .̂ in  Y d i r e c t i o n .  (3 s ig n a l l e d  

Ludvigh t o  move h i s  e y e , and th e n  r e p o r t e d  th e  d i r e c t i o n  o f  

th e  o b se rv e d  m ovement. The r e s u l t s  o f  t h i s  s tu d y  in d ic a te d
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t h a t  d e p a r tu re s  from  f i x a t i o n  w hich  w ere  s m a l le r  th a n  1 ° co u ld

n o t h e  d e te c te d  w ith  th e  u n a id e d  e y e . I t  i s  u n l ik e ly  t h a t

th e  p e r i m e t r i s t ,  who m ust s im u l ta n e o u s ly  m o n ito r  f i x a t i o n  and p r e s e n t

t a r g e t s ,  d e te c t s  eye movements as s m a ll  as 1 ° . T h is  a p p a re n t

f a i l u r e  t o  d e te c t  s m a l l  d e v ia t io n s  from  f i x a t i o n  i s  im p o r ta n t

b e c a u s e  f i x a t i o n  i n s t a b i l i t y  may e x p la in  v a r io u s  p e r im e t r i c

phenom ena.

Hughes (195*0 d e m o n s tra te d  t h a t  th e  f in d in g  o f  m a c u la r  

s p a r in g  i s  som etim es t h e  consequence  o f  f i x a t i o n  i n s t a b i l i t y  

(p se u d o -m a c u la r  s p a r i n g ) .  The e r r o r  l i e s  p a r t l y  w i th  th e  

p a t i e n t ,  who te n d s  t o  sw ing  h i s  eye to w a rd  th e  b l i n d  f i e l d  and 

ad o p t a  new f i x a t i o n  p o i n t ,  and i t  l i e s  p a r t l y  w ith  t h e  o b s e r v e r ,  

who may f a i l  t o  d e te c t  f i x a t i o n  ch a n g es . Hughes advanced  s e v e r a l  

l a r g e  t e s t  o b je c t s  ( a r r a n g e d  i n  a  v e r t i c a l  l i n e )  from  th e  b l in d  

to  t h e  s e e in g  f i e l d .  When s p a r in g  was r e a l ,  t h e  c e n t r a l  

t e s t  o b j e c t  came i n t o  view  f i r s t ,  and th o s e  a t  t h e  p e r ip h e ry  l a t e r .  

When s p a r in g  was a p p a re n t ,  and  due to  s h i f t  o f  f i x a t i o n ,  a l l  

t h r e e  o b j e c t s  a p p e a re d  s im u l ta n e o u s ly .

F ix a t io n  i n s t a b i l i t y  may ac co u n t n o t  o n ly  f o r  p se u d o - 

m a c u la r  s p a r i n g ,  b u t  a l s o  f o r  th e  f a i l u r e  t o  f in d  s p a r in g  i n  

p a t i e n t s  w ith  s m a ll  l e s i o n s  a t  th e  o c c i p i t a l  p o l e .  P a t i e n t s  

w i th  b e g in n in g  in v o lv e m e n t o f  t h e  c e n t r a l  f i e l d  o f  v i s io n  u s u a l ly  

co m p la in ed  o f  " b lu r r e d "  v i s i o n  o r  d e c re a s e s  a c u i t y .  I t  i s  

p ro b a b le  t h a t  th e s e  p a t i e n t s  show more f i x a t i o n  i n s t a b i l i t y  th a n
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t h a t  o b se rv e d  i n  no rm als and  n o t as much as t h a t  o b se rv e d  in  

h e m ia n o p ic s . T h is  in te r m e d ia te  l e v e l  o f  f i x a t i o n  i n s t a b i l i t y  

w o u ld , a t  f i r s t ,  be  e f f e c t i v e  in  b r in g in g  th e  v i s u a l  im age o n to  

i n t a c t  p o r t io n s  o f  t h e  m acu la . As th e  sco tom a e n la r g e d ,  h o w ev er, 

f i x a t i o n  i n s t a b i l i t y  w ould  b e  i n s u f f i c i e n t  to  h id e  th e  sco tom a. 

F i n a l l y ,  as t h e  sco tom a e n la r g e d  t o  encompass th e  e n t i r e  m acu la  

( o r  a  l a r g e  p o r t io n  o f  i t )  0  ̂ w ould unknow ingly  s h i f t  h i s  f i x a t i o n  

to  a  p a r a f o v e a l  l o c u s ,  r e s u l t i n g  i n  th e  f a l s e  im p re s s io n  o f  

m ac u la r  s p a r in g .

The o th e r  p e r im e t r i c  f in d in g  w hich  may b e  a s s o c ia te d  w ith  

f i x a t i o n  i n s t a b i l i t y  i s  th e  p re s e n c e  o f  a  1 ° a n n u la r  am blyop ic  

zone s u rro u n d in g  th e  no rm al B l in d  Spot o f  M a r io tte  (a s  r e p o r te d  

i n  S c o t t ,  1957 )- The am blyopic  zone i s  p l o t t e d  by f i r s t  o u t l i n ­

in g  t h e  b l i n d  s p o t  w i th  5 mm. t a r g e t s  on a  1  o r  2 m. ta n g e n t  

s c r e e n ,  and th e n  ex am in in g  th e  b oundary  o f  t h i s  b l i n d  s p o t  w ith  

1 mm. t a r g e t s .  When t h i s  i s  d o n e , i t  i s  n o te d  t h a t  t h e r e  i s  a  

1 ° a n n u lu s  s u rro u n d in g  th e  b l i n d  s p o t  w i th in  w hich  £  r e p o r t s  t h a t  

th e  t a r g e t  i s  som etim es v i s i b l e  and som etim es n o t  v i s i b l e .

T a rg e t d e te c t io n  im proves as th e  t a r g e t  i s  moved c lo s e r  and 

c lo s e r  to  th e  " i n t a c t "  f i e l d .  D a ta  from  th e  p r e s e n t  s tu d y  and 

from  Bqyce (1 9 6 7 ) , D itc h b u rn  and G in sb o rg  (1 9 5 3 ) , Ludvigh (19^9) 

and Y arbus ( 1 9 6 7 ) s u p p o r t  th e  argum ent t h a t  t h i s  zone i s  a  

s t a t i s t i c a l  m a n i f e s ta t io n  o f  f i x a t i o n  i n s t a b i l i t y .
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Normal eye movements d u r in g  f i x a t i o n  (B o y c e ,1967; D itc h b u m  

and F o le y - F is h e r ,  1 9 6 7 ; D itc h b u m  and G in sb o rg , 1953; Y a rb u s ,

1967) a re  such  t h a t  a t  any i n s t a n t ,  t h e  p o s i t i o n  o f  th e  fo v ea  

may b e  up t o  5 0 ' a r c  from  th e  p resum ed  p o s i t i o n  o f  th e  fo v e a ;  

t h u s , n o rm a l ly , b o th  th e  fo v e a  and th e  o p t i c  d i s c  a re  moved to  

c o n t in u a l ly  ch an g in g  p o s i t i o n s . The consequences o f  t h i s  u n d e te c te d  

f i x a t i o n  i n s t a b i l i t y  a re  shown i n  F ig u re  13. Any tim e  th e  r e t i n a  

i s  a t  th e  p o s i t i o n  i n d ic a te d  a t  T ^ , 0_ i s  a c c u r a te ly  f i x a t i n g  th e  

f i x a t i o n  s p o t ,  and s t im u lu s  B_ w i l l  be  p r o je c te d  o n to  a  n o n -b lin d  

a r e a  o f  t h e  r e t i n a .  W henever th e  r e t i n a  i s  a t  th e  p o s i t i o n  in d ic a te d  

as T ^ , th e  p r o je c t i o n  o f  th e  f i x a t i o n  s p o t i s  n o t  a t  th e  c e n te r  

o f  t h e  fo v e a ,  and s t im u lu s  w i l l  b e  p r o je c te d  o n to  t h e  b l i n d  

s p o t .  S in c e  d e te c t io n  o f  s t im u lu s  B _occurs p a r t  o f  th e  t im e ,  

i t  w i l l  a p p e a r  as i f  t h e r e  i s  an am blyopic  zone s u rro u n d in g  th e  

b l i n d  s p o t  and t h a t  t h i s  zone becomes more norm al as i t  i s  

p l o t t e d  from  th e  edge o f  th e  b l i n d  s p o t  to  th e  l i m i t s  o f  t h e  

zone ( i .  e .  t h e r e  w i l l  b e  an am b lyop ic  g r a d i e n t ) .  I f  th e  

s i z e s  o f  m ic ro -s a c c a d e s  o b se rv e d  t o  o c c u r  d u r in g  f i x a t i o n  a re  

d i s t r i b u t e d  n o rm a lly , th e  am blyopic  zone w i l l  ap p ear t o  b e  more 

dense im m ed ia te ly  a d ja c e n t  t o  t h e  b l i n d  s p o t  th a n  im m ed ia te ly  

a d ja c e n t  to  th e  " i n t a c t "  s u r ro u n d .

I t  i s  p o s s ib le  t h a t  t h e  am blyopic  zone s u rro u n d in g  th e  

b l i n d  s p o t ,  e l i c i t e d  o n ly  w ith  1 o r  2 mm t a r g e t s ,  can be  

a c co u n te d  f o r  w h o lly  on t h e  b a s i s  o f  p o o r  a c u i t y ,  b u t  t h i s  seems



70

F ig . 1 3 . The no rm al 1° a n n u la r  am blyop ic  zone s u rro u n d in g  

th e  B l in d  S p o t o f  M a r io tte  v iew ed as a  s t a t i s t i c a l  phenomenon. 

S tim u lu s  A w i l l  alw ays b e  p r o je c te d  o n to  t h e  b l i n d  s p o t .  

S tim u lu s  B_ w i l l  som etim es b e  p r o je c te d  o n to  th e  b l i n d  s p o t  

and w i l l  som etim es b e  p r o je c te d  o n to  n o n - b l in d  r e t i n a l  a r e a s .

0_ r e p o r t s  t h e  p re s e n c e  o f  B_ when th e  b l i n d  s p o t  i s  in  th e  

p o s i t i o n  m arked BS and. th e  n o n -p re se n c e  o f  when th e  

b l i n d  s p o t  i s  i n  t h e  p o s i t i o n  m arked B S ^*
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u n l ik e ly .  The no rm al b l i n d  s p o t  i s  c e n te r e d  a p p ro x im a te ly  16 ° 

te m p o ra l  t o  f i x a t i o n ;  i t  e x te n d s  from  13° t o  19° ( H a r r in g to n ,

1971 , p .  1 0 2 ). I f  th e  a n n u la r  am blyopic zone s u rro u n d in g  th e  

b l i n d  s p o t  r e s u l t e d  from  p o o r a c u i t y ,  i t  w ou ld  b e  e x p e c te d  t h a t  

th e r e  w ou ld  b e  a  m e a su re a b le  d i f f e r e n c e  i n  th e  zone on th e  n a s a l  

and f o v e a l  s id e s  o f  th e  b l i n d  s p o t ,  w ith  t a r g e t  d e te c t io n  b e t t e r  

on th e  f o v e a l  s id e  o f  th e  am blyopic  zone. T h is  d i f f e r e n c e  h as  

n o t b e e n  r e p o r t e d ,  and i n  i t s  a b s e n c e , i t  i s  co n c lu d e d  t h a t  th e  

am blyopic  zone i s  s t a t i s t i c a l  and n o t  r e t i n a l  in  o r i g i n .

One s o lu t i o n  t o  i d e n t i f y i n g  th e  b a s i s  o f  th e  am blyopic  zone 

m igh t b e  t o  p l o t  i t  w i th  a  s t a b i l i z e d  im age te c h n iq u e .  I f  th e  

f in d in g  o f  am b lyop ia  p e r s i s t s  even w ith  s t a b i l i z a t i o n ,  th e n  th e  

zone i s  n o t a  s t a t i s t i c a l  m a n i f e s ta t io n  o f  f i x a t i o n  i n s t a b i l i t y .

I f  th e  f in d in g  o f  an am blyopic  zone d is a p p e a rs  w i th  s t a b i l i z a t i o n ,  

th e n  s t r o n g  e v id e n c e  t o  s u p p o r t  th e  f i x a t i o n  i n s t a b i l i t y  h y p o th e s is  

w i l l  have  b een  o b ta in e d .

The f in d in g  o f  th e  p r e s e n t  s tu d y  t h a t  f i x a t i o n  i n s t a b i l i t y  

p e r s i s t s  even  w ith  fe e d b a c k , r e q u i r e s  t h a t  th e  te c h n iq u e s  u sed  

to  p l o t  v i s u a l  f i e l d s  b e  re -e x a m in e d . A p o s s ib l e  s o lu t i o n  t o  th e  

p rob lem  o f  f i x a t i o n  i n s t a b i l i t y  i s  t o  make t a r g e t  p r e s e n t a t io n  

c o n tin g e n t  upon f i x a t i o n .  The a u to m a tic  sy s te m  d e s c r ib e d  in  

A ppendix I  can b e  a d a p te d  f o r  c l i n i c a l  u s e ,  p e r m i t t in g  b o th  

s t a t i c  and  dynam ic p e r im e t r y ,  c o n tin g e n t  upon m a in ta in e d  f i x a t i o n .  

The sy s te m  w ould  p e rm it  th e  p l o t t i n g  o f  v i s u a l  f i e l d s  even  in
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p a t i e n t s  who h o ld  f i x a t i o n  p o o r ly ,  and w ould  a s s u r e  c o m p a ra b i l i ty  

o f  f i e l d s  p l o t t e d  a t  d i f f e r e n t  t im e s  i n  t h e  c o u rs e  o f  th e  d i s e a s e .

F ix a t io n  i n s t a b i l i t y  and d a rk  a d a p ta t i o n . —  The g e n e r a l  

v a r i a b le s  i n f lu e n c in g  d a rk  a d a p ta t io n  ( in c r e a s in g  v i s u a l  s e n s i ­

t i v i t y  w ith  i n c r e a s in g  tim e  i n  th e  d a rk )  a re  w e l l  known ( B a r t l e t t  

i n  C. Graham, 1 9 6 6 ) . The argum ent advanced  i n  t h i s  d i s c u s s io n  

i s  ( l )  t h a t  f i x a t i o n  i n s t a b i l i t y  in c r e a s e s  when th e  eye i s  p la c e d  

in  t h e  d a rk ,  ( 2 ) t h a t  t h i s  f i x a t i o n  i n s t a b i l i t y  r e s u l t s  i n  

s t i m u l i  b e in g  p r e s e n te d  t o  n o n -c o n s ta n t  r e t i n a l  l o c i ,  and ( 3 ) t h a t  

th e  d i s t r i b u t i o n  o f  eye p o s i t i o n s  i n  t h e  da rk  i s  n o t  random  b u t 

i s  r e l a t e d  t o  th e  ch an g in g  s e n s i t i v i t y  o f  th e  e y e . I t  i s  p ro p o se d  

t h a t  changes i n  eye p o s i t i o n  d u r in g  t h e  i n i t i a l  s ta g e s  o f  d a rk  

a d a p ta t io n ,  may s y s te m a t ic a l ly  i n f lu e n c e  th e  shape  o f  th e  e a r ly  

p o r t io n  o f  th e  d a rk  a d a p ta t io n  f u n c t io n .

F ix a t io n  i n s t a b i l i t y  a p p e a rs  to  b e  m axim ized by th e  sudden  

t r a n s i t i o n s  i n  i l l u m in a t io n  w hich  o c c u r  a t  th e  b e g in n in g  o f  da rk  

a d a p ta t io n .  S te in m an  ( 1 9 6 5 ) s tu d i e d  th e  e f f e c t  o f  t a r g e t  s i z e s  

on f i x a t i o n .  In  o r d e r  f o r  him  to  change th e  s i z e  o f  t a r g e t s ,  i t  

was n e c e s s a ry  t o  c lo s e  a s h u t t e r ,  o b s c u r in g  n o t o n ly  th e  f i x a t i o n  

t a r g e t ,  b u t  i n t e r r u p t i n g  a  s te a d y  s t a t e  i l l u m in a t io n  o f  t h e  e y e .

In  d i s c u s s in g  th e  eye  movement re c o rd s  sa m p le d , S te inm an  n o te d  

"Only th e  f i n a l  20 s e c .  o f  each  30 s e c .  t r i a l  w ere ex am in ed , i n  

o r d e r  to  re d u c e  v a r i a b i l i t y  a r i s i n g  from  changes in  a d a p ta t io n  

t h a t  accompany changes i n  f i x a t i o n  t a r g e t s "  ( p .  1 1 5 9 ) . Simon
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( 1 9 0 U) u se d  a f te r - im a g e  m apping and b l i n d  s p o t  m apping t o  

d e te rm in e  f i x a t i o n  changes d u r in g  an h o u r  o f  d a rk  a d a p ta t io n .

He n o te d  an im m edia te  2° f i x a t i o n  s h i f t  a s s o c ia te d  w ith  e x t i n c t i o n  

o f  th e  a d a p tin g  l i g h t ,  fo llo w e d  by  a  s y s te m a t ic  s h i f t  o f  th e  f i x a ­

t i o n  a x is  back  to w ard s  t h e  fo v e a  d u r in g  th e  c o u rs e  o f  da rk  

a d a p ta t io n .  F u r th e r  e v id e n c e  o f  in c r e a s e d  f i x a t i o n  i n s t a b i l i t y  

a s s o c ia te d  w ith  sudden  changes i n  i l l u m in a t io n  comes from  

M a tin , M a tin , and P e a rc e  (1 9 7 0 ; s e e  a l s o  F ig u re  1 ^ ) .  M atin  e t .  a l .  

i n s t r u c t e d  t h e i r  Os to  m a in ta in  f i x a t i o n  and th e n  e x tin g u is h e d  

a l l  th e  l i g h t s  ( in c lu d in g  th e  f i x a t i o n  t a r g e t ) .  In  t h e  t h r e e  

s e c .  i n t e r v a l  im m ed ia te ly  fo llo w in g  th e  sudden  change i n  i l lu m in a ­

t i o n  t h e r e  w ere a  l a r g e  num ber o f  eye movements (m o s tly  t o  th e  

l e f t )  and th e  a r e a  o v e r  w hich  th e  eye moved was c o n s id e r a b le .

Fye movements a s s o c ia te d  w ith  sudden  changes i n  i l l u m in a t io n  

r e s u l t  in  s t i m u l i  b e in g  p r e s e n te d  to  v a ry in g  r e t i n a l  l o c i .  The 

d i s t r i b u t i o n  o f  eye p o s i t i o n s  and  c o n s e q u e n tly  o f  s t im u lu s  

l o c i  may b e  r e l a t e d  t o  th e  c h an g in g  s e n s i t i v i t y  o f  th e  e y e , 

w i th  t h e  d i r e c t i o n  o f  gaze  s h i f t  such  t h a t  th e  f i x a t i o n  t a r g e t  

i s  b ro u g h t o n to  l e s s  s e n s i t i v e  r e t i n a l  r e g io n s .  T ha t t h i s  

i n t e r p r e t a t i o n  i s  c o r r e c t  i s  s u g g e s te d  by  th e  f in d in g s  o f  

Simon (190M  and S te inm an  and C u n itz  (1 9 6 8 ). I n  S im on 's  s tu d y ,

0_ r e d e f in e d  th e  r e t i n a l  lo c u s  w ith  w hich he  v iew ed th e  f i x a t io n  

s p o t  t o  be s o m e th in t  o t h e r  th a n  t h a t  s p e c i f i e d  by E and o v e r 

th e  c o u rse  o f  an h o u r ,  0 / s  f i x a t i o n  moved f u r t h e r  and f u r t h e r  

away from  t h a t  new ly d e f in e d  lo c u s .  The d i r e c t i o n  o f  gaze
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F ig . l 4 .  F requency  d i s t r i b u t i o n s  o f  change i n  eye 

p o s i t i o n  d u r in g  t h r e e  s e c .  d a rk  i n t e r v a l  fo llo w in g  e x t i n c t i o n  

o f  f i x a t i o n  t a r g e t  in  th e  d a rk . R e p r in te d  from  M a tin , M a tin , 

and P e a rc e ,  V is io n  R e s e a rc h , 1970 , 1 0 , 837-857-
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s h i f t  was su ch  as to  b r in g  th e  f i x a t i o n  t a r g e t  o n to  a  l e s s  

s e n s i t i v e  r e t i n a l  r e g io n  ( th e  p a ra f o v e a  i s  l e s s  s e n s i t i v e  th a n  

th e  fo v e a  d u r in g  e a r ly  d e a rk  a d a p ta t io n  and th e  fo v e a  i s  l e s s  

s e n s i t i v e  th a n  th e  p a ra fo v e a  d u r in g  th e  l a t e r  s ta g e s  o f  d a rk  

a d a p ta t i o n ) .  T h is  i n c i d e n t a l l y ,  i s  p r e c i s e l y  w hat Os i n  b o th  

t h i s  stucfer and Y a rb u s ' s tu d y  d id :  i n  n o n -d a rk  a d a p te d  e y e s ,

th e  fo v e a  i s  more s e n s i t i v e  th a n  th e  n o n - fo v e a l  r e t i n a l  re g io n s  

and f i x a t i o n  s h i f t s  o b se rv e d  in  th e  n o n -d a rk  a d a p te d  eyes w ere 

away from  th e  fo v e a . Os in  S te inm an  and C u n i tz 's  (1968) s tu d y  

w ere i n s t r u c t e d  to  f i x a t e  s m a ll  " w h ite "  l i g h t  t a r g e t s ,  t h e  

lim in a n c e s  o f  w hich w ere  j u s t  above and j u s t  below  fo v e a l  th r e s h o ld .  

Ol, r e p o r te d  t h a t  th e  " s u b th re s h o ld "  t a r g e t s  d is a p p e a re d  p e r i o d i c a l l y .  

P o s t  s e s s i o n  a n a ly s is  o f  f i lm  r e c o rd s  showed t h a t  Os began  low 

lum inance  t r i a l s  by r o t a t i n g  t h e i r  eyes  t o  f i x a t e  p a r a f o v e a l ly ; 

th u s  t h e  low lum inance  t a r g e t s  w ere  i n i t i a l l y  v i s i b l e .  D r i f t  

eye movements r e p e a te d ly  moved th e  p r o j e c t i o n  o f  th e  s u b th r e s h o ld  

t a r g e t r s  c lo s e r  to  th e  i n s e n s i t i v e  f o v e a l  r e g io n .  When t h e  p ro ­

j e c t i o n  o f  th e  low lum inance  t a r g e t s  was f o v e a l ,  t h e  t a r g e t s  w ere 

no lo n g e r  v i s i b l e .  " T a rg e t d isa p p e a ra n c e s  w ere  fo llo w e d  by 

t a r g e t - f i n d i n g  sa c c a d e s  t h a t  p la c e d  th e  t a r g e t  i n  a  more s e n s i t i v e  

r e t i n a l  r e g i o n . . .  These ex p e rim e n ts  im p ly  a  r e f l e x i v e  g u id an ce  

sy stem  t h a t  comes i n to  p la y  when t h e  f i x a t i o n  s p o t  i s  f e e b le .

The sy s te m  i s  m a la d ju s t iv e ; i t  g u id e s  f a i n t  t a r g e t s  to  a  r e t i n a l
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re g io n  w here  th e y  canno t b e  s e e n "  ( p .  2 8 5 ) . T h is  f in d in g  

le n d s  s u p p o r t  to  t h e  m echanism  p ro p o se d  t o  a c co u n t f o r  f i x a t io n  

i n s t a b i l i t y  and t h e  e f f e c t  o f  e x t e r n a l  feed b ack  on f i x a t io n  

s t a b i l i t y .  In  th e  d a rk -a d a p tin g  e y e ,  th e  d isa p p e a ra n c e  o f  th e  

f i x a t i o n  t a r g e t  p ro v id e s  an e r r o r  s i g n a l  w hich i n i t i a t e s  v o l ­

u n ta ry  s e a rc h in g  eye  movements and th e  re a p p e a ra n c e  o f  th e  

f i x a t io n  t a r g e t  p ro v id e s  an e n d -p o in t  f o r  t h i s  s e a r c h .  Thus 

d is a p p e a ra n c e /re a p p e a ra n c e  and e x t e r n a l  feed b ack  p ro v id e  0_ 

w ith  i d e n t i c a l  in fo r m a t io n .  I n  n e i t h e r  t h e  p r e s e n t  s tu d y  no r 

th e  dark  a d a p ta t io n  s tu d ie s  i s  r a t e  o f  change o f  eye p o s i t i o n  

presum ed t o  be s u f f i c i e n t l y  g r e a t  as t o  p ro v id e  a  w a rn in g  o f  

im pend ing  d e p a r tu r e  from f i x a t i o n ,  and  i n  n e i t h e r  ca se  does t h e  

feed b ack  t h a t  f i x a t i o n  i s  no lo n g e r  i n  e r r o r  p re v e n t  e r r o r  from  

re a c c u m u la tin g  and a g a in  m oving th e  eye  o f f  f i x a t i o n .

I f  ey e  p o s i t i o n  does change s y s te m a t ic a l ly  d u r in g  th e  

e a r l y  p h a se s  o f  d a rk  a d a p ta t io n ,  th e n  th e s e  changes may 

d i r e c t l y  in f lu e n c e  t h e  shape o f  th e  d a rk  a d a p ta t io n  f u n c t io n .

Two exam ples a re  d e r iv e d  from  H e c h t, H a ig , and Walk (1935) 

and C raw ford  (1 9 ^ 7 ) .

H e c h t, Haig and  Wald (1935) r e p o r te d  th e  r e s u l t s  o f  one 

d a rk  a d a p ta t io n  d e te rm in a t io n  i n  w hich  a  2° t e s t  f l a s h  was 

p r e s e n te d  t o  d i f f e r e n t  r e t i n a l  l o c i  ( 0 ° ,  2 - 1 /2 ° ,  5 ° ,  and 1 0 ° ) .

The f in d in g s  fo r  0,° a re  p r e s e n te d  i n  T a b le  7 . Of p a r t i c u l a r  

i n t e r e s t  i s  th e  o b s e rv a t io n  t h a t  th e  " fo v e a l"  th r e s h o ld s  a t  38 .90



79

T a b le  7

D ata  from  H e c h t, H a ig , and Wald (1 9 3 5 ):

R e s u lts  o f  One Dark A d a p ta tio n  D e te rm in a tio n  a t  Z ero  D egrees

Time in  Dark (m in .)

0 .22

0 .7 8

1 .70

30.90

38.90 

52.50

Log I  o f  F a t  

T h re sh o ld

k .bo

3 .6 7

3 .66

3 .6 7  

**.55 

I t .56
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and 52 .50  m in . w ere h ig h e r  th a n  th e  o r i g i n a l  " f o v e a l"  th r e s h o ld  

m easu red  a t  0 .2 2  m in. T hese f in d in g s  can n o t b e  e x p la in e d  p h o to -  

c h e m ic a l ly ;  th e y  may p o s s ib ly  b e  e x p la in e d  by f i x a t i o n  s h i f t s .

I f  S im o n 's  m easurem ents w ere a c c u r a te ,  th e n  th e  f i r s t  th r e s h o ld  

d e te rm in a t io n  was a c tu a l l y  ta k e n  a t  2° and n o t on th e  fo v e a . 

C o n se q u e n tly , no p a r t  o f  th e  t e s t  f l a s h  f e l l  on t h e  fo v e a .

As d a rk  a d a p ta t io n  c o n tin u e d , h o w ev er, t h e  f i x a t i o n  lo c u s  s h i f t e d  

to w ard  t h e  fo v e a . T h is  c o u ld  a c co u n t f o r  th e  r i s e  in  t h r e s h o ld  

se e n  in  th e  l a t t e r  p a r t  o f  th e  H echt e t .  a l .  d e te r m in a t io n .

The o th e r  d a rk  a d a p ta t io n  f in d in g  l i k e k ly  t o  be  a s s o c i a te d  

w ith  f i x a t i o n  i n s t a b i l i t y  i s  t h e  o b s e rv a t io n  by C raw ford  ( 1 9 V7) 

t h a t  t h r e s h o ld  in c r e a s e s  j u s t  b e fo r e  and j u s t  a f t e r  t h e  a d a p tin g  

l i g h t  i s  e x t in g u is h e d .  T h is  can n o t b e  e x p la in e d  p h o to e h e m ic a lly . 

E x t in c t io n  o f  th e  a d a p tin g  l i g h t  a p p a re n tly  r e s u l t s  i n  s a c c a d ic  

eye m ovem ents; such  eye  m ovem ents, in d e p e n d e n t o f  when th e y  o c c u r ,  

r e s u l t  i n  s u p p re s s io n  o f  v i s u a l  s e n s i t i v i t y  ( B e e le r ,  1967 ; 

Volkmann, 1962; Volkm ann, S c h ic k , and R ig g s , 1 9 6 8 ) .  S u p p re ss io n  

a p p e a rs  t o  b e g in  b e fo r e  th e  eye m ovem ent, b u t  t h i s  may r e f l e c t  

a  m asking  phenomenon. I n  any c a s e ,  s u p p re s s io n  r a i s e s  th r e s h o ld s  

by  1 / 2  lo g  u n i t ,  and t h i s  i s  p r e c i s e l y  th e  m agn itude  o f  th e  

in c re m e n t n o te d  by  C raw ford  i n  th e  d a rk  a d a p ta t io n  c u rv e . The 

s i m i l a r i t y  i n  m agn itude  and tim e  c o u rse  o f  C ra w fo rd 's  phenomenon 

and s a c c a d ic  s u p p re s s io n  s u g g e s t  t h a t  t h e  r i s e  in  t h e  d a rk
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a d a p ta t io n  f u n c t io n  may b e  r e l a t e d  t o  f i x a t i o n  i n s t a b i l i t y ,

i .  e .  t h a t  th e  r i s e  may b e  a  s a c c a d ic  s u p p re s s io n  f u n c t io n  

su p e rim p o sed  on a  d a rk  a d a p ta t io n  f u n c t io n .

I f  s a c c a d ic  s u p p re s s io n  i s  a  r e t i n a l  phenomenon 

( R ic h a rd s ,  1 9 6 8 ) ,  th e n  th e  r i s e  in  t h e  C raw ford  da rk  a d a p ta t io n  

c u rv e  w i l l  d is a p p e a r  u n d e r  c o n d it io n s  o f  im age s t a b i l i z a t i o n .

I f ,  h o w ev er, s a c c a d ic  s u p p re s s io n  i s  a  c e n t r a l  phenomenon 

(Volkm ann, 1962; Volkm ann, S c h ick  and R ig g s , 1 9 6 8 ) ,  s t a b i l i z a t i o n  

w i l l  n o t p ro v id e  an a d e q u a te  t e s t  o f  th e  s a c c a d ic  s u p p re s s io n  

h y p o th e s i s .  The in ad e q u a c y  o f  th e  m ethod i s ,  as p re v io u s  

s u g g e s te d ,  r e l a t e d  t o  f a i l u r e  t o  r e s t r i c t  o cu lo m o to r a c t i v i t y .

The c o n s t r a in e d  f i x a t i o n  s t im u lu s  t r i g g e r  sy s tem  d e s c r ib e d  in  

A ppendix I  may p ro v id e  a  te c h n iq u e  f o r  exam in ing  th e  h y p o th e s is  

t h a t  s a c c a d ic  s u p p re s s io n  i s  r e s p o n s ib le  f o r  th e  r i s e  i n  t h r e s h o ld  

n o te d  by C raw ford . P r i o r  t o  u n d e r ta k in g  such  a  s tu d y ,  h o w ev er, 

one w ould  have  t o  d e m o n s tra te  t h a t  a  s a c c a d e  e q u a l  in  m agn itude  

to  th e  d ia m e te r  o f  t h e  l i m i t s  o f  f i x a t i o n  ( s p e c i f i e d  by  E) does 

n o t r e s u l t  i n  s a c c a d ic  s u p p re s s io n .  I f  such  i s  found  t o  be th e  

c a s e ,  and i f  th e  in c re m e n t in  C ra w fo rd 's  f u n c t io n  d e r iv e s  from  

s a c c a d ic  s u p p r e s s io n ,  th e n  th e  in c re m e n t o u gh t t o  " d is a p p e a r"  

u n d e r  c o n d it io n s  o f  o cu lo m o to r r e s t r i c t i o n .

T h is  d i s c u s s io n  i s  n o t  m eant t o  im p ly  t h a t  a l l  s h i f t  i n  d a rk  

a d a p ta t io n  th r e s h o ld s  o v e r  tim e  s h o u ld  b e  a t t r i b u t e d  t o  f i x a t i o n
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i n s t a b i l i t y .  H ow ever, some o f  th e  d e m o n s tra te d  s h i f t s  in  

d a rk  a d a p ta t io n  th r e s h o ld s  fo llo w  w ith  r e v e a l in g  c o in c id e n c e  th e  

d e m o n s tra te d  c o u rse  o f  f i x a t i o n  changes d u r in g  d a rk  a d a p ta t io n .  

I t  seems w o rth w h ile  t o  c o n s id e r  t h i s  v a r i a b le  in  f u r t h e r  

d e t a i l e d  i n v e s t i g a t i o n s .
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A re p e a te d -m e a s u re s  d e s ig n  was u se d  t o  exam ine th e  

a ssu m p tio n  t h a t  a c c u r a te  f i x a t i o n  i s  a  c o n tin u o u s  e v e n t ,  and to  

e v a lu a te  t h e  e f f e c t  o f  feed b ack  and p r a c t i c e  on f i x a t i o n  

p e rfo rm a n c e .

0̂  was c o n s id e re d  to  be  f i x a t i n g  a c c u r a te ly  i f  he  k e p t  h i s  

f i x a t io n  a x is  w i th in  2 k ' a rc  o f  th e  c e n te r  o f  i t s  o r i g i n a l l y  

s p e c i f i e d  p o s i t i o n .

M a n ip u la tio n  o f  i l l u m in a t io n  o f  th e  f i x a t io n  t a r g e t  

and th e  p re s e n c e  o f  an a u d i to r y  s ig n a l  g e n e ra te d  n in e  f i x a t i o n  

c o n d i t io n s ,  f o u r  o f  w hich  p ro v id e d  no feed b ack  r e g a r d in g  f i x a t i o n  

a c c u ra c y , f o u r  o f  w hich  p ro v id e d  feedback  in  one m o d a l i ty ,  and 

one o f  w h ich  p ro v id e d  feed b ack  i n  two m o d a l i t i e s .

W ith o r  w ith o u t  fe e d b a c k , a c c u ra te  f i x a t io n  was d is c o n ­

t in u o u s .  W ithou t fe e d b a c k , f i x a t i o n  d e t e r i o r a t e d  such  t h a t  a t  th e  

end  o f  30-60 s e c .  , 0_ was no lo n g e r  f i x a t i n g  th e  i n i t i a l  f i x a t io n  

s p o t  o r  any p o in t  w i th  2 k '  a r c  o f  i t s  c e n te r .  W ith  fe e d b a c k ,

() f i x a t e d ,  a l b e i t  d i s c o n t in u o u s ly , th ro u g h o u t t h e  t r i a l .

Feedback s i g n i f i c a n t l y  r a i s e d  t o t a l  f i x a t i o n  d u r a t io n  w i th in  

a  t r i a l .  P r a c t i c e  d id  n o t im prove f i x a t i o n  p e rfo rm a n c e , and 

f a t i g u e  c a u se d  no d e t e r i o r a t i o n  i n  f i x a t i o n  p e rfo rm a n c e .

I t  was p ro p o se d  t h a t  t h e  r a t e  o f  change o f  eye  p o s i t i o n  

d u r in g  a tte m p te d  f i x a t i o n  was s o  low t h a t  n e i t h e r  th e  v i s u a l  

sy s te m  n o r  th e  m usc le  s p in d le  a f f e r e n t s  s ig n a l l e d  eye movement.
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I t  was s u g g e s te d  t h a t  feed b ack  im proved  f i x a t i o n  by  p ro v id in g  

£  w ith  an  e r r o r  s i g n a l ,  i n d i c a t i n g  t h a t  h e  was o f f  f i x a t i o n  

and i n i t i a t i n g  v o lu n ta ry  s e a rc h in g  eye m ovem ents. The change 

in  fe e d b a c k  s i g n a l  when 0_ a g a in  f i x a t e d  p ro v id e d  an e n d -p o in t  

fo r  t h e  s e a rc h .

The consequences o f  f i x a t i o n  i n s t a b i l i t y  w ere  d is c u s s e d  

and a  te c h n iq u e  was d e s c r ib e d  to  make s t im u lu s  p r e s e n t a t io n  

c o n tin g e n t  upon m a in ta in e d  f ix a t io n .
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F ig u re  15 shews a  l o g i c a l  s c h e m a tic  o f  t h e  c i r c u i t s  u sed  

t o  o b ta in  t h e  t r i a l  and  f i x a t i o n  r e c o r d s  and t o  c o n t r o l  th e  

i l l u m in a t io n  o f  th e  f i x a t i o n  s p o t  and  th e  p re s e n c e  o f  sound .

The c i r c u i t  c h e c k p o in t l e v e l s  a f t e r  c l e a r in g  th e  sy s te m  and 

b e f o r e  s t a r t i n g  th e  t r i a l  a r e  shown i n  T ab le  8 .

S t a r t  o f  t r i a l  (S -2 )  and end  o f  t r i a l  (E) p u ls e s  w ere 

d e r iv e d  from  a  H un ter t im e r  (M odel No. I l l  C ). When a  t r i a l  

b e g a n , o u tp u t D_ o f  f l i p - f l o p s  (FF) 1 ,  2 ,  5 , and  7 w en t h ig h . 

C o n se q u e n tly , p o in t  F was a t  U .7 VDC and  s t a r t  o f  t r i a l  was 

in d ic a te d  on th e  t r i a l  r e c o r d .

I f  th e  f i x a t io n  s p o t  was n o t  i l l u m in a te d  d u r in g  t h e  

t r i a l ,  s w itc h  3 was a t  g round  and  s w itc h  It was a t  g ro u n d .

I f  th e  f i x a t i o n  sp o t was c o n tin u o u s ly  i l l u m in a te d  d u r in g  th e  

t r i a l ,  s w itc h  3 was a t  g ro u n d , s w itc h  1+ was a t  H_, and  th e  

o u tp u t  o f  FFg was h ig h .  I f  th e  i l l u m in a t io n  o f  th e  f i x a t i o n  

s p o t  was c o n tin g e n t  upon f i x a t i o n  ( i . e .  i f  t h e  t r i a l  was a 

l i g h t  feed b ack  t r i a l ) ,  s w itc h  3 was a t  TIBA, s w itc h  U was a t  

g ro u n d , and th e  D o u tp u t  o f  FFg was low . I f  t h e r e  was to  be  

no a u d ito ry  s ig n a l  d u r in g  th e  t r i a l ,  sw itc h  5 was a t  g round .

I f  th e  a u d i to r y  s ig n a l  was c o n tin u o u s ly  p r e s e n t  d u r in g  th e  t r i a l ,  

s w i tc h  5 was a t  I t .7 VDC. I f  t h e  p re s e n c e  o f  sound  was c o n tin ­

g e n t  upon f i x a t i o n ,  s w itc h  5 was a t  TIBA. I f  b o th  t h e  p re s e n c e  o f  

so u n d  and t h e  i l lu m in a t io n  o f  t h e  f i x a t i o n  s p o t  w ere c o n tin g e n t
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F ig . 15* L o g ic a l s c h e m a tic  o f  e l e c t r o n i c  c i r c u i t s  

show ing in p u t  (T l)  and o u tp u ts  [ t r i a l  r e c o r d ,  f i x a t i o n  

r e c o r d ,  s o n a l e r t ,  l i g h t - e m i t t i n g  d io d e  (LED), and s t r o b o -  

s l a v e ] .
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T ab le  8

C i r c u i t  C heckpo in ts  A f te r  C le a r in g  and B e fo re  S t a r t  o f  T r i a l

C o n d itio n

C le a r

S_ o f f  f i x a t i o n  

C le a r

S_ on f i x a t io n  

No l i g h t  FBb 

C le a r

S_ on f i x a t io n  

L ig h t FB

C i r c u i t  P o in t

Aa K H U D J F P L X

+ 0 0 0 0 + 12VDC + 0 0

+ 0 0 0 0 + 12VDC + 0 0

+ 0 0 0 0 + 12VDC + 0 0

m om en tarily  h ig h  a t  c l e a r

FB s ta n d s  f o r  feedback
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upon f i x a t i o n ,  s w itc h  3 was a t  TIBA, sw itc h  ^ was a t  g ro u n d , and 

s w itc h  5 was a t  TIBA.

At th e  end o f  th e  t r i a l  (E) th e  H u n te r  t im e r  c a u se d  p o in t  

K t o  go h ig h  w hich  in  t u r n  cau sed  o u tp u t <J o f  FF t o  go h ig h  

and p o in t  ?_ to  go h ig h . When p o in t  was h ig h ,  th e  o u tp u t  o f  

FF^, FFg> and FF^ was low . T h is  tu r n e d  o f f  th e  f i x a t i o n  r e c o r d ,  

t h e  f i x a t i o n  s p o t i l lu m in a t io n  ( i f  p r e s e n t )  and th e  a u d ito r y  

s i g n a l  ( i f  p r e s e n t ) .  The t r i a l  r e c o r d  r e c o rd e d  end  o f  t r i a l  

by  a  change in  v o l ta g e  l e v e l  a t  p o in t  I? (fro m  h . J  t o  1 6 .7  VDC).

A p p l ic a t io n :  S tim u lu s  p r e s e n ta t io n  w i th  c o n s t r a in t  o f  

v i s u a l  f i x a t i o n .  —  A lthough  c r i t i c a l  v i s u a l  s t im u l i  w ere n o t  

p r e s e n te d  i n  t h i s  e x p e r im e n t, t h e  sy stem  as d e s ig n e d  and t e s t e d  

p ro v id e d  f o r  t h e i r  p r e s e n t a t io n .  S t im u li  c o u ld  have  b een  p r e s e n te d  

i n  an u n c o n s tr a in e d  mode ( i . e .  in d e p e n d e n t o f  f i x a t io n )  o r  i n  a  

c o n s t r a in e d  mode ( i . e .  c o n tin g e n t  upon s p a t i a l  and te m p o ra l 

c r i t e r i a  o f  f i x a t i o n ) .

U n c o n s tra in e d  s t im u la t io n  w ou ld  have o c c u rre d  i f  s w itc h  

1 was a t  H_. S t a r t  o f  t r i a l  w ould  cause  o u tp u t  J_ o f  FF^ t o  go 

low . T h is  w ould c a u se  t h e  c o l l e c t o r  o f  (F ig u re  16) to  go 

h ig h  c h a rg in g  Cg th ro u g h  Cg c h a rg e s  t o  a  v o l ta g e

n e c e s s a ry  t o  t u r n  on w hich c a u se s  p o in t  to  go m o m en ta rily  

h ig h .  T h is  t r a n s i e n t  h ig h  w ould  t r i g g e r  t h e  s t r o b o s la v e  (G e n e ra l  

R adio  C orp . Model No. 1539 A) th ro u g h  OR g a te  5 and tu r n  o f f  th e  

s t im u lu s  p r e s e n t a t io n  u n i t  th ro u g h  OR g a te  1 . The o u tp u t  o f
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F ig .  1 6 . S c h e m a tic  o f  u n c o n s tr a in e d  s t im u lu s  t r i g g e r  

t im e r .  C i r c u i t  i s  c o n v e n tio n a l  u n i ju n c t io n  r e l a x a t i o n  o s c i l l a t o r  

w hich i s  g a te d  by  a  change i n  v o l ta g e  a t  a  (l+.T VDC t o  g ro u n d ). 

The g a t in g  l e v e l  may b e  d e r iv e d  from e i t h e r  s t a r t  o f  t r i a l  (S-2 

in  F ig u re  15 ) o r  a  program m able in p u t  (S -3  in  F ig u re  15 ) .

S tim u lu s  t r i g g e r  (o u tp u t )  i s  n o t  dependen t upon f i x a t i o n  b u t 

E may mimic th e  c o n s t r a in e d  f i x a t io n  c o n d it io n  b y  s e t t i n g  

(R^tj b e in g  f ix e d )  e q u a l  t o  t h e  i n t e r v a l  o f  f i x a t i o n  r e q u i r e d  

in  t h e  c o n s t r a in e d  c o n d i t io n .



T l

T I M E R  1 :  U N C O N S T R A I N E D  F I X A T I O N

a  t t a s  in trial b  
i at t '  j  i
i tea

V)
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OR g a te  5 ( p o in t  T ) , i n  a d d i t io n  t o  t r i g g e r i n g  th e  s t im u lu s ,  

w ould  s i g n a l  t h e  t r i a l  r e c o r d  t h a t  a  s t im u lu s  h ad  been  p re s e n te d  

and tu r n  o f f  th e  re m a in d e r  o f  th e  sy s tem  th ro u g h  NOR g a te  2 .

C o n s tra in e d  s t i m u la t i o n  was d e f in e d  t o  mean t h a t  0̂  was 

on f i x a t i o n  c o n tin u o u s ly  f o r  some r e q u i r e d  d u r a t io n ,  and t h a t  

s t im u lu s  p r e s e n t a t io n  was c o n t in g e n t  upon t h i s  s p a t i a l  r e s t r i c ­

t i o n  and te m p o ra l  c o n t i n u i t y .  S w itch  2 w ould  have b een  a t  H

c a u s in g  o u tp u t  U o f  FF. t o  go low a t  th e  b e g in n in g  o f  th e  
~  1+

t r i a l .  I f  o u tp u t  was lo w , th e  c o le c to r  o f  (F ig u re  17) was

h ig h . The c o l l e c t o r  o f  c o u ld  o n ly  have  b e e n  h ig h  i f  0_ i n  f a c t ,

w ere on f i x a t i o n  (TICA i s  d ep e n d en t on f i x a t i o n ) .  I f  0_ was on

f i x a t i o n ,  th e  c o l l e c t o r  o f  Q , was low and TICA s t a r t e d  th e  t im e r
o

c i r c u i t  o f  Q . I f  0 rem a in e d  on f i x a t i o n  f o r  t a u  m sec. , o u tp u t

X w ent m o m en ta rily  h ig h ,  r e s u l t i n g  i n  s t im u lu s  p r e s e n ta t io n

th ro u g h  OR g a te  5 . The o u tp u t  o f  OR g a te  5 ( p o in t  T) tu rn e d

o f f  th e  f i x a t i o n  r e c o r d ,  t h e  f i x a t i o n  l i g h t  ( i f  p r e s e n t )  and

the auditory s ig n a l ( i f  p r e s e n t) .  X. turned o f f  the stim ulus

p r e s e n ta t io n  sy s te m  th ro u g h  OR g a te  3.

I f  0_ i n t e r r u p t e d  f i x a t i o n  b e f o r e  t a u  m sec . , th e  b a s e

o f  Qg w ent low , and  th e  c o l l e c t o r  o f  Qg wen h ig h .  I f  th e

c o l l e c t o r  o f  Q,. was h ig h ,  t h e  b a s e  o f  Q was h ig h  and th e  
6 7

c o l l e c t o r  o f  Qy was low . When th e  c o l l e c t o r  o f  Q̂ . was low ,

C„ was d is c h a r g e d  th ro u g h  Q0 t o  g round  and h e ld  t h e r e  u n t i l  0 9 o —
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F ig . 17 . S ch em atic  o f  c o n s t r a in e d  f i x a t i o n  s t im u lu s  

t r i g g e r  t im e r .  In p u t ( a )  i s  a t  g round  when th e  t r i a l  i s  i n  

p r o g r e s s ;  th u s  i f  0 i s  on f i x a t i o n ,  th e  p o in t  m arked TICA 

( t r a n s d u c e r  in p u t  c u r r e n t  a m p l i f ie r )  w i l l  h e  h ig h  and 

w i l l  c h a rg e . I f  0_ i s  on f i x a t io n  c o n tin u o u s ly  f o r  t a u ,  

th e n  o u tp u t (b ) goes m om en ta rily  h ig h .  I f  0_ i n t e r r u p t s  

f i x a t i o n  b e f o r e  t a u ,  i s  d is c h a rg e d  th ro u g h  Qg and  h e ld  a t  

g ro u n d  u n t i l  0_ r e tu r n s  t o  f i x a t i o n .  D is c h a rg in g  C9  th ro u g h  

Qg keeps b  ̂ a t  g ro u n d , th u s  p r e v e n t in g  s t im u lu s  e x p o su re  

u n le s s  0_ i s  on f i x a t i o n  c o n tin u o u s ly  f o r  t a u  s e c . .
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r e tu r n e d  t o  f i x a t i o n  ( i . e .  u n t i l  TICA was h ig h ) .  T hus, when 

0_ moved h i s  g aze  beyond  th e  l i m i t s  o f  f i x a t i o n ,  he  r e c y c le d  

th e  f i x a t i o n  t im e r  t o  z e ro .  The t im e r  d id  n o t b e g in  c o u n tin g  

tim e  a g a in  u n t i l  £  r e tu r n e d  h i s  gaze  t o  th e  f i x a t i o n  a r e a .  

C o n se q u e n tly , i t  w ould  have  b e e n  p o s s ib le  t o  p r e s e n t  s t im u l i  

c o n tin g e n t  upon s p a t i a l  and te m p o ra l  c o n s t r a in t  o f  f i x a t i o n .

A program m able i n p u t  was p ro v id e d  f o r  b o th  s t im u lu s  p r e ­

s e n t a t i o n  m odes. T h is  a llo w s E _ to  d e la y  s t im u la t io n  f o r  some 

s p e c i f i e d  d u r a t io n  a f t e r  s t a r t  o f  t r i a l .
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T a b le  9 

I n te g r a t e d  C i r c u i t  Numbers

F u n c tio n I .C . Number

OR

NOR

AND

I n v e r t in g  A m p lif ie r

F l ip - F lo p

V o lta g e  C om parator

MC 3003 

SN 7^02 

SN 7^08  

SN 7 ^ 0 h 

SN 7 ^ 0 2 a 

SN 72710c

two l a t c h e d
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F ig . 1 8 . I n v e r t in g  a m p l i f i e r  and  t r u t h  t a b l e .  I n te g r a t e d  

c i r c u i t  num ber i s  s p e c i f i e d  i n  T ab le  9 and com ponents f o r  d i s c r e t e -  

component a m p l i f i e r s  a re  g iv e n  in  T a b le  10.



a — [ > —  b

a

I N V E R T I N G  A M P L I F I E R

a = ¥

-v *v a b

i o

0  1
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F ig . 19 . N o n - in v e r t in g  a m p l i f i e r  and t r u t h  t a b l e .  

I n te g r a t e d  c i r c u i t  num ber i s  s p e c i f i e d  in  T ab le  9 and 

com ponents f o r  d isc re te -c o m p o n e n t a m p l i f i e r s  a re  g iv e n  

i n  T ab le  10.



N O N -IN V ER TIN G  A M PL IFIE R  

A =  B

a

b
1

o

oCC



T ab le  10 

Components f o r  A m p lif ie rs

I n v e r t in g  A m p lif ie rs

A m p lif ie r  No. I .C .  No. R R R Q -V +V
a b e d

1 SN

2 390 K 3 .0  M 1 .0  K 2N5307 12 12

3 SN 7U0fc

U SN 7^01+

5 390 K 3 .0  M 1*30A 2N5307 12 U.7

6 SN 7^01*

7 SN 7̂ +OU

8 SN 7^0k

9 390 K 3 .0  M 1 .0  K 2N5307 12 12

10 SN 7^0 k

1 1  2 0 0JL  3 .0  M 1+30A 2N5307 12 12

109



N o n -In v e r tin g  A m p lif ie rs

A m p lif ie r  No. I .C .  No. Re
R

f
R

g
R

1
R

J
R
k qi

-V i+V
m

+V
n

1 390 K 3 .0  M 1*30A 2N5307 390 K 3 .0  M it 30 A 2N5307 12 i t .7 i t . 7

2 390 K 3 .0  M U30 A 2N5307 390 K 3 .0  M It 30A 2N5307 12 i t . 7 i t .7

3 390 K 3 .0  M it 30 A 2IT5307 390 K 3 .0  M U30A 2N5307 12 i t . 7 i t .7

h se e  co m p ara to r c i r c u i t

5 390 K 3 .0  M 1 .0  K 2N5307 150 K 300 K 120A 2N5307 12 12 12

6 1 .5  K 3 .9  M U70JL 2N5307 780 K 3 .9  M U70A 2N5307 12 i t . 7 i t .7

7 390 K 3 .0  M it 30 A 2N5307 390 K 3 .0  M ^30A 2N5307 12 i t .7 i t .7

110



I l l

Components

C i r c u i t

C om parator and 

A m p lif ie r

T a b le  11 

f o r  D is c re te  -  Component C i r c u i t s

Components V alue

Com parator SN 72710c

R 1 .5  K
1

R 1 . 5  K
2

R 1 .0  K
3

\
2 .2  K

R 1 .0  K
5

*6
5 .6  K

R 3 .3  K
7

B8
1 . 0  K

R 5 .6  K
9

R 1 .0  K
10

R 2 .0  K
11

R 560  A
12

C - C 
1 7

100 uf/50VDC

V 12 VDC
1

V
2

5 .1  VDC

V 6 .2  VDC
3

CR IN  4733
1

CR IN 1+735
2



T a b le  11 —  C ontinued 112

C irc u i t

Com parator and  

A m p lif ie r

U n c o n s tra in ed  

F ix a tio n  T im er

C o n s tra in e d

F ix a t io n  T im er

Component V alue

Q 2N 3568

Q2  2N 3568

R1 3  390 K

R ^ 3 .0  M

R 1 .0  K

R 6  k .5  M > R > 10  K

R17 10 J L

Ri8  U70A.

r 19  100  J L

Q3 2N 5307

2N 1671

CQ 100 u f  >  C > .1  u f

D IN 5061

-V -1 2  VDC

+V +12 VDC

R_
20

21

R
22

R,23

390 K

3 .0  M

1 .0  K

390 K
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C i r c u i t

C o n s tra in e d

F ix a t io n

j

T ab le  11 —  C on tin u ed  

Component

Tim er

*25

R2 6

27

R28

R29
C

9

' s

Q6

S
Q8

99
c r 3

D2

V

TICA

V alue

3 .0  M

1 .0  K

U.5 M > R >10 K 

10 J l  

U70/L  

6 8 J L

100 u f >  C >  .1  u f  

2N 5307 

2N 5307 

2N 5308 

2N 3055 

2N 1671 

IN 1+737A 

IN 5061 

12 VDC 

12 VDC
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F ig . 20 . AND g a te  and t r u t h  t a b l e .  I n t e g r a t e d  c i r c u i t  

number i s  s p e c i f i e d  i n  T a b le  9-



ab = £ > ‘
A ND GATE

A 3 = C

a b c
i i 1

0 0
0 i 0
0 0 0
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F ig . 21 . OR g a te  and t r u t h  t a b l e .  I n te g r a t e d  c i r c u i t  

number i s  s p e c i f i e d  in  T a b le  9 .



ab = t > ‘ O R  GATE 

A +  B = C

a  b  c
1 0 1

0 1 1

0 0 0

1 1 1

A
lt
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F ig . 22 . NOR g a te  and t r u t h  t a b l e ,  

c i r c u i t  num ber i s  s p e c i f i e d  in  T a b le  9 .

I n t e g r a t e d



cr cu

o

O o — — cu

o  — o  —
co
11 i c"3c-s| *»

— O O  O  O

6 1 1
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F ig .  23 . F l i p - f l o p  and t r u t h  t a b l e .  I n t e g r a t e d  

c i r c u i t  number i s  s p e c i f i e d  i n  T a b le  9 . The f l i p - f l o p  i s  

composed o f  tw o la t c h e d  NOR g a te s .



3  FF  c
b -  - d

F L IP -F L O P

b

1 1 0 0

0 1 1 0

1 0 0 1

0 o * 1 0
*

0 * 0 0 1

* -  LAST ONE



APPENDIX I I
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T ab le  12

T o ta l  Time on F ix a t io n  D uring 1 ,  10 , and 90 s e c .  

F ix a t io n  I n t e r v a l s  

D a ta  i n  Seconds

F ix a t io n  Sound 0 Run F ix a t io n  I n t e r v a l On a t On a t

L ig h t 1 10 90 S t a r t End

O ff O ff 1 1 .073 l . lU 1 . 1 6

2 1 .0 0 0 3.1b 2 2 .9 3 Yes

3 .383 3.59 33 .76 Yes Yes

b .123 1 .3 7 2 . 1 1

3 1 1 .0 0 0 1 0 .0 0 8 9 .8 3 Yes Yes

2 1 .0 0 0 9 .8 3 83 .2 lt Yes Yes

3 1 .0 0 0 1 0 .0 0 2 5 .7 5 Yes

It 1 .0 0 0 1 0 .0 0 1 3 .8 3 Yes

it 1 .7 6 2 7 .51 3it.96 Yes Yes

2 1 .0 0 0 1 0 .0 0 1 5 .2 9 Yes

3 1 .0 0 0 1 0 .0 0 6 U. 9 8 Yes Yes

it 1 .0 0 0 3.19 l l . i t 9 Yes Yes

O ff On 1 1 ,0 8 8 1 . 1 0 2 U. 6 0 Yes

2 1 .0 0 0 9 .5 6 30 .99 Yes Yes

3 .657 i t .90 1 3 . 8 2 Yes Yes

It .097 6.3U 1 8 .9 1 Yes



F ix a t io n

L ig h t

O ff

O ff

121+

T ab le  12 — C on tin u ed

Sound

On

FB

Q. Run F ix a t io n  I n t e r v a l On a t On a t

1 10 90 S t a r t End

3 1 0 . 0 0 0 0 . 0 0 0 .9 7

2 .9 2 8 9 . 1 6 2 6 .9 9 Yes

3 0 . 0 0 0 0 . 0 0 0 . 0 0

1+ 1 . 0 0 0 1+.1+3 1+.82 Yes

1+ 1 0 .0 0 0 0 . 0 0 7 0 .8 3 Yes

2 0 . 0 0 0 0 . 0 0 1+ .36

3 0 . 0 0 0 1+.16 5 1 .6 7 Yes

1+ 0 . 0 0 0 8 . 6 o 2 6 .2 9

1 1 1 .0 0 0 8 .50 36 .59 Yes

2 0 .0 0 0 5 . 2 1 8 1 .5 7 Yes

3

1—1 
00 6 .6 7 83 .99 Yes

1+ 0 .0 0 0 1 . 6 2 61+.97 Yes

3 1 0 . 0 0 0 6 .6 9 8 5 .7 0 Yes

2 1 .0 0 0 1 0 . 0 0 8 9 . 1 6 Yes Yes

3 1 .0 0 0 1 0 . 0 0 1+8.23 Yes

1+ 1 .0 0 0 9 . 8 0 70.1+5 Yes Yes

1+ 1 0 .0 0 0 0 . 0 0 2 .8 7

2 1 .0 0 0 7 . 0 6 39.1+5 Yes

3 1 .0 0 0 1 0 . 0 0 7 0 .9 2 Yes Yes

1+ 1 .0 0 0 1 0 .0 0 79 .1 9 Yes Yes
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T a b le  12 —  C on tinued

F ix a t io n

L ig h t

On

On

O ff

On

0 Run F ix a t io n  I n t e r v a l On a t

1 10 90 S t a r t

1 1 .635 3 .7 8 5*t.0lt Yes

2 .3 l tl 3 .7 1 10.U7 Yes

3 .951 7 .9 8 19.*t3

k .23lt 1 .3 1 1 .7 5 Yes

3 1 1 .0 0 0 7 .0 3 1+3. 8 9 Yes

2 1 . 0 0 0 1 0 . 0 0 6 3 . 8 6 Yes

3 0 . 0 0 0 0 . 0 0 0 . 0 0

b 1 . 0 0 0 5 . 6 2 1 0 . 5 0 Yes

h 1 0 . 0 0 0 0 . 0 0 0 . 0 0

2 1 . 0 0 0 1 0 . 0 0 3 9 . 5 8 Yes

3 0 . 0 0 0 0 .1 5 2 5 . 3 0

It 1 . 0 0 0 9 .7 1 19. b3 Yes

1 1 0 . 0 0 0 0 . 0 0 0 . 0 0

2 1 .0 0 0 9 . 1 2 2 3 .7 6 Yes

3 1 .0 0 0 8 . 8 6 l i t . 9 8 Yes

It .073 0 .0 7 0 .7 9

3 1 • 927 9 .3 2 58 .36 Yes

2 .587 1 .5 0 lt6 .?»t

3 1 . 0 0 0 1 0 . 0 0 U9 . 6 2 Yes

It 1 . 0 0 0 9 . 8 2 88 .3 lt Yes

On a t  

End

Yes

Yes

Yes
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T a b le  12 — C ontinued

F ix a t io n  Sound 0 Run F ix a t io n  I n t e r v a l On a t On a t

L igh t 1 10 90 S t a r t End

On On k 1 1 .0 0 0 3 . 51+ 8 .8 7 Yes

2 0 .0 0 0 7 .2 2 8 6 .8 3 Yes Yes

3 .7 8 3 9 . 8 5 79 .59 Yes Yes

1+ 0 . 0 0 0 2 .5 3 1 0 . 0 2

On FB 1 1 0 . 0 0 0 0 .0 0 0 . 0 0

2 .8 0 2 8 .5 6 53.1+1 Yes Yes

3

co0t— 9-1+3 7 8 .2 3 Yes Yes

k .2 2 1 7 .77 75 .29 Yes

3 1 1 .0 0 0 9 .96 88 .7 7 Yes Yes

2 1 .0 0 0 9 .9 3 86.1+5 Yes Yes

3 1 .0 0 0 1 0 .0 0 1+1.79 Yes

1+ 1 .0 0 0 9 . 9 0 81+. 32 Yes Yes

1+ 1 1 .0 0 0 1 0 .0 0 9 0 . 0 0 Yes Yes

2 1 .0 0 0 1 . 7 8 8 2 . 1+2 Yes Yes

3 0 . 0 0 0 1+. 33 7 6 . 6 1 Yes

1+ .8 2 7 9-1+9 62.1+5 Yes Yes

FB O ff 1 1 .8 8 7 8 . 5 !+ 7 7 .2 8 Yes Yes

2 .581+ 1+ - 59 7 I+.I+2 Yes Yes

3 1 .0 0 0 9 . 0 2 8 5 .1 2 Yes Yes

1+ 0 .0 0 0 0 .0 0 5 7 .7 8 Yes



127

T ab le  12 -  C o n tin u ed

F ix a t io n  Sound 0_ Run F ix a t io n  I n t e r v a l  On a t

L ig h t 

FB O ff

FB On

1 10 90 S t a r t

3 1 1 . 0 0 0 1 0 . 0 0 9 0 . 0 0 Yes

2 0 . 0 0 0 1+.93 78.1+0

3 . 21*6 8 .7 6 30 .50 Yes

1+ 1 . 0 0 0 1 0 . 0 0 89.1+6 Yes

1+ 1 1 . 0 0 0 1 0 . 0 0 1+1+ . 0 2 Yes

2 1 .0 0 0 9 .9 3 89 .70 Yes

3 1 . 0 0 0 1 0 . 0 0 8 1 . 1+6 Yes

1+ 1 .0 0 0 1 0 . 0 0 8 2 . 2 2 Yes

1 1 .912 8 .7 5 8 3 .5 3 Yes

2 1 . 0 0 0 9 . 0 6 79.31+ Yes

3 . 8 7 8 7 .9 0 82 .59

1+ 1 . 0 0 0 5 . 2 0 77 .79

3 1 1 . 0 0 0 1 0 . 0 0 8 0 .6 3 Yes

2 1 . 0 0 0 9 .5 6 8 9 . l l Yes

3 1 . 0 0 0 9 .7 2 8 6 .0 6 Yes

1+ .5 2 2 8 .7 9 57.1+9

1+ 1 1 . 0 0 0 9 .9 5 6 7 .5 2 Yes

2 0 . 0 0 0 0 . 0 0 0 . 0 0

3 1 . 0 0 0 1 0 . 0 0 81+. l i t Yes

1+ 0 . 0 0 0 6 . 6 0 6 6 . 1+0

On a t  

End 

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes



1 2 8

T a b le  12 — C on tin u ed

F ix a t io n  Sound 0_ Run F ix a t io n  I n t e r v a l On a t On a t

Li g h t 1 10 90 S t a r t End

FB FB 1 1 • 778 8 .9 7 7 5 .0 3 Yes

2 . 7 6 8 9 .5 5 78 .9 2 Yes Yes

3 .8 1 0 9.U 1 8 3 .3 7 Yes Yes

h 0 .0 0 0 3 .0 7 71+.71+ Yes

3 l 1 . 0 0 0 9 .8 9 6 8 .5 3 Yes Yes

2 1 . 0 0 0 9 . 6 8 8 7 .6 7 Yes Yes

3 1 . 0 0 0 1 0 . 0 0 8 8 .8 6 Yes Yes

It 1 .0 0 0 1 0 . 0 0 8 7 .0 3 Yes Yes

1+ 1 1 .0 0 0 7 . 1 8 7 . 2 U Yes

2 1 .0 0 0 1 0 . 0 0 8 9 . 1 6 Yes Yes

3 1 .0 0 0 9 .3 7 8 U. 2 2 Yes Yes

U 1 .0 0 0 9 .3 7 6 1 . 1 0 Yes Yes

N o te . —  0 ^  was e l im in a te d  from  th e  e x p e rim e n t 

b e c a u s e  h i s  u n c o r r e c te d  S n e l le n  s c o re  

d id  n o t m eet th e  2 0 / 2 0  r e q u ire m e n t 

p r e v io u s ly  d e c id e d  upon .
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F ig . 2h• C um ulative  f i x a t i o n  d u r a t io n  as a  f u n c t io n  o f

tim e  i n  t r i a l .  0  ̂ : u n i l lu m in a te d  t a r g e t ,  no a u d i to r y  s i g n a l .



901

L - S -/L , 70-
t i h e  n  60.
TARGET 5 0 .

S8C* 40- 

30-

2 0 -

1 0 -

s e c . 130
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F ig . 2 5 . C um ulative  f i x a t i o n  d u r a t io n  as a  f u n c t io n  o f

tim e  in  t r i a l .  0^ : u n i l lu m in a te d  t a r g e t ,  c o n tin u o u s  a u d ito r y

s i g n a l .



T I M E  ON  
T A R G E T
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F ig . 26 . C um ulative f i x a t i o n  d u r a t io n  as a  f u n c t io n  o f

tim e  i n  t r i a l .  0_ : u n i l lu m in a te d  t a r g e t ,  feed b ack  a u d i to r y

s i g n a l .



E
T I M E  ON  

T A R G E T

3
2

>' "■« ' " '" f  I 111 \  " m  "T "T

30 40 50 60 70 80 90

Tlf«lE IN T R I A L  
sec.
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F ig . 2 7 . e m u l a t i v e  f i x a t i o n  d u r a t io n  as a  f u n c t io n  o f

tim e  in  t r i a l .  0 : i l l u m in a te d  t a r g e t ,  no a u d i to r y  s i g n a l .



E
T I M E  ON  
T A R G E T  

sec.

90

80

70

60

50

40

30

20

10

0

« — • — o— 3 

« — • — o — • — o — •  2

30 40 50 60 70 80 90

T I M E  IN T R I A L  
sec .
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F ig . 2 8 . C um ulative  f i x a t i o n  d u r a t io n  as a  f u n c t io n  o f

tim e  in  t r i a l .  0^ :  i l lu m in a te d  t a r g e t ,  c o n tin u o u s  aud ito ry -

s i g n a l .



T I M E  ON  
T A RGET
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F ig . 2 9 . C um ulative  f i x a t i o n  d u r a t io n  as a  fu n c t io n  o f  

t im e  in  t r i a l .  0 ^ : i l lu m in a te d  t a r g e t ,  feed b ack  a u d i to r y  s i g n a l .



t i d e  o h

TARGET 5 0 .

0 10 20 30 40 50 60 /O £0 90

t i d e  i n  T u i m
sec .



i k l

F ig . 30. C um ulative  f i x a t i o n  d u r a t io n  as a  f u n c t io n  o f

tim e  in  t r i a l .  0^ :  feed b ack  t a r g e t ,  no a u d i to r y  s i g n a l .



90-

80-

E 70-

T O E  0 :1 60

T A R G E T 50-

s e c . 40-

30-

20-

i o -
0-

L f b s

0 10 20 30 40 50 60 70 80 90

T l h l E  U T R I A L
sec.
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F ig . 3 1 . C um ulative f i x a t i o n  d u r a t io n  as a  f u n c t io n  o f

tim e  i n  t r i a l .  0_̂ : feed b ack  t a r g e t ,  c o n tin u o u s  a u d i to r y  s i g n a l .



E  

t i f ; , e  o n  
T A u G E T  

s e c .

90H

80-
f  2

fb +70-

60-

50-

40-

30-

20 -

1 0 -

s e c .
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F ig . 32. C um ulative  f i x a t io n  d u r a t io n  as a  fu n c t io n  o f  

tim e  in  t r i a l .  0 ^: u n i l lu m in a te d  t a r g e t ,  no a u d i to r y  s i g n a l .



s
Tir . lE ON 
TARGET 

sec.

U S

0 10 20 30 40 50 60 70 80 90

TIF.1E IN  T R I A L

90

80

70

60

50

40

30

20

10

0

sec.
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F ig . 33 . C um ulative  f i x a t i o n  d u r a t io n  as a  fu n c t io n  o f

tim e  i n  t r i a l .  0_̂ : u n i l lu m in a te d  t a r g e t ,  c o n tin u o u s  aud ito ry -

s i g n a l .



T I M E  ON  
TA RGE T

Ifr*
C O
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F ig . 3^ . C um ulative f i x a t i o n  d u r a t io n  as a  fu n c t io n  o f

tim e  i n  t r i a l .  £3  : u n i l lu m in a te d  t a r g e t ,  feed b ack  aud ito ry -

s i g n a l .



T I M E  ON
T A R G E T

2
1

80 90

o
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F ig . 35. C um ulative  f i x a t i o n  d u r a t io n  as a  fu n c t io n  o f

tim e  i n  t r i a l .  0^ : i l lu m in a te d  t a r g e t ,  no a u d i to r y  s i g n a l .



E
i\zi  c a

TARGET

90

80

70

43

50

40

30

20

10

0 '»'— — r ~ “  r  ?  ^
30 40 50 60 70 CO 90

T O  m T H L U
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F ig . 3 6 . C um ulative f i x a t io n  d u r a t io n  as a  fu n c t io n  o f  

t im e  in  t r i a l .  0 _̂ : i l l u m in a te d  t a r g e t ,  c o n tin u o u s  aud ito ry - 

s i g n a l .



T I M E  ON  
TA RGE T

4

s e e
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F ig . 37 . C um ulative  f i x a t i o n  d u r a t io n  as a  fu n c t io n  o f

tim e  in  t r i a l .  0 ^ : i l l u m in a te d  t a r g e t ,  feed b ack  a u d ito r y

s i g n a l .



£  

TI&1E ON 
T A R G E T  

sec.

901

80- v3
70 *-+ Sfb

60 H

501

30 H

20 H

10

IN T R I A Lp,

sec.

H\-Tc\
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F ig . 3 8 . C um ulative f i x a t i o n  d u r a t io n  as a  f u n c t io n  o f  

tim e  in  t r i a l .  0_ : feed b ack  t a r g e t ,  no a u d i to r y  s i g n a l .



£  

T I M E  ON 
TARGET  

sec.

O - f ^  1 1 I 1 • f 1-------- 1-------- r
0  1 0  2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0

T I M E  IN T S I A L
S3C.
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F ig . 39 • C um ulative  f i x a t io n  d u r a t io n  as a  f u n c t io n  o f  

t im e  in  t r i a l .  0 _̂ : feed b ack  t a r g e t ,  c o n tin u o u s  a u d ito ry  s i g n a l .



E 7 0 -

m \ i  m 6 0 -

T A R G E T 5 0 -

s e c . 4 0 -

3 0 -

2 0 -

1 0 -

0 -

*1b^+

TIT. iE H i T l iL lL
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F ig . ^ 0 . C um ulative  f i x a t i o n  d u r a t io n  as a  fu n c t io n  o f  

t im e  i n  t r i a l .  0 ^: u n i l lu m in a te d  t a r g e t ,  no a u d ito ry  s ig n a l .



£  
T I M E  ON
T A R G E T

sec.

2
4

7 0  Z O  9 0

C\
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F ig . ^1. e m u l a t i v e  f i x a t i o n  d u r a t io n  as a  f u n c t io n  o f

tim e  in  t r i a l .  0. : u n i l lu m in a te d  t a r g e t ,  c o n tin u o u s  a u d i to r y

s i g n a l .



£  
T I M E  O N

T A R G E T
sec.

-o- ~c  "■ o  2

To"To" 9 0
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F ig . b2 . C um ulative  f i x a t i o n  d u r a t io n  as a f u n c t io n  o f

tim e  i n  t r i a l .  C^: u n i l lu m in a te d  t a r g e t ,  feedback  a u d ito ry

s ig n a l . .



90
80

s 70
T I M E  O N 60

T A H G E T 50
sec. 40-

30-
20-
io-

0  1 0  2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0o
A 1 A

T I K E  IH T R l f t L  
sec.
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F ig . 1+3. C um ulative  f i x a t io n  d u r a t io n  as a  f u n c t io n  o f

tim e  in  t r i a l .  0 : i l lu m in a te d  t a r g e t ,  no a u d i to r y  s i g n a l .  
“ 1+



E
m » £  o *

T f l h c E T
sec.

901

8 0 -

7 0 -

6 0 -

5 0 -

4 0 -

3 0 -

20 -

10-

sec. 168
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F ig .W  . C um ulative  f i x a t i o n  d u r a t io n  as a  fu n c t io n  o f

tim e  in  t r i a l .  0 ^: i l l u m in a te d  t a r g e t ,  c o n tin u o u s  aud ito ry -

s i g n a l .



£  
TlftlE on
TARGET

sec.

2
3

70 80 90
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F ig . ^ 5 . C um ulative  f i x a t io n  d u r a t io n  as a  f u n c t io n  o f  

tim e  i n  t r i a l .  0^ :  i l lu m in a te d  t a r g e t ,  fee d b a c k  a u d ito ry  s i g n a l .



T I M E  ON
TA R G E T

3 0 4 0  50 60 7 0 8 0  90

t i : : e  i n  t e i i a l

sec.
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F ig .  ^6 . C um ulative  f i x a t i o n  d u r a t io n  as a  f u n c t io n  o f  

tim e  i n  t r i a l .  0 ^: feed b ack  t a r g e t ,  no a u d ito r y  s i g n a l .



E nr.iE m
T A R G E T

sec.

9 0 -

8 0 - 04

7 0 - L i b S

6 0 '

5 C -

4 0 ^

3 0 -

r -

3 0  4 0  5 0  6 0  7 0  £ 0  9 0

Tih' /E \l\ T R I A L



175

F ig . 2+7. C um ulative  f i x a t io n  d u r a t io n  as a  f u n c t io n  o f  

t im e  in  t r i a l .  0 ^  : fee d b a c k  t a r g e t ,  c o n tin u o u s  a u d ito r y  s i g n a l .



z
T I M E  ON  

TARGET  
sec.

9 0 1

8 0  H

7 0 1

6 0 1

4 0

3 0

(p- -y- • -ft f-may
3 0  4 0  5 0  6 0  7 0  8 0  9 0

TIME IN T a l A L  
sec.



AUTOBIOGRAPHICAL STATEMENT
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I  was b o m  i n  New York C ity  on March 3 1 , 19^3, and was 

r a i s e d  i n  E lm o n t, New Y ork , where I  g ra d u a te d  from Elm ont 

M em orial High S c h o o l ( J u n e , I9 6 0 ) . I  r e c e iv e d  a  B. A. from  

th e  U n iv e r s i ty  o f  Vermont ( J u n e , 1 9 6 ^) and an M.A. from  Mount 

Holyoke C o lleg e  (N ovem ber, 1965; B io lo g ic a l  S c ie n c e s ) .  I  th e n  

a t te n d e d  Y esh iv a  U n iv e r s i ty  and H o f s t r a  U n iv e r s i ty ,  th e  

l a t t e r  as a  v i s i t i n g  s tu d e n t .  I  have  been  awarded th e  

fo llo w in g  s c h o la r s h ip s  and f e l lo w s h ip s :  U n iv e r s i ty  o f  Vermont

New York C ity  Alumni S c h o la r s h ip ,  E lks S c h o la r s h ip ,  K iw anis 

S c h o la r s h ip ,  N a t io n a l  S c ie n c e  F o u n d a tio n  U n d erg rad u a te  R esearch  

P a r t i c i p a n t ,  D e p a r tm e n ta l A s s i s ta n t  ( B io lo g ic a l  S c ie n c e s ,  Mount 

Holyoke C o l le g e ) ,  R esea rch  A s s i s t a n t  (E d u c a t io n a l  P sy c h o lo g y , 

Y esh iva  U n i v e r s i t y ) ,  U n ite d  S ta te s  P u b lic  H e a lth  S e rv ic e  T ra in e e  

in  P h y s io lo g ic a l  P sycho logy  (Queens C o l le g e ) ,  N a tio n a l  I n s t i t u t e  

o f  M en ta l H e a lth  P r e d o c to r a l  R esearch  F e llo w sh ip  (Queens C o l le g e ) ,  

C ity  U n iv e r s i ty  o f  New York D i s s e r t a t i o n  F e llo w sh ip  (Queens 

C o l le g e ) .

I  hav e  been  em ployed as a  F e llow  in  N eurology a t  th e  Mount 

S in a i  S ch o o l o f  M e d ic in e , (1 9 7 1 - ) as an A s s i s ta n t  P r o f e s s o r

(p /T ) o f  P sy ch o lo g y  a t  S t .  F ra n c is  C o lleg e  (1 9 7 2 ), as an i n s t r u c t o r  

o f  phycho logy  in  th e  summer s e s s io n  a t  Queens C o llege  (1 9 7 0 , 1 9 7 1 ) , 

as a L e c tu r e r  in  P sycho logy  (P /T ) a t  Queens C o lle g e , (1 9 7 0 -1 9 7 1 ) , 

and as an I n s t r u c t o r  o f  P sycho logy  i n  th e  Evening  D iv is io n  a t
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C.W. P o s t  C o lleg e  ( 1 9 6 8 - 1 9 6 9 ) .  I  h av e  a l so  s e rv e d  as 

a  r e s e a r c h  a s s i s t a n t  in  th e  D epartm ent o f  N eu ro su rg e ry  a t  B rook lyn  

Jew ish  H o s p i ta l  ( 1 9 6 7 ) and i n  th e  L a b o ra to ry  o f  B io p h y s ic s  o f  

th e  N a t io n a l  I n s t i t u t e s  o f  H e a lth  i n  Woods H o le , M a ss ., (1 9 6 6 ).

I  am a  g ra d u a te  o f  th e  NASA/Univ. Va. B io  Space T echnology 

T ra in in g  Program  ( 1 9 6 8 ) and  th e  C o lle g e  J u n io r  Course V I I ,

U n ited  S t a te s  Women's Army Corps S c h o o l , F t .  M c C le lla n , Alabama 

( 1 9 6 3 ) .  I  have been  a L ib ra ry  I n v e s t i g a t o r  a t  th e  M arine 

B io lo g ic a l  L a b o ra to ry  a t  Woods H o le , M a ss ., ( 1 9 6 9 ) .

I  am a  member o f  th e  S o c ie ty  o f  th e  Sigma Xi (M arch, 1 970 ),

35ie New York Acadeny o f  S c ie n c e s  (O c to b e r , 1 9 6 8 ) , P s i Chi 

(N ovem ber, 1 9 6 8 ) ,  t h e  E a s te rn  P s y c h o lo g ic a l  A s s o c ia t io n  ( 1 9 6 7 ) ,  

and th e  Am erican A s s o c ia t io n  f o r  th e  Advancement o f  S c ie n c e .

I  am an a s s o c i a te  o f  th e  Am erican P s y c h o lo g ic a l  A s s o c ia t io n .

I  have  p r e s e n te d  p a p e rs  a t  th e  Mount H olyoke U nderg rad u a te  

P sycho logy  C onference  (May, 1961+), and  th e  E a s te r n  P s y c h o lo g ic a l  

A s s o c ia t io n  ( A p r i l ,  1965  and A p r i l ,  1 9 6 7 ) .  I  have  an in v e n t io n  

r e p o r t  on f i l e  w i th  th e  O f f ic e  o f  th e  S urgeon  G e n e ra l (M ay, 1 9 6 8 ) .

l^y e x £ r a - c u r r i c u l a r  a c t i v i t i e s  in c lu d e :  S tu d e n t R e p re se n ta ­

t i v e ,  t h e  E x e c u tiv e  Committee i n  P sy c h o lo g y , CUNY; C orrespond ing  

S e c r e t a r y ,  FDR D em ocratic  C lu b , N assau  C ounty; V a r s ity  D e b a to r , 

U n iv e r s i ty  o f  V erm ont; I n t e r n a t i o n a l  A rea  Chairm an and 1 s t  Vice 

P r e s i d e n t ,  B 'n a i  B r i th  G i r l s ;  Chairman o f  th e  B o a rd , th e  U n iv e r s i ty  

C e n te r ,  U n iv e r s i ty  o f  V erm ont.


