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INTRODUCTION.

ITie p sy ch o lo g ica l e f f e c t s  o f in te r m i t te n t  p h o tic  s t im u la tio n  

have been th e  s u b je c t  o f in te n s iv e  s tu d y 0 For th e  most p a rt,, re sea rc h  

in  th i s  a re a  has been eoacerned  w ith  f l i c k e r  fu s io n  th re sh o ld s  r a t h e r , 

than  th e  e f f e c t s  ©f su b -fu s io n  f l i e k e r o ' B a r tle y  C19&1) s t a t e s ,  " i t .  

has been an u n fo rtu n a te .e ireu m stan e©  th a t  a t te n t io n  has been focused 

alm ost e x c lu s iv e ly  on th e  c r i t i c a l , f l i c k e r  .frequency.” In  an • annota­

te d  b ib lio g ra p h y  of- f l i c k e r  fu s io n  phmomena covering  th e  period: from . 

1760 tO ';l952s L andis (1953) r e p o r te d  a few s tu d ie s  r e f e r r in g  to  phe- 

nomena a s s o c ia te d  w ith  f l i c k e r in g  l ig h t ,  below th e  fu s io n  frequency  

b u t th e  .g re a te r  .emphasis was on fu s io n  th re s h o ld .

, y. The e a r l i e r  s tu d ie s ' o f su b -fu s io n  f  l i c k e r  were d ire c te d  to  

v is u a l  .‘e f f e c t s a w hile ' l a t e r  re s e a rc h  has in c lu d ed  s tu d ie s  o f  more 

complex ■ p ro cesses  such ■ a s .'th e 're ia tio n  ©f su b -fu s io n , p h o tic  s tim u la ­

tio n . to  c e n tr a l  nervous system  a c t i v i t y .... The. e f f e c t s  o f  in te r m i t te n t  

. p h o tic  s t im u la t io n  in c lu d e :v is u a l ,  p h y s io lo g ic a l, and p sy ch o lo g ica l 

phenomena = The' v is u a l  e f f e c t s  o f  su b -fu s io n  f l i c k e r  in c lu d e ' b r ig h t ­

n e ss  e f f e c t s ,  g l i t t e r ,  a f te r im a g e s , c o lo r  changes, and movement6 

Among th e  p h y s io lo g ic a l e f f e c t s ,  p h o tic  d riv in g  o f  th e  b ra in  and th e  

p r e c ip i ta t io n  o f  s e iz u r e s 1 o r e p i le p t ic  phenomena, have re c e iv e d  th e  

g r e a te s t  a t te n t io n  = The p sy ch o lo g ica l e f f  e c ts  have been in v e s t i g a t e d ."' 

th rough s tu d ie s  o f  te n s io n  s t a t e s ,  p e rc e p tio n , a n x ie ty , perform ance, 

and c o g n itiv e  fu n c tio n in g o  However, r e l a t i v e ly  few s tu d ie s  have been



eon eta c te d  to  s tu d y  th e  e f f e c t s  o f sub«=» fu s io n  f l i e k e r  on le a rn in g  i n ' , : 

normal in d iv id u a ls 0 ■ ■ . ,

. The p re se n t study:.has been designed  to  a s c e r ta in  th e '© ffe c ts  

o f sub™fusion f l i c k e r  oh le a rn in g  in  man, and to  d isco v e r w hether o r - 

h o t th e se  e f f e c t s  a re  a fu n c tio n  o f  t h e ’f l i c k e r ' frequency^, -A review  

o f th e  re s e a rc h  ’on th e  e f f e c t s  o f  su b -fu s io n  f l i c k e r  i s  ih e M ’ded as 

background fo r  th e  c u r re n t  researeho  ■ While-some of  th e s e 's tu d ie s  do 

n o t b ear d i r e c t ly  on th e  problem o f  th e  e f f e c t s  o f f l i c k e r in g  l i g h t  on 

le a r n in g s 'th ey  havO,'given r i s e  t p 'r e s e a r c h  .in th is  a re a  - and;may be. , 

in v o lv ed  in  th e  ex p lan a tio n  o f th e  c u r re n t  -fin d in g s.

For th e  purposes o f th i s  paper th e  term  “in te r m i t te n t  p h o tic  

s t im u la t io n ” i s  de fin ed  as  l i g h t  s t im u li  re p e a te d  a t  r e g u la r  in te r v a l s  

and i s  expressed  as " f la sh e s  p e r seconds," The range o f in te r m i t te n t  

p h o tic  s t im u la tio n  in c lu d e s  rep ea ted  l i g h t  s t im u li  a t  su b -fu s io n , 

fu s io n , and above fu s io n  f re q u e n c ie s » At fre q u e n c ie s  below fu s io n ,' 

in te r m i t te n t  p h o tic  s t im u la tio n  i s  r e f e r r e d  to  as " f l i c k e r . ” Fusion 

freq u e n c ie s  a re  th o se  p o in ts  a t  which th e  s t im u li  a re  no lo n g e r seen 

as in d iv id u a l  f la s h e s  b u t as  a con tinuous l i g h t .  T h is - th re sh o ld  

v a lu e  i s  c a l le d  th e  " c r i t i c a l  f l i c k e r  freq u en cy ” ( c . f . f . )  and i s  a 

fu n c tio n  of. th e  in te n s i ty ,  o f " thte l i g h t  , and' its-:' su rro u n d s , ,  th e  . area::.- 

o f th e  o b je c t th a t  i s  f la s h in g , th e  p a r t  o f th e  eye s tim u la te d , and 

th e  r a t i o  o f l i g h t  and dark p e rio d  o f  th e  cy c le  Or th e  l ig h t /d a r k  

r a t i o .  .' . . ■ - . ' '. . ' ' ' \  :

P h o tic  d r iv in g  i s  d e fin ed  as. th e  rhythm ic c o r t i c a l  response  r e ­

corded  by e lec tro en cep h a lo g rap h  as a r e s u l t  produced by in te r m i t te n t



p h o tic  s t im u la tio n s  <> Waves d riv en  a t  th e  same frequency as th e  i n t e r ­

m it te n t  l i g h t  a re  termed responses a t  th e  fundam ental w hereas ex ac t 

m u ltip le  second o r  th i r d  responses a re  termed harm onics o r sub-harm onieso 

B a r tle y  (1939) made a com prehensive s tu d y  o f th e  e f f e c t s  of 

i n te r m i t te n t  p h o tic  s t im u la tio n  in  which he p o in ts  ou t th e  m ajor qual­

i t a t i v e  senso ry  changes th roughout th e  range from i s o la te d  f la s h e s  to  

c r i t i c a l  f l i c k e r  frequency  fo r  t e s t - o b je e t s  bo th  w ith  and w ith o u t 

i l lu m in a te d  su rro u n d s . When th e  t e s t - o b je c t  i s  surrounded by darkness 

th e  sequence o f changes p asses  through n in e  phases', b u t th e  l ig h t /d a r k  

r a t i o  determ ines th e  n a tu re  and emerging p la c e  o f  each p h ase . When 

th e  te s t= o b je c t  i s  surrounded by an i l lu m in a te d  f i e ld  the  sequence 

o f phenomena i s  somewhat more c o m p lic a te d 'b u t , i t  i s  p o s s ib le  to  ' '  

in d ic a te  th e  range Of f l i c k e r  frequency  i n  which th e  phenomena tend  to  

emerge. ■- . : '■ /. ; ■ ' . :■ .

. A com posite o f  th e  twOidiagrams p re sen ted  by B a r tle y  ( 19&I) . , 

in d ic a t in g  th e  phenomena emerging under b o th  co n d itio n s  i s  p re sen ted  

in  F igu re  1= In a d d it io n  to  th e  phenomena enumerated by B a r t le y , 

o th e r  e f f e c t s  th a t ,h a v e  been re p o rte d  have been in c lu d ed  in  th e  

f ig u re  in  an e f f o r t  to  f a c i l i t a t e  th e  un d ers tan d in g  o f  t h i s  review  , 

o f th e  l i t e r a t u r e .  : ,
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P ig , 1, Composite diagram  of senso ry  changes a t  d i f f e r e n t  f l i c k e r  
fre q u e n c ie s  in c lu d in g  th e  f in d in g s  of th e  c u rre n t s tu d y . F ind ings of 
th e  c u r re n t  study  a re  d e s ig n a ted  by an a s t e r i s k ,  ,



T albo t d e iao n stra ted 9 in  1834a th a t  the  a p p a re n t, b r ig h t” 

n ess  o f f l i c k e r in g  l i g h t  above fu s io n  i s  reduced (from th a t  o f 

s tead y  i l lu m in a tio n )  by th e  r a t i o  betw em  th e  p e rio d  during  which 

t h e ' l ig h t ' a c tu a l ly  reach es  i t  and the- whole- p e r io d 9. b u t B ruckes. in  -1 

18649. r e p o r te d 'th a t  th e  w h ite  a re a s  o f a ro ta t in g  d isk  made up o f 

a l t e r n a t e  b lad e  and w h ite  sectors■becom e more b r i l l i a n t  a t  approxi­

m ate ly  17=6 d o ta tio n s  p e r second than  when s ta t io n a r y 0 B a r t le y  

( I 938). fo llow ing  th i s  same l i n e .o f 'r e s e a rc h ' b u t using  tra n s m itte d  

l i g h t  r a th e r  than  b lack  and w h ite  d is k s , re p o r te d  th a t  th e  maximum 

Brueke e f f e c t s which he c a l le d  ap p aren t b r ig h tn e s s  enhancement, i s  

a re c ip ro c a l  o f th e  T albo t e f f e c t  and o ccu rs  when th e  s t im u li  a re  

g iven a t  about e ig h t to  ten  p e r seedndo

B arley  f e l t  th a t  th i s  e ffe c t ,w a s  n o t produced by photo­

chem ical mechanisms s in c e  i t  was d i f f i c u l t  t o ;see  how'two opposing 

p ro cesses  producing a low er c o n c e n tra tio n  o f the  l i g h t  p ro d u c t 

re q u ire d  to  g iv e  th e  T a lb o t e f f e c t ,  co u ld , a t  a low er r a t e  o f 

a l te r n a t io n  between l i g h t  and d a rk , produce an in e re a se d  coneenr 

tr a t io h "  of' th e 's u b s ta n c e  re q u ire d  to  give, enhancement to  ap p aren t 

b r ig h tn e s s  I t  was .h is  co n ten tio n  th a t  th e  e f f e c t  was n e u ra l - •

and b rough t .about by ;:an :,in tr in s ic  -p e r io d ic i ty  .'-'Ini th e -v is u a l  

pathway. ' , - . ' - " -

Jahn ( 1944) p r e s t e d  evidence th a t  pho to-chem ical changes 

in  th e  sen se  c e l l s  could  b.e th e  c a u s a tiv e  mechanism since- th e  photo1



" ' ; :;V - ' ■ " • ■ : ■ "■■■ ■ •• . : . ' : ■ ■■■'■ ' " ■. 6 ' ' :

chem ical eq u a tio n  ;whiGh B a rtie y  'considered  to  be in ad eq u a te  i s  appar» ■ ' 

e n t ly  th a t  fo r  th e  dark” adap ted  eye and should  n o t be used fo r  ex p la in ­

ing  v is u a l  phenomena in  th e  l ig h t-a d a p te d  eye0 However8 Jahn conten­

ded th a t  i f  th e  ex p lan a tio n  was to  be made on a p u re ly  chem ical b a s is , 

th e  frequency  o f maximum enhancement should  vary  w ith  bo th  in te n s i ty  

and l ig h t /d a r k  ra t id o  The f a c t  th a t  ap p aren t b r ig h tn e s s  enhancement 

rem ains in  th e  frequency  range o f e ig h t, t©;.ten 'per second a t  a l l  '" .' . ' ' : 

i n t e n s i t i e s  and a t  a l l  l ig h t /d a r k  r a t i o s  would s u b s ta n t ia te  B a r t le y 's  

co n ten tio n  of a n e u r a l ' b a s i s .  . • .

, . B a r tle y  (1951) g working on th e  th e o r y  th a t  h r ig h tn e s s  enhance­

ment cou ld  be due to  th e  number and re a d in e ss  to  r.eapond o f r e t i n a l -  

n e u ra l p a th s ,  contended th a t  in te r m i t te n t  s t im u li  shou ld  be more ' . 

e f f e c t iv e  nndey  c o n d itio n s  which enhance o r  a re  enhanced by p h o t ic . - ■

d riv in g  * H is experim ent f a i l e d  to  tionf i m  h is  h y p o th e s is .

S ince th e  maximum o c u la r  te n s io n  i s  c o in c id e n t w ith  f la s h  

; f req u e n c ie s  producing maximal b r ig h tn e s s  enhancement, H a lstead  (Ip& l) 

in v e s t ig a te d  th e  p o s s ib i l i t y  o f a m uscular o r ig in  by e lim in a tin g  

p u p i l la ry  and accommodative re f le x e s  by' scopolam ine. • B rig h tn e ss  enhance­

ment was h o t  a f fe c te d  and"H alstead  concluded th a t  i t  was n o t due to  : :

e i th e r  o f th e  i n t r a - o c u la r  m uscle r e f le x e s .  . • ‘ '

' ' In  a m o r e r e e e n t  s tu d y , Gersthewohl and T aylor <1953), u sing

f l i c k e r  freq u e n c ie s  of n in e  and f i f t e e n ,  in v e s tig a fe 'd  th e  q u estio n  

o f  w hether b rig h tn ess 'en h an cem en t would h e lp  c o n tra s t  p r i n t  on back- 

ground. They found th a t  f l i c k e r  reduced  th e  number of l in e s  read, and 

in c re a se d  th e  d is c r im in a tio n  th re sh o ld  f o r  f i n e r  d e t a i l s .  They'’f u r th e r  \



concluded th a t  b r ig h tn e s s  enhancement was s u b je c t iv e  and w ith o u t phy­

s i c a l  c o r r e la te  which i s  in  keeping w ith  B a r t le y ’ s u se  o f th e  term 

ap p aren t b r ig h tn e s s  - enhancemento _ ’

Although b r ig h tn e s s  -.enhancement- has re c e iv e d  co n tin u in g  a t te n ­

t io n ,  th e  e f f e c t s  o f  g l i t t e r ,  l u s t e r , . a f te r im a g e s , and change o f  c o lo r  

have a lso , been th e  s u b je c t  of c o n s id e ra b le  re s e a re h . Rood ( I 863) ,  

u s in g  a s e c to re d  disk, made,up o f  seven  w h ite  and seven b la c k , s e c to r s , ." . 

re p o rte d  .that, re v o lu tio n s , of 1,78'- p e r  - second r e s u l te d  in  a-loss.- of .' 

d e f in i t io h ,  and rev o lu tio n s"  o f h c2 p e r  second r e s u l te d  in  g l i t t e r i n g .  

Grunbaum, co n tin u in g  in  t h i s  same a re a  o f re s e a rc h , re p o r te d  in  1897 

(L an d is , 1953) th a t  by study ing  th e  r a t i o  o f th e  b re a d th  o f th e  sec­

to r  a re a  t o  th a t  o f .the  a p e r tu re  through which the. o b se rv a tio n s-w ere  •.

. made, . f l i c k e r  and g l i t t e r / a r e . d i s t i n c t . - ' .-

B idw ell ( I 897 ) re p o rte d  on a S e r ie s -o f experim en ta l demon- . ’ 

s t r a t i o n s  o f a fte rim ag e  phenomena now kndvm as B id w ell’s  g h o s ts .

He used a tw e n ty -f iv e  can d le  power e l e c t r i c  lamp" and a  r o t a t e d , «two- 

.s e c to re d  d isk  th a t  had a f o r ty - f iv e  degree s e c to r  removed a t, the  

' ju n c tio n  -. o f '.'the-, b lack :. and w h lta s se e to rs  so '.- th a t ' th e  •-open' -.sector-:: was .

--preceded by b la c k "and fo llow ed by"w hite . With th e  lamp" a t  two f e e t  • 

and th e  d isk ' re v o lv in g ; a t  s ix  re v o lu tio n s  p e r second,, th e , b lack  l e t -  

t e r s  appeared re d . As th e  lamp was moved n e a r e r ,  th e  l e t t e r s  began 

to  shimmer and tak e  on a s i lv e r y ,  lu s t r o u s ,  m e ta l l ic  appearance .

With th e  lamp a t  fo u r in e h ess , th e  l e t t e r s  appeared  g re e n ish  b lu e .

He a lg o  dem onstrated  th a t  i t  was p o s s ib le  to  match th e  l e t t e r s  th a t  

- appearW  re d  w ith  ones th a t  , were a c tu a l ly  r e d . / -He f u r th e r  eonoiuded
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th a t  t h e . speed fo r  o b ta in in g  th i s  phenomena was n o t th e  same fo r  a l l .

■ persons b u t th a t  th e  optimum1 range was from s ix 't©  e ig h t  re v o lu tio n s

."per second o '

Ery ( 1936) ,  co n tin u in g  in  t h i s  l in e  o f re s e a rc h „ .s tu d ie d  the

c o lo r  s e n sa tio n s  o b ta in ed  w ith  in te r m i t te n t  s p e c t r a l  s t im u li  when :

th e  frequency  wave le n g th 9 p u r i ty  o f th e  s t im u lu s 8 and th e  b r ig h tn e s s

; o f . th e  surrounding  f i e l d  a r e ' v a r ie d e. He used  f la s h  fre q u e n c ie s  of

fo u r ,  s ix ,- eightV. and ten  p e r s e c o n d .. He found th a t  b r ig h t  f la s h e s  \

a l t e r n a t e  w ith  dark i n t e r v a l s  and th a t  th e  hue o f th e  b r ig h t  f la s h  i s

th a t  c h a r a c te r i s t ic ,  o f th e  wav© le n g th  used  and th a t  th e  dark in te r v a l s

a re  t in g e d  w ith  p u rp le -o r  v i o l e t .  : For example, .a t . f o u r  p e r second ■

a w h ite  f la s h  has a dark v io le t  i n t e r v a l ,  a t .M x  and e ig h t  p e r second

th e  in t e r v a l  becomes b l u e - g r e e n ,  tu rn in g  t o ' g reen!sh= w hite  a t  ten  per

'.'second, andreaehing w h ite  a t  f i f t e e n  p er second . Mien th e  inter™ ' ■: '' ,

m i t te n t  f la s h e s  a re  exposed on a w h ite  a re a  in s te a d  o f  a dark a re a 9

th e  secondary images a re  complementary to  th e  prim ary o n es . -

. Another o f  th e - v is u a l  .e ff  e c ts  t h a t  reaches . i t s  .maximum in  ^

th e  s ix  to  e ig h t f la s h e s  p e r second range i s  one o f 'a p p a re n t  m otion 1 '

and i s  c a l le d  ''gamma movement." This ap p aren t expansion- and c o h tra c -  •

t io n  e f f e c t  of l i g h t  has. been re p o rte d  a s  beginning  in  th e  f i f t e e n  :

to  seven teen  f la s h e s  p e r second range and reach ing  a maximum i n  the

e ig h t to  ten  f la s h e s  p e r second ran g e . There have been o th e r  types

o f phenomena rep o rted , in  .the a re a  o f ap p aren t o r a c tu a l  m otion such ,

a s ' t h a t  re p o r te d  by Ansbacher (19M ) who found th a t  an i l lu m in a te d

a re a  o f t h i r t y ^ s i x  degrees r o ta t in g  a t  le s s  than  fu s io n  speed appears



to  sh rin k  to  a f r a c t io n  o f i t s  a c tu a l l e n g th . . ' Ansbacher concludes 

th a t  t h i s  phenomenon i s  r e la te d  to  i l lu m in a tio n  in  th a t  in c re a s in g  

i l lu m in a tio n  f a c i l i t a t e s  th e  sh rin k a g e . Teuber and Bender ( I 9 &8 ) in  a 

s tu d y  o f tw en ty -e ig h t cases  o f o c c ip i ta l  b ra in  in ju r y  re p o r te d  th a t  

th e  same fu n c tio n a l mechanism determ ines p e rcep tio n  o f f l i c k e r > a$>par«= 

e n t m otion$ and a c tu a l  m otion a f t e r  c e re b ra l  traum a9 and conel.uded 

th a t  such p e rc ep tio n  has a .•neural r a th e r  than a  photo*=ehemieal basis ,.

In  d iscu ss in g  th e  v is u a l  e f f e c t s  th a t  accompany th e  u se  o f 

su b -fu s io n  f l i c k e r ,  i t  shou ld  be p o in ted  o u t th a t  th e re  i s  no sharp  

d i s t in c t io n  between f l i c k e r  and 'fu s io n . In  1937* B recher re p o r te d  

th re e  d i s t i n c t  th re sh o ld s  o f sen so ry  ex p erien ce  (L and is , ,1953)o 

F i r s t ,  th e re  i s  th e  s h i f t  from fu s io n  to  an unsteady  im p ressio n  which 

he c a l le d  th e  c r i t i c a l  f l i c k e r  freq u en cy . Hext th e re  i s  a s h i f t  from 

th e  f l i c k e r  t© a p u ls in g  s e n sa tio n  which he c a l le d  th e  p u ls a t io n - f l i c k e r  

■■ th resh o ld b  F in a l ly ,  he d e fin ed  th e  s h i f t  fro m ,p u ls a t io n  to  th e  percep ­

t io n  o f  d is c r e te  ■flashes as th e  moment th re s h o ld .

■ . B a r tle y  ( I 938 ) dem onstrated th a t  even when th e  c r i t i c a l

f l i c k e r  frequency  was as low as fo u r p e r second, th e  s u b je c t iv e  o r 

p e rce iv ed  f l i c k e r  m an ife s ted  a r e l a t i v e l y  h igh  r a t e .  When a t  h ig h e r V . 

i n t e n s i t i e s  th e  c r i t i c a l  f l i c k e r  frequency  was about f i f t y  p e r second, 

th e  p e rce iv ed  o r r e s id u a l  f l i c k e r  appeared to  occur a t  th e  same f r e ­

quency: as  in  th e  form er e a se , nam ely, abou t tw enty p e r second . Here 

ag a in  B a r tle y  f e l t  th a t  th i s  -..phenomenon', was n o t p re d ic te d  by p resen t, 

day photo-chem ical th e o ry , b u t i s  determ ined by th e  i n t r i n s i c  d isch a rg e  

c h a r a c te r i s t i c  o f th e  r e t i n a l  gang lion  c e l l s  r a th e r  than  th e  f la s h  r a t e .



. . .  . ■ ; : / v ' v  . 1 0  ■
As has been shown in  th i s  b r i e f  review  o f th e  research  on the  

v is u a l  e f f e c t s  th a t  accompany th e  u se  o f sub~ fusion  f l i c k e r ,  th e re  i s  

a p trong  ease  fo r  a n eu rh l r a th e r  than a photo-chem ical b a s i s »• Although 

r e t i n a l  fu s io n  has been m easured by th e  e le e tro re tin o g ra m  b y :Babel and 

Monnier (L andis,. 1953), th e re  h as been r e l a t i v e ly  l i t t l e  in v e s t ig a t io n  

o f r e t i n a l  p ro c e sse s  in v o lv ed  in  th e  v is u a l  e f f e c t s  o th e r  than  those 

c i t e d  above on b r ig h tn e s s  enhancement and re s id u a l  f l i c k e r  (B a r tle y , . 

1938; Jahn, l9 to )o  In  c o n s id e ra tio n  of th e  c r i t e r i a  p re sen te d  by Jahn 

( 19% ) fo r  a photo«=chemical b a s is  i t  i s  ev id en t th a t  a d e f in i t e  eoneluv 

s io n  cannot be reach ed . ' However, many.of th e se  v is u a l  e f f e c t s  reach  

t h e i r  maximum in  the  same frequency  range as  th e  a lp h a  rhythm , and i t  

i s  co n sid e red  p o s s ib le  th a t  th e se  v is u a l  e f f e c t s  a re  c e n t r a l  responses 

r e l a t e d  to  mechanisms th a t  may be. in v o lv ed  in  "the e f f e c t s  o f f l ic k e r in g  

l i g h t  on more complex p ro cesses  such as l e a r n i n g . ' . ,• ' .

Complex PhvsiolOGiical E f f e c ts . ■ - •

S ith . re g a rd s  to  c o r t i c a l  and s u b -d o r t ic a l  resp o n ses  to  sub™fusion 

f l i c k e r , the. phenomenon of p h o tic  d r iv in g  i s  o f .ch ie f im p o rtan ce . I t  

was n o t . u n t i l  th e  developm ent of adequate  e l e c t r i c a l  in s tru m e n ta tio n  

and th e  e lee tro e a ce p h a lo g ra p h ie  s tu d ie s  o f B erger in  1930 th a t  the  

b b je e t iv e  d a ta  r e la t in g  to  t h e  e f f e c t s  o f su b -fu s io n  f l i c k e r  and b ra in  

wave p o te n t ia l  were dem onstrated* Although B erger no ted  th a t  p h o tic  ' 

s t im u li  to  th e  r e t i n a  cou ld  b lock spontaneous a lp h a  rhythm s, Adrian 

and Matthews (193^) were th e  f i r s t  to  dem onstrate  p h o tic  d riv in g  

by. in te r m i t te n t  l i g h t •s t im u la tio n  i n  man. They f u r th e r  re p o r te d  a , ,
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g re a t  deal o f In d iv id u a l v a r ia t io n  bo th  in  th e  deg ree , n a tu re , and 

c o n d itio n s  fo r  e s ta b lis h in g  th i s  phenomenon = . . ^

S ince th a t  tim e, numerous s tu d ie s  have been done d e sc rib in g  

th e  p h o t ic .d r iv in g "response  and r e la te d  p h y s io lo g ica l, and psycholo^ : ' 

g i c a l : e f f e c t s  =, A s im ila r  phenomenon has been dem onstrated  re p e a te d ly  

in  c a t s 9 r a b b i t s ,  monkeys, and o th e r  an im als (B a r tle y , Ip&Qi Knox,

1950$ W alker, Woolf, H a lstead  and C ase, I 9 M ) „ :

W alter and Walter. (19&9) re p o r te d  th a t  th i s  s t im u la t io n  cou ld  

be d e sc rib e d  in  term s o f f iv e  com ponenets, . any o r a l l  o f .which could  

■ be: p re se n t: a t  any one time® M r s t  ;the  i s  a  s e r ie s ' o f : d i s c r e te ,  

e lem entary  evoked re sp o n se s1 second, th e re  i s  th e  fu s io n  o f evokedV 

resp o n ses  g iv in g  an a c c id e n ta l  appearance o f rh y th m !c ity ; Snd th i r d ,  ‘ 

th e re  i s  th e  in s tru m e n ta l summation o f evoked response  and spontaneous 

rhythm s6 The fo u r th  component i s  t ru e  augm entation o r  d r iv in g  o f 

lo c a l  rhythms a t  th e  frequency o f th e  s tim u lu s  and th e  f i f t h  i s  th e  ;

augm entation o f  harm o n ica lly  r e la te d  rhythm s in  o th e r  areas®. . ■ .

In  th i s  same p ie ce  o f l i t e r a tu r e /W a l te r  and W alter a ls o /  

c l a s s i f i e d  th e  s u b je c t iv e  e f f e c t s  th a t  had been re p o r te d  by s u b je c ts  

re c e iv in g  p h o tic  s t im u la t io n  throughout th e  range o f 3 .5  to  25 f la s h e s  

p e r second w ith  a f la s h  d u ra tio n  o f f i f t e e n  microseconds® I h e i r  c la s s ic  

f i c a t io n s  were as fo llow s $. . ■

1 ®̂ v i s u a l .s e h sa tio n s  w ith  .characters ' n o t p re se n t in  : / / / / ' ',/;'/..'/ 
/:// '/  th e  s tim ulus:, such a s ,  C o lo r , ' 'p a t te rn , /  movement - - , , - '/-

■ 2 = S im p le /s e n sa tio n s 'o th e r  than v is u a l  ■/. /; . • •

• a . - K in e s th e tic s  / swaying, s p in n in g ,■jumping, v e r tig o  
b« Cutaneous $ t in g l in g  , p r ic k in g
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.. do 'G u s ta tb r y  and o lfa e to ry s  d o u b tfu l ^

,e» - ' Visoeral:' G0nn@qt@d w$.th%@adltory ■ •. ' "  v

3»:. ■ G eneral em otional and a b s t r a c t  • experien ces  j, such as „ 
f a t ig u e ,  confusijon, f e a r ,  d is g u s t ,  an g er, p le a su re , d is tu rb  
banee o f  tim e  sen se  ,

: ho O rganized h a l lu c in a t io n s  o f v a rio u s  types

5o C l in ic a l  psychopath ic  s t a t e s  and s e iz u re s  •

W alter and W alter con tended  th a t  th e  .subj.eeti.ve: v is u a l  e f f e c t s  were 

due t© -in te rfe re n ce 'b e tw e en -rh y th m ic  evoked resp o n ses  and span ta n -  - 

: e©us rhythms, a t, 'c o r t ic a l  and p o s s ib ly  'thalam ic le y  e l s » The non- / 

v i s u a l  e f f e c t s  in  normal and abnormal s u b je c ts ,  they f e l t ,  were due 

tp  in te r a c t io n  between th e  evoked a c t i v i t y  and h arm on ically  r e la te d  

'Spontaneous rhythms in  o th e r . .c i r c u i t s  a t  a th a lam ic  l e v e l «,

. . S tm dy^Castle (1953)» using  the. same frequency  range (3.e 5 to

: 2 5 , f la s h e s  -per second) in - a  s tu d y  designed  to  f u r th e r  d e l in e a te  th e  

c h ie f ' c h a r a c te r i s t i c s ' o f re sp o n ses  to  p h o tic  s t im u la tio n  in  normal 

' a d u l t s ,  ■ reported-', ex p erien ces  durinQ p h o tic  s t im u la tio n  s im i la r  to  

th o se  found by W alter and W alter <19^9)» He a ls o  found th a t  c l i n i c a l  

p sych o p a th ic  s t a t e s  and o rg an ized  h a l lu c in a t io n s .. were n o t as a r u le  

• e l i c i t e d  ’ from normal- s u b je c t s «. Mundy-CastXe . f u r th e r  concluded th a t  ' 

.abnormal an d '.q u estio n ab le  e lee tro e n e ep h a lo g ra p h ic  responses w e r e "  

-u su a lly  accompanied by  more v iv id ' and d is tu rb in g  s e n s a t i o n s a n d  

th a t  p h o tic  s t im u la tio n  p ro v id es  a  v a lu a b le  means fo r  s tu d y in g  th e  

b eh av io r of d i f f e r e n t  rhythm ic p ro cesses  during  changing m ental . 

eon te n t  o ; : : . v' . .. - ' '

- ■ " U le t t  and Johnson ' (1958) used  f l i c k e r  fre q u e n c ie s  rang ing  from



th re e  to  33 f  la sh e s  per seeond w ith  a one to  one l ig h t /d a r k  r a t io .  • The 

p h o tie  d r iv in g  survey  c o n s is te d  o f a kO second exposure to  each of Zk 

d i f f e r e n t  f req u e n c ie s  w ith  a 40 second in te r v a l  between each" exposure. 

With a sample p o p u la tio n  c o n s is tin g  o f 182 a d u l t  males and 53 p sy ch ia ­

t r i c  p a t ie n ts  they  found th a t  p h o tic  d r iv in g  i s  a u n iv e rs a l  phenomenon 

w fth  a .peak  resp o n se  in  th e  a lpha  ran g e . In  th e  c o n tro l group^ they  

found th a t  n e i th e r  p h o tie  d r iv in g 8 p h o tic  a c t i v a t io n , n o r changes in  ; 

p h o tie  a c t iv a t io n  were r e la te d  s ig n i f i c a n t ly  to  r e s t in g  e leo tro en cep h a lo  

g rap h ic  p a t t e r n s 9 changes in  p u ls e  o r b lood p re s s u re , s e lf« e v a lu a tio n  

o f psycho log ic  s ta te *  o r  o f p o s i t iv e  item s in  p e rso n a l o r •fam ily  neuro- 

p s y c h ia t r ic  h i s to r y .  , ■■■■ ■ ' . ■ ; :

A lthugh U le t t  and Johnson found no s ig n i f ic a n t  r e la t io n s h ip  

between p h o tic  d r iv in g  and p u lse  o r b lood p ressu re*  D oust*, S chneider 

and H a rr is  (1952) found th a t  oxygen le v e ls  v a r ie d  c r i t i c a l l y  w ith  the  ? 

f l i c k e r  r a t e s .  F l ic k e r  r a t e s  between th re e  and nine* and between 

tw elve and seven teen  produced a d ecrease  in  b lood  oxygen s a tu r a t io n  

v a lu e s , which were normal a t  n in e  to  eleven* and e ig h teen  to  tw enty- 

two f la s h e s  p e r second . They a ls o  re p o rte d  dep ress in g  th e  oxygen 

le v e l s  by th e  u se  o f op tim al s t im u la t io n  fre q u e n c ie s  and e l i c i t i n g  

spontaneous comments by th e  s u b je c ts  which re v e a le d  c o n s id e ra b le  

changes in  a f f e c t  and le v e ls  o f aw areness. ■

The p r in c ip a l  u se  o f in te r m i t te n t  p h o tic  s t im u la t io n  in  r e l a ­

t io n  to  i t s  p h y s io lo g ic a l e f f e c t s 9, has been in  p h o tic  d r iv in g  and e l i c i ­

tin g  paroxysinal d isch a rg es  in  the  e le c tro e n c ep h a lo g ra p h ic  s tu d ie s  o f 

b ra in  wave phenomena. S ince th e se  •p h y sio lo g ica l e f f e c t s  seem to  be re-, 

l a t e d  to  c o r t i c a l  and s u b -c o r t ic a l  fu n c tio n in g  f  i t  becomes a mechanism



f o r  s tu d y in g  th e  n e u ra l c o r r e la te s  o f complex p sy ch o lo g ica l pro= 

c esses  such a s $ lea rn in g , em otion, and m otivation .

..Bff a c ts  on Perform ance and j^eam ina ; . ' .. ;v

The e f f e c t s  o f f l i c k e r in g  l i g h t  bh perform ance and obmplex 

p ro cesses  has been w idely  s tu d ie d  w ith  most o f th e  s tu d y  being d i r ­

ec ted  tow ard th e  e f f e c t  on performance. The com parative ly  re c e n t 

in n o v a tio n s  o f f lu o re s c e n t  l ig h t in g  and te le v is io n  view ing hayecgiven 

some im petus to  t h i s  a re a  of f l i c k e r  r e s e a r c h . ..

One- o f  th e  e a r l i e s t  s tu d ie s  o f  th e  e f f e c t s  on performance was 

th a t  o f H a r tr id g e il' i,ythgoe and Matthews ( 1926) in  which a comparison : .

was made between con tinuous and f l i c k e r in g  l ig h t ,  on a v a r ie ty  of 

v is u a l  ta s k s .  They used f l i c k e r  fre q u e n c ie s  o f n in e  f la s h e s  p e r 

second and Z k » Z  f la s h e s  p e r second w ith  an i n t e n s i ty  o f s ix  fo o t  can­

d le s .  On th r e e  o f th e  ta s k s , p e rc e p tio n  o f  sm all b lack  and w h ite  o b je c ts  

c o lo r  p e rc ep tio n  of both  la rg e  and sm all o b je c ts ,  and p e r ip h e ra l  c o lo r  

v is io n ,  th ey  compared th e  continm ens 11g h t w ith  f l i c k e r - a t  n in e  f la s h e s  - 

p e r second . In determ ining  th e  l e a s t  p e rc e p t ib le  i n t e n s i t y  d if fe re n c e  

in  th e  case  o f  la r g e  o b je c ts  and in  s te ro s c o p ic  v is io n ,  th ey  compared 

th e  con tinuous l i g h t  w ith  f l i c k e r  a t Zh*2 f la s h e s  p e r second . In  two 

ta s k s ,  a p p re c ia tio n  o f movement by th e  p e rip h e ry  of th e  r e t in a  and 

speed o f re a d in g , they  compared con tinuous . l ig h t  w ith  f l i c k e r  frequen- - ; 

c ie s  o f ’ fobth n in e ' and Zk6Z f la s h e s  p e r second.. ;' y '

T h e ir r e s u l t s  in d ic a te d  th a t  perform ance Was p r a c t i c a l ly  id en ­

t i c a l  fo r  th e  two types o f i l lu m in a tio n  excep t th a t  th e  a p p re c ia tio n



Of movement d im in ished  in  f l i c k e r in g  l i g h t  in  th e  p e rip h e ry  o f  th e

re tin a e  They f u r th e r  concluded th e t  th e  perform ance o f one in d iv id u a l

on th e  speed o f read in g  ta sk  in d ic a te d  th a t  a more e x te n s iv e  study  o f

in d iv id u a l  d if f e re n c e s  m ight show more pronounced e f f e c t s ,  o f  f l i c k e r

in  c e r ta in  c a s e s .

The f i e l d  o f te le v is io n  has in tro d u c e d  a  new a re a  o f re sea rc h

- : in . th e  e f f e c t s  o f  f l i c k e r .  T h e o re tic a l ly  in  te le v is io n ^  f i e ld s  must

be p re se n te d  a t  a  r a t e  .g re a te r  than  f i f t e e n  per second" in  o rd e r n o t ■

. to  be jerk y , bu t i n  p r a c t ic e  th e  frequency  must be h ig h e r  th an  f i f t e e n

per second because o f f l i c k e r ,  Condon (1950) p re se n ts  fo u r k in d s  of

f l i c k e r  th a t  occur in  te le v is io n  tu b e s : la rg e  a re a  f l i c k e r . , . s m a ll. •

a re a  f l i c k e r ,  i n t e r l i n e  f l i c k e r ,  and l i n e  c raw l. S tudying th e  e f f e c t s

o f  f l i c k e r  in  t e le v is io n  tu b e s , Condon had e ig h t  o b se rv ers  r a t e  tubes '

o f d i f f e r in g  b r ig h tn e s s  anti frequency  on a s c a le  where th e  s te p s  were

■ p a in f u l ,  o b je c t io n a b le ,' a p p re c ia b le , n o t ic e a b le ,  and none, "'He used ' :

th re e  le v e l s  of b r ig h tn e s s ,, .i> e « , f iv e ,  te n ,  and tw enty  fo o t c an d le s .

H is : f in d in g s  a re  summarized belows

B rig h tn ess  Level Approximate Upper L im it ,
( fo o t  can d le s ) Of Range o f F lic k e r  ra t=

' ' ; ..."     "  ed as  P a in fu l ,  (FP8 )

■' '■■■■ 5 ' ... ■ . ■ 23 ;. ■■■•

T hese. f in d in g s  In d ic a te "  t h a t  the ; th re sh o ld  fo r  ' p a in fu l f l i c k e r  i s  a \ . ;' 

fu n c tio n  o f th e  i n t e n s i t y  o f  th e  l i g h t ,  . ■ " ■ < :

In g en e ra l f l i c k e r in g  l i g h t  i s  re p o r te d  to  have a d is tu rb in g  

e f f e c t ,  and i t  i s  common ex p erien ce  to  h ea r re p o r ts  th a t  th e . f l i c k e r in g



of fltio reS een t l ig h t in g  i@ d is t r a c t in g ,  o r annoying„ However, th e se  ' 

e f f e c t s  have n o t been s y s te m a tic a l ly  s tu d ied a

Bach9 S perry  and Ray (1954). u s in g  in te r m i t te n t  p h o tic  s tim u la -1 

t io n  a t  vary ing  fre q u e n c ie s  in  a s e r ie s  o f  experim ents designed  to  

determ ine th e  e f f e c t s  on s u b je c t iv e  d isco m fo rt, tapp ing  r a t e s ,  w alk ing , 

p u rs u i t  'ro to r  : perform ance ' and r if le - , f i r i n g , re p o rte d  th a t  u n p leasan t , 

s u b je c t iv e  e f f e c t s  a re  c o n s is te n t ly  re p o r te d  when s u b je c ts  a re  exposed 

to  d i f f u s e  f l i c k e r in g  l i g h t f  and th a t  th e  most c o n s is te n t ly  e f f e c t i v e , 

f l i c k e r  frequency  fo r  th e  p ro d u c tio n  o f s u b je c tiv e  e f f e c t s  i s  n in e  

f la s h e s  p e r  seconds • . . :

' T he ir r e s u l t s  f u r th e r  in d i c a t e  th a t  hahd-eye c o o rd in a tio n  was 

s ig n i f i c a n t ly  im paired  by a f l i c k e r in g  l i g h t  fo r  a s im p le  tapp ing  ta sk  

b u t n o t  a f fe c te d  on an o th er supposedly  more complex tapp ing  titask  lu’M d ■ • 

th a t  th e  r a t e  o f w alking under c o n d itio n s  o f  d if fu s e  f l i c k e r in g  l i g h t  

d id  n o t  seem to  be s ig n i f ic a n t ly  a f fe c te d  even in  the p resen ce  o f n 

o b s ta c le s  and w ith  a co n tin u o u sly  moving l i g h t  so u rce . However, t h e i r  

r e s u l t s  in d ic a te  th a t  r i f l e  f i r in g  accu racy  was s ig n i f i c a n t ly  depressed  

when a s ix  cy c le s  p e r second f l i c k e r in g  l i g h t  was p la ce d  behind  th e  

ta r g e t  and d ire c te d  a t  th e  s u b je c t .  Mien th e  d i f f u s e v l l i c k e r in g l l ig h t  

.was d ir e c te d  a t  th e  ta rg e t,.:  r i f l e  f i r i n g  ..accuracy' was in c r e a s e d . . .

M aile th e se  r e p o r ts  in d ic a te  th e  marked e f f e c t s  which in te rm it"  

te n t  p h o tic  s t im u la tio n  may have on b e h av io r , f e e l in g s ,  and c e r ta in  . 

p h y s io lo g ic a l m easures, th e re  have as y e t been r e l a t i v e ly  few s tu d ie s  

d ire c te d  tb  perform ance e f f ic ie n c y  in  s i tu a t io n s  in v o lv in g  le a rn in g « 

A lexander and C h ile s  ( 1959)8 in  an e x p lo ra to ry  s tu d y  o f p ro longed  :



i n te r m i t te n t  p h o tic  s t im u la t io n ,  gave a sim ple a d d itio n  t e s t  a t  f i f t e e n  

m inute in te r v a ls ;  during  th e  exposure*. They re p o rte d  th a t  thd perform ance 

■on th e  ‘addi t i o n / t e s t  -showed no: sy s te m a tic  tre n d s  as a fu n c tio n  o f le n g th  

of exposure to  th e  l ig h te  However, they  s t a t e ,  ''perform ance was' i n  gen­

e ra l  somewhat below th e  expected le v e l s ,  which s in ce  th e  ta sk  was h ig h ly  

v is u a l  in  n a tu re , was probably  a r e s u l t  o f th e  adverse  l ig h t in g  cond i- 

tionSo ,11 and f u r th e r  ,conclude, "because o f  th e  e x p lo ra to ry  n a tu re  of th e  

. in v e s t ig a t io n ,  adequate  m easures' o f perform ance e f f ic ie n c y  .were not: '

. o b ta in e d ." ■■ ■■■' . - J

The p re se n t in v e s t ig a t io n  was s tim u la te d  by th e  work of Johnson, 

U le t t , -S in e s  and S te rn  ( i 960) who in  a s tu d y  of c o r t i c a l  a c t i v i t y  and 

c o g n itiv e  fu n c tio n in g  used  a number o f ta sk s  in v o lv in g  le a rn in g . They 

h y p o th e s is e d ,th a t  th e  a c t iv a t io n  o f abnormal rhythms (hypersynchrony 

and paroxysmal waves) would i n t e r f e r e  w ith  memory trace.m echanism s in  

th e  b r a in .  Using th e  f l i c k e r  frequency  a t  which, most a c t iv a t io n  occu rred  

fo r  th e  group c a l le d  " a c tiv a to rs '?  and a f l i c k e r  frequency  o f f i f t e e n  p er 

second fo r  th e  group c a l le d  " n o n -a c t iv a to r s ,"  th e  re s e a rc h e rs  measured 

perform ance on a number o f  ta sk s  in v o lv in g  c o g n itiv e  fu n c tio h in g  such as 

p a ire d ^ a s s o c ia te s  le a r n in g , memory f o r  s t o r i e s ,  d ig i t  span , s e r ia l .  , 

s e v e n 's ,  and a r i th m e tic  problem s. They re p o r te d  th a t  th e  e f f e c t  of pho­

t i c  s t im u la tio n  on perform ance fo r  th e  " a c t iv a to r s "  and " n o n -a c tiv a to r s "  

combined showed some im pairm ent due to  th e  d is t r a c t in g  and sometimes 

noxious q u a l i ty  o f  th e  f l ic k e r in g  l i g h t  on a l l  ta sk s  excep t One-- 

'memory fo r  s t o r i e s .  ' However, th e 's c o re s  were s ig n i f i c a n t ly  .d if f e r e n t  ; 

from zero  only  On th e  p a ire d  a s s o c ia te s  and a r ith m e tic  ta s k s .



■ ' The last.: th re e  s tu d ie s  in  t h i s  b r i e f  review* using  -tasks - inyol-»

vihg learn in g *  perform ance^ and c o g n itiv e  fu n c tio n in g   ̂ h av e '.in d ic a te d "'

. th a t  th e  e f f e c t s  of. I n te r m i t te n t  l i g h t  e i th e r  do not, im p a ir these  

fu n c tio n s  9 im pair some and enhance o th e rs*  o r were n o t e o n e lu s iv e e. 

However9 i t  i s  i n te r e s t in g  to  n o te  th a t  i n 1 a i l  o f th e se  s tu d ie s  the  ■

. comparison, has been between one condi t io n  o f f l i c k e r in g  ."ligh t and no" , - 

f l i c k e r in g  l ig h ts  In  contrast@  th e  p re se n t s tudy  has been designed 

to  a s c e r ta in  the. e f f e c t s  o f d i f f e r in g . 'f l ic k e r in g  » co n d itio n s  on th e  .; 

same type o f le a rn in g  in  th e  same in d iv id u a ls .

Although no hypotheses a re  being te s te d  s p e c if ic a l ly *  th e  c u r-  

r e n t  re s e a rc h  w i l l  a ttem p t to  answer th e  fo llow ing  q u e s tio n s :

. lo 'What a re  th e  e f f e c t s  of sub«fusion  f l i c k e r  on le a rn in g  

—
Z» Are th e se  e f f e c t s  a fu n c tio n  o f th e  f l i c k e r  frequency? .



method:

I ^ u r ^ e n  s tu d e n ts  from th e  summer se s s io n  in tro d u c to ry  

psychology' co u rse  a t  th e  If iiiv e rs ity  of .Arizona served  as su b je c ts  

' i n  t h i s  s tu d y »; P a r t i c ip a t io n  was tin a v o lu n te e r  b a s is  w ith o u t . ' 

rem unera tion , "All s u b je e ts .:were ,f a m il ia r  w ith  e x p e r im e n ta l..techn iques 

, th ro u g h '. le c tu re ,: However, none had ever-, p a r t ic ip a te d  in  an experim ent 

In v o lv in g  a le a rn lh g , s i tu a t io n .  The fou rteen - su b je c ts  c o n s is te d  of ■

' te n 1 fem ales;'and fo u r males^ - ; 1

■ Each s u b je c t  was exposed to  seven d i f f e r e n t  co n d itions; o f

. f l i c k e r in g  l i g h t  w h ile .s e a te d  in  a  darkroom w ith  eyes c lo se d . Daring, 

each c o n d itio n  a l i s t  o f ten  nonsense s y l la b le s  was p re sen te d  tw ice 

through th e  speaker a ttachm ent o f a tap e  re c o rd e r« A d i f f e r e n t  l i s t  

o f  nonsense s y l la b le s  was used w ith  each c o n d itio n  of f l i c k e r « A fte r  

each double p re s e n ta t io n ,  th e  s u b je c t S tepped  in to  an a d jo in in g  room 

where th e  amount of le a rn in g  was te s te d  by th e  re c o g n itio n  m ethod«

.The s tim u lu s  l i g h t  was produced by a Grass P h o to s tim u la to r , 

Model P2S, I n te n s i ty  S e ttin g  a t  two, which produces a sp ik e  wave of ten  

m icroseconds d u ra tio n  and a peak in t e n s i t y  o f 131,250  c an d le  power. 

C ond itions o f no l i g h t ,  no f l i c k e r  and 75 f la s h e s  p e r second f l i c k e r  

were used as te rm in a l p o in ts  o f th e  ran g e . In  between f l i c k e r  fre=  

quencies of th re e ,  s ix ,  n in e , f i f t e e n ,  and tw enty f la s h e s  p e r second 

were used . Seven c o n d itio n s  o f f l i c k e r  were used rang ing  from no 

f l i c k e r  to  above- f l i c k e r  fu s io n  (75  fp s .) . -

19



;■ TM@-' 1 earn ing  ■ m a te r ia l1 was ;p re s e n te d : to  th e  sub je e .ts  tey: —' ' : ■ • 

aieaxis o f a Wollensak Magnetic. Tape R ecorder9 Model T*»15000$ Balanced . 

w ith  a Volume S e ttin g  o f  siXo The sequence- o f p re se n ta tio n ,w a s -a s  

fo llow s s - .Ready—= f iv e  second, ^pause— one s y l la b le  every ' fo u r seconds 

(approxim ate) , an d . th e  l i s t  o f v'ten .s y l la b le s  p re sen te d  tw ice  ..with..'no- . 

pause between p re s e n ta t io n s  $ fo r  a  to ta l ,  o f . 7» seeonds fo r  th e  l i s t  - 

p lu s  th e  f iv e  second 'p re lim in a ry  p e r io d . . ' .. ;

.The cho ice  o f seven c o n d itio n s  o f  f l i c k e r  n e c e s s i ta te d  th e  ' 

u se  Of seven le a rn in g  ta sk s  o f approx im ate ly  th e  same degree o f 

d if f ic t i l ty o  The le a rn in g  o f nonsense s y l la b le s  was chosen as 

th e  task , to  be,’measured by the . reeogn i.tibn  methodo The .nonsense 

s y l la b le s  used were taken  from those' groups, having an ■ a sso c ia tio n . , :

v a lu e  of 27■ .per Cent, o r le s s  as s e t  fo r th , in  th e  l i s t  p rep ared  foy • .

G laze and p u b lish ed  by S tevens (1951)> The seven l i s t s  ©f ten  . 

nonsense s y l la b le s  each were c o n s tru c te d ,in  accordance w ith  the

■ r u le s  developed by  huh, re v is e d  and extended by Mel to n 9- and pub lished

by S tevens,..(I95D 0 S ince the  u se  o f th e  re c o g n itio n  method as a means of 

• - m easuring le a rn in g  n e c e s s i ta te s  th e  p re s e n ta tio n  o f 1 an equal number , ■■

- o f u n fa m ilia r  ■nonsense S y l la b le s 9;' th e se  s y l l a b le s » were chosen from,: :

■ th e  -same■l i s t s  a s . th o se  used  fo r  th e  le a rn in g  m ateria lS o  ; The . ■ ,

c r i t e r io n  fo r  t h e i r ■,cho ice.w as th a t, an u n fa m ilia r  nonsense s y l la b le  

b e g in n in g ■w ith  th e  same consonant as a- f a m il ia r  nonsense sy lla b le ^  ,

. . appear in  th e  ■ l i s t e\  . The seven, l i s t s  ©f te n ;-hb.usense s y l la b le s  -.each ■.

: a re  shown' in. F igure  -2^. ■ . :: :

Learning was measured by th e '- re c o g n itio n  method w ith  the.

' s u b je c t  p ick in g  ou t th e  ten  f a m il ia r^ s y l la b le s  from a l i s t  composed ;
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Sequence of a d m in is tra tio n #  •

E1M0Y . F l ic k e r  s t a r t e d

F iy e  second pause .

F i r s t  S y llab le-

One s y l la b le  every fo u r  seconds (approxim ate)

L is t ' rep ea ted  (no pause between r e p e t i t io n s )

T o ta l of yS second f o r  l i s t  p lu s  f iv e  second 
.. p re lim in a ry  p e rio d  f o r  a t o t a l  of 81 seconds 

of f l i c k e r in g  l i g h t  .

Fig» 2« Seven l i s t s 'o f  nonsense s y l la b le s  and sequence of adm inis­
t r a t io n , ,  . 1  .



of th e  random o rd e rin g  ©f ten  f a m il ia r  s y l la b le s  and ten  u n fa m ilia r  

s y l la b le s  =. Learning was .measured a f t e r  - th e  double p re s e n ta t io n  o f  ^

' each l i s t 0 The l i s t s ,  were sco red  aeeord ing  to  th e  form ula p u b lished  ■ 

by S tevens (1951) w hiSir c o r re c ts  f o r  guessing, and ranges from zero  a t  

change le v e l  to  100 p e r c e n t a t  p e r f e c t  re c o g n it io n „ The' seven l i s t s  

Of ten  le a rn e d  nonsense s y l la b le s  embedded randomly w ith  te n  u n fa m ilia r  

nonsense 's y l la b le s  as req u ired .'b y  the  'reco g n itio n  method o f te s t in g  ■ 

a re  shown in''.Appendix ' 1 o- : v"' . i : ; - " . - : ' 1

I n s tru c t io n s  to  the  s u b je c ts  were g iven  in  an in fo rm al manner 

by a b r i e f  ex p lan a tio n  o f th e  purpose o f th e  experim ent» Each 

s u b je c t  was assu red  th a t  h is  p a r t i c u la r  le a rn in g  would n o t be compared 

w ith , o th e r, s u b je c ts  on- th e  b a s is  o f p e rso n a l a b i l i t y  to  le a rn  b u t . ,

on ly  s tu d ie d  in  r e l a t i o n  to  .the . e f f e c t s  o f V th e .'f lick e rin g  l i g h t , ' ’: ::

The s u b je c ts  were b r i e f ly  q u estio n ed  reg a rd in g  ..th e ir  i n t e r e s t s  in  

th e  f i e ld  o f  psychology. The q u e s tio n s  were why he was tak in g  -in.tro= 

d ucto ry  psychology, w hether o r  n o t he had any p a r t i c u la r  i n t e r e s t  

in  c l i n i c a l  psychology*' and w hether o r  n o t he planned to  ta k e  abnormal 

psyehologyo y, . ' - 1 ' v ; 'v k;. : -v-""

. ■ S u b jec ts  were to ld 'th a t ;  th e  le a rn ih g : m a te r ia l  c o n s is te d  .-

o f  nonsense s y l la b le s  t h a t  would be p re sen te d  by means o f a tape  

re c o rd e r9 th a t  th e  l i s t  o f ten  s y l la b le s  would be p re sen te d  tw ice , 

a n d - th a t th e i r  le a rn in g  would be te s te d  by one o f th e  easier-m ethods==  .

■ th a t  o f  reco g n itio n ® ; They were a lso  inform ed th a t  guessing  w as., • : 

p e rm iss ib le , because" a c o r re c t io n  f  ormula. Would be.' used in  sco rin g  " : 

th e  r e s u l t s ,  : .



■■23;-'. ;  1

• . S tib jee ts  w r e  in s t r u c te d  .to  c lo s e  t h e i r  e y esg and ’th o se  wearing -

g la s s e s  were asked to  remove them 'during  th e  f l i c k e r  condi:tionse, Al= 

though th e  s u b je c ts  were n o t to ld  what c o n d itio n s  of. f l i c k e r  would be 

used  they, were to ld  th a t 'o n e  of th e  condi t io n s  .c o n s is te d  o f no l ig h t  *

This in fo isn a tip n  was in c lu d e d  to  p rev en t th e  s u b je c t ’ s le av in g  th e  dark - 

room to  t e l l  the, experim en ter th a t, th e  equipment was n o t working properly*

\  \ , The s u b je c ts  w e re■te s te d  in d iv id u a l ly  by .the -same experim enter* ' '■

’ The s u b je c t  was se a te d  i n 'a  c o m fo rta b le -p o s itio n  in  th e  darkroom* The 

s tim u lu s  -lig h t was a t  eye le v e l  and p o s itio n e d , approx im ate ly  ten  in ch es  ' . 

from th e  s u b je c t ’s .eyes:* The tape  re c o rd e r 'w a s  i n s t a l l e d  in  a n . ap e r- 

tu re  in  th e  wall, and ■.separated from th e  darkroom by a th in  panel which 

serv ed  to  mask th e  d i r e c t  source  o f the  sound as w e ll as to  conserve 

th e  darkness o f th e  room* Both th e  p h o to s tim u la to r and th e :ta p e -  :

' re c o rd e r  were c o n tro l le d  from o u ts id e  th e  darkroom, . ’

. At th e  work9 Ready, on th e  tape' r e e o rd e r9 th e  f l i c k e r in g  M igh t . 

was s t a r t e d  and con tinued  u n t i l  a f t e r  th e  second p re s e n ta t io n  o f th e  

l i s t ,  . The s u b je c t  was then, taken  to  an a d jo in in g  room where, he was . \  

p re sen ted  w ith  a p r in te d  l i s ' t  o f nonsense s y l la b le s  and in s t r u c te d  to ’ ; 

mark th e  s y l l a b le s - th a t  he  had j u s t  h ea rd . His cho ice  o f  s y l la b le s ' 

was by e i th e r  c i r c l in g  o r  checking th o se  f a m il ia r  to  him. This 

procedure; w as.rep ea ted  u n t i l '  a l l  seven freq u e n c ie s  had been p re sen te d ,

.At the ''-conclusion o f  th e  experim en t» each, s u b je c t  was p resen ted  

w ith  a q u e s tio n n a ire  and asked to  in d ic a te  w hether o r n o t he  had exper- 

•" ien ced  any o f th e  p a r t i c u la r  .phenomena, l i s t e d ,  ' He was to ld  th a t, a t  • . 

one tim e o r an o th er a l l  h f  . th e se 1 phenomena had - been re p o r te d , b u t ; ' i t  -



was a lso  q u ite  p o s s ib le  th a t  he cou ld  have experienced  none o f  th e se  

th ingso  Ih e  q u e s tio n n a ire  was com piled from th e  many s u b je c t iv e  

accompaniments of. f l ic k e r  th a t  have been re p o rte d  by such experim en ters 

as W alter and W alter (19^9)» U le t t  and Johnson (ip sS y g M u n d y -d astie  

(1953)» and Bacha S perry  and Ray ( I 95&)« The Q u estio n n a ire  used  in  

t h i s  s tu d y  i s  p re sen te d  in  Appendix I I a

The u se  o f d i f f e r in g  f l i c k e r  fre q u e n c ie s  and le a rn in g  ta sk s  

w ith  th e  same in d iv id u a ls  in tro d u ce d  th e  problem of design ing  an exper= 

im ent th a t  would equate  fo r  th e  e f f e c t s  o f o rd e r , t r i a l s ,  p r a c t ic e ,  . 

and' f a t lg u e v  The p re se n t s tu d y  has a ttem p ted  to  do th i s  th rough  the  

cho ice  o f a GraecO“L a tin  Square Design in  which each tre a tm e n t in  any 

c l a s s i f i c a t i o n  i s  combined once and only  once w ith  each tre a tm e n t in  

each o th e r  c la s s i f ic a t io n *  Using seven f l i c k e r  c o n d itio n s  and seven 

l i s t s  o f nonsense s y l la b le s ,  a seven by seven G raeco-L atin  Square was 

s e t  u p /w ith  f l i c k e r  c o n d itio n s  s y s te m a tic a l ly  randomized accord ing  to  

th e  form ula developed by W illiam s ( I 9&9-)..

' In th e  ■Graeco-Latin Square shown in  F igure  3, th e  s e v e n - f l ic k e r

c o n d itio n s  a re  re p re se n te d  by L a tin  l e t t e r s ,  th e  seven l i s t s  o f nonsense 

s y l la b le s  a re  re p re se n te d  by. A rabic num erals, th e  o rd e rs  o f p re s e n ta tio n  

a re  re p re se n te d  by Roman num erals, and th e  t r i a l s  a re  re p re se n te d  

by Greek le t t e r s *  Each sq uare  re q u i te s  .seven s u b je c ts ,  each o f  whom • 

re c e iv e s  a l l  .seven f l i c k e r ■ c o n d itio n s  and le a rn s  a l l  seven l i s t s . '; "

Each :s u b je c t re c e iv e s  a. d i f f e r e n t  o rd e r  o f p re s e n ta t io n , as  w e ll a s  , -

a d i f f e r e n t  com bination of. f l i c k e r  frequency  - and. l i s f »; Each ' -

re p lic a t io n , o f th e  experim ent re q u ire s  :seven a d d it io n a l su b jec ts- ■



25.
TRIALS

ORDER i f /A / f z

I A" X E-7 G-2 c-6 F-3 B-5 2= 1‘-

11 D-2 C -l ■4=3 D-7 g=4 H=S F-5

I I I 0=3 Lie”2 E-fe 2- i  ; A— 5 ' F=7 g=6

IV 0 -6 C-5 F-2 E™ 6 0—1 A-7

v : . F - i  -\ D=6 5=3 . 0 7 *-*=2 E -l

VI p-6  ' ■ E-7 h D-1 E-3 0 2

VIS G-7 F - l . B-5 2=2 e-ti ; 3=3

F ig , 3. Graeco--Latin Square Design u sed  in  the study of th e
f e c t s  of in te r m i t te n t  l i g h t  on le a rn in g . The seven f l i c k e r  condi­
t io n s  are re p re se n te d  by L a tin  l e t t e r s  <iWOfps; B-3£psi Q»6fps$ D-p 
f p s 5 B -15fps; Fa 20fps; and G"75fps) 3 th e  seven l i s t s  of nonsense 
s y l la b le s  a re  re p re se n te d  by A rabic num era ls, the  o rd e rs  of p resen ­
ta t io n  a re  re p re se n te d  by Roman num erals, and th e  t r i a l s  a re  re p re ­
sen ted  by Greek l e t t e r s ,  '



and r e s u l t s . i n  two o r  more s u b je c ts  re c e iv in g  each o rd e r.a n d  each 'cbo- 

b in a tlo n  of f l i c k e r  frequency and l i s t ,  o r  two s u b je c ts  in  each c e l l  

Of th e  square,, . The a n a ly s is  o f  v a ria n ce  o f th i s  design  i s  based  on 

h& degrees o f freedom fo r  one r e p l ic a t io n  o r 97 degrees o f freedom 

fo r  two r e p l ic a t io n s .



: . V ' .r e s d l t s - , /

; ; Hie r is s tilts  w i l l '  be' p re sen te d  in  th re e  p a r t s » 111© f i r s t  p a r t

w i l l  be concerned x#ith th e  number o f re b o g n itib n s  r e la te d  to  r a t e  of 

f l ic k e ro  Hie second p a r t  w i l l  c o n s is t  of th e  a n a ly s is  o f  r e s p o n s e s . ' 

to  th e  q u e s tio n n a ire  and th e  r e l a t io n  between s u b je c t iv e  resp o n ses  and 

re c o g n itio n  scores,. The th i r d  p a r t  w i l l  be concerned w ith  in d iv id u a l 

d i f f e r e n c e s . in  re sp o n se  to  f l i c k e r ,c o n d i t io n s .  , . ; - ,

. B efo re  e la b o ra tin g  on th e se  s p e c i f ic  f in d in g s  $ th e  o v e ra l l  re=> 

s u i t s  of th i s  s tu d y  may be summarised* The g r e a te s t  number o f s y l la b le s  

were le a rn ed  under c o n d itio n s  conducive, to  p h o tic  d riv in g  and th e  l e a s t  

number o f s y l la b le s  were 1 earned  under c o n d itio n s  where no p h o tic  

d r iv in g  norm ally  o c c u rs« H o w ev e r,'in d iv id u a l d if fe re n c e s  in  th e  e f f e c t s  

o f f l i c k e r  on’ th e  le a rn in g  o f th e  in d iv id u a l  as w e ll as h i s  responses to  

th e  q u e s tio n n a ire  were founds I t  was a lso  found th a t  th e  s u b je c ts  who 

le a rn e d  p o o rly  made th e  m a jo r ity  o f th e  sub je c t iv e  responses, bo th  in  

number and in te n s i ty *  In  reg a rd s  to  f  l i c k e r  condi t io n s  i t  - became 

e v id e n t th a t  th e  two th e o r e t ic a l ly  "no f l i c k e r "  c o n d itio n s , th a t  o f 

no l i g h t ,  no if 11 p k e r/: ( O f p s )  .and s tead y  l i g h t ,  no f l i c k e r ' (75  fP s) a re  ' 

n o t  th e  same. -  / ’„ v ; ' -' • ■ '■

m m ber o f R e c jo ^ itip n s  R ela ted  tO' Rate o f FM ekex .. ' ' '

: " ;. /A n a ly sis■ o f .v a rian ce  showed f l i c k e r  e f f e c t s  to  b e  s ig n i f i c a n t  - 

in  th e  second G raeco-L atin  Square and to  c o n tr ib u te  th e  second g r e a te s t

2 7
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p o r tio n  o f th e  v a ria n c e  in  th e  combined d a ta . The r e s u l t s  o f th e  a n a l­

y s is  o f v a r ia n c e  a re  p re sen te d  in  Table 1 .

The mean number o f s y l la b le s  le a rn e d  and th e  m a trix  o f erit=» 

i c a l  r a t i o s  by' f l i c k e r ,  c o n d itio n  a re  g iven  in  .Table1 2 . ' L earning i s  ' 

b e s t  a t  s ix  and n in e  f la s h e s  p e r second and p o o re s t a t  th re e  and 75 

f la s h e s  p e r second. The mean number ©f s y l la b le s  le a rn ed  a t  no f l i c k e r  

i s  s l i g h t ly  above th e  gran 'drn$e'an ( 5o 2 ) 9 'whereas th e  mean number - lea rn ed ' 

a t  1$ f la s h e s  p e r second i s  below the, grand mean, and th e  mean number 

le a rn e d  a t  20 f la s h e s  p e r second c o in c id e s  w ith  th e  grand mean« This 

d i s t r ib u t ip n  i s  g ra p h ic a lly  p re sen te d  in  F igu re  &<, '

A com parison of perform ance under c o n d itio n s  o f no l i g h t ;  mb ' :- 

f l i c k e r  (0  fp s )  and s te a d y ' l i g h t 9 ho f l i c k e r  ( 75. fp s )  in d ic a te s  

th a t  th e se  two th e o r e t ic a i ly  "no f l i c k e r "  c o n d itio n s  a re  n o t th e  same, 

s in c e  th e  c r i t i c a l  r a t i o  fo r  th e se  two co n d itio n s  <2,08) i s  v ery  s ig n i­

f i c a n t  (.0 2 $  le v e l  o f p r o b a b i l i ty ) « The only  o th e r c o n d itio n  th a t  

d i f f e r s  s ig n i f ic a n t ly  from no l i g h t s no f l i c k e r  i s  th a t  o f th re e  f la s h e s  

p e r second w ith  a c r i t i c a l  r a t i o  o f l e6 y which i s  o f ' b o rd e r l in e  s ig n i­

f ic a n c e  (=10 le v e l  o f  p r o b a b i l i ty ) .  Three f la s h e s  p e r second f l i c k e r  

does n o t d i f f e r  s ig n i f i e a n t ly  from s tea d y  l i g h t ,  no f lic k e r 'e  ,

A com parison o f perform ance under c o n d itio n s  o f no l i g h t  and. 

f lic k e r in g  l ig h t  ih d ic a te s  th a t  th e re  i s  no s ig n if ic a n c e  s in c e  th e re  

i s  on ly .o n e  b o r d e r l in e 'p r o b a b i l i ty  o f . alOo However9 th e re  i s  a /

. s ig n i f ic a n t  d if f e re n c e  between s te a d y  l i g h t  an d V flick erin g  l i g h t  ■ 

w ith  f l i c k e r in g  l i g h t  im proving re c o g n itio n  a t : s ix . and nine, f la s h e s  

p e r second. \  v: -■ / . .



Table 1

A nalysis o f V ariance of th e  In d iv id u a l Squares and . Combined D ata on th e

^SOradE OF vmiATIOh SQUARBS df' _ _ SQUARE F T jr

G raeco«Latin  Square 1

S u b jec ts 8 8 .6p 6 14.45 3 .39
T r ia l s • ' 37o2i 6 6 .2 1 1 .46
F lic k e r 3hokl 6 5 .74 1.35
L is ts  . x o ch i - 6 '■.1 . 74 .
R esid u a l 4..26

T o ta l 272.98 hs

G raeco -L atin  Square 2

S u b jec ts 359«14 6 59.86 19.23 .01
T r ia l s 26.44- 6 4 .41 1 .89
F lic k e r 55.71 6 9»29 2 .97 =05
L is ts ,16.00 6 4 .33 1.39
R esidual - 2 ^ 2 5 .24 3 .1 1

T o ta l ■ 542.04 48

Combined D ata

S u b jec ts 451.67 13 ' 3 4 .7 4 7.79
T r ia l s .. . 23.38 , 6 3 .9 0
F lic k e r 40.39 6 6 .7 3 • 1 .5 1
L is ts . 1 1 .96 6 1 .99  -
G iaeeo -L atin  Square 3 .6 3 1 3 .6 3  ■
R esidua l 290*02 65 4.46

T o ta l 821.10 97
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Table 2

Mean Bamher of S y lla b le s  Learned and M atrix  ©£ C r i t i c a l  R a tio s  by
F lickea

FLICKER '  0 3 g
v

MEM

9 , 15 20 75

15

20

75

5»6

6 .6

6 .6

5-9

6-9 

5=2 

6=5

,67» • HS HS. HS HS

X 2 .16*** 1 . 68* HS HS :

X MS ' 1.67* 1 .50 -

K 1 .2 2 *  HS

2 . 08***

m

2 =68***s:

1.72**

HS

HS

s ig n i f ie a n t  a t  th e  .10  le v e l  of p r o b a b i l i ty
s ig n i f ic a n t ,  a t  th e  -05  level, o f p ro b a b i l i ty
s ig n i f ic a n t  a t  th e  .025  le v e l  of p ro b a b i l i ty
s ig n i f ic a n t  a t  th e  =01 le v e l  of p ro b a b i l i ty



qj 
O 

k, 
ci 

>< k! »-3 < 
;xj >-j 

y> 
n5 y 

o 
O 

o

3 1

8

N 7 
U
!•:

/ / / /
6 / / / /

/ / / / ! / / / /
/ / / / ! / / / /

/ / / / / / / / / / / /
/ / / / / / / / / / / /

5 / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / 77771 / / / /
/ / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / [77771
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /

h / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /

3 / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /

2 / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /

1 / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / , / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / /

flL—  j/ / / / r " . u _ / / / / , / / / / / / / / / / a ,
no 3 fps 6 fp s 9 fp s 15 fps • 20 £ps 75 fps
lig h t  FLICKER CONDITION

F ig . h. j&nount of learning (mean number of s y l la b le s  recognized) fo r  
each con d ition  of f l i c k e r .



- The respo tises from th e  q u e s tio n n a ire s  were e l a s s i f i e d  as ,,, 

follow s:'.. ' . ’ " '■ ■■■■ j ■■■■■;

"  i A, S en sa tio n s  in v o lv in g  consc iousness (h y p n o tise d s s t r a n g e „ :

.'. paniOg' _ d iz sy  9. hasy , woosy,' -pass ou t 9 drowsy» mind b lank   ̂ could- .

' ; f ■n o t : ̂ eo n een trsfe$. lo s s  ;of ' © rien tatiO B , p a ra ly zed , e n c lo su re )  :

Bo , S en sa tio n s  invo lv ing , th e  eyes, ( f a t ig u e ,  s t i n g i  w a tery , ' 

hurtj, p re s s u re , p a in , fu n e tio n le s s )

■ Co S en sa tio n s  In v o lv in g  th e  m uscles (b lin k in g , tw itc h in g ,

- . jumping, w ith  l i g h t ,. v i o l e n t ;o r d riv en  b l in k in g , head and jaw ,

- ■ ■ m uscles p u ls a t in g  w ith  l i g h t ,  . t ir e d )  . . \  '

Do S en sa tio n s  in v o lv in g .u n p le a sa n t e f f e c ts .w i th o u t  s p e c i f i c 1 ' 

re fe re n c e  to  body p a r t  ■ (headachee te n s e , nausea,, queasy , c h i l l s  

up and.'down .sp ine, tu rn in g  in  p i t  o f stom ach, m uscles - ten se  in  

back o f neck, bad ' f e e l i n g , depressing.) •

The '•responses were- a ls o  ra te d  as to  i n te n s i ty  "on a •scale, o f one through ,. 

f iv e ,  w ith  a n t ic ip a to r y  e f f e c t s  r a te d  as one, s l i g h t  e f f e c t s  a s  two, 

m oderate e f f e c t s  as th f e e ,  la r g e  e f f e c t s  as  fo u r , and extrem e e f f e c t s  . 

a s •fiveo  The v a r i e t i e s  and i n t e n s i t i e s  o f s u b je c tiv e  re sp o n ses  rep o rted . 

by s u b je c ts  as  a r e s u l t  o f exposure t o .f l i c k e r in g  l i g h t  a re  g iven  in  ■ ■

The number and in te n s i ty  o f s u b je c t iv e 1 re sponses by elassifi«=  

c a tio n  accord ing  to  s u b je c t ;a re  g iven  in  Table The p a tte rn in g , of 

responses .in d ic a te s  no: .p a r t i c u la r :. l ik e n e sse s ' between s u b je c ts  re c e iv in g  '
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Table

V a r ie t ie s  and I n t e n s i t i e s  of S u b je c tiv e  Responses R eported by S u b jec ts
—   -    _________________

TOTALCLASSIFICATION INTENSITY BESPONSES INTENSITY

S en sa tio n s  in v o lv in g  
consciousness

Hyponotized
S trange  
Hairy 
Woozy 
Pass Out
Could. Hot C o n cen tra te  
Enclosure

5
3-

4

1
l
l
1
1
5 6

h

B» S en sa tio n s  in v o lv in g  eyes

Watery
Hurt
P re ssu re

5
§

1
1

5
5
g

Sensations in v o lv in g  
m uscles

B link ing
Tw itching
T ired

2
2
2

2
1

&
2

Bo S en sa tio n s  in v o lv in g  unp lea ­
sa n t e f f e c t s  w ith o u t sp e c i­
f i c  re fe re n c e  to  body p a r t

Headache 
.Tense
Q ueasy■ % . :
l& iseles te n se  in  back of , 

neck ' .
D epressing

4
k

h
3

1
2
1

1
1

k

k
3



Table k  ' ' . -

Number and I n te n s i ty  of Responses by C la s s i f i c a t io n  According to

mrvn a?
SUBJBDT TOTAL A B C , ■ D

e : 'v-M : ■ ;3 ; ' ■ . T i  3 . ,y; ■ • „ ' :/ y  :  . ^

. 9 " ■ 5 '- . . 1 3 3 '•'■■■■; -1 4

10 " ca ■ ^ *

11 : b 12: ■.■ " 2 - ; ' 10 ; v . 1 : . : 2 ,V 2

.12,; . — : , -  . ' ■■:;■ ■■■ ■' ■ • ■ : ■ . • ' ' : - V . ’ : : ;

, 1 3  ; 1 :i ' r'z ■ i-- - -.2" ^ 1 ? ; ,  : :; ' v/ i

l h ; ■ : ¥ ■ j; ", -

R$ : Responses , ;  /  :■ . ; ; y /  ■ '

Is  I n t e n s i t y ;  ■ ,,, ,v: 'A::-'' ' - , ’ ■' 1 ■' '
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-th e  same o rd e r o f p re s e n ta tio n s

The number•©£ responses and t o t a l  in t e n s i ty  o f th e  responses.

:; o f th e  seven s u b je c t s .whose mean number o f s y l la b le s  le a rn ed : was 

g re a te r  than  t h e :grand mean (Group .1) was compared w i th . th e  number■ 

of resp o n ses  and; t o t a l  ’In te n s i ty ;  o f  th e  seven s u b je c ts  whose mean. num~

: h e r of s y l la b le s  le a rn e d  was le s s  than  th e  grand mean (Gr©iip 2 )v  ' " :

. Group 1 accounted f o r  2ii-:p e r c en t o f th e  responses and, 25 p e r c e n t  o f , • 

th e  in t e n s i t y ,  w h ile  Group 2 accounted f o r  76 .p er c en t o f the. responses •

and 7.5 p e r c en t o f  the, i n t e n s i t y „ C o rre la tio n  between mean number o f 

s y l la b le s  le a rn ed  and in te n s i ty  o f s u b je c tiv e  responses was =»«81 whlch- 

i s  v e ry  s ig n if ic a n to  These f in d in g s  in d ic a te  th a t  th o se  s u b je c ts  

.who le a rn e d  poorly, made th e  m a jo r ity  o f th e  s u b je c t iv e  resp o n ses  bo th  ::

in  number, and i n , in ten s ity ®  These, responses showed, n© p a r t i c u l a r , ::

. , c o n c e n tra tio n  in  any one a re a  o f s e n s a t io n G % ■-'■ - - - , ,

■ j a  to  n M k m , P m A itiisa  . .

In  a l l  a re a s  of b eh av io r in d iv id u a l  d if f e re n c e s  among s u b je c ts  

c o n s t i tu te  an im portant: f a c to r .  This i s  p a r t i c u la r ly  t r u e  of le a rn in g  

in  g e n e ra l and was c le a r ly  in d ic a te d  by t h i s  s tu d y . The a n a ly s is  o f 

v a r ia n c e  showed s ig n i f i c a n t  c o n tr ib u tio n '' f o r  s u b je c ts  in  th e  In d iv id u a l . • :

■. sq u ares ' and in  th e  combined data ,:; "v- ’ , , '  ̂ v::' /■; ; : ■

S ince  two sub jec ts"  served  in  each c o n d i t i o n , f t  was ..possib le  to  

compare th e  perform ance o f two in d iv id u a ls  under th e  same s e t  o f eondi^i 

tio n so  , In d iv id u a l d if f e re n c e s  were evidenced n o t only  in  th e  b a s ic  

le a rn in g  p ro cess  b u t a ls o  i n  th e  e f f e c t s  of th e  f l i c k e r .  The mean number O f ‘



. ; : :  -  : : ^
: s y l la b le s ,  le a rn ed ' by each s u b je c t  /and th e  c o rre la tio n , c o e f f ic ie n t  fo r

p a i r s  of s u b je c ts  - re c e iv in g  th e  sasfie o rd e r  by f l i c k e r  c o n d itio n  a re  : 

g iven in  T able 5«. , - , ■ ■, :: . .

Ih e  mean, number o f s y l la b le s  le a r n e d .by th e  fo u r te e n  s u b je c t s . 

ranged from 08 to  8:*.9 » \^ ith  s ig n i f i c a n t  d if f e re n c e s  between .the  means 

o f a l l ■s u b je c ts  re c e iv in g  th e  same o rd e r  e x c e p t 'th e  two s u b je c ts  (fo u r - ; 

and -eleyen). who ' re c e iv e d  • Order IVe. The: mean number o f  s y l la b le s  le a rn ed  

by s u b je c t  fo u r was 3 .8  andt-the ',1ffleanj number ' learned■••by^sutijeet e lev en  

was 3o7s b u t the.- c o r r e la t io n  c o e f f ic ie n t  fo r  Order IV was a e r o s w ith  

s u b je c t  .four^ learn ing-:;best a t  n in e  and 15 .f la s h e s  p e r secondg and 

s u b j e c t ' e leven  le a rn in g  b e s t  a t. zero , and 20 f la s h e s  p e r second. Since. ■ ' 

t h e i r  -responses' ’t o ' t h e  q u e s tio n n a ire  in d ic a te  some s im i l a r i t y ,  i t :  seems ; ■ 

th a t  a lthough  th e i r  t o t a l , perform ance: was s im ila r^  they a c tu a l ly  re a c te d  

d i f f e r e n t ly  to  th e  r a te s  o f f l i c k e r .

The c o r r e la t io n  c o e f f ic ie n t  fo r  Order I I  (.82 ). was very  ,signi=. % 

’ f i c a n t , b u t th e  mean num ber■o f  s y l la b le s  le a rn ed ' by s u b je c t  .two d if f e r e d  

s ig n i f i c a n t ly  from th e  mean number le a rn ed , by s u b je c t n in e . S ub jec t two, 

w ith  a mean o f  S.&s, le a rn e d  b e s t  a t  s ix  f la s h e s  p e r second and s u b je c t . 

n in e 9.w ith  a mean, o f 8 . 9 , le a rn ed  e q u a lly  w e ll a t  z e ro 9 th r e e $ and s ix  

, f la s h e s  p e r second. In  'terms o f s u b je e t iy e  re sp o n se ss sub j e c t  . 1 

two re p o r te d  one se n sa tio n  in vo lv in g  ■ consc iousness w ith  an i n te n s i ty  o f  

fo u r and one s e n sa tio n  in v o lv in g  th e  ey eS 'w ith  an i n t e n s i t y  o f 'f i v e .  

O b je c t  n in e  re p o rte d  one s e n s a tio n  in v o lv in g  th e  co n sc io u sn ess  .with. ■ 

an I n t e n s i t y  o f th r e e 3 One involv ing , th e  eyes w ith  an i n t e n s i t y  o f  : 

th re e , and one s e n s a tio n  invo lv ing ; .unp leasan t e f f e c t s  w ith  no s p e c if ic



Table 5

Mean Number of S y lla b le s  Learned by Babb S ab jee t and th e  C o rre la tio n
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re fe re n c e  to  body p a r t .w i th  an in t e n s i t y  Of fouro

The c o r r e la t io n  c o e f f ic ie n t  for. Order I  (- .7 5 ) was s ig n i f ic a n t  

a t  th e  ,0 5  le v e l  o f p r o b a b i l i ty ,  b u t th e  mean number o f s y l la b le s  . 

le a rn ed  by th e se  two s u b je c ts  a lso  d i f f e r e d  s ig n if ic a n t ly ^  S u b jec t,

, one's, w ith  a mean o f - 6 ®7 , le a rn ed :.b e s t a t  -aero and 15 f la s h e s  ■ per seconds 

and s u b je c t e ig h t s w ith  a.mean of 3 o3 » le a rn ed  b e s t  a t  s ix  f la s h e s  p e r ' 

second. In  term s o f  t h e i r  s u b je c t iv e  re sp o n ses , s u b je e t  one re p o rte d  

one se n sa tio n  in v o lv in g  consc iousness w ith  an i n t e n s i ty  of two, and 

s u b je c t e ig h t re p o r te d  one se n sa tio n  in v o lv in g  th e  eyes w ith  an in te n ­

s i ty ,  o f th r e e .  . - - - \.y. '



' ' •. ■ ' " ’ . v / . " discussion  -v- :

A lthough no s p e c i f ic  hypothesis.'w as to  be te s t e d ,  an essumpt- %

tion; -was : made t h a t . le a ra in g  in  man would be a f f e c te d  by sub= fu s io n  -

f l i c k e r 6 . ..Mhlle th e  r e s u l t s  o f  t h i s  s tu d y  do n o t o f f e r  c o n c lu s iv e  . '' 

ev idence  t© ;.support t h i s  assumptions, they do in d ic a te  a 'tendency " 

th a t  m ig h t,' w ith  a la r g e r  sample and c e r ta in  r e v is io n s ,  become s ig n i» ' 

f l e a n t . : The v a ria n c e  due tb - f l i c k e r ' was n o t .s ig n i f ic a n t  in ' th e  f i r s t  

s e te n  s u b je c t s , b u t i t  was ;$ ig n if ie a h t  in  th e  second seven s u b je c ts  ' '

and c o n tr ib u te d  th e  second g r e a te s t  p o r t io n  o f the  v a r ia n c e  in  th e  :-

combined d a ta , Recognising th e . f a c t  th a t  th e  c u rre n t re s e a rc h  w as , ; ,

an e x p lo ra to ry  a ttem pt to  f in d  trends, th a t  would w arran t f u r th e r  , 

re se a rc h ,a n d  a ls o  th e  f a c t  th a t  sm all d if f e re n c e s  have g re a te r ' prae= : 

t i c a l  s ig n i f ic a n e e ,w ith  -f  ewer re p lic a t io n sV  f u r th e r  a n a ly t ie  procedures 

were j u s t i f i e d  .to  learn , what a re  the. e f f e c t s  o f sub=>fusion f l i c k e r  on 

le a rn in g  in  man and w hether o r n o t  th e se  e f f e c t s  a re  a. fu n c tio n  o f th e  - 

f l i c k e r  frequency . .. ;r . ■‘V-,,: :. .. . ■: , -

The r e s u l t s  of th i s  study  in d ic a te  th a t  learn ing- i s  b e s t  : 

under f l i c k e r  c o n d itio n s  conducive to  such v is u a l  e f f e c t s . as. B idw ell'.s  

phenomena,. gamma maximum, b r ig h tn e s s  enhancem ent, and Change of c o l o r . ' . 

H ow ever,. th e  experim ent was ad m in is te red  w ith  eyes c lo se d  to  e lim in a te  5 

as many v is u a l  e f f e c t s  as  p o s s ib le  and th e  r e s u l t s  o f th e  q u e s t io n n a ire ' 

in d ic a te  su ccess  in  t h i s  maneuver. The only  s e n sa tio n s  in v o lv in g  th e  . 

eyes re p o r te d  by th e  s u b je c ts  were t e a r in g , - p re s s u re , and p a i n . ■



■' ■ /: - -: ^ \  :̂ ; . '  -  -  : ' . :   ̂ / - :  ; - ' ,  :: - 

AltMough .the q u e s tio n n a ire  was n o t  ad eq u a te ly  designed  to  f u l l y  re c o rd  - 

v is u a l  e f f e c t s  i t  is . re a so n ab le  to  assume th a t  i f  such e f f e c t s  -had 

occu rred  re p e a te d ly  th e  .s u b je c ts ■ would h'ave re p o rte d  them. ■ . ' :

S tudios, by .U lett and Johnson (1958) and I^ n d y -C a s tle  (1953) 

in d ic a te . . th a t  th e  peak d riv in g  response  o ccu rs  i n  th e  '.region o f e ig h t ' ’ - 

to  ten  flashes"' p e r  second, and th a t  'very  "few in d iv id u a ls  d r iv e  a t  

fre q u e n c ie s  below fo u r  f la s h e s  p e r . seeond . There have been .no  re p o r ts  

o f d riv in g  a t  75 f la s h e s  p e r second. R elating, th e  re s e a rc h  f in d in g s  to  

th e  c o n d itio n s  used  in  t h i s  s tu d y a i t  i s  in d ic a te d  th a t  th e re  is . no 

d r iv in g  a t  th re e  f la s h e s  p e r seconda ■ borderline , d riv in g  a t  s ix  f la s h e s  

■ per second, optimum' d r iv in g  a t :  n in e  f la s h e s  per:- second ,. reduced : d r iv in g  ;; 

a t  1 5 .f la sh es , p e r  second, .in c re a se d -d r iv in g  a t  20 f la s h e s  p e r-seco n d  

(b u t n o t as g re a t  as a t  nine, f la s h e s  p e r second) $ and above, d r iv in g . range-, 

a t '75 f l a s h e s .• p e r second (s te a d y  lig h tV  no f l i c k e r ) .  The f in d in g s  of 

th i s  s tu d y  ih d ic a te  a mean perform ance under up= trend  d r iv in g  ( s i x » n in e  

and 20 f l a s h e s .p e r second) o f ■5 b8 as compared w ith  &.6 f o r  no- d riv in g  . 

in c lu d in g  d©iihT*trendi( t h r e e » ' 15® and 75 i-flash es  per second) e - , - - - , ,■/.

: ■■Frbitt ..the .ev idence ' advanced itV see o s  in d ic a te d  th a t  th e re  a re

two e f f e c t s  o f  su b ^fusion  f l i c k e r  on lea rn in g  in  man, Che m ight be

th e  d is t r a c t in g  or.-noxious e f f e c t  r e f e r r e d  to  by Johnson e t  a l e $ ( i 960)

.and i s  a c tin g  a t  th r e e 9 15 and 75 f la s h e s  per second. The o th e r  e f f e c t ,

seems 'to be an- enhancement e f f e c t  and i s  a c tin g  - a t , s i x 9, n in e 9 and ..„ - .' 

somewhat a t  20 f la sh e s , p e r '- second , ;  ;'. - ' '  v . Z' -

' Two p o s s ib le  explanations^ o f  why p h o tic  d riv in g  a t  s ix  and n in e  

f la s h e s  p e r second would improve le a rn in g  have been c o n s id e re d , f i r s t .



v . . ■■ - M  ■ :

o th e r  s tu d ie s  (Bach e t  a l 6 , 1956 ; Johnsott and U le tt;, I 958) have in d i ­

c a te d  th a t  p h o tic  d r iv in g g © sp ec ia lly  a t  n in e  f la s h e s  p e r second, has 

a drowsy o f r e la te d  e f f e c t , . I t  may be th a t  - if  s u b je c ts  were to© anx­

i o u s : o r 't e n s e  8 t h i s  e ffe c t-  may. .a l le v ia te  some of th e  anx iousness or: 

te n se n e ss , thus im proving perform ance,' The second ex p lan a tio n , co n sid e red  

was th a t  th e  s u b je c ts  may have in c re a se d  th e i r  e f f o r t  to  overcome unusual 

e f f e c t s  o r d i f f i c u l t i e s  due to  drow siness o r  r e la te d  e f f e c t , and by - so 

doing improved th e i r  perform ance. However, n e i th e r  o f th e se  two: exp lana- . 

tiO ns can be f u l l y  accep ted -because  th e  f in d in g s  in d ic a te d  t h a t ■su fo jee- ' - ' '  

t iv e  e f f e c t s  seem ed.to  make perform ance w orse,

Johnson e t  a l , , ( i 960) in  t h e i r  s tu d y  were p r im a r i ly  concerned 

w ith  th e  r e l a t io n  o f paroxysm al a c t iv a t io n  to  le a rn in g  and memory» They 

re p o r te d  th a t  paroxysm al, a e t iv a t io n ,1 s r a r e  w ith  s t im u la t io n  below te n  . . 

f la s h e s  p e r second :and th a t  th e  most paroxysm al -a c tiv a tio n  occurs a t  o r . , 

n eh r 15 f la s h e s  p e r second. S ince th e  r e s u l t s  of th e  c u r re n t  study  in d i ­

c a te  th a t  le a rn in g  a t  15 and 20 f la s h e s  p e r  second was s ig n i f i c a n t ly  le s s  ", 

than  le a rn in g  a t  s ix  and n in e  f la s h e s  p e r second, i t  i s  p o s s ib le  th a t  

le a rn in g  i s  d e te r re d  by paroxysm al a c t iv a t io n .  H ow ever,,.since th is  

i s  not: a dQBimon e lee trq e n c ep h a lo g ra p h ic  re s p o n se ' i n . norm al s u b je c ts , . 

and s in c e  e le c tro e n c ep h a lo g ra p h ic  re c o rd in g s  were' n o t a v a i la b le  fo r  th e  . 

fo u r te e n  s u b je c ts ,  t h i s  rem ains b u t a  s l i g h t  p o s s i b i l i t y ,  .

E xp lanation  o f b e t t e r  le a rn in g  in  p h o tic  d r iv in g  ranges-, and po o re r 

le a rn in g  in  paroxysmal- a e t iv a t ip n  ranges -w ill h o t account fo r  th e  p o o re s t ., 

.le a rn in g  o ccu rrin g  _ a t  th re e  and 75 f l a s h e s : p e r  - sec o n d ,'; Comparison - o f 

learning'..at s tea d y  l i g h t , '  no f l i c k e r  (75  fp s )  and no l i g h t ,  no f l i c k e r  .

(0  fp s )  in d ic a te s  th a t  th e se  two th e o r e t ic a l  ,8nd f l i c k e r "  c o n d itio n s
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a re  n o t th e  samee N e ith e r  can th e  po o re r le a rn in g  a t  75 f la s h e s  

p e r second be ex p la in ed  in  term s ©£ g re a te r  i n t e n s i ty  o f l i g h t  causing 

g re a te r  noxious e f f e c t  because le a rn in g  a t  th re e  f la s h e s  p e r second 

i s  a lso  s ig n i f i c a n t ly  l e s s  th a n :le a rn in g  :a t : z e ro  f la s h e s  p e r seeond6 

While th e re  may be s p e c ia l  -d is tra e t iy e  e f f e c t s  w ith  th re e  f la s h e s  p e r • - 

second f l i c k e r  and w ith  s tead y  l i g h t 8 i t  i s  h o t c le a r  from t h i s  study  

why s ix  and n in e  f la s h e s  p e r second f l i c k e r  .should n o t• a ls o  haye such 

effects®  ' •

The in d iv id u a l  d if fe re n c e s  i n  "'.the e f f e c t s  of f l i c k e r  on the  

•learn ing  of th e  " in d iv id u a l1 and h is  "responses .to th e  q u e s tio n n a ire  i s  ■ 

c o n s is te n t  .w ith th e  f in d in g s  o f Johnson e t  alo  $ ( i 960 ) and Bach e t  a l .- s .. 

( 1956) ® In  a study  designed  to  in v e s t ig a te  ’c o r t i c a l  a c t i v i t y  and 

c o g n itiv e ' fu n c tio n in g , Johnson e t  al® s 're p o rte d  th a t  w i th 'r e s p e c t  . . - 

to  th e  d is t r a c t in g  e f f e c t  of. in te r m i t te n t  p h o tic  s t im u la tio n  p e r  s e  ' 

on c o g n itiv e  fu n c tio n in g  9 th e re  was no c o n s is te n t  im pairm ent in  

perform ance during flick er®  However$, th e y  ■further, re p o r te d  th a t  a lthough  

im pairm en t d u r ih g '.f l ic k e r  was s ig n i f i c a n t  on on ly  two o f  th e  tasks.,; .. 

approx im ate ly  h a lf  of th e  s u b je c ts  showed some im pairm ent du ring  one , "

"or more o f a l l  th e  tasks®, They1 were u s in g  f l i c k e r  f re q u e n c ie s  most ■ 

conducive to  paroxysmal a c t iv a t io n  fo r  ’’a c t iv a to r s "  and 15 'f la s h e s  

pe r second, fo r  " n o n -a c tiv a to r s . "  . , ’ ■ ; 1 •

T heir f in d in g s  were c o n s is te n t  W ith th o se  o f  Bach 'e t  al® , 11956).'.

■ who i n  .a s tu d y  designed  to  in v e s t ig a te  seme'.of . th e  e f f e c t s  o f "; f l i c k e r  V• 

on a m otor ta s k , speed  ©f tapping  „ found  im pairm ent on a sim ple  form :.• 

o f th e  ta sk  b u t no im pairm ent on a more complex form® Although the



 ̂ '■ ' ; ' '  ... ■ ' ; . ' • .V-V v . r h3 . .

number of t r i a l s  p e r s u b je c t  was l a r g e 9 th e  a c tu a l  number of s u b je c ts  

in  th e  sim ple  and complex p rocedures was s m a ll , fo u r  and th r e e s re sp ec ­

t iv e ly  , T h e ir 'c o n s is te n t f in d in g s  were s ig n i f i c a n t  in d iv id u a l, d i f f e r - ' . '

en'ces in  ■ th e  ■ re sp o n ie s  . t© f l ic k e rs ' and 'w hile n o t •eo n e lu s iv e9 in d ie a te d 1 a :. 

need" 'to  in v e s t ig a te  f u r t h e r 't h e  .e f fe c ts  o f f l ic k e r^  :

. 1 :The; r e s u l t s  of; the . c u r re n t  s tu d y 1 in d ic a te  th a t  an in v e rs e '

r e la t io n s h ip  e x is t s  between the. number o f re c o g n itio n s  and th e  number 

of s u b je c t iv e  resp o n ses  »■ Although s u b je c t iv e  respons.es o f s u b je c ts  have 

been re p o r te d  and c l a s s i f i e d  by W alter and W alter (19&9)a M undyrCastle 

( I 953 ) 9 and Bach e t  a l ? 9 (1956 ) ,  th e re  have been no s tu d ie s  d ire c te d  

toward th e  r e l a t io n  between s u b je c t iv e  responses and perform ance 

l e v e l „ I t ;  i s  p o s s ib le  t h a t  th e  poorer le a r n e r s  were aware o f th e i r  - 

perfo rm ahc© 'level a n d w ere  m ore:prone to  j u s t i f y  i t  by re p o r t in g - .■ ' .

s u b je c tiv e  re'spohS'es'o ' However 9 the  s im p lic i ty  - of . th e  le a rn in g  . ta sk  and ' 

th e  n a tu re  o f  th e  m easarihg 'd ey ice 'w o u ld  in d ic a te  t h a t  t h i s  i s  n o t an 

adequate  explaiae.ti.on.. The q u e s tio n n a ire  was used  c h ie f ly  as a means - 

o f  secu rin g  in fo rm a tio n  about v is u a l  e f f e c t s  th a t  m ight occur d e sp ite  

th e  c lo s u re  of th e ,ey e sy  and was n o t in c o rp o ra te d  in to  th e  experim en tal 

design  as a means o f-quan tify lng ;-stib j© ctiV e:<'resp©ttseso T h e re fo re 9 

a lthough  t h e  q u e s tio h h a ire  can-,only be, co n sid e red  as an . a u x i l ia r y  dev ice  

in  - th is  study  s ' i t  has'; in d ic a te d  a' tre n d  th a t  would w h rran t  ̂f u r th e r  re se a rc h .'

. The a ttem pts . in  th i s 'S tu d y  to  a s c e r ta in  th e  e f f e c t s  o f d if f e r in g . 

f l i c k e r in g  c o n d itio n s 'o n  th e  same ty p e  of le a rn in g  in  th e  same in d iv i -  , 

d u a ls , in d ic a te s  th a t  i t  i s  p o s s ib le  to  u se  t h i s  type o f  experim en tal



:■ : '' ^ - '  '-.: --; .. : \  - :

desig n  fo r  t h i s : purpose® However, th e  - fo llow ing  changes ■ and re v is io n s  

a re  recommended:-

1® Use o f a combined f a c to r ia l ,  and G raeco -L a tin ’Square 

design  to  p ro v id e  more e x ten s iv e  a n a ly s is  # f  in te ra c tio n s®

2 ® v A dm inister th e  experim ent in  two s e s s io n s  c o u n te r-

• ba lanced  to  c o n tro l fo r  experim en tal error® ■

; / . • a®: Design one se s s io n  to  t e s t  le a rn in g  under eond i-

; - tions, o f no l i g h t ,  no f l i c k e r  and s tea d y  l i g h t 3 no f l i c k e r s  .■

and'v to  're c o rd  s u b je c t iv e 1 responses to  each o f th e  su b "fu sio n  

. f l i c k e r  conditions®  - 1. - •’ '■

' > ' , b® Design one s e s s io n  to  t e s t  le a rn in g  u n d e r th e  sub- \ .

» fu s io n  f l i c k e r  conditions®

3®. R evise and co u n te rb a lan ce  th e  q u e s tio n n a ire  to  p ro v id e

more adequate: c o n tro l of. s u b je c t iv e  response  quan tifica tj.on®

4* O btain e lee tro e n c ep h a lo g ra p h ic  reco rd in g s  In  o rd e r to  

' determ ine th e , degrees o f p h o tic  d r iv in g •o r  paroxysm al a c t i v i t y  

during, le a rn in g  'session®. - ; . ;'V

' 5s Secure a psycho log ic  t e s t  m easure of p e r s o n a l i ty  fo r

: ': each su b jec t. ' ■' ; ';V " . : :' ' ''' ■ '

With; th e ’a d d it io n a l  in fo rm a tio n  secu red  through th e  above .re v is io n s  to ; ' 

th e  b a s i c .re s e a rc h  design  i t  would be p o s s ib le  to  c o r r e la te  th e  f in d ­

in g s  w ith  bo th  p sy ch o lo g ica l and p sy eh o p h y s io lo g ie a i re s e a rc h  in  th i s  

area® . ' ' 1 . 1 -, ,
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' The e f f e c t s  of. d i f f e r in g  f l i c k e r  c o n d itio n s  on th e  same' ■

type  of le a rn in g  in  -the same in d iv id u a ls  were s tu d ie d  in ,  fo u rteen , 

s tu d e n ts  from th e  in tro d u c to ry  psychology c la s s  a t  th e  U n iv e rs ity  

o f A rizona w ith  th e  fo llow ing  f in d in g s ; . \

1» Marked in d iv id u a l  d iffe ren ees- e r i s t  i n  th e  e f f e c t s  o f ■ :-

f l i c k e r  on th e  le a rn in g  o f th e  in d iv id u a l and h is  responses to  th e  

• q u es tio n n a ireo   ̂ ../ <

. . :'.2 o Ah in v e rs e  r e la t io n s h ip  e x i s t s  between number o f reeogni=«

tio n s  and number and in t e n s i t y  ©f s u b je e t iv e  re sp o n se s ,

3 , . The g r e a te s t  number-.of s y lla b le s -w e re  le a rn e d  trader ■ 

c o n d itio n s  conducive to  ,p h o tic  d r iv in g s ;a n d .th e ^ le a s t  number of s y l la b le s  

were le a rn ed  under c o n d itio n s  w here no.-photic- d riv in g  o c c u rs» ' ' Learning 

.was g re a te r  du ring  f l i c k e r  -at s ix  .and nine; f la s h e s , p e r second than  

during  s tead y  l i g h t ,  . - ": . ' :

: he The, two th e o r e t ic a l ly  ’’no f l i e k e r 1" c o n d it io n s s th a t - o f  

no l ig h ty , no f l i c k e r  and. s te a d y  l ig h t , -  n o . f l i c k e r  a re  n o t th e  sainey;

More s y l l a b l e s , were le a rn e d  during  no l i g h t  than  during s te a d y ' l i g h t  

’c o n d itio n s . ' ’ ’ ..: , ’

. 5.».. Several; ex p lan a tio n s ' fo r  th e  e f f e c t s  ©f th e se  vary ing  . , '.

l i g h t  e o n d itio h s : bh ’v e rb a l le a rn in g  ■ were advanced, but- th e  d a ta  from 

' t h i s  study  .does: n o t p ro v id e -c o n c lu s iv e  ev idence . r e la t in g  to  th e  

■ in te r p r e ta t io n  o f th e  r e s u l t s  ob ta ined ., ■ ; : 1 .



LISTS OP MOHSBKS

APPEMDIZ I.. 

m SYLLABLES USED IN RE30GNITI0M METEQD

1 2 3 k g 6 7

GUC YZQ MEC , J H YIK MBJ . VEQ

EOF MU SM EEQ SOB SUQ . YU

w ss aop TTV SOQ GIY BUB ■ EEH

Kmc LIW EUT TUB YUM . YIH MIB

' MIV MS MIB NIQ ■ KIH YAB TOT

PIW YOJ BW . ; jum XAB ■ SBR 'KAQ.

GEE ■ VUM QQD SEB JUF . BSP - ' TAH

KEE JAT J H 2£AY VOH q iy '. . KIG;

HOJ Lm TEF KIH QOY - QID SHY'

BEH GOK YIB GEF BIS EOF TEY

cut-; ■ ZID JES Yie JIW WOG VIE

BUY FOE YUG . QIS WUT euz BIP

WUQ . ' H1F " : PAQ : ■■ ' 81J PEE SIH ■QEY

MEg ■ ' HUE SIW • MUW KE1£ YOH ' iAW

PAF V2P QUP QBB. PIY YAK JEG

BUQ XOC NAS KM WE CBS BEJ

BIZ HUW Bum YU¥ QAM. vroz HUB

. CI¥ f GW NBI GIC BAT QUM QGK

ICE JES BIN ' ■ . TOY ¥OJ ' FOQ JUC

-izm FEP POH MAS GEB • MIF 2£UJ

k$



- • APPEHjDIX I I '   ̂ '

' ■ V1 i: . QttoSTICmAlBB : , .   ̂ :7 : : '

SUBJECT ■ • • ' \ : / ; :

EYE&i ■ ■ ' ■ - ' ■ ' V ' ' , ■ . V -

FATIGUE STING : WATERY : ■ HURT

• PRESSURE PAIk FUNCTICHLESS

'. ■ • OTHER ■' - . ' Cd e sc r ib e  b r ie f ly V

. ' ; BLINKING ' TWITCHING JUMPING (w ith  l i g h t )

; VIOLENT OR DRIVEN BLINKING ; . ■ \  7' :

HEAD AND JAW MUSCLES PULSATING WITH LIGHT

OTHER .. ■ ' - (d e s c r ib e  b r i e f ly )

"CONSCIOUSNESS s . .■ . _ ■ /  7

HYPNOTISED STRMGE 7 ' ' ‘ PANIC : . D I ^ Y : \ :

■7 ;' ' 7' HiSY . 7 'WOOSY '̂ '■ - v' " ■ PASS OUT DROWSY

, . m m . BLANK 7:̂ y ;>; c o u ld n 't  c o n c e n tra te

LOSS OF ORIENTATION . PARALYZED '

OTHER ’ . . ■ - ' (d e s c r ib e  b r ie f ly )

• GENERALIZEDi ' - 7  .

HEADACHE " ' 'TENSE ' NAUSEA QUEASY / A

CHILLS UP AND DOWN SPINE TURNING IN PIT Off STOMACH .

.WSCLES- TMSE IN • BACKOF NECK  ̂7 : , ■ " . BAD FEELING

OTHER ‘ ' • : (d e s c r ib e  b r i e f ly )

* 7
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