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l.X 

Summary 

The rel a t ionship between voluntary eye movement s  and cog­

n i t ion was examined in terms o f  Kinsbourne ' s ( 1 9 7 2 ) account 

o f  conj ugate latera l eye movements ( CLEMs ) . Thi s  account i s  

i t sel f based upon hi s ( 1 9 7 0 ) a t tent ional gradient model o f  

l a tera l i zed cerebra l  asymmetry . A novel methodol ogy was 

devi sed wi th ga ze pos i t ion ( G P )  and visual f ield ( VF )  as  the 

independent variables and manual react i on time ( RT )  as  the 

dependant measure . A divided VF paradigm us ing two -choice RT 

t asks was used thereby avoiding the ambiguit ies o f  o rthodox 

CLEM methods . The t asks were , let ter ( X , V ) ident i f icat ion , a 

lexical deci s ion us ing words and non-words , s imple geomet r ­

ical shapes , and a mental rot a t i on task . Five vi sual display 

uni t s  ( VDUs ) arranged in the form of a Maltese cro s s  subtend­

i ng 5 0  degrees hori z ontal ly and 35 degrees vert ical ly 

f unct ioned as tachi s toscopes . Trials were ei ther randomi zed 

( R )  over the VDUs or presented in blocks (B) on each VDU in 

t urn . Under R condit i ons using verbal tasks , a GP x VF 

i n teract ion was found for hori zontal GPs . Thi s  interact i on 

was due t o  RTs being fastest when the VF and GP hemi space 

were congruent ( e . g . ,  LVF and LGP ) . Under B condi t ions , a GP 

main e f fect was found for verbal tasks . Thi s e f fect was 

s hown by RTs being fastest when subjects looked t o  the right 

G P ,  both VFs producing this e f fect . No rel i able e f fects were 

f ound for vi sual - spat ial tasks . The GP ef fect s found under B 

condi t ions were weak and incons is tent and requi red a form o f  



meta analys i s  t o  demons trate their reliabi l i ty .  No evi dence 

was found for an interact ion of GP wi th t ask di f f i cu l ty . A 

number of pos s ible expl anat ions , including Kinsbourne ' s 

model s ,  were examined. The direct ion of the GP x VF inter­

act i on when t r i a l s  were randomi zed was contrary to t he 

predict ions made f rom Kinsbourne ' s model s and the GP main 

e f fect found under B condi t ions was not predicted by them ; 

hence " arousal "  and " at tent ion " as used by Kinsbourne were 

rej ec ted . I f  eye movement s  and cognition were regarded as a 

X 

dua l  task workload , then intrahemi spheri c i nterference could 

account for t he interact i on . However , it could not account 

for the GP ef fect under B condi t ions , nor could it a ccount 

for the absence of any e f fect s wi th visual - spatial  t asks . 

Al s o , neuroanat omical cons iderat i ons made global int rahemi ­

spheri c arousa l  and interference implausible as exp l anat ions . 

One poss ible explana t i on was that under both presentat ion 

condi t i ons , an habi tual bias t owards right hemi space 

occurred . But this bias could be reversed i f  motor i nterfer­

ence occurred in the lef t  hemi sphere between saccade control 

and subvoc a l i zat i on . Interference would only occur with 

randomi zed t r i a l s and verbal t asks , producing the GP x VF 

i nteract ion . Thi s  exp l anat ion a l so accounted for the absence 

o f  any e f fect s when visua l - spat ia l  tasks were used . The 

overal l  resul t s  were evaluated in relat ion t o  other a ccounts 

o f  CLEM product ion and a l so aga inst modern development s  in 

cerebral latera l i ty inve s t i gat i ons . 



Preface 

"Eyes are more a ccura te wi t nesses than ears" 
Hera cl i t us. 

"The eye obeys exa c t ly the a c t i on of the mind" 
Emmerson. 

"The organ of vi s i on, the eye, i s  fa voured above 
a l l  o ther senses i n  tha t i t  mos t cl early 
expres ses the s t a te of the psyche and a c t s  as a 
mi rror both of the worl d and of i nner l i fe. " 

Schei dl er. 

Tha t  vi s ion i s  the preeminent human sensory system i s  shown 

by the fact that ful ly 7 5 %  of the ent i re brain ( Wol t z i n ,  

1 9 7 6 , ci ted i n  Morse , 1 9 9 0 )  and 4 0 %  o f  the human cerebral 

cortex ( Findlay ,  1 9 8 5 ) is either dedicated to or involved in 

vi sual proce s s ing .  Thi s  preeminence i s  reflected in the 

extent o f  our knowledge o f  the sensory systems ; the bas ic 

vi sual sys tem i s  bet ter understood than any o f  the other 

maj or sense s . 

Eye movement s  are fundamental t o  understanding the vi sual 

sys t em .  The constant " trembl ing " of the eyes , 

( microsacca des ) ,  which i s  essent ial to al low the nervous 

1 



sys t em cont inua l ly t o  " read " the retinal image , shows that 

eye movement s  are a very important feature of the visual 

sys tem . Thi s  importance can be s een by the fact that their 

s tudy can be t raced back for over 1 0 0 0  years t o  the Arabs 

( Grusser , 1 9 8 6 ; Hel l er , 1 9 8 8 ) , and t oday compri ses a very 

l arge body o f  emp ir ical research and sophi s t icated 

mathematical mode l s . 

2 

Eye movement s ,  which can be automatic or voluntary , may range 

in s i z e  f rom microsaccades to large movement s  that can reach 

the l imi t s  of mobi l i ty .  One examp l e  o f  automatic movement s 

i s  when compensat ing for body mot ion , another being the 

s tart l e  r e f l ex when the eye f l icks toward a sudden , novel 

s t imulus . Vol untary movement s are del iberat ely guided 

movement s  during , for instance , inspect ion , panoramic s ea rch 

or visual pursui t . 

Studies o f  eye movement s  may be organ i zed into s everal 

overl apping cat egories that span a continuum from mainly 

external ly ori ented movement s to movements that primari ly are 

a s sociat ed wi th int ernal re f l ect ion . Such s tudies may a l so 

range from a neuroanatomical to a psychological empha s i s . 

At the extreme o f  the ext ernal ly oriented studies are found 

inve s t igat i ons concerned wi th movement s that are a s socia t ed 

with locomo t i on and ori entat i on to environmental s t imul i . 

Studi es in thi s area are di rected at the problem o f  how a 

s t abl e ret inal image i s  maintained desp i t e  movement s o f  an 
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observer or the observed object . These studies may deal wi th 

the movement s  themselves together wi th the associated 

sequence o f  f ixat ions { e . g . ,  Yarbus , 1 9 67 ) , model the 

movement s  within a cybernet ic paradigm {e . g . , Carpenter , 

1 9 7 7 ) , or focus on the neuroanatomy o f  the oculomotor system .  

But tner -Enever { 1 9 8 8 )  provides a comprehensive account o f  the 

neuroanatomy between the eye muscles and the f rontal eye 

fi elds o f  the cerebral cortex . 

The knowl edge obtained from studies concerned wi th the 

s t abi l i ty o f  the ret inal image provi des the f oundat ion for 

s t udies that have a more exp l ici t ly psychological thrus t .  

Two areas readi ly can be di s t inguished . In the f i r s t , eye 

movement s  are u sed solely for the purpose of acqui ring 

envi ronmental informat ion for concurrent cogn i t ive 

proces s i ng . Thi s  occurs during visual search or inspec t i on 

{ e . g . , Arani , Karwan , & Drury , 1 9 8 4 ; E l l i s , 1 9 8 6 ; Mat suoka & 

Ueda , 1 9 8 6 ) . An important a s sociated area o f  s tudy i s  

reading { see Rayner & Pol l a t sek , 1 9 8 6 , f o r  a tutorial 

review ) . Another closely related area of study i s  the 

relat i onship between saccades and a t t ention { e . g . , 

Parasuraman & Davies , 1 9 84 ) . 

A di s t inct ly di f ferent c l a s s  o f  eye movement s  involves 

movement s that are used as a s i gna l l i ng system t o  t ransmi t 

informat ion in social interact ions . In the human social 

context , the eyes act as important i n format ion sources in 

addi t ion t o  their primary evolut ionary funct i on o f  



informat i on gathering , a fact that i s  ref lected in many 

common s ay ings , act ivi t ies and a t t r ibut ions . For ins t ance , 

sexual interest may be indicated by giving " the eye " , 

int imi dat i on by means o f  a " cold " or " hard " s tare , bei ng 

attracted by a pair of " laughing eyes" , showing sadne s s  by 

" walking with downcast eyes " or snubbing someone by " looking 

st rai ght through them" . These are ubiquitous methods o f  

del iberate ( or inadvertent ) communi cat ion vi a the eyes . 

Personal i ty characteri s t ics are o f ten inferred from " bo l d "  

stares , " hones t ,  open" l ooks o r  a " shifty eyed " appearance . 

The common feq.ture for a l l  o f  these and other " eye mes sages " 

is  the rel iable presence o f  part i cular eye movement s , 

part i cular ga ze direct ions or , at t imes , the s t udied absence 

of ei ther . 

4 

Although the origins of us ing the eyes to t ransmi t 

informat ion are lost 1n the mi s t s  o f  evolut i onary ant i qu i ty ,  

studying such eye movement s i s  a recent devel opment concerned 

mainly with emo t i onal s t ates and conversat i onal markers . 

Argyle and Cook ( 1 97 6 )  give an extens ive treatment o f  thi s 

area whi le Kleinke ( 1 9 8 6 ) provides a research and mode l l ing 

review . A recent peripheral devel opment is  the use o f  

dys funct i onal eye movement s a s  indi cators of s chi zophreni a  

( Clement z  & Sweeney , 1 9 9 0 ;  Lipton , Levey , Hol zman , & Levin , 

1 9  8 3 ) . 

Other than when inner emo t i onal states are being s igna l led , 

the eye movement s  that have so far been ment i oned a l l  occur 
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in s i tuat i ons where external s t imulat i on plays a l arge i f  not 

maj or rol e  in determining the particular movement s . There 

are , however , clas ses of eye movement s that occur with l i t t le 

i f  any external input . An intens ively studied c l a s s  i s  the 

rapid eye movement s  that occur during s leep ( reviewed by 

McGrath & Cohen , 1 9 7 8 ) . Another class i s  those movement s  

that are made when inspect ing internal ly generated visual 

images ( Hebb , 1 9 6 8 ) . Thi s  l a t ter clas s is closely related to 

the eye movement s  that form t he focus of thi s d i s sert a t i on , 

namely , t hose eye movement s  that occur when an individual i s  

engaged i n  ref lective thought . Speci f ically , the movement s  

that occur when engaged i n  del iberat ive cogni t ion ,  a s  

dist inct f rom daydreaming , and which may be indicators of , or 

f aci l i tators o f , speci fic cogn i t ive funct ions . 

Thi s  i s  t he claim made in the opening quotat i on by Scheidler 

( p . 1 of this  di s sertation ) , namely , t hat the eyes act as a 

mi rror t o  i nner l i fe ,  and , by extension , that eye movement s  

a re di rect ly rel ated t o  thought proces ses . The rel a t ionship 

between eye movement s  and cogn i t ion i s  a relat ively 

unexplored a rea and much of t he work i s  unre l i able and 

cont radic t o ry .  Thi s  dis serta t i on i s  an attempt t o  clear up 

some o f  t he sources o f  contradict i on and es tabl i sh whether or 

not some eye movement s  might rel i ably be related t o  cogn i t ive 

p rocesses i n  a causat ive rather than a consequen t i a l  manner . 

Thi s  di s s ertation i s  unusual i n  three respect s .  A comp lex 

experimenta l  programme combi ned wi th weak experimental 
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e f fect s  made i t  di f f icult to interpret separately the resul t s  

o f  the individual experiments . The effect of  this was that , 

f or meaningful discus sion,  the resu l t s  o f  each exper iment had 

to be c ons i dered within the context set by the out comes of 

the others . Consequent ly ,  the d i s cussion o f  each experiment 

serves only t o  maintain the threads o f  the theoret i c a l  

rat ionale . 

The second unusual feature i s  the manner chosen to p resent 

the ways in whi ch various design and methodological i s sues 

were deal t  wi t h ,  the choi ces that were made and the 

subsequent e f fec t s  of  those choi ces . These have been brought 

t ogether into t he sec t ion ent i t led , Problems , Di f f i cu l t ies 

and Mi s t akes . The topics col lected into that sect i on could 

have been dea l t  with in the various sect ions of the 

di ssert a t i on t o  which they are immediately rel ated . However , 

t o  dea l  adequately wi th these and several other topic s , i t  

proved nece s s a ry t o  write a number o f  es says for insert ion 

into the appropriate sect i ons . For ins tance , the s t a t i s t i cal 

cons i dera t i ons involved in counterbalancing might be bet ter 

pl aced in the Des ign sect ion , whi le the reasons for choos ing 

a par t i cular response method properly bel ongs t o  the f irst 

Method sec t i on . However , thi s woul d  have interrupted the 

f l ow o f  the presentat ion wi th lengthy digress ions ( wh i ch 

caused even the wri ter t o  l ose the l ogica l  t ra in o f  a complex 

programme ) . To avoid this i rri t a t i on ,  the t opics were 

brought t ogether in the one sec t i on . Thi s sec t i on was placed 

at the end o f  t he dis sertat ion in o rder that the relevance o f  
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the t opics could be readi ly seen in the cont ext o f  the ent i re 

programme . 

Thi rdly , the use o f  the a lpha l evel is  unconvent iona l . Since 

the programme was exp l oratory and because any e f f ects  were 

expect ed to be sma l l ,  st rict adherence to the convent ional 

0 . 0 5 signi f icance l evel may have l ed to interest ing e f f ects 

being di scarded . Ins t ead , the approach advocated by Eys enck 

( 1 9 6 0 ) was adopted where the act ua l  probabi l i ty o f  an e f f ect 

becomes only one of s everal factors determining acceptance or 

rej ect ion of the e f f ect . In short , sci ent i f ic j udgement was 

the cri terion for accept ing the rea l i ty and importance of any 

e f f ects . 
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Introduction 

Historical outl ine 

Schei dler ' s  claim that the eye acts as a mi rror o f  both the 

wor l d  and inner l i fe is based on the Platonic model o f  visual 

percep t i on whi ch presumed that l ight part i cles are emi tted by 

the eye ( Hel ler , 1 9 8 8 ) . Al though this model o f  percept ion 

has been thoroughly discredi ted , the possibi l i ty t hat eye 

movements may be systema t i c a l ly l inked to intra -psychi c 

factors has undergone a sma l l  revival over the past 3 5  years . 

I n  part i cular , considerable interest has been occasioned by 

t he putat ive l ink between eye movements and Kinsbourne ' s  

( 1 9 7 0 ,  1 9 7 2 , 1 9 7 3 , 1 9 7 5 )  atten t i onal gradient model of 

asymmet r i c  funct ional cerebral latera l i ty ef fects . 

The f i rst modern author to dea l  with the topic was Tei telbaum 

( 1 9 5 4 ) . I n  a paper that has rarely been c i ted , he described 

the di f fering rhythmical eye movements that occurred during 

various a c t ivit ies such as daydreaming or conversa t i on . 

There was no further mention o f  the topic for anot her 1 0  

years unt i l  Day ( 1 9 6 4 , 1 9 6 7 ) , apparent ly unaware o f  

Tei t lebaum ' s  paper , reported the c l ini cal observat ion that 

his c l ients were individual ly consistent in the di rect ion o f  

the i r  eye movements during ordinary conversat ion , and that 

the p reponderance of left or right movements seemed t o  

correl ate wi th personal i ty variables . This observat ion 

received support from others . Duke ( 1 9 68 ) con f i rmed that 
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i ndividual s  are con s i s tent in their eye movement s ,  males more 

s o  than females , and noted that ref lect ive quest ions el ici ted 

more movement s than s imple factual ones . Bakan and Sho t l and 

( 1 9 6 9 ) found that right movers performed better on the Stroop 

word/colour test than left movers .  Bakan ( 1 9 6 9 ) reported 

t hat left movers were more suscept ible to hypnos i s  than r i ght 

movers ,  but that r ight movers scored higher on the 

Quant itat ive scale o f  the Schol astic Apt i tude Tes t  than on 

t he Verbal one . Al so , left movers preferred " so f t " rather 

t han " hard " subj ects for their col lege maj ors . He then 

s peculated that : 

" The relationship between lateral i ty of eye 
movement s ,  hypnot i zabi l i ty and the other 
var iables described above can be cons idered in 
terms of the funct ional asymmetry o f  the brain . 
The right or left movement s  which are the sub j ect 
of this paper are control led contralateral ly by 
act ivity in Brodrnan ' s area 8 ,  the frontal eye 
f ie l ds ( Robi nson , 1 9 6 8 ) . I t  may be that the left 
or right movement associated wi th the reflect ive 
process i s  symptomat ic o f  the eas ier triggering 
of act ivi t ie s  in the hemi sphere contralateral t o  
the direct i on o f  the eye movement . "  ( p .  7 9 0 ) . 

The import ance o f  this idea was that , potent i a l ly , i t  o f fered 

a convenient indicat or of hemi spheric funct ional a syrnmetries . 

Thi s suggest ion s t imulated a body of research that di f fered 

markedly from the study of i ndividual personal i ty corre l ates 

of idiosyncrat ic eye movement s . Those s tudies , covering a 

wide range o f  personality variables , were crit ica l ly reviewed 

by Ehr l ichman and Weinberger ( 1 9 7 8 ) and more recent ly by 

Hi scock ( 1 9 8 6 ) . The topic i s  only di s tant ly rel ated t o  the 



research repor t ed in thi s dissertat ion and wi l l  not be 

pursued further . 

1 0  

The other l ine o f  enqui ry , deriving from Bakan ' s  ( 1 9 6 9 ) 

speculat ion , s eeks t o  relate l at eral eye movement s t o  the 

l atera l i z ed cogni t ive funct ions of the bra i n . Eye movements 

that are bel i eved to be conj uga t e ly l inked to the causat ive 

act ivi ty of one or the other cerebral hemi sphere are usually 

cal l ed conj uga t e  lat eral eye movements ( CLEMs ) . At t ention 

has mainly been direc t ed at the l a t eralisat i on of verbal and 

visua l - spat i a l  functioning , but s ome intere s t ing forays into 

other areas have been report ed . Among the s e  t opics i s  ocular 

mot i l i ty ,  that i s , the relat ive f requency of CLEMs during 

di f fering cogn i t ive proces s es . Other top i c s  are the e f f ect 

o f  emot i onal arousal , developmenta l  aspect s  of  CLEMs and the 

e f fect o f  del i berately varying ga z e  pos it ion ( GP )  on t ask 

performance .  Eye movement s  in thi s latter s i tuat ion , where 

GP i s  u s ed a s  the independent variabl e ,  wi l l  be referred to 

as reverse C LEMs . Wi th the except ion of reverse CLEMs , the 

research deriving from Bakan ( 1 9 6 9 ) was thoroughly revi ewed 

by Ehrl i chman and Weinberger ( 1 9 7 8 )  and later ext ended by 

Hi scock ( 1 9 8 6 ) and De Gennaro and Violani ( 1 9 8 8 ) . Only a 

summary and upda t e  of the main i s sues wi l l  be given here . A 

detai l ed examinat ion o f  spec i f i c  i s sues and a review o f  the 

l i t erature on reverse CLEMs wi l l  be introduced l ater at more 

appropriate point s . 
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Bakan ' s ( 1 9 6 9 · ) suggest ion was elabora t ed by both Kocel , 

Gal i n ,  Orns tein , and Merrin ( 1 9 7 2 ) and Kinsbourne ( 1 9 7 2 ) 1 , 

who reasoned that i f  CLEMs were an index o f  l a t eral 

funct i oning then the que s t ions that subj ect s  received should 

inf l uence the direct i ons o f  the i r  CLEMs . In particula r ,  

s ince the l e f t  hemi sphere i s  thought t o  be specia l i s ed for 

the use of  language and abst ract symbol s ,  ques t i ons with a 

high requirement for l anguage or symbol manipulat ion should 

result in rightward CLEMs . Conversely , given that the right 

hemi sphere is bel i eved t o  be special i s ed for visual -spa t i a l  

and mus ical funct ions , quest ions with a high vi sual o r  

mus ical content should result i n  l e f tward CLEMs . 

Que s t i ons int ended t o  involve predominant ly l e ft hemi sphere 

funct i ons are usua l ly cal l ed verbal que s t i ons ( VQs ) f o r  

convenience . Some examp l es are : de f ine the word " economics " ;  

mak e  up a word_us ing two forms o f  the same verb ; solve the 

fol lowing ari thme t ic prob l em ,  " 14 4 / 6  x 4 " ; S imi l arly , 

que s t i ons int ended t o  involve mai nly right hemi sphere 

funct ions are cal l ed spat ial ques t i ons ( SQs ) . Some examples 

o f  these are : " There is  a pro f i l e  o f  George Washington on a 

quart er . Whi ch way doe s  he face ? " ;  " Try to picture a l l  the 

doors in your house and t el l  me how many there are " ; " Hum 

1Kinsbourne ( Kinsbourne 1 9 7 0 , 1 9 7 2 , 1 9 7 3 , 1 9 7 5 ; Kinsbourne 
& H icks , 1 9 7 8 )  has produced s everal model s  relat i ng CLEMS , 
a t t en t i on and cerebral l a t e ral asyrnrnet ri es . Tes t ing the s e  model s  
i s  t h e  cent ral theme o f  thi s dissertat ion and f requent r e f erences 
wi l l  be made to Kinsbourne and his model s .  To smooth the f l ow 
o f  t he presenta t i on ,  except for f ir s t  or spec i f ic c i t a t i ons o f  
the s e  publica t i ons , t extual re f erences wi l l  s imply i ndica t e  
Kinsbourne o r  h i s  mode l s . 
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' Row , Row your Boat ' " .  Al l examples are taken f rom Kocel et 

a l . ( 1 9 7 2 ) . 

Between 1 9 7 2  and 1 9 7 7 , 1 9  experiment s  examined the 

rel a t i onship between ques t ion type and the subsequent CLEM , 

but only nine obtained s igni f i cant ly more rightward CLEMs for 

VQs than for SQs . One obtained s ign i f icant ly more rightward 

CLEMs for SQs than for VQs , and , not ably , no rel a t ionship 

between quest ion type and hor i z ontal CLEMs was f ound in t he 

remaining nine experiments . These f i gures have been recent ly 

updated by Gu�stel l a , De Gennaro and Violani ( c i ted in De 

Gennaro & Violani , 1 9 8 8 ) . O f  7 9  experiment s  reported in 6 2  

papers , 3 7  found a greater proportion of right CLEMs 

f o l l owing VQs , s ix found more right CLEMs f o l l owing SQs and , 

notably , 3 6  found no s igni f i cant di f ferences . These f i gures 

a re in es sent ial ly the same p roport i ons as those catalogued 

by Ehrl i chrnan and Weinberger ( 1 9 7 8 ) . 

The inc i dence of leftward CLEMs and s igni f i cance test s  

involving them are less wel l  documented . Only s ix o f  the 

experiment s reviewed by Ehr l i chrnan and Weinberger ( 1 9 7 8 )  

reported s i gni f i cance tes t s , t o  whi ch can be added a further 

seven l ater ones ( Ahern & Schwart z ,  1 9 7 9 ; Dei j en ,  Loriaux , 

Bourna , & Orlebeke , 1 9 8 6 ; Gurnrn , Walker , & Day , 1 9 8 2 ; Kat z  & 

S a l t , 1 9 8 1 ; Lefevre , Stark , Lambert , & Genesee , 1 9 7 7 ; Rai ne , 

Chri s t ie ,  & Gale , 1 9 8 8 ; Warren & Haeuter , 1 9 8 1 ) .  In these 1 3  

repo rt s , SQs were accompanied by sign i f icant ly more lef tward 

CLEMs on f ive occas i ons , rightwards on two but with no 



di f ferences reported between the quest i on types on the 

remaining s ix occas i ons . 

1 3  

S ixt een o f  the 1 9  experiment s  examined by Ehrl i chrnan and 

Weinberger ( 1 9 7 8 ) a l so reported the occurrence o f  upward 

movement s and/or s tares during which the eyes were stationary 

and cent red in the head . Nine out of  nine times when upward 

movement s  were reported , SQs e l i c i ted s i gni ficant ly more o f  

these than did VQs. Simi l arly , in 1 0  out of 1 6  experiment s ,  

s t ares in response t o  SQs outnumbered those in response t o  

VQs , in two cases they were equal and in one case the e f f ec t  

was reversed. In two experiments no s tares were observed . 

S ince the 1 9 7 8  revi ew ,  a number of other studies have a l s o  

demons t ra t ed the prevalence o f  stares in respons e  t o  SQs 

( Berg & Harris , 1 9 8 0 ; De Gennaro & Vio l ani , 1 9 8 8 ; Dei j en et 

a l . ,  1 9 8 6 ;  MacDonal d  & Hi scock , 1 9 84 ; O ' Gorrnan & S i ddl e ,  

1 9 8 1 ; Reynolds , 1 9 7 8 ) . However ,  Ahern and Schwart z ( 1 9 7 9 )  

and Gurnrn et al . ( 1 9 8 2 ) reported that s t ares only t ended t o  be 

a s sociated wi th SQs . 

Three s t udies , covering six experiment s ,  examined ocular 

mot i l i ty during the process ing of VQs and SQs . In the f i rs t  

o f  the s e , Weiner and Ehrl i chrnan ( 1 9 7 6 ) used video monitoring 

of subj e ct s ' eye movements , but in subsequent experiments 

e l ec t ro - oculography ( EOG ) records were used ( Ehrli chrnan & 

Barret t ,  1 9 8 3 a ; H i scock & Bergst rom, 1 9 8 1 ) . Al l reported 

that ocular mot i l i ty was s i gni fi cant ly l ess for SQs than for 

VQs . Furthermore , Ehrl i chman and Barrett were abl e  



t o  show that SQ mot i l i t i es were suppres sed below a res ting 

base l ine and VQ mot i l i t i es were elevated above the same 

bas e l ine . Reynolds ( 1 9 7 8 )  found that a s omewhat s imi lar 

phenomenon occurred wi t h  chi ldren where latencies to the 

f i rst CLEM f o l l owing an SQ were much longer than f or VQs . 

Fina l ly ,  May , Kennedy , Wi l l i ams , Dunlap , and Brannan ( 1 9 9 0 )  

using ocular mot i l i ty as an index o f  mental workload in 

counting tasks , found t hat mot i l i ty decreas ed as c ount ing 

comp l exity increased , t he e f fect occurring despite pract i ce 

or addi t iona l  vi sual demands . 

In summary ,  mos t  studi es have reported a s i gni f icant 

a s sociat ion between ques t ion type and the subs equent eye 

movement s or f ixed stares , but this associ a t i on i s  more 

evident for SQs than f o r  VQs . 

1 4  

There i s  further evi denc e  for CLEM cons i s t ency , both 

individual ly and between subj ect s . Ehrl i chman and Weinberger 

( 1 9 7 8 ) produced a f requency hi s togram of percent ri ghtward 

CLEMs for 2 1 4  subj ect s  u s ed in their experiments . The 

di s t r ibut ion was essent i a l ly trimodal wi th the peaks 

occurring at the centre and to the ext reme l e f t  and right o f  

the d i s t ribu t i on . Thi s  was int erpreted as showing that not 

only were subj ects highly cons i s t ent in the i r  s cores wi thin a 

s e s s i on ,  but that a s impl e  divi s i on into l e f t  and right 

movers was inappropriate . 
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The cons i stency o f  individual CLEM patterns h a s  been 

demons t rated in a few studies . Libby ( 1 9 7 0 ) report ed a spl i t  

hal f correlation of r = 0 . 8 3 wi thin a single s e s s ion . 

Between sess ion t est -retest correlations have ranged from 

r = 0 . 6 5 ( Crouch , 1 9 7 6 ) t o  r = 0 . 7 8 ( Bakan & Strayer , 1 9 7 3 ; 

Etaugh & Rose , 1 9 7 3 ) . To test the consistency o f  CLEMs 

acro s s  condi t i ons , Ehrli chman and Weinberger ( 1 9 7 8 ) 

re- analyzed the data from Ehrl i chman , Weiner , and Baker 

( 1 9 7 4 ) obtaining a correlat ion of r = 0 . 7 7 .  Con s i s t ency across 

condi t ions was a l so found for Japanese subj ect s  ( Hat t a , 

1 9 8 4 ) . 

A smal l  number o f  studies have used CLEMs to invest igate the 

putat ive lat eral i sat ion of emot ions . Three s t udies found 

that l e ftwards CLEMs predominated in response to emotional ly 

laden quest ions ( Borod , Vingiano , & Cytryn , 1 9 8 8 ; Schwart z ,  

Davidson , & Maer , 1 9 7 5 ; Tucker , Roth , Arneson , & Buckingham , 

1 9 7 7 ) but a fourth study by Ahern and Schwart z ( 1 9 7 9 ) 

resu l t ed in a complex CLEM/ emot ion interaction that was 

di f f i cu l t  to int erpret . 

A number o f  s t udies were speci f i c a l ly focused on anxiety , 

prima r i ly becau s e  it has been viewed as a pos s ible source o f  

experimental art e fact . Tucker et a l . ( 1 9 7 7 ) reported that 

induced s tres s resul ted in more l e ftward CLEMs , but f ive 

subsequent experiment s found no relat ionship between anxiety 

and CLEMs ( Berg & Harr i s , 1 9 8 0 ; Hat t a ,  1 9 8 4 ; Hi scock , 1 9 7 7 ; 

Lenhart , 1 9 8 5 ; MacDonald & Hiscoc k ,  1 9 8 4 ) . The ava i l able 



evidence appears t o  be weighted against a l ink between 

emotion and CLEMs , but not conclus ively so . 

A few studi es have inves t i gated the pos s ibi l i ty that CLEMs 

may emerge with maturation . Hi scock ( 1 9 8 6 ) revi ewed the 

sma l l  number of developmental studi es and dec i ded that the 

only j us t i f i able conclusion was that CLEMs are infrequent 

among very young chi ldren . 

1 6  

One f ina l experiment i s  o f  interest , both for i t s  origina l i ty 

and for i t s  isolat ion from the remainder of the CLEM 

l i terature . Ros enberg ( 1 9 8 0 ) inves t i gated the e f fect o f  VQs 

and SQs on the rates o f  e l i c i t ed opt okinetic nys tagmus ( OKN )  . 

OKN i s  a ref l ex eye movement that occurs in response to a 

moving vi sual f i e l d . The subj ect ' s  eyes repeatedly move in 

the di rect ion of the mot ion o f  the f ield before snapping back 

to the central f ixat ion point . She f ound that , in compari son 

wi th right to l e f t  nystagmus , VQs increased the rat e  of l e f t  

t o  right nys t agmus , SQs decreased the rate , whi l e  combined 

VQ/ SQ tasks produced an intermediate e f fect . Rat e  changes 

were more evident for subj ects c l a s s i f i ed as right movers 

than those c l a s s i f i ed as l e f t  movers . This experiment 

demons t ra t ed that cogni t ive tasks can di f feren t i a l ly a f fect  

ongoing eye movemen t s . 

When the c o l l e c t ive evidence for the association between 

ques t ion and subs equent CLEM is cons i dered along wi th that 

for indivi dual cons i s t ency in eye movements , Ehr l i chman and 
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Weinberger ' s  ( 1 9 7 8 ) conclus ions remain a s  val id t oday as i n  

1 9 7 8 . Firs t ly ,  there is only l imit ed support f o r  the 

l a t era l i ty hypothe s i s . Secondly , when used as discriminatory 

indices , upward movements and s t ares per form at l ea s t  as we l l  

a s  hori zon t a l  CLEMs i n  di stingui shing between SQs and VQs t o  

which can b e  added ocular mot i l i ty a s  another e f f i c i ent 

i ndex . Thi rdly , the relat ionship between vert ical movement s 

and SQs i s  more rel iably found than that between VQs and 

lateral CLEMs , and thi s di f ference warrant s further 

invest igat ion . 

Although t here appears to be some l ink between eye movement s 

and reflect ive thought , numerous contradictory report s occur 

i n  the l i terature . Ehrlichrnan and Weinberger ( 1 9 7 8 ) cons i der 

that these are l argely at tribut able to shortcomings in bot h  

CLEM methodology and the as sumpt ions underlying the methods 

that are u sed . Addi t ional ly ,  Hi scock ( 1 9 8 6 )  has drawn 

attent ion t o  the c omplete lack o f  any investigat ive s trat egy . 

A central i s sue addres sed by this di s s ertation i s  that the s e  

shortcomings and t h e  consequent l a c k  o f  progress in CLEM 

research i s  due t o  invest igators placing an unwarranted 

emphas i s  on a s ingl e  theoretical  model and its underlying 

a s sumpt ions combined with the decept ive simp l i c i ty o f  CLEM 

methodology . 



Theoret ical models 

Con s i dering the many confus ing resul ts that have been 

reported in the CLEM l i t erature , it is  not surpri s ing that 

there has been l i t t l e  theoretical  development of the i s sue . 

Other than a theoret i c a l  speculat i on by Hebb ( 1 9 6 8 ) , only 

three theoret i cal model s  have been developed to account for 

those cons i s t encies tha t  have been found . 

1 8  

Hebb ( 1 9 6 8 )  speculated that eye movement s were made when 

int ernal mental  images were generated and i nspected . Thi s  

i dea received l i t t l e  support and was soon d i s carded 

( Erhl i chman & Barret t ,  1 9 8 3 a )  because imagery was l a t er found 

t o  be a s s oc i a t ed wi th a reduct i on in eye movement s  ( Hodgeson , 

1 9 7 7 , c i t ed in Marks , 1 9 83 ; Marks , 1 9 73 ) . 

The mos t  c i rcums ctibed model i s  an attempt t o  account for the 

oc currence o f  s tares i n  response to SQs and i s  based on the 

ocular mot i l i ty studi es ment i oned earl ier . Erhl i chman and 

Barret t ( 1 9 8 3 a )  sugges t ed that a di rect l ink exi s t s  between 

the ocu l omotor system and the rate at whi ch interna l ly 

generat ed i n f o rmat ion i s  sampled . In a post hoc exp l anat ion , 

they sugges t t hat the sampl ing rat e  o f  s t a t i c  vi sual images 

is l e s s  than that for the ordinary ongoing random thought s 

that provide t he base l ine condi t ion . On the other hand , the 

sampl i ng rat e  for direct ed verbal process ing i s  higher than 

for the bas e  condi tion . ( One might presume that thi s i s  

becau s e  random thought s t end t o  change more f requent ly than a 
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s t a t i c  vi sual image whi l e  verbal process ing must occur i n  a 

rapidly changing s equence . )  Thi s  resul t s  in ocular mot i l i ty 

being depressed below bas e  l ine for SQs and elevated for VQs . 

Unfortunately , Hi scock and Bergstrom ( 1 9 8 1 ) found that a 

menta l  rot ation t ask a l so reduced ocular mot i l i ty bel ow a 

rest i ng base l ine . Whi l e  the sampl ing rate for a s t a t i c  

menta l  image might conceivably b e  l e s s  than that of random 

proc e s s e s , it i s  di f ficul t to understand how the rat e for 

comp l ex vi sua l i s at ions such as ment a l  rotat ion can be l e s s  

than that for a rest ing bas e  l ine . The model i s  further 

weakened by the findings of May et a l . ( 1 9 9 0 ) where count ing 

t asks suppressed ocular mot i l ity ; count ing shoul d  have 

increased mot i l ity becaus e  it is a presumed verbal -analyt ical 

task . 

Further cri t i c i sm o f  thi s model can be made on methodol ogical 

grounds , spec i f ic a l ly ,  the observat ion int erva l s  that were 

used . Each o f  the three s tudies report ing on CLEMs and 

ocu l ar mot i l i ty used di f fe rent observat ion interva l s . Weiner 

and Ehrl i chrnan ( 1 9 7 6 ) used the ref l ec t ive plus answering 

peri ods , where the ref le c t ive peri od i s  the int erval between 

the end o f  ques t i oning and the subj ect beginning to answer . 

Ehr l ichman and Barrett ( 1 9 8 3 a )  used only the answering period 

whi l e  Hi scock and Bergst rom ( 1 9 8 1 ) chose the r e f lect ive 

per i od . Thi s i s  espec i a l ly import ant in view o f  the report 

by Wy l er , Graves and Landi s ( 1 9 8 7 ) that those CLEMs 

a s s o c i ated wit h  the que st ioning period were di f ferent t o  

tho s e  occurring during the answering period . Thus , the model 
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i s  based on evidence that i s  not s trict ly comparabl e across 

s tudies . Thi s ,  coupled wi th the dubious as sumption about 

vi sual sampl ing rat e s  means that the model shoul d  be regarded 

c aut ious ly . 

Moreover ,  the model i s  res t ri cted in its  scope ; i t  might be 

in ferred that the increased labi l i ty accompanying VQs might 

f ac i l i ta t e  larger eye movement s but the originators of the 

model make no ment ion of thi s pos s ibi lity . The model i s  

exp l i c i t ly restricted t o  the associat ion o f  SQs and stares , 

whi ch i s  in marked cont ras t  t o  the other two models , both o f  

which purport t o  account for most types o f  CLEMs . 

Rosenberg ( 1 9 7 9 ,  1 9 8 0 , 1 9 8 1 ) has proposed that CLEMs serve a 

f ac i l i t a t ive funct ion during ref lect ive thought , this 

p ropo s a l  being an ext ens i on of one made by Rodin and Singer 

( 1 9 7 6 )  and Singer ( 1 9 7 8 ) . These authors suggested that 

during r e f l ec t ive thought , ext ernal st imulat ion , espec i a l ly 

highly rel evant st imu l i  such as faces , competes with int ernal 

process i ng for a l imi ted " channel capacity " . Thus , the 

que s t i oner ' s  fac e ,  having high social  sal ienc e ,  interferes 

wi th int ernal proces s ing . By moving the eyes away f rom t he 

face , thi s interference i s  " gated " out . Rosenberg ext ended 

this model to account for the various direc t i ons in whi ch the 

eyes are moved . Due to the cont ralat eral innervat ion o f  the 

ret inal hemi f i e l ds , a hori zontal CLEM has two e f f ects. 

F i rs t ly ,  hal f  o f  the vi sual f i eld ( VF )  to one eye i s  occ l uded 

by the nose , whi ch reduces the vi sual input to the cerebral 
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hemi sphere contralat eral to the direct i on of movement .  

Secondly , the same movement brings the ent ire forward field 

of  vi ew into the scope of the ipsilat eral hemi f i e l d  and 

t hence to the ips i l at eral hemi sphere . Assuming that a 

quest ion does activa t e  the t arget hemi sphere , a CLEM 

c ontralat eral to that hemi sphere wi l l  both reduce process ing 

c ompet i t i on due to external s t imul i  ent ering the engaged 

hemi sphere , and a l l ow the unoccupied hemi sphere to more 

e f fect ively monitor the external environment . Thes e  

movement s are prima r i ly learned by experience and c an be 

influenced by longterm stable inf luence s  of the vi sual f i e l d . 

For ins t anc e , Rosenberg , Dye ,  Harri son , Manning , and Kazar 

( 1 9 8 3 ) r eported that t a l l  individual s  had CLEMs that were 

biased upwards whereas short people had theirs biased 

downwards . The reason sugges t ed for thi s was that those 

direc t ions general ly contain fewer di s t racting s t imu l i  than 

the oppo s i t e  ones given the height of the individual s  

involved . Whi le the model account s for both the occurrenc e 

and dire c t i on of mos t  CLEMs , i t  is completely s i l ent on the 

quest ion of stares . Given the robustne s s  of the resu l t s  from 

the ocul ar mot il ity s tudies and the prevalence o f  s t are 

CLEMs , t h i s  is a def inite weaknes s .  

Rosenber g ' s  ( 1 9 7 9 , 1 9 8 0 ,  1 9 8 1 ) model has rece ived l i t t le 

attent ion . Relevant evidence is sparse and when i t  exi s t s , 

i t  usual ly has been obtained from studies that were concerned 

with other i s sues . According to the model , CLEMs , being 

primari ly driven by external s t imulat i on , shoul d  occur l e s s  

• 
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f requent ly wi th normal subj ects when vi sual s t imul i are 

minimi sed and be comp l et ely absent for congenitally bl ind 

subj ects . The evi denc e  bearing on these p redi ct ions i s  

somewhat equivocal . Takeda and Yoshimura ( 1 9 7 9 )  f ound that 

CLEM f requency was reduced in the dark as did Erhl i chman and 

Barret t ( 1 9 8 3 a ) when t e s t ing the original " gating "  model . 

However ,  cont rary to predi ctions made from the gat i ng model , 

the l att er authors a l so found that ocular mot i l i ty was the 

s ame for both cartoon faces and a s imple oval shape . 

Gri f f i ths and Woodman ( 1 9 8 5 ) observed clearly di stinct 

re f l ect ive CLEMs made by a congen i t a l ly b l i nd subj ect in 

response to VQs and t a c t i l e  ana l ogues of SQs . Not only does 

thi s rai se the quest ion of what their subj ect was " ga t ing 

out " , but a l so the que s t ion of how the subj ect devel oped a 

range o f  cons i s t ent CLEMs in the f i rst place . 

The empirical evidence that i s  currently ava i lable suggests 

that the Ros enberg model has some maj or weaknesses . Taking 

theoret ical cons i dera t i ons into account make i t  even l es s  

t enable . As noted ear l i er ,  the model i s  complet ely s i l ent 

regarding s t ares in response to SQs . According to the model , 

CLEMs are ins t rumenta l  i n  reduc ing the input to the 

supposedly engaged cerebral hemi sphere . S ince performing 

cogn i t ive vi sua l - spat i a l  tasks is a presumed right hemi sphere 

funct i on , a l e f t  CLEM should accompany the performance o f  

such t asks . When , ins t ead , a stare i s  the accompaniment ,  

other a l t ernat ives mus t  be cons i dered . Firs t ly ,  a reduction 

o f  vi sual input may be unnecessary when vi sua l i s ing . Thi s  i s  
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certa i n ly counter intuit ive i f  not implausible , espec i a l ly 

when VQs , which presumably involve l i t t l e ,  i f  any , vi sual 

proces s ing , are frequent ly accompanied by hori z ontal CLEMs . 

However ,  i f  the gat ing out o f  vi sual input i s  unnecessary 

whi l e  proce s s i ng SQs , then somehow the model must account for 

the apparent ly select ive gat ing of vi sual information when 

proce s s ing VQs .  Another a l t ernative is that both hemi spheres 

are equal ly i nvolved and are compet ing for control of the 

eyes , each at t empting t o  produce a contralateral movement . 

Such a s i tuat i on can only arise i f  both hemi spheres are 

engaged in int ernal vi sua l - spat ial proces s ing , but thi s is 

contrary t o  the presumed c erebral functioning . Hence , ei ther 

visual - spat i a l  process i ng is carried out j oint ly by the two 

hemispheres , or , the associated CLEM ( stare or otherwi se ) i s  

unrelat ed t o  hemi sphere engagement . Both a l ternat ives are 

cont rary to the assumpt ions of the model . 

Suppose the model to be modi fied t o  allow symmetrical 

engagement of the two hemi spheres when funct ioning in a 

vi sual - spat i a l  capac ity . Not only would it become a s impl e  

gat ing model for vi sual - spat ial t asks but for a l l  other tasks 

a l s o . Thi s  i s  because l at era l i z at i on of other funct ions 

woul d  have t o  be di sa l l owed to avoid spec i fying except ions on 

the bas i s  o f  observed CLEM/task a ssociat ions . Making such 

except ions l eads to a confused logic whereby the except ions 

to funct ional l ateral ity are spec i f ied in order t o  explain an 

obs erved CLEM/ funct ion a ssoc iat ion that is then used to 

provide evi dence for the presumed funct ional latera l i z a t i on . 
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Clearly , a l though CLEMs may serve t o  minimi ze external 

di stract i on ,  the hemi spheric component of the model i s  

unt enabl e .  The model therefore reverts to a s t imulus gat ing 

model , the only advance on the earl i er Rodin and Singer 

( 1 9 7 6 )  version being that CLEMs become an individual ly 

l earned characteris t i c . 

The thi rd model t o  be developed to a ccount for CLEMs f o l l owed 

di rect ly f rom Bakan ' s  ( 1 9 6 9 ) speculat ive l inking o f  cerebral 

lat eral i ty wi th eye movement s . As a consequence , Kinsbourne 

( 1 9 7 2 ) predi cted a correlation between quest ion content and 

eye movement s and provided evidence support ing the 

predict ion . He then used his 1 9 7 0  lateral i ty model o f  

attentional gradi ent to account for the observed 

correlations . Thi s model i s  based on the fact that in 

subhuman spec ies , the cerebral hemi spheres act symmet rica l ly ,  

but di f fer i n  that the s t imul i  that they respond t o  are 

derived f rom the i r  respect ive cont ralat eral hemi spaces , t hat 

i s , the ext ernal surroundings to the l e f t  and right o f  the 

midline ( Gordon & Sperry , 1 9 6 9 , c i ted in Kinsbourne , 1 9 7 0 ) . 

Hence , as a natura l out come , preparatory act ivat ion wi thin a 

hemi sphere coinc i des wi th attending t owards the cont ralat eral 

hemi space .  In humans , thi s e f fect i s  augmented by asymmetric 

di s t ribution o f  cognit ive funct i ons , espec ially verbal 

behaviour . Thi s  means that when engaged in a part i cular 

cogni t ive act ivi ty primarily act ivating one or the other 

c erebral hemi sphere , the engaged hemi sphere wi l l  a l s o  a t t end 

s imul taneous ly to i nput f rom the cont ralateral hemi space. 
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Two comp l ementary predictions are genera t ed from the mode l . 

( 1 )  I f  a c ogni t ive set appropriate t o  one hemi sphere i s  

a dopt ed , a t t ent ion i s  demons t rably biased toward t he oppo s i t e  

s i de .  ( 2 ) I f  attent ion is const rained to one s ide , the 

c ognit ive processes proper to the oppo s i t e  hemi sphere are 

favoured ( Kinsbourne , 1 9 7 0 ) . 

I n  its  app l icat ion to CLEM s t udies the Kinsbourne model 

i nvokes the over f l ow of loc a l i sed arousal into nearby 

" functional centres " to account for the regulari t i es found in 

CLEM studies . In his  original statement of how t h i s  model 

c ould account for the observed corre l a t i ons , Kinsbourne 

( 1 9 7 2 ) wrote : 

" The cerebrum i s  a highly l inked system ,  and only 
a few synaps e s  separat e  any two cort ical neurons . 
Thi s  makes t he cerebrum vulnerable to 
int er ference between two concurrent operat i ons , 
par t i cularly when both are programmed by the same 
cerebral hemi sphere . Thus when subj ect s  awai t  a 
verbal st imulus and mus t  a l so look centra l ly the 
verbal act ivation overflows into the left s i ded 
ori entat ion centre , driving attentional bal ance 
off centre and to the right . . .  When the two 
hemi spheres are equal ly act ive , orientat ion of 
the subj ect should be centred on the media l  
p lane . When one hemi sphere i s  primari ly 
involved , head and eye s  shoul d  turn to the 
opposite s i de . These movement s should be 
secondary t o  the central act ivity rather t han in 
direct response to external s t imu lat ion . "  ( p . 
5 3  9 )  • 

Later , K i nsbourne and Hicks ( 1 9 7 8 ) elaborated " overflow "  and 

" funct ional centres " into " funct ional di stance " .  Funct ional 

distance i s  the degree to which two or more funct i oning 

centres are l inked or otherwi se a s sociated in the brain . 

Their s t at ement of this more recent development i s : 



" We n o w  app ly t he c on cept o f  funct i on a l  d i s t ­
a n c e  t o  t h e  e f fe ct o f  s e l e c t i ve act i vat i o n  o f  
b a l a n c e  between t he ips i l at e ral and c o nt r a l at ­
e r a l  o r i ent ing c ont r o l  c e n t re s . The act ivat i on 
o f  the hemi sphere pr imar i l y re spon s ib l e  f o r  
what e v e r  i s  the e x i st ing c o gn i t i ve s t at e  l e ads 
to s ome spread of act i v i t y  into the homo l at e r a l  
c ont r o l  cent re and there f o re t ips t h e  b a l an c e  
o f  o r i ent ing t enden c i e s  s u c h  that t h e  vect o r  
r e s u l t ant o r ient at i o n  i s  s wung cont r a l at e r a l  t o  
the m o r e  act ive hemi sphe r e . Any spread o f  act i­
vat i o n  to t he opp o s i ng cent re on t he other s i de 
of the b r a i n  is natura l l y  more l im i t e d  becau s e  
o f  t h e  funct i o n a l l y gre at e r  d i stance t o  b e  t r a­
ve r s e d  and the r e f o r e  i n su f f i c ient to o f f- s e t  
t h i s a s ymme t r i c  e f fect . I t  f o l l ow s  t hat when a 
hemi sphe r i c a l l y  spe c i a l i s e d  cognit ive s et i s  
adopt e d ,  and t he d i r e ct i on o f  orient at i on o f  
the p e r s on not spe c i f i e d  b y  t he exper iment e r , 
t he re w i l l  be o b s e rv ab l e  o r i enting b i a s e s  
c o nt ra l at e r a l  t o  t he act i ve hemi sphe re . ( s i c ) " 
( p . 3 5 5 ) . 

That K i n sbourne ' s  mode l s  have gu i ded the bul k  o f  CLEM 

r e s e a r ch s i n c e  1 9 7 2  can be seen in t he emph a s i s  that 

inve s t i gat o r s  have p l a c e d  upon t he presumed l i nk between 

CLEMs and l at e r a l i z at i on of cerebral fun ct i on s . I n  f a c t , 
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other t han t h o s e  studi e s  de al ing w i t h  ocu�a r  mot i l i t y  o r  the 

" gat i n g "  mode l s ,  a l l  i nve s t i gat i on s  l inking CLEMs and 

spec i f i c  c o gn i t ive act i v i t i e s  have i nvoked K i n sbourne ' s  

l at e r a l i t y  mode l t o  s ome degree . Thu s ,  there are a lm o s t  8 0  

re l ev ant s t u d ie s  ( D e  Gennaro & Vi o l an i ,  1 9 8 8 ) , amp l e  e v i dence 

to e v a l u a t e  t he mode l . 

De Gen n a r o  a n d  V i o l an i  ( 1 9 8 8 )  revi ewed 7 9  s t ud i e s  and f ound 

that wh i l e 3 7  s upported K i n sbourne ' s  mode l i n  f inding t hat 

r i ght CLEMs a c c ompanied VQ s ,  o n l y  s i x  found l e ft CLEMs in 

re spon s e  to S Q s  whi le 3 6  f ound n o  s i gn i f i c ant d i f fe r en c e s ; 

the e v i de n c e  f o r  the mode l i s  t he r e f o re de c i de d l y  equ i v o c al . 

Howeve r ,  even i f  a l l  o f  the ava i l a b l e  evi den c e  did s uppo rt 
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thi s model , i t  can only account for the hori zontal component 

o f  CLEMs . Although Kinsbourne ( 1 9 7 2 ) explained s t ares and 

ver t ical movements in t erms of balanced cerebral act ivi ty , no 

mechanism has been provided to convert equal hemi spheric 

act ivat ion into vert ical movement s . Al so , bal anced a c t ivity 

does not provide an adequate account ing of stares . I f ,  whi l e  

processing a n  SQ , both hemispheres are equally act ive , 

momentary fluctuat ions in the balance would be expec t ed to 

produce concurrent f luctuat ions in eye pos ition at a rate 

proportionate to cerebral activi ty over and above that due to 

the rest ing base rate . However , the ocular mot i l ity s tudi es 

have shown that for SQs , mot i l ity actua l ly decreases rather 

than increas e s  ( Ehrl ichman & Barret t ,  1 9 8 3 a ) . 

Furthermore , the predominance of s t ares and upward movement s ,  

rather than lateral CLEMs , in response t o  SQs sugge s t s  that 

vi sua l i sat ion and other supposed right hemi spheric funct ions 

are more evenly shared between the hemi spheres than i s  

presumed by t he model . Thi s  model there fore seems t o  apply 

only to the hori zont a l  component of CLEMs , and pos s ibly only 

t o  those CLEMs assoc i at ed with VQs . 

Even thi s restricted domain i s  o f  doubt ful u t i l i ty s i nce 

" functional distance " c an be used to account for j us t  about 

any behaviour . A s imple statement of Kinsbourne ' s i dea o f  

" functional distance " i s  that neural activi ty i n  centre A 

c an ,  as an inc identa l  byproduct ,  induce act ivity i n  c entre B 



by vi rtue o f  and in proport i on to their funct ional 

separat ion . 
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The original over f l ow model i s  not a neurol ogi cal one 

( Ehrl i chrnan & Weinberger , 1 9 7 8 )  and nor is the more recent 

f unct ional distance model . There is no logical requirement 

for one centre to be an oculomotor one or even for the two 

c ent res t o  be located in the same cerebral hemi sphere . Nor 

i s  there any requirement for the activity to be f a c i l i tative 

s ince an i nhibi t ing act ivi ty seems to be equal ly l egitimate . 

Moreover ,  act ivity between the cent res need not be in only 

one direc t ion ; two-way or even mutual act ivi ty could occur . 

Fina l ly ,  restrict ing the act ivity to j ust two centres is 

unnecessary ;  one centre can act ivate two or more c entres , 

poss ibly even a network o f  secondary centres . Current 

evidence does not support the model . For instance , in a 

p sychophy s i ol ogic�l s tudy ,  Davidson , Chapman , Chapman , and 

Henriques ( 1 9 9 0 )  f a i l ed to f i nd any correlat ion between 

f ronta l  EEG records and task related asyrnrnet ries a f t er eye 

movement art e facts had been removed . Had there been overf low 

f rom the engaged hemi sphere into the f rontal eye f i elds , then 

one would have expected at least a low correlation between 

recordings . The funct ional d i s tance model , in either its  

original or modi fi ed form ,  seems to be something o f  a " catch 

a l l " . 

Furthermore , the semi c i rcular logic that attends the 

hemi spheri c  gat ing model appl i es to this model a l s o . That 
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i s ,  the direct ion o f  eye movement s i s  explained in terms o f  

presumed hemi spheric activi ty induced by the proce s s ing o f  a 

spec i f i c  c lass o f  s t imul i  that is presumed to act ivate the 

c erebral hemi sphere that ini t iates the eye movement . 

Kinsbourne ' s cerebra l  latera l i ty model o f  CLEMs must a l s o  be 

cons idered in the wider cont ext of his 1 9 7 0  at tent ion 

gradi ent model of asymmetric cerebral funct ioning . The 

attent i onal gradient model has been ext ens ively t ested us i ng 

a wide range of vi sual , audi tory and hapt ic s t imu l i , the 

resu l t s  being mainly contrary to the model ( Bradshaw & 

Net t l eton , 1 9 8 3 ) . These studies , covering divided f i e l d , 

dichot i c  and dihap t i c  st imulus presentat ion techniques , u s ed 

a variety of methods to manipulate the attent ion gradient . 

The methods inc luded blocking the s t imul i  in one hemi space 

versus randomly d i s tribut ing them over both spaces , blocked 

or random st imulu s  categories such a s  verbal s t imuli compared 

to geometric s t imu l i ,  and priming one hemi sphere with a 

concurrent second t ask such as verbal memory load or f i nger 

t apping . In a review o f  the evidence ,  Bradshaw and Net t l eton 

men t i oned 10 studies that supported the model and 1 7  that did 

not . They conc luded that whi le there was some evidence t o  

support the not i on o f  attentional e f fects in the asyrnrne t r i es 

o f  funct ional l at erality ,  the model requires substant i a l  

modi f i cat ion . 

I t  can be seen , then , that no matter whether one regards 

Kinsbourne ' s  c erebral latera l i ty account of CLEMs as being a 



stand a l one model or as being a spec ial case o f  his 

attentional gradi ent model ,  the evidence relat ing to it i s  

decidedly equivocal . 
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Al l o f  the model s  purport ing to account for the apparent l ink 

between re f l ec t ive thought and eye movement s can be 

c ri t i c i sed on methodological grounds . Addi t ional ly ,  

Ros enberg ' s  ( 1 9 7 9 )  hemi spheric gat ing model and Kinsbourne ' s  

lateral attention model s  can be f aul ted at a more fundamental 

l evel . Both model s  presuppose that the not ion o f  latera l i zed 

hemi spheri c funct ioning i s  valid ; i f  thi s not i on is incorrect 

then the model s  bas ed upon i t  mus t  also be inva l i d . Thi s  i s  

a cruc i a l  point , the importance o f  which j us t i f i es a 

divers i on for a detai led cons ideration of the i s sue . 

Model s  of cerebral lateral ity 

The not i on that the two c erebral hemi spheres have di f f ering 

funct i ons and relat ive dominance dates from the middl e o f  the 

1 9 th c entury ( Broca , 1 8 6 5 ; Dax , 1 8 6 5 , both c i t ed in Al l en ,  

1 9 8 3 ) . S ince then , res earch in the area has increased t o  

such a n  extent that Al len noted that papers were appearing at 

the rat e  of three or four per week . Not surpris ingly , both 

the number o f  putat ively latera l i z ed funct ions and the number 

of model s  requi red to account for them is a l so quite l arge . 

Mos t  papers that contain an important mode l l ing component 

f ocus primari ly on the model ( s )  that are immediat ely related 
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t o  the author ' s viewpoint ; l ocal model s ,  as Al l en ( 1 9 8 3 ) 

c a l l s  them . For instance , Zaidel ( 1 9 8 3 ) devoted f ive pages 

t o  three model s  derived from c l inical neurology , f o l l owed by 

3 9  pages comparing the direct access and callosal relay 

model s  derived from split  brain studies . Hel l ige ( 1 9 8 7 ) 

c onsidered an averaging model , a first  home model and two 

dominance model s  wi thin a hemi spheric int eract i on framework . 

Again , S ergent ( 1 9 8 2 ) dealt briefly wi th the t radi t ional 

verbal versus visua l - spat ial dissoc i a t i on and more recent 

analyt i c al and hol i s t i c ( and derivat ive ) model s  before 

focus ing on her own sensory input model . 

Despite the l arge number o f  cerebral lateral i ty s tudies , 

there have been only a few broad reviews covering the ful l  

range o f  erstwhi l e  latera l i ty mode l s . Given the vari ety o f  

mode l s , their c l as s i ficat ion by the various reviewers i s  

somewhat idiosyncratic . Bertel son ( 1 9 8 2 ) divided the model s  

into s t ructural and dynami c ones . Structural mode l s , which 

depend upon the f ixed properties o f  the e f ferent pathways t o  

the two hemi spheres , are o f  two bas i c  types . Ei ther a 

part i cular func t ion is s t r i c t ly located in one hemi sphere , or 

the two hemi spheres di f fer in the relat ive e f f ic i ency wi th 

which they carry out the s ame func t ion . The a l ternative 

dynami c  model s  a l s o  are o f  two bas i c  types . Either 

funct i onal local i z at ion mode l s , where the right hemi sphere i s  

active ly inhibi t ed by the l e f t  hemi sphere for certain 

func t i ons , or a t t ent ional model s  in which the balance o f  

activa t i on i s  c ontrol led by a form o f  mutual i nhibi t ion . 
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Bert el s on thus recogni sed four di s t inct model s  that describe 

the mechani sms o f  cerebral latera l i zat ion wi thout invoking 

the na t ure o f  the lateral spec i a l i zat ion . Thi s  he t reated as 

an independent topic . 

Cohen ( 1 9 8 2 ) made an i dent ical ini t ial cla s s i f i cat ion but 

then further subdivided the s t ructural model s in terms of the 

nature o f  the various func t ional special i t ies . She spec i fied 

the nature o f  the spec i a l i t ies a s  the type o f  s t imulus , type 

o f  proce s s i ng ,  and stage o f  process ing thereby producing s ix 

s t ructural mode l s . 

Hardyck ( 1 9 8 3 ) adopted a di f ferent c lass i f i ca t ion in whi ch 

the anatomi cal l ocus ( s t ructural ) model s were noted wi t hout 

any a t t empt at subdivi s ion , whi l e  models based solely on the 

nature o f  the hemi spheric special i zation were a l s o  accepted ,  

albeit crit ica l ly ,  a s  l egit imate variant s o f  the s t ructural 

pathways mode l s . The dynamic model s  were a l s o  considered to 

be s t ructural variants . Hardyc k then introduced a new 

clas s i f icat ion o f  simi l ari ty mode l s . These t reat the two 

hemi spheres as dupl icate processors of l imi t ed capacity and 

few di f f erences . Two such model s  were cons i dered , the f i rst 

being Sergent ' s  ( 1 9 8 2 ) visual - spa t i a l  frequency model i n  

which hemi spheric asymme t ri es are a funct ion o f  the s t imulus 

propert ies . The second was the dual proces sor model proposed 

by Fri edman and Pol son ( 1 9 8 1 ) . In this model the two 

hemi spheres are cons idered to be independent pool s  o f  

resources , each having i t s  own unique compos i t ion and 



e f f i c i enc ies , and being c apable o f  performing any t ask 

required o f  it. 
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The mos t  comprehens ive t reatment o f  c erebral l atera l i ty 

mode l s  i s  due t o  Al len ( 1 9 8 3 ) who , in a wide ranging review ,  

made a primary di s t inct ion between unilateral and bi lat eral 

mode l s . In uni lateral mode l s  cerebral funct ions are s t r i c t ly 

l ocal i z ed t o  one or the other hemi sphere ; model s  that speci fy 

the nature o f  the functions , such as verba l -vi sua l , analyt i c ­

hol i s t ic , et c . , are subsumed under the uni lateral cat egory . 

Bilat eral mode l s ,  where more or less hemi spheric interact ion 

is presumed , are divided into four categories : cooperat ive 

interact ion mode l s ,  negat ive interact ion mode l s , para l l e l  

model s  and a l l ocat ion model s  wi th several examples o f  each 

type being examined . 

Al len ( 1 9 8 3 ) c ons idered two forms o f  cooperat ive interact ion 

mode l s ;  in one , both hemi spher�s per form the s ame funct i on 

with their f inal output being combined into a vector sum . In 

the s econd , the two hemi spheres s imultaneously per form 

di f ferent t a s k  component s  which are then combined to produce 

the f inal output . Simi l ar ly ,  two basic negat ive interact ion 

model s  were described ; unidirec t i onal inhibit ion o f  one 

hemi sphere by the other , and mutual inhibi t i on by both. 

Al len pointed out that unidirect ional inhibit ion woul d  

maximi s e  hemi spheric di f ferences which would b e  valuab l e  

where b i l at eral rivalry might occur , such as in voi c e  
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cont rol . Conversely , mutual inhibi t ion minimi s e s  hemi spheric 

di f ferences whi ch would be essent ial for symmet rical 

activi t i es such a s  walking . 

Para l l e l  model s  require that the two hemi spheres operat e  both 

s imul t aneous ly and independent ly . Al len ( 1 9 8 3 ) again 

dist ingui shed two bas i c  types , one where both hemi spheres 

perform the same func tion and the other where each performs 

quali tat ively di f ferent funct i ons or subcomponent funct ions . 

Such model s  appear t o  have been invoked mainly for the early 

s tages o f  process ing and have l i t t l e  to say about how the two 

output s are f ina l ly combined . 

The f inal c l a s s  o f  bilateral models hypothesi z e  that 

proces s ing is a l located to one or the other hemi sphere , but 

not both at onc e . Three broad clas ses can be recogni sed . 

Input model s  where a l locat ion occurs early in the proces s ,  

output mode l s  where the f inal proces s ing stages are al l ocated 

to one hemi sphere , and f inal ly , swi t ching model s  where the 

process ing i s  swi t ched back and forth between the 

hemi spheres . Al l en ( 1 9 8 3 ) des cribes several examples o f  each 

c l ass , a maj or d i s t i nguishing feature being the method 

proposed for the actual al locat ion to one or the other 

hemi sphere . For instance , priming by ei ther the s t imulus o r  

the t a s k  requi rement s ,  directed attent ion and voluntary 

s t rategy s e l ec t ion have a l l  been proposed . For pres ent 

purposes , only a few features of these examples need be 

remarked upon . I t  can be not ed that i f  a subj ect ' s  



3 5  

performanc e  approximates to an output model , the apparent 

l atera l ity that is observed may be determined by the last 

hemi sphere t o  be i nvolved s ince thi s may wel l  be the respon s e  

s elec t i on and programming s t eps . Furthermore , swi t ching 

models have problems with process ing requirement s .  For 

i nstanc e , suppose one section o f  the process mus t  be carried 

out us ing sequent i a l  steps and that thi s is done by one 

hemi sphere , whi l e  another sect ion of comparable process ing 

r equirement s i s  completed by the other hemi sphere us ing 

para l l e l  processing . It i s  easy to see that the proce s s ing 

t ime requ ired by the first hemi sphere may contribut e  

d i sproport ionat ely t o  react i on t ime ( RT )  measures compared t o  

t he other hemi sphere even though resource demands are s imi lar 

in each c a s e . 

From thi s necessar i ly brief overview o f  cerebral l at era l i ty 

model s  i t  appears that the ubiquitous di chotomisat ion o f  

cerebral funct ions c annot b e  regarded as the only , o r  even 

most l ikely , form of cerebral lateral i ty. Furthermore , there 

is a p l et hora of lateral ity model s  that purport to account 

for what i s  supposedly a coherent phenomenon . Thi s  in turn 

may lead l atera l i ty research into a range of con f l ict ing 

conc lus i ons depending upon which model i s  used ( impl i c i t ly or 

expl i c i t ly )  t o  i nt erpret the data . 

With funct ional l aterality presuppos i t i ons being at least 

controve r s i a l  i t  i s  contended here that the not ion of 

cerebra l  hemi sphere dichotomies has ,  in fact , helped t o  l ead 



CLEM studies into a cul de sa c .  I t  has done thi s di rec t ly 

via the lateral ity assumpt ions o f  Kinsbourne ' s  model s  which 

have overwhelmingly dominated the area , and indirect ly by 

interact ing wi th the methodology , which i t sel f i s  r i f e  with 

ambigui ty and incons i s t encies . 

Methodological and conceptual problems 

Reduced t o  i t s  essent i a l s , a CLEM experiment cons i s t s  o f  

asking the subj ect a set o f  que s t i ons , recording the eye 

movement s  that occur in the interval between the asking and 

the responding , then correlat ing the movements with the 

que s t i on content . Unfortunately thi s  attract ive s imp l i c i ty 

conceal s  a hos t  o f  methodological and conceptual probl ems . 

Strategic problems 
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The CLEM l i t erature that has grown up over the past 2 5  or so 

years can be character i s ed by one word : uncoordinated . 

Hi s cock ( 1 9 8 6 )  admi rably summari s ed the si tuat ion thus : 

" ( C ) LEM s tudies accumulated rather chaot ica l ly . 
The l i t erature i s  a collect ion of i solated 
report s wi th very few series o f  experiment s 
per formed s t epwi se and no careful parametri c 
st u di es . [ empha s i s  added ] . Consequent ly ,  one 
experiment typically di f f ers f rom another in 
various ways and , because experiments are not 
comparabl e ,  it is di f f icul t to pinpoint the 
reason for discrepant out comes . "  (p . 2 7 6 ) . 

Thi s s ta t ement remains s t r i c t ly app l i cable today in 1 9 9 5 . 
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Def ining CLEMs 

Prob l ems ari s e  as soon as any attempt i s  made t o  define 

and / or ident i fy CLEMs . There are three interrelated s ources 

of d i f f icul ty . What direc t ion and magni tude o f  movement , i f  

any , cons t i tutes a CLEM? What t ime interval must i t  occupy ? 

I f  mul t iple movement s occur , whi ch , i f  any , sha l l  be 

d i s regarded? Are only hori zont a l  movement s to be c l a s s i f i ed 

as CLEMs or should vert ical and diagonal movements a l s o  be 

i nc l uded? I f  s o , is a diagonal CLEM the resul t ant o f  

s imu l taneous vert ical and l ateral movement s  or i s  i t  a CLEM 

in i t s  own right ? These quest i ons have been t reated i n  

di f f erent ways by various authors .  

For example , non-hor i z ontal CLEMs have been ignored ( Borod et 

a l . ,  1 9 8 8 ;  Dei j en et a l . ,  1 9 8 6 ; Schwart z  et al . ,  1 9 7 5 ) , 

f orced into a l at eral i ty f ramework ( Berg & Harri s ,  1 9 8 0 ; 

Sari ng & Cramon , 1 9 8 0 ) , decomposed into vertical and 

hori zontal component s ( De Gennaro & Violani , 1 9 8 8 ; Ehrl ichman 

et a l . ,  1 9 7 4 ; Gal in & Ornstein , 1 9 7 2 ) , or treated as a 

s eparate phenomenon ( Kinsbourne , 1 9 7 2 ) The ocular mot i l i ty 

s tudies re ferred to ear l ier focused on stares as the 

phenomenon of interest . With stares frequent ly accompanying 

the process ing o f  SQs i t  appears that a CLEM c an be a CLEM 

when i t  does not occur . So far , then , there i s  no general 

consensus on what const itutes a CLEM . 

Even i f  a l l  eye movements and s t ares are cons idered t o  be 

CLEMs there i s  s t i l l  the problem of distingui shing one from 
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another . Subj ect s  are o f t en told t o  f ixate during the 

quest ion period or the experimenter " catches the i r  eye " . 

Given an initial cent ra l i z a t ion of the eyes , how much 

movement i s  necessary be fore f ixat ion becomes a CLEM? Kocel 

et a l . ( 1 9 7 2 ) accepted any observable movement ,  Kinsbourne 

( 1 9 7 2 ) used f ive degrees o f  movement , Dei j en et a l . ( 1 9 8 6 )  1 0  

degrees , whi l e  Rodin and S inger ( 1 9 7 6 )  required " fu l l  eye 

movement s " . Conversely , how l ong may the subj ect maintain an 

initial f ixat ion be fore a lack o f  movement shoul d  be 

c l a s s i f i ed as a s tare? Furthermore , ins t ruc t i ons t o  fixa t e  

bring the i r  own problems ; they may interfere wi th spontaneous 

eye movement s  and at the very l east wi l l  contaminate the 

experiment by making subj ect s  aware of their eyes . 

Making the complementary di s t inct ion , when does a CLEM become 

a stare , int roduces ambigui ty t o  the problem . I f ,  instead o f  

central ly f ixat ing , the subj ect i s  l ooking l e f t , s ay ,  during 

que s t ion t ime and then looks s t ra ight ahead , i s  this a s t are 

o r  a rightward CLEM? Furthermore , if t ime int erva l s  are 

cons i dered , is it a right CLEM fol l owed by a s tare and are 

they rel a t ed to the same or di f ferent stages of the task 

requirement s ?  Only one study has been found where a CLEM was 

accepted f rom a non - c entral s tart ing pos i t ion ( Saring & 

Cramon , 1 9 8 0 ) . 

The interpl ay o f  eye movement , di rect ion and t ime int erval 

make di s t inct ions even more ambiguous when the eyes move 

during que s t i oning , process ing and answering . Where 



movement s occur during a l l  three periods , the CLEM of 

supposed interest i s  sandwi ched between two other movement s 

making i t s  ident i f icat ion and relat ionship t o  part icular 

process i ng stages very uncertain . I f  one of the adj acent 

movement s is in the same direct ion as the t arget CLEM , 

i dent i f icat ion i s  a l l  but impossible . 

3 9  

The chaos of CLEM research has resu l t ed in only a few 

attempt s  t o  spec i fy the mos t  appropria t e  t ime int erval for 

detec t i ng a CLEM . These studies col l ect ively provide a good 

exampl e  of the di sorgani sed nature of the ent ire f i e l d , both 

between and wi thi n studies . 

Saring and Cramon ( 1 9 8 0 ) di st ingui shed between quest ioning , 

r e f l ec t ive and answering periods . They also recorded the 

first  CLEM in each period and the direct ional f requency o f  

a l l  CLEMs wi thin each period inc luding stares but exc luding 

vert i c a l  movement s . Raine et al . ( 1 9 8 8 ) used the same three 

t ime intervals but recorded the cumulat ive t ime within each 

peri od that was spent in making left or right CLEMs . S t ares 

and vert i cal movement s were ignored . Fal cone and Loder 

( 1 9 8 4 ) recorded the gaz e  direct ion at the end of the ques t ion 

and t hen the respect ive total  t imes spent in making l e f t , 

right , up and down movement s  over the combined reflect ive and 

answer i ng periods . Stares , however , were exc luded . Wyl er et 

a l . ( 1 9 8 7 ) were i ncons i st ent in their measures . In one 

experiment , a f t er dist inguishing among the three t ime 

periods , they recorded the i nit ial CLEM following the 
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que s t ion plus the respect ive t imes spent making l e f t  o r  right 

CLEMs during the quest i on or answering periods . In their 

second experiment , however , they recorded only the f i rst CLEM 

in the ref lective and answer periods . Stares and vert ical 

movement s were ignored . 

In addi t ion t o  the temporal di f f i culties j us t  described , 

other sources o f  art i fa c t  in the physical and social 

envi ronment of the CLEM experiment may also cause probl ems . 

For example , the interpersonal di s t ance and pos i t ion o f  the 

experimenter can inf luence resul t s  by bias ing the di rec t i on 

o f  eye movement s  as can asymmetries in the subj ect ' s  vi sual 

f i eld ( Ehrlichman & Weinberger ,  1 9 7 8 ) . 

In sum ,  the unambiguous i dent i f ication o f  CLEMs i s  a maj or 

probl em that has , as  yet , no sat i s factory solut ion . 

Stimulus quest ions 

The quest ions used in CLEM studies and the presuppo s i t i ons 

underlying their selec t i on are another source of interpret ive 

di f f i cu l t ies . A number o f  authors have noted that some 

que s t i ons are more l ikely to e l i c i t  CLEMs than others ( Argy l e  

& Cook , 1 9 7 6 ;  Duke , 1 9 6 8 ; Meskin & S inger , 1 9 7 4 ) . Ehrl i chman 

and Weinberger ( 1 9 7 8 ) summarise the pos i t ion by not ing that 

quest i ons that c a l l  for overl earned material and s imp l e  

responses seldom give r i s e  to CLEMs , but tho s e  requiring more 

comp l ex proces s i ng o ften do so . Thi s concl u s i on appears t o  

b e  p l au s ible but i s  based o n  essen t i a l ly anecdotal evidence . 
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A sys t ematic invest igat i on o f  CLEMs and quest ion di f f iculty 

has never been c arried out . Nor has the poss ibi l i ty o f  

equat ing a s tare t o  thi s fai lure t o  move the eyes when s imple 

overlea rned responses are given ever been mooted . There are , 

however ,  a f ew s tudies that may be rel evant to the i s sue . 

K l i nger , Grego i re ,  and Barta ( 1 9 7 3 ) reported that the 

perf o rmance o f  high concent rat ion t asks and choice tasks 

resu l t ed in high ocular mot i l i ty whereas l ow concentrat ion 

t asks and imagining were associated wi th l ow ocular mot i l i ty .  

May et al . ( 1 9 9 0 )  obtained a sys t ematic decrease i n  saccadi c 

extent with an increas e  in the complexi ty o f  a count ing task . 

However , Meskin and Singer ( 1 9 7 4 ) reported that CLEM 

f requency increased as mental sea rch requirement s increased . 

Thes e  report s relate more to ocular mot i l i ty than CLEMs , but 

unl ike the ocular mot i l i ty resul t s , described ear l ier ( p . 

1 3 ) ,  these a re cont radi ctory and rather confus ing . 

Ehrl ichrnan and Weinberger ( 1 9 7 8 ) a l so wri t e  that the 

assumpt ion t hat CLEM di rect ions ref lect hemi spheric asymmetry 

res t s  upon another yet as sumption . Namely , that the ques t ion 

doe s  in fact  engage the targeted hemi sphere more than the 

non- targeted one . There i s  a real danger o f  c i rcularity here 

s ince there is l i t t l e , i f  any , independent evidence t o  

support e ither assump t i on . Mos t  o f  the avai lable evi dence 

tha t  relates t o  these a s sumpt ions comes f rom CLEM s tudies 

that are predicated on these very as sumpt i ons. 
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The evidence deriving di re c t ly f rom CLEM studi es i s  o f ten 

ei ther inconc lus ive or cont radi ctory . Of the 1 9  experiment s  

catalogued by Ehr l i chman and Weinberger ( 1 9 7 8 ) , 1 0  fai l ed t o  

f ind any s i gni f icant di f ference between SQs and VQs i n  t erms 

o f  lateral CLEMs . Furthermore , the same or very s imilar 

questions were used in both success ful and unsucces s ful 

experimen t s . For instance , Ehrli chman et al . ( 1 9 7 4 ) obta ined 

di f f ering resu l t s  us ing quest ions from the success ful study 

by Kocel et a l . ( 1 9 7 2 ) . Again , Wei t en and Etaugh ( 1 9 7 4 ) and 

Gur , Gur , and Harri s  ( 1 9 7 5 ) used numeri cal quest ions with 

di f ferent out comes . Ehrl i chman and Weinberger summarise the 

pos i t ion as f o l l ows : 

" The main support for the assert ion that CLEMs 
indicate hemi spheric asymmetry is that a 
non-obvious pattern o f  resul t s  has been found 
in a number of studi es in which spec ially 
s e l ected ques t i ons appear to have 
di f ferent i a l ly a f fec t ed the direct ion of eye 
movement s . The primary reason for attribut ing 
thi s pat t ern to hemi spheri c asymmetry is that 
the l e f t  and right hemi spheres seem to be 
related to quest ion and response " ( p . 1 0 9 1 ) . 

And that : 

" In general , a rough rul e  o f  thumb seems t o  
have been that i f  a que s t ion ' s  main emphas i s  i s  
o n  verbal meaning o r  manipulat ion of words o r  
symbol s i t  i s  a left hemi sphere quest ion ; i f  i t  
involves visua l i s at i on o r  mus i c  i t  is a right 
hemi sphere question "  ( p . 1 0 84 ) . 

Even today , 1 7  years later , there seems t o  be only one s tudy 

where a del iberate attempt was made to avoid the 

c i rcularit ies i nvolved in as suming the engagement of a 

part i cular cerebral hemi sphere . Lefevre et al . ( 1 9 7 7 ) 

employed a dichotic s t imulus presentat ion in an e f fort to 
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ensure that the s t imul i did reach primarily the t argeted 

hemi sphere . CLEMs were recorded as subj ects responded t o  two 

c lasses o f  s t imu l i , verbal ( digit set s )  and non-verbal 

( environmental s ounds ) .  Right CLEMs were s igni f icant ly 

a s soc iated with both verbal st imuli and a right ear 

advantage , whi le l e f t  CLEMs were signi f icantly l i nked t o  non­

verbal s t imuli and a left ear advantage . Unfortunately , t he 

dichot i c  l i stening paradigm cannot be used as evidence for 

preferent ial act ivation of one cerebral hemi sphere over the 

o ther . The method requires that s t imu l i  be presented in 

pairs , one to each ear . Thi s  means that each hemi sphere 

receives not l e s s  than hal f of the ava i lable information , 

rendering ambiguous the main process ing locus . Furthermore ,  

the aud i t ory sys t em does not decus s ,  a s  does the vi sual 

system ;  consequent ly a lot of ips ilat eral input t o  the 

cerebra l  hemi spheres occurs ( Graham , 1 9 9 0 ) . 

In sum , i t  i s  evident that invest igators have r e l i ed on a 

form o f  face val idity conforming to generally accepted i deas 

o f  hemi spheric functioning . That these ideas may not be i n  

accordance with rea l i ty c a n  be seen by examining the resu l t s  

of  a sma l l  number of psychophysiological studies bearing upon 

the relationship between CLEMs , quest i on type and hemi spheric 

act iva t ion . 

Psychophysiological studies 

Direct evidence that SQs and VQs may s elect ively act ivate the 

cerebra l  hemi spheres has been provided by Ehrl ichrnan and 
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Wei ner { 1 9 7 9 ) . They made elect roencephalographic { EEG )  

recordings o f  int egrated alpha amp l i tudes whi le subj ec t s  

solved a series o f  verbal and spa t i a l  probl ems . A 

sign i f i cant task x hemi sphere int eract ion was found wi t h  the 

biggest change in int egrated amp l i tude occurring over t he 

l e f t  hemi sphere for spat ial tasks . Sign i f i cant main e f fects 

for both t ask and hemi sphere were a l so found . Between- and 

within - subj ect correlations were high ,  with means of 0 . 8 8 and 

0 . 7 5  respect ively . The authors considered their resu l t s  to 

be good evidence for task-related asymmetries in int egrated 

EEG amp l i tude , However ,  this study may have been 

cont amina t ed by movement arte fact s due to the use of pencil  

and paper and manipulat ion tasks . Also , no e f fort was made 

to cont rol or record concurrent eye movement s . 

A second EEG s tudy was conducted wi th subj ec t s  carrying out 

covert verbal and spatial tasks , among others ,  whi le lying 

down wi th thei r eyes closed { Ehrli chrnan & Weiner , 1 9 8 0 ) . 

Subj e c t s  rated their covert engagement in the tasks and these 

ratings were correlated wi th their EEG recordings . Covert 

verba l i s a t ion rat ings were sys t ema t i c al ly related to EEG 

asymme t ry . Al s o , tasks that could reasonably be clas s i f i ed 

as primari ly involving l e f t  or right cerebral hemi spheres 

showed c l ear di f ferences in EEG asymmetry . However , a ft er 

part i a l ing out the variance due to the subs t antial negat ive 

correlat i on between imagery and verba l isat ion , i t  was f ound 

that imagery made no independent contribut ion t o  that 

asymme t ry . Al s o , semi -part ial correlat ions wi th rat ings o f  
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c oncentrat i on were very simi lar t o  those for verba l i s at ion . 

Addi t iona l ly , a l l  semi -partial correlations for verba l , 

v i sual and concentration measures were negat ive . The authors 

c onc luded that EEG a symmetries are very sensit ive t o  the 

presence or absence o f  verbal processes but indi f ferent t o  

v i sual one s , and that a n  exc lus ive emphas i s  on a verbal ­

v i sual dichotomy i s  short sight ed . 

The apparent s ensit ivity of EEG asymmetry t o  verbal processes 

would suggest that if  EEG pot ent ials index hemi spher ic 

a c t ivat ion , then even i nci den t a l  verbal proces sing wi l l  

result i n  a symmetric act ivat ion . In short , l i s t en i ng t o  a 

question wi l l  resu l t  in asymmetric act ivat ion and thus 

i n i t iate an a s sociated CLEM . S imilar reasoning sugges t s  that 

speaking should a l s o  be associated with i t s  own unique CLEM . 

Both of these e f fect s  have been reported by Wyler et al . 

( 1 9 8 7 )  who f ound that their subj ects generally made l e f twards 

CLEMs when l i stening and rightwards whi l e  speaking . I t  has 

even been suggested that subvoca l i sation might wel l  have 

comparabl e  e f fect s  ( Davidson et al . ,  1 9 9 0 ) . 

In the two s tudies j ust described , no e f fort was made t o  

mat ch the t asks psychometrical ly , nor were di f f erent 

e l ectrode p lacement s and references examined . I f  t asks are 

not equated for demands and di f f i culty , a symmet r i c  activa t i on 

o f  the cerebral hemi spheres may be due to task demands rather 

than the i r  vi sual or verbal c ontent . Al s o ,  l i t t l e  has been 

done to determine those electrode placements that give the 



mos t  rel i able EEG measures , and the re ference elect rode 

placement remains a cont rovers ial issue ( Davidson et a l ., 

1 9 9 0 )  . 

Some o f  these methodo l ogical weaknesses were examined by 

Davidson et a l . ( 1 9 9 0 )  using psychometrically mat ched tasks 

of dot loca l i sation ( vi sual ) and word mat ching ( verbal ) .  

Lef t  and r i ght EEG recordings were taken f rom f ront a l , 

central and parietal s i tes using both vertex and averaged 

ears references . Recordings were made in the alpha , be t a ,  

del t a  and t h e t a  f requency bands and a l l  movement arte facts 

were removed prior t o  analys i s . 
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Three o f  their resul t s  are o f  immediate concern . F i r s t ly ,  

the spectra l  power o f  the electrical pot ent ials f rom the 

hemi sphere t hat was putat ively engaged was always reduced . 

Thi s  f inding i s  cons i s t ent with the resul t s  o f  Ehr l i chman and 

Weiner ( 1 9 8 0 ) . Secondly , it i s  relative suppres s ion o f  power 

that i s  a s s oc iated wi th task performance . Thi s  imp l ies that 

both hemi spheres are act ivated rather than only one o f  them . 

And thi rdly , c entral and parietal asymmet ry was more highly 

corre l a t ed with task performance than was f rontal a symmetry . 

I n  fact , no f rontal correlations approached s i gni f i cance . 

Thi s  i s  a mos t  important point , s ince , i f  the f ronta l  eye 

f i elds a re i nvolved in the product ion of CLEMs associat ed 

with l a t era l i zed cognit ive proces s ing , then asymmetric 

act iva t i on of  the frontal cort ical  regions should correlate 

wi th t a s k - re l at ed EEGs . 
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Taken t ogether , the findings o f  Erhli chman and Weiner ( 1 9 7 9 ,  

1 9 8 0 ) and o f  Davidson et a l . ( 1 9 9 0 ) provide evidence for the 

asymmet ric activation of the left c erebral hemi sphere when 

engaged in verbal tasks . Visual t asks , on the other hand , 

appear to resu l t  in a more symmetric act ivat ion o f  the two 

hemi spheres , rather than a predominat ely right hemi sphere 

act i vat ion as is usual ly as sumed . 

Ther e  are , however , reservat ions t o  be made regarding thi s 

evidenc e .  Tasks were present ed vi sua l ly by both Ehr l i chman 

and Wei ner ( 1 9 7 9 ) and Davidson et a l . ( 1 9 9 0 ) , whereas in CLEM 

s tudi e s  spoken questions are used . The equivalence o f  verbal 

and vi sual presentat ions has not , as  yet , been invest igated . 

In t he Ehrl ichman and We iner ( 1 9 8 0 ) report , the authors 

rel ied upon their subj ect s ' as sert ions that they had i n  fact 

engaged in the a s s igned t ask . Al so , eye c l osure merely 

prevented external vi sual stimulat ion ; i t  did not nec e s s ar i ly 

prevent cont aminat ion wi th covert eye movement s .  

In two of these psychophys iological studies , e f fort s were 

made to avoid contamina t i ng the EEG measures with eye 

movement art e f ac t s . Thi s  prevent ed an invest igat ion o f  any 

rel at ionships between CLEMs and select ive hemi spheri c  

act ivation ,  especially t emporal ones . Only two s tudie s  have 

been found that addres s the put at ive relat ionship between 

CLEMs and hemi spheric act ivation as indexed by EEG 

recordings . 
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I n  the f i rst o f  thes e ,  Warren and Haueter { 1 9 8 1 ) measured 

lateral alpha EEG potentials  concurrently with EOG records o f  

the CLEMs associated wi th VQs and SQs taken di rec t ly from the 

CLEM l i t erature . The t ime int erva l s  used in the analys i s  

were t he two seconds immediately preceding the peak EOG 

def l ect i on and the two seconds fol l owing a one s econd 

interval a fter the peak EOG def lect ion . The only signi f i c ant 

result was an int era c t i on between the CLEM direct ion and t he 

t ime int erval . Thi s  was due to an increase in alpha EEG 

asymmet ry from pre - t o  pos t -CLEM when a rightwards eye 

movement was made . The authors conc luded that task rel a t ed 

alpha EEG asymmet ry may depend upon concurrent eye movement s , 

the e f f ec t  of  such movement s a l so being asymmetric . 

In a s imi lar experiment , Neubauer , Schulter , and 

Pfur t s che l l er { 1 9 8 8 ) used synonyms and orient ing tasks for 

their VQs and SQs . An interest ing f eature of the i r  stimul i  

was that only one word was requi red for both presentation and 

respons e .  That i s , for VQs , subj ects were requi red to 

provide a synonym t o  a one word st imulus , whi l e  for SQs , they 

named the di rect ion o f  landmarks relat ive to a f ixed 

ref erence point . Requi ring s ingle words only for both t a s k  

present a t i on and responses would have reduced the pos s ibi l i ty 

o f  contaminat ing task performance wi th ext raneous l anguage 

proces s ing . EEG power measures were taken f rom s everal 

bi l at eral s calp s i tes concurrent ly wi th EOG records o f  

hor i z onta l  CLEMs , a l l  measures spanning several t ime 

interva l s . Subj ects f ixat ed centra l ly whi l e  the s t imuli were 



present ed . The EOG records were used t o  c las s i fy the 

subj ect s  into left , right or bidirect ional eye movers . 
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There wer e  no signi ficant interact ions involving CLEM 

direc t ion , cerebral hemi sphere or task for any o f  the ear l i er 

t ime int ervals up t o  and inc l uding the f irst CLEM . Also , 

most import ant ly , there were no signi f i cant e f f e c t s  at a l l  

involving bidirec t i onals o r  the EEG measures taken from 

ei ther the frontal regions or concurrent ly wi th SQs . 

S igni f i c ant resul t s  were res t ricted t o  the one s econd 

interval before the responses made to VQs by l e f t  and right 

movers .  Left mover s  showed a signi f i c ant right hemi sphere 

act ivat i on in the t emporal -parietal regions for synonyms 

immedia t e ly prior t o  their responses . Right mover s  showed a 

( nons igni f i cant ) trend in the opposite direct ion . Simi lar 

but nons igni f icant t rends were found for central EEG 

recordings for both groups . The authors conc luded that a 

cont ra l at eral CLEM might wel l  be a necessary precursor t o  

t ask r e lated asymmetric cerebral act ivat ion . 

One f inal psychophys iological study i s  rel evant t o  this 

discus s ion . Biggins , Turet sky, and Fein ( 1 9 9 0 ) used EEG 

record i ngs in conj unct ion wi th a divided field choice RT t a s k  

t o  inves t i gate pos s ible loci for imagery . They f ound no 

evidence for hemi spheric a symmetries for either vi sual 

perceptual proces s ing or imagery . 
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The results f rom these s ix psychophys iological studies 

display a number o f  important cons i s tencies . Firs t ly ,  the 

f ive that used verba l tasks a l l  f ound s imi lar task - re l ated 

EEG a symmetries . Secondly , in four of these f ive s tudi es , 

the a symmetries were ent i rely a t t ributabl e t o  the a c t ivation 

o f  the left hemi sphere when using verbal mat erial . 

Convers ely , in f ive out o f  the s ix studies vi sual - spa t ial 

mat erial resul t ed in symmetrical act ivation o f  the c erebral 

hemi spheres . Thi rdly , the two s t udies that recorded EEG 

power from several pos i t ions found no evidence for a symmetric 

act ivation o f  the frontal cortex . Fina l ly ,  both of the 

studi es recording obs ervat ions over several t ime int erva l s  

reported that a symmetric act ivation fol l owed the f i r s t  CLEM . 

Thus , i t  can be noted that while there i s  independent 

evi dence that a VQ can result in more act ivat ion of the left  

cerebral hemi sphere compared to the right one , an SQ is  more 

likely to produce symmet rical act ivat ion . Therefore , 

inve s t i gators ' rel iance on the presumed face validity o f  

que s t i on cont ent i s  only part i a l ly j us t i f i ed . Unfortunately ,  

even part ial j us t i f i cat ion i s  made suspect by the pos s ib i l i ty 

o f  a l t ernat ive process ing s t rategies . 

Cognit ive strategies and laterality 

The process ing s trategies used by a part icular subj ect 

provide a further s ource o f  uncertainty in relat ing CLEMs to 

cogn i t ive proces ses . Kinsbourne ( 1 9 7 2 ) notes that the t asks 

used in CLEM experiment s can often be solved in more t han one 

way . By way o f  i l lus t ra t ion ,  Norman ( 1 97 6 )  l i s t s  several 
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s trat egies t hat have been used a s  memory a ids ; these include 

vi sua l i sa t i on , rhymes and word as sociat i ons . Desp i t e  thi s , 

only one CLEM s tudy has made a sys t ematic attempt t o  control 

subj ects ' process ing s t rategies ( Lemmpert & Kinsbourne , 

1 9 8 2 ) . Thi s  l eaves open the pos s i bi l i ty that di f ferent 

process ing s trategi es may have con founded the outcome of many 

s tudies . 

Even i f  a l l  subj ect s  use the same process i ng strategy ,  the 

s t rategy may contain s everal di f ferent s t ages , each requiring 

more or les s i nput from the two cerebral hemi spheres . For 

i n s t ance , a vi sual c l as s i f icat i on task may require ext ens ive 

vi sual proc e s s ing pri or to a f inal verbal c las s i f icat i on 

s t ep . The evidence from the psychophysiological s tudi e s  

d i scussed e ar l i er suggests that while the vast bul k  o f  the 

p rocess ing , being vi sual , is symmetrically di stributed acro s s  

t he two hemi spheres ,  any verbal act ivi ty wi ll produce an 

e f f ec t ive c erebral asymmetry that may di s guise the actual 

p rocess ing requirement s .  Divided VF experiment s by Servos 

and Peters ( 1 9 9 0 ) are direc t ly relevant t o  thi s poi nt . 

Subj ect s  were requi red to categor ize st imu l i  that contained 

s trong vi sual depth cues . React i on t imes demons t ra t ed a 

c on s i s t ent r i ght VF ( RVF ) advant age and therefore a 

( presumed ) l e f t  hemi sphere advantage . Thi s  may wel l  have been 

due solely to the superior verbal abi l i t ies of the l e f t  

hemi sphere i n  the f inal categori sat ion s t age . Bertel son 

( 1 9 8 2 ) di s cu s ses thi s  potent i a l  confound , not i ng a l so that 

many s tudi e s  have shown that the same s t imulus material can 
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give ri s e  t o  di f ferent lateral i ty patt erns depending upon the 

process ing requi remen t s . I t  there fore seems reasonable t o  

ask whether i t  h a s  been demons t rated that any o f  the tasks 

used in CLEM s tudi es are in fact proces s ed mainly by one or 

the other hemi sphere . 

The dangers o f  assuming that one or the other cerebral 

hemi sphere i s  pref erent i a l ly engaged when a subj ect carries 

out a given task can be i l lus t rated with reference to visual 

imagery experiment s . A frequent ly used SQ aimed at the righ t  

hemi sphere i s  t o  ask the subj ect to imagine some obj ect or 

place , as  Kinsbourne ( 1 9 7 2 ) and Gur ( 1 9 7 5 ) did . However , 

t here have been doubt s raised about imagery being a right 

hemi sphere funct ion ( Ehrl i chrnan & Barret t ,  1 9 83 b ) . Evidence 

for imagery being a l e f t  hemi sphere funct i on has been found 

by Farah , Ga z z aniga , Hol t zman and Kosslyn ( 1 9 8 5 ) from a spl i t  

brain subj ect and Farah ( 1 9 8 6 ) from normal subj ect s . But 

these studi es have been contradi cted , f i r s t ly by Sergent 

( 1 9 8 9 ) who f ound a r i ght hemi sphere advantage using normal 

subj ect s , and then by Sergent and Corbal l i s  ( 1 9 9 0 ) test ing a 

spl i t  brai n  pat i ent who demonstrated equal imaging abi l i ty by 

the two hemi spheres . Fina l ly ,  Biggins et a l . ( 1 9 9 0 ) , us ing 

EEG recordings in conj unct ion wi th a divided field cho i ce RT 

t a s k  t o  inve s t igate pos s ible loci for imagery , found no 

evidence for hemi spheric imagery asymmet ries . The imp l i c ­

a t ion i s  that other presumed hemi spheric spec i a l i s at ions may 

a l so be doubt ful . 
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I n  the l ight o f  the foregoing methodol ogical and theoret i cal 

analysi s ,  26  years of CLEM research can be summari sed as 

follows . Individual s  are general ly consistent or habi tual in 

the eye movement s that they make when engaged i n  r e f l ec t ive 

thought . Thei r  eye movement s appear t o  be modi f i ed by both 

the l ong term and situat ional propert i es of thei r  visual 

f ield . Verbal thought tends to be accompanied by hori zont a l  

movemen t s  with a rightwards bias whi le visual thought t ends 

to be accompanied by fixed s t ares or upwards movement s . 

Fina l ly ,  not even a part ial ly adequate account i ng for 

reflect ive eye movement s has been o f fered so far . 

I t  appears that methodological and conceptual problems 

coup l ed with an unwarranted emphas i s  on l ateral eye movement s 

have i nhibi ted any maj or advances in CLEM research . By 

emphas i z ing l a t eral eye movement s ,  pot ent ially valuable 

informat ion obta inabl e from stares and vert ical or diagonal 

CLEMs has been neglected . By way o f  i l lustrat i on and for the 

moment disregarding the ocul ar mot i l ity studies , only four 

report s have been found where nonlateral CLEMs received the 

same prominence as lateral ones ( De Genarro & Vio l ani , 1 9 8 8 ; 

Ehrl ichman et a l . ,  1 9 7 4 ; Gal in & Orns t ein , 1 9 7 2 ; Kinsbourne , 

1 9 7 2 ) . Al l other studies have focused almost exc lus ively on 

lateral CLEMs , even to the extent of select ing out tho s e  

subj ec t s  who produced mos t ly nonlateral CLEMs ( e . g . , Borod e t  

al . ,  1 9 8 8 ; Wal ker , Wade , & Waldeman , 1 9 8 2 ) . Where such 

subj ect s  were reta ined , l it t le attent ion was paid 

subsequent ly t o  them ,  or a s trained c lassi ficat ion was used 
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t o  incorporate them into a latera l i ty framework ( e . g . , Gur , 

1 9 7 5 ) . Due t o  thi s bias , s tares , upwards and hori zontal  

CLEMs t hat accompany SQs have been reported on only t hree 

occasions ( Dei j en et al . ,  1 9 8 6 ; Kinsbourne , 1 9 7 2 ; MacDonal d  & 

Hi scock , 1 9 8 4 ) . The selec t ive report ing of data t ogether 

with cul l ing o f  subj ect s  prevent s one knowing the ext ent to 

which s tares and/ or upwards CLEMs a c company SQs . Such bias 

has di s c ouraged careful parametric s tudi es and may wel l  have 

prevented the development o f  more valid mode l s . In view o f  

the experimenta l  di f f i cul t i es and theoret ical shortcomings 

out l ined above it is apparent that a fresh approach to CLEM 

research i s  needed . 

Reverse CLEMs : a different approach 

As a f i r s t  s t ep in devel oping a new perspect ive on a pos s ibl e 

relat ionship between CLEMs and re f l e c t ive thought , i t  can be 

noted that certain CLEMs di scriminat e  between SQs and VQs at 

better t han chance level s ,  substant i a l ly so in some cases . 

There are a t  l ea s t  two reasons for t hi s . Fi r s t ly ,  CLEMs may 

be regular by-product s o f  cognit ive process ing that can serve 

as diagno s t i c  i ndi cators of those proces ses . Thi s  i s  where 

CLEM research began . The s econd sugges tion i s  that eye 

movement s may be funct i onal acces sories to certain cogn i t ive 

proces ses . Two p sychophys iologi cal s tudies have shown that 

eye movement s  c an precede a symmetric cerebral act ivation . 

Thi s  fact  promp t ed the suggest ion that eye movement s might be 

a prerequ i s i t e  for asymmetric act iva t i on ( Neubauer et a l . ,  
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1 9 8 8 ; Warren & Haeut er , 1 9 8 1 ) . Al so , Rosenberg ( 1 9 8 0 )  showed 

t hat a wide range o f  SQs , VQs and combined tasks s e l ec t ively 

interfered wi th ongoing optokinetic eye movements . Taken 

t ogether , these fac t s  sugges t that there might wel l  be a 

rec iprocal relat ionship between reflect ive eye movement s and 

c ognit ive a c t ivi ty . I f  thi s were so , t hen del ibera t e ly 

g a z ing in one part i cular direc t i on ( a  reverse CLEM ) , would be 

expected select ively t o  a f fect that act ivity .  

Kinsbourne ( 1 9 7 3 , 1 9 7 5 ; Kinsbourne & Hi cks , 1 9 7 8 )  has 

repeatedly made s imi lar predic t i ons , hi s most recent 

s tatement being : 

" . . .  t he l ogi cal predi ct i on that orienting in one 
di re c t i on shoul d  favour the immediat ely 
subs equent spec iali sed cogni t ive proces s ing o f  
the hemi sphere that programmed the orient ing , 
rather than o f  the alt ernative hemi sphere " 
( Kinsbourne & Hicks , 1 9 7 8 ,  p .  3 5 6 ) . 

I n  other words , i f  the subj ect l ooks right , for exampl e ,  then 

performance when answering a VQ wi l l  be enhanced c ompared t o  

l ooking e l s ewhere . In terms o f  both Kinsbourne ' s ( 1 9 7 0 ) 

attentional gradient model and ( 1 9 7 8 ) funct ional d i s t ance 

model thi s wi l l  occur because the l e f t  f rontal eye f ields , 

being responsible f o r  the cont ralateral eye movement ,  wi l l  be 

activated . Thi s  act ivation wi l l  overf l ow into adj acent areas 

of the l e f t  cerebral hemi sphere thereby priming o r  otherwi se 

facilitat ing its f unct ioning . The right hemi sphere , however , 

wi l l  not be so f ac i l i t ated ; henc e ,  a l e f t  hemi sphere 

advantage wi l l  be obs erved . 
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Several s tudies , some o f  whi ch were based on Kinsbourne ' s  

p redi c t i ons , provide support , both direct and indirec t , for 

the i dea that gaze pos i t ion { G P )  may af fect task performance .  

I n  mos t  cases the e f fec t s  were concordant wi th Kinsbourne ' s  

p redi c t ions . Unfortunat ely , however , methodological f aults 

res t ri c t  the conclus ions that can be drawn f rom mos t  of these 

s tudi es . 

In three experiments , Hines and Mart indal e  { 1 9 7 4 ) used gogg­

les wi th part i a l ly covered lenses t o  di rec t subj ec t s ' gaze 

s ideways whi l e  tests of creat ivi ty , spat i a l  abi l i ty ,  and 

abs t ract ion were admini st ered . On five creat ivity t es t s , 

l e f t  l ooking males performed bet t er than right looking males , 

and on two abs t ract ion tests  the right l ooking group perfor­

med bes t . The same t e s t s  admini s t ered to f ema l e  groups resul ­

t ed in a uni fo rm right l ooking advantage . Overa l l , only two 

out o f  nine compa�isons were s igni ficant { males on a c reat ­

ivity t est and on a spa t i a l  tes t ) . The fact that s t ronger 

e f f ec t s  were not found may have been due to methodo logical 

weaknes ses . Part ially covered l enses would have forced the 

subj e c t s  t o  l ook away f rom their midl ines , but to complete a 

penc i l  and paper tes t , they would almost certainly have 

t i l ted t he i r  heads in the oppos i t e  di rect ion to maintain a 

comfortable wri t ing pos ture . Both Kinsbourne { 1 9 7 2 ) and 

Lernmpert and Kinsbourne { 1 9 82 ) cons ider head and eye turning 

as bei ng equival ent ; cons equent ly , in Hines and Martindal e ' s  

s t udi es i t  i s  l ikely that the two were confounded , and wi th 

opposed e f fect s .  Furthermore , eye movement s  during 
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ref l ect ive thought were uncontrol l ed and the ent ire 

experiment may have been contaminated by the head being bowed 

into a wri t ing pos i t ion . 

Gros s ,  Franko , and Lewin ( 1 9 7 8 ) carried out an intrigu ing 

s tudy in which subj ects were asked to ident i fy the odd word 

out o f  a set o f  three . Reasoning that the recogn i t i on o f  

semant i c  di f ferences i s  a left  hemi sphere funct ion and that 

rhyming di f f erences would be media t ed by the right 

hemi sphere , sets  of mixed homonyms and synonyms were used . 

An example is : WATCH , CLOC K ,  BLOCK . The dependent measure 

was the number o f  rhyming choices made when the subj ec t ' s  

eyes were directed to the left or right as required by the 

experimenter . A s igni f i cant increa s e  in rhyming cho i c e s  was 

made by right handed subj ects l ooking l e f t  compared t o  

looking right . Unfortunately ,  thi s experiment was a l s o  

poorly control �ed . Subj ec ts were s imply told t o  ga ze l e f t  or 

right . Whether t o  turn their eyes , or head , or both was not 

indi cated , and nor was the angle of gaze . Worse s t i l l , 

because the experimenter s at behind the subj ect s , there was 

no moni toring o f  the gaze for direct ion , extent or dura t ion . 

Furthermore , t here i s  evidence that the right hemi sphere i s  

unabl e t o  recogn i z e  rhymes ( Levy & Trevarthen , 1 9 7 7 , c i t ed i n  

Bradshaw & Net t l eton , 1 9 8 3 ) ; so the as sumptions under lying 

the choice o f  task may be false . 

The third study was made by La Torre and La Torre ( 1 9 8 1 ) who 

used i t ems taken f rom the WI SC wi th 1 0  year old chi ldren as 
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subj ect s . They were asked t o  look at pos i t i ons on the 

surface o f  a table set between subj ect and experimenter . The 

pos i t i ons were ei ther dire c t ly in f ront o f  the subj ect or 4 5  

degrees t o  the l e f t  o r  right . The only s igni f i cant e f f ec t  

f ound was a decrea sed performance o n  spat ial i t ems when 

l ooking right compared to l ooking s t raight ahead . Thi s  i s  

cons i s t ent wi th Kinsbourne ' s model s  i n  that ins t ead of a 

c ont ral a t eral faci l i tat ion , an ips i lateral decrement was 

obta ined . In this experiment ,  the nominated ga z e  di rec t i ons 

would have been contaminated by the requi rement t o  l ook 

downwards onto the t op of a desk . 

Casey ( 1 9 8 1 ) used vi sua l  presentation o f  s t imul i  with 

s ubj ect s  l ooking 2 0  degrees t o  the l eft or right . Stimu l i , 

exposed for 2 0 0  ms ec , were presumed select ively t o  invol ve 

t he func t ions o f  the two cerebral hemi spheres . For the l e f t  

hemi sphere task , or VQ analogue (VQA ) , subj ect s  were required 

to dec i de whether or not an upper case l etter and a lower 

case one represent ed the same l etter . The two l et t ers 

appeared t ogether at the des ignated f ixat i on point . For the 

presumed right hemi sphere task , or SQ analogue ( SQA ) , the 

l et t ers were rep laced by two squares enclos ing dot s . A 

s ame - di f ferent cho i ce was requi red . RTs for the SQA were 

s i gni f i c ant ly faster when the subj ect s  looked left than when 

they l ooked right . No e f f ec t  was found for the VQA . The 

c l arity o f  these resul t s  was pos s ibly impai red by the VQA and 

SQA t r i a l s  being randomly intermixed , and the fact that s ome 

t ri a l s  were cued and others uncued with respect t o  their 
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nature . There i s  some evidence that random int erleaving o f  

c ondi t ions may attenua t e  experimental e f fects ( Ragot & 

L e s evre , 1 9 8 6 ) .  At the same t ime , becaus e  foveal 

presentat i on provides both cerebral hemi spheres wi th the 

rel evant i n format ion , nothing c an be said about asymmet rical 

act ivat ion and task per formance .  

Bri e f  vi sual presenta t i on o f  high and l ow imagery paired 

a s sociate words des igned to engage right and l e f t  hemi spheres 

r espect ive ly was used by Onken and Stern ( 1 9 8 1 ) . The 

s t imulus word of each pair appeared at a central f ixat ion 

point whi l e  the assoc i ated word appeared to the l e f t  or right 

o f  the s t imulus forcing the subj ect to a t t end t o  l e f t  or 

r ight o f  f ixation . Cued rec a l l  was asses sed us ing a wri t t en 

t es t . No e f fects o f  l ateral eye movement on reca l l  were 

f ound , whi ch is hardly surpri s ing cons i dering the poor 

experiment al control . Sit ing the target word t o  the l e f t  or 

r i ght of t he centra l ly pos i t i oned stimulus word was suppos ed 

t o  force t he subj ec t s  to attend to the right or l e f t , but the 

authors note that the two words could be read wi thout eye 

movement s . With the t arget word being presented adj acent t o  

the centr a l  s t imulus word , this would have produced divided 

f ie l d  condit ions of unknown and variable ret inal 

eccentr i c i ty .  Thus , contrary t o  the authors ' c la im ,  thi s 

experiment probably had l i t t l e  t o  do wi th reverse CLEMs . 

Wal ker e t  al. ( 1 9 8 2 ) adopted a more conventional method by 

a sking SQs and VQs whi l e  their subj ect s  f ixat ed l e f t , r i ght 
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o r  centre , wi th respon s e  lat ency a s  the dependent measure . 

They a l so inc luded a normal CLEM condit ion . By including 

c ent ral f ixa t i on they were abl e to show t ha t  VQs were 

s i gni f i cant ly faci l i ta t ed by right looking compared t o  the 

other two pos i t ions but that SQs were s igni f i cant ly inhibi t ed 

by right ( ip s i latera l ) l ooking . These resu l t s  part i a l ly 

support ed Kinsbourne ' s  models . Thi s  report is a good examp l e  

o f  the ext ent t o  whi ch Kinsbourne ' s  model has impai red CLEM 

research . Wal ker et a l . used the normal CLEM condi t ion to 

remove the bidi rect ional or non-movers prior to analyz ing t he 

reverse CLEM resul t s . Had they correlat ed a l l  normal CLEMs 

wi th a l l  reverse CLEMs they might wel l  have answered their 

own query regarding the pos s ible ins trumental value of CLEMs . 

Face recognit ion and word recognit ion were used by Tressoldi 

( 1 9 8 7 ) as SQAs and VQAs when he inves tiga t ed the e f fect  of  GP 

on t ask performance . Tachi stoscopic presentation was 

s imulated using ei ther a s l ide proj ector or a comput er 

monitor . In the f ir s t  o f  three experiment s  subj ect s  were 

requi red to di s crimina t e  between words and pronounceable 

nonwords wi th reac t i on t ime as the dependent measure . Four 

groups were used : men , women , boys and girl s . The relevant 

s i gni f i cant resu l t s  were that girls made f ewer errors when 

l ooking l e f t  than l ooking right , men and boys made faster 

responses t o  all  st imu l i  when looking right compared t o  

l ooking l e f t  whi l e  women made faster responses to non-words 

when l ooking l e f t . Thi s  experiment was repeated u s i ng only 
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men , but wi th the addi t ion o f  the central eye pos i t ion . The 

e f fect o f  l e f t  or right GP was the s ame as in the earl i er 

experiment . However , the inc lus ion of the central GP 

revealed that the di f ference between the two hemi spaces was 

due to retarda t ion in the left  hemi space compared to the 

centr a l  pos i t i on ,  rather than fac i l i tat ion in the right 

hemi space . I n  the third experiment , face recognit ion was 

used a s  an SQA wi th adu l t s  as subj ects . For both sexes , RTs 

were s i gni f i c ant ly faster in right hemi space for known faces 

and i n  left hemi space for unknown faces . These resu l t s  

cannot be int erpreted in t erms o f  cerebral hemi sphere 

act iva t ion because with foveal present at ion both hemi spheres 

woul d  have been engaged . 

In an unusual experiment , subj ect s ' percept ions o f  their own 

heartbeat s were invest i gat ed when f ixat ing 3 0  degrees l e f t  or 

right o f  c ent re (Wei s z , Balaz s , Lang , & Adam , l 9 9 0 ) . Subj ect s  

who habitual ly gave either left  o r  right CLEMs had more 

accurate perc ept ions when looking left  compared to looking 

right . No such ef fect was found for those subj ect s  who were 

incons i s t ent in the direct ion of their CLEMs . As the authors 

not e , the experiment required that subj ect s  engage in t ime 

percept ion and select ive attent ion ,  both t asks being 

potent ial confounds . Also , they suggest that the innervation 

o f  the heart may di f fer between the two cerebral hemi spheres 

and t hat thi s may interact wi th directional a t t ending . 
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A report t aken f rom the st imulus - response ( S-R ) compat ib­

i l ity l i t erature i s  rel evant here . Bowers , Hei lman , and Van 

Den Abl e  ( 1 9 8 1 ) used a divided VF and s imple RT paradigm with 

a go -no go response to invest igate hemi space-hemi f i e l d  

compat ibi l i ty e f fects . St imulus l i ghts appeared to l e f t  o r  

right o f  f ixat ion when the eyes were turned 3 0  degrees t o  

left  or right o f  the body midline . A s igni ficant intera c t i on 

between hemi space and vi sual hemi f i eld was found . Compared 

t o  the body midl ine , a right GP s lowed the RTs for both VFs 

by about 1 8  ms ec . On the other hand , a l e f t  GP s l owed RVF 

RTs by 2 6  msec but had no signi f i cant e f fect on RTs for the 

l e f t  VF ( LVF ) . Thi s  e f fect disappeared with pract ice . 

Although the resul t s  demonstrated a l ink between GP and 

performance , interpret ing them in terms of asymmetrical 

cerebral act ivat ion i s  di f f icult becaus e wi thin an 

experimental s e s s i on ,  all trials were presented in the one VF 

so that biased a t t ending t o  one VF would have occurred . 

Al so , because f ixat ion was not control l ed surrep t i t ious eye 

movement s  may have contaminat ed the results by int erfering 

wi th retinal eccent r i c i ty . 

Only two s tudi es are known where GPs on the vert ical midl ine 

have been inves t i gated . In the first  o f  these , His cock , 

Hampson , Wong and Kinsbourne ( 1 9 8 5 )  employed a dicho t i c  

l i s tening t a s k  whi l e  subj ects made e i ther a 3 0  degree 

hori zontal eye movement to l e f t  or right or 15 degree upward 

movement ,  returning their eyes to the central pos i t ion before 

responding . Two experiments , one us ing consonant -vowel 
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syl labl e s  the other using mus ical st imul i ,  were c arried out . 

Musical locali sat i on was s i gni ficant ly bet ter when ear and 

hemi space were congruent than when they were incongruent but 

i dent i f icat ion was s igni fi cant ly bet ter when the eyes were 

moved ver t i c a l ly compared to hori zontal ly . Verbal s t imul i  

p roduced no s igni f ic ant e f fec t s . Also invest iga t ed were the 

e f fec t s  of induced OKN on auditory ( verbal ) proc e s s i ng ,  an 

experiment that was derived from Rosenberg ( 1 9 8 0 ) who 

i nvest igated the e f fect of cogni t ion on OKN . Eye movement s 

had no e f fect on r i ght ear performance but signi f i cant ly 

a f fected l e f t  ear performance .  Compared to a central rest 

pos i t ion , right to left nys tagmus impaired recal l  accuracy 

whi le l e ft t o  right nystagmus enhanced i t . The authors 

a t tribut ed their fai lure to obtain de finitive resu l t s  from 

the f i r s t  two experiment s t o  their randomi sing eye movement 

direct ions instead o f  blocking them . Another poss ible reas on 

for the ambiguous resul ts was that the eye movement away from 

c entre f or each s t imulus presentation was fol l owed 

immediat e ly by a return to c entre before making the response .  

Thus , two opposed movement s were confounded with a gaze 

direct i on t ogether with the possible interference due t o  

verbal responding . The use o f  a dichot ic l i s t ening task a l so 

means t hat informat ion was provided t o  both cerebral 

hemi spheres ( Graharn , 1 9 9 0 ) . 

Andreas en ( 1 9 8 8 ) employed a divided f i e ld two choice RT 

paradigm with ver t i cal , hori zontal , central and diagonal eye 

pos i t ions . A s i gni fi cant e f fect o f  verti cal GP was found , 
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mos t ly due t o  s lower RTs when l ooking downwards . No VF 

di f f erences were as soc iated with vert ical GPs . A s igni f i cant 

hori zonta l  right to l e f t  improvement in performance was found 

for the LVF and a s imi lar but nonsignifi cant t rend for the 

RVF. No support was found for Kinsbourne ' s  ( 1 9 7 2 ) model. 

Clarity of the results was impai red by a complex three-way 

intera c t i on . Thi s  was a t t ributed t o  a combinat ion o f  S -R 

compat ibi l i ty and individual vari abi lity. The methodology 

was f l awed by having the angles in the ver t i ca l  plane blocked 

whi l e  the angles in the hori zonta l  plane were randomi s ed 

across t rial s .  Also , eye f ixat ion at the beginning o f  each 

t rial was uncont rol led . 

None o f  the preceding s tudi es appeared to use proper head 

rest raint s ,  and chin rests were used in only a few cases so 

that covert or minimal head turn may have occurred . Thi s  is 

a poten t i a l ly important point because Kinsbourne ( 1 9 7 2 , 1 9 7 5 ; 

Lemmpert & Kinsbourne , 1 9 8 2 ) appears to regard head and eye 

turning as equ ival ent. Thi s can be seen in two studi es 

whi ch , he c l a ims , provi de support for the l atera l i ty model as 

appl ied t o  the eye movement fac i l i t ation o f  task performance. 

In one experiment ( Kinsbourne , 1 9 7 5 )  a pai red assoc i a t e  

l earning task was used . The response measure was the t ime 

t aken t o  turn t he head , on cue , in one direc t i on or the 

other , l ocate a vi sual ly di splayed probe and respond 

verba l ly . Ini t ia l ly ,  recal l  was s i gni ficant ly superior for 

right G P ,  but a ft er 32 trials i t  was replac ed by a 

s i gni f i cant l e f t  GP superiority . Kinsbourne interpreted hi s 
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r e s u l t s  a s  indi c at i ng that i n i t i a l l y  a v e rbal re c a l l  s t r a t e gy , 

me di ated b y  the l e ft hemi sphe re , was u s e d . Wi t h  p r a c t i c e  t h i s  

b e c ame ove r- l e a rned and was r e p l aced b y  a right m e d i a t e d  

v i s u a l  r e c ogn i t i on st rategy . 

The s e c o n d  o f  h i s  s t udies ( Lemmpert & K i n sbourne , 1 9 8 2 )  i s  t he 

o n l y  one whe re a de l iberat e a t t empt wa s made t o  c ont r o l  the 

s ub j e ct s '  p r o c e s s i ng s t rateg i e s . Sub j e c t s  learned 

'' n oun-ve rb-noun " s entences u s i n g  e i the r a verb a l  rehe a r s a l  

s t rategy o r  a v i s u a l i sat ion s t rategy . They l e a r n e d  the 

s en t enc e s  wh i l e  l o o k i ng ove r o n e  sho u l de r  o r  the o t he r ,  

t u rning both head and eyes . The o n l y  s i gni f i c ant e f fect o f  

g a z e  dire c t i on w a s  in the verba l rehe a r s a l  condi t i on whe re 

s upe r i o r  l e a rn i ng when l o o k i n g  over the r ight s h o u l de r  was 

f ound . K i n sbourne has cons i s t ent l y  ma i nt ai ned t hat " he a d  a n d  

e ye turn i n g  ind i c a t e s  cereb r a l  l a t e r a l i z at i on " , t h i s  being the 

t i t l e  of h i s 1 9 7 2  paper . One c an i n f e r  that he c on s i de r s  the 

t wo type s of movement t o  be e qu i v a l ent and pos s ib l y  

i n t e r changeab l e  i n  the i r  e f f e ct s . Howev e r ,  n o  e v i dence h a s  

been o f f e r e d  t o  s h o w  that h e a d  t u rn i ng c an be e qu a t e d  with eye 

movement s .  Even i f  they can be equat e d ,  they we r e  c omp l e t e l y  

c on f ounded i n  t he s e  t wo studi e s . Othe r c on foun d i n g  e f f e ct s 

i n c l ude h e a d  movement , v i s u a l  s e a r ch a n d ,  po s s ib l y ,  fat i gue . 

Re g a rdl e s s  o f  the r e l evance that head t u rning h a s  f o r  the 

e f fect of eye movements on t a s k  per formance , the two studi e s  

j u s t  de s c r ibed p r o v i de only dub i o u s  support f o r  t he l at e ra l i t y  

mode l . 
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Howeve r ,  head turning was used by Bo l i e k ,  Obrut z and Shaw 

( 1 9 8 8 )  to i n v e s t igate the e f fect of hemi space o r i e nt a t i on 

du r i ng d i chot i c  l i st e n i n g . Although unre l at e d  t o  CLEM�, the 

r e s u l t s a r e  r e l evant t o  Kinsbourne ' s  cl aim that both head and 

eye t u rn are l i nked to c ognit i ve proce s s i n g . Non s e n s e  

s y l l ab l e s  w e r e  present e d  di chot i c a l l y  with i mmediate r e c a l l  

wh i l e  t h e  s ub j e ct ' s he a d  w a s  turned 9 0  deg r e e s  t o  t h e  l e ft o r  

r i ght . C ompared to a cent ral c ont r o l  pos i t i on ,  l e ft e a r  

pe r f o rman ce w a s  una f fe c t ed b y  head tu rning but r i ght e a r  

advan t a ge i n c re a s ed s i gn i f i c ant l y  when the head w a s  t u rned t o  

the r i ght . U s i ng K i n sbourne ' s  mode l s  to int e rpret t h i s  result 

l e ads t o  the c o n c lus i on that the e f fect o f  c o nt r a l at e r a l  

o r i entat i o n i s  rest r i c t e d t o  l e ft hemi sphe re fac i l i t at i on . 

Be c a u s e  r i ght hem i s phe re p e r f o rman c e s  were u n a f f e ct e d ,  

Ki n sbourne ' s  mode l s  a r e  on l y  part i a l l y supp o rted . 

T o  s umma r i s e , a numbe r o f  studi e s  have prov i ded s uppo rt for 

the i dea that c o nt r o l l e d  GP may a f fe c t task p e r f o rman c e ; the 

di rect i on of the observed e f fect s h a s  usua l l y  been a s  e xpected 

f r om K i n sbou rne ' s  mode l s . Howeve r ,  there w e re many 

methodo l o g i c a l  short comings in the st udi es t o  wh i ch c a n  be 

added a numbe r of othe r re s e rvat i on s . 

F i r s t  o f  al l ,  how comp a r able are t he var i o u s  t a s k s  that have 

been u s e d ?  F o r  examp l e , b r i e f  st imu l u s  RT t a s k s  ve r s u s  

que s t i on s ?  N e xt , not a l l  stud i e s  i n c luded a c e nt r a l  GP . S o ,  

were the e f f e c t s due t o  a pe r fo rmance increme nt in o n e  

d i r e c t i on o r  a de c rement in t h e  othe r ?  Whe r e  a cent r a l  GP 
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was used t h e  e f fec t s  varied both across and wi thin s tudies . 

Tres soldi ( 1 9 8 7 )  reported an ipsi lateral decrement i n  

per f ormance for non-words but a st eady ips i lateral t o  

c ontralateral increment for words . Wal ker et al . ( 1 9 8 2 ) 

f ound a contralateral increment for VQs but an ips i lateral 

dec rement for SQs . Bowers et al . ( 1 9 8 1 ) obtained an 

ips i lateral decrement for the LVF but both ips i l at eral and 

c on t ralateral decrement s for the RVF . Finally , Andreasen 

( 1 9 8 8 )  obt ained ips i lateral and contralat eral decrement s for 

t he LVF but a st eady increment from contralateral to 

ips i lateral gaze pos i t ions for the RVF . There appears t o  be 

no systema t i c  pat t ern to these resul t s . Also , only one study 

made an exp l icit attempt to control the subj ect ' s  cognit ive 

s t r ategies , al though the RT and latency studi es woul d  have 

r e s tricted them .  At the most , only the divided f i eld studies 

c an be con s idered t o  have evaded the circular argument s 

i nvolved i n  the- not ion of latera l i zed c erebral funct ioning 

and the u s e  o f  SQ and VQ analogues . 

I n  spite o f  a l l  these crit i c i sms , it seems that GP i nteract s  

with the performanc e  o f  a wide range o f  t a sks . I n  fact , when 

GP was t reated as the independent variable ,  13 out o f  1 4  

s tudies report ed at l east one s igni ficant resul t .  Finding 

that t ask performance interact s  with GP across such a diverse 

range o f  t asks sugge s t s  that adopt ing thi s approach wi l l  

a l l ow CLEMs t o  be i dent i fied and related t o  part i cular 

cogni t ive proces ses . Any or a l l  CLEMs can be ident i f i ed a t  



wi l l  and the problem o f  separat i ng one CLEM f rom another 

disappears s imply by el iminating other CLEMs . 
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There are further gains t o  be made i f  GP i s  experimenter 

contro l l ed ,  namely , the probl ems of task cont ent that are 

a s soc iated wi th the use of que s t ions can be avoided . There 

i s  nothing mandatory about que s t i ons . Other forms o f  task 

p res entat i on are ava i l abl e ,  but adherenc e  t o  the early 

formulations o f  Bakan ( 1 9 6 9 ) , Kinsbourne ( 1 9 7 2 ) and Kocel et 

a l . ( 1 9 7 2 ) , plus the a t t ract ions o f  simp l i c i ty ,  have resul t ed 

in the almo s t . exc lus ive use o f  quest ions . Wi th the CLEM 

cont rol led , the task can be presented in any sensory moda l i ty 

wi th i t s  content preci s ely spec i f ied . By ext ending the 

experiment er ' s  control in thi s way , subj ects can be forced t o  

use only one proces s ing s t rategy o r  at l ea s t  be res tricted i n  

t heir range o f  choices . There i s  also the poss ibi l i ty that , 

by us ing divided VF methods to ensure that the task i s  

presented selectively t o  only one cerebral hemi sphere , the 

p revi ous ly not ed ci rcul arity involved wi th questions can be 

avoi ded . Al s o  tasks that do not require verbal responses can 

be used , a l lowing for a wider range of response measures . 

I t  was earl i er sugges t ed that an undue empha s i s  on funct iona l  

hemi spheri c  l atera l i ty coupled wi th methodological and 

conceptual di f f i cul t ies has hindered CLEM research . The 

s ingl e  mos t  potent s ource of these di f f i cu l t i es i s  poss ibly 

the pers i s t ent use o f  t he CLEM as the dependent measure . Not 

only a re t he t emporal and direct i onal propert ies o f  this 
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measure ambiguous ,  but its  use involves presuppo s i t ions that 

t hemselves are cont ent ious and unc l ear . To remedy thi s 

s i tuat ion i t  has been proposed that by making GP the primary 

i ndependent variable most ,  i f  not a l l , of the methodological 

d i f f i culties wi l l  be resolved . Furthermore , by present ing 

s t imuli to one or the other VF , the under lying conceptual 

prob l ems wi l l  a l so be resolved or evaded . Consequen t ly , a l l  

o f  t he work report ed i n  thi s di s sertat ion uses GP and VF a s  

t he independent variables t o  invest igate the pos sible 

func t ional relat ionship between CLEMs and cognit ive 

processes . 

Programme overview and hypotheses 

The f irst obj ect ive of the programme was a part ial 

r ep l icat ion o f  Andreasen ( 1 9 8 8 ) us ing more stringent 

experimenta l  control s  t ogether wi th a c l ar i ficat ion o f  

c er tain methodologi cal i ssues . Following this pre l iminary 

wor k , the programme was developed into a series o f  paramet r i c  

s tudies covering a number of related topic s .  The primary 

interest l ay in t e s t i ng Kinsbourne ' s lateral arousal account 

o f  CLEMs wi thin the c ontext of h i s  attent ional gradient and 

funct ional d i s t ance models of cerebral lateral i ty , u s i ng GP 

a nd VF as the independent vari abl es . 

With GP as the independent vari abl e ,  two predictions c an be 

made from K i nsbourne ' s model . First , if hori zonta l  eye 

movement s are contro l led by the contralateral cerebral 



hemi sphere , cont ralat eral movement s wi l l  act ivat e  that 

hemi sphere . Then , s ince each cerebral hemi sphere wi l l  be 

s e l ec t ively engaged by uni lat era l st imulus pres entation to 

the cont ral a t eral VF ( Sergent , 1 9 8 3 ) , a hori zonta l  GP x VF 

interact i on should be observed regardless o f  the task . 

Spec i f i c a l ly ,  when the eyes are di rected to the l e f t  o f  

c entre ( i . e . , a l e f t  GP ) act ivat ing the right hemi sphere , 

s t imu l i  pres ented to the LVF shoul d  be processed more 

e f fectively than s t imul i presented to the RVF due to the 

act ivat ing ( priming ) e f fect o f  the eye movement . A 

comparable e f fect should be observed when the eyes are 

7 0  

di rect ed t o  the right o f  centre . Furthermore , both o f  these 

e f fec t s  should be observed for each subj ect , and , assuming 

symmetrical magnitudes of e f f ec t  for each hemi sphere , a 

crossover G P  x VF interact ion should be found . 2 Secondly , 

s ince vert i c a l  movement s  are b i lateral ly contro l led ( Bender , 

1 9 8 0 ) , n o  GP x VF interaction should be found when the GP i s  

deviated ver t i c a l ly upward or downward . Thi s  predi c t ion 

ari ses because i f  a contralatera l  movement can act ivate 

s e l ec t ively the cont rol l ing c erebral hemi sphere , t hen , since 

both hemi spheres are engaged in the control of  ver t i ca l  

movement s ,  both hemi spheres should be act ivated when such 

vert i ca l  movements occur . Therefore , any vert ical movements 

2 The tasks used in this programme were , intuit ively , rather 
s impl e  and t hus more l i kely t o  be associated wi th f a c i l itat ive 
priming e f f e c t s  rather t,han the interfering two task e f fects that 
occur as a result o f  more demanding condit ions ( Mo scovitch & 
Klein , 1 9 8 0 ) . There fore , eye movement s ,  being a very simpl e 
secondary t a s k , are t reated as cerebral priming agent s . 
Con s i dera t ion o f  their pos s ibl e rol e  in dual task performance i s  
more properly l e f t  unt i l  the general discus s i on . 
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wi l l  act ivate both o f  t he hemi spheres relat ive to the central 

res t ing pos i t i on thereby fac i l i tat ing the performanc e  o f  

e i t her hemi sphere ( targeted by the associated VF ) regardl ess 

o f  t he di rec t ion of that movement .  Thi s fac i l itation should 

therefore result in a GP main ef fect rather than a GP x VF 

int eraction . By us ing a divided f i eld task and inc luding 

ver t i ca l  GPs , Kinsbourne ' s  ( 1 9 7 2 ) model can be subj ected t o  

some s t ringent tests . 

A c ont rol l ed G P  methodology i s  a l s o  very relevant when 

cons idering the more general model s  ( Kinsbourne , 1 9 7 0 ; 

Kinsbourne & Hi cks , 1 9 7 8 ) . One o f  the predict ions made when 

the models are applied to CLEMs i s  that when attention i s  

di rec t ed to one hemi space , the funct ions o f  the cont ralateral 

cerebral hemi sphere wi l l  be fac i l i t ated . For the more usual 

divi ded field s i tuation , when a t t ent ion i s  constrained to one 

VF , any VF advantage due to the verbal or visual nature of 

the s t imulus wi l l  be reduced compared t o  the s i tuat ion where 

t r i a l s  are randomly presented to the two VFs . Thi s comes 

about because when the trials are blocked the subj ec t ' s  

abi l i ty t o  predi ct the VF wi l l  act ivate the cont ralateral 

hemi sphere . Thi s  activation wi l l  then override any a dvant age 

due to select ive act iva t i on of the preferred hemi sphere by 

the verbal or vi sual nature of the s t imul i .  Thi s predic t i on 

has been tes t ed by blocking the s t imulus t rial s ,  mixing 

verbal and vi sual together , within each VF and comparing the 

resu l t s  from these t r i a l s  to those obta ined when the trials 

are randomi sed between VFs . The resul t s  have been equivocal 
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but t end t o  discon f i rm the predict ion . Al l o f  the relevant 

s tudies revi ewed by Bradshaw and Net t l eton ( 1 9 83 ) , used 

ei ther dichotic or divided f i eld st imulus presentation 

( thereby confounding hemi space with hemi f i el d )  t o  manipu l a t e  

the a t t ent ional gradient . That i s , covert at t ent ion was used 

t o  manipulate the a t t ent iona l gradient . 

The t erms " at tent ional gradi ent " and " covert a t t ent ion " need 

to be clari f ied . Kinsbourne ( 1 9 7 0 )  attempt ed to account for 

lat eral cerebral asymmetries in terms o f  attenti onal gradient 

to one s ide or the other o f  vi sual f ixat ion . However , he did 

not spec i fy what he meant by a t t en t i on .  He s imply noted that 

whi l e  subj ect s can be vi sua l ly f ixat ed on one point , they can 

s e l ec t ively attend to other point s in their vi sual f i eld . 

One might then as sume that a t t ent ional gradient may be 

indexed by hori zonta l  retinal eccentricity ; in other words , 

by VF . Overt attent i on would then occur when f ixat i on 

coincides wi th the a t t ended s t imulus ; covert a t t ent ion occurs 

when fixa t i on and the a t t ended s t imulus are not coincident 

but the subj ect knows where the st imulus is or where it wi l l  

appear . Thi s  de fini t ion o f  overt and covert a t t ent ion i s  

es sent i a l ly the s ame as that given by Posner ( 1 9 8 0 ) : " Orien ­

t ing t o  pos i t ions in space can be obtained covert ly through 

movement s  o f  atten t i on or overtly through shi f t s  o f  head or 

eyes . "  ( p . 1 2 ) . The de f init ion given by Hel l ige ( 1 9 9 3 ) i s  

s imi lar : " One important di st inction i s  between overt shi f t s  

o f  vi sual a t t ent i on ( involving shi f t s  i n  eye fixa t i on )  and 



covert shi f t s  o f  vi sual attent ion ( looking at one point and 

atten ding to another ) . "  ( p .  1 0 3 ) .  
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So far , no inve s t igat ions have compared blocked to randomi sed 

st imulus presentat ion whi le manipulat ing overt attent ion . 

That i s ,  instead o f  present ing the t r i a l s  into one VF or the 

other , the st imu lus appears in one hemi space or the other and 

the s ubj ect s  direct their gaze in the appropriate direc t i on .  

But predict ions made for the covert s i tuat ion c an readi ly be 

ext ended to the overt . Assume that holding a s t eady GP wi l l  

mai n t a i n  a s t eady arousal o f  the contralat eral hemi sphere , 

and further assume that i t  requires some t ime for the arousal 

t o  bu i l d  up and t o  decay . I t  seems reasonable to expect that 

blocked presentat ion of t r i als to one GP wi ll produce a 

great er degree o f  arousal than wi l l  occur i f  the trial s are 

randomi zed among the GPs . Consequent ly ,  the performance o f  

the c ontralat eral hemi sphere relat ive to the ipsi lateral 

hemi sphere should be further enhanced under blocked ( B )  

comp ared to randomi zed ( R ) condit ions . Since a cros s over GP 

x VF interact ion is already expected , by including B and R GP 

condi t i ons as factors , a Condition x GP x VF interact ion 

shoul d  be found with the greatest magnitude o f  the e f f ec t  

occurring under B condit ions . 

I t  s hould be noted that while a GP x VF interact ion i s  

exp e c t ed when t e s t ing Kinsbourne ' s model s ,  a GP main e f fect 

is not expec t ed ( but not excluded ) . However , i f  centre VF 

( CVF ) presenta t i on i s  used , a GP main effect might be 
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expec t ed i f  the processing was t o  be done by t he putat ively 

speci a l i sed hemi sphere . The speciali zed hemi sphere , having 

di rect access t o  the s t imul i ,  would be favoured to per form 

the task regardless o f  GP . Thus , the observed results would 

reflect sol ely the funct i oning of that hemi sphere plus any 

improved performance due t o  GP . Hence , performance wi th CVF 

presentation should mi rror that o f  the VF connected to the 

spec i a l i z ed hemi sphere . I f , however , a GP main ef fect 

occurred for the CVF in the absence of a corresponding s impl e  

main e f fect for one or the other divided VF condi t i on ,  this 

would imply that CVF performance wa s unrelated t o  that o f  the 

individual hemi spheres . Such a result would pose serious 

probl ems for the CLEM model , the attent ional gradient model 

and the general not ion of cerebral latera l i ty . 

Along wi th the main paramet ers of G P ,  VF and condi t ion , two 

other parameters , _task di f f i culty and task moda l i ty ,  lend 

themse lves admirably to the investigat ive programme . I t  was 

not ed earl ier that whi l e  s impl e  ques t ions requi ring 

overl earned responses did not appear to e l i c i t  CLEMs , a 

sys t ema t i c  inves t igat ion o f  the effects o f  task di f f i culty 

has never been undert aken . Studies rel evant t o  the quest i on 

are confus ing and cont radi ctory , due , in part , t o  the 

di f fering emphases o f  the invest igators . What i s  cons i s t ent 

is that a l l  reported that task di f f i culty , despi t e  di ffering 

ways of a s sess ing i t , a f fected ocular mot i l i ty or saccad i c  

ext ent . The mos t  ext ens ive and cons i s tent f indings were due 

to May et al . ( 1 9 9 0 )  who report ed that both saccadic ext ent 
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di f f i cu l ty under forced eye movement condi t i ons . 
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Kinsbourne ' s  model s do not appear t o  provide any bas i s  for 

maki ng predi ctions about a GP x di f f i culty interact i on ; 

arou s a l  o f  one hemi sphere s imply fac i l itates task per formance 

by that hemisphere . Nothing is  said about the process by 

which prior arousal fac i l i t ates task performance .  I s  i t  a 

s impl e  addit ive process such as woul d  occur i f  the e f fec t was 

independent of the task process it sel f ?  For instance ,  i f  i t s  

ef f e c t  was solely t o  reduce the rise t ime o f  t a s k  related 

act ivat ion , then GP would produce an a lmost constant e f f ec t  

on , s ay ,  RT a s  the dependent measure . Then , as  task 

di f f i cu l ty increases , indexed by longer RTs , the GP component 

woul d  decrease proport iona t e ly . So GP ef fects would more 

readi ly be found for s imple tasks with short RTs rather than 

more di f f icult ones . On the other hand , a GP e f fect might 

act mult iplicat ively with t he t ime required to complete the 

t a s k . I n  this case , a cons t ant GP e f fect would be evident at 

a l l  l evel s  of d i f f iculty . Another pos sibi lity is that a GP 

e f f ec t  i s  proport i onal to di ff iculty . In thi s case the GP 

e f f ec t  would become an increas ing proport ion of RT as 

di f f i culty increased . Hence ,  the e f fect would be more eas i ly 

seen wi th di f f i cult t asks than s imple ones . I t  i s  di f f i cult 

t o  chose among the a l t ernat ives on theoret ical grounds and it  

woul d  appear t hat a GP x di f f i culty interact ion i s  at 

pres ent a s t r i c t ly empirical matter . 
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The f inal parameter to be cons idered i s  moda l i ty ,  that i s , 

the verbal or visua l - spat ial emphas is o f  the task . There are 

several lines o f  evidence ( Ehrli chrnan & Weinberger , 1 9 7 8 ;  

His cock , 1 9 8 6 ) that indi cate that the directions of C LEMs are 

inf luenced by the moda l i ty that is involved . Hori zontal 

CLEMs are mos t  closely a s sociated with VQs whi le SQs t end t o  

give r i s e  to s tares or vert ical CLEMs ; ocular mot i l ity i s  

suppre s s ed by SQs and increased by VQs whi l e  induced OKN i s  

di f f erent ially a f fected by both VQs and SQs and in proport ion 

t o  the i r  admixture . Al so , in the review of reverse CLEMs ( p . 

5 4 ) , i t  was not ed that several studies report ed resul t s  that 

were di f ferent t o , but cons i s t ent wi th , predi c t i ons made from 

Kinsbourne ' s models . For example , Walker et a l . ( 1 9 8 2 ) 

found , a s  expec t ed ,  a cont ralateral performance increment 

with VQs , but an ips i l ateral performance decrement occurred 

for SQs rather than a cont ralat era l increment . The ava i l able 

empirical evidence suggests  that c entral and vert ical GPs 

wi l l  inf luence the resul t s  obtained wi th SQs more than those 

for VQs . At the same t ime , hori zontal patt erns of 

faci l i ta t ion and retarda t i on might di f fer for the two modes . 

Kinsbourne ' s model s ,  however , do not allow any rea l ly u s e ful 

predi c t i ons to be made about GP and modality . 

Kinsbourne ( 1 9 7 0 ; Kinsbourne & Hicks , 1 9 7 8 )  makes i t  c l ea r  

that h e  regards the two cerebral hemi spheres a s  funct ional ly 

special i s ed wi th their funct ional e f ficiency being modi f i ed 

by a t t ent ional factors . But , wi th divided f i e l d  

presentat ion , the e f fec t s  o f  any one modal i ty wi l l  be t he 
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s ame for a l l  GPs . Hence , the only predict ion t o  be made for 

modal i ty from Kinsbourne ' s model s  i s  that an appropriate main 

e f fect for VF wi l l  be superimposed upon the pred i c t ed GP x VF 

int erac t i on .  In other words , the usual VF advant ages due t o  

mode should be evident i n  a l l  GPs . 

To summar i s e , the research programme was intended t o  

inve s t i ga t e  the pos s ible funct ional ut i l i ty of re f l ec t ive 

CLEMS . Thi s  was to be done us ing GP as the independent 

var i ab l e  t o  addres s  a number o f  subst ant ive i s sues wi thin the 

domain of attent ion and func t i onal cerebral latera l ity .  

These i s sues were t o  be considered wi thin Kinsbourne ' s 

cerebral lateral i ty and func t i onal di s t ance model s  o f  CLEMs . 

They were a l so to be cons idered further as spec ial interes t  

t op i c s  within Kinsbourne ' s ( 1 9 7 0 ) lateral attent ion gradi ent 

model of functional cerebral l atera l i ty . For thi s latter 

purpos e  GP was to be used t o  manipulate the attent ional 

gradient , an experiment that has never previous ly been 

reported . At the s ame t ime , a compari son between CVF and 

divided VF st imulus presenta t i on was expected to provide 

further t e s t s  of t he models . Concurrent with these primary 

inve s t i gat ions , the e f fect s  o f  task di f f iculty and modal i ty 

were t o  be explored . 

The experimental paradigm was to vary systematically the 

direc t i on of subj e c t s ' GP away from a c entral pos i t ion whi l e  

t hey carr i ed out a divided VF , two cho i ce RT task . I n  t h i s  

way a representat ive sample o f  a l l  pos s ible CLEMs could be 
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inve s t igated wi th the s t imulus informat ion being res t ri c t ed ,  

a t  least ini t i a l ly ,  t o  the targeted hemi sphere wi th c l early 

i dent i f i ed task requi rement s .  I f  GP i s  an integral part o f  

cogn i t ive funct ioning , controll ing eye pos i t ion should have 

some e f fect on RT . But i f  CLEMs are s imply an epiphenomenon 

of cogni t ion , no e f fect s  should be found . 
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Experimental Programme 

Methodological rationale 

The bas i c  experiment was struc tured so that ful l advantage 

c ou l d  be t aken of the potent i a l  methodo l ogical improvement s 

out l ined i n  the Int roduct i on . To thi s end , the subj ect ' s G P  

woul d  have to be known to the experimenter and h e l d  c onstant 

over the ent i re int erval bounded by task presentat ion and 

r esponding . The task would have to be o f  known cont ent and 

p rimari ly i nvolve only one moda l i ty ,  ei ther vi sua l - spat ial or 

verbal proces ses . These proces ses in turn woul d  be 

r e s t r i c t ed mainly to the one t argeted hemi sphere . As an 

added requ i rement the t ask shoul d  restrict the range o f  

process i ng st rategies available t o  the subj ect . To s at i s fy 

these requ i rement s a bat tery o f  s imple t asks was a s s embl ed ,  

s u i t able for divided VF presentat ion and us ing RT a s  the 

r esponse measure . 

One aspect o f  the l og i c  underlying thi s procedure deserves 

empha s i s i ng . That i s , a s impl e  t ask/ response combinat ion was 

expected t o  provide f ew opportuni t ies for subj ect s  t o  

introduce their own i d iosyncra t i c  process ing variat i ons . 

A l s o , u s i ng a bri ef s t imulus display and speeded responding 

woul d  push subj ect s  t o  their per formance l imit s ,  agai n  

minimi s i ng the opportunity for variations in proce s s i ng 

s t ra t egies . 
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S t imuli and f ixat ion point s were shown on vi sual display 

uni t s  (VDUs ) whi ch funct i oned as tachis toscopes . The VDUs 

were arranged in a 3 x 3 rectangular grid s o  that the outer 

f ixat i on point s subt ended a horizontal vi sual ang l e  of 5 0  

degrees and a vert i c a l  angl e  o f  3 5  degrees . The VDUs forming 

t he central row and column lay on the subj ect ' s  hori zontal 

and media l  vi sual p l anes respect ively ( Fi gure 1 ) . The centre 

o f  each VDU represented one GP . Any or a l l  GPs c ou l d  be used 

in an experiment although only one was used for any 

i ndividual t rial . 

LEFT CENTRE RIGHT 

TOP E 1 E 

MIDDLE 2 3 4 

BOTTOM E 5 E 

Figure 1 .  Schema t i c  o f  the VDU display seen from the eye 
pos 1 t 1 on . Numbers refer to the individual GPs ; E indi cates 
unused pos i t ions 

The logic of thi s des ign was that the VDU array p rovided a 

representat ive sample o f  a l l  the pos sible direc t i ons that 

CLEMs could take , wi th the centra l  pos i t ion act ing as both a 

s t are pos i t i on and a s  a basel ine . The s e l ected v i sual angles 

a l l owed the s t imul i  t o  be presented near t o  the ext remes o f  

the comfortab l e  binocular vi sual f i eld . True binocular 

vi ewing o f  t he s t imul i  was neces sary becaus e the cros s ed 
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nas a l  neural pathways are more e f f i cient than the uncros sed 

t emporal pathways ( Whit e ,  1 9 6 9 ) . Monocular viewing o f  the 

out e r  st imu l i  would have occurred had the subj ect ' s nose 

blocked the contralateral temporal ret inal hemi field , thereby 

b i a s i ng the RTs to an unknown degree . 

Pres ent ing the stimul i  t o  one VF guarant eed that the 

informat ion was received by only one cerebral hemi sphere and 

that the i ni t ia l  process ing was done by the vi sual sys t em .  

Whi l e  there i s  no cert ainty that the proc e s s ing woul d  be 

r e s t r i c t ed t o  the one hemi sphere , a fter reviewing the 

evidence Sergent ( 1 9 8 3 ) conc luded that under presentat ion 

cond i t ions s imi lar to those used here , process ing i s  

primar i ly carried out by the hemi sphere receiving the 

informat ion . Support for thi s opinion comes from Ragot and 

Lesevre ( 1 9 8 6 )  who , u s i ng electro -physiological measures to 

study S-R c ompa t ibi l i ty ,  demons t rated that in a divided 

f i e l d , two c hoice RT t ask , process ing was restricted to one 

cerebral hemi sphere . 

There were o ther factors to be t aken into account in dec iding 

upon the exac t  form o f  the t ask . I f  the t ask were t o  be made 

t oo easy in an ef fort t o  restrict  the subj ect ' s  proce s s ing 

s t r a t egie s , the response may have been st imulus driven . That 

i s , respond i ng may have been governed solely by the s t imulus 

and exc luding any high l evel processes ( Johnson & Dark , 

1 9 8 6 ) . Ther efore , tasks were chosen so that a solely 

s t imu lus dri ven respons e  would be avoided but with too l it t le 



s t imulus informa t i on t o  provide a l t ernat ive proce s s ing 

opt i ons . 

The combination o f  bri ef st imulus exposure , ret i na l  

eccentr i c i ty and speeded responding made the task into one 

t hat was both s t imulus and resource l imi t ed .  That i s , the 

s ubj ect was l imi ted in the qua l i ty o f  the s t imulus 

informat ion ava i l abl e ,  and i n  the cogni t ive resources that 

could be used ( Sergent , 1 9 83 ) . Thi s  could be expected to 

a s s i s t  in res t ri c t ing the subj ect ' s  process ing opt ions . 
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The choice was aided by Sergent ' s  ( 1 9 8 3 ) four l evel 

c l as s i f i c a t i on of the di f f icul ty of tasks used in 

t achi stos copic s tudi es o f  cerebral latera l i ty . In ascending 

order the s e  are detect ion ,  s imul taneous mat ching , recogn i t i on 

and i dent i f i cat ion . These l eve l s  can be combined or modi f i ed 

by other t asks t o  produce overlap o f  di f f iculty between 

l evel s . For examp l e , the fai rly s imple t ask of dec iding 

whether or not two s imultaneous ly presented polygons are the 

s ame can be rendered more di f f icul t by present ing them at 

di f fering angular orientations . The resul t ing di f f iculty 

l evel may then be greater than the s imp l e  identi f i cat ion t a s k  

u s ed in Andreasen ( 1 9 8 8 ) . 

An examp l e  where di f f iculty l eve l s  are combined i s  a Posner 

( 1 9 6 9 ) type task in which upper and lower case l e t t ers are 

presented s imul t aneous ly to subj ects who are requ i red to 

indicate whether or not they are examples of the same letter . 



Here , s imult aneous matching is combined with ident i f icat i on 

t o  y i e l d  a more di ff icult t ask than s imple ident i f icat ion . 
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The t as k  used in Andreasen ( 1 9 8 8 ) was the ident i f icat ion o f  

two ( overl earned ) upper case letters , X and V .  Thi s  was 

int ended t o  be at the lower end o f  Sergent ' s  ( 1 9 8 3 ) fourth 

l evel of di f f i culty ,  namely , ident i f icat ion . It can be 

argued , however ,  that l e t t ers are so overl earned that no 

higher cognit ive processes are involved , which means that the 

t ask was s impl e  S -R associat ion . Hence , the report ed GP 

e f fec t may have been due to int eraction of eye movement with 

percept ion ,  or responding , or both . Thi s poss ibi l i ty can be 

t es t ed by comparing the resul t s  wi th those obtained by u s ing 

a t a s k  that inc ludes a cognit ive component . 

Beari ng al l the a forement i oned cons i derat ions in mind , a 

number o f  two choice RT tasks were selected for use in t he 

present series o f  experiments . The s implest required the 

subj e c t s  t o  d i s t i ngui sh between a vert ically and a 

hori z ontal ly oriented rectangl e .  A s l ight ly more comp l ex 

task was the two - letter ident i f icat i on task used by Andreasen 

( 1 9 8 8 ) . Cogni t ive comp l exity was considerably greater for 

the remaining two tasks . One was a lexical dec i s ion t a s k  

( words / non-words ) whi l e  the other was a mental rota t i on t ask 

u s i ng a cartoon face . These tasks were to be used in 

conj unc t ion with a wi thin- subj ect s  experimental des ign . 



In summary , the experiment s  were designed to maximi se t he 

experimenter ' s control over the relevant variabl es ; eye 

pos i t i on ,  task content , hemi spheric involvement , proces s ing 

modal i ty and proce s s ing s t rategies . In addi t ion t o  the s e  

variables , e f forts were a l so made t o  cont rol potent ial 

methodological confounds that might give rise t o  confus ing 

interact ions or mi s l eading stat i s t i cal tests . The earl i er 
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experiments served to address some of the met hodological and 

des ign problems that had been ident i f i ed .  For the sake o f  

cont inu i ty , cons ideration o f  these problems , a l ong wi th 

others as sociat ed with the overal l  program, wi l l  be deferred 

unt i l  a f t er report ing and discuss ing the resu l t s  of the 

experimen t s . 

Bas ic experimental procedure 

Equipment 

Up to nine Hewl e t t  Packard ( HP )  Vi sual Di splay Uni t s  

( VDU : HP3 57 3 1B )  with t i l table screens could be used t o  pres ent 

the st imu l i .  An HP9 0 0 0  Series 3 0 0  computer and HP 6 9 4 4A 

mul t iprograrnmer were used to contro l  the VDU displays , the 

t rial x t ri a l  sequencing , and to obtain RTs . Al s o  used were 

a two -way response key pad and a foot swi t ch3 that was used 

as an ext ernal t ri gger to init iate each trial sequence . A 

Techt ronix T6 5 2 3 2  narrow beam luminance probe was used t o  

3 Respons e pad and swi t ch were made in the Mas s ey Univers i ty 
Psychology Department workshop . 
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measure the VDU s creen luminosity and a Seconi c studio l ight 

met er ( Model 2 8 -C ) for a s sessing the ambient light inten s i ty . 

Arrangement 

The VDUs sat on three curved shelves arranged one above the 

other . Each she l f  could c arry three VDUs ( Figure 2 ) . A 

forward ext ens ion of the she l f  frame carried a head rest raint 

incorporating a univers a l ly adj ustable bite bar , and a l s o  a 

shel f that supported the response key pad . The bi t e  bar was 

shi e l ded by a 1 0  cm length o f  reusable s i l icone rubber 

tubing . The head rest raint was securely braced t o  the 

out s i de of the she l f  framework and had attachment point s for 

an eye pos i t i oning j ig and a VDU a l i gnment j ig .  The shelves 

c arried sloped bases wi th locat ing holes to a s s i s t  in 

pos i t ioning t he VDUs . The framework forward o f  the she lves 

was enc losed on the sides , top and the VDU she l f  end wi th 

sheet s of hardboard . The VDU screens were seen through holes 

cut in the hardboard . Nine holes were cut , corresponding t o  

the GPs o f  F i gure 1 ,  and shaped t o  al low the VDU s creen 

f rames to protrude and be adj usted for alignment . Three 

wings were hinged to the frame at the viewing end ; a vert ical  

one t o  each s ide o f  the subj ec t ' s  head , and a hori zonta l  one 

above the subj ect ' s  head . These wings prevented distract ion 

by extraneous l ight sources . Al l surfaces vi sible wi thin t he 

enc l o s ed framework were painted mat t  blac k ,  and a l l  c r acks 

that a l l owed di stracting l ight to enter were blocked o f f . 
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F i gure 2 .  S chema t i c  o f  the VDU array showing the relat -

i onship o f  the f ixat i on point s t o  the vi ewing pos i t ion . 
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T o  avo i d  t he n e e d  f o r  a l on g  p e r i o d  o f  dark adapt i o n , l ow 

i nten s i t y  d i f f u s e d  l i ght w a s  a l l owed t o  ent er t he app a r a t u s  

b y  s h i n i ng a 6 0  w a t t  wh ite l i ght b u l b  o n t o  a b u f f  c o l oured 

wall at t he r e a r  o f  the app a r at u s . Re f l ected l i ght entered 

t hrough the unu s e d  VDU ape r t u r e s  wh i ch were c o ve r e d  with 

white d r a w i n g  paper . The o n l y  other l i ght s ou r c e  ( other than 

t he VDU s  t hems e l ve s ) , was t he mon i t o r  o f  the c ompu t e r  that 

w a s  u s e d  to c ont r o l  the exper iment . Under the s e c on d i t i on s  

n o  re f l e ct i o n s  w e re vi s ib l e  o n  the u n l i t  VDU s c reen s . The 

ambi ent l i ght i n t en s i t y  at the v i e w i n g  pos it i on was t o o  l o w  

t o  be me a sured u s ing a pho t ographe r ' s l i ght met e r  ( S e c o n i c  

s t udi o l i ght met e r ,  Mode l 2 8 -C)  

The s ub j e c t  s at in a n  upho l s t e red t yp i s t ' s cha i r  t hat h a d  g a s  

ope r a t e d  he i ght a d j u stment a n d  a c o a r s e / f ine ho r i z on t a l  

p o s i t i o n ing f a c i l i t y . The c o a r s e  a d j u s tment w a s  obt a ined by 

p l a c i n g  the cha i r  on a 0 . 6  m X 1 m b a s eboard f i t t e d  w i t h  

r o l l e r s  on t h e  u nde r s i de . T h i s board w a s  s imp l y  pushed i n t o 

pos i t i on aga i n s t  a pa i r  o f  s t op s  att ac hed t o  t he v i e w i n g  

f ramew o r k . A gu i de t rack w a s  f a s t en e d  t o  the t op o f  t he 

board a n d  a l i gn e d  with the l ongitudin a l  a x i s  o f  the v i e w i n g  

frame . One o f  the cha i r  whe e l s ran i n  thi s t r a c k . A l on g  

c o a r s e  f e e d  s c rew mounted i n  be a r ings fastened t o  t h e  t op o f  

the b a s eb o a rd p a s s ed through a nut we l ded t o  t he c ha i r  b a s e . 

Turn i n g  the s c rew gave f i n e  c ont r o l  o f  the cha i r ' s  h o r i z o n t a l  

movemen t  o v e r  approx imat e l y  0 . 3  m t ravel . The c o a r s e  

ad j u s t ment a l l owed the s ub j e ct e a s i l y  t o  leave a n d  ent e r  t he 

viewing f r ame dur i ng rest b r e a k s . The fine a d j u s tment 



prevent ed pos s ible inj ury being caused by ramming the 

subj ect ' s eyes against the eye pos i t ioning j ig .  Loose 

packing was used for comfortable foot and f orearm support . 
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The eye pos i t i oning j ig was a length of f l at s t eel , l ong 

enough to span the head res t ra int f ramework , and wi th two 5 

cm l engths o f  wooden dowel s crewed t o  one s ide o f  i t . The 

dowel s  were 6 . 5  cm apart and the i r  out er ends were cen t re 

dimpled . The j ig could be qui ckly attached t o  the f rame 

us ing a pair o f  wing screws . When attached t o  the frame , the 

dimpled ends o f  the dowe l s , whi ch faced away f rom the VDUs , 

represented the correct viewing pos i t ion . 

The f ixa t i on point in GP3 was the basic re ference point and 

was 1 . 2 3 m above f loor l evel ( Figure 2 ) . The eye pos i t ion 

was set at 1 . 1 7 m hori zont a l ly from thi s point . The e i ght 

outer VDU pos i t i ons were located so that a not i onal f ixat ion 

point , l ocated at the c ent re o f  each GP lay on the visual 

sphere de f ined by the eye pos i t ion and the reference point . 

The f ixat ion point s in the left  and right columns subtended a 

nominal hori zontal vi sual angle o f  5 0  degrees ,  those i n  the 

t op and bot tom rows subt ended a nominal vert i ca l  angle o f  3 5  

degrees . Thes e  angles were chosen t o  allow the out er 

f ixat ion point s comfortably to approach the l imi t s  of the 

subj ect ' s vi sual f i eld whi l e  retaining binocular viewing of 

the out er s t imulus pos i t i ons . 
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The VDUs were al igned s o  that their screens were t a ngent ial 

to  the predet ermined vi sual sphere and their centres were at 

the intended GPs . With an accurately bui l t framework , 

c orrect a l i gnment was achi eved by using a special j ig in 

c onj unct ion wi th the VDU display movement .  The j ig was 

bas i cally a graduated , lockable t elescopi c  rod . One end 

c arried a universal bal l j oint a t tached to a steel " t op hat " 

bracket . Thi s  bracket was attached t o  the head restra int at 

t he same f a s t ening point s as the eye pos i t ioning j ig ,  and 

held the bal l  j oint at the centre of the viewing pos i t i on . 

The other end o f  the rod carried a four armed met a l  windmi l l  

t hat was free t o  rot a t e  and s l i de on the rod . The windmi l l  

a rms were made o f  s t eel rod and were lathe machined t o  be 

s quare to t he telescopic rod and to each other . They were 

l ong enough t o  rest on the rim o f  the VDU screen surround . A 

rubber plug was inserted into the end o f  the rod t o  protect 

the VDU s creens . 

The geome t r i c  centres of the s creens were located and marked 

with a f e l t  t ip pen . After the VDUs had been a l i gned at 

their appr oximate pos i t ions , the alignment j ig was a t t ached 

t o  the frame , extended and locked at 1 . 1 7 m.  The VDU was 

moved unt i l  the s creen was f i rmly in contact wi th the rubber 

t ip o f  the j ig ,  at the marked screen c entre . The s creen was 

then t i lt ed and turned in i t s  mount ings unt il i t s  r im was in 

c ontact wi t h  all f our arms o f  the windmi l l . 



9 0  

When a l l  o f  the screens had been adj us t ed , the f ixat ion 

points were displayed and the i r  relative pos i t ions were 

checked by measurement . Further adj us tments us ing the j ig 

were made a s  required . Al l angles and di s tances were then 

checked and measured independent ly using an infrared 

theodo l i t e , accurate to 1 sec of arc . The hori z onta l  and the 

vert i ca l  pa irs o f  f ixat i on point s were symmetrical ly located 

about the central f ixat ion point , to wi thin 1 5  minutes of 

arc . The f ixat ion point s de fining the individual GPs 

subt ended 5 2  degrees horizont a l ly and 3 5 . 5  degrees 

vert i c a l ly . The di f ference between the actual angles and t he 

int ended angles o f  5 0  and 3 5  degrees respectively was 

regarded a s  unimport ant . 

Trial sequence and control 

The ent i re t rial sequence was control led by the computer . 

Thi s included the select ion o f  the GP x VF x St imulus 

combina t i on for any part i cular t rial , trial sequenc e  and 

response t iming , and data recording . 

Experimenter-control led trials 

At the commen cement of a block of t rials , the f ixat i on point 

appeared on a computer- selected s creen . When the subj ect 

verba l ly indicated that f ixat i on had been achieved the 

comput er i n i t i a t ed the trial sequence . One sec a f t e r  the 

comput e r  beep the st imulus was di splayed in one VF for 5 0  



ms e c4 whe reupon a s o l i d  m a s k  appe a r e d  ( a l l  p i xe l s  on ) 

l a s t i ng for 1 s e c . Sub j e ct s responded du r i n g  the r e sponse 

i n t e r v a l  wh i c h  l a s t ed for the du r at i on of the ma s k i n g  
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i n t e rv a l . Re spon s e s  w e r e  made u s i n g  t h e  l e f t  o r  r i ght m i dd l e  

f i n g e r  t o  c l o s e  t h e  app r op r i at e  r e spon s e  key . A c omput e r  

beep s i gna l l e d  the s t art o f  another t r i a l  s e quence 5 0 0  m s e c  

a ft e r  t h e  ma s k  o f f s et . F i gure 3 s h o w s  the s e quence o f  event s 

o c c u r r ing w i t h i n  a t r i a l . Re spon s e s  made out s i de the 

r e sp o n s e  int e rv a l  were deleted by the c omput e r  and 

r ep l a cement t r i a l s  added at the end of the e xpe r iment . 

1 0 0 0  msec 1 0 0 0  ms e c  

F i xat i on Obse rvat i on Re spon s e  I nt e rt r i a l  
i n t e rval interval i n t e rv a l i n t e r v a l  

5 0  msec 5 0 0  msec 

F i gu re 3 .  The t r i a l  s e quence . 

Sel f-paced t rials 

A c omput e r  b l eep s i gn a l led that a f i x at i on p o i nt ( s i n g l e  

p i xe l )  had appe ared on o n e  o f  t he VDU s . The s ub j e ct l o c at e d  

i t  u s ing e y e  movement s onl y ,  the head be ing re s t r a i n e d  by t he 

b i t e  bar . When the g a z e  was s t e ady , the sub j e c t  i n it i at e d  a 

t r i a l by c l o s ing the external t r i gger with the r i ght f o o t . 

Aft e r  a de l a y  o f  1 s e c  the s t i mu l u s  appe ared f o r  5 0  m s e c  

f o l l owed b y  a c ombined ma s k i n g  a n d  r e spon s e  int e rv a l  l a s t i n g  

4 Det a i l s  o f  t he method u s ed t o  t ime the d i s p l ay a r e  g i ven 
in Append i x  1 .  



9 2  

f o r  1 s e c . Hal f a s e c  a f t e r  the m a s k  w a s  c l e a r e d ,  a b l e ep 

s i gna l l e d  the beg inning of a new t r i a l  sequen c e . Ex cept f o r  

the sub j e ct in i t i at i ng t h e  t r i a l s , the s e quen ce and 

c ondi t i on s  were t he s ame as for the exper iment e r- c ont r o l l e d  

t r i a l s . 

The b l o c k  di agram sho wn i n  F i gure 4 ,  be l ow ,  i l l u s t r at e s  the 

manner in wh i ch the s e l f-pa ced sequence was c o n t ro l l ed . 

C l o s i ng the e xt e rn a l  t r i gger with t he f o ot i n i t i ated the 

c omput e r- cont ro l l ed t iming vi a the t ime r p a c e r . Aft er a 

de l ay o f  1 s e c  t h i s  c au s e d  t he st imu l u s  opt i on t o  be 

d i s p l a y e d  f o r  5 0  ms e c  before ma s k i ng . C l o s ing t he respon s e  

k e y  a l t e red the v o l t age in t he key c i rcuit wh i ch was 

c ont inuou s l y  mon it ored by t he FET s c anner ( 1 0 0 0  s c ans / s e c ) 

The FET s c anner fed the an a l ogue vo l t age t o  an A / D  conv-

e rt e r ,  whi ch sent a d i g i t a l  s i gnal to the memo ry bu f fer . The 

memo ry b u f f e r  he l d  the dat a f o r  l at e r  proces s i ng by the 

c omput e r . Ex cept f o r  t rans f e r r i ng t he funct i on o f  t he 

e x t e r n a l  t r i gge r t o  the c omput e r ,  t he e xper iment e r - c ont r o l l e d  

t r i a l s  f o l l owed t h i s  s ame p r o c e s s . 

Analys i s  

I t  w a s  de c i ded t hat t h e  ma j o r ana l y s e s 5  would c on s i st of t w o  

p l anned c ompa r i s on s ,  o n e  invo l v ing t he h o r i z ont a l  GP s ( GP 2 , 

5 A l l an a l y s e s  were done u s ing SAS s o ft w a re 
1 9 8 9 . SAS I n st i t u t e  I nc . , SAS Campu s D r i ve , C a r y , 
c u s t ome r t a i l o re d  programme s writt en by Ma s s e y  
C ompu t e r  S e rv i ce s . 

( Copy r i ght 
NC USA)  o r  
Un iver s i t y  
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F igur e  4 .  B l o c k  di agram o f  the exper imental c o nt r o l  s y s t em . 

( Se e  t ext for det a i l s . )  



9 4  

GP3 , and GP4 ) , the other the vert i cal GPs ( GP1 , GP3 , and 

GPS ) . This deci s i on was taken because wi th four factors 

being varied ( t rial presentat ion Condi tion ,  GP, VF and 

St imulus ) over several experiments , the pos s ibil ity o f  

t rivial o r  spuri ous e f fects being found was unacceptably 

high . Al so , within an experiment , the e f f e c t s  o f  the s t imu l i  

were i rrelevant t o  the goal s  o f  the overal l  programme and any 

such ef fects would comp l i cate unnecessar i ly the int erpret ­

at i on o f  the resul t s . So , to further s imp l i fy mat t ers , the 

ini t i a l  analys es of each experiment cons i s t ed of an omnibus 

ANOVA wi th , where appropriate , the Dunnett t e s t  ( Keppel & 

Zedek , 1 9 8 9 ) being app l i ed to any St imulus and/or St imulus 

int eract i ons . Throughout the analyses median RTs were used 

a s  the summary stat i s t i c . 

Experiment 1 

Method 

Experimental hypotheses and design The central ques t ion 

being addressed was , " Are CLEMs funct ional ly related to 

cogn i t ive proc e s s i ng ? " I f  they are then at l ea s t  some o f  the 

many poss ible GPs should a f fect cogn i t ive process ing . So , 

rep l i cat ing Andreasen ( 1 9 8 8 ) and test ing Kinsbourne ' s model s  

o f  CLEMs were t he main obj ect ives o f  thi s experiment . 
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The logi cal predi ct ions from Kinsbourne ' s models when GP i s  

var i ed were considered earl ier { p . 6 9 ) . There i t  was shown 

that a cros s over GP x VF int erac t i on shoul d  be found over the 

hor i zontal GPs . In the interact i on ,  fac i l i tation should be 

shown when the left GP coinc i des with LVF pres entat i on and , 

conversely , the right GP coinc i des with RVF presentat i on ,  

that is , when VF and G P  are congruent . { Fa c i l i t a t i on is  

i n f erred f rom shorter RTs when RT is  the dependant measure . )  

A vertical GP main e f fect wi thout any GP x VF interact ion was 

expected over the vert i cal GPs where the GP ef fect was 

expected t o  be a relat ive speeding of RTs on the upper and 

l ower GPs compared to the cent ral GP . Thi s  was expec ted 

because vert i cal movements are bi lateral ly cont rol l ed thereby 

l eading to symmetrical arousal o f  the cerebral hemi spheres 

and hence f ac i l i tation when the eyes are moved away f rom the 

c ent ral GP . 

The pred i c t ions from Kinsbourne ' s model s  are cont rary to the 

resul t s  o f  Andreasen { 1 9 8 8 ) . There , the c ros sover GP x VF 

int eract ion that was f ound over the hor i z ontal GPs gave 

s horter RTs when ei ther right GP and LVF , or , l e f t  GP and RVF 

coincided . Furthermore , over the vert ical  GPs , RTs f rom t he 

l ower GP were found t o  be longer than the cent ral and upper 

GPs . Thi s  lat ter result was cons i s tent with other empirical 

report s that upward CLEMs and stares were the mos t  rel iable 

c ompanions o f  SQs . I f  stares and upwards CLEMs are 

f unct i onal acces sori es to the process ing requi red by SQs , 

t hen RTs woul d  be expected t o  be shorter when looking upwards 
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o r  s t raight ahead rather than elsewhere when st imu l i  were 

vi sua l ly p resented . Thi s  would arise i f  vi sual percept ion 

and imagery share a common neural subs t rate ( Farah , 1 9 84 ) . 

Consequen t ly , i f  a verbal task were to be presen t ed visua l ly ,  

G P  e f fect s  due to both verbal cognit ion and visual percep t i on 

should be f ound . 

Wi thin the one experiment , then , two a l t ernat ive hypotheses 

were to be t es t ed . For the f i rst , based on previous 

research , it was expected that a vertical GP woul d  have a 

s igni f icant e f fect on RT . For the second , derived from a 

t heoretical model , a s igni fi cant GP x VF intera c t i on over t he 

hori zontal GPs was expected with RTs being fastest when VF 

and GP were congruent . Addi t ional ly ,  when the model i s  

extended t o  vert ical movement s ,  faster RTs were expected i n  

t h e  upper and l ower G P s  compared to the c entral GP . 

The experiment des i gned to test these hypotheses consi sted o f  

f i ve GPs , two VFs , and two s t imu l i  giving 2 0  condi t ions . 

Wi thin the experiment a l l  condi t ions were randomi zed,  with an 

equal number ( 2 6 )  o f  all 20  pos s ible st imulus combinat i ons 

appearing on each VDU , or 52 0 trials in a l l . 

Subj ects Ten subj e c t s  were used , f ive mal e  and f ive fema l e , 

aged f rom 2 1  t o  3 7  years . Al l were volunt eers drawn from a 

pool o f  s enior psychology student s . Al l were right handed 

wi t h  normal or corrected for normal vi s ion ( contact l enses ) . 

An ext ra requi rement was that the nose and eye ridges did not 
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prevent normal binocular v i s ion o f  t he outer s t imulus 

pos i t i ons . Thi s was checked in si t u  and a number o f  

potent i a l  subj e c t s  had t o  b e  rej ected . Al l were naive a s  to 

the experimenta l  hypotheses . 

Equipment Five VDUs and the external trigger for sel f -paced 

trials were used . The VDUs occupied GPs 1 , 2 , 3 , 4 ,  and 5 

( Figure 1 ) . 

Stimulus display The f ixa t i on points , a s ingl e  i l luminated 

p ixel , were set at the cent re o f  each of the VDU screens . 

The s creen con t ra s t  was set to give z ero background luminance 

in a darkened room; the luminance o f  a 5 cm square test  

display ( al l  p ixel s  on in the test s quare ) was s et at 5 lux . 

Thi s  was checked before each s e s s i on wi th the luminance probe 

located at the eye pos i t i on . The ambient luminance at the 

eye pos i t ion was too low to be measured us ing an ordinary 

photographer ' s l i ght meter . 

The idiosync ra s i e s  of the VDU display screen p l ayed a maj or 

role i n  the choi c e  of s t imu l i  for the following reason . 

Simp l e , overl earned , readi ly discriminable st imu l i  were 

needed to sat i s fy the c r i t eria out l i ned ear l i er ( p . 7 9 )  and 

cap i t a l  letters were an obvious choice . Unfortunately , mos t  

let t ers showed bright bars o r  spo t s  o f  l ight whi ch would 

a l l ow subj ect s  t o  make t he i r  deci s i ons on var i ables other 

than shape . Al s o , to further res t ri c t  proces s ing opt ions , 

the l et t ers had to be equal i sed i n  t erms o f  their component 



part s , that i s , bars , curves , etc . The let t ers " X " and " V "  

proved t o  be a n  acceptable pai r . 
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Each st imulus was 1 cm high and only one appeared on each 

trial . I t  appeared wi th i t s  centre at 6 . 5  cm f rom the 

f ixat ion point giving a ret inal eccent ri city of three 

degrees . The s t imulus was exposed for 5 0  ms ec and was 

immediat ely fol l owed by a solid mask ( al l  pixe l s  on ) l a s t ing 

for 1 s ec . Both the ret ina l  eccent ricity and exposure 

durat ion were wel l  wi thin the ranges commonly used to ensure 

that the s t imulus engaged only the contralatera l  hemi sphere 

( Sergent & Hel l ige , 1 9 8 6 ) . St imulus exposure dura t i on and RT 

were accurate t o  wi thin one msec . 

Procedure The VDU lurninances were checked and adj usted a s  

necessary prior t o  each sess i on and a f reshly s teri l i s ed 

l ength o f  s i l i cone tubing was f i t t ed to the b i t e  bar . The 

subj ect was seated in front o f  the display and mot ivating 

instruct i ons with experiment j us t i f i cat ion given . The b i t e  

bar and cha i r  were adj ust ed t o  al l ow the subj ect to l ook 

direc t ly a l ong the hori zontal base l ine at the c entral VDU 

f ixat ion point and wi th the eyes at the des ignat ed viewing 

point . Thi s  was done by making adj ustments unt i l  the subj ect 

reported that the dimples in the end of the eye pos i t i oning 

j ig were d i rect ly in front o f  the eyes . Thi s  was checked by 

the experimenter who could see both pup i l s  and dimples f rom 

the s ide . The d i s t ance was accepted as correct when the 

subj ect ' s eyelashes j us t  f l i cked the end of the j ig .  The 
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b i t e  bar was adj usted so that this pos i t ion could be 

maintained throughout the sess ion . The i deali sed obj ect ive 

was to have the subj ect looking along the baseline wi th both 

head and eyes in the natural rest ing pos i t ion . Physical 

c omfort was obtained by using suitable loose packi ng beneath 

t he feet and forearms . The foot and foot swi tch were 

adj usted so that when the swi t ch was c l osed the foot returned 

automat i c a l ly to a comfortabl e rest pos i t ion . Considerable 

a t tent ion was pai d  t o  the subj ect ' s  comfort , espec i a l ly the 

a rms , neck and shoulders . Di scomfort in these p l aces woul d  

provoke head movement during the experiment or interfere wi th 

r esponding . The procedure was then demonstrated and the 

s ubj ect was allowed a block of fami l iari sat ion t r i al s . 

Adj ustment s  were made on demand during the pract i c e  t r i al s . 

No adj ustment s were made after the exper imental t ri a l s  began 

a nd the subj ect was asked to remember the final adj usted 

pos it ion in order to reinstate it  after the rest periods . 

After the init ial adj ustment s had been made and be fore the 

pract ice t ri al s , a t est was made o f  the subj ect ' s abi l i ty t o  

s ee the outer s t imu l i  wi th both eyes when the head was 

c entred . A number o f  subj ect s  were rej ected at thi s point 

due t o  the out er s t imuli being obst ruct ed by the nose . 

Respons e s  were made us ing the middle f i nger of each hand t o  

c lose a response pad . Each s t imulus was uniquely paired wi th 

one f i nger , the pairings for the f i r s t  session being 

alterna t ed acro s s  subj ect s . The s t imulus / f inger pairs were 

reversed for the second sess ion . 



I mme d i a t e l y  be f o re t he pract i ce t r i a l s  began the f o l l owing 

i n s t ru c t i on s  were given to the s ub j ect : 

" I  want t o  empha s i z e three t hings . Speed between 
t r i a l s  i s  n o t  to be a imed at . Let your eyes s e t t l e  
down and f o cu s  prope r l y  o n  t he fixat i on p o i nt . T ake a 
few s e c o n d s  f o r  t hi s ; I ' l l be remindi ng you o f  t h i s  
b e c a u s e  o n c e  into a rhythm ,  one tends t o  speed up . 
S ec on dl y ,  don ' t t ry t o  ant i c ipate or s e c ond gue s s  the 
c omput e r . Every t r i a l  i s  i n dependent o f  a l l  othe r s  on 
a l l  three v a r i abl e s ,  eye po s i t i on ,  v i s u a l  f i e l d  and 
s t imu l u s . Thi rdl y ,  keep your head st i l l  and move o n l y  
y o u r  e y e s " .  

The f i n a l  i n s t ruct i on w a s  empha s i z e d .  The e s sent i a l s  o f  

t he s e  i n st ru c t i on s  were repe ated be fore t h e  exper iment a l  

t r i a l s  began and aga i n  a t  the end o f  each r e s t  peri o d . 

P ra c t i c e  t r i a l s  we re t hen g iven i n  blocks o f  1 8  unt i l  a 

c r i t e r i on pe r f o rmance o f  two s uc c e s s ive e r r o r  f ree b l o c k s  

w e r e  a c h ieved w i t h  a min imum o f  9 0  t r i a l s  p e r  s ub j e c t . 

1 0 0  

P r act i ce t r i a l s  were g i ven u s ing a l l  five VDUs and c o a ching 

w i t h  respect t o  e r r o r s  and redu c t i o n s  in RT was p r o v i ded . 

I n  e a c h  exper i ment a l  s e s s i on ,  s ub j e c t s  re c e i ved a t o t a l  o f  

5 2 0  t r i a l s  g i ven in b l o c k s  o f  5 2 . Both s t i mu l i  o c c u r red 2 6  

t ime s i n  every GP X VF c omb inat i on . The t r i a l s  were r and-

omi s e d  a c ro s s  a l l  condi t i on s ,  the one re s t r i ct i on b e i n g  that 

n one o f  t he t hree var i ab l e s ,  GP , VF or St imu lu s ,  t o ok the 

s ame v a l u e  o n  more than three s u c c e s sive t r i a l s . A break of 

one m i n u t e  was g i ven after every b l ock of 52 t r i a l s  and a 1 0  

m i nu t e  b r e a k  a ft e r  2 6 0  t r i a l s  had been comp l et e d . E a ch 

s ub j e c t  attended f o r  t w o  s e s s i on s ,  a mo rn i n g  and an a ft e rnoon 
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one , t o  counterbalance for any c i rcadian e f fec t s . The second 

s e s s i on was held wi thin three days of the f i rs t  ses s ion . 

Results and Discus s ion 

The raw RTs were cul l ed of doubl e responses and responses 

made out s i de the response int erval . The resul t ing i ndi -

vidua l RTs were sorted into the 4 0  sess ion x respons e  hand x 

s t imulus comb inat ions and examined for response errors , a 

mean error rate of 4 . 2 % ( s . d . =2 . 3 )  being found . Vi sual 

inspect ion o f  the cel l counts revealed no systema t i c  di s t r -

i but ion pat t erns for these errors and they were not further 

analyzed . Individual median RTs , each based on 2 6  t rial s , 

were ext rac t ed for each condi t i on and used in a l l  s ubs equent 

analyses ( Appendix E l : Table 1 ) 6 •  

S t imulus e f fects  were not expec t ed to occur7 , but a s  a check 

upon the val idity of this assumpt i on the individual raw dat a  

were averaged across ses sions and a three -way ( GP x VF x 

S t imulus ) ANOVA carri ed out . The Dunnet test was u s ed 

6Indivi dual mean median RT data and ANOVA tables for thi s 
and a l l  other experiments are given in s eparate appendices . 
Space const raints made i t  necessary for some of the Fact or names 
t o  be abbrevia t ed . A l i s t  of the abbreviations used c an be found 
at the beginning of the appendices on p .  2 5 9  

7 To check on the e f f ect ivenes s  o f  the count erbal ancing , the 
median RTs were analyzed in a f ive -way mixed ANOVA wi th the 
init ial Response/Hand - St imulus combination as the between-groups 
factor and S e s s i on ,  GP , VF and St imulus as the wi thin groups 
factors . The relevant Hand x VF x St imulus int eract ion was 
s igni ficant , F ( 1 , 8 ) = 1 5 . 0 2 ,  p< O . O O S  ( Appendix El : Tabl e  2 ) . When 
the RTs were col lap sed over s e s s ions and reanalysed ,  the 
c orresponding VF x S t imulus int eract ion { Appendix El : Table 3 )  
was not s ign i f i cant . 
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part i t i oning the 0 . 0 5 alpha l evel a t  0 . 0 2 for the s t imulus 

main ef fect and 0 . 0 1 each for the two -way and one three-way 

intera c t i on s . No ef fec t s  involving St imulus were s igni f i cant 

( Appendix El : Tab l e  3 ) . There being no s t imulus e f fects to 

cons ider , the s epara t e  s t imulus RTs were col lap s ed and the 

mean median RT for each o f  the result ing 2 0  Ses s i on x GP x VF 

condit ions were used in the subsequent analys i s . 

Pl anned compari sons were then carried out s eparately acro s s  

the hori zontal GPs ( 2 ,  3 ,  4 )  and across the vert i cal GPs ( 1 ,  

3 ,  5 ) . Group mean medians for each individual VF are shown 

in Table 1 .  

Tabl e  1 .  Mean median RTs and their standard devia t i ons 

(s . d . )  for each GP x VF combina t i on . Combined VF values are 

a l s o  shown . 

LVF RVF Combined VF 

GP Mean s . d .  Mean s . d .  Mean s . d .  

1 4 1 8 . 6 5 5 8 . 9 2 4 1 3 . 7 5  5 9 . 83 4 1 6 . 2 0 5 7 . 84 

2 4 1 7 . 8 5 6 0 . 9 1 4 0 6 . 2 0  53 . 5 5 4 1 2 . 0 2 5 6 . 1 4 

3 4 1 8 . 9 5 6 5 . 1 4 4 1 2 . 7 0 5 6 . 5 5 4 1 5 . 8 2 5 9 . 4 5 

4 4 1 4 . 2 5 5 9 . 6 2 4 1 3 . 6 5 5 4 . 53 4 1 3 . 9 5 5 5 . 6 1 

5 4 2 4 . 8 5 6 1 . 2 5 4 1 7 . 6 5 5 8 . 0 6 4 2 1 . 2 5 5 8 . 2 0  

Over the hori z ontal GPs , the LVF di f f ered l i t t l e  a s  GP 

varied . However , RTs for the RVF were faster for t he left GP 

( GP2 ) compared to the other GPs ( GP3 and GP4 ) . Thi s  GP x VF 

intera c t i on was s igni f i cant , F ( 2 , 1 8 ) =7 . 5 1 ,  p< 0 . 0 0 5  ( Appendix 
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E l : Tabl e  4 ) . Mul t iple t t e s t s  for correlated s amples 

reveal ed that the interact ion was due to the RVF being 

speeded by almo s t  eight ms ec in GP2 ( l eft ) compared t o  GP4 

( right ) , t ( 9 ) = 1 . 9 9 ,  p< O . O S .  However , the s t rength o f  

associat ion ,  w2 ( omega squared : Hays , 1 9 7 3 ) , was found t o  

account for only 3 . 9 % of the experimental variance and j us t  

0 . 6 % o f  the t o t a l  variance , wi th subj ect variance account ing 

for 8 3 . 5  % of the total . The LVF was retarded by four ms ec 

in GP2 compared t o  GP4 but thi s di f ference was not 

s i gni f i cant . 

Acro s s  the vert i ca l  GPs the bot tom GP ( GPS ) was retarded 

compared to GPl and GP2 , but the di f ference did not qui t e  

reach s igni ficanc e , F ( 2 , 1 8 ) = 3 . 2 2 , p< 0 . 0 7 .  w2 a ccounted for 

1 . 8 % of the experimental variance and 0 . 3 of the total 

variance . ( Appendix El : Table 4 ) . 

In this  experiment the predict ions f rom Kinsbourne ' s model s  

were not support ed . Acro s s  the hor i zontal GPs , the expec t ed 

GP x VF intera c t i on ,  where faster RTs should occur when GP 

and VF are congruent , was not found . Instead , the res ul t s  

were cons i s tent with Andreasen ( 1 9 8 8 ) where the incongruent 

GP x VF combina t ions produced the f a s t er RTs . Likewi s e ,  RTs 

from the vert i ca l  GPs did not support Kinsbourne ' s model 

whi ch predi c t s  faci l i tat ion for both VFs in the upper and 

l ower GPs . The t rend towards s l ower RTs in the l ower GP was , 

however ,  simi l a r  to the GP effec t  f ound by Andreasen . 
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Repl i cat ing the e s s ent ial resu l t s  o f  Andreas en ( 1 9 8 8 ) 

con f i rmed that using GP and VF as independent variabl e s  i s  a 

worthwh i l e  tec hnique . The next experiment was des igned t o  

ext end the app l i cat ion o f  the method by comparing blocked ( B )  

and randomi zed ( R )  GP presentation condi t ions . By doi ng 

thi s ,  one o f  t he substant ive predict ions from Kinsbourne ' s 

( 1 9 7 0 ) a t t ent i onal gradient theory could a l s o  be t es t ed . The 

predi c t ion was that the GP x VF interaction would be l arger 

under B condit ions than under R condi t i ons . Thi s  comes about 

because a s t eady GP is expect ed to produce a greater degree 

of arousal wi thin the cont ralat eral hemi sphere than wou l d  

occur when the GP i s  cont inua l ly changing . 

Experiment 2 

Method 

The bas i c  des i gn was a wi thin- subj ects compari s on between the 

ful ly randomi zed condit ion of Experiment 1 and a condi t ion 

where t ri a l s  were blocked onto each GP in turn . 

Subj ect s  Ten s ubj ect s ,  eight male and two f ema l e , were 

recru i t ed from univers i ty s t a f f  and student s ,  age range 1 9 - 4 0  

yrs . Subj ects received a sma l l  honorarium for part icipat ing 

in the experiment . 
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Equipment and Procedure The equipment was the same a s  was 

u s ed i n  Experiment 1 .  In that experiment the criterion 

performance for the pract ice trials was found . t o  be 

unnec e s s ar i ly stringent ; accordingly the criterion was 

relaxed t o  a 5% error rat e over the last  two blocks o f  

prac t i ce trials . Also , the warning beep was short ened to 1 0 0  

msec and lowered in frequency . 

The R condi t ions were exac t ly as for Experiment 1 .  The s ame 

general procedure was used for the B condi t ion but wi th the 

f o l l owing modi f icat ions . Pract ice t r i a l s  were given in 

blocks o f  18 on each VDU in turn , each screen being used once 

in a random order . A minimum o f  9 0  pract ice t r i a l s  were 

given at the beginning of each ses sion us ing the s ame 

per formance criterion as for the R condi t ion . Experimenta l  

t r i a l s  were present ed in blocks o f  52  o n  each VDU i n  turn . 

The VDU sequence was randomly selected at the beginning o f  

each B s e s s ion , each screen being used twice giving a total 

o f  5 2 0  experimental trials  for the sess ion . Wi thin each 

block a short ( roughly 1 0  s ec ) break was given a f t er 2 6  

t r i a l s  t o  reduce the fatigue due t o  s taring f ixedly in one 

direc t i on . 

Each t r i a l  was completely controlled by the comput er and the 

trial s equence was as described earl i er ( Figure 3 ) . Other 

than the mid-block break where subj ect s  were ins t ruct ed t o  

rol l  their eyes , rest breaks were the same a s  for the R 

condi t i ons . 
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Subj ects a t t ended for f our s e s s ions , each s e s s ion l a s t ing for 

between one and a hal f  and two hours dura t i on . Ha l f  o f  the 

subj ects received an RBBR s equence ,  the remaining s ubj ects  

receiving the a l t ernat ive BRRB s equence . Due to a mechanical 

fai l ure , two subj ect s  received an ext ra block of t r i a l s  

during one o f  the ses s i ons . Addit ional di f f i cul t i e s  aro s e  

due t o  the personal s chedules o f  the subj ect s  and incidental 

inj uries to the experimenter . As a resul t ,  mos t  subj ects  

t ook about three weeks t o  complete the experiment but in 

three cases two months were needed . 

Results and Discuss ion 

The raw RTs were sorted by GP x VF x St imulus x Ses s ion x 

Condi t ion ( B ,  R )  for each subj ect . These were then examined 

for errors and a mean error rat e  of 5 . 5 % ( s . d . =  2 . 1 )  was 

found , the errors being evenly d i s t ributed across al l 

experimental condi t ions . As in Experiment 1 ,  median RTs for 

the 2 6  t r i a l s  for each condi t ion were used in the subsequent 

analys i s . The individual mean median RTs are l i sted i n  

Appendix E2 : Tabl e  1 .  

A prel iminary analys i s  wi th S t imulus as a factor produced no 

e f f e c t s  involving S t imulus ( Appendix E2 : Tabl e  2 ) , so the RTs 

for the two s t imu l i  wi thin a s e s s ion were c o l l apsed to give a 

s ingle mean median RT for each GP x VF condi t ion . These mean 

median RTs were used for the remaining analyse s . 
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To evaluate the ef fect o f  counterbalanc ing the presentat ion 

condi t i ons , a f our-way mixed ANOVA was carried out wi t h  Order 

a s  the between- subj ect s  factor and Ses s ion , GP , and VF as the 

wi thin- subj e c t s  factors ( Appendix E2 : Tabl e  3 ) . There was a 

s igni f icant main ef fect for Order , F ( 1 , 8 ) = 8 . 4 3 ,  p<0 . 0 2 ,  wi th 

the BRRB order being s ome 65 ms ec faster overal l  than the 

RBBR order ( Table 2 ) . There was a l s o  a s i gni f i cant Order x 

S e s s ion int eract ion , F ( 3 , 2 4 ) = 3 . 8 9 , p< 0 . 0 3 .  RTs for the BRRB 

order tended t o  vary about the mean for the sessions , whereas 

the RTs for the RBBR o rder increa s ed fairly steadi ly over 

s e s s ions . However ,  s ince the pat terns o f  RTs over Order and 

S e s s ion was essent ial ly the same for both vert ical and 

hori zonta l  GPs , only the overal l  RTs are s hown in Tabl e  2 .  

Tabl e  2 .  Mean median RTs (ms ec) for counterbal anced order as 

a funct ion of sess ion order . 

Order 

Sess i on BRRB RBBR 

1 4 0 2 . 6 9 4 3 3 . 6 5 

2 3 6 7 . 1 1 4 4 8 . 17 

3 3 9 7 . 4 0 4 4 5 . 4 8 

4 3 7 9 . 67 4 7 0 . 52 

Mean 3 8 4 . 2 2 4 4 9 . 4 6 

Order and Sess ion did not interact wi th e i ther GP o r  VF , and 

s ince nei t her Order nor Sess ion was theoret i c a l ly rel evant t o  

t h e  experiment ,  the data were c o l lapsed over both factors for 
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Table 3 .  
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Table 3 .  Mean median RTs and their s . ds . for each GP x VF 

combinat ion . Al so shown are the RTs col laps ed over VF; B and 

R condi t ions are shown separat ely .  

Blocked Random 

GP VF Mean s . d .  Mean s . d .  

1 L 4 1 8 . 7 5 4 3 . 62 4 2 5 . 1 5 5 0 . 0 1 

R 4 1 3 . 3 5 4 4 . 12 4 1 8 . 0 0 5 0 . 5 9 

2 L 4 1 6 . 9 0 4 7 . 2 8 4 2 1 . 2 5 4 7 . 7 7 

R 4 0 9 . 9 0 4 0 . 4 9 4 1 5 . 4 0 5 6 . 1 0 

3 L 4 1 7 . 2 0 4 7 . 2 8 4 3 0 . 4 5 4 9 . 2 7 

R 4 0 9 . 6 5 4 8 . 0 9 4 1 8 . 2 0 5 2 . 2 6 

4 L 4 1 2 . 0 5 5 3 . 6 7 4 1 5 . 9 0 5 2 . 5 0 

R 4 0 1 . 0 5 5 1 . 6 3 4 2 0 . 0 0 5 2 . 2 6 

5 L 4 1 9 . 6 5 4 5 . 2 9  4 2 5 . 6 5 5 1 . 8 0 

R 4 1 7 . 9 5 4 6 . 9 6 4 2 1 . 6 5 5 2 . 6 5 

Combined VFs 

1 4 1 6 . 0 5 4 2 . 7 9 4 2 1 . 57 4 9 . 1 0 

2 4 1 3 . 4 0 4 2 . 9 9 4 1 8 . 3 2 5 0 . 8 0 

3 4 1 3 . 4 2 4 6 . 5 8 4 2 4 . 3 2 4 9 . 8 3 

4 4 0 6 . 5 5 5 1 . 5 6 4 1 7 . 9 5 5 1 . 0 3 

5 4 1 8 . 8 0 4 4 . 9 1 4 2 3 . 6 5 5 0 . 8 8 

Across the hori z onta l  GPs the R condit ion appeared t o  produce 

a GP x VF int eract i on that res embl ed the one found in 
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Exper iment 1 ,  t hat i s ,  c o nt r a l at e r a l  ret ardat i on ove r t he 

out e r  GP 2 a n d  GP 4 . At t he s ame t ime , the LVF w a s  a l s o 

ma r k e d l y  ret a rded on the cent r a l  GP 3 compared t o  the other 

GP s .  I n  c o n t rast , unde r B condi t i on s , both VF s had shorter 

RT s f o r  GP 4 c ompared to GP 2 and GP 3 wh i c h  had very s im i l a r  

RT s . 

P l anned comp a r i sons were made over the vert i c a l  and h o r i ­

z on t a l  GP s u s i ng three-way ( C ondit i on x G P  x VF ) ANOVAs . 

The s e  showed t hat a c r o s s  the h o r i z on t a l  GP s the GP m a i n  

e f fe c t , F ( 2 , 1 8 ) = 3 . 0 1 ,  p< 0 . 0 8 ,  and the VF ma i n  e f fect , 

F ( l , 9 ) = 4 . 4 5 ,  p < 0 . 0 7 ,  approached s i gn i f i c an c e . Ove r t he 

vert i c a l  GP s t he VF main e f fect , F ( 1 , 9 ) = 3 . 8 6 ,  p < 0 . 0 8 ,  and GP 

x VF inter a c t i on ,  F ( 2 , 1 8 ) = 3 . 2 0 ,  p < 0 . 0 7 ,  a l s o  appro ached 

s i gn i f i c an c e  (Append i x  E2 : Tab l e  4 ) . Import ant l y ,  there were 

n o  e f fect s involving Condit i o n . So the ma i n  predi ct i on ,  that 

b l o c k i ng t he t r i a l s  o n t o  each VDU in turn w o u l d  enhance any 

GP x VF i n t e r a ct i on ,  was not s upport ed . 

S in c e  Condi t i on produced no s i gn i f i c ant e f fect s ,  t he dat a 

w e r e  c o l l ap s e d  over C ondit i o n  and a f i n a l  two-way , GP x VF , 

ANOVA w a s  c a rried out f o r  t he s ame pl anned c ompa r i s on s . Me an 

med i an s  a r e  shown i n  T able 4 b e l ow whe re i t  c an be s een that 

t he re is a c ons i st ent RVF advant age . 

There were n o  s i gn i f i c ant e f fe c t s a lthough there we re s ome 

s t rong t rends (Appendi x E2 : T ab l e  5 ) . The VF main e f fect f o r  

b o t h  t he h o r i z on t a l  GP s ,  F ( 1 , 9 ) = 4 . 4 5 ,  p < 0 . 0 7 ,  a n d  the 
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Tab l e  4 .  Me an median RT s f o r  each GP ave raged over Cond i t i on 

f o r  e a c h  VF . Al s o  shown a r e  t he RT s c o l l a.Qs e d  o v e r  VF . 

LVF RVF Comb ined VF 

GP Mean s . d . Me an s . d . Mean s . d .  

1 4 2 1 . 9 5  4 5 . 7 9 4 1 5 . 6 7 4 6 . 2 6 4 1 8 . 8 1 4 5 . 5 4 

2 4 1 9 . 0 7 4 6 . 3 1 4 1 2 . 6 5 4 7 . 7 0 4 1 5 . 8 6 4 6 . 5 2 

3 4 2 3 . 8 2 4 7 . 4 8 4 1 3 . 9 2 4 9 . 0 7 4 1 8 . 8 7 4 7 . 9 2 

4 4 1 3 . 9 7 5 1 . 7 1 4 1 0 . 5 2 5 1 . 4 9 4 1 2 . 2 5 5 0 . 9 6 

5 4 2 2 . 6 5 4 7 . 4 6 4 1 9 . 8 0 4 8 . 5 9 4 2 1 . 2 2 4 7 . 4 3 

vert i c a l  GP s ,  F ( 1 , 9 ) = 3 . 8 6 ,  p< 0 . 0 8 ,  re f l e ct i ng t he RVF 

advant age . The h o r i z o nt a l  GP main e f fect app r o a ched 

s i gni f i c a n c e , F ( 2 , 1 8 ) = 3 . 0 1 ,  p < 0 . 0 8 ,  and was due t o  the RT s 

f o r  GP 4 be i n g  f a s t e r  than f o r  the other two GP s ( GP 2 = 4 1 6  

ms e c ,  GP 3 = 4 1 8  ms e c , GP 4 = 4 1 2  mse c ) , w2  a c c ount i n g  f o r  7 . 1 % o f  

t he ho r i z on t a l  exper iment a l  var i an c e  ( 1 . 3 % o f  t he hor i z on t a l  

t ot a l  v a r i an c e ) . Ac ro s s  t he vert i c a l  GP s the GP x VF 

int e r a c t i o n  app r o a c hed s i gn i f i c ance , F ( 2 , 1 8 ) = 3 . 2 0 ,  p=0 . 0 7 ;  w2 

a c c ount e d  f o r  2 . 2 % of t he vert i c a l  e xper iment a l  v a r i an c e . 

Th i s  i n t e r a ct i on w a s  due t o  t he RVF being r athe r s l ower i n  

t he bot t om p o s i t i on compared t o  the t op and cent re pos it i on s  

( Tab l e  4 )  . The LVF d i f fe red by o n l y  two msec over the t h r e e  

po s i t i on s . 

As a c he c k  on the s ource o f  t he GP and GP x VF t rends , s imp le 

main e f fe c t s were e x amined f o r  the two c ondit i on s  s eparat e l y  

( Append i x  E 2 : T ab l e  6 ) . There were n o  s i gn i f i c ant ( o r n e a r  
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s igni f icant } effec t s  in the B condi t ion for either vertical 

or hori zontal  GPs a l though the GP main e f fect account ed for 

8 %  of the hori zonta l  experimental variance . In the R 

c ondit ion , however , the hori z ontal GP x VF interac t i on 

approached s igni f i cance , F ( 2 , 1 8 } = 3 . 1 9 ,  p = 0 . 0 7 ;  w2 accounted 

for 1 0 %  o f  the experimental variance ( 1 . 8 % of t o t a l  

variance }  . The vert i cal GP x VF int erac t ion a l s o  approached 

s igni fi canc e , F ( 2 , 1 8 } =3 . 3 1 ,  p = 0 . 0 6 ,  wi th w2 account ing for 

8 . 3 % of the experimental variance ( 0 . 7 % of tot a l  variance } .  

The vert i cal VF s imple main e f f ect reached signi f i cance , 

F ( 1 , 9 } = 8 . 4 2 ,  p< 0 . 0 2 .  Thus , any ef fect o f  Condi t ion was shown 

p rimari ly in the R rather than the B condit ion , which was 

contrary t o  expect a t ions . 

The resu l t s  o f  thi s experiment were s imi lar to t he f i r s t  one 

in giving no support to any o f  the hypotheses derived from 

the attent ional gradient model . Moreover , there was only a 

part ial repl icat i on of the resul ts o f  t he firs t experiment 

and of Andreasen ( 1 9 8 8 } , thi s being the non-sign i f i cant 

hori zonta l  GP x VF interact ion found in the R condi t ions . 

There was considerable variabi l i ty among the BRRB sess ions 

but a f a i rly s t eady increas e  in RT from the f i r s t  to the 

fourth s es s i on occurred for the RBBR sess ions . Thi s  

variabi l i ty may wel l have obs cured any small e f f e c t s  aris ing 

from the experimental manipulat ions . I t  was t herefore 

decided that pra c t i cal con s i derations outweighed s t at i s t i ca l  

nice t i e s  o f  count erbalancing between and wi thin subj ect s . 



Hen c e , E xpe r iment 3 u s e d  t w o  groups o f  s ub j e ct s ,  one 

r e c e i v i n g  R t r i a l s ,  t he other r e c e iving B t r i a l s . 

Experiment 3 

Method 
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The f i r s t t w o  e xper iment s requ i r e d  the sub j e ct s t o  make a 

s imp l e  l e t t e r  i dent i f i c at i o n . T h i s is po s s i b l y  the s imp l e s t  

t a s k  t hat requ i re s  a put at i ve p r i m a r i l y  l e ft c e rebr a l  

hem i sphe re engagement ( S e rgent , 1 9 8 3 ) . The t h i rd e xp e r iment 

wa s u s e d  t o  e x p l ore t he e f fe c t s  o f  a more di f f i c u l t  ve rba l 

t a s k  appr opr i at e  t o  a pre sumed l e ft cereb r a l  hemi sphe re 

engagement . A l e x i c a l  de c i s i on t a s k  was cho sen f o r  t h i s  

purpo s e . Al s o  i t  w a s  e a r l i e r  argued in the I nt roduct i o n  that 

CVF p r e s ent at i o n  may p r o v i de v a l u a b l e  info rmat i on on a number 

o f  s u b s t ant i ve i ssue s . F o r ,  i f  CVF pe r f o rmance d i f f e r s  from 

b o t h  d i v i ded f i e l d pe r f o rman c e s  a s  GP va r i e s  then s e r i ou s  

p r o b l ems a r i s e , n o t  o n l y  f o r  K i n s b ou rne ' s mode l s ,  but a l s o  

f o r  t h e  i de a  o f  funct i on a l  c e reb r a l  l ater a l i t y . Hen c e , i t  

w a s  de c i ded t o  i n c l ude the CVF c ondit ion w i t h  t he LVF a n d  RVF 

c on d i t i o n s , i n c re a s i n g  the numbe r  o f  t r i a l s by 2 6 0 . T h i s  

i n c r e a s e d  demand upon t he s ub j e c t s  gave added j u s t i f i c at i on 

f o r  changing t o  a between-group s de s i gn . 

Sub j ects Twe n t y  four s ub j e c t s , 1 0 m a l e s  and 1 4  fema l e s  aged 

f r om 2 0 - 3 9  y e ar s , re c ru i t e d  f r om u n de rgradu a t e  p s ycho l ogy 

c l a s s e s ,  p a rt i c ipated i n  t he expe r i ment . Al l s at i s f i e d  the 



1 1 3  

phy s i c a l  requ i rement s o f  Experiment 1 and each was paid $ 4 0  

for t aking part . Twelve subj ect s were randomly ass igned t o  

each o f  the two condi t ions ; two subj ect s were subsequent ly 

di s c arded from the R c ondition ,  one due to i l lnes s , the other 

bec ause of mechanical fai lure . 

St imuli A l i s t  o f  pub l i shed word norms ( Togl ia & Bat t ig ,  

1 9 7 8 ) were used to chose a set o f  4 9  three- letter Eng l i sh 

words . Al l words were chosen for high fami liarity together 

wi t h  l ow imagery and l ow concreteness . Al l words scored 6 . 0  

or higher on the fami l iarity scale and 3 . 5  or lower on the 

imagery and concretene s s  scales . The l i s t  was repeat ed eight 

t imes to produce a pool of 3 9 2 words ; two words were dropped 

to give a f inal total of 3 9 0  word s t imul i .  This pool was 

randomi z ed and entered into the computer memory . A further 

l i st of 49 pronounceable three - l e t t er non-words was prepared 

wi th the frequency of f irst let t er inc idence being 

approximately equal t o  that in the real word l i st . The l i s t  

was culled o f  real word homonyms , fami l iar acronyms and any 

other potent i a l ly confus ing properties . The f inal l i st o f  

3 9 0  non-word s t imul i  was produced in a s imi lar manner t o  the 

word stimul i  and entered into the computer memory . At the 

beginning of each s e s s ion the computer formed each l i s t  into 

a loop and s e lected a random s t art ing point within each l oop . 

The t rial by trial s t imuli were then selec ted randomly from 

each l i s t  unt i l  each had been exhausted , the sole restrict ion 

being that not more t han three success ive st imuli c ame from 

the one l i s t . Replacement trials  were obtained by c ont inuing 
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through the l i s t  for a second t ime . Al l subj ects received 

the con t ent s of each l i s t  in the same order but usua l ly 

beginning a t  di f ferent point s within them . The full l i s t s  o f  

s t imuli c an be seen i n  Appendix 2 .  

Prel iminary t rial s revealed that subj ect s  had di f f i culty when 

the s t imul i  were centred at t hree degrees eccent r i c i ty and 5 0  

ms ec exposure dura t ion . There fore , the eccent r i c i ty was 

reduced and the a spect rat io ( height : widt h )  of the let ters 

changed f rom 1 : 1  t o  1 : 0 . 5 .  The s t imuli then subt ended a 

vi sual angle o f  1 . 5  degrees centred 2 . 5 degrees f rom the 

f ixat i on point , the l eading edge being 1 . 7 5  degrees from the 

f ixat ion point . Thi s  was found to be acceptable and wel l  

wi thin the paramet ers that a r e  ordinari ly used wi th thi s type 

o f  s t imulus ( e . g . , Sergent & Hel l ige , 1 9 8 6 ) . 

Procedure The procedure was essent ially the same as for the 

previous experiment except that each group o f  subj ect s  served 

under only one presentat ion condition . S t imul i  and response 

f ingers were counterbal anced for each subj ect between the two 

s e s s i ons . 

Results and Discus s ion 

Af t e r  cul l ing nul l  respons es , an error rate of 1 0 . 5  % ( s . d .  

=2 . 7 )  was f ound but vi sual inspect ion revealed no obvious 

pat tern to the errors . The error rate was higher than had 

been f ound in the f irst two experiments and was poss ibly due 

to the increased di f f i cu l ty of the task . 
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Individual median RTs were ext racted for each o f  the 6 0  

Condi t i on x GP x VF x St imulus combinations averaged over 

s es s ions ( Appendix E3 : Tabl e 1 ) . These median RTs were then 

ent ered into a four way ANOVA wi th Condi t ion ( having unequal 

1 0 , 1 2 ,  cel l entries ) as  the between- subj ect s  factor and GP , 

VF and St imulus as the wi thin- subj ect s  factors . There were 

no s igni f i cant ef fec t s  involving Condi t ion (Appendix E3 : 

Table 2 ) . The Dunnet t test was appl i ed to all s t imulus 

e f fect s  other than the main e f fect which was expec ted t o  be 

s igni f icant ( e . g . , Chiare l l o ,  Senehi , & Soul ier , 1 9 8 6 ) . 

Also , because there was a pos s ibi lity that the CVF might 

di f fer from the other two VFs ,  the alpha level o f  0 . 0 5 was 

apport i oned at 0 . 0 3 for the VF x St imulus interac t i on and a t  

0 . 0 0 4  for the remaining s ix poss ible int eractions . The 

expec t ed St imulus main e f fect occurred , F ( 1 , 2 0 ) = 6 7 . 9 7 ,  

p< 0 . 0 0 0 1 ,  Words being fast er than Non-words ( 4 9 1  msec vs 5 3 1  

msec ) ; comparabl e  main e f fect s  were found in a l l  subsequent 

analyses where St imulus was a factor . A s igni f i c ant VF x 

Stimulus interact ion , F ( 2 , 4 0 ) = 6 . 7 9 ,  p< 0 . 0 0 5 ,  was found . 

Ana lyt ical  analyses (Appendix E3 : Table 3 )  showed that the 

St imulus x VF interac t ion was due ent irely to the CVF . There 

was no evidence for any St imulus int eract ion wi th divided 

f i e l d  presentation (Appendix E3 : Tab l e  6 ) . 

At thi s point , s ince no e f fect of Condition had been found , 

the data were combined over B and R Condit ions and reana­

lysed as hori z onta l  and vert ical GP planned compari sons . 

Becau s e  the main interest o f  the research programme derived 
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hemi spheres , the divided f i eld and CVF condi t ions were 

ini t ia l ly ana lyz ed s eparately . 

1 1 6  

For the CVF over the hor i z ontal GPs , col lapsed over 

Cond i t i on ,  RTs for words were about 10 msec faster in GP4 

than in the o ther two GPs . RTs for non-words were not i ceably 

s lower in GP3 than the two peripheral GPs . Over the vert ical 

GPs , RTs for both c l a s s es o f  st imu l i  were s l ower in GP3 than 

ei ther GP1 or GP5 ( Tabl e  5 below )  . 

When the CVF dat a  were ent ered into the planned compa ri sons , 

t he hori zontal GPs gave a s igni f i cant GP mai n  ef fect , 

F ( 2 , 4 2 ) = 9 . 5 6 ,  p< 0 . 0 0 0 5 ,  and a signi f icant GP x St imulus 

int eract ion , F ( 2 , 4 2 ) =4 . 2 0 ,  p< 0 . 0 3 .  The GP mai n  ef fect was 

found t o  account for only 1 . 7 % of the hori zontal CVF 

experimental variance wi th the int eract ion contribut ing a 

further meagre 1 % . Acro s s  the vert ical GPs the GP mai n  

e f fect approached s igni f i canc e ,  F ( 2 , 4 2 ) =3 . 0 1 ,  p<0 . 0 6 ;  w2 

a ccount ing for 0 . 7 %  o f  the experimental variance ( Appendix 

E3 : Tab l e  4 ) . 

Analyt i c  one-way ANOVAs showed that for Words , GP4 was 

s i gni f i cant ly f a s t er than the mean o f  GP2 and GP3 , 

F ( 1 , 2 1 ) = 4 . 4 3 , p< 0 . 0 5 ,  but for non-words , GP3 RTs were s l ower 

t han t he mean o f  GP2 and GP4 , F ( 1 , 2 1 ) = 1 9 . 2 2 ,  p< 0 . 0 0 0 2 

( Appendix E3 : Table 5 ) . 
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Tabl e  5 .  CVF mean median RTs (ms ec) for Words (W) and Non­

words (NW) as a funct ion of GP . RTs are shown for both R and 

B condi t i ons separately and combined . 

Blocked 

GP ST 

1 w 

NW 

2 w 

NW 

3 w 

Mean 

4 7 0 . 2 5 

5 1 5 . 7 0 

4 6 6 . 7 5 

5 0 8 . 2 0  

4 7 0 . 8 3 

NW 5 2 2 . 9 5 

4 w 4 6 5 . 4 0 

NW 5 0 8 . 9 1 

5 w 4 6 5 . 3 7 

NW 5 1 6 . 1 6 

s . d .  

2 2 . 1 7 

5 5 . 8 1 

4 2 . 9 2 

4 0 . 67 

5 3 . 7 4 

4 3 . 1 0 

1 5 . 7 4 

4 2 . 5 3 

4 9 . 4 0 

4 5 . 3 0 

Random 

Mean 

4 6 0 . 6 6 

5 1 5 . 7 5 

4 7 4 . 1 5 

5 0 4 . 1 0 

4 7 3 . 9 0 

5 2 2 . 0 0 

4 6 1 . 9 1 

5 1 7 . 9 5 

4 6 5 . 4 5 

5 2 2 . 0 0 

s . d .  

4 8 . 8 2 

2 6 . 5 6 

2 2 . 0 8 

2 2 . 8 4 

1 9 . 9 1 

2 1 . 3 0 

47 . 0 9 

2 6 . 0 9 

2 6 . 4 1 

2 2 . 2 4 

Overal l  

Mean s . d .  

4 6 5 . 0 2 

5 1 5 . 7 2 

4 7 0 . 1 1 

5 0 6 . 3 4 

4 7 2 . 2 2 

5 2 2 . 52 

4 6 3 . 5 0 

5 1 3 . 0 2 

4 6 5 . 4 0 

5 1 8 . 8 1 

3 8 . 5 1 

4 3 . 9 8 

3 4 . 4 7 

3 3 . 0 8 

4 1 . 0 6 

3 4 . 1 7 

3 5 . 6 6 

3 5 . 5 1 

3 9 . 7 2 

3 6 . 0 0 

In the corresponding analys i s  for the divided VFs , p lanned 

c ompari son s  with St imulus as a factor gave no St imulus 

interact i ons ( Appendix E3 : Table 6 ) . Accordingly , t he 

divided f i eld data were col lapsed acro s s  both St imulus and 

C ondi t i on . Mean median RTs are shown i n  Table 6 bel ow . 

Although no stat i s t i ca l ly s igni f i cant e f fects due t o  

Condit ion had earl ier been found , the RTs of Table 6 under B 

c ondi t ions appear t o  show a sma l l  GP e f f ec t  over the 

hori zonta l  GPs . There , the RTs for both VFs are faster in 

GP4 than in the other two pos i t ions . Under R condi t i ons a 



Table 6 .  Mean median RTs (msec) and s . ds .  for LVF and RVF 

col laps ed over s t imu l i  as a funct i on of GP . RTs for R and 

condi t ions are shown s eparately and also 

condi t i on and VF . 

Blocked Random 

GP VF Mean s . d .  Mean s . d .  

1 L 5 1 8 . 2 9 5 1 . 3 5 5 3 3 . 4 7 3 5 . 4 0 

R 5 1 8 . 7 7 5 3 . 4 2 5 2 5 . 4 2 2 3 . 9 9 

2 L 5 2 2 . 2 9  4 3 . 8 6 5 3 3 . 7 5 3 2 . 62 

R 5 1 3 . 5 0 4 8 . 1 8 5 1 9 . 9 7 2 7 . 9 1 

3 L 5 2 2 . 1 2 4 8 . 9 6 5 3 3 . 7 5 3 0 . 4 3 

R 5 1 6 . 0 6 4 5 . 0 9 5 2 6 . 0 5 2 7 . 6 3 

4 L 5 1 1 . 1 8 4 6 . 3 5 5 3 0 . 6 7 2 3 . 7 2 

R 5 0 7 . 2 9  4 5 . 5 1 5 2 1 . 47 2 8 . 0 1 

5 L 5 1 2 . 9 5 4 0 . 1 4 5 3 4 . 17 3 0 . 0 0 

R 5 1 6 . 5 4 4 6 . 4 9 5 1 8 . 9 7 2 6 . 8 6 

collaps ed over 

Overal l  

Mean s . d .  

5 2 3 . 4 9 4 2 . 7 3 

5 2 1 . 9 7 3 9 . 0 5 

5 2 4 . 0 0 3 9 . 1 1 

5 1 6 . 8 9 3 8 . 0 2 

5 2 0 . 1 0 3 7 . 0 0 
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B 

s ugges t i on o f  a GP x VF int eract i on may be dis cerned , s imi lar 

i n  nature t o  those found in the f i rs t  two experimen t s . Over 

the vert i c a l  GPs there are no not i ceable di f ferences . When 

the data are collapsed over condi t ion , the hori zontal GP main 

e f fect becomes much more evident . 

Planned compari sons a c ro s s  the horizontal GPs reveal ed a 

s i gn i f i cant e f fect for VF , F ( 1 , 2 1 ) = 1 0 . 6 9 ,  p< 0 . 0 0 5 ,  the RVF 

havi ng an eight msec advantage over the LVF ( 5 1 7  vs 5 2 5  

msec ) . There was a l s o  a signi f i cant GP mai n  ef fect , 

F ( 2 , 4 2 ) =4 . 6 9 ,  p< 0 . 0 2 ( Appendix E3 : Table 7 ) . w2 account ed 
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for a relat ively large 1 3 %  o f  the hori zontal experimenta l  

variance ( 4 . 6 % o f  the t o t a l  hori zonta l  variance ) .  There were 

no s igni f i cant ef fects , not even for VF , among the vert ical 

GPs . When an ana lys is for s imple ma in e f fect s  was carri ed 

out , t he source o f  the hori zontal GP main ef fect was found to 

be due t o  the B condi t i on , F ( 2 , 2 2 ) = 3 . 84 ,  p< O . O S ,  wi th w2 

account ing for 2 2 %  of the B experimental variance compared to 

3 . 3 %  in the R condi tion ( Appendix E3 : Table 8 ) . 

The inc lus ion o f  CVF presentation was to al l ow a compar i son 

between a s i t ua t i on where both hemi spheres had equal access 

to the s t imulus with one where only one hemi sphere had the 

ini t i a l  acces s . Accordingly , the data from the hori zontal 

GPs were reanalysed comparing the CVF with the mean o f  the 

divided fi elds . Because St imulus int eract i ons had been found 

to occur wi th CVF presentat ion , St imulus was ini t i a l ly 

inc luded as a factor . 

The hori zontal VF x St imulus , F ( 1 , 2 1 ) = 6 . 4 1 , p< 0 . 0 2 ,  and GP x 

VF x S t imulus , F ( 2 , 4 2 ) = 9 . 3 4 , p< 0 . 0 0 0 1 ,  interact ions were 

s igni f i cant ( Appendix E3 : Table 9 ) . However , w2 accounted 

for only 1 . 1 % and 0 . 5 % respect ively of the experimental 

var i anc e . Acros s  the vert i cal GPs the VF x St imulus 

int era c t i on was also s igni f i cant , F ( 1 , 2 1 ) = 1 3 . 0 3 ,  p< 0 . 0 0 2 , but 

wi th w2 accoun t i ng for j us t  2 . 6 % of the experiment a l  var i ance 

compared with 1 8 . 2 %  for the St imulus main e f fect . However ,  

a s  might be expected from the ear l i er analyses o f  the 

separa t e  CVF and divided VF data , analytical compari sons 
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showed that these interact ions , both vert ical and hori zonta l , 

were due sol ely t o  the CVF . The l ow w2 values , t ogether with 

the fact that the intera c t i ons were due solely to the CVF 

seemed t o  be suf f i c ient j us t i f i cat i on to recompare the mean 

of the LVF and RVF wi th the CVF a f t er col l aps ing over 

s t imul i .  Mean RTs for the CVF and a l so RTs averaged over the 

LVF and RVF are shown in Table 7 .  

Table 7 .  Mean RTs (ms ec) col laps ed over word and non-word 

st imul i for CVF (C) and the average of the LVF and RVF (L/R) 

as a funct ion of GP . 

GP VF Mean s . d .  

1 L / R  5 2 3 . 4 9 4 2 . 7 2 

c 4 9 0 . 3 7 3 6 . 6 6 

2 L / R  5 2 1 . 9 7 3 9 . 0 5 

c 4 8 8 . 2 2 3 1 . 7 8 

3 L / R  5 2 4 . 0 0 3 9 . 1 0 

c 4 9 7 . 3 7 3 5 . 5 8 

4 L / R  5 1 6 . 8 9 3 8 . 0 2 

c 4 8 8 . 2 6  3 2 . 3 7 

5 L / R  5 2 0 . 1 2 3 6 . 9 9 

c 4 9 2 . 1 1 3 4 . 6 6 

Table 7 shows that the mean L / RVF RTs were speeded in GP4 

compared t o  a l l  other GPs , but the CVF RTs were retarded in 

GP3 compared t o  a l l  o ther GPs . Acros s  the hori zontal GPs a l l  

e f fects reached s i gn i f i canc e ; G P ,  F ( 2 , 42 ) =8 . 44 ,  p<O . O O l ; VF , 
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F ( 1 , 2 1 ) = 1 1 6 . 5 1 ,  p< 0 . 0 0 0 1 ;  GP x VF interact ion , F ( 2 , 4 2 ) = 4 . 0 0 ,  

p< 0 . 0 3 ( Appendix E3 : Table 1 0 ) . The percentage o f  experi ­

mental var i ance accounted for by each o f  these was 2 . 4 % , 

9 1 . 7 % and 0 . 5 % respect ively . 

Over the vert ical GPs , only the VF main e f fect was 

s ignifi cant , F ( 1 , 2 1 ) = 1 1 3 . 0 6 ,  p< 0 . 0 0 0 1  with w2 account ing for 

9 3 %  of the experimental variance . The high w2 values for the 

VF main e f fect were due to the CVF RTs being some 3 0  msec 

f a ster overa l l  than those of the mean o f  the LVF and RVF . 

The resul t s  o f  thi s experiment were s imi l ar to the ear l i er 

ones in the fai lure t o  find any support f or Kinsbourne ' s 

model s .  The pred i c t ed hori zontal GP x VF interact i on did not 

appear ; instead , an unexpected GP main e f fect was found . 

H owever ,  this e f f ec t  appeared under only B cond i t i ons and was 

s imi lar t o  the non - s i gni f icant RT pat t e rn found i n  the B 

c ondi t ions o f  Experiment 2 .  I t  was predicted that B 

c ondi t ions would enhance the GP x VF int eract i on that was 

expected under R c ondi t ions . Therefore , finding t hat the 

intera c t i on has been replaced by a GP ma in effect cannot be 

t aken as support for Kinsbourne . Indeed , thi s GP ef fect goes 

beyond a s impl e  f a i l ure to support the model and provides 

s ome evi dence agains t it . Thi s  arises because , whereas the 

interact ions found in Experiments 1 and 2 indicated that the 

two cerebral hemi spheres behaved symmetrically under R 

condi t i ons , the G P  e f fect shows that they act a symmetrica l ly 

under B condi t ions . 
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When the s t imu l i  are presented t o  the CVF , task performance 

appears to di f fer compared to divided VF presentat ion in two 

respect s .  F i rs t ly ,  GP int eract s  with the nature o f  the 

s t imul i when present ed to the CVF but not when presented to 

the LVF or RVF . Secondly , whereas the LVF and RVF RTs are 

speeded when subj ect s l ook to the right ( GP4 ) , looking away 

f rom the c ent re ( GP3 ) uni formly results i n  fas ter RTs with 

CVF pres enta t i on . One might expect that , i f  the CVF 

performance was the resul tant o f  the LVF and RVF proces ses , 

then the f a s t er hemi sphere shoul d  dominate at the appropriat e 

GP . But , the divided VFs di f f ered only i n  absolute RT across 

the GPs and the performance of both changed only on GP4 , 

contrast ing wi th the CVF RTs . Thi s  indicates that the 

int eract i on between t he cerebral hemispheres i s  more complex 

than Kinsbourne ' s  model s  presume . The di f ference between CVF 

and L / RVF performance wi l l  be further con s idered in t he 

General Discuss i on sect i on . 

Experiment 4 

Method 

The f i rs t  three experiments tested Kinsbourne ' s  model s  us ing 

s t imu l i  t hat required mainly verbal proces s ing . The next two 

experiment s  s e rved to extend this testing t o  tasks that 

involved mainly visual - spat i a l  processing . In the 

Int roduc t i on ,  the pos s ib i l i ty was rai sed t hat predominately 

verbal process i ng might produce di f fering GP ef fects c ompared 
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t o  mainly visua l - spat ial proces s ing . Kinsbourne ' s model s  are 

predicated on the not ion of funct ional cerebral latera l i ty ,  

and whi l e  the earl i er experiment s produced no support for h i s  

mode l s , some GP and G P  x VF e f fect s  and trends were found . 

These e f fec t s  and trends were contrary t o  those predic t ed 

from K insbourne and there was some interest in what e f fect s , 

i f  any , would be found for vi sua l - spat ial process ing which i s  

put a t i vely a r i ght hemi sphere func t i on .  I f  the same e f fec t s  

wer e  t o  be found then c learly , vi sual - spat ial and verbal 

proces s ing modes do not interact with GP . On the other hand , 

f i nding di f ferent GP e f fec t s  woul d  show that GP and 

proces s ing modal i ty do interact . Addi t ional ly ,  by u s i ng 

t asks of di f fering complexity , as  was done for the verbal 

t as ks , the e f fect o f  task di f ficulty was further 

inve s t igated . 

Subj ects Twenty subj ect s , eight males and twelve fema l es , 

with an age r ange from 1 8  to 2 8  years , were recruited from 

undergraduate p sychology classes . Al l sat i s fied the physical 

requ i rement s o f  Experiment 1 and each was paid $40  for t aking 

part . 

S timuli and procedure The subj ect s  were a s s igned randomly t o  

the R and B c ondi t i ons ; by chance ,  each condit ion used four 

mal e s  and s ix females . The two condi t i ons were run 

s eparately . Each subj ect attended for two ses s i ons o f  about 

two and a hal f  hours durat ion on successive morning s . F i l l ed 

r ec t angles , 1 . 0  cm x 0 . 3  cm were used as s t imul i .  The 
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rect angles could be presented hori zonta l ly or vert ically , and 

subj ect s  were requi red to dec i de which orientat i on had been 

presented during the trial . The ret inal eccentri c i ty was 

three degrees as u s ed in the f i rst two experiment s .  

Otherwi s e  the proc edure was essent ially the same as that used 

for Experiment 3 ,  wi th the two condi t ions being presented t o  

di f ferent groups . In addi t i on to appearing in ei ther the LVF 

o r  RVF , t he s t imu l i  could a l s o  appear at the fixa t i on point 

( CVF ) , giving a total of 7 8 0  trials per sess i on . 

Results and Discus s ion 

Prior t o  analys is , i ndividual raw RTs were cul l ed for nul l  

responses . The overal l  mean error rate was 4 . 9 % ( s . d . =2 . 0 ) 

with no not i ceable sys t ema t i c  distribut i on across condi t i ons . 

The 1ndividual mean median RTs can be found in Appendix E4 : 

Tabl e  1 .  

To check on the equivalence o f  the two s t imul i ,  an ini t ia l  

f our-way ANOVA wi t h  Condi t ion as the between-groups factor 

and GP , VF and St imulus as wi thin- subj ect s  factors was carri ed 

out ( Appendix E4 : Table 2 ) . The Dunnet test  was app l i ed t o  

a l l  s even S t imulus interactions wi th a lpha appor t i oned a t  a 

( nominal ) 0 . 0 1 for each interac t ion . There were other 

s igni f i cant ef fects but only those involving St imulus are 

con s idered at this point . A main ef fect for St imulus was 

found , F ( 1 , 1 8 ) = 6 . 0 9 ,  p< 0 . 0 3 ,  and was due to the mean RT for 

the vert i ca l  s t imulus ( 3 6 3 . 8 5 ms ec ) being fas ter than the RT 

for the hor i z ontal s t imulus ( 3 7 0 . 9 1 msec ) . Although both the 
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C o n d i t i on x S t i mu l u s , F ( 1 , 1 8 ) = 4 . 3 2 ,  and t he VF x S t i mu l u s ,  

F ( 2 , 3 6 ) =3 . 6 2 ,  i nt e r act i o n s  reached t he c onvent i o n a l  a lpha 

leve l of 0 . 0 5 ,  they fe l l  s u f f i c i en t l y  short o f  the 

app o r t i oned l eve l to be r e j e cted ent i re l y8 • 

The re being n o  s i gn i f i c an t  S t imu l u s  interact i on s , the dat a 

were then co l l ap s ed over s t imu l i and rean a l y s e d  u s i n g  p l anned 

c omp a r i s on s  a c r o s s  the ve rt i c a l  and ho r i z ont a l  GP s . Aga i n ,  

t h e  a n a l y s e s  were done s eparat e l y  f o r  the CVF and t he d i v i ded 

f i e l ds . Group me an medi ans f o r  the c o l l ap s e d  data a r e  shown 

i n  T ab l es 8 ,  9 , and 1 0  be l ow . 

T ab l e  8 .  CVF mean med i a n s  c o l l aps ed over s t imu l i  a s  a 

fun c t ion o f  GP . Bl ocked and Random c ondit i on s  a re s hown 

s eparatel:::l and comb ined . 

B l o c ked Random Comb ined 

GP Mean s . d . Me an s . d .  Mean s . d .  

1 3 7 0 . 5 7 3 1 . 0 3 3 4 9 . 4 0 2 4 . 5 5 3 6 0 . 2 7 2 9 . 3 2 

2 3 7 3 . 3 0 2 5 . 7 9 3 4 9 . 5 2 2 3 . 1 8 3 6 1 . 4 1 2 6 . 8 0  

3 3 7 0 . 2 0 3 4 . 9 9 3 5 0 . 6 7 2 3 . 7 5 3 6 0 . 4 3 3 0 . 7 8 

4 3 7 5 . 9 0 3 3 . 8 4 3 5 1 . 3 5 2 2 . 5 0 3 6 3 . 6 2  3 0 . 6 7 

5 3 7 2 . 7 2 2 9 . 0 4  3 4 7 . 8 2 2 5 . 0 4 3 5 9 . 9 8 2 9 . 3 2 

W i t h  Condi t i on as the b etween- s ub j e ct s fac t o r  and w i t h  GP and 

VF as wit h i n - s ub j e ct s f a c t o r s  t he re were n o  s i gn i f i c ant 

8The i n t e ract i o n s  w e re almo s t  ent i re l y  due t o  t he CVF i n  t he 
R c ondit i on . 
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e f fect s invo l v ing Condit i on f o r  the CVF , a l t hough the main 

e f fect for Condi t i on a c r o s s  the h o r i z ontal GP s approached 

s i gn i f i c ance , F ( 1 , 1 8 ) = 3 . 5 3 ,  p < 0 . 0 8 (Appendi x E 4 : Tab l e  4 ) . 

F o r  the d i v i de d  VF s there were no e f fect s at a l l  invo l v ing 

Condi t i on ( Appendi x E 4 : T ab l e  5 ) . The absence o f  any e f fect s 

f o r  Condi t i on i s  rather s u rp r i s i ng , s ince f o r  every GP x VF 

c omb i n at i on ,  R condi t i on RT s were f a s t e r  than B c ondit i on RT s 

( T ab l e s  8 ,  9 ,  & 1 0 ) . Howeve r ,  s i n c e  Condi t i on d i d  not 

i n t e ract with e i ther GP o r  VF , the groups we re c o l l ap s e d  over 

Condi t i on for a l l  further an a l y s e s . The s e  c on s i s t ed o f  a 

s imi l a r  set o f  p l anned c omp a r i s on s  t aken over t he vert i c a l  

and ho r i z ont a l  GP s . 

The CVF mean me d i an RT s ,  c o l l ap s e d  over condit i on s , we r e  

e s sent i a l l y t he s ame f o r  a l l  po s i t i ons , hav i ng a r ange o f  

o n l y  4 m s e c  ( T ab l e  8 ,  r i ght pane l ) . The ana l y s i s  reve a l e d  no 

s i gn i f i c ant e f f e cr s for GP ( Appendix E 4 : Tab l e  6 ) ; 

S i mi l a r l y ,  the d i v i de d  f i e l d  me an median RT s di f fe red l it t l e  

among the var i ou s  GP s ,  regardl e s s  o f  condit i on o r  VF ( T ab l e s  

9 & 1 0 ,  b e l o w ) . 

Howeve r ,  the ANOVA f o r  the d i v i ded f i e l d  condi t i on produced a 

VF m a i n  e f fect that w a s  h i gh l y  s i gn i f ic ant f o r  both 

ho r i z on t a l , F ( 1 , 1 9 ) = 2 5 . 0 9 ,  p< 0 . 0 0 0 1 , and vert i c a l  GP s ,  

F ( 1 , 1 9 ) = 2 6 . 9 6 ,  p < O . O O O l  ( Appendix E 4 : Table 7 ) . The ove r a l l  

mean medi an RT s c o l l ap s e d  over a l l  f ive GP s were 3 7 6  ms e c  

( LVF ) a n d  3 6 5 m s e c  ( RVF ) . There we re no other s i gn i f i c ant 

e f fe ct s . 
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Table 9 .  Mean median RTs (msec) collaps ed over LVF and RVF, 

and st imu l i  as a func t i on o f  GP . Blocked and Random 

condi t ions are shown separately and combined . 

Blocked Random Combined 

GP Mean s . d .  Mean s . d .  Mean s . d .  

1 3 7 5 . 8 2 3 1 . 7 0 3 6 8 . 3 0 2 7 . 4 0 3 6 8 . 4 8 2 9 . 8 0 

2 3 7 5 . 1 3 3 0 . 0 3 3 6 5 . 3 1 2 7 . 0 8 3 7 0 . 2 2 2 8 . 6 6 

3 3 7 3 . 2 3 2 9 . 1 6 3 6 6 . 5 1 2 9 . 1 5 3 6 9 . 87 2 8 . 9 8 

4 3 7 8 . 8 1 3 7 . 7 3 3 6 4 . 7 8 2 5 . 7 7 3 7 1 . 8 0 3 2 . 67 

5 3 7 2 . 9 1 3 0 . 6 9 3 6 4 . 0 6 2 8 . 9 7 3 7 2 . 0 6 2 9 . 4 9 

Whi le an overal l  LVF advantage might have been expected for 

geometric s t imul i ,  the RVF advantage that was found may not 

be much of an oddi ty s ince very simple s t imuli o f t en produce 

unstable VF advantages ( Young & Ratc l i f f e ,  1 9 8 3 ) . Al s o , 

pos s ible overlearning of the task may have produced a shi f t  

f rom a vi sual st rat egy t o  a fas ter verbal strat egy ( Lempert & 

Kinsbourne , 1 9 8 2 ) thus giving an RVF advantage . However ,  an 

analy s i s  o f  the f i r s t  and second halves o f  the R condi t i on9 

showed t hat the RVF advantage was cons i s t ent throughout t he 

experiment . At the same t ime , because the subj e c t s  were wel l  

pract i s ed beforehand , i t  cannot be rul ed out that the 

pra c t i c e  period produced a change in s t rategy . 

9 Spl i t  hal f  analyses o f  B condi t i ons were subj ect t o  
intractab l e  di f f i cu l t i es . Thi s point wi l l  be cons i dered �n 
Problems , Di f ficul t ies and Mi s takes . 
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Table 1 0 . LVF and RVF mean median RTs {msec) col l aps ed over 

s t imul i  as a funct ion o f  GP . Blocked and Random condi t i ons 

are shown s eparatel:::i: and combined . 

Blocked Random Combined 

GP VF Mean s . d .  Mean s . d .  Mean s . d .  

1 L 3 8 1 . 6 0 3 2 . 2 0  3 7 4 . 8 5 2 9 . 3 7 3 7 5 . 3 3  3 4 . 2 4 

R 3 7 0 . 0 5 3 1 . 7 7 3 6 1 . 7 5 2 5 . 0 5 3 6 1 . 6 3 2 3 . 4 8 

2 L 3 7 5 . 9 7 3 0 . 2 8  3 7 0 . 7 7 2 9 . 5 9 3 7 3 . 3 7 2 9 . 2 6 

R 3 7 4 . 3 0 3 1 . 4 0 3 5 9 . 8 5 2 4 . 6 3 3 67 . 0 7 2 8 . 4 5 

3 L 3 7 8 . 7 0 2 8 . 1 8 3 7 5 . 0 7 3 2 . 6 5 3 7 6 . 8 8 2 9 . 7 4 

R 3 6 7 . 7 7 3 0 . 5 7 3 5 7 . 9 5 2 3 . 7 6 3 62 . 8 6 2 7 . 1 2 

4 L 3 84 . 9 5 4 2 . 1 9 3 6 8 . 7 7 2 6 . 5 2 3 7 6 . 8 6 3 5 . 2 9  

R 3 7 2 . 67 3 3 . 8 0 3 6 0 . 8 0 2 5 . 7 5 3 6 6 . 7 3  2 9 . 8 7 

5 L 3 8 1 . 0 0 3 4 . 9 6 3 6 9 . 6 7 3 4 . 3 8 3 7 8 . 2 2  3 0 . 2 0 

R 3 64 . 82 2 4 . 9 2 3 5 8 . 4 5 2 2 . 8 1 3 6 5 . 9 0  2 8 . 1 7 

For t he fourth succes s ive experiment , no support was found 

for Kinsbourne ' s mode l s . The predicted GP x VF int eraction 

indi cat ing cont ralat eral fac i l i tat i on did not appear .  In the 

abs ence of thi s intera c t i on ,  the enhancement that was 

expect ed for B condi t ions might reasonably have shown i t sel f 

by shorter RTs . But the shorter RTs were f ound under R 

condi t ions . At the same t ime , the GP x VF interac t i on that 

was f ound under R cond i t i ons in the first two experiment s and 

the GP e f fect that was f ound under B condi t ions in Experiment 

3 did not reappear . 
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Other than the s t imulus main ef fect , which was irrelevant t o  

the i nvest igat i on , and the overal l  faster RTs under R 

condi t ions , t here were no experimental ef fects at a l l . Thi s  

sugges t s  that e i ther G P  e f fec t s  are shown only when verbal 

s t imul i  are u sed , or the s t imul i  were too s impl e  t o  reveal 

any e f fec t s . I f  the f i r s t  sugges t i on proved to be correct , 
t o  

then these results  seem t o  give some support jthe not ion that 

whether or not GP a f fect s  per formance depends to some degree 

on the s t imu lus -task combinat ion . On the other hand , t he 

very s impl i c i ty of the s t imulus - t a s k  combination may have 

been the det ermining factor , in whi ch case a combinat i on o f  

great er comp l exity than the lexi cal dec is ion of Experiment 3 

shoul d  show s tronger e f fect s . S ince an invest igat i on o f  the 

e f fe c t s  of t ask di f f icul ty was one component of this research 

programme , a s t imulus - task combina t ion that seemed , 

intui t ively , t o  be more complex than a lexical dec i s ion was 

chosen for t he fi fth experiment . 

Another o f  t he original intent i ons of the research programme 

was to compare R and B condi t ions across a variety of t asks . 

However , wi t h  three succes sive experiment s produc ing only 

elus ive di f ferences between R and B condi t ions , a cont inu-

a t i on o f  this compar i s on was thought not t o  be worthwh i l e . 

I t  was dec i ded , there f ore , that a compari son between 

a l ternat ive methods of obtaining overt attent ion would be 

more useful . Kinsbourne ( 1 9 7 2 ) regards eye and head t urning 

a s  being equivalent ; that i s ,  he presumes that turning the 

eye s  in the head is  equivalent t o  turning the head in order 
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t o  l ook t o  a part i cular part o f  the ext ernal vi sual f i eld , 

but thi s presumption has never been tes ted . Furthermore , the 

only ex er imen t __s_in..'\lO� v_ing--be-e-h-fiea4--a-a-€i-eye turn j n g t;.e- ha-ve -

be� c�rri ed out _( Kinsbourne , 1 9 7 5 ; Lempert & Kinsbourne , 

1 9 8 2 ) completely_ co � t_h 
·- ---

wo movements . Henc e ,  the 
-- -

programme was a l t ered t o  test  this aspect of Kinsbourne ' s 

model s  by comparing head turning with eye turning . Since the 

GP x VF int era c t i on under R cond i t i ons ( inc luding Andreasen ,  

1 9 8 8 ) had been the more cons i s tent of the GP ef fect s , t r i a l s  

were presented under R condit i ons whi l e  having one group use 

eye movement s  a lone with the other group us ing head turning 

a l one in order to di rect at tent ion to the di f ferent GPs . 

Experiment 5 

Method 

Subj ects Twenty subj ects ( 1 0  males and 1 0  fema l es ) recru i t ed 

f rom undergraduate psychology c l a s ses part icipa t ed ; the age 

range was f rom 1 8  yrs to 2 5  yrs . Al l sat i s f ied the phys i c a l  

requi rement s  o f  Experiment 1 and were p a i d  $ 4 0  e a c h  for 

t aking part . Al l were pretes ted for the i r  abi l i ty to do the 

task and a number of pot ent i a l  subj ects were rej ec ted at thi s 

s tage . Subj ect s were a s s igned randomly t o  randomi z ed eye 

( RE )  movement and randomi zed head ( RH )  movement condit ions , 

with the two condi t ions being run as separate experiments . 

By chance , each condi t ion used f ive male and five female 

subj ects . Each subj ect attended for two sess ions o f  about 

two and a hal f  hours dura t i on on succes s ive mornings . 
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St�uli and procedure The st imulus w a s  a cart oon face having 

only one e a r . The sub j ect ' s  task was t o  dec i de whi ch e ar ,  

r i ght o r  l e ft , w a s  present . Each o f  t he two a l t e rnat ives 

could appear i n  one o f  four con f igu r a t i ons . Upr i ght and 

facing t he sub j ect , upright and fac ing away , invert ed and 

f a c i n g ,  and invert ed and f a c ing awa y , yie lding a t o t a l  o f  

e i ght p o s s ib l e  s e l ect ions . The face w a s  based upon a 2 cm 

square , the hai r  and the e ar (a sma l l  f i l led r e c t ang l e )  b e ing 

out s i de the s quare ; the e y e s  were s ma l l  c i rc l e s  and the mouth 

a sha l l o w  ' V' . St imu l i  pre s ented t o  the LVF or RVF we re 

cent r e d  at a t hree degree ret inal e c c entricit y . S t imu l i  

pre s e n t e d  t o  t h e  CVF had the square t hat formed the out l i ne 

o f  the he ad centred at the f ixat ion p o int . A hande d  set o f  

stimu l i  a r e  s hown i n  F i gu r e  5 .  P re l iminary t e s t s  showed that 

a st imul u s  e xp o sure t ime o f  1 0 0  ms e c  was needed t o  obt a i n  an 

accept abl y  l o w  e r ror rat e . Al l o f  the e ight po s s ib l e  opt ions 

appe a r e d  four t imes in e a ch o f  the 1 5  GP x VF c ondit i on s  

g i v i n g  a t ot a l  o f  4 8 0  t r i a l s  p e r  s e s s i on .  

0 0 

0 0 

F i gu r e  5 .  Right e ared set o f  s t imul i  used in Exper iment 5 .  
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The procedure for the R E  condi t ion was the same as f o r  the R 

condi t i on o f  Experiment 4 ,  trials  being sel f paced . For the 

RH condi t i on ,  the s t imulus presentat ion and responding was as 

for the RE group . However ,  the b i t e  bar was removed and the 

subj e c t s  were told t o  turn their heads to face the 

pres enta t i on VDU for every trial . I t  was emphas i sed that 

they mus t  be facing the appropriate VDU squarely wi th their 

eyes c ent red in their heads . They were frequent ly reminded 

to do this  and the experimenter moni tored t hem by wat ching 

their s i lhouet tes again s t  the low luminance apertures in the 

equipment . The subj ect s were asked to use the equipment 

f ramework as a guide to maintaining correct head locat i on . 

As before , each subj ect ' s  s t imulus and response f inger 

pairings were counterbal anced between sess i ons . 

Results and Discuss ion 

As usua l , the i ndividual raw RTs were cul led for nul l  t rials 

and errors ; a mean erro r  rate o f  5 . 8 % ( s . d . = 3 . 2 )  was f ound . 

Errors were spread evenly over a l l  condi t ions . 

Intui t ively , i t  was suspected that the inverted s t imulus 

vers ions woul d  provide the more di f f icult task , a susp i c i on 

that was supported by subj ect s ' comment s .  I t  was dec i de d ,  

there fore , t o  t reat the erect and invert ed s t imu l i  a s  

separate c la s s e s , as was done for words and non-words i n  the 

third experiment . Although there was no reas on t o  bel i eve 

that l e f t  and right eared s t imul i would produc e  di f fering 

performances , forward or back facing st imuli may have done 



1 3 3  

so . However , even i f  the right and left eared vers ions o f  a 

part i cular s t imulus were to be t reated as a combined 

di s tr ibut ion , there woul d  only be eight t rials  per s e s s ion 

from which to derive an estimat e  o f  the medi an . Thi s  was too 

smal l  a number to give a stable e s t imate o f  the med i an 

( M i l l er ,  1 9 8 8 )  so a l l  o f  the erect st imul i ,  and a l l  o f  the 

i nverted s t imu l i  were t reated as two di stribut ions for the 

purpose of obt aining an estimat e  of the medians . 

Accordingly , the RTs wi thin the erect and i nvert ed s t imul i 

were combined to give individual overal l median RTs , each 

bas ed on 1 6  t r i al s , for the 3 0  GP x VF x St imulus 

( erec t / inverted ) combinat ions . 

The individua l  mean median RTs ( Appendix E5 : Table 1 )  were 

ent ered into a four way mixed ANOVA with Condit ion ( 2 : eye vs 

head turning ) as the between- subj ects factor and GP ( 5 ) , VF ( 3 )  

and St imulus ( 2 )  as  the within- subj ect s  fac t ors . 

There were no signi f i cant e f fect s  involving Cond i t i on and the 

only St imulus ef fect t o  reach s igni f icance was the main 

e f fect , F ( 1 , 1 8 ) = 8 4 . 7 5 ,  p< 0 . 0 0 0 1  ( Appendix E5 : Tabl e  2 ) . A 

s igni ficant VF main e f fect , F ( 2 , 3 6 ) = 2 3 . 4 6 ,  p<0 . 0 0 0 1  whi ch was 

due to the CVF having shorter RTs than those for t he LVF and 

RVF , was f ound . The GP main e f fect was a l so s ign i f icant , 

F ( 4 , 7 2 ) =3 . 3 8 ,  p< 0 . 0 2 ,  and appeared t o  be due t o  the mean 

median RTs being speeded over the vert ical GPs from GP1 t o  

GP5 . The subsequent main analy s i s  conf i rmed the s ource o f  

t h e  G P  and VF e f fect s .  
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Wi th no int eract ions invo lving Condit i on or S t imulus , the 

analy s i s  p roceeded wi th the subj ect s  being combined into one 

large ( N= 2 0 )  group wi th the data col lapsed over S t imulus . 

The CVF and divided VF were analy z ed separately . Mean medi an 

RTs col lapsed over St imulus for the CVF c an be seen in Table 

11 below . 

Taking into considera t i on the relat ively l arge s . ds ,  RTs for 

the CVF di f f ered l i t t l e  over the GPs . The only di f ference 

found for the CVF was a marginal ly s ign i f icant GP e f fect , 

F ( 2 , 3 8 ) =3 . 1 ,  p< 0 . 0 6 ,  over the vert i cal GPs ( Appendix E5 : 

Tabl e  3 ) , w2 account ing for 1 7 . 3 % o f  the experiment a l  

var i ance . The ef fect was due t o  GP5 having shorte r  RTs than 

GP1 and GP3 . 

Tabl e  1 1 . CVF mean median RTs (msec) c o l l aps ed over s t imul i  

as a funct i on o f  GP . Eye movement and Head turning conditions 

are shown s eparately and combined . 

GP 

1 

2 

3 

4 

5 

Eye movement 

Mean 

8 1 4 . 9 5 

7 84 . 7 2 

8 1 9 . 2 2 

7 87 . 0 2 

7 8 9 . 2 7 

s . d .  

1 67 . 3 7 

1 6 5 . 5 3 

1 7 4 . 82 

1 62 . 5 3 

1 6 3 . 87 

Head movement 

Mean 

7 9 3 . 9 7 

7 9 2 . 9 2 

7 8 8 . 7 7 

7 9 6 . 8 2 

7 7 4 . 6 5 

s . d .  

1 67 . 5 7 

1 67 . 5 7 

1 7 4 . 4 2 

1 5 0 . 5 0 

1 4 5 . 6 2 

Combined 

Mean 

8 0 4 . 4 6 

7 8 8 . 8 2 

8 0 4 . 0 0 

7 9 1 . 9 2 

7 8 1 . 9 6 

s . d 

1 6 5 . 6 5 

1 64 . 4 6 

1 7 3 . 0 6 

1 5 4 . 6 9 

1 5 3 . 1 9 
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The mean median RTs for the divided VFs are shown in Tabl e  

1 2 . L ike the CVF , the only not i ceable di f f erences among the 

divided f ield RTs was that both LVF and RVF general ly showed 

a s t eady speeding from GP1 to GP5 ( ri ght panel ) but thi s GP 

main e f f ect was not s ign i f i cant , F ( 2 , 3 8 ) =2 . 5 2 ,  p< 0 . 0 9 ,  

( Appendix E5 : Table 4 ) . 

The CVF and divided f i e l d  resul t s , being so s imi lar , were 

ent ered into a s ingle ana lys i s  ( Appendix E5 : Table 5 ) . There 

was a s i gni fi cant GP ef fect over the vert i cal GPs , 

F ( 2 , 3 8 ) = 6 . 4 5 ,  p< 0 . 0 0 5 ,  due to a s t eady speeding o f  RTs f rom 

Tab l e  1 2 . LVF and RVF mean median RTs (msec) 

s t imul i  as a funct ion of GP . Eye movement and 

cond i t i ons are shown sepa rately and combined . 

Eye movement Head movement 

GP VF Mean s . d .  Mean s . d .  

1 L 8 3 5 . 1 7 1 5 9 . 8 1 8 3 9 . 3 0 1 9 3 . 8 9 

R 8 3 0 . 1 5 1 7 8 . 8 5 8 3 4 . 87 1 7 3 . 0 0 

2 L 8 1 3 . 0 2 1 5 3 . 0 3 8 2 1 . 4 5 1 7 4 . 3 6 

R 8 1 0 . 1 5 1 7 7 . 1 5 8 2 4 . 0 2 1 6 9 . 5 9 

3 L 8 2 5 . 3 0  1 7 0 . 6 5 8 1 8 . 7 5 1 7 5 . 3 1 

R 8 3 1 . 4 2 1 6 5 . 9 9 8 3 2 . 8 0 1 6 5 . 4 1 

4 L 8 1 4 . 9 0 1 7 2 . 5 1 8 3 2 . 9 2 1 6 8 . 2 0 

R 83  6 .  3 0 1 52 . 2 8 8 0 5 . 0 2 1 5 4 . 1 5 

5 L 7 9 6 . 8 2 1 4 9 . 8 1 8 1 9 . 7 2 1 5 6 . 42 

R 82 0 . 5 0 1 4 9 . 5 5 8 3 7 . 1 0 1 8 1 . 4 0 

col laps ed over 

Head turn i ng 

Combined 

Mean s . d .  

8 3 7 . 2 3 1 7 5 . 3 9 

8 3 2 . 5 1 1 7 3 . 7 0  

8 17 . 2 3 1 6 1 . 9 8 

8 17 . 0 8 1 7 1 . 3 2 

8 2 2 . 0 2 1 7 0 . 7 9  

8 3 2 . 1 1 1 6 3 . 57 

8 2 3 . 9 1 1 6 8 . 42 

8 2 0 . 6 6 1 5 2 . 0 7 

8 0 8 . 2 7 1 5 1 . 62 

8 2 8 . 8 0 1 6 4 . 3 1 
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GP1 t o  GP5 ( Table 1 3  below )  . w2 for this G P  e f fect account ed 

for 1 2 . 6 % of t he experimental vert ical varianc e . A 

s i gni f i c ant VF main e f fect was found, for both the hor i ­

z onta l  GPs , F ( 2 , 3 8 ) = 1 2 . 4 2 ,  p< 0 . 0 0 0 1 , and the vertical GPs , 

GPs , F ( 2 , 3 8 ) = 1 6 . 0 8 ,  p< 0 . 0 0 0 1 . Both ef fect s appeared t o  be 

due t o  t he RTs being faster in the CVF than in the LVF and 

RVF , mean RTs being 7 9 4 . 2 4 ,  8 2 1 . 7 4 and 8 2 6 . 2 4 msec 

Table 1 3 . Mean median RTs (msec) collaps ed over VF and 

s t imul i as a funct ion o f  GP . Eye movement and Head turn i ng 

condi t ions are shown separately and combined . 

Eye movement 

GP Mean s . d .  

1 8 2 6 . 7 5  1 6 6 . 2 0 

2 8 0 2 . 6 3 1 6 3 . 2 1 

3 8 2 5 . 3 1 1 67 . 6 9 

4 

5 

8 1 2 . 7 4 1 6 1 . 1 6 

8 0 2 . 2 0  1 52 . 5 0 

Head movement 

Mean s . d .  

8 2 2 . 7 1 1 7 6 . 6 7 

8 1 2 . 8 0 1 6 8 . 2 1 

8 1 3 . 4 4 1 6 9 . 8 5 

8 1 1 . 5 9 1 5 5 . 8 9 

8 1 0 . 4 9 1 6 1 . 2 7 

Combined 

Mean s . d .  

8 2 4 . 7 3 1 7 0 . 8 0 

8 0 7 . 7 1 1 6 5 . 1 1 

8 1 9 . 3 7 1 6 8 . 1 7 

8 1 2 . 1 6 1 57 . 8 8 

8 0 6 . 3 4 1 5 6 . 3 4 

respect ively . Thi s  int erpretation was con f i rmed by comparlng 

the CVF to the mean of the divided f i elds . A s igni ficant VF 

main e f fect  appeared for both the hori zontal GPs , 

F ( 1 , 1 9 ) = 1 6 . 5 8 ,  p< 0 . 0 0 1 ,  and the vert ical GPs , F ( 1 , 1 9 ) =2 3 . 1 8 ,  

p< O . O O O l  ( Appendix E5 : Tab l e  6 ) . 

The fai lure t o  f ind any GP x VF int eract i ons for the divided 

VFs acro s s  the hori zonta l  GPs cert a inly suppor t s  the not ion 

t ha t  eye and head turning are equivalent . However ,  thi s 
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equival en cy i s  in terms o f  a l a ck of ef fects and equat ing the 

two condi t ions is  a rather s t rong as sert i on requiring more 

support t han merely accept ing t he nul l  hypothes i s . 

I nspec t i on o f  the c e l l  ent ries ( Table 1 2 ) shows tha t , to s ome 

extent , the RTs for the divided fields appear t o  be 

cons i s t ent with GP x VF interact ions over the hori z ontal GPs . 

The interact ion under RE condi t ions is  s imi lar t o  t hose found 

under R c onditions for the f i rs t  three experiment s ,  in that 

t he RVF RTs are speeded f rom right ( GP4 ) to l e f t  ( GP2 ) . 

However ,  under RH condi t i ons the RTs for the LVF are speeded 

f rom right to left with the RTs for the RVF being speeded 

f rom l e f t  t o  right . Thi s  GP x VF interact ion appears t o  be 

cons i s t ent with the contralat eral fac i l i t at ion that was 

predi c t ed f rom Kinsbourne ' s model s .  To test the real i ty o f  

these obs ervat ions , a n  analys i s  for s impl e  main e f f ect s was 

carried out on the hori zonta l  GP data , col lapsed over 

s t imul i .  

The GP x VF intera c t i on under RE condi t ions was not 

s i gni f i c ant ( F=0 . 9 7 )  despite account ing for 1 0 . 9 % of the 

experimenta l  variance . In t he RH cond i t i on ,  however ,  the 

interact ion was s i gn i f i cant , F ( 2 , 1 8 ) =4 . 3 7 ,  p< 0 . 0 3 ,  accoun­

t ing for 1 9 . 4 % of  the experimental var i ance ( Appendix ES : 

Table 7 ) . Analyt i c a l  compari s ons showed that the inter­

act i on was due mainly t o  the RVF which had shorter RTs in GP4 

than for t he other two GPs , F ( 2 , 1 8 ) = 6 . 8 9 ,  p< 0 . 0 1 ;  RTs for t he 

LVF did not di f fer s igni f i cant ly acro s s  the GPs ( Appendix E S : 

Table 8 ) . Thus , the suspect ed GP x VF interact i on s  were more 
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apparent than rea l , the only s i gni f i cant e f fect being due t o  

the RVF i n  t h e  RH condi t ion 

In t hi s ,  the f inal experiment o f  the research programme , 

there was again l i t t l e  support for Kinsbourne ' s mode l s . The 

predicted GP x VF int eract ion due t o  contralat eral 

fac i l i tat i on did not occur . I t  i s  true that the interac t i on 

f ound under RH condi t ions lends s ome support to the 

cont ral ateral fac i l i tat i on hypothesis . However , f i nd ing that 

t he RVF RTs were short e s t  in GP4 is insu f f i c ient to p rovide 

support for Kinsbourne ' s models . The model s  require that 

both VFs show cont ralat eral fac i l i tation ,  an ef fect t hat was 

not found in thi s experiment . Also , under RE condi t i ons , RTs 

f rom the hor i zont a l  GPs conformed more t o  t he ips i l at eral 

f ac i l itat ion f ound in earlier experiments , but not 

s i gn i f i cant ly s o . Hence , Kinsbourne ' s presumpt ion that eye 

and head turning have equivalent and signi f i cant ef f e c t s  on 

performance was not borne out . 

The pos s ible e f f ec t  o f  t ask comp l exi ty was a l so examined . A 

GP x VF int eract i on that had been found on three occas i ons , 

when us ing verbal s t imu l i ,  di sappeared when us ing very s impl e  

vi sual s t imul i  1n Experiment 4 .  I t  was thought that by us 1ng 

a more comp l ex t a sk - s t imulus the interac t i on might be 

res tored but thi s did not happen . S ince the intera c t i on that 

did occur was res t r i c t ed to one VF in the RH condit i on it i s  

unl ikely that i t  was due t o  inc reased task complexity . Thi s  

i s  because the e f fect o f  increas ed complexi ty would be 
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condi t ion ;  i t  would a l s o  be expect ed in both VFs . 

1 3 9 

The only con s i s t ent ef fect was that RTs in the l ower GPS were 

genera l ly fas t er than the upper GPl and central GP3 . Except 

for t he RVF in the RH condi t ion the ef fect occurred in a l l  

VFs , CVF included , in both condi t ions . The ef fect was 

oppos i t e  to the vert ical GP ef fect found by Andreasen ( 1 9 8 8 ) 

and in Experiment 1 .  But i t  can be noted that on both o f  

these earlier occasions s imple s t imu l i  were used and 

there fore comp l exi ty may have had s ome ef fect on performance 

in Experiment 5 .  
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General Discussion 

Experimental programme 

Divided f ield 

The maj or obj ect ive o f  the pres ent experimental programme was 

t o  inve s t igate whether or not voluntary eye movement s , here 

cal led reverse CLEMs , have any inst rumental value in 

cogni t ion . Us ing a divided f i eld paradigm with RT as the 

dependant variabl e ensured , as far as is known , that the bulk 

of the proces s i ng was carri ed out by the target ed cerebral 

hemi sphere .  Thi s  a l l owed the maj or theoretica l  account ing o f  

CLEMs ( Kinsbourne , 1 9 7 2 ) t o  b e  tested directly . The account 

presumes that eye movement s are ini tiat ed by the select ive 

arousal o f  one or the other hemi spheres , Thi s approach a l s o  

enabled Kinsbourne ' s ( 1 9 7 0 , 1 9 7 5 )  attent ional gradi ent model 

of funct i onal cerebral asymmetry to be tested us i ng a novel 

methodology . Tes t ing this model extended the rel evance o f  

the programme into the general t opic o f  cerebral latera l i ty . 

The support that was found relat ing to these obj ect ives was 

s omewhat elus ive , but there was l i t t l e ,  i f  any , support for 

Kinsbourne ' s model s .  The GP x VF interactions that were 

expected on the bas i s  o f  his ( 1 9 7 2 ) model did not appear . 

The e f fects o f  GP that did appear were seldom reproducible 

f rom one experiment t o  the other . This incons i s t ency was 

poss ibly due t o  the fact that , as the low w2 values indicat e ,  

GP appears t o  produce only a weak e f fect . With only 1 0  
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s ubj ect s  used i n  mos t  groups the experiment s were 

s tat i s t i c a l ly underpowered for the e f fect s i ze ( Cohen , 1 9 8 8 ) . 

I n  the wider cont ext of Kinsbourne ' s ( 1 9 7 0 , 1 9 7 5 )  attent ional 

gradient model , it was expec t ed that when RTs di f fered 

between GPs , then the di f ferences would be great er for 

Blocked than Randomi zed tria l s . Four experiment s fai l ed t o  

produce any di f f erence between the B and R cond i t i ons when 

each experiment was cons idered alone . At the s ame t ime , 

however ,  vi sual inspection o f  the R and B condit i on RT 

prof i l e s  for the various experiment s suggested that the two 

c ondi t ions were producing cons i stent i f  small e f fect s . 

Analyses for s imple main e f fects a l s o  suggested that there 

were s ome di f ferences between the condi t ions . Although the 

RT di f ferences between the GPs were too small t o  appear when 

t he experiments were . analy z ed separat e ly ,  when the data wer e  

combined into a form o f  met a  analy s i s  c onsistent di f ference s  

d i d  emerge ; thi s wi l l  be di scus sed l at er . 

The resu l t s  o f  Experiment 1 ,  where the letters X and V were 

used as s t imul i ,  did not support the predict ion made from 

Kinsbourne ( 1 9 7 2 , 1 9 7 3 , 1 9 7 5 ) , namely , that over the 

hor i z on t a l  GPs a symmetrical contralat eral fac i l i tat ion o f  

each ret inal hemi f ield woul d  occur giving a hor i z onta l  G P  x 

VF interac t ion . The interac t ion that was found in this 

experiment was cons istent with ips i la t eral fac i l it at i on and 

so was direc t ly contrary t o  the predict ion . Furthermore ,  the 

intera c t i on was markedly a symmetric s i nce mos t  o f  the GP 

e f fect occurred in the RVF . Over the vertical GPs , i t  was 
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predi c t ed f rom neuroanatomical cons iderat ions ( Bende r ,  1 9 8 0 )  

that whi l e  a GP x VF int eract i on would not occur , a GP 

fac i l i tat ion would appear when the eyes moved vert i ca l ly away 

from the cent ral GP . Although the int erac t i on did not 

appear ,  neither did the GP fac i l i ta t ion . Instead a t rend 

t owards a GP e f fect was found where RTs were retarded when 

l ooking downwards . 

GP did a f fect RTs for a s impl e  l e t t er ident i f i cat ion task . 

The e f f ect s  were quite sma l l ,  the RT di fferences never 

exceeding eight msec wi th w2 account ing for only 3 . 9 % o f  the 

hori zonta l  experimental variance . While cont rary to the 

predic t ions made from Kinsbourne ' s theory , the GP x VF 

i nteract i on obs erved over the hori z ontal GPs was s imi l a r  to 

the interact ion reported by Andrea s en ( 1 9 8 8 ) . The GP t rend 

over the vert i ca l  GPs was also s imi l ar to that report ed by 

Andreasen . 

In Experiment 2 the let t ers X and V were again used as 

s t imul i .  There were no s i gni f i cant e f fects a l though there 

were some t rends that indi cated that the R and B condi t i ons 

int eract ed d i f f eren t ly with GP . These trends p rovided no 

support for the predi c t i ons made f rom Kinsbourne ' s mode l . 

However , t he t rend towards a hori zontal GP x VF int eract i on 

in the R condi t ion was s imi lar to both Experiment 1 and 

Andreas en ( 1 9 8 8 ) . The e lus iveness o f  the ef f e c t s  i s  wel l  

i l lus t ra t ed by t he t rend t owards a vertical G P  x VF 

int eract i on whi ch was due t o  the RTs for the RVF alone being 
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retarded i n  GP 5 ,  LVF RTs scarcely varying over the GPs . In 

fact , none of the remaining experiment s produced retarded RTs 

i n  the lower GP . One possible reason for the failure t o  f i nd 

s i gni ficant e f fec t s  i s  that exc e s s ive mot ivational demands 

were made of the subj ec t s . Another pos sible reas on i s  that 

given the sma l l  e f fect s i ze and with only 1 0  subj ect s  it i s  

a lmost certain that the experiment had low stat i s t ic a l  power . 

A consequence o f  low power i s  t o  make i t  di ff icult t o  

r epl icate resul t s , espec ially when the e f fect s i z e  i s  sma l l  

( Cohen , 1 9 8 8 ) . 

Agai n ,  in Experiment 3 ,  where a l exical dec ision t a s k  was 

used , there was no evidence t o  support any predi c t i ons made 

f rom Kinsbourne ' s model s .  Not only was the expec t ed GP x VF 

i nt eract ion not enhanced in the B condi t ion compared t o  the R 

c ondi t i on , but the i nt eraction i t se l f  f a i l ed to mat eria l i z e  

under either cond i t i on . A sma l l  GP main e f fect only was 

f ound under B condit ions in whi ch RTs in GP4 were s ome s ix 

msec faster than those of GP2 and GP3 , whereas RTs from GP2 

and GP3 did not di f fer . Thi s  e f fect was s imi lar i n  magni tude 

and direct i on to the trend found in the B condit ion o f  

Experiment 2 .  

Experiment 4 a l so f a i l ed to produce any evidence t o  support 

Kinsbourne ( 1 9 7 0 , 1 9 7 2 , 1 9 7 5 ) . Jus t  as in Experiment 3 ,  the 

predicted GP x VF int eraction was neither enhanced under B 

c ondit ions compared t o  R condi t ions , nor did it  mat er i a l i z e . 

Furthermore , neither the sma l l  GP main e f f ect that was found 
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i n  Experiment 3 nor the s imi lar t rend f ound i n  Experiment 2 

reappeared . 

Fina l ly ,  Experiment 5 a l so fai l ed to support any o f  the 

predi c t i ons made f rom Kinsbourne ( 1 9 7 0 , 1 9 7 2 , 1 9 7 5 ) . A GP x 

VF int eract ion was not found across the hori zonta l  GPs under 

RE condit i ons . The GP x VF int eract ion that was f ound under 

RH condi t ions was due to the RVF a lone , having speeded RTs 

when l ooking t o  the right GP . Thi s  int eract ion , whi l e  

cons i s t ent wi th contralateral fac i l itat ion , provides 

inadequat e  support for Kinsbourne ' s model s .  Thi s  is because 

his model s requ i re that contra l a t eral fac i l i tat ion occurs 

equal ly for both VFs .  The int eract ion therefore wei ghs 

against Kinsbourne ' s mode l s  on two count s .  The e f f ect i s  

res t ri cted t o  one cerebral hemi sphere and i t  only occurs when 

the head i s  turned , not when the eyes move . In other words , 

head and eye turning are not equivalent . The vert i ca l  GP 

e f fect that was found could be said to part i a l ly ful f i l  the 

predic t i on , made by applying neuroanatomical informat ion 

( Bende r ,  1 9 8 0 )  to Kinsbourne ' s model s ,  the predi c t i on being 

that vert i c a l  movement s would p roduce shorter RTs i n  the 

devia t ed GPs . In this case , downward faci l i tat ion occurred , 

but the t endency for upward reta rdation was cont rary to 

predi c t ions . Kinsbourne ' s model s  require that GP e f fects be 

symmetrical about the central GP and thi s second f a i lure to 

f ind such symmet ry mus t  count against them . Furthermore , the 

obs erved e f fect can readi ly be accounted for by the j oint 

e f f e c t s  o f  i nterference due t o  mus cular f a t i gue when l ooking 
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upward and fac i l i t at ion when looking downward i n  the hab itual 

reading pos i t i on . 

Thes e  conc lus ions must be qua l i fied ,  however , because the 

cartoon faces that were used as s t imu l i  probably produced 

comp l ex s t imulus - response ( S -R)  compa t ibi l i ty e f fect s . Thi s  

can b e  s een by c onsidering t he pos s ible S-R compatibi l i t ies 

when subj ect s  respond to , for examp l e , the right ear on an 

invert ed ,  forward-looking face . One combinat ion of the 

experimental var i ables cou l d  be : the RIGHT ear appearing to 

the RIGHT o f  the s t imulus , in the LVF whi l e  the subj ect l ooks 

to the RIGHT GP and responds wi th the LEFT f inger . S - R  

compa t ib i l i ty i s  eas i ly con fused wi th latera l i ty e f fect s  

( He i s t er & . Shroeder-Hei s t er , 1 9 8 7 ) and in this case may have 

masked any experimenta l  e f f ects . 

Vertical GPs 

When Kinsbourne ' s arousal model was applied to vert ical  

movement s ,  i t  was predict ed that any deviation away from the 

c ent ra l  GP3 woul d  l ead to speeded RTs . Thi s  was becau s e , 

wi th vertical movement s  bei ng bi lateral ly control l ed ( Bender , 

1 9 8 0 ) , arousal would be symmetrical between the cerebral 

hemi spheres and hence a GP main e f fect only was expect ed . 

Now , o f  course , one could i nvoke intrahemi spheric 

int e r ference and predi ct t hat retardat ion o f  RTs woul d  be 

found . The actual data s howed that there was no sys t ema t i c  

pat tern over t he experimen t s . In Experiment 1 a sma l l  

reta rdat ion was found i n  t he bottom GP5 but Experiment 5 



p roduced a rather l arger retardat i on in the t op GP1 . The 

remaining experiment s  a l so yielded variabl e resul t s . Tha t  

there seems t o  b e  n o  cons i s t ent rel a t i onships among GP , VF 

and RT may not be too surpris ing when one cons i ders the 

neuroanatomy o f  ver t i cal eye movement contro l . 
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To begin , both cerebral hemi spheres must be act ivated f o r  

t rue vert ical movement t o  occur and ini t iat ion o f  movement 

seems t o  be origina t e  mainly wi thin the midbrain ( Bender ,  

1 9 8 0 ) . Thus , bias due t o  cort i cal act ivi ty would be reduced 

due t o  the cort i ca l  input being both di f fuse and di stributed 

across both halves o f  the midbrain . Furthermore , i f  a 

t ransverse p lane i s  drawn t hrough the midl ine o f  the part s o f  

the brai n  that con t ro l  vert ical eye movement s , pathways 

dorsal t o  this p l ane subserve downward movement s whi le 

pathways vent ral to the plane subserve upward movements . 

S ince the st imu l i  were always presented on the horizonta l  

median o f  the ret ina , there i s  no reason for gaze direct ion 

to produce any bias  in the ver t i cal plane . To argue 

otherwi s e  would imp ly that a vert ical analogue to cerebral 

l a t eral i ty occurs whi ch ,  whi l e  not neces sari ly impossib l e ,  i s  

s carcely c redibl e . 

CVF 

Once s ome o f  the maj or methodological i s sues had been 

resolved , CVF presenta t ion was included in the f inal three 

experimen t s . I t  was hoped that by doing thi s a number o f  

interest i ng que s t ions could be answered , such a s , did the CVF 



performance match one or the other o f  the divided f i elds ? 

A l ternat i ve ly , did i t  appear to be the resultant of the 

c ombined LVF and RVF performance s ?  Or , would there be no 

apparent relat ionship between CVF and divided f i eld 

performance ?  
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I n  Exper iment 3 ,  where words and non-words were used a s  the 

s t imul i ,  a GP x St imulus interact ion was found for CVF 

present a t ion . Thi s  interact i on is rather st range espec ial ly 

when a s imi lar interact ion did not occur for the divided 

f i eld condi t ion . Tressoldi ( 1 9 8 7 )  used CVF pres entat ion and 

reported a GP ef fect with words and non-words , but no 

i nt erac t i on . There seems to be no reason for words and 

pronounceable non-words to be proces sed d i f ferent ly when GP 

is  varied . The imp l i cation is  that words and non-words are 

processed at di f f erent locat ions in the brain , requ i ring that 

they be recogni sed and redirect ed to s eparate locat ions . 

Thi s  seems unlikely . The interact ion i s  thus unexp l ained and 

s ince it has no apparent bearing on the main i ssues , it wi l l  

not be further discus sed . Thi s course o f  act i on c an be 

further j us t i fied by the fact that wi thin the overall  

variabi l i ty acro s s  the hor i z ontal GPs , the St imulus x GP 

int erac t ion accounted for only 0 . 5 % of the experimental 

varianc e . 

When the S t imulus e f fect in Experiment 3 was di sregarded the 

CVF did not di f fer meaningfu l ly from t he two divided f i elds 

except in terms o f  overal l RT values . Although the 
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hori zontal G P  x VF interac t i on over all three VFs was 

s igni ficant , the e f fect account ed for only 0 . 1 % of t he 

experimental variance . Thus , i t  i s  fair t o  say tha t , other 

than produc i ng fas ter RTs , the CVF did not di f fer 

meaningful ly f rom the two divided f i elds ; nor did t he divided 

f i elds di f fer between t hems elves . 

Experiment s  4 and 5 l ikewi se showed that CVF presentat i on 

gave essent i a l ly the same resul t s  as for divided f i e l d  

presentat ion . In Experiment 4 there were no s igni f i c ant 

e f fec t s  at a l l ,  whi l e  in Experiment 5 the only ef fect was 

that over the vert ical GPs a l l  VFs were speeded from GP1 to 

GP5 . 

So , the inc l u s i on o f  the CVF condi t ion showed that t he ef fect 

o f  GP was e s s ent i a l ly the same regardl ess of whether one or 

both cerebra l hemi spheres received the st imulus informat ion . 

The only qua l i f icat ion t hat can be made i s  t hat visual 

inspect ion of t he various RT cell entries sugges t s  that 

acro s s  the hori z ontal GPs under R condi t ions there i s  a 

s l ight tendency for the CVF to mat ch the RVF rather than the 

LVF . 

Further analys is 

Task Difficulty 

When cons idering the experimental hypotheses stated in the 

Introduct ion , a rat i ona l e  was o f fered for expect ing that task 
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di f f i cu l ty would interact wi th G P  and/or VF . The rat i onal e  

was based o n  the fact t hat a number o f  s t udies had shown that 

the extent or frequency of saccades was i n f luenced by the 

apparent di f fi culty of the experimental task . I t  was then 

sugges ted that the converse s ituat ion ,  that saccadic extent 

could interact wi th task di f f i cu l ty ,  might also occur . I f  

this idea had any subs t ance , a Di f ficulty x GP interact i on 

shou l d  be f ound , and poss ibly a Di f f iculty x GP x VF 

int eract i on a l so . Three pos s ibi l i ties were cons i dered . A GP 

e f fect cou l d  be cons tant and independent of task performance ,  

i t  c ould be constant but interact ing mul t ipl icat ively with 

task performance , or it could be proport i onal t o  task 

performance . In the f i rst case , a GP ef fect would be more 

evi dent wi t h  the s imp l er tasks , i n  the second case the e f f ec t  

shoul d  b e  e qual ly evi dent over a l l  leve l s  o f  di f f i cul ty . For 

the third case , the e f f ect should increase wi th di f f i cul ty . 

RT was t aken a s  an index o f  di f f i culty , t he rat ionale being 

tha t  the more di f f icu l t  tasks would requ i re a l onger t ime t o  

complete than the eas i e r  ones . Thus , the different 

experimen t s  themselves would serve to def ine the l eve l s  of 

Di f f i cul ty . 

Before proceeding to the main analys i s , the f i rs t  two 

experiment s ,  both o f  whi ch used t he letters • x •  and • v •  as 

s t imul i ,  were compared t o  determine whether or not they could 

be combined into one l a rge experiment . The individual mean 

medians f rom the f i r s t  two experiment s were used wi th the 

dat a  from Experiment 2 being col l apsed over blocked and 
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random condi t i ons . The usual procedure of making separa t e  

comparisons acros s t h e  horizontal and vertical GPs was 

followed . There were no s i gni f i cant { or nearly s igni f icant ) 

e f fects involving Experiment { Appendix Di f f : Tab l e  1 ) . 

Experiment s  1 and 2 could therefore be t reated a s  one large 

experiment { N=2 0 )  for the subs equent analys is . 

Lett ing the data f rom the f irst two experiments repres ent one 

l evel of di f f i culty , the dat a  from thi s combinat i on and a l l  

other experiments were then entered into a mixed ANOVA . 

Experiment { with unequal , 2 0 , 2 2 , 2 0 , 2 0 ,  c e l l  ent r i es ) was the 

between- subj ects factor and GP and VF were the 

within- subj ect s  factors . The factor , " Experiment " ,  had four 

l evel s  of di f f i cul ty , indexed by RT : Rec t angl es , Lett ers , 

Words , and Faces . As usual , compari sons were made separa t e ly 

over the hor i z ontal and vertical GPs . Because t he f i rst two 

experiment s  did not have the CVF condit i on , the overall 

analys i s  was res t r i c t ed to the LVF and RVF . 

Across the hori zontal GPs there was the expected main ef fect 

for Experiment ,  F { 3 , 7 8 ) = 1 7 4 . 1 9 ,  p< 0 . 0 0 0 1  { Appendix Di f f : 

Table 2 ) . The RTs for Rectangles , Lett ers , Words and Faces 

were 3 7 2 , 4 1 5 , 5 2 1  and 822 ms ec respectively support ing the 

val idi ty of us ing RT as an operational i ndicator o f  

di f f i culty . There was a s igni f i cant VF main effec t , 

F { 1 , 7 8 ) = 1 2 . 54 ,  p< 0 . 0 0 1 . However ,  there was also a 

s i gni f icant Experiment x VF int eract ion , F { 3 , 7 8 ) = 2 . 9 1 ,  

p< 0 . 0 5 .  Thi s  was due to Rect angles , Let t ers and Words a l l  



1 5 1  

having RVF advantages of 6 t o  8 msec whereas Faces had a 

( nons i gni fi cant ) LVF advantage o f  2 . 3 msec . Thi s  s imply 

reflec t s  the fact that experiments us ing Let ters , Rect angles 

and Words produced signi f i cant RVF advantages whereas us ing 

Faces did not . 

The vert ical GPs produced a very s imi l ar pat t ern o f  e f fec t s  

( Appendix Di f f : Table 2 ) . The main e f fect for Experiment was 

s igni f icant F ( 3 , 7 8 ) =1 6 6 . 87 ,  p< 0 . 0 0 0 1  with RTs o f  3 7 2 , 4 1 9 , 

5 2 3  and 8 2 7  ms ec respect ively for Rectangles , Let t ers , Words 

and Faces . The re was a s i gni f i cant VF main ef fect , 

F ( 1 , 7 8 ) = 5 . 2 9 , p< 0 . 0 3 together wi th a signi f icant Experiment x 

VF int eract ion , F ( 3 , 7 8 ) = 6 . 9 0 ,  p< 0 . 0 0 1 . The source o f  thi s 

interact ion was t he same as that for the hori z onta l  GPs in 

that Faces gave a small LVF advant age whi le the other 

experiments a l l had RVF advantages . The Experiment x GP 

intera c t i on approached s igni f icance F ( 6 , 1 5 6 ) =2 . 0 5 ,  p< 0 . 0 7 ,  

due t o  the speeding of Experiment 5 RTs from the t op GP1 to 

the bott om GP5 ( Table 1 3 ; p.  1 3 6 ) . However , w2 for this 

int eract ion a ccounted for a mere 0 . 0 5 %  of the experiment a l  

variance .  

The presence o f  a clear Experiment x GP interact ion , whi ch i s  

the c r i t i ca l  requirement f o r  a di f f i culty e f f ec t , did not 

occur . Whi l e  a near s i gni f i cant Experiment x GP interact ion 

was f ound , i t  was a very sma l l  e f f ec t . Al so i t  occurred over 

the vert ical GPs , rather than the hori zontal GPs where t he 

largest and mos t  cons i s t ent GP e f fects had been f ound . 
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Furthermore , the e f fect can b e  adequately exp l ained i n  t e rms 

of acqu ired reading habi t s  and/or eye mus cle f a t i gue . 

However , a l though thi s analy s i s  provides li t t l e ,  i f  any , 

evidence for a di f f i culty ef fect , the approach can be 

c ri t i c i s ed on the grounds that di f ficulty was confounded with 

the proce s s ing of di f f erent tasks . There i s  no guarantee 

that the fai lure to f ind any int eract ions between GP and 

Di f f i cu l ty was due to the absence of a Di f f i culty e f f ec t ; it 

could wel l  be due to the di f f ering process ing requi remen t s  of 

the various t asks . I t  appears , therefore , that before f i rm 

conclus i ons are drawn regarding the poss ibi l i ty o f  a 

D i f f i culty x GP interac t ion ,  some means of equal i z ing the 

proces s i ng requirements a t  various l evels of di f f i culty wi ll 

have to be devi s ed . 

Meta analys i s . 

Invest igat i ng the pos s ibi l i ty that task modal i ty might a f f ect 

any obs erved GP e f fects was one of the obj ect ives of thi s 

research programme , but before analyz ing the resul t s  for 

moda l i ty an a l ternat ive t reatment o f  the data was undertaken . 

The need for an a l t ernat ive t reatment came about because i t  

was noted t hat under R condi t i ons , the first three 

experiment s  t ended to produce GP x VF interact i ons over t he 

hori zontal GPs , the interactions being cons i s t ent with 

ips i latera l  fac i l i t at ion . Al so , under B condi t i ons and 

acros s t he hori zontal GPs , the second and third experiment s  

t ended to produce a G P  main e f fect where RTs i n  GP4 were 

shorter t han those o f  GP2 and 3 .  However , with only sma l l  
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and elus ive e f fec t s  having been found , increasing the overal l  

s t at i s t ical power was an attract ive opt ion . There fore , i t  

was dec ided that , wherever pos s ible , the results o f  the 

various experiment s would be combined into a form of mini 

meta analys i s . 

When RT was plotted against GP t o  produce RT/GP pro f i les for 

t he various experiment s and condi t ions it appeared that the R 

c ondit ions o f  Experiments 1 and 2 gave s imi lar GP x VF 

i nt erac t i ons . RT/GP pro files a l so reveal ed that the GP 

e f fects in the B condi t ions of the second and third 

experiment s resembled one another . The RT/GP pro f i l es for 

Experiment 4 ,  however ,  were s imi l ar acro s s  condi t i ons and 

a l so had a di f ferent shape compared to those of the f i r s t  

t hree experiments . Thi s  visual inspect i on sugges t ed that i t  

might be u s e ful t o  c ombine the data according to whether VQAs 

( Experiment s 1 ,  2 & 3 )  or SQAs ( Experiment 4 )  were used . 

Moreover , i t  a l so seemed useful t o  re-examine the dat a  in 

t erms o f  R and B presentat ion . Thus , the data from the R 

c ondi t ions o f  the f irst three experiment s  were combined , a s  

was the dat a  from t h e  B condi t ions o f  t h e  second and third 

experiment s .  Since no ef fect o f  Condit ion was found for 

Experiment 4 ,  the earl ier analy s i s  us ing combined c ondit ions 

was cons i dered t o  be a part of this new analys i s . The dat a  

f rom Experiment 5 were exc luded because they might have been 

c ontaminated by S - R  compat ibi l i ty effec t s ; CVF dat a  were a l s o  

exc luded because they were only ava i l able for Experiment s 3 

and 4 .  
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The dat a  f rom the f i r s t  three experiment s were combined a s  

ind i c a t ed above and t h e  resul t ing RT/GP p ro f i les a r e  plot t ed 

in F i gure 6 .  There i t  c an be s een that i n  the B condit ion 

the p ro f i l e s  for both VFs are s imi lar,  both showing that RTs 

in GP4 are f a s t er t han for the other two GPs . In contras t ,  

t he p ro f i l es in the R condi t i on are di s s imi lar . The LVF 

p ro f i l e  i s  s imi lar to those in the B condi t i on whereas 
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F igure 6 .  RT pro f i l e s  acros s the �ori z ontal GPs for 

Experiment s 1 ,  2 ,  and 3 combined . 

t he RVF p ro f i l e  i s  virtua l ly f l a t , there being l e s s  t han 4 

msec d i f ference among t he GPs . That the s e  pro f i les give a 

f a i r  indi cat i on of t he way GP a f f ects RT i s  supported by 

not ing the number o f  subj e c t s  who provided the dat a . The B 

p ro f i l e s  c ame f rom 2 0  s ubj e c t s  with 3 0  con t ribut ing t o  the 



R pro f i les . Further support comes f rom the sta t i s t ical 

analy s i s . 
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As usual , the analysis took the form o f  separate planned 

comparisons for the hori z ontal and vert ical GPs , but in thi s 

case horizontal GPs are cons idered s eparately f rom the 

vert i ca l  GPs . ( The signi f i cant VF main e f fects are ignored . )  

In the R condi t ion , the hori zontal GPs yielded a GP mai n  

e f fec t , F ( 2 , 6 2 ) =4 . 5 9 ,  p< 0 . 0 2 ,  and a l so a G P  x VF 

interact ion , F ( 2 , 6 2 ) = 3 . 5 7 ,  p<0 . 0 5 ( Appendix Met a : Tabl e  1 ) . 

Thes e  e f fects accounted for 8 . 6 % and 4 . 7 % of  the experimenta l  

variance respec t ively . The RT/GP pro f i l e  ( Figure 6 ,  r i ght 

pane l ) shows that the maj or source of these e f f ec t s  was the 

LVF . I n  the B condi t ion only the GP main e f fec t was 

sign i f i cant , F ( 2 , 42 ) = 5 . 6 9 ,  p< 0 . 0 1 ( Appendix Met a : Tabl e  2 )  

accounting for 1 3 . 1 % of  the experimental variance . 

As a l ready not ed , it i s  only the RVF that di f f ers between t he 

R and B condi t i ons . In Figure 6 the two RVF p ro f i les di f f er 

in t he right ( GP4 ) pos i t ion but the LVF produces essent i a l ly 

the same profi l e  in the two condi t i ons . A pos t hoc analys i s  

was made comparing the RVF data f rom the B condi t i ons with 

the RVF data f rom the R condi tions . Condit ion was the 

between- subj ect s  factor wi th GP as the within- subj ect s  

fact o r ; the c r i t ical ef fect was the Condi tion x GP 

int eract ion . A s imi lar analys i s  was done for the LVF data . 

The resul ts o f  the analyses showed that whi le the two RVFs 

di f f ered , indicated by a s igni f i c ant Condit ion x GP 



intera c t i on ,  F ( 2 , 1 0 0 ) =4 . 9 9 ,  p< 0 . 0 1 ,  the LVFs did not 

( Appendix Meta : Table 3 ) . 

No cons i s t ent GP or GP x VF t rends had been found over the 

vertical GPs in the earlier ana lys es and there were no 

s i gni f i cant ef fects when the first three experiments were 

combined . The GP x VF interact ion did , however ,  approach 

s i gni f i c ance in both the R ,  F ( 2 , 62 ) =2 . 6 3 ,  p< 0 . 0 8 ( Appendix 

Meta : Tabl e  4 ) , and B condi t i ons , F ( 2 , 4 2 ) =2 . 6 1 ,  p< 0 . 0 9 
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( Appendix Meta : Table 5 ) . The s imi larity of the RT/GP 

pro f i les for the two condi t i ons prompted a further analys i s  

using the combined R and B data for the vert ical GPs . The 

combined data from a l l  three experiments yielded a 

s i gni f i c ant GP x VF interact i on ,  F ( 2 , 1 0 6 ) = 5 . 2 6 ,  p< 0 . 0 1 

( Appendix Meta : Table 6 ) ; w2 account ed for 5 . 1 % o f  the 

experimental variance . The interact ion appeared to be due to 

t he LVF RTs being s l ightly retarded in GP3 ( 4 6 6 . 6  msec ) 

compared to GP1 ( 4 6 4 . 2  msec ) and GP5 ( 4 63 . 2  ms ec ) , coup l ed 

wi th the RVF RTs being faster in GP3 ( 4 5 9 . 1  ms ec ) than i n  GP1 

( 4 6 1 . 1  ms ec ) and GP5 ( 4 6 2 . 4 ms ec ) . 

Modality 

I n  cont ras t  to the RT/GP pro f i les for VQAs ( Figure 6 ) , t he VF 

pro f i l es for Experiment 4 ,  whi ch used rectangl es as SQAs , 

show a genera l s imi larity between the R and B condi t ions . In 

fact , only the RTs from the LVF in GP4 seem to di f fer between 

the two c ondi t ions , whi ch , in i t s  turn , appears due to j us t  

one individual median RT being abnormally retarded ( Appendix 
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E4 : Tab l e  1 ) . Thi s  impre s s i on i s  support ed by the ANOVAs for 

Experiment 4 .  The earlier analysis showed that there were no 

e f fects involving condit ion ( Appendix E4 : Table 5 )  and when 

t he data were col l apsed over condi tion there were no e f fe c t s  

i nvolving GP ( Appendix E4 : Table 6 ) . Other than a VF main 

e f fect the LVF and RVF RTs were very s imi lar . When col l ap s ed 

over condi t ions , t hereby using the dat a  f rom 2 0  subj ect s , 

nei ther varied by more than about 4 msec acros s the GPs 

( Tabl e  1 0 ;  p .  12 8 ) ; a 4 ms ec dif ference is very l i t t l e  given 

the relat ively large s . ds .  Thus , it would appear that GP 

ef fec t s  did not occur when SQAs were u s ed as st imu l i .  

The res u l t s  of the foregoing extended analys is can be 

summari z ed as fol l ows . When VQAs are used as s t imuli the 

e f fe c t s  of varying GP are di f f erent for Blocked and 

Randomi z ed trial presenta t i on . The di f fering e f fects in the 

two condit ions are rest r i c t ed to the horizontal GPs . A sma l l  

but real hori zonta l  G P  ef fect appears when trials are blocked 

onto each GP in turn , reveal ed by RTs being shortened by 

between f ive and t en msec when subj ect s  look to t he right GP 

compared t o  the left or central GPs . However , when t ri a l s  

are randomi zed among the GPs , a sma l l  GP x VF int era c t i on i s  

found over the hori z ontal GPs . I t  appears as ips i latera l  

speeding o f  the LVF when l ooking t o  t he right G P  and speeding 

of the RVF when l ooking to the left GP ; the ef fect being mos t  

evident for the LVF . Al so , only the RVF appears to di f fer 

between the R and B condi t ions . The interaction i s  dire c t ly 

cont rary to the contralateral interact ion predi c t ed by 
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Kinsbourne ' s  ( 1 9 7 2 ) model . Over the vert ical  GPs a GP x VF 

int eract ion appeared but only when a l l  the data from the 

f i rs t  three experiments were combined . Thi s intera c t i on was 

sma l l  in magni tude and was due to the GP3 RTs being s l owed 

for the LVF but speeded for the RVF relat ive to the other 

GPs . RTs for the LVF conformed to the predi cted fac i l i t at ion 

when l ooking away f rom the cent ral GP3 but those for t he RVF 

were cont rary to the p redi ct ion . 

The presence o f  GP e f fects when VQAs were used as s t imu l i  

coup l ed with the absence of G P  e f fects when SQAs were used 

sugges t s  that GP intera c t s  select ively wi th VQAs . Al so there 

was no evidence for an interaction between d i f f i culty and GP . 

Fina l ly ,  there was no support �·o for Kinsbourne ' s  attentional 

gradient model or his l a teral arousal account ing of CLEMs . 

Explanat ions 

The sma l l  di f ference in the ef fects of GP between B and R 

condi t i ons when us ing verbal s t imul i  i s  intriguing . On the 

one hand , R condi t ions produce what would be a cros sover 

int era c t i on but for the usual VF main ef fect that is found 

when verbal s t imul i  are used . Thi s  interact ion is di rec t ly 

cont rary to that predi c t ed by Kinsbourne ' s  models . On the 

other hand , under B cond i t i ons the divided f ield present ­

a t i on resul t s  in right G P  speeding of RTs f rom both VFs . 



1 5 9  

Thi s  enhanced per formance i s  congruent wi th the fact that 

about hal f  o f  the CLEM s tudies report a predominant 

as sociat ion o f  rightward CLEMs and VQs . The GP e f fect i s  

a l s o  cons i s t ent with the reports o f  right G P  speeding o f  RTs 

when us ing the lexical dec i s ion task ( Tressoldi , 1 9 8 7 ) . 

Further meaning ful comparisons wi th the reverse CLEM 

l i t erature i s  virtua l ly impossibl e due to the wide var iety o f  

tasks used t herein , the i r  di s s imi l arity to the ones used in 

thi s research programme , and their methodol ogical 

shortcomings . 

The only rel iable effec t s  of GP that were found wi th vert ical 

eye movement s required that a l l  of the dat a  from the f irst 

three experiments be combined . Even then the observed GP x 

VF interac t i on was sma l l  in both magni tude and e f fect s i z e . 

Thi s  may be due to the fact that l ocus of control for 

vert ical movement s i s  in the midbrain ( Bender , 1 9 8 0 ) and thus 

t oo far removed from the cort ical areas involved with task 

per formance to produce much direct neural interact ion . More 

important ly , the interact ion appeared to be due to two 

oppos ed GP e f fect s . RTs in the LVF were s l owes t  in GP3 , 

whi ch i s  i n  accordance with predict ion made from Kinsbourne ' s  

mode l s . At the same t ime , RTs in the RVF were fastest in GP3 

whi ch is contrary to the predi c t i on .  Thi s  pecul iar 

int eract ion wi l l  be c ons idered more ful ly l ater . 

Across the horizonta l  GPs , the i nteraction that appeared wi th 

VQAs in the R condit i on i s  direc t ly counter to the predic t ed 
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i nt eract ion bas ed on hemi spheric arousal . I f ,  however ,  one 

a s sumes that eye movement s  convert the experiment a l  

requirement s  into a dual task s i tuat ion then int rahemi ­

spheric interference ( Green , 1 9 84 ; Kinsbourne & H i cks , 1 9 7 8 ) 

c an be used t o  account for the observed int erac t i on . In such 

a s i tuat ion , a cont ralateral eye movement should be assoc­

i ated wi th decreased performance , but wi th little or no 

e f fect when an ips i l ateral eye movement is made . However ,  i n  

t he B condi t i on thi s explanat i on can b e  used only f o r  the 

LVF . Intrahemi spheric arousal mus t  be used to a ccount for 

t he RVF RT/GP pro f i l e  of the combined experiment s  ( Figure 6 ) . 

Such select ive use o f  arousal and interference i s  plainly out 

o f  order and this mi suse is even more evident when the 

results from the SQA ( rectangl es ) are considered . Here , 

unlike the VQAs , there were no di f ferences between the two 

c ondit ions . I t  may seem that a modality change , VQA to SQA , 

might alter the way that int erference and arousa l  combine 

wi th eye movement s  by vi rtue of the di f ferent funct i onal 

a symmetry as socia t ed wi th the two modes . But wi th a divided 

f i eld pres enta t i on ,  these ef fects ought to be independent o f  

moda l i ty ,  becaus e ,  under the experimenta l  condi t ions , the 

hemi sphere receiving the st imulus is bel i eved to do most o f  

t he process ing ( Ragot & Lesevre , 1 9 8 6 ; Sergent , 1 9 8 3 ) . 

The implicat ions o f  the GP e f fect found under B condi t ions 

can be con s i dered f rom a s l i ght ly di f ferent point o f  view . 

The key predi c t i on made from Kinsbourne ' s  models i s  that when 
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a ment a l  set favouring one hemi sphere i s  establ i shed ( however 

produced ) then a contralat eral perf ormance advantage wi l l  be 

obtained . The results from the B condit ions , using VQAs as 

s t imu l i , reveal ed three features that contradic t  thi s 

predi c t ion . When a right GP was used to produce a set 

favouring the l e f t  hemi sphere , the RTs for both VFs were 

enhanced equal ly compared to the , presumably , unbiased 

c entral GP . Conversely , when a l e f t  GP was used to produce a 

set f avouring the right hemisphere , no e f fect on RT was found 

for e i t her VF . One must therefore conc lude that the GP 

e f fect that was found i s  independent of any induced menta l  

s et or arousal of a part icular hemi sphere . Furthermore , 

s ince the RVF advantage was cons tant acros s the hor i z ontal 

GPs , i t  also mus t  be independent of the set or arousal 

induced by GP . 

Nei ther arousal  nor int erference , as  the terms are used by 

Kinsbourne , can account for the resu l t s  of the present 

experiment s .  Cons iderat ion of the anatomical loci involved 

in t a sk per formance and eye movement s may go someway to 

exp l aining why . 

Sacc ades are init iated i n  the fronta l  eye fields o f  t he 

fronta l  lobe s . The lat t er are know to be involved i n  memory 

and other high l evel cogni t ive processes . However ,  EEG 

studi es have shown that the asymmetric act ivat ion due t o  

verbal cogn i t ion is found primari ly over the parietal l obes 

rather than t he frontal ones ( Davidson , 1 9 8 8 ) . Also , 
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Davidson et a l . ( 1 9 9 0 ) f a i l ed to f ind any correlation between 

fronta l  EEG records and t ask related asymmetries a f ter eye 

movement art efac t s  had been removed . Thi s  may mean that the 

neural connect ivi ty between the locus of cognit ive activi ty 

in the parietal lobes and the locus of saccade ini t iat ion ln 

the f rontal lobes is not as close as Kinsbourne seems to 

as sume . Thi s  EEG evidence appears to contradi c t  the 

inference by Kinsbourne and Hicks ( 1 97 8 )  that : 

" The func t i onal di s tance between the l e f t  s i ded 
verbal proces sor and the left  laterali z ed 
rightward orient ing centre makes the rightward 
a t t ention during verbal process ing compat ibl e 
with funct i onal brain organi zat ion and 
there fore e f ficiently achi evabl e "  ( p . 3 5 6 ) . 

Thi s  i s  an important point because Kinsbourne and Hicks ' 

descrip t i on o f  " functional di stance " appears t o  confuse 

neuroanat omi cal connect ivity with spatial proximi ty . Thi s  is 

wel l i l lust rated by their des cript ion of funct ional di s t ance : 

Any spread o f  act ivat i on to the opposing c entre 
on the other side of the brain i s  natural ly 
more l imi t ed because of the funct ional ly 
greater di s t ance [ s i c ]  to be traversed and 
there fore insu f f i c i ent to o f f -set this 
asymmetric e f fect . "  ( p . 3 5 5 ) 

I t  i s  very di f f i cult from thi s to di s t inguish between 

funct i onal di s tance as a neural connect ivi ty c oncept and t he 

a l t ernative phy s i c a l  proximi ty concept . Hence , given the EEG 

evidence ,  int erac t i on between cogni tion and eye movement s  may 

not actua l ly happen as presumed by Kinsbourne ' s  ( 1 9 7 2 ) model ,  
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and some other explanat ion for the obs erved int er ac t i on must 

be found . 

The GP e f fect found for VQAs under B condi tions i s  a puz z l e  

and cannot be readi ly accounted for . The di fference between 

the R and B condit ions when VQAs are used sugges t s  that 

oculomotor control of cont inual and frequent movement s  

d i f fers from that for steady gaze direc t ion . Neuro­

anatomical evidence shows that thi s is i n  fact the case 

( Bender , 1 9 8 0 ) . Ons et and t ermination o f  hori z ontal s accades 

i s  ini t i a t ed in t he frontal eye fi elds of the frontal lobes 

a nd thence by direct connect ions to the oculomotor control 

system in the midbrain . The saccades are direct ed 

c ontral a t eral ly t o  the init iat ing cerebral hemi sphere . Gaz e  

holding , which i s  pr imarily maintained by the midbrain , a l s o  

i nvolves the maint enance of attent ion . This in turn i s  

maintained by the parietal eye fields which are only 

i ndirect ly connect ed to the midbrain ( Le ichni t z  & Goldberg , 

1 9 8 8 ) . There fore , i t  i s  pos s ible that oculomotor control i s  

i nvolved t o  some ext ent in the di f ferent e f fect s  not ed for R 

and B condi t ions . 

The di f ference between the R and B condit ions with VQAs was 

due to the RVF a l on� s ince under R condit ions the LVF 

per formance was s imi lar to both the LVF and RVF per formance s  

under B c ondit ions . Although the s imi l arity o f  the LVF 

performances under R and B condi tions may conceivably have a 

di f ferent origin , intuit ively thi s seems rather imp l ausibl e . 
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There fore , there mus t  b e  some important di f ference between 

the two hemi spheres in saccade init iat ion that is revealed by 

the RVF a l one . I t  may be that the l ink between verbal 

proc e s s ing and saccade init iat ion di ffers i n  the two 

hemi spheres . I n  part i cular , there i s  evidence that the motor 

control o f  voi ce product i on is a s t rictly l e f t  hemi sphere 

funct ion ( Moscovi t ch , 1 9 7 3 ) . It i s  also pos s ible that 

subvocal i zat ion as a s t rategy may have occurred during each 

trial ( Davidson et al . ,  1 9 9 0 ) . Consequent ly , motor 

interference may also have occurred between eye movements and 

any subvocal i za t ion stage o f  the task perfo rmance .  Such 

relat ively c l o s e  coupl ing between subvocal i zat ion and 

saccades is made plaus ible by cons i dering the reading 

proce s s . Intu i t ively , subvocal i z a t ion during reading i s  

highly l ikely , and a s  reading ski l l s  develop , the coup l ing 

between subvoca l i zation and di rect ed eye movement s  would 

intens i fy con s iderably . 

The i dea o f  interference between s ubvocal i za t ion and s accades 

may a l s o  be abl e to account for the pecul iar GP x VF 

intera c t i on that was found over t he vertical GPs when us ing 

VQAs . I t  was earl ier noted that hori zonta l  saccades and gaze 

hol ding origina t e  in the frontal and parietal lobes 

respect ively . However ,  both vert i cal saccades and vert i cal 

ga z e  hol ding have a common origin i n  the midbrain ( Bender 

1 9 8 0 ) . Hence , i f  there i s  neural connectivity between the 

midbrai n  and the voice product ion c entre in the l e f t  

hemi sphere , motor-motor interference from s ubvocal i za t i on 
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c o u l d  occur w i t h  both s a c c ade s and s t e ady ga z e . Thi s w o u l d  

l e a d  t o  s l owe r RT s in t h e  RVF when t h e  e y e s  move v e rt i c a l l y  

away from the c ent r a l  GP 3 . Such i n t e r f e re n c e  wou l d  n o t  o c c u r  

in the right hemi sphe r e . There , a r ou s a l  may pos s ib l y  o c c u r , 

being due t o  s a c c ade s o r  gaze ho l d i n g ,  S u c h  arou s a l  w o u l d  a c t  

unopposed,  g i v i ng r i s e  t o  f a s t e r  RT s when t he e y e s  move 

vert i c a l l y  away f r om the cent ral GP 3 .  

Even though t he vert i c a l  GP x VF i nt e ract i on supp o rt s the i de a  

o f  i nt e r f e r e n c e  between s ubvo ca l i z at i on and s accade c on t ro l ,  

the s upport i s  not st rong . The re l at i ve v ar i at i on b e t ween the 

c e n t r a l  GP s and the upper and l ower one s was less than f o u r  

mse c ,  or l e s s  than e i ght msec in a l l . Furthermo re , t he e f fe c t  

s i z e  w a s  sma l l ,  n e e d i n g  over 4 0  s ub j ect s be f o re it b e c ame 

evi dent . 

Mot o r  int e r f e rence c an a c count f o r  the RVF per forma n c e  under 

R c ondi t i on s  over the ho r i z ont a l  GP s .  In c o n j unct i o n  with 

a r o u s a l it mi ght a l s o  a c c ount f o r  the GP x VF int e r a c t i on 

that was f ound over the vert i c a l  GPs unde r b oth R and B 

c o n d i t ions . But , it doe s not a c c ount f o r  e i ther the 

r i ghtward b i a s  shown by the LVF under R c on d i t i o n s  over t he 

ho r i z ont a l  GP s ,  o r  f o r  the same r i ght ward b i a s  shown by both 

VF s unde r B c ondit i o n s . Un l i ke h o r i z ont a l  s acc ade s whi ch 

requ i re the o c u l omot o r  s y stem to be c l o s e l y  coup l e d  w i t h the 

frontal eye f i e lds , a s t e ady ga z e  i s  maint a i ned by l o o s e 

conn e ct i on s  w i t h the p a r i e t a l  e y e  f i e l ds . Even t hough the 
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p a r i e t a l  l obes are l i ke l y  t o  be engaged by the e xp e r i ment a l  

t a s k  ( D av i d s on ,  1 9 8 8 ) , a r ou s a l  o r  inte r f e rence i s  l e s s  l i k e l y  

t o  o c cu r  b e c a u s e  t he neural c onnect ion s w i t h  the o c u l omot o r  

cent r e s  a r e  d i f fu s e d  ( Lechn i t z & Go ldbe r g , 1 9 8 8 ) . S o  the 

i n t e r a c t i on t hat w a s  f ound unde r R condi t i ons when u s ing VQAs 

wou l d  not be expe c t e d  unde r B c ondi t i on s . But at t he same 

t ime the r e  i s  no appa rent r e a s on t o  expe c t  a ste ady g a z e  t o  

a f fe c t  t a s k  per formance at a l l . Hence , f rom an a t o m i c a l  

c on s i de r a t i o n s  one w o u l d  the r e f o r e  not expect G P  e f fe c t s  t o  b e  

ob s e rved . 

An other p o s s i b i l i ty i s  that human s have a percept u a l  bias 

to wards one o r  the other hemi s p a c e  ( Brads haw , Burde n ,  & 

Nett l e t o n , 1 9 8 6 ;  B r adshaw & Net t l et on,  1 9 8 3 ;  B r a ds h aw & 

P i e r s o n ,  1 9 8 5 )  . F o r  i n s t ance , be ing r i ght handed may lead t o  

a r i ght w a r d  per cept u a l  b i a s  a n d  t he re i s  s ome ev i dence for 

thi s a c t u a l l y  o c c u r r i n g  ( Bryde n , 1 9 7 8 ;  He l l i ge , 1 9 9 3 ) . S i n c e 

al l s ub j ect s u s ed i n  the pre s e nt programme were r i ght handed 

they wou l d  t he r e f o r e  be expec t e d  to show a r i ght w a r d  

p e r c ept u a l  b i a s . Thi s p o s s ib i l i t y  i s  s upp orted by Ro s enbe rg 

et a l . ( 1 9 8 3 )  who c on c luded that the di r e c t i on of v e rt i c a l  

CLEMs w a s  hab i t u a l  and was r e l a t e d  to t he he i ght o f  the i r  

sub j e c t s .  They a l s o  reported t hat the o c c u r rence o f  

ho r i z ont a l  C LEMs wa s r e l ated t o  the wea r i n g  o f  spe c t a c les . 

Howeve r ,  e xp l a i n ing a r i ghtwa rd b i a s  by appe a l ing t o  habitual 

p ro c e s s e s  is c on t r a - i n d i c ated by t he l a c k  o f  any e f fect of GP 

when u s ing r e c t angl e s  as SQAs . U s ing the l o g i c  o f  t he earl i e r  

a rgument , t he ab sence o f  a n  int e r a ct i on unde r R 
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condit ions might indi cate that there was no subvocal i zat ion 

component to the task . In which case there should have been 

a GP main ef fect under B condi tions and an LVF bias under R 

condi t ions towards the right hemi space . The absence o f  such 

a bias appears to be cont rary to thi s " habi tua l " explanat ion . 

At the same t ime ,  however , the absence o f  bias when SQAs were 

used may be due to other processes . 

I t  wi l l  be rec a l l ed that in ordinary CLEM s tudi es , s tares 

f requent ly accompani ed the proce s s ing of SQs . These s tares 

were t raced t o  the fact that duri ng the proces sing o f  SQs , 

ocular mot i l i ty was reduced below a res t ing basel ine l evel . 

VQs ,  on the other hand , resul ted in an increase in mot i l i ty 

above base l ine leve l s  ( Ehrl ichman & Barrett , 1 9 8 3 a ; H i s cock 

& Bergs trom, 1 9 8 1 ; Weiner & Ehrl i chman , 1 9 7 6 ) . In short , 

saccades are suppressed during vi sual i za t i on .  I t  i s  

therefore plaus ible that when SQAs are processed ,  thi s same 

suppress ion o f  saccades i s  automa t i cal ly invoked thereby 

p revent ing a rightward bias from appearing . Thi s  pos s i ­

b i l ity i s  support ed by Rosenberg ( 1 9 8 0 ) who found that when 

p rocess ing SQs , OKN movements were suppres sed relat ive to 

when process ing VQs . The hypothes i s  could be tested by 

repeat ing Ros enberg ' s  OKN experiment and manipulat ing the 

degree of verbal cont ent in the SQAs whi l e  GP is a l s o  varied . 

I t  can also be noted that both increased ocular mot i l i ty and 

increased OKN when processing VQs is consistent with the 

ear l i er sugges t ion that motor control of subvocal i z a t i on and 

saccades become closely coupled due to reading development . 
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Because o f  thi s presumed close coup l ing ,  subvoca l i zat ion may 

act ively ini t i ate undi rect ed saccades . 

Int rahemi spheric int erference between subvocal i zat ion and 

saccades within the left hemi sphere is a l s o  cons i s t ent with 

the resu l t s  from a number of dual task experimen t s . For 

ins t ance , Hell ige ( Hell ige & Cox , 1 9 7 6 ; Hel l ige , Cox & 

L i tvac , 1 9 7 9 )  found that a concurrent verbal memory task had 

no e f fect on recogn i t ion accuracy when s t imuli were pres ented 

to the LVF . However ,  RVF performance was improved with l ow 

concurrent memory loads , but impai red wi th high l oads . 

Hell ige ( He l l i ge ,  1 9 9 3 ) has int erpreted · these and other 

s imi lar resul t s  in terms of hemi spheric spec i f i c  arousal and 

interference due to cognit ive proces sing . Alternat ively , 

Hel l ige ' s  resul t s  can a l so be explained by replac ing the 

unspec i f i ed cogni t ive proce s s es with the more spec i fi c  motor 

act ivity accompanying subvoc a l i zation . 

I t  s eems that the s implest explanat i on for the GP ef fects 

that have been described here runs as follows . Arousal , 

espec i a l ly as used by Kinsbourne ( 1 97 2 ) , cannot account for 

the GP x VF int eract ion obta i ned in the present s tudies . 

General int rahemi spheric interference fares only a l i t t l e  

b e t t e r  by a ccount ing f o r  the interact ion under R condit ions 

but only i f  the interact ion has a di f ferent origin to the GP 

e f fect under B condi t ions . Furthermore , neuroanatomi cal 

con s i dera t i ons make unspec i f i ed int rahemi spheri c  interfer­

ence rather implaus ible . However ,  motor interference wi thin 
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the l e ft hemi sphe re between s a c ca de c ont rol and s ubvo c a l ­

i z at i on i s  a po s s i b l e  reason f o r  the appa rent lab i l i t y  o f  the 

RVF between R and B c ondit i o n s . The f r e quent s a c c ade s 

o c cu r r i n g  during R c ondit i o n s  interact with t he ongo i ng 

s ubvo c a l i z at i on s u f f i c i ent ly t o  ove r c ome an habi t u a l  b i a s  by 

t he r i ght hemi sphere towards the r i ght hemi space . As suming 

that n o  s ubvo c a l i z a t i on o c c u r s  within the r i ght hemi sphere , 

the r i ghtward b i a s  i n  the LVF RTs i s  u n a f fected . Howeve r ,  

under B c ondit i on s , when a s t e ady g a z e  i s  mainta i n e d ,  the 

ab sence o f  sac cade s means that interact i on between s a c c a de s  

and subv o c a l i z a t i o n  does not o c cur and a n o rmal r i ght 

hemi spa c e  b i as i s  s hown by both l e ft and r i ght hemi sphere . 

The ab s e n c e  o f  any b i a s  when proces s i ng SQAs i s  du e t o  the 

aut omat i c  i n v o c at i on o f  the me chan i sm that a c t ive l y  s upp re s s e s  

s a c c ade s when engaged in internal v i s u a l i z ing . When vert i c a l  

movement s  t ake pl a c e , l e ft hem i s phere inter feren c e  between 

o c u l omot o r cont ro l and subvo c a l i z at i o n  impa i r s  RVF pe r f o rman ce 

when the e yes move away f r om the cent r a l  p o s i t i o n ; at the s ame 

t ime ,  r i ght hemi sphere arou s a l  due t o  o c u l omot o r  c ont r o l  

fa c i l i t a t e s  LVF p e r f o rman ce . 

Two further p o i nt s ,  di f f i cu l t y  and moda l i t y , de s e rve c omment . 

The in i t i a l  impu l s e  to inve s t i gate the interact i on between GP 

and t a s k  d i f f i c u l t y  c ame from Ehr l i c hman and We inberger ' s  

( 1 9 7 8 )  comment that ove r - l e arned mat e r i a l  requ i r i ng s imp l e  

respo n s e s  s e l dom produced CLEMs . The t a s k s  used in the 

pres ent rese arch were s i mp l e , we l l  p r a c t i s ed requ i r ing a 

s imp l e  re spon s e ;  n everthe l e s s ,  GP w a s  shown to a f fect RT . One 
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re a s on f o r  t h i s  appa rent d i s c repancy i s  that i t  may s imp l y  

re f l e c t  the d i f f e r e n c e  between o rthodox CLEM and reve r s e  CLEM 

met hodo l ogy . On the other han d ,  it may i n d i c at e  that the 

met ho d  used in t h i s  r e s e arch programme is mo re sens i t ive and 

be t t e r  ab le to de tect GP e f fect s than u s i ng spoken s t imu l i  and 

s p o ken respo n s e s  ( e . g . , W a l k e r  et al . ,  1 9 8 2 ) . 

The s e cond p o int t o  be c o n s i dered is t a s k  modal i t y . That i s ,  

do GP e f fect s di f fe r  when VQAs o r  SQAs a r e  u s ed as s t imul i ?  

The r e s u l t s  o f  E xpe r iment 4 suggest that they do . The re ,  

othe r than t he VF ma in e f fect , t he re w a s  very l i t t l e  

di f fe rence between e i ther the LVF and RVF , o r  between 

c o n d i t i on s ; the one m i n o r  di f ference c o u l d  be t raced to an 

abe r rant indi v i du a l  me d i an RT . F a i l i n g  t o  f i nd any di f fe rence 

between the LVF and RVF for e ither GP o r  C o n di t i on s ugge s t s  

that when SQAs a r e  u s e d ,  p r o c e s s ing i s  s im i l a r within t he two 

hem i sphere s .  Thi s i s  c on s i s t ent with the p s y cho -phy s i o l og i c a l  

e v i den c e , revi ewed in the I nt roduc t i on , that shows that 

v i s u a l - spat i a l  t a s k s  g i ve symmet r i cal act ivat i o n  of the two 

hem i s phere s . 

The r e s u l t s  o f  t h i s  p r ogram c an now be examined within the 

l a rg e r  c ontext o f  K i n s bourne ' s  ( 1 9 7 0 )  attent i o n a l  gradient 

mode l and then w i t h i n  t he funct i o n a l  l at e r a l i t y  f rame wo rk . 
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Wider i s sues 

Attentional gradient 

In addi t ion to direc t ly test ing the dominant theoret ical 

account of CLEMs , the methodology also a l lowed the underly i ng 

attent i onal gradient model o f  cerebral asymmetry t o  be t e s t ed 

( Kinsbourne , 1 9 7 0 ) . Thi s  was done by overt ly and 

sys t ema t i c a l ly direct ing attent ion to one hemi space or the 

other , a method that has not previously been reported . The 

resul t s  o f  these experiments extend further the l i s t  o f  

fai lures to support Kinsbourne ' s  model ( Bradshaw & Net t leton , 

1 9 8 3 ) . Thi s  lack o f  support for the model , even in i t s  mos t  

developed funct ional distance form ,  can i n  part be t raced t o  

i nt ernal incons istencies within it . 

Consider the ef fect o f  a CLEM made ips i lateral to t he engaged 

hemi sphere . Kinsbourne makes no ment ion of these but s ince 

ipsi lateral movement s would be driven by the contralateral 

unengaged hemi sphere they shou l d  have no e f fect . Henc e , 

performance should be inferior with ips i l ateral CLEMs 

c ompared to when contralateral ones are made . But , 

funct i onal distance i s  a l so used ( Kinsbourne & Hicks , 1 9 7 8 ) ) 

t o  account for dual t ask interference , t he logic o f  which 

mus t  a l so apply to CLEMs . Thus , an eye movement act ivat ing 

the contralateral frontal eye field is a t ask imposed upon 

t he contr a lateral hemi sphere . I f  that hemi sphere i s  required 

c oncurrent ly to carry out some other task , the extra 

proces s ing load impos ed by the eye movement wi l l ,  due t o  the 
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c l o s e  funct i ona l di stance , interf ere wi th the task 

performance . That i s , a cont ralateral CLEM wi l l  impair 

per formance .  Conversely , an ips i lateral movement woul d  not 

act ivate the engaged hemi sphere and no int erference would 

occur , resul t ing in a superior performance compared to when 

contralateral movement s  were made . The model i s  therefore 

internal ly incons i s tent in these respect s .  One can , o f  

cours e ,  spec i fy that an eye movement provide s  too l i t t l e  load 

to interf ere wi th performance but enough to prime the act ive 

hemi sphere , as Kinsbourne has done ( Ledlow , Swanson , & 

Kinsbourne , 1 9 7 8 ) . 

Al t hough Kinsbourne ' s  theor i z ing has generated a fair amount 

o f  research , support for his theory has been at bes t  

equivocal and o f t en cont rary . Bradshaw and Net tleton ( 1 9 8 3 ) , 

a f t er reviewing and evaluat ing the relevant l i t erature , 

concluded that whi le a t t entional gradient s probably 

contributed to cerebral funct i onal latera l i ty ,  the not ion 

woul d  have to be combined wi th many other approaches to 

produce a sat i s factory account i ng . But thi s may be a rather 

opt imi s t i c  conc lus ion . The weaknes ses in Kinsbourne ' s  

theori z ing and the lack of sol i d  empirical support suggest 

tha t  a radic a l ly alt ered approach may be requi red . 

Functional laterality 

The a t t ract ive s imp l i c i ty of the not ions o f  attent i onal 

gradient and functional dis tance allowed Kinsbourne ' s  ( 1 9 7 0 ) 

theory to f i t comfortably into the more general ideas o f  
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funct ional cerebral later a l i ty . However , the ready 

accep t ance o f  these ideas can be attributed to the a lmos t  

universal acc ept ance of the not ion o f  dichotomi z ed funct ional 

cerebral latera l i ty . It is the unsoundness of the ideas 

conta ined in " functional cerebral lateral ity " that renders 

fut i l e  any a t t empts to rescue Kinsbourne ' s theory . 

In i t s  s imp l e s t  form the not ion of func t ional lateral i ty 

presumes that each cerebral hemi sphere i s  spec ial i zed to 

carry out di f ferent but complementary psychological 

func t ions . For instance , the left  hemi sphere i s  spec i a l i zed 

for verbal and logical or numerical funct ions . The right 

hemi sphere carries out mus ical , vi sual and emotive func t ions . 

Over the years these var ious funct i ons have been e l aborated 

into various pol arit ies or dichotomies ( see Bradshaw & 

Net t l eton ,  1 9 8 3 ) . 

The original pol ari zat ion into verba l and vi sua l - spat ial 

funct ions was based on dat a  obtained mainly from spl i t  brain 

subj ect s . The relevance o f  model s  o f  spl it brain performance 

to the behaviour of the normal intact brain i s  arguable 

( e . g . , Moscovi tch,  1 9 7 3 ; Zaidel , 1 9 8 3 ) . As Bertel son ( 1 9 8 2 ) 

point s out , whi l e  the original dichotomy was the descript ive 

term t hat seemed to best describe the data , such dichotomie s  

a r e  post hoc explanat ions which are now used as causat ive 

exp l anat ions to account for the performances of normal 

subj e ct s . I n  part icular , in l ateral ity studie s  where 

cont ralateral s ensory-motor innervat ion has been used t o  



p resent s t imul i  t o  one or the other cerebral hemi spheres , 

obtained l a t eral advantages are exp l ained in t erms o f  the 

putat ive funct ions based on those advantages . The suspect 
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l ogic involved i n  this reasoning has been noted on a number 

of occasions . 

For examp l e ,  Hardyck ( 1 9 83 ) emphas i s es that al l owing 

descript ive terminology to be i t s  own referent i s  

s emi c i rcular logic l eading t o  ambigui ty in understanding . 

S ergent ( 1 9 8 2 , 1 9 8 3 ) , having twi ce cha l l enged the i l l ogi c , i s  

delight ful ly abras ive , wri t ing : 

" Th i s  i s  a bi z arre s i tuat ion in whi ch what one 
is supposed to explain ( hemi spheric compet enc e )  
through the use o f  a part icular task ( e . g .  
facial  recogn i t ion )  serves to exp lain the 
performanc e  on this task on the ground o f  
unexp la ined hemi spheric superiori ty . "  ( 1 9 8 2 , p .  
2 6 7 , note 8 ) . 

Thi s  unsat i s factory s i tuat i on i s  only marginal ly a s s i sted by 

the resu l t s  o f  tho s e  studi es where asymmetric act iva t i on o f  

the cerebral hemi spheres was measured independent ly . The 

p sychophys iological studies revi ewed earlier demons t rate only 

that verbal t asks produce asymmetric level s  of act ivity in 

the hemi spheres when both are act ivated , regardl ess of the 

nature o f  the task . Concluding that l anguage p roces sing ,  a s  

di s t inct f rom voi c e  product ion , i s  the s o l e  province o f  the 

l e f t  hemi sphere c annot be j us t i f i ed when both hemi spheres are 

s imul t aneou s ly a c t ivated . Even the more rest r i c t ed s t a t ement 

that the l e f t  hemi sphere is more involved in l anguage 
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process ing than the r ight mus t  be t reated caut iou s ly .  

S ergent ( 1 9 8 2 )  has even sugges t ed that when task requirement s 

are equal i sed in t erms of the sensori -motor resolut ion o f  the 

two hemi spheres there are no cogni t ive di f ferences between 

them . Sear lman ( 1 9 7 7 ) conc luded that the case for uni l at eral 

special i zat ion for language was made more often for 

p roduct i on than for comprehension ( supported , in part , by 

Z aidel , 1 9 8 3 ) . Hammond ( 1 9 8 2 ) has not ed that i f  the two 

hemi spheres are spec iali zed ,  then they are phys iological ly ,  

not psychol ogica l ly ,  speciali z ed . Cer t ainly , psychological 

funct ions c annot be ass igned to various parts o f  the brain 

( Bullock , 1 9 6 5 ; Luria , 1 9 6 6 , both c i t ed in Sergent , 1 9 8 3 ) . 

One can go further and sugges t  that the only s t r i c t ly 

l atera l i z ed l anguage funct ion for whi ch there i s  any direct 

evidence is the motor control of speech . Since bi lateral 

c ontrol of speech product ion would probably resul t  in 

c ompet i t ion between the hemi spheres giving rise t o  such 

p roblems as stut t ering (Moscovitch , 1 9 7 3 ) , uni l a t eral speech 

c ontrol would be a natural evo lut ionary outcome . Any of the 

s everal model s  chosen from s t rict loca l i sat ion , uni l at eral 

i nhibi t i on or output al locat ion ( Al len ,  1 9 8 3 ) woul d  be 

plaus ibl e  opt ions to describe the mechanism of uni lateral 

motor control o f  speech . Wi th uni lateral speech control any 

t ask that permit t ed subvoc a l i z at ion t o  occur might be 

expected to produce lateral advantages that may be spuriou s ly 

a t tribu t ed to hemispherical special i za t ion .  Davidson et a l . 

( 1 9 9 0 )  has di scus sed thi s problem as i t  relates t o  art i fact s  

i n  EEG s t udies o f  l ateral ity e f fec t s . 
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One can only c onclude that the bel i efs regarding the nature 

of cerebral lat erality are premature , receiving only part ial 

empirical support . Thi s  means that model s  of latera l i ty that 

go beyond phy s iologi cal mechani sms and incorporate not i ons of 

the p sychologi cal nature of lateral ity are suspect . { This 

does not mean that all quest ions can be answered by 

phys iological model s . )  Even i f  such model s are ignored , 

there are at least a doz en apparent ly viable model s  remaining 

in Al l en ' s ( 1 9 8 3 ) clas s i f icat ion f rom which t o  chose . 

Unfortunat ely , any model that speci f ies di f f ering 

performances by the two hemi spheres must spec i fy the nature 

of those di f ferences , at least by impl icat i on . Thi s  

immediately reint roduces the circularity t hat has j us t  been 

cons i dered , rendering suspect mos t  of the remaining models . 

In short , two di s t inct top ics , the nature o f  cerebral 

cognit ive l a t eral i sat ion and the mechanics of that 

latera l i sat i on have been confounded ,  and perhaps even further 

confounded wi t h  sensory -motor lat eralisat i on . 

Confounding t he nature o f  cerebral l ateral i ty wi th pos s ible 

mechani sms l ed to such a confused s i tuat ion that Friedman and 

Pol son { 1 9 8 1 ) complained about : 

" { a )  the apparent capriciousness of t he 
phenomena , ( b )  t he defying o f  repl icat i on , { c )  
the wide range o f  individual di f ferences even 
among supposed homogenous populat ions , ( d )  the 
l ack of i ndividual cons i s t ency and t he 
cons equent lack o f  a global t heory t hat could 
account for even the few observed 
con s i s t encies . "  ( p .  1 0 3 1 ) . 
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Cohen ( 1 9 8 2 ) provided a n  excellent summary of the s i t uation , 

wri t i ng : 

" In cons equence ,  we are in the pos i t i on of 
explaining resul t s  ( whi ch we often cannot predi c t ) 
in terms o f  mechani sms ( which we do not ful ly 
understand ) and factors ( wh i ch we have failed t o  
def ine ) and hypothes ised operat ions ( for whi ch 
there is no independent val idation ) . "  ( p . 1 1 0 ) . 

A reasonabl e conc lus i on to draw f rom the foregoing di s cus s ion 

of cerebral l a t eral i ty is that t he only val id model s  o f  

cerebral cogni t ive functioning a r e  those that make no 

re f erence to a dichotomi z ed latera l i sat ion of that func t i o -

ning ( speech cont rol being the poss ible exception ) . There 

are only two ways to sat i s fy thi s requi rement ; ei ther the two 

hemi spheres s imply dup l i cate one another , or , proces s ing i s  

d i s t ributed between both hemi spheres i n  a complex i ndividual -

by -task-by - s i t uat ion pat tern . I n  ei ther cas e ,  the not ion o f  

di chotomous ly �atera l i zed cogni t ive funct i ons may have l i t t l e 

real meaning . Thi s view is support ed by Beaumont ,  Young , and 

McManus ( 1 9 8 4 ) who take the pos i t ion that cerebral hemi sphere 

di chotomies are " at l ea s t  unsubs tant iated and mos t  l ikely 

wrong in principle . "  ( p . 2 0 6 ) . 

A mos t  rema rkable feature of the preoccupation wi th 

l at eral i zed dichotomi es is the pers i s t ence of the not ion 

despite the s t rong c ount erva i l i ng evidence that has been 

ava i lable for quite some t ime . For ins t ance , Bryden ( 1 9 6 5 ) 

f ound that perceptual a symmetry s cores on a di chot i c  

l i s t ening t e s t  o f  number recogn i t ion were uncorrel a t ed wi th 
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s cores on a divided f i eld t es t  o f  letter recogni t ion . Thi s  

lack of correlation was also found when the two t asks were 

des igned to be analogous ( Zuri f & Bryden , 1 9 6 9 ) . Extens ive 

revi ews o f  the count erva i l ing evidence are to be found in 

Colbourn ( 1 9 7 8 ) , Hel l ige ( 1 9 8 3 ) and Richardson ( 1 9 7 6 ) . 

�� Persever ing with the i dea bf di chotomous latera l i zat ion may 

be due i n  part to a fai lure to give equal at ten t i on to bot h  

theore t i c a l  basics  and the inst rument s  used to t e s t  and 

es t abl i s h  theory . Thi s idea has been noted by Colbourn 

( 1 9 7 8 )  and extensively developed by Samar ( 1 9 8 3 ) who gave a 

part i cula r ly damning commentary of the manner in which 

cerebral l ateral i ty has been confused wi th performance 

latera l i ty . Thi s  i s sue i t sel f has been developed in greater 

detai l by Davidson ( 1 9 8 8 ) . The primary inst rument for 

cerebral l a t eral i ty s tudies wi th normal ( i . e . , non c l inica l ) 

subj ects has been to present s t imuli us ing vi sual hal f  

f i elds , dichot ic l i s tening o r  dihaptic touch methods . It  has 

been genera l ly as sumed that measured perceptual asymmetries 

are a more or less direct re f l ec t ion of the underlying 

c erebral a symmetry ( e . g . , Whi t e ,  1 9 7 3 ) . As a cons equence i t  

i s  common pra c t i ce t o  us e ,  for ins tance , LVF and Right 

Hemi sphere as interchangeable terms ( e . g . , Hell ige , 1 9 9 3 , p .  

1 7 ) whi ch confuses the di stinct ion between the obs erved and 

inferred ent i t ies in latera l i ty experiments . Al so , the 

magnitude o f  the observed perceptual ent i t ies has o f t en been 

taken as a measure of the strength of funct i onal 

latera l i zat ion . Thi s  has l ed to the development o f  a number 
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o f  " l at erality indices " ,  the uti l i ty o f  which i s  dec idedly 

dubious s ince , as Colbourn ( 1 9 7 8 ) obs erved , no par t i cular 

relat i onship has been demons t rated between perceptual 

asymmet ry and the p resumed underlying cerebral asymmet ry ( s ee 

also Hell ige , 1 9 8 3 ; Ri chardson , 1 9 7 6 ) . Happily ,  this 

unsat i s factory state of a f f a i rs has begun to change . 

Modern trends 

The emphas i s  of recent theoret ical and experimental repor t s  

has shi f t ed away f rom funct i onal latera l i ty per s e .  At t en ­

t ion i s  now being focused o n  the comp l ex intera c t i ons among 

the fac tors that int ervene between s t imulus presenta t i on and 

respons e  output thereby producing an overall asymmetry in 

task performance .  I t  i s  now pos s ible t o  di scern a number o f  

experimental themes that address the val idity o f  the funct ­

ional lat erality i s sue : ( i )  orthogonal ly varying two o r  more 

independent variabl es ; ( i i )  forcing the same s t imuli to be 

proces sed in two or more di f ferent ways ; ( i ii ) ensuring t hat 

the t ask really is proces s ed by only one hemi sphere and 

wi thout as suming any funct ional spec i a l i sat ion ; ( iv )  taking 

two o r  more independent measures s imul taneous ly ; ( v )  exam­

ining how the hemi spheres cooperat e  rather than s earching for 

di f ferences between them . Natura l ly ,  these themes are o f t en 

combined in any one experiment and whi l e  i t  i s  not a lways 

made explicit , they are , in ef fect , examining the val idity o f  

the t es t  instrument ; namely , latera l i z ed st imulus pres ent ­

ation and i t s  relationship t o  the underlying c erebral 

asymmet ries . A f ew examples wi l l  s u f f i c e  to i l lus t ra t e  the 
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the l a t eral i ty i s sue . 
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Samar ( 1 9 8 3 ) reported a n  ext ens ive study that used a 

mul t i -dimens i onal EEG/ divided field technique and , in part , 

expl i c i t ly examined the lat eral presentation methodol ogy . 

Two c l as ses o f  s t imuli were used , word/non-words and 

para l l e l i sm o f  rotated l ine orientations , t hereby tapping 

l ingu i s t i c  and spat ial p rocesses . The rel evant dependent 

variables were concurrent performance RT and accuracy 

measures , and t emporal /parietal EEG potent i a l s  at 80 t ime 

points during each trial . The EEG potent ials  were ent e red 

into a t ime point factor analyt ic program whi ch produced 1 3  

factors . Since the factors were , by def ini t i on ,  

s tat i s t i ca l ly independent ,  they were used a s  t he dependent 

variables in t he subs equent ANOVAs . Several important 

resul t s  were reported . There were at least three independent 

proce s s es , ident i f i ed by the first three factors , associated 

wi th t a sk dependent asymmetric hemi spheric pat t erns . The 

s econd factor appeared t o  be associated wi th t he left 

hemi sphere l exical dec i s ion where i t  di scriminated between 

the words and non-words . Further analys es used individual 

lateral di f ference s cores for the RT and accuracy data 

together wi th fac tor di f ference scores . Mul t ip l e  regres s ion 

analyses us ing the factor di f ference scores were made wi th RT 

and a ccuracy a symmet ry being the target variabl es . RT data 

were unpredi ctabl e , but a ccuracy data could be rel iably 

predi c t ed both for types o f  t ask and for sex . No more than 
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four factors were required for any regress ion equat ion and 

only a handful of factors were used . Correlation 

coe f f ic ient s were impress ively high , three being above 0 . 9 0 

and the lowes t  being 0 . 8 2 .  Samar ' s  results  demonstrate that 

VF a symmetries are rela t ed to the a symmetry distribut ions o f  

s everal underlying proce s s ing event s ( represent ed by EEG 

factor scores ) .  There i s  no doubt on thi s evidence that VF 

per formance a symmetries are the resultant o f  several d i s t inct 

t a s k - related event s di s t r ibut ed a symmetrically over the 

hemi spheres .  Thi s i s  in sharp contrast to the idea of a 

dichotomous functional l atera l i zat ion but can be read i ly 

accommodated by the paral lel independent resource pool model 

devel oped by Fri edman and Pol son ( 1 9 8 1 ) . 

Fri edman and Polson ' s ( 1 9 8 1 ) model treat s the two cerebral 

hemi spheres as being independent process ing resource pools 

that can c ooperate in overal l  task per formance . To test  the 

model they vary the common dual t a sk method by manipulat ing 

t he payo f f s  for each t as k  and comparing the result ing dual 

t as k  per formances with those for the s ingl e  tasks done 

s eparat ely ( e . g . , Frei dman , Pol son , & Da foe , 1 9 8 8 ) . The 

pat t erns o f  interference that are observed are con s i s tent 

wi t h  resource sharing between the two hemi spheres but may be 

modi f ied by the subj ec t ' s  expect ancies . The evidence for t he 

i ndependenc e  o f  hemi spheric resources has been further 

extended to other dua l  t ask combinations ( Lambert s & 

d ' Ydewa l l e , 1 9 9 0 )  where it was a l so shown that the resource 

compos i t ion of task expectanc ies depended upon the nature o f  



t he expected task . Thi s  i s  suggest ive of a form o f  meta 

c ontrol ( Levy & Trevarthen , 1 9 8 5 )  . 
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Avant , Thi eman , and Mi l ler ( 1 9 9 3 ) , who a l so argued for met a  

c ontrol , invest iga t ed the prerecognition vi sual p rocess ing o f  

l etter pairs using divided VF presentat ion . Let t ers were 

c ombinat ions of upright , inverted or mi rror imaged versions . 

A trial con s i s t ed o f  two pre - and post -masked 1 0  msec 

presenta t i ons of a l e t t er pair wi th subj ects j udgi ng which 

p resenta t i on had the longest duration . Recogni t i on of the 

l et t ers themselves were at chance l evels but highly 

s i gni ficant interact ions between VF and the st imulus pairs 

were found . VF advant ages depended upon whether t he letter 

pairs were normal , i nvert ed or mirror imaged and no 

int eract i ons were found when bi lat eral presentat ion was used . 

The resul t s  demonst rated that each hemi sphere was capable o f  

performing i t s  o� p rerecognit ion proce s s ing ,  whi c h  accords 

with the i dea that t hey are a pair of independent resource 

pool s . Al so , VF advantages were cl early shown a t  a very 

early process ing s t age , even earlier than the feature 

detect ion l evel tha t  obtained in Polich ( 1 9 9 3 ) . Furthermore , 

both the di rect i on and magnitude of the VF advantages 

depended upon the p recise conf igurat ion of the s t imul i . Thi s 

l a t ter aspect o f  the resul t s  was interpreted in t e rms of a 

form o f  central met a  cont rol that caused the out er perceptual 

p rocesses to give wei ght to the s igni ficance of the s t imul i 

a s  wel l as t o  their f eatures . More important ly ,  the resul t s  

show that VF asymme t r i es depend more upon the preci se 
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propert i es o f  the s t imul i  rather than any inherent func t i onal 

a symmet ry of the hemi spheres .  

Thi s  view has rec eived support from a number of sources 

inc luding Christman ( 1 9 8 7 , 1 9 9 0 ) . He u sed a divided VF 

paradigm and a t emporal integrat ion t a s k  to test the spat i a l  

frequency model o f  cerebral asymmetries ( Sergent , 1 9 8 2 ) . The 

s epara t e  component s of a vi sual pat t ern were exposed bri e f ly 

in two success ive 8 msec interva l s . When integrated over 

t ime the pat t erns in the two int erva l s  were seen as a s ingl e  

digit which the subj ect reported . S t imulus s i z e , ret inal 

eccent r i c i ty ,  luminance and diopt ic blurring were var i ed both 

s eparat e ly and orthogonal ly and a l l  were shown to interact 

with VF advantage . The conc lusion drawn was that hemispheric 

l atera l i ty was not a " mono l i thic ent ity " but that perceptual 

a symme t r i es are determined by the perc eptual parameters of 

the input . Thes e  inc lude an int eract i on between the spat i a l  

frequenc ies ava i l able and the frequenc i es required by the 

proc e s s i ng demands . 

Very f ew assump t ions about c erebral l ateral isat ion were made 

in the s e  more recent report s ,  the mai n  ones bei ng that 

s t imu l i  presented to one VF goes solely to the contral at eral 

hemi sphere and that the experimenta l  c ondit ions were 

su f f i c i ent to restrict mos t  of the process ing to the 

hemi sphere that received the informa t i on .  The s t rongest 

assump t i ons , made by Fri edman et al . ( 1 9 8 8 ) , were that 

language product i on ,  including subvoca l i zat ion , was 
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res t rict ed to the l e f t  hemi sphere and that the control of 

motor output was contralat eral ly organised . A very 

sat i s fy ing feature of the t rends shown by t hese s tudi es i s  

the c l ear rej ect ion of any ideas o f  a dichotomous divi s ion of 

psychological funct ions between the cerebra l hemi spheres . 

Ins t ead , a very complex picture of cerebral func t ioning has 

begun to emerge . 

Perceptual asymmet ry ef fec t s  appear at a very early l evel , so 

early that one wonders i f  they might even be found at t he 

retina i t s el f . These a symmetries are det ermined by 

interact ions among the s t imulus ' phys ical paramet ers and with 

the p sychological context of the s i tuation . The interaction 

wi th the psychological c ont ext { e . g . , meaning , expect ancies , 

s a l i enc e )  means that the perceptual asymmetries are mediated 

by more centra l  p rocesses in a di rec ted way . In other words , 

the direc t i on o f  the asymmetry i s  subj ect to meta contro l . 

Depending upon the combinat ion of s t imulus p ropert i es and 

t ask requirement s ,  mul t ip l e  individual process ing even t s  

occur ; these events may b e  confined t o  one c erebral 

hemi sphere which can operate independent ly of the other . Or , 

the two hemi spheres may cooperate in an unknown and comp l ex 

manner . Consequently , t he f inal perceptual asymmet ry i s  the 

resul t ant of a c omplex interplay of individual asymmetric 

proces ses . 



I t  i s  wi thin this conceptual framework that the series of 

experiment s described in thi s di s s ertation should be 

evaluated . 

Programme evaluation 
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The reverse CLEM methodology developed here was a del iberat e  

a t t empt to avoid the ambiguit ies and ci rcul ar logic imp l i c i t  

i n  the normal CLEM methods . By making both GP and VF into 

independent variables the stimulus information was 

r e s t ricted , ini t i a l ly ,  to the t argeted hemi sphere . The only 

a s sumpt ions were those of the contralateral innervat ion o f  

the retinal hal f  f i e lds and the restrict ion o f  proce s s ing t o  

the targe t ed hemi sphere . There i s  ample evidence that , given 

the experimental condit ions used here , these two a s sumpt ions 

do hold ( Ragot & Les evre , 1 9 8 6 ; Sergent , 1 9 8 3 ) . Furthermore ,  

the reverse CLEM method avoided ent irely the quest ion of 

verbal or v i sua l - spat ial spec i a l i zat ions and there fore the 

c ircular i t i e s  of func t ional l at eral i zat i on . The methodology 

a l so a l l owed the two main independent variables to be varied 

both s imu l taneous ly and orthogonal ly wi thin the one 

experiment , and two other variabl es , Condition and Task 

Moda l i ty ,  could be varied whi l e  keeping the same main 

c ondit ions over several experiment s .  I t  c an be seen that , 

methodolog i c a l ly ,  the experiment s described here f a l l  

s quarely wi thin the framework o f  the recent development s in 

l ateral ity research . 
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The resul t s  and conc lus ions are a l so firmly in the spiri t o f  

those s ame recent developments . The GP x VF interact ion that 

was found under R conditions could not be int erpreted as 

being due to intrahemi spheric arousal or interference in the 

s ense that Kinsbourne has used these terms . I t  was 

reasonably symmetrical over both hemispheres sugges t ing that 

the two hemi spheres were act ing independently . Le f t  

hemi sphere interference between the motor cont rol o f  saccades 

and that of subvocal i za t ion is a plausible a l ternat ive 

ac count for t he interact ion . The GP effect that occurred 

when the t rials  were blocked onto one GP suggests  some form 

o f  l inkage between t he two hemi spheres . Whether thi s l ink 

was a resul t of dominance by one or the other hemi sphere or 

due t o  a bia s ed common input or output s t age i s  not known . 

Al t ernat ively , the two hemi spheres may have a bias t owards 

the s ame hemi space and , thus , were acting independent ly of 

one another . Whatever the causes of the GP ef fect and GP x 

VF interact ion , the earl ier discus sion was in t erms o f  

phys iological functioning , not psychological funct i on ing and 

thus i s  rela t ed to the notion of di stributed proces s e s . 

Certainly the approach adopted here provides a more c oherent 

account than Kinsbourne ' s attent i onal gradi ent model which i s  

based on the di chotomi z ed function not ion . 
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Problems , Diff iculties and Mistakes 

Methodological is sues 

In any experiment there are always a whole hos t of var i ables 

that can inf luence the out come . Thi s  i s  espec i a l ly the case 

in p sychologic a l  experiments where individual di f ferences can 

eas i ly render the resu l t s  unint erpretabl e .  Ac cordingly , 

every ef fort mus t  be made to minimi z e  the e f fect o f  variabl es 

tha t  are unrel at ed t o  the i s sues under investigation . 

Because the ext raneous variabl es c annot always be i den t i f i ed 

a t t empt s  are made to control only those that can be 

recognised a s  potent i a l ly relevant t o  the experiment .  Often 

the control requi res some form o f  compromi se between t he 

des i rable and the attainable and thi s compromi s e  may 

introduce unwanted di f f i culties i n  interpreting the resul t s  

o f  the experiment . 

The s tudy by Andreasen ( 1 9 8 8 ) produced such a comp l i cat ion . 

He us ed two - f ingered unimanual responding to obtain RT 

measures in a divided visual f i e l d  experiment . In an ef fort 

to maintain c ons tant condit ions across the subj ect s , a l l  

subj ects responded with their right hands . The absence o f  

response hand count erbal ancing p roduced a not i ceab l e  S -R 

compatibi l i ty e f fect ( Fi t t s  & Seager , 1 9 5 3 ) whi ch made the 

interpretat i on of the resul t s  more di f f i cult than might 

o therwi se have been . Al though the ef fect did not reach 

s i gni ficanc e , it was l a rge enough to be of concern as a 

s ource of unwanted error variance .  There are other potent i a l  
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sources o f  error variance . Al l o f  sex , handednes s ,  

int rahemi spheri c interference , hand by task interact ions , 

fast l e f t  responding and f a s t  or slow f inger appear to be 

impl icated t o  some degree . These factors are there fore 

examined below with the aim of a s ses sing thei r l i kely impact 

on the out come of the present experimental programme . 

S -R compat ibi l ity 

S -R compat ibil ity i s  a phenomenon where the relat ive 

congruence between s t imulus and response propert i es leads t o  

RT di f ferences that reflect those congruencies . For 

instanc e , suppose that subj ec t s  are to respond to one of two 

hori zonta l ly arranged s t imulus l ight s by press ing one of two 

respons e but t ons that have a left - right ( L -R)  l ayout . RTs 

wi l l  be faster for L - L  and R-R l ight button pairs than for 

L-R or R-L pairs . 

S - R  compat ibi l i ty usua l ly refers t o  ei ther direct or indirect 

spa t i a l  compa t ibi l i ty ( He i s t er & Shroeder-Hei s t er , 1 9 87 ) . 

S - R  compat ibi l i ty i s  a very robust phenomenon . Not only does 

it occur when the congruenc ies are deliberately es tablished , 

but a l s o  when the congruencies are i rrelevant for response 

s e l ec t ion . Thi s  l a t t er occurrence ,  somet imes known as the 

S imon ef f e c t  ( Hedge & Marsh , 1 9 7 5 ) , is suffic ient ly robust t o  

b e  evident when S -R compat ible di s t racter cues a r e  used 

( Simon & Craft , 1 9 7 0 ) . I t  a l s o  occurs when the hands are 

c ro s s ed in f ront of t he body ( Berluchi , Crea , Di S t e fano , & 

Tas s inarr i , 1 9 7 7 ) , located t o  one side only in bimanual 
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responding ( Nicolet t i , Anzola ,  Luppino , Ri z zolat t i , & Umi l t a ,  

1 9 8 2 ) or when a nea r / far or t op /bottom response dichotomy i s  

u s ed ( Nicoletti & Umi l t a , 1 9 8 4 ) . I t  even wi thstands 

reorient i ng the body wi th respect to gravi ty ( Ladavas & 

Moscovi tch , 1 9 8 4 ) . The e f fect i s  addit ive wi th other 

s ensory-mot or factors ( Hasbroucq , Guiard , & Kornblum , 1 9 8 9 ) 

and oc curs with a wide range of visual ( e . g . , Kat z ,  1 9 8 1 ) , 

audi tory ( e . g . , Simon & Cra f t , 1 9 7 0 )  and t actile st imu l i  

( e . g . , Hasbroucq et a l . ,  1 9 8 9 ) . The e f fect also occurs wi th 

symbol i c  relationships , such as " Left -Right " ( Whi taker , 

1 9 8 2 ) , or directional arrows ( Arend & Wandmacher ,  1 9 8 7 ) and 

can a l so arise in t asks that do not involve a choice between 

concurrent response locat ions ( Guiard , 1 9 8 4 ) . 

Most important ly , i t  i s  so ubiqui tous in divided field , two ­

choice RT s tudi es that Hei s t er and Shroeder -He i s t er ( 1 9 8 5 , 

1 9 8 7 ) have sugges t ed that many results attribut ed t o  c erebral 

l atera l i ty may wel l  be due to unsuspec t ed S -R compat ibi l ity 

e f fect s .  With respect to divided field studies , a mos t  

importan t  s tudy that has not , as yet , been rep l i cated , was 

c arried out by Ragot and Lesevre ( 1 9 8 6 ) . They conducted a 

divided f i e ld ,  two - choice RT experiment and obta ined 

concurrent electro-physiological and RT measures from the 

separa t e  hemi spheres . The results showed that 

i n t rahemi spheri c S -R compat ibi lity e f f ec t s  occur , that they 

are s eparate for each cerebral hemi sphere , that the e f fect s  

do not d i f fer for the two hemi spheres and that fovea 

presenta t i on magni f i es the e f fect s . 
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At t empt s  to account for S -R compat ibi lity include : 

attentional coding and spat ial coding ( Umi l t a  & Nicolet t i , 

1 9 8 5 ) , dimen s i onal overl ap ( Kornblum,  Hasbroucq , & Osman , 

1 9 9 0 ) , and a memory scan/ response selection rule model 

( Hasbroucq , Guiard , & Ottomani , 1 9 9 0 ) . Ragot & Les evre 

( 1 9 8 6 ) argue that nei t her the at tentional nor the c oding 

account ing i s  adequat e  because they found t hat S -R 

compat ib i l i ty e f fects were independent ly evident in both 

hemi spheres at equal s t rength . Al so , other studies have 

shown that the e f f ec t s  are indi f f erent to changes in l imb or 

body orientat i on . The other two models have yet to be 

cri t i ca l ly eva lua t ed . 

Regardless o f  how S -R compatibi l i ty effec t s  are generated 

wi thin the nervous sys t em ,  they are clearly so robus t ,  

pervas ive and ubiquitous that any divided f i eld study us ing 

normal subj ect s  wi l l  be contaminated by them . 

The insidi ous nature o f  S-R compat ibi lity meant that a t t empts 

to p revent i t  occurring would be a futile endeavour . The 

only rea l i s t i c  opt ion in the present programme was t o  use 

within- subj ec t s  count erbalanc ing and accept that add i t i onal 

s e s s i ons would be needed to avoid confus ing the subj ect s with 

response f inger changes . The a l ternat ive between- subj ects 

count erbalancing would have been too ine f f i c i ent in t e rms of 

subj ect numbers , and , a s  discussed later , would have 

int roduced addi t i onal s t a t i s t i ca l  problems into the dat a  

analys i s . 



1 9 1  

Sex 

Fairweather ( 1 9 82 ) , revi ewed 1 2 9 divided f i eld experiments 

and found only 26 that produced s igni fi cant di f ferences that 

could be a t tributed to gender . Within the verbal domain very 

f ew di f f erences were found . More di f ferences were f ound in 

t he nonverbal domain but no cons i s t ency wi thin methodology or 

latera l i ty could be di scerned . He concluded that the 

evidence did not j us t i fy the inclusion o f  sex in any theory 

o f  func t i onal cerebral l ateral i ty ,  nor should c erebral 

lateral i ty be inc luded in any theory of s ex di f ferences . 

Later s tudi es by Bradshaw and Pi erson ( 1 9 8 5 ) , Ladavas and 

Mos covi t ch ( 1 9 8 4 ) , Li ederman , Merola , and Mart inez ( 1 9 8 5 ) , 

Peters ( 1 9 8 3 ) , Sergent ( 1 9 82 ) , and Whi taker ( 1 9 8 2 ) give 

further support to thes e conclusions . However , Hei s t er 

( 1 9 8 4 ) found a sex di f ference in motor responding to 

unfami l iar words and that thi s d i f f erence could be t raced to 

t he mal e  r ight _hemi sphere . Hei s ter and Shroeder-He i s t er 

( 1 9 87 ) a l s o  found that for di f f i cult cogn i t ive tasks , sex had 

a s trong i n f l uence on S -R compat ibi l i ty e f fect s . 

Despite the odd study suggest ing gender inf luences , a 

reasonabl e c onclusion was that s ex could be di s regarded for 

ga z e  pos i t ion ( GP )  experiment s .  

Hand X Task interact ions 

Hei s t er ( 1 9 8 4 ) observed a tendency for the l e f t  hand ( LH )  t o  

b e  faster than the right hand ( RH )  for l exical tasks . She 

a l s o  not ed t hat simi lar e f fect s  had been reported e l s ewhere 
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( Day , 1 9 7 9 ;  St raus & Moscovi t c h ,  1 9 7 9 ,  both ci ted i n  Heis t er ,  

1 9 8 4 ; Shannon , 1 9 7 9 ) . However ,  an examinat ion o f  an 

addi t ional 22 divided field s tudi es ( taken from t he 

ref erences for this di s sertat i on ) , giving a total o f  2 6  

containing 4 9  experiment s ,  gave the fol l owing analy s i s . For 

a lphanumeric s t imul i ,  1 0  out o f  1 0  nul l resul t s . For non­

a lphanumeri c s , three s i gni ficant left  hand , five s i gni f i cant 

right hand and 3 1  nul l resul t s . 

Wi th nul l resul t s  outnumbering the combined total s  o f  

s igni f icant results  for both clas ses of s t imul i , the risk o f  

finding hand x t ask int erac t i ons i n  GP experiment s  was a l s o  

di s regarded . 

Fast hand effects 

The analys i s  o f  the result s  of s tudies where a Hand x Task 

interact ion may have been found a l so fai l ed to reveal any 

cons i s t ent main ef fect for response hand . Al l 1 0  

a lphanumeric experiment s  discovered gave nul l  res u l t s  for 

hand , whi l e  2 7  of 3 9  non-alphanumeric experiments a l so gave 

nul l  resul t s . In other words , nei ther hand has any 

cons i s t ent speed advantage over the other . However ,  Annet t  

and Annet t ( 1 9 7 9 )  found that 2 5 % o f  thei r RH subj e c t s  were 

c ons i s tent ly faster wi th the RH than the LH whi le this was 

reversed for the rema ining 7 5 % . Obvious ly , whi le individual 

variation needs to be cons i dered , appropriate counter­

bal ancing s houl d  nul l i fy thi s problem . 
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Handednes s  

Annet t  ( 1 9 82 ) revi ewed 2 8  experiment s  reported i n  2 4  s tudi es 

for the e f f ects of handednes s . She conc luded that there was 

no good evidence t o  show that left  handers demons t ra t ed any 

form o f  c erebral l ateral i ty in divided field experiment s .  

However , left handers often gave s imi lar resul t s  to right 

handers but wi t h  a reduced magnitude of ef fect . Addi t ion-

a l ly ,  r i ght handers showed a cons i s t en t  RVF superiori ty for 

alphanumeric s t imuli and a less cons i s tent LVF superiori ty 

for non-alphanumerics . Therefore , to maximi ze the s i ze o f  

any experimental e f fects l e f t  handers were exc l uded from t he 

poten t i a l  subj ect pool for the pres ent programme . 

S low f inger syndrome 

Reeve and Proctor ( 1 9 8 8 ) , over a serie s  of four experiment s ,  
I 

found a cons i s t ent di f ference in RTs for di fferent f ingers . 

Index f ingers were signi f i cant ly s l ower than middle fingers 

in an RT task . This ef fect was a l s o  noted by Ros enbaum and 

Kornbl um ( 1 9 82 ) Annet t and Annet t  ( 1 97 9 )  found that the 

e f fect was res t ri cted to the ri gh t  index f inger and c i t e  

Wal fo rd ( 1 9 7 1 ) as  finding the same e f fect . They sugges t  

that because t h e  index f i nger i s  used for fine manipulat i ons , 

more i n forma t i on i s  proce s s ed leading to slower RTs . To 

c i rcumvent thi s part icular ef fect t he middle f ingers only 

were u s ed for responding i n  the pres ent research . 
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Intrahemispheric interference 

Several s tudies have shown that responding wi t h  two f ingers 

of one hand in a two choice RT task is sys t ematically s l ower 

than using one f inger on each hand ( Annett & Annett , 1 9 7 9 ;  

Hick , 1 9 52 , c i t ed in Annett & Annet t ,  1 9 7 9 ;  Kornblum, 1 9 6 5 ; 

Reeve & Proctor , 1 9 8 8 ; Rosenbaum & Kornblum,  1 9 82 ) . Al l 

authors a t t ribute thi s to intrahemi spheric c ompet i t ion o f  

response a l t ernat ives l eading t o  wi thin-hand s l owing . 

However ,  this e f fect can be el imina t ed by us ing long ( 3  s ec ) 

precuing interva l s . Green ( 1 9 84 )  has invest igated 

intrahemi spheric interference and found that it could be 

reduced or el iminat ed by s impl i fying ei ther the task or the 

respons e .  For instanc e ,  interference occurri ng in a two 

choi c e  RT experiment could be removed by adopt ing a go-nogo 

forma t ; t hat i s , subj ect s  responded to only one of the two 

a l terna t ives . 

Closely related to the advantage of di f ferent hand over same 

hand responding i s  the fact that several studies ( ci ted in 

Bashore , 1 9 8 1 ) have found that a bimanual ,  b i la teral , 

symmetrical response produces slower RTs than e ither a 

bimanua l or a unimanual respons e .  Bashore c onc luded that the 

process ing o f  a symmetrical bimanual response i s  very 

di f ferent to the other two forms of responding . 

The prob l em of int rahemi spheric int erference due to one hand 

being used for both response a l ternat ives can be removed 

a long wi th the s l ow f inger syndrome by s imply us ing the 
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1 9 5  

To summari s e , in the present res earch programme sex o f  

subj ect was di sregarded . Handedness was control l ed t o  

p revent dilut ing VF symmetri es . Intrahemi spheric 

interference ,  along with slow finger or fast  hand e f fects was 

nul l i fied o r  e l iminated by using two handed , middl e finger 

r esponding and wi thin- subj ect counterbal anc ing . S - R  

c ompat ibi l i ty was a l so nul l i f ied by within- subj ect s  c ount er­

balanc ing . Al l o f  the within- subj ect s counterbal ancing was 

done across the two s t imuli using two s e s s i ons , s e s s ions 

being balanced between subj ect s . The only between - subj ect s  

c ounterbalanc ing was in Experiment 2 where an RBBR/ BRRB 

c ounterba l ance acro s s  condi t ions was used . 

Statistical problems of design and analys is 

The discu s s i on of potential response art i facts and their 

c ontrol indicates that within- subj ect experiment a l  designs 

were the mos t  appropriate approach t o  the investigat ive 

programme . Also a potent ial di f f iculty in obtaining sui t ab l e  

s ubj ect s  meant that the economic within- subj ect s des ign was 

pre ferred t o  the between- subj ect s  design . Thus , i n i t i a l ly ,  

a n  ent irely within- subj ect s  des i gn was used . 

Thi s dec i s ion was t aken knowing that within-subj ect s  design s  

have some problems a s sociated wi th them and that t h e  deta i l ed 
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experiment a l  designs would need t o  take these into account . 

The int erpretation of the resul t s  would a l so need t o  be 

suitably c i rcumspect .  

Stat i s t ical problems in des ign 

The wi thin- subj ect s  des ign has a number o f  stati s t i ca l  

problems . Gaito ( 1 9 6 1 ) analy zed these problems and showed 

that they are of two bas i c  types ,  one being the way in whi ch 

order e f fe c t s  inf luence the F ratio and the second being t he 

impact of correlated measures on the F rat i o . He considered 

s everal des igns but only those designs and conc lus i ons 

rel evant t o  this programme wi l l  be summa r i s ed here . 

Order e f fe c t s  are inescapable component s o f  any wi thin­

subj ects l inear sum of variance des ign . Al l one c an do is 

determine how the a s sociated variance is to be apportioned 

among the model ' s  terms . Thi s  variance can appear in the 

ma in e f f ec t s , interact i ons or the various error t e rms , s ingly 

or in combina t i on ,  thereby inf l a t ing the t erms and 

consequen t ly bias ing the F rat ios . 

I f  order e f f e c t s  are cont rolled by randomi sed pre s entat ion o f  

t reatment s ,  the variance appears ent irely wi thin the res idual 

error term ( Vare ) . Wi th Vare thereby being inf lated , F 

ratios are reduced when order e f fects are present . I f ,  

inst ead o f  randomi zat ion , treatments are count erbal anced by 

one group o f  subj ect s  t aking one order and another t aking t he 

reversed order , ( that i s , an inter-subj ect AB/ BA 
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counterbalance ) ,  any variance due to order ( Var0 ) appears in 

the Treatment x Subj ect interact ion giving a conservat ive F 

test . The balancing equa l i z es the l evels of each main e f fect 

and a l so those int erac t ions that do not contain the order 

e f f ec t . However ,  those int eractions containing Var0 are 

inf l a t ed and thi s inflat i on is increased wi th increasing 

order o f  interact ion ( Gaito , 1 9 6 1 ) . 

Simi lar conclus i ons woul d  hold for i n tra s ubj ect counter­

balanc ing , ABBA . That i s , Varo i s  confounded with t reatment 

vari ance ( Vart ) . When both forms of counterbal anc ing a re 

used , we have the important ABBA/ BAAB des ign . Gaito ( 1 9 6 1 ) 

poin t s  out that i f  order e f fects are constant f rom t r i a l  to 

trial for all  subj ect s , no bias occurs for mai n  e f fect s  or 

interact ions but that the within-cell  terms wi l l  be inflated ,  

giving lower F rat ios for interact i ons containing order . I f ,  

however , the order ef fec t s  vary wi thin- or between- subj ects 

the inf lat ion wi l l  be confounded wi th the interact ion terms , 

thereby bias ing the F rat i o  to an unknown ext ent . 

One other des i gn needs t o  be ment i oned , the s impl e  Lat i n  

square where each subj ect receives a di f f erent order o f  

t reatments , each order being selec t ed from the set o f  a l l  

pos s ible orders . Here , a l l  pos sible int eractions o f  

t reatment , subj ect and order cont ribute unwant ed variance to 

all e f fects . Unless  these interact ions all have z ero 

var iance,  the F test may become unreliable . 
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So , i n  sum,  a t t empt ing t o  control for order e f fects 1n 

wi thin- subj ect s  des igns means that the F rat ios are 

invariably biased to various degrees depending upon whi ch 

terms are inflated by Var0 • Gaito ( 1 9 6 1 ) con s i ders that ful l 

randomi sation giving val i d  but cons ervat ive F tests  is the 

s a f e s t  procedure . One can infer f rom hi s di s cuss ion that a 

balanced ABBA/ BAAB des ign would al so be acceptable provi ded 

that constant carryover e f fec t s  can be as sumed or 

demons t rated . However ,  not a l l  of the error terms may be 

inflated and some caut ion is needed in interpret ing resul t s . 

The s econd s tat i s t i ca l  problem of within- subj ects des igns i s  

corre l a t i on between the repeated measures . Because summary 

s t at i s t i cs are used for the individual subj ect ent ries in the 

ANOVA c e l l s , wi thin condi t ion corre lat ion has no ef fect 

( Hays , 1 9 7 3 ; p . 57 4 ) . But unless the correlation between 

condi t ions is cons t ant and homogenei ty o f  covariance occurs , 

F rat ios wi l l  be too high . However ,  when a variable has only 

two l eve l s , these requirement s  are met ( divided VF and 

St imulus are current examp l es ) . When more than two level s  

are used , homogenei ty of covariance is l ikely t o  occur when 

the correlat ions are not bound to the treatment s  themselves . 

That i s , the correlations do not depend upon , for instance , 

whether GP1 fol l ows GP3 rather than GPS ( Lana & Lubin , 1 9 6 3 ) . 

In the present programme where the s ame two-choi ce RT task i s  

carried out repeat edly under random G P  and VF condi t ions , 

homogenei ty of covariance could be expect ed to have occurred . 
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Two plaus ible sources of heterogeneous covariance would be 

f a t i gue and s imple pract ice ef fec t s . The e f fect s  o f  both o f  

these sources can be reduced by providing adequate rest 

periods and giving prac t ice unt i l  asymptot i c  per formance has 

been achi eved . Thus , experiment s that use two- choice RT 

t asks per formed many t imes over wi l l  be reasonably f ree from 

c ovari ance problems . A s t i l l  further reduct ion of 

correlat i on e f fect s  c an be achieved by randorni sat ion acros s 

c ondi t ions ( Gaito , 1 9 6 1 ) . But when cond i t ions di f fer acros s 

occas ions , order ef f ec t s  may occur and these must be 

cont ro l l ed for methodologica l ly or stat i s t ical ly . 

These combined e f fect s  of order and correl ated measures meant 

t hat wi thin the present experimental programme , randomi sat i on 

was used wherever pos s ible . Where this was impract i cabl e ,  

wi thin- subj ects counterbalanc ing was used i n  conj unct i on wi th 

between s ubj ect s  counterbalanc ing ( e . g . , an ABBA/ BAAB 

des ign ) . 

The probl ems int roduced by the above cons iderations were mos t  

evident in Experiment 2 where each subj ect part ic ipated in 

both blocked and randomi zed conditions . Under randomi sed 

c ondi t ions , trials were randomi sed over both GP and VF . 

Under blo cked cond i t i ons , t r i a l s were randomi sed over VF but 

presented in blocks on each GP in turn . The GPs for each 

block of t r i a l s  were chosen randomly with the res t r ic t ion 

that each GP was used only twice . Then , within each 

condi t ion , unwant ed order var iance would appear in the 
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res i dual error term giving a cons ervat ive F test . Thi s  was 

qui t e  acceptabl e . 

There was ,  however , no fully s a t i s factory solut ion to the 

s equencing of random and blocked condi tions due to the 

a s sociated order e f f e c t s . The problem aro s e  because two 

s e s s i ons per condi t ion were needed to cont rol for S - R  

compatibi l i ty ef fect s ,  with ei ther randomi s at ion o f  

condit ions o r  counterbalancing of condi t i ons a s  des i gn 

opt i ons . As previous ly not ed , the sa fes t form of 

counterbal anc ing is the combined inter- and intrasubj ect 

ABBA/ BAAB des ign where Var0 appears in the res idual t erm, 

provided that any order ef fect s are cons tant from trial to 

t rial . Unfortunat ely , there was no guarantee of symmetrical 

carry over between sel f -paced random trial s and experiment er­

paced blocked trials so that confounding o f  interact ion and 

order variance was a poss ibi l i ty . 

On t he other hand , randomi sation of condi t i ons had p ractical 

problems . A random s equence o f  condit ions would have 

requi red those subj ects receiving the same condi t i ons ( e . g . , 

RR or BB ) for the f i r s t  two sess i ons to make two reversals in 

response f inger / s t imulus pai ri ngs compared to only one for 

t ho s e  who received an RB or BR sequence ( cont rol l i ng for S-R 

compat ibi l i ty ) . Thus , condi t i ons for the two clas s e s  of 

s equencing would have d i f f ered across subj ects and produced 

increased error variance wi th an unknown di st ribut i on . 
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Both randomi z ing and counterbalanc ing the two condi t i ons were 

a s so c i ated wi th serious problems , but randomi sat ion was 

cons i dered to be the more so becau s e  the unwant ed variance 

would be unevenly di stributed acro s s  the subj ect s . By 

compar i son , t he Var0 that might result from counterbalancing 

would only be a problem i f  it was undetected . There fore , a 

wi thin- and between-subj ect s  counterbalanced des ign was 

chosen wi th order being inc luded as a factor in the analys i s . 

Thus , to minimi ze the s ta t i s t ical problems as sociated wi th 

the s equenc ing for a wi thin- subj e c t s  des i gn , for hal f  of the 

subj ects the condi tions for each sess ion were presented in an 

RBBR s equence .  The remaining subj ects received the 

condi t i ons in a BRRB sequence . 

Stat is t ical problems of analys is 

The analy s i s  posed a number of problems from the very 

begi nning o f  the programme , most be ing a cons equence o f  

individual variabi l i ty . Lateral i ty studi es are notorious for 

nonrep l i cabi l i ty . Almo s t  as notorious i s  the fact tha t , 

o f t en , only a f ew of the subj ect s  used in an experiment 

actua l ly show the VF advantage that is report ed for the 

experiment . Most researchers avoid this probl em by us ing 

large numbers of subj e c t s  rather t han large numbers of trials 

as did Sprot t  and Bryden ( 1 9 83 ) . These authors i l lu s t rated 

the problem wi th data f rom one o f  their experiments . Us ing 

1 6  subj ect s , an overal l  RVF advantage was found ( p< 0 . 0 5 )  but 

cons i dered individual ly ,  only t hree subj ects showed a 

s i gn i f icant RVF advantage whi l e  one even had an LVF 
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advant age . Rai s ing the a lpha level to 0 . 2 5 would have added 

only one further subj ect to those giving an RVF advantage . 

Levy ( 1 9 8 3 ) has cons idered the problem of the relat ionship 

between group and individual performances with respect t o  

latera l i ty indi ces . S he notes that studies that u s e  summary 

stat i s t i c s  obtained from representat ive groups suffer f rom 

some s evere interpret ive di f f iculties . In par t i cular , even 

i f  group di f ferences are real , individual varia t i ons are 

meaning ful because they can represent di f ferent c erebral 

organi zat ion or , a l t ernatively , insu f f i c ient rel i abi l i ty and 

val idi ty of the measures that are used . 

I n  Andreasen ( 1 9 8 8 ) , 7 5 %  o f  the total variance was due to 

individual variabi l i ty whi ch meant that small experimental 

e f fects could eas i ly be lost  in the background noi se . The 

corresponding f i gures for the pres ent programme were 

comparabl e ; a lmost a l l  studi es had individual variabi l i ty 

a ccount ing for 7 5 %  or more of the variance . Cons equent ly , 

di f f erent ways to increase the sensitivity o f  the experiment s  

were used . The obvious ones , such as the experimental 

cont rol of pos ture , of  cognit ive strategy , and S -R 

c ompatibi l i ty have a l ready been described . An a l ternat ive 

approach t hat was considered was to remove the noi se variance 

pos t fa c t o  by conduct i ng the analys is us ing di f ference 

s cores . 
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Difference scores 

In the present p rogramme , int eres t cent red on whether or not 

an eye movement away from the cent ral rest pos i t ion a f f ec t ed 

RTs compared to the centre GP ; the cent re GP thus had no 

value other than to act as a reference pos i t ion . Hence ,  i f  

t he cen t re GP were to be con s i dered a s  a baseline measure , 

a l l  unwanted variance could be removed by subt rac t ing RTs on 

t he cent re GP f rom those on the peripheral GPs . A s imi lar 

method is used in elect rophy s iological studies ( Guthrie & 

Buchwal d ,  1 9 9 1 ; Samar , 1 9 8 3 ) . Un fortunately , t here are both 

c onceptual and s ta t i s t ical p roblems a s s ociated with us ing 

d i f f erence scores in thi s way . 

Conceptual ly ,  GP di f ference s cores are not the s ame thing a s  

d i f f erence electrical potent ials . EEG pot ent i a l s  are the 

immedia t e  consequent side e f fect of an ongoing proces s and 

a re used to t rack the t ime s equence of the processes of 

i ntere s t  by iden t i fying the relevant t ime int erva l s . That 

i s , the di f ference s cores s erve as markers . However , in the 

p resent s tudy ,  G P  di f ference s cores are used a s  proces s 

measures . Furthermore , it i s  assumed that the measured RTs 

are the end resu l t  of a proces s ing s equence ;  so the di f f ­

erence s c ores s e rve to indicate that a di f ferent process ing 

s equence has occurred . Thi s  may not be the case and it i s  

i ncumbent upon the experiment er t o  demonstrate t hat a 

d i f ferent proce s s  has occurred be fore us ing di f f erence 

s cores . Levy ( 1 9 8 3 ) has made very s imi lar comments in 

respect of the u s e  of latera l i ty indices , which , in the mai n , 
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are variations o f  di f ference scores . As suming that RT 

di f ference s cores indi cate di f ferent proces ses is there fore a 

doubt ful procedure . Even i f  di f ferent processes could be 
I 

assumed , di f ference scores are cont raindi cated by rel i abi l i ty 

con s i derat ions . 

The rel i abi l i ty o f  di f f erence s cores are found by dividing 

the variance of the di f ference score by the total variance . 

In the present instance the numerator is given by the sum of 

the variances of the two GPs minus twice thei r covariance ; 

the denominator i s  given by the sum of the numerator p lus the 

error variance for the two GPs ( Donaldson , 1 9 8 3 ; Levy , 1 9 8 3 ) . 

Wi th this exp re s s i on ,  t he higher the (pos i t ive ) correl a t ion 

between the two component s cores t he lower the rel i abi l i ty of 

the di f ferenc e . For the experiment s  report ed in thi s 

p rogramme , the i ndividual correlations between GPs can be 

presumed to be fairly high with a concomitant reduct i on in 

rel i ab i l i ty of the di f ference scores . Thi s  is an important 

point because ,  a s  is wel l  known , the rel iab i l i ty of a test  

increases as t he number o f  i t ems or trials increases . Levy 

quotes publi shed data t o  show that in one experiment with 1 2 0  

t rials  a t es t - retest rel iabi l i ty o f  0 . 7 was found on two 

s eparate occas i ons . A s imi lar experiment wi th 5 8  t r i a l s  per 

sess ion gave a rel iabi l i ty of only 0 . 3 6 . The present 

p rogramme had only 2 6  t rials  per condition in each of two 

sess ions . Al though test - retest coef ficient s were not 

c alcula t e d ,  vi sual inspect i on of the raw s cores reveal ed that 

t he rel i abi l i t i es were very low . Hence , di f ference s cores 
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woul d  have had an even lower rel i abi l i ty . In other words , 

had di f ference s cores been used , experimental e f f ec t s  woul d  

have been more l ikely to have been l o s t  in the individual 

variance compared to using the raw scores . A t e s t  analys i s  

u s i ng di f ference scores showed t hat thi s was in fact the 

c a s e . 

RT analysi s  

Sprott and Bryden ( 1 9 8 3 ) , wri t i ng about cerebral l a tera l i ty 

i ndices , o f f e r  a suggest ion that i s  relevant to the problem 

o f  i solat ing performanc e  changes against a noi sy background . 

They sugges t  that individual RT dist ributions shou l d  be 

i ncorporated into the analys i s . Unl ike summary s t a t i s t i c s , 

s uch as the mean or median , thi s procedure uses a l l  o f  the 

ava i lable informat ion and can l ead to novel interpretat ions 

of the dat a . They recommend that the ent i re RT d i s t ribution 

f or each subj ect shoul d  be inserted into t he normal ANOVA . 

RT dist ribu t i ons , however , typ i ca l ly have a large pos i t ive 

s kew whi ch violates the as sump t ions of the ANOVA procedure . 

The recommendat i on a s  of fered i s  therefore simp l i s t i c  and 

unsuited for RT dat a . However , the bas i c  idea has 

c onsiderabl e meri t ,  provided t hat a sui t able analy t ical  

met hod can be found . 

One wel l  developed method for RT dis t ribut ion analy s i s  i s  to 

f i t  the dat a  to a p robabi l i ty dens i ty funct ion , extract the 

paramet ers of the funct ion , and insert t hem into the ANOVA . 

At present , one o f  t he density funct ions that provide a good 
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mat ch to the typical RT di st ribut ion i s  the ex-Gaus s ian , 

formed by the convolut ion of t he exponent ial and Gaus s ian 

functions ( Heathcot e ,  Popiel ,  & Mewhort , 1 9 9 1 ; Rat c l i f f , 

1 9 7 9 ) . The ex-Gauss i an di st ribut ion i s  characteri s ed by 

three parameters that can be used in place o f  the usual mean 

and variance parameters of the normal d i s tribution , and whi ch 

can be ent e red into their respect ive ANOVAs . 

The maj or advantage o f  us ing the ex-Gaus s ian di s t ribut ion i s  

that a l l  o f  the indivi dual dat a  are used , inc luding out liers 

that are otherwi se often discarded before analys i s . The 

disadvant age of the ex-Gaus s ian i s  that about 1 0 0  t rials in 

each condi t i on are needed to produce stable estimates of the 

paramet ers . Thus , when subj ects are required to s e rve in 

s everal condi t i ons , as  in the current p rogramme , the demands 

on them become unacceptable .  When individual trial numbers 

per condi t i on are t oo few ,  Vincent averaging over t he 

subj ects ( Ra t cl i f f , 1 9 7 9 )  can be used t o  est imate t he group 

parameters . Unfortunat ely , thi s procedure prec ludes the use 

of inferen t i al stat i s t i c s  because the p rocedure produces only 

one e s t imat e  for each of the three paramet ers , these being 

the group paramet ers . Therefore , di stributional analys is 

could not be used t o  increase the sensit ivity of the 

experiments in the present programme . 
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Summary s tatistics 

Being unable to use distribut ional analys i s  was doubly 

di sappoint ing because to have done so would have removed the 

problem of how to deal with out l i ers . RT data are a lmos t  

always skewed , the skewnes s  aris ing from one of two sources . 

Ei ther the skewness is  generated by the proces s o f  intere s t , 

or i t  i s  due to noi s e ,  such a s  inat t ention ,  fat i gue and so 

on . Regardl ess of the source ,  skewness has the e f fect o f  

violat ing the normal ity as sumpt ions of most parametric 

analyses . Thi s  means that unless distribut ion analy s i s  i s  to 

be done the skewnes s  must be removed or reduced to acceptable 

l eve l s  be fore proceeding with the analys i s . 

Rescal ing the dat a  by a mathematical t rans form i s  one way t o  

remove the skewnes s : the logari thmic t rans form i s  often used 

for this purpose . Another way to remove skew i s  to t r im the 

dat a . That i s , RT values above an arbitrary cut o f f  point 

are d i s regarded . However , while rescal ing and t rimming may 

solve a s t at i s t i c a l  probl em it rai ses a semant i c  one 

( Heathcote et al . ,  1 9 9 1 ) . To trim or norma l i z e  the dat a  i s  

t o  as sume that the skew i s  mainly due to nuisance var i abl e s . 

I f  thi s a ssumpt i on i s  wrong , how meaningful i s  t he resu l t i ng 

measure o f  central tendency when the skew has been removed ?  

Al so , how does thi s a � fect t he researcher ' s  int erpretat ion o f  

the dat a ?  Furthermore , how does one know whether o r  not the 

skew i s  due to noi se wi thout doing a distribut ion analys i s ?  
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Norma l i z ing or t rimming the data in the present s tudi es was 

c learly undes i rable from an inve s t i gat ive viewpoint . At the 

s ame t ime thi s s t i l l  left  the probl em of how to deal wi th 

out l i ers which have a di sproport ionate a f fect on the sample 

mean . One could have chosen to ignore the pos s ibi l i ty that 

the skew was due to underlying processes and used trimmed 

data . But wi th a maximum o f  only 2 6  trials per condi t i on ,  

one or two ext reme out l i ers could markedly a f fect the 

analy s i s . Some o f  the di s t ribut i ons from Andreasen ( 1 9 8 8 ) 

were used to s ee what the ef fect o f  trimming would be . After 

dropping error t r i a l s  and sett ing the cutof f  a t  two s tandard 

deviat i ons , s amp l e  means were somet imes being estimat ed from 

a s  few as 1 0  t ri al s , c l early an unacceptably l ow number .  I t  

c an al so be noted that a more rigorous s imulat ion has shown 

that t rimming the data has the ef fect of underest imating the 

populat ion mean by an amount that depends upon the sample 

s i ze and variance of the s ample ( Mi l ler , 1 9 9 1 ) . 

The a l t ernat ive t o  us ing the mean was to use median RTs 

inst ead . The median i s  not as susc eptible as the mean t o  the 

e f fect of out l iers , and us ing the median does not ent a i l  any 

a s sumpt i ons about the di s t r ibut ion . One can a l s o  be qui t e  

certain that hal f  of the observations l i e  above and below the 

measure . Unfortunately , the median also has i t s  drawbacks . 

Whereas trimmed data give an under - estimate of the sample 

mean , the median of skewed data over-est imates the population 

median , the over-es t imat e  varying inversely wi th sample s i ze . 

The bias thus int roduced i s  exacerbated when making 



2 0 9  

c ompari sons across condi tions wi th unequal trial numbers 

( Mi l ler , 1 9 8 8 ) . Fortunately , the bi as is minimi z ed when 

medians are derived f rom the s ame or nearly the s ame number 

o f  t r i a l s  and also when the number of t r i a l s  per condit ion 

exceeds about 2 0 . A random sample of d i s tribut ions f rom the 

f i r s t  experiment of the present programme showed that a 

f a i r ly s t able est imat e  of the median could be made when the 

s ample exc eeded 1 5 - 2 0  t rial s . 

I t  can be seen , then , that there was no satis fact ory answer 

t o  the problem of out l i ers , let alone individual di f ference s  

and vari ab i l i ty .  RT di stribut ion analys i s  would have solved 

many probl ems but was impract i cable sinc e  i t  would have made 

unacceptab l e  demands upon the subj ect s .  With di f ference 

s c ores having been rej ected , the stat i s t ical que s t i on s  boi l ed 

down to : what summary s t at i s t i c , mean or median , was to be 

used in a s tandard ANOVA? The median was ultimat e ly chosen 

for the following reasons : I t  had already been shown that a 

s t able e s t imate cou l d  be made us ing 2 0  or more t r i al s . Using 

t rimmed dat a  would result in t oo few trials  for s t ab l e  

e s t imat e s  o f  the means . Also , with less than 2 6  t r i a l s ,  the 

e f fect of out liers on untrimmed data was expect ed to produce 

l arge and variable over-es t imat e s  of the means compared to a 

sma l l  under-estimat e  o f  the medians . 

Alpha and Omega 

To determine whether or not an experiment a l  manipu l at ion has 

had any e f f ec t , the mean outcome when the manipulat i on i s  
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operat ing i s  compared t o  the mean out come when i t  i s  not . 

Expres sed di f ferent ly , the dec i s ion i s ,  " do these two means 

come from two di f ferent di s t ribut ions or do they c ome from 

j us t  one d i s tribution ? " 

When an experimenter dec ides whether or not an experimental 

manipulat ion has had any e f fect the dec i s i on is based upon 

t he probabi l i ty that the observed outcome was due to chance 

factors alone . The dec i s i on rul e i s  simply to say , " I f the 

probab i l i ty o f  this being a chance outcome i s  less t han X 

then the manipulation was e f f ec t ive " . Thi s predetermined 

probabi l i ty " X "  is cal l ed the " alpha " level , and i s  usua l ly 

set at 0 . 0 5 .  Natura l ly ,  the more variable the scores that 

were obtained as a result of the manipulation the more 

di f f icult it is to deci de that there was some effect . Al so , 

t he less the variabi l i ty due t o  other caus es , the more 

e f fect ive the manipulation wi l l  be ; alt ernat ively , i t  wi l l  be 

eas i er to det ec t . Consequently , it becomes important to 

minimi ze the variabi l i ty of t he observed s cores . Having 

dec ided that the man ipulat ion was ef fect ive , the next 

quest ion that arises i s  " how e f fective was i t ? " To answer 

this que s t i on ,  the variabi l i ty o f  the s cores that can be 

a t t ributed to the manipulation i s  calcula t ed ,  often as a 

percentage o f  the total variabi l i ty . One measure that i s  

o f t en u s e d  i s  w2 ( Rays , 1 9 7 3 ) . Keppel and Zedeck ( 1 9 8 9 ) give 

s everal ways of obtaining est imates of w2 ;  for the present 

s tudy the rat i o  between the ANOVA Mean Square ( Ef fect ) to the 

sum of Mean Squares ( Experimental E f fect s )  was used . When 
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expre s s ed a s  a percentage thi s rat i o  gave a n  e s t imate o f  the 

Experimental variance a ccount ed for ; inc luding the Subj ect 

Mean Square i n  the denominator gave an est imate of the Tota l  

variance account ed for . 

The importance o f  attempt ing to reduce the e f f ec t s  of 

individual variabi l ity on the ana lys es can readi ly be seen 

when w2 and the s igni f ic ance leve l s  for the experiments are 

cons i dered ( Tabl e 1 4  below ) ; w2 i s  shown as a percentage of 

both total and' experimental variances . For i l lustrat ive 

purposes , only the hori z ontal component s of each condi t i on in 

the f irst four experiment s  are l i s t ed .  Experiment 5 i s  

excl uded because of the reservat i ons regarding pos s ible S-R 

compat ibi l i ty ef fect s . Al so shown are the subj ect variances 

which range f rom 6 2 %  to 8 4 %  of the t otal variance wi th a mean 

o f  7 3 % . The subj ect var iance f igures are s imi lar those of 

Andreasen ( 1 9 8 8 ) . 

A consequence o f  such a high l evel o f  individual variab i l i ty 

i s  that det e c t ing real experiment a l  effec t s  requi res more 

than s impl e  s i gni ficance t e s t ing . Sma l l  but real e f fect s  can 

eas i ly be concea l ed by t he indivi dual varianc e . I n  other 

words , high s ubj ect variance reduces the s ens i t ivity of the 

experiment . In such a s i tuation , sett ing a s t ri c t  a lpha 

wou l d  f a i l  to detect any real ef f ec t  whi l e  a l ax alpha could 

col l ec t  a lot o f  spurious ones . Furthermore , relying solely 

on a lpha cou l d  be mi s l eading . 
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Tabl e 1 4 . Com12a r i s ons of AlQha and vi- for the hori zontal GPs 

o f  Ex12eriment s  1 1 2 ,  3 and 4 .  vi- i s  shown as a 12ercentage o f  

both the total and ex12erimental (Ex:12t ) variance .  

Random Blocked 

Variance ( % }  Variance ( % }  

Expt E f fect Total Expt . Alpha Total Expt . Alpha 

El Subj . 8 3 . 6  

GP 0 . 3  1 . 8  0 . 5 0 

VF 2 . 4 1 4 . 5  0 . 1 5  

GP*VF 0 . 6  3 . 9  0 . 0 0 5  

E2 Subj . 8 1 . 9  7 8 . 6  

GP 1 . 4 7 . 5  0 . 2 1  1 . 9  8 . 7 0 . 2 0  

VF 1 . 7 9 . 0  0 . 1 5 6 . 5  3 0 . 3  0 . 1 0 

GP*VF 1 . 8 1 0 . 0  0 . 0 6 5  0 . 1 4 0 . 7  0 . 7 0  

E3 Subj . 6 4 . 3  7 7 . 6  

GP 1 . 2  3 . 3 0 . 2 5  4 . 5  2 0 . 0  0 . 0 5 

VF 2 2 . 6  6 3 . 4  0 . 0 1 4 . 6  2 0 . 3  0 . 1 2 

GP*VF 0 . 7 2 . 0  0 . 6 0 0 . 2 1 . 0  0 . 8 0  

E4 Subj . 5 7 . 4  7 1 . 6  

GP 0 . 2 0 . 5 0 . 8  1 . 9  6 . 7  0 . 4 0  

VF 3 0 . 6  7 1 . 8  0 . 0 0 5  1 2 . 3  4 3 . 2  0 . 0 1 

GP*VF 1 . 5  3 . 6 0 . 2 5  2 . 0 7 . 0  0 . 0 9 

I t  i s  o f t en as sumed that the importance of a relationship , or 

confidence in a resul t , can be j udged f rom the a lpha l evel 

a l one . But this a s sumpt i on is incorrect ( Eysenk , 1 9 6 0 ; 

Lykken , 1 9 6 8 } and can be i l lus t rated by examin ing the 
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c ontent s o f  Table 1 4 . There i t  can be s een that the alpha 

values o f t en do not fol low any discernable pat t ern . For 

exampl e ,  the VF mai n  ef fect whi ch was expected to be 

c ons i s tent ly evident produced only three signi f i c ant alpha 

( 0 . 0 5 )  values out o f  seven occas ions on which i t  was 

a s sessed . However , pat terns can be di s cerned when the w2 

values a re examined . Cons i der the w2 values for VF ; on f ive 

occasion s  they are t he largest experimental ef fects and are 

e f fect ively equal l argest on a further two occas ions . The 

impact o f  this was that a highly s igni f i cant VF e f fect was 

found when .a l l  experiments were analy z ed together . 

Although not as obvious , the w2 values for the other e f fe c t s  

a l so fol l ow pat terns corresponding t o  the sign i f i cant GP and 

GP x VF interact i on s  that appeared in t he meta analys i s . On 

two out of two occasions the blocked GP ef fect had a higher 

� value than the G P  x VF interact ion wi th the values being 

s imi lar on the third instance . Conversely ,  the randomi z ed GP 

x VF int eraction had the higher value two out of three t imes . 

Whi l e  w2 appears t o  be rather more i n f o rmative t han alpha , i t  

a l s o  can b e  mi s l eading when considered in isolat ion . For 

instance , in the R condit ion of Experiment 3 ,  w2 for the GP 

ef fect was higher t han that for the GP x VF inte rac t ion . 

However ,  the RT values ( Tabl e  6 ;  p .  1 1 8 ) show t ha t  an 

interact ion cannot be ent i rely rul ed out , espe c i a l ly when 

cons idered together wi th the f i rs t  two experiment s . Thus , in 

addi t ion t o  alpha and wl, the actual RTs must be used when 

evalua t i ng the resu l t s  of these or any other experimen t s . 
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The es s ent i a l  feature o f  the RTs i s  that over the f i r s t  three 

experiment s ,  they revea l  three instances o f  s imi lar c rossover 

int era ct i ons under randomi zed condi t ions and two s imi lar GP 

main e f f e c t s  under blocked condi t ions . Tha t  i s ,  con s i s tent 

rep l i cat i ons were found even though not a l l were 

stat i s t i c a l ly s igni f icant , or had a relat ively large w2 .  

Rej ect ing int erest ing resul t s  by relying t oo heavi ly on a 

s t r i c t  s t a t i s t ical cri t erion i s  but one s i de o f  the coin . 

The o ther s ide i s , that by accept ing every s igni f i cant 

e f f ec t , spurious or irrelevant ef f ects can cause undue 

comp l i ca t i ons when interpret ing t he resul t s . Thi s  happened 

with S t imulus e f fects in Experiment 3 of the present 

programme , and some con s i derable e f fort was needed to contain 

the i r  impact on the int erpretat ion of the main resul t s . A 

s t at i s t i ca l  pur i s t  would probably say that i f  an e f fect is  

s igni f i cant then you mus t  accept i t , regardl e s s  o f  the 

int erpret ive problems that it may cause . However , such an 

approach may have c l ouded the i s sues suf f i c i en t ly t o  have 

lost t he interest ing GP e f fect that was found . In thi s cas e ,  

p ragma t i sm and the Dunnet t e s t  were more appropriate t o  the 

programme requi rements . 

The importance o f  us ing mul t iple cri teria when accept i ng or 

rej ect i ng e f f ec t s , becomes even more apparent when the 

s t at i s t i ca l  power of an experiment is examined . Cons i der the 

GP ef fect t hat appeared under B conditions i n  the met a  

analys i s . Thi s  ef fect was s i gni f i cant at p< O . O l and w2 
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a c c ounted f o r  1 3 . 0 6 %  o f  the exper iment a l  variance , o r  2 . 7 0 %  

o f  the t ot a l  vari ance . Us ing t he l at t e r  value , a s imp l e  

c a l cu l at i on ( Keppe l ,  S au f l e y , & Tokunag a , 1 9 9 2 ) s h o w s  t hat 

w i t h  22 s ub j e c t s  c o n t r ibut ing dat a ,  the power of t he comb ined 

e xper iment s was on l y  about 0 . 1 5 .  I n  other words , w i t h  2 2  

s ub j e ct s ,  t hat re s u l t  wou ld be e xpected t o  o c c u r  about once 

i n  every s i x  or seven exper iment s .  C o n s ide red another way ,  

t o  have an e ven chance o f  get t i n g  the s ame re s u l t  ( 5 0 %  

s t at i s t i c a l  powe r )  would requ i re 5 6  s ub j ect s . 

The pu rp o s e  o f  t h i s  part o f  t he di s cu s s i on has been t o  show 

how inte r e s t ing r e s u l t s  can be l o st by a l l owing s c i ent i f i c  

j udgement t o  be u s u rped by b l i nd adhe rence t o  arb i t rary 

s t at i s t i c a l  ru l e s , e spe c i a l l y  t he s h ibbo leth o f  t he 5 %  

s i gn i f i c a n c e  leve l . Adhe rence t o  t h i s  ru l e  has been at t a cked 

repeat e d l y  ( e . g . , Greenwa l d ,  1 9 7 5 ;  Hays , 1 9 7 3 ;  Keppe l et a l . ,  

1 9 9 2 ;  P l ut ch i k ,  1 9 8 3 )  with po s s ib l y  t he mo st c ogent re a s on s  

f o r  i t s  abandonment c oming f r om Eysenk ( 1 9 6 0 )  . 

E y senk ( 1 9 6 0 )  p o i n t e d  out that t he t e rm " s i gn i f i c ant '' w a s  

u s ed in t w o  way s : t o  e xpre s s  the probab i l i t y  o f  di s c o n f i rm i n g  

the nu l l  hypothe s i s  and t o  d i chot omi z e  the probab i l it y  

c ont inuum int o a s i gn i f i cant p o rt i on and a n  i n s i gn i f i c ant 

p o rt i on . The f i r s t  u s age i s  redundant and g i v e s  l e s s  

i n format i o n  t han t he o r i gina l st at ement o f  the pr obabi l it i e s . 

I t  a l s o  l e ads t o  expre s s i on s  s u ch a s  " a lmo st s i g n i f i c ant " o r  

" approache s s i gn i f i c an ce " ,  whi ch indi cate that t h e  verb a l  
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d i chot omy i s  in adequ at e . E y s e nk ' s s o l ut i o n  t o  t h i s  i s  t o  

abandon t he verb a l  s c a l e  and u s e  o n l y  t he pr obab i l i ty s c a l e . 

The s e c on d  u s a ge o f  " s i gn i f i c ant " import s addi t i on a l  me an i n g  

t o  t he t e rm b y  commo n l y  divi ding succes s fu l  from unsucce s s fu l  

r e s e a r ch and impl y i ng reprodu c i b i l it y  o f  r e s u lt s . S ince the 

o n l y  p r o o f  of rep r o du c ibi l i t y  is rep l i c a t i o n ,  both a c cret i on s  

c an be s e e n  t o  be sub j e ctive eval uat i o n s  made b y  the 

r e s e a r c he r  but mi s t a k e n l y  g i ven obj e ctive statu s . E y s en k  

( 1 9 6 0 )  a r gued that the c o r r e c t  pro cedure i s  to s eparate 

c l e a r l y  t he ob j e c t i ve probab i l i t i e s  from the s ub j ect ive 

e v a l uat i on s  o f  the r e s u l t s  and j u s t i f i c at i on o f  the 

c o n c l u s i on s . E y s e nk ' s po s i t i on i s  n i c e l y  s umma r i zed by hi s 

c on c l u d i n g  c omment that : 

" S ub j ect ive j udgement s o f  rep rodu c ib i l i t y  
c annot re a s on ab l y  be b a s e d  o n  the mechan i c a l  
app l i c at i o n  o f  a r u l e  o f  thumb who s e  on l y  
u s e fu l ne s s  l i e s  in the e l ement ary i n s t ru c t i on 
o f  unde rgradu at e s  l a ck i n g  in mathemat i c a l  
b a c kground ; i f  they a r e  t o  b e  made at a l l  they 
demand c omp l e x  c o n s i de r at i on o f  a pri ori 
p r obabi l i t i e s . "  ( p . 2 7 1 ) . 

Av ant et a l . ( 1 9 9 3 )  t o o k  a s imi l ar approach to repr odu c-

i b i l i t y  and s i gn i f i c a n c e  l e ve l s  by d i sbe l i e ving any 

s i gn i f i c ant e f fect s that they c o u l d  not rep l i c a t e  u s ing the 

s ame g ro up of s ub j e c t s .  I n  a novel exten s i on t o  u s ing 

r ep l i c ab i l it y  a s  t he c r i t e r i on for accept ance , they used 

w i t h i n - s ub j e ct rep l i c at i on to det e rmine whethe r or not 

i n t e rhemi sphe r i c  c ommu n i cat i on had o c cu r red . The approach 
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rep l i c a t i on attempt s  were spread over di f ferent s tudies . 

Other problems 

Practice effects 
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The que s t ion of reproduc ibi l i ty and noi se variance impac t s  

upon another analy t i cal con s i derat ion , that of prac t i c e  _ 

e f fect s . One pos s ibi l i ty that needed t o  be examined was 

that , with extended pract ice , task per formance might become 

so pro f i c i ent that GP e f fect s  might d i s appear . Thi s  woul d  

have reduced the magnitude o f  the ef fec t s  that were fina l ly 

observed . I f  thi s occurred then spl i t  hal f analyses should 

reveal a relat ively strong e f fect in the first hal f  o f  the 

t r i a l s  but l i t t l e  or no ef fect in the second hal f . However , 

a spl i t  hal f  analy s i s  reveal ed a number of intrac t able 

problems . 

The f i r s t  problem was that wi th only 2 6  trials per condi t ion 

i n  each s e ssion , the medians for each ses s ion woul d  genera l ly 

have t o  be estimat ed from no more than 1 3  trial s . Often 

t here were fewer t r i a l s  because error trials were discarded . 

I t  had a lready been establi shed that at least 1 5 , pre ferably 

2 0 ,  t r i a l s  were needed to give a s table estimate of the 

median , so any spl i t  hal f analysis woul d  have increased the 

individual variabi l i ty to an unknown degree . 
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The s econd problem was choos ing among the di f ferent ways in 

which the spl i t  could be made . The di f f icul t i es o f  thi s were 

compounded by the fact that the spl i t s  for the R and B 

condi t ions were unavoidably di f ferent . There were no real 

stat i s t ical probl ems as soc iated wi th spl i t t ing the R t rials . 

Ei ther the f i rs t 1 3  t r i a l s  from each GP were sel ected o r  the 

t r i a l s  f rom the f i rst hal f  of each sess ion were taken . 

Because the t ri a l s  were randomi sed,  the two methods would be 

expect ed to part i t i on the trials in almost i dent i cal ways . 

In contrast , the blocked condi t i on can be spl i t  in t hree 

legit imate ways , each g iving very d i f ferent est imates of the 

medians and none being s t r i c t ly commensurate with the 

randomi zed spl i t s . 

I t  wi l l  be recal l ed that under B condi tions each GP,  f rom a 

total o f  f ive , was selected twic e  in each s e s s ion . Thi s  was 

achieved by randomly selec t ing ( wi thout rep lacement ) a number 

between one and t en .  Thi s  meant that the s ame GP cou l d  

appear twi ce in succes s ion , and consequent ly might appear 

twi c e  in ei ther the f i rs t  hal f  o r  the second hal f of each 

sess i on . In that case , a second GP would have to appear 

twi c e  in the other hal f of the sess ion . The fact that the 

GPs could be unbalanced between the first and second hal f  o f  

a s e s s i on was the source o f  the di f ficul t i es i n  carrying out 

spl i t  hal f  analyses for the B condit ion . 

The s implest spl i t  i s  between the f i rst and s econd hal f o f  

each sess i on . But because the s equence o f  the GPs were 
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randomi sed f o r  each subj ect , i t  was pos s ible for one G P  to be 

chosen twi c e  in the f i r s t  hal f  o f  t he ses s i on and 

cons equen t ly to make no appearanc e  in the s econd hal f . I t  

woul d  perforce b e  replaced by a s econd G P  appearing solely in 

the s econd ha l f  of the sess i on . There was a bet t e r  than even 

chanc e  o f  t h i s  happening . Such a s i tuat ion would have 

resu l t ed in empty cel l s  and unequal Ns in the analys i s . 

A second way o f  spl i t t ing the data is  t o  select the f i rst 

occurrence of each GP t o  compri s e  the f ir s t  hal f  of the 

t ri al s . The uneven di s t r ibut i on o f  GPs between the f i rst and 

s econd halves o f  the sess i on meant that for a given subj ect ,  

s ome GPs t aken from one hal f  o f  the sess ion were i n f luenced 

to a di f f erent degree by fat i gue and pract ice e f f e c t s  than 

those from t he other hal f . One cannot as sume that fat i gue 

and prac t i c e  ef fects cancel one another because pra c t i c e  may 

involve a change of s t ra t egy , poss ibly induced by fat i gue . 

The third manner of spl i t t ing the trials i s  to t ake the f i r s t  

hal f  o f  each block regardless o f  which hal f  of t h e  s e s s ion in 

which i t  appeared . Thi s  method min imi zes the di f f erential 

a f fe c t s  o f  f a t i gue and pract i ce but reint roduces the probl em 

o f  uns t able est imates due t o  too f ew t r i a l s  within a 

condi t ion . Although mos t  o f  the p robl ems o f  spl i t t i ng the 

t ri a l s  cou l d  have been avoided by balancing the f ir s t  and 

second halves o f  the blocked s e s s i ons thi s would have 

reintroduced the stat i s t ical des ign problems that were 

desc r ibed earl i er (p . 1 9 6 ) . 
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When ANOVAs were carried out us ing the various met hods o f  

s p l i t t ing the trial s , the outcomes were so vari abl e  both 

wi thin and between spl i t t ing methods that the endeavour was 

abandoned as being an exerc i s e  in fut i l i ty . 

Experimental measures 

Two other t op i c s  des erve t o  be considered under the rubric o f  

des ign problems : choos ing between RT and accuracy as the 

dependant var i abl e ,  and choos i ng between CVF and b i l ateral 

s t imulus presentat i on . 

Whi l e  there i s  cont roversy { Pache l la , 1 9 7 4 ; Sanders , 1 9 8 0 ; 

S antee & Eget h ,  1 9 8 2 ) as  to whether or not RT and accuracy 

t ap the same underlying cogn i t ive proces ses , thi s que s t i on 

was o f  l i t t l e  interest in des igning the pres ent experimen t s . 

There were two requ i rement s that the dependant var i able had 

to sat i s fy : to res t ri c t  the subj ect s ' opportuni t ie s  to vary 

their proce s s ing s t ra t egies , and t o  be s ens i t ive t o  sma l l  

c hanges i n  the performance o f  s impl e  tasks . Wi thout demands 

for speedy responding , us ing accuracy as the measure would 

not have restricted s u f f i c ient ly subj ect ' s process ing 

s t rategies . Al s o , j us t  2 6  t ri a l s  per condi t ion was not 

enough to a s s e s s  accuracy wi th suf f i c i ent resolut i on . 

The f inal cho i ce t o  be made when des igning the programme was 

between CVF and b i l a t eral s t imulus pres entation ;  both methods 

ensure that the two hemi spheres have equal acces s to the 

s t imulus informat ion . Here , the int erest lay in comparing 
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the per formances o f  the cerebral hemi spheres when only one 

had direct access to the st imulus to per formance s  when both 

had equal access to the stimulus . CVF presentat ion assumes 

t hat innervation f rom the fovea proj ect s  equal ly t o  l e f t  and 

r i ght hemi sphere . The truth o f  thi s a s sumpt ion i s  not 

c ertain for humans , but it has been e s t abli shed that a media l  

s trip ,  about one degree wide , proj ect s  t o  both hemi spheres i n  

both the cat and the monkey ( Bradshaw & Nett leton , 1 9 8 3 ) . 

This i s  cont radi c t ed by psychologi cal evidence from humans . 

S imple RT u s ing an int erhemi spheric transmi ssion t ime 

paradigm gave no evidence for overlapped innervat ion at the 

f ovea ( Harvey , 1 9 7 8 ; Lines & Mi lner , 1 9 8 3 ) . However , the 

validi ty of the method used to assess t he transmi s s ion t ime 

i s  ques t i onable ( Hasbroucq,  Kornblum , & Osman , 1 9 8 8 ) and so 

t he elect rophysiological and anatomi cal evidence from the 

monkey was accep t ed as being more rel i able . The 

d i sadvant ages o f  CVF presentat ion are that the s t imulus 

quality is di f f erent to that o f  uni l ateral presentation in 

one VF . Also , i f  the stimulus ext ends beyond the region o f  

overlapped innervation ,  then integrat ion of information 

across t he midl ine i s  required . Bilateral presentat ion would 

have equal i zed the s t imulus quality between uni l at eral and 

bilateral t r i a l s  and no integrat ion of informat ion woul d  have 

been required . At the same t ime , CVF presentat i on was 

expec t ed to act a s  an added form of f ixation contro l , in a 

manner s imilar t o  those studies that require subj ect s  t o  

report on a dig i t  presented i n  the CVF . Furthermore , 

provided that the s t imul i  did not subtend more than about one 
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and a hal f  degrees at the fovea then CVF present a t i on would 

be more natura l i s t i c t han bilateral presentat i on . Al s o , 

acuity gradi ent s due t o  ret inal eccentrici ty across the 

st imulus would be both symmetrical and of l e s ser magni tude 

with CVF presentat ion . 

Mistakes 

When the programme was being des i gned, the choice between 

bilat eral and CVF presenta t i on seemed to be more a mat t er of 

conveni ence t�an anything else and concerns about f ixat i on 

t ipped the balance in f avour o f  CVF . In retrospect thi s was 

probably a mi s take . Had more attent ion been pai d  to the 

wider theore t i c a l  vi ews of cerebral latera l i ty ,  espec i a l ly 

the not ion o f  i ndependent resource pool s ,  b i l at eral 

presentat i on wou l d  have been used . By doing s o ,  each 

hemi sphere woul d  have been forced to operat e  independen t ly of 

the other ( Bradshaw & Net t l et on , 1 9 8 3 ) whereas wi th CVF 

pres entat i on hemi spheri c  interact i on may have occurred , 

pos s ibly g iving unc l ear resul t s . 

A more serious mi stake was attempt ing to inc lude too many 

l eve l s  o f  the i ndependent variabl es into one experiment 

( e . g . , Cohen , 1 9 9 0 ) . The ext reme example i s  Experiment 2 

where each subj ect served in four sess ions . The demands upon 

this group were excess ive and gave s chedul ing and 

mot iva t ional problems . Cons equen t ly ,  the resul t s  were not as 

c l earcut as they might have been . Despite changing t o  a 
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b etween-groups des ign , this same mistake can now be s een t o  

have occurred in the o ther experiment s .  Us ing up t o  7 8 0  

t r i a l s  per s e s s ion was rather excessive , and was due t o  

inc luding both vertical and hori zontal GPs in one experiment . 

Thi s  in i t s  turn was due to dec iding t o  use a wi thi n - subj ect s  

des i gn ,  or t o  maximi z e  the wi thin- subj ec t s  contribut ion when 

s eparate groups were used . Nothing would have been l o s t  by 

s eparat ing the vert ical and hori z ontal GPs into di f ferent 

experiment s  and much could have been gained . Shorter 

s ess ions woul d  have reduced the fatigue and mot iva t i onal 

problems , and pos s ibly allowed more subj e c t s  to have been 

u s ed . Conversely ,  more trial s in each condit ion cou l d  have 

been used giving a more stable e s t imate o f  the median . More 

important ly , shorter ses sions wi th fewer level s o f  factors 

a l lowing more subj ect s  t o  be run would have increased the 

s ens i t ivity o f  the experiment s and given an increase in 

s t at i stical power . Both increased sens it ivity and increased 

s tat i st ical power are highly des irable when only sma l l  e f fect 

s i zes are expect ed . 

The most serious mi s take in the ent ire programme was t o  

c hange the s t imuli i n  the final experiment . Origina l ly ,  

subj ects were t o  dec i de upon the symmetry or asymmet ry o f  a 

random dot and l ine a rray present ed at di f ferent angul ar 

orientation s  ( Corba l l i s  & Roldan , 1 9 7 5 ) . The logic for thi s 

c hoice was t hat menta l  rotat ion would be a di f f icult vi sual 

task and the d i f fering angular orientations would give a 

s c a l e  o f  task di f ficulty . Unfortunately ,  the det a i l s  were 
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not worked out unt i l  the experiment was about t o  be organi sed 

when i t  was found that over 3 0 0 0  trials per sess ion would be 

requi red . Thi s  was c l early unacceptable and so the cartoon 

face was devised as an a l ternat ive and the pot ent i a l  impac t 

o f  S - R  compat ibi l i ty was complet ely overlooked . I t  appears 

that a menta l  set in favour o f  a mental rotation task had 

devel oped ! Had this preoccupat ion with mental rot a t i on not 

exi s te d ,  s ome other task that used primarily vi sua l - spat ial 

proc e s s ing would have been used . The s quare arrays wi th dot s  

wi thin them ,  a s  used by Casey ( 1 9 8 1 ) , would probably have 

been used . S ince these st imul i would have had f ew S -R 

compat ibi l i ty propert i e s  the results  woul d  have been more 

readi ly i nt erpret ed . 

One f inal mi s t ake shoul d  be not ed . Thi s  was to subs t i tute 

head t urning for the blocked condi t ion , rather than running 

i t  as an ext ra condi t ion . Thi s  deci s ion was made be fore t he 

met a  analy s i s  was done and was based on the bel i e f  that there 

were no cons i s t ent di f f erences across s tudies between the 

blocked and randomi zed condi t i ons . Omi t t ing the B condi tion 

prevented one knowing for sure whether or not the s tudy was 

contaminat ed by S -R compa t ib i l i ty ef fec t s .  I f  i t  was 

contamina t ed ,  the GP e f f ect found when us ing verbal st imul i 

shou l d  have appeared in the blocked condi t ion . 

Thes e  mi s t akes have t aught the author s ome hard - l earned 

l e s sons . A good experiment shoul d  be very t ight ly f ocused 

wi t h  t he bare minimum o f  manipulat i ons and l evel s  o f  the 
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independent var i ables ( Cohen , 1 9 9 0 ) . Deviat ions from the 

des ign detai l s  should be made only if forced by circum­

s tances and then only a f t er very care ful cons iderat ion . At 

the s ame t ime , equal attent ion shoul d  be given to both the 

det a i l s  of the i nvest igat ion and the wider theoret ical 1 s sues 

to which it i s  l i nked . Also , even though the experimenter 

has a vested int erest in the experiment , subj ect s  de f i n i te ly 

do not and this a spect o f  human intrans igence must be a l lowed 

for in the des i gn stages . 

Future research 

The programme o f  research that has been described here 

produced evidence for two int eres t i ng phenomena : an unexpl ­

ained e f fect o f  deviated gaze pos i t ion when verbal st imu l i  

are u sed and a n  intrahemi spheric int er ference e f fect 

involving eye movement s .  Obviously , both effec t s  require 

independent rep l icat ion ,  preferably using rather more 

di f f i cu l t  tasks in an e f fort to increase the magnitude of the 

e f fect s . In fact , first priority should be given t o  

increas ing the s i ze o f  the effect s  and reduc ing noi s e  

vari ance ( i . e . , increased s t at i s t ical power ) which cou l d  wel l  

be done within t he framework o f  RT distribut ion analy s i s . 

Two approaches sugges t  themselves : I f  the number o f  

condi t i ons were t o  be reduced by separating the ver t i c a l  and 

hori zontal GPs and dropping the CVF presentat ion , an 

intens ive inve s t igat ion of a few subj ects could be made 

including their performances in a s tandard CLEM experiment . 
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Alt ernat ively , us ing say 4 0  subj ect s  and Vincent averaging 

( Ratcl i f f ,  1 9 7 9 ) over groups o f  four , the advantages o f  RT 

analys i s  and inferen t i a l  s t a t i s t ic s  could be combined . Thi s  

techni que woul d  a l l ow CVF o r  bi lat eral presentat ion t o  be 

retained . 

I f  the G P  ef fect i s  due to a bias t o  one or the other 

hemi spaces , then a compari son between s t rongly left  handed 

and s trongly right handed groups should produce GP effects t o  

l e f t  and right according t o  handedness . Al t ernat ively , 

combining devia t ed GP wi th induced OKN ( Rosenberg , 1 9 8 0 ) may 

a l l ow hemi space bias t o  be manipulated to varying degrees .  

The suggested l ink between saccades and subvoca l i zat ion 

should be inves t igated,  pos s ibly by int erfering with 

subvoca l i zat i on us ing tasks wi th di f fering degrees of verbal 

cont ent . More e l aborately , i f  subj ects with l e f t  hemi sphere 

voice cont rol can be di s t i ngui shed from those wi th right 

hemi sphere , then GP ef fec t s  should di f fer between the two 

groups . With the interference ef fect being as sociated wi th 

eye movements , further work could wel l  be l inked to saccade 

i n i t i a t i on and cont ro l . One more point can be noted ; 

applying the reverse CLEM methodology to early proces s ing 

s t ages ( Avant et a l . ,  1 9 9 3 ; Christman , 1 9 9 0 ) might extend the 

inves t igat i on of meta control or help to establ i sh the l ocus 

of the GP e f fect . 

In ret rospect thi s programme did not open up vas t  vi stas o f  

unexplored t erri tory . Nevertheless , a few modes t  achieve-
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gradi ent t heory can now be laid to res t . Certainly , the 

present mul t iple f a i lures t o  support it complement s  Boles ' 
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( 1 9 7 9 )  mul t iple fai lures t o  rep l icate . The evi dence a l s o  

appears t o  add support to the i dea o f  int rahemi spheric 

int erference ( Green , 1 9 8 4 ) . Finally , the reverse CLEM 

methodology proved t o  be suf f ic i ent ly viable to uncover an 

interes t ing GP ef fect and , us ing randomi zed and b locked GPs , 

t o  d i f ferent iate between the ef fects o f  continual movement s  

and a s t eady ga ze . 
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Appendices 

List of abreviations 

Thi s  l i s t  of abrevi at ions i s  used in one 

or another of the following appendi ces . 

Cent re vi sual field . . . . . . . . . . . . . . . . . . .  CVF 

Condi t i on . . . . . . . . . . . . . . . . . . . .  Cond , Con , C 

Experiment . . . . . . . . . . . . . . . . . . .  Expt , Exp , E 

Ga ze pos i t ion . . . . . . . . . . . . . . . . . . . . . . . . . .  GP 

Hand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H 

Left visual field . . . . . . . . . . . . . . . . . . . . .  LVF 

Order . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Right vi sual field . . . . . . . . . . . . . . . . . . . .  RVF 

Ses sion . . . . . . . . . . . . . . . . . . . . .  Sess , Ses , Se 

St imulus . . . . . . . . . . . . . . . . . . . .  S t im, St i ,  St 

Subj ect . . . . . . . . . . . . . . . . . .  Subj , Sub , Su , S 
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Notes 

Because o f  the l arge number of fact ors used in the ANOVAs , in 

a f ew ANOVA tables , the entries for some e f fects occupy two 

l ines and are i ndi cated by indentat ion of the second l ine . 

In a l l  ANOVA tabl es the probabi l i t ies are given only i f  p< O . l  
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Appendix 1 

Control and t iming o f  the st imulus exposure 

The rol l -over cyc le of the VDU f rame was used to cont rol the 

durat ion of the stimulus exposure . The f rame was wri t t en in 

f rom the t op of the s creen wi th a rol l -over t ime o f  1 6 . 67 

ms ec which gave a lapsed t ime o f  5 0  ms ec ( s timulus duration )  

for three f rames . The t imer was synchroni zed wi th the t op o f  

the VDU frame vi a the video control ler and all t iming was 

t aken from ·thi s point . Clos ing t he ext ernal t rigger tripped 

the t iming of the frame onset . Af ter 8 msec , when the frame 

had reached i t s  midpoint , the s t imulus was wri t t en in . Two 

and a hal f  frames later at the t op of the frame , the mask was 

wri t t en in and intersected the s t imulus hal f  a frame , or 8 

msec , later . The s t imu lus was thus exposed for 5 0  ms ec . 

Because the t iming was s tart ed at the top of the f rame and 

the s t imulus exposure l agged by 8 msec , the recorded RT was 

composed o f  the overal l  elapsed t ime from the t op o f  the 

s tart ing frame to the mask o f f s e t , less the 5 0  msec o f  

s t imulus exposure and the 8 msec lag . E s t imated a s  a 

p roport ion o f  frame t ime , the 1 cm s t imulus occup i ed about 1 

ms ec , thus the s t imulus onset and masking error t imes were 

approxima t e ly 1 msec each . Al l critical t ime s equences con­

t ro l led by the comput er were independent ly checked by an 

external t imer ( made in the Mas s ey University Psychol ogy 

Department workshop ) that was a ccurat e  t o  1 0 -4 s .  
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St imulus l i s t  for Experiment 3 

Words 

ADD AID AIM ALL AND ANY ARE 

ATE BAD BUT BUY CAN DID FEW 

FOR GET GOT HAD HAS HIM HIS 

HOW ITS LAW LED LIE LOW MAY 

NOT NOW OFF OUR OUT OWN PAT 

PUT RAP SAD SEE THE TWO VOW 

WAS WAY WHO WHY WON YET YOU 

Non Words 

AI S AOM AOW ALC ANC ANS ARU 

ASE BES BRY CUN DUT FEF FOH 

GAX GEX GID GOK HAF HIG HUD 

HUS LAL LOD LIF LON MIY NOF 

NOY OMF OTS OUB OUG OWY PAF 

PIV RAL SEN SME TOB TRO VOB 

VUT WAB WIO WOB WUY YED YOI 

2 6 2 
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Appendix E l  

Experiment 1 

Table 1 .  Individual mean median RTs ( msec ) sorted by S e s s i on ,  

GP , VF , S t imulus , and S t imulus /Response hand combina t i ons . 

Subj ec t s  A-E used Left hand/ respond X in the f irst s e s s i on ,  

F -J u s ed Right hand/respond X .  

LVF 

GP1 GP2 GP3 GP4 GP5 

Sub Ses X V X V X V X V X V 

A 1 4 6 0  482 4 5 7  4 7 0  4 4 7  4 7 5  4 3 6  4 8 3  4 8 4  4 8 9  
2 4 82 4 3 3  4 5 8  4 3 4  4 8 3  4 2 8  4 8 5  4 2 6  4 6 8 4 6 1  

B 1 3 2 4 3 6 1  3 0 4  3 5 8  3 1 8  3 7 0  3 0 9  3 6 0  3 2 5  3 6 3  
2 3 52 3 0 3  3 2 7  3 0 1  3 1 4 3 0 7 3 3 6  3 1 9  3 2 6  3 2 5  

c 1 4 8 8  4 8 5  4 5 1  4 8 1  3 8 0  4 8 0  4 0 5  4 7 8  4 4 5  4 7 0  
2 4 4 5  4 1 3  4 6 9  4 3 2  4 6 1  3 8 8 4 6 6  3 9 7  4 6 4  4 1 5  

D 1 4 2 3  4 0 8  3 9 9  3 9 6  3 5 9  4 0 6  3 9 5  4 0 1  4 1 1  4 1 4  
2 4 0 1 3 9 7  3 9 5  3 9 3  4 0 2  4 0 5  3 9 3  3 9 4  4 2 2  4 0 4  

E 1 3 4 8  3 9 7  3 8 4  4 3 2  3 4 9  4 2 7  3 5 6 4 0 7  3 7 9  4 3 3  
2 3 8 7 3 6 1  3 7 4  3 5 6  4 1 4  3 5 0  3 9 3  3 8 8  4 2 6  3 7 5  

F 1 5 7 0  5 1 0  5 5 6  5 2 4  5 6 3  4 9 2  5 7 5  5 4 0  5 7 7  4 5 4 
2 4 67 545  4 8 6  5 4 6  5 3 8  5 6 0  5 3 0  5 1 5  5 2 4  5 6 5  

G 1 3 9 5 3 9 2  4 0 0  4 0 2  3 7 7  4 3 1  3 8 8  3 9 8  3 9 6  4 0 4  
2 4 1 3  3 9 6  3 8 6  3 8 2 3 8 4  3 9 4  4 0 8  3 7 1  3 9 4  3 9 9  

H 1 5 3 4  4 5 2  4 9 4  4 1 8  5 5 4  4 5 1  5 0 8  4 5 3  5 3 8  4 5 0  
2 3 9 9 4 4 6  4 0 7  4 8 2  4 0 6  4 5 5  3 8 8  4 6 6  3 9 4  4 4 2  

I 1 4 3 2  3 7 5  4 3 9  3 6 2 4 2 7  4 2 1  4 3 9  4 4 0  4 3 0  3 7 4  
2 4 0 0  4 0 5  3 8 6  4 0 8  3 7 9  4 1 3  3 6 6  4 0 8  3 6 3  4 1 3  

J 1 3 9 1  3 3 7  3 6 4 3 3 6  3 8 0  3 0 9 3 8 5  3 3 0  3 8 2  3 4 0  
2 3 2 9  3 6 4 3 3 4  3 7 9  3 1 2  3 6 0  3 2 0  3 5 0  3 2 9  3 7 2  

( cont inued ) 
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Table 1 { cont inued ) 

RVF 

GP1 GP2 GP3 GP4 GP5 

Sub Ses X V X V X V X V X V 

A 1 4 7 8  4 0 2  4 6 0  3 9 8  4 7 4  4 2 6  4 9 7  4 3 5  5 1 8  4 2 1  
2 4 2 2  4 7 0  4 3 6  4 6 8 4 1 7  4 5 9  4 2 4  4 4 4  4 5 1  4 7 9  

B 1 3 4 5  3 12 3 2 8  3 0 1 3 3 9  3 1 4 3 3 3  3 0 9  3 4 3  3 0 6  
2 2 8 7  3 2 9  2 7 9  3 3 4  2 8 6  3 3 8  2 9 4 3 2 3  2 9 9  3 3 3  

c 1 5 1 1  4 3 5  4 9 2 4 3 7  4 8 9  4 64 4 6 9  4 6 1  4 8 7  4 1 0  
2 4 1 8  4 3 0 3 7 9  4 2 6  4 0 5  4 3 9 4 0 7 4 4 3  4 4 6  4 3 2  

D 1 4 2 1  3 8 2 4 4 3  3 7 6  4 1 1  3 6 9 4 4 3  3 8 3 4 1 6  3 8 1  
2 3 6 3 4 2 6  3 4 1  4 2 7  3 5 1 4 0 9  3 47 4 3 8  3 6 7 4 2 9  

E 1 4 0 8  3 7 6  4 1 1  3 9 4  4 0 0  4 0 0  4 0 8  3 8 7 4 3 0 3 8 8  
2 3 5 1 4 2 7  3 67 4 1 0  4 3 7  3 9 1 3 87 3 6 9  4 4 2  3 9 6  

F 1 5 4 4  52 9 5 0 8  5 0 5  4 9 2 5 2 5  4 9 6  5 2 7  5 7 2  5 3 6 
2 4 9 4  5 1 1  5 1 1  5 2 5  5 0 3  5 0 0  5 4 0  4 9 3 5 0 3  4 9 7  

G 1 3 4 1  4 62 3 2 9  4 5 4  3 5 2 4 5 5  3 3 7  4 4 4  3 4 9  4 4 6  
2 4 1 0  3 5 1  4 2 8  3 4 0  4 2 0  3 62 4 5 7  3 7 5  4 2 3  3 7 0  

H 1 3 9 2  4 9 8  4 0 5  5 1 9  4 0 6  4 9 6  4 1 7  4 8 7  4 1 4  5 2 2  
2 4 5 8  4 1 2  4 3 5  4 1 3  4 6 9  4 13 4 4 3  4 0 2  4 6 9  4 2 1 

I 1 4 3 3  4 6 3  3 7 1  4 6 3  3 7 8  4 7 1  4 5 9  4 6 5  3 9 3  4 7 3  
2 4 5 2  3 4 3  4 1 0  3 6 9  4 1 7  4 2 3  4 2 1  3 84 4 3 5  3 67 

J 1 3 2 6  3 5 8 3 4 0  3 8 1  3 4 5  3 4 8  3 4 1  3 5 6  3 3 5  3 4 8  
2 3 3 5  2 9 8  3 1 5  3 6 9 3 1 9  3 4 7  3 2 6  3 5 5  3 2 6  3 5 0  



Table 2 .  ANOVA : Hand X ( Se s s i on x GP x VF x St imulus ) .  

S ource df ss MS F p 

H and 1 5 0 1 5 3 . 6 02  5 0 1 5 3 . 6 0 2  0 . 3 5 

Sub* ( H )  8 1 1 4 9 7 2 2 . 4 5 9  1 4 3 7 1 5 . 3 0 7  

Sess ion 1 2 6 7 4 8 . 6 02  2 67 4 8 . 6 0 2  1 6 . 7 2 0 . 0 0 5  

H * Se 1 7 4 2 . 5 6 2  7 4 2 . 5 6 2  0 . 4 6  

S ub* Se ( H )  8 1 2 7 9 6 . 2 6 0  1 5 9 9 . 5 3 2  

G P  4 3 3 8 5 . 6 2 5 8 4 6 . 4 0 6  3 . 1 9 0 . 0 5 

H *GP 4 1 8 1 6 . 4 8 5  4 5 4 . 12 1  1 .  7 1  

S ub*GP* ( H )  3 2  8 4 9 5 . 6 4 0  2 6 5 . 4 8 8  

VF 1 1 8 87 . 9 02  1 8 8 7 . 9 0 2  1 . 4 0  

H *VF 1 3 . 0 62 3 . 0 6 2  0 . 0 0 

S ub*VF* ( H )  8 1 0 8 0 5 . 2 6 0  1 3 5 0 . 6 5 7  

S t imulus 1 3 1 1 . 5 2 2  3 1 1 . 5 2 2  0 . 4 1 

H * St 1 6 0 2 . 7 0 2  6 0 2 . 7 0 2  0 . 7 9  

S ub*St * ( H )  8 6 0 9 4 . 5 0 0  7 6 1 . 8 1 2  

S e *GP 4 1 07 2 . 5 8 4  2 6 8 . 14 6  1 . 0 2 

H * Se*GP 4 8 5 6 . 1 2 5  2 1 4 . 0 3 1  0 . 82 

S ub*Se*GP ( H )  3 2  8 4 0 0 . 2 3 9  2 62 . 5 0 7  

S e *VF 1 1 . 1 0 2  1 . 1 0 2  0 . 0 0 

( cont inued ) 
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Tabl e 2 ( cont inued ) 

Source df ss MS F p 

H * Se *VF 1 1 5 5 . 0 0 2  1 5 5 . 0 02 0 . 2 3  

Sub * S e*VF ( H )  8 5 4 6 9 . 6 1 9  6 8 3 . 7 0 2 

S e * S t  1 2 . 7 2 2  2 . 7 22 0 . 0 0 

H * Se * St 1 9 5 1 . 7 2 2  9 5 1 . 7 22 0 . 1 6 

Sub* Se* St ( H )  8 4 7 4 64 . 7 7 9  5 9 3 3 . 0 97 

GP*VF 4 5 0 4 . 8 8 4  1 2 6 . 2 21  0 . 6 2 

H *GP*VF 4 8 8 7 . 9 2 5  2 2 1 . 9 81 1 . 0 9 

Sub*GP*VF ( H )  3 2  6 5 1 3 . 83 9  2 0 3 . 557 

G P * S t  4 3 4 0 8 . 0 6 5  8 5 2 . 0 1 6  2 . 5 7 0 . 0 6 

H*GP* St 4 6 7 4 . 8 8 4  1 6 8 . 7 2 1  0 . 5 1 

Sub*GP* S t ( H )  3 2  1 0 5 8 8 . 2 0 0  3 3 0 . 8 81 

VF * S t  1 1 0 8 5 . 7 0 2  1 0 8 5 . 7 02 3 . 3 0  

H*VF * St 1 4 9 3 5 . 0 6 2  4 9 3 5 . 0 62 1 5 . 0 2 0 . 0 0 5  

Sub*VF * St ( H )  8 2 62 9 . 2 5 9  3 2 8 . 657  

GP*VF 4 3 2 . 4 8 5  8 . 1 21  0 . 0 2 

H * Se*GP*VF 4 3 1 7 6 . 4 84 7 9 4 . 1 2 1  2 . 0 5 

S * S * GP*VF ( H )  3 2  1 2 4 2 2 . 6 8 0  3 8 8 . 2 0 8 

Se*GP* S t  4 2 6 1 9 . 0 6 5  6 5 4 . 7 6 6  1 . 8 1 

H * Se *GP* S t  4 2 2 1 3 . 7 64 5 5 3 . 4 41 1 . 5 3 

( cont inued ) 
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Table 2 ( cont inued ) 

Source d f  ss MS F p 

S * Se*GP* S t ( H )  3 2  1 1 5 5 9 . 3 2 0  3 6 1 . 2 2 8  

Sub* Se* 

VF * S t ( H )  8 1 52 3 0 . 9 0 0  1 9 0 3 . 8 6 2  

GP*VF * St 4 884 . 1 8 5  2 2 1 . 0 4 6  1 . 0 9 

H*GP*VF * St 4 1 0 4 2 . 0 2 5  2 6 0 . 5 0 6  1 . 2 9  

Sub *GP* 

VF * St ( H )  3 2  647 8 . 6 4 0  2 0 2 . 4 5 7  

Se * GP*VF * St 4 1 0 8 2 . 0 6 4  2 7 0 . 5 1 6  1 . 5 0 

H * S e *  

GP*VF * St 4 6 9 1 . 9 8 5  1 7 2 . 9 9 6  0 . 9 6 

Sub * Se*GP* 

VF * St ( H )  3 2  577 9 . 1 9 9  1 8 0 . 6 0 0  

Tota l  3 9 9  1 5 7 9 64 8 . 9 3 7  3 9 5 9 . 0 1 9  
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Table 3 .  ANOVA : G P  x VF x Stimulus , col lapsed over ses s i ons . 

Source df s s  MS F p 

Subj ect 4 3 9 4 7 7 . 8 5 7  9 8 6 9 . 4 6 4  

G P  4 2 9 0 4 . 9 7 3  7 2 6 . 2 4 3  0 . 0 5 

Sub*GP 1 6  2 4 3 1 0 2 . 5 9 3  1 5 1 9 3 . 9 12 

VF 2 9 3 . 9 2 3  4 6 . 9 6 1 0 . 0 3 

Sub*VF 8 1 4 7 0 5 . 7 9 3  1 8 3 8 . 2 2 4  

GP*VF 8 5 1 4 8 . 82 6  6 4 3 . 6 03 0 . 4 6 

Sub*GP*VF 3 2  4 4 3 8 8 . 4 5 6  1 3 8 7 . 1 3 9  

St imulus 1 3 9 . 0 1 5  3 9 . 0 15  0 . 1 5 

Sub * S t  4 1 0 5 0 . 67 6  2 6 2 . 6 6 9  

GP* St 4 1 9 3 5 . 0 9 3  4 8 3 . 7 73 1 .  9 4  

Sub*GP* St 1 6  3 9 8 5 . 1 7 3  2 4 9 . 0 7 3  

VF* St 2 1 9 4 . 1 7 0  9 7 . 0 8 5  0 . 62 

Sub*VF * St 8 1 2 5 1 . 1 1 3  1 5 6 . 3 8 9  

GP*VF * St 8 2 0 1 5 . 84 6  2 5 1 . 9 8 0  1 . 5 8 

Sub*GP*VF * St 3 2  5 1 1 2 . 5 3 6  1 5 9 . 7 6 6  

Tot a l  1 4 9  5 4 0 6 . 0 4 8  3 6 . 2 82 



2 6 9 

Table 4 .  ANOVA ; GP x VF . 

Hori zontal GPs 

S ource df ss MS F p 

Subj ect 9 1 8 1 3 8 0 . 6 5 0  2 0 1 5 3 . 4 0 6  

G P  2 1 1 4 . 4 0 8  7 2 . 2 0 4  1 . 2 0  

GP* Subj 1 8  1 0 8 6 . 67 5  6 0 . 3 7 1  

VF 1 5 7 0 . 4 1 7  5 7 0 . 4 1 7  2 . 4 3  

VF* Subj 9 2 1 1 1 . 0 0 0  2 3 4 . 5 5 6  

GP*VF 2 3 0 5 . 3 0 8  1 5 2 . 6 5 4  7 . 5 1 0 . 0 0 5  

GP*VF* Subj 1 8  3 6 5 . 7 7 5  2 0 . 3 2 0  

Total 5 9  1 8 5 9 6 4 . 2 3 3  3 1 5 1 . 9 3 6  

Vertical GPs 

Source df ss MS F p 

Subj ect 9 1 9 1 1 8 0 . 2 0 4  2 1 2 4 2 . 2 4 5  

GP 2 1 1 4 . 4 0 8  7 2 . 2 0 4 3 . 22  0 . 0 7 

GP* Subj 1 8  1 0 2 7 . 5 0 0  5 7 . 0 8 4  

VF 1 5 6 1 . 2 0 4  5 6 1 . 2 0 4 3 . 2 0  

VF * Subj 9 1 5 7 6 . 0 0 4 1 7 5 . 1 12 

GP*VF 2 1 3 . 3 5 8  6 . 67 9  0 . 1 6  

GP*VF* Subj 1 8  7 67 . 3 0 8 4 2 . 6 2 8  

Total 5 9  1 9 54 9 2 . 7 4 6  3 3 1 3 . 4 3 6  



Appendix E2 

Experiment 2 

Table 1 .  I ndividual median RTs ( msec ) as a function o f  

sess i on , condit ion ,  G P ,  VF and s t imulus . Subj ects A-E 

received a BRRB sequence ,  subj ects F-J received an RBBR 

sequence .  

LVF 

GP1 GP2 GP3 GP4 GP5 

Sub Order X V X V X V X V X V 

A B 3 2 8  3 5 8  3 1 6  3 6 4  3 6 5  3 54 3 2 3  3 1 7 3 3 9  3 5 9  
R 3 3 4  3 3 4  3 2 9  3 6 1 2 9 6  3 4 2  3 2 1  3 0 9  3 2 7  3 2 9  
R 3 0 5  3 5 5  3 1 1  3 7 0  3 3 0  3 64 2 9 4 3 4 0  3 0 6 3 6 4 
B 3 0 9  3 1 0  3 3 0  3 3 9  3 3 3  3 1 9  3 2 6  3 4 0  3 2 1  3 4 1  

B B 4 3 6  4 2 3  4 2 4  3 9 2 4 4 2  467  4 2 9  3 9 5  4 2 5 4 0 6  
R 4 0 2  3 9 2 4 4 8  3 7 1  3 9 4 3 9 4 4 2 3  3 7 3  4 0 5  4 0 9  
R 42 9 4 1 9  4 2 1  3 9 2 4 7 0  5 0 6  4 3 0  3 8 7 4 1 6  4 5 0  
B - 4 3 2  4 3 0  4 2 6  4 1 0  4 4 0  4 3 8  4 3 6  4 0 9  4 3 7  4 2 7  

c B 3 8 0 3 6 4 4 2 4  3 7 4  3 9 0  3 3 4  3 9 2 3 7 0  4 0 9  4 0 0  
R 3 3 2  3 9 2 3 1 5  3 5 1  2 9 6  3 53 2 9 7 3 2 4  3 2 1  3 4 0  
R 3 9 1 3 7 2  3 8 0  3 3 8  3 8 4 3 62 3 6 2 3 3 8  4 0 4  3 2 9  
B 3 5 8  3 8 3  3 3 1  3 8 4  3 5 6 3 9 8  3 2 7  3 3 3  3 4 2 3 87 

D B 3 8 3 4 4 2  4 1 2  4 6 1  4 1 9  4 4 5  4 5 0  4 5 9  4 3 4  4 6 1  
R 4 0 3  3 8 6  3 9 7  3 8 1  4 1 9  4 0 6  4 3 6  3 9 0  4 1 1  3 8 7 
R 3 83 3 8 6  3 8 0  3 9 8  3 8 2 4 2 0  3 4 6  4 1 6  3 8 4 4 4 0  
B 4 0 5  4 2 4  4 0 8  4 0 4  4 1 8  4 1 1  4 0 4  4 1 2  4 2 3  3 8 5  

E B 4 6 6  4 4 5  4 3 5  3 64 4 5 2  3 9 5  4 4 7  4 6 0  4 3 7  4 1 9  
R 3 3 7  4 1 1  3 7 1  4 0 2  3 5 9  4 3 5  3 62 3 9 5  3 6 4 3 9 4 
R 4 4 6  4 3 8  4 3 9 3 57 4 4 2  4 0 3  4 4 5  3 9 0  4 6 6  3 7 9  
B 3 4 1  4 1 7  3 9 3  4 1 0  3 7 1  4 3 7  3 42 4 0 5  3 7 3  4 4 0  

F R 3 9 6  4 7 3  4 0 0  4 6 6  3 9 7 4 7 1  4 0 5  4 4 4  3 9 7 4 6 1  
B 4 6 9  4 3 0  5 0 3  4 3 4  4 9 9  4 0 1  5 17 4 5 0  4 8 3  4 0 2  
B 4 2 8  4 8 0  4 1 6  4 6 7 4 3 7  4 8 2  4 1 6  4 5 7  4 1 1  4 64 
R 4 4 1  4 3 9  4 4 9  4 0 5  4 5 3  4 5 3  4 3 4  4 2 5  4 6 6  3 9 2 

( cont inued ) 

2 7 0  
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Tabl e 1 ( cont inued ) 

LVF 

GP1 GP2 GP3 GP4 GP5 

Sub Order X V X V X V X V X V 

G R 4 4 3  4 1 7  4 2 9  4 3 0 4 0 5  4 4 7  4 0 9  3 8 6  4 3 5  4 3 0  
B 5 0 7  4 2 5  4 5 6  4 3 0  5 0 5  4 3 4  444  4 0 8  4 9 8  4 1 9  
B 4 3 1  4 3 2  4 1 7  4 3 3  3 9 8  4 1 1  3 8 2 3 9 2  4 2 0  3 8 8  
R 4 8 3  5 2 6  4 9 6  5 0 1  4 5 4  5 1 4  4 8 5  4 9 3  5 4 9  5 0 1  

H R 5 0 5  5 1 0  4 6 0  4 9 8  4 7 6  4 8 6  5 2 3  5 0 5  4 8 7  5 1 8  
B 5 2 1  4 8 5  5 5 2  4 9 8  5 2 3  5 1 5  5 1 6  4 7 8  5 0 9  4 7 4  
B 4 5 3  5 0 6  4 4 6  5 2 4  4 8 5  5 0 2  4 8 6  5 2 4  4 5 9  5 2 3  
R 5 0 4  4 6 8  5 0 9  4 8 2  5 3 0  4 5 7  5 2 6  4 5 7  5 1 5  4 7 4  

I R 4 2 5  3 9 3  4 3 9  3 6 0  4 2 1  3 7 0  3 9 6  3 7 6  4 3 4  3 9 7  
B 4 0 9  4 4 4  3 8 2 4 3 2  3 7 7  4 5 5  3 7 9  4 2 7  4 4 3  4 3 1  
B 4 7 8  3 8 0  4 5 3  3 9 0  5 0 2 3 9 7  4 3 5  3 9 0  4 9 4  3 6 4  
R 5 2 0  5 3 1  5 0 9  5 0 1  5 2 8  5 0 4  544  5 5 2  5 0 7  5 3 2  

J R 4 5 0  4 3 8  4 1 8  4 4 2  4 1 4  4 3 7  3 9 8  4 4 4  4 2 7  4 4 6  
B 4 3 7  4 3 0  4 3 4  4 3 5  4 1 5  4 1 0  4 2 0  4 1 4  4 1 9  4 4 5  
B 4 6 7 4 8 3  42 9 4 9 0  4 4 4  4 9 3  4 0 9  4 6 7  4 2 7  4 8 0  
R 4 2 8  4 0 4  4 2 7  4 1 4  4 2 4  4 1 3  4 1 7  3 8 8  4 2 6  4 1 8  

RVF 

A B 3 2 8  3 3 7  3 3 5  3 4 3  3 5 8  3 2 6  3 4 9  3 0 7  3 4 1  3 3 9  
R 3 2 2  3 1 5  3 2 2  3 2 2  2 9 0  2 9 9  2 8 6  3 2 8  3 2 3  3 2 0  
R 3 2 2  3 2 6  3 4 1  3 2 4  3 4 1  3 4 4  3 2 3  3 4 5  3 3 3  3 2 9  
B 3 0 8 3 2 4  2 9 3  3 3 8  2 8 4 3 1 7 3 0 3 3 3 2  3 0 9  3 1 4 

B B 4 5 9  4 5 2  4 2 5  4 4 4  4 6 7 4 3 7  4 0 3 4 4 4  4 4 2  4 5 0  
R 4 2 7  3 8 6  4 4 1  4 0 9  4 0 8  3 9 4  3 9 0  3 5 9 4 2 2  4 0 2  
R 4 4 4  4 4 9  4 4 4  4 1 6  4 8 8  4 5 3  4 5 2  4 5 5  4 3 0 4 5 5  
B 4 3 1  4 4 6  4 3 2  3 7 4  4 5 5  4 1 3  4 4 8  4 2 7  4 6 7 4 2 1  

c B 4 0 3  3 7 5  3 8 4 3 9 9  3 5 1 3 8 3 3 3 0  3 9 5  4 3 0  3 9 7  
R 3 8 9  3 4 4  3 5 5  3 0 4  3 7 5  3 0 6 3 12 2 8 2  3 6 5  3 2 2  
R 3 5 2  3 6 3  3 5 2 3 6 6  3 2 8  3 5 4 3 1 3 3 5 5  3 0 8  3 6 3 
B 3 6 4 3 2 1  3 8 7 3 1 8  3 7 6  3 1 9  3 5 9 3 1 3 3 7 8  3 3 6  

D B 4 3 6  4 2 1  4 1 9  4 2 2  4 6 9  4 0 7  4 7 1  4 1 0  4 2 2  4 0 1  
R 3 4 5  3 5 7 3 8 6  4 0 1  3 7 2  3 9 5  4 1 4  4 12 4 1 1  4 1 6  
R 4 0 0  4 0 1  4 0 1  3 8 8  3 8 1  3 9 7  3 7 6  3 7 1  4 1 4  3 6 8  
B 3 8 9  4 2 9  3 7 4  4 0 5  3 8 7 4 2 3  3 7 7  4 2 7  3 8 0  4 2 5  

E B 3 8 3 4 5 5  3 4 8  4 5 3  3 9 4  4 7 2  3 6 1 4 6 2 3 7 8  4 6 7  
R 4 1 9  3 5 3 4 0 5  3 3 7  4 0 6  3 5 0  4 0 9  3 6 8  4 0 4  3 7 2  
R 3 6 5  4 3 4  3 8 8  4 1 5  3 8 6  4 3 8  4 4 2  4 3 3  3 8 5  4 3 0  
B 4 1 4  3 5 9  3 8 6  3 7 7  4 0 7  3 8 5 3 9 6  3 6 0 4 2 6 3 5 9  

( cont inued ) 
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Tab l e  1 ( cont inued ) 

RVF 

GP1 GP2 GP3 GP4 GP5 

Sub Order X V X V X V X V X V 

F R 4 0 9  4 0 6  4 4 2  4 0 3  4 3 2  4 0 5  4 2 3  4 1 1  4 3 5  4 13 
B 4 1 4  4 4 8  4 1 6  4 2 1  4 2 2  4 3 1  4 2 5  4 2 9 4 0 7  4 4 4  
B 4 4 0  4 2 1  4 2 6  4 3 2  4 3 7  4 4 5  4 5 6  4 2 3  4 4 0  4 2 6  
R 4 0 6  4 4 1  3 9 1 4 2 5  3 9 7 4 5 7  3 9 0  4 4 0  4 0 9  4 2 9  

G R 4 2 0 3 9 3 4 1 7  3 9 5  4 3 8  4 1 3  4 5 1  3 8 6  4 82 4 3 8  
B 4 2 3  4 3 9 4 4 9  4 67 4 2 8  4 4 9  3 9 5  4 4 3  4 3 2  4 5 7  
B 3 9 4 4 3 3  4 1 3  4 0 9  3 6 8 4 0 9  3 9 5  4 2 4  4 0 5  4 2 0  
R 4 7 0  5 4 4  4 6 2  4 9 1  4 7 3  4 9 0  5 2 3  52 0 4 8 5  5 12 

H R 5 0 8  4 8 4  5 0 4  4 5 0  4 8 5  4 3 4  5 2 5  4 7 4  5 1 2  4 7 4  
B 5 0 2  4 9 5  4 8 2  5 0 5  5 0 9  5 4 8  5 1 1  5 1 4  5 4 2  5 2 5  
B 6 0 3  4 3 9  5 6 1  4 4 0  5 7 1  4 5 2  5 2 8  4 6 4  5 6 9  4 4 5  
R 5 0 6  4 9 3  5 5 0  5 0 4  5 1 9  4 8 4  5 1 4  4 9 5  4 9 4 5 1 8  

I R 4 8 1  4 2 4  3 9 2 4 0 7 3 8 2  4 4 2  3 6 4 4 2 8 4 0 8  4 0 3  
B 4 4 1  4 2 0 4 52 4 1 9  4 3 3  42 0 4 4 3  3 9 5  4 5 5  4 0 5  
B 3 9 9  4 5 7  3 9 6  4 0 4  3 9 4  4 1 4  4 0 9  4 2 9 4 2 8  4 3 1  
R 4 9 0  5 1 7  5 1 3  5 1 5  4 9 5  4 7 4  5 1 3  5 0 9  5 0 2 4 9 2  

J R 4 3 7  4 0 1  4 4 6  4 1 7  4 2 1  3 9 7 4 1 3  4 0 2  4 1 1  3 9 3 
B 4 3 1  4 4 6  4 0 2  4 2 7  3 6 0  4 3 5  4 0 7  4 1 6  3 8 6  4 2 9  
B 4 6 9  4 4 0  4 5 4  4 5 8  4 7 6  4 6 1  4 4 9  4 6 1  4 6 0 4 2 9  
R 4 0 4  4 3 7  3 9 2 4 2 3  4 1 5  4 4 0  3 9 0  4 1 2  3 8 8  4 3 1  



Tabl e 2 .  ANOVA : Order X ( Sess ion x GP X VF X St imulus ) .  

S ource df ss 

Order 

Subj ( O )  

S e s s ion 

O * Se 

Sub * S e ( O )  

G P  

1 8 5 1 1 8 6 . 2 81  

8 7 9 0 3 9 4 . 5 7 9  

3 

3 

2 4  

4 

O * GP 4 

Sub*GP ( O )  3 2  

VF 1 

O *VF 1 

Sub *VF ( O )  8 

S t imulus 1 

O * S t  1 

Sub * S t ( O )  8 

Se * GP 1 2  

O * S e *GP 12 

Sub * S e *GP ( O )  9 6  

S e * VF 3 

O * S e *VF 3 

Sub* Se *VF ( O )  2 4  

Se * St 3 

O * S e * S t  3 

3 0 9 4 2 . 7 7 3  

1 0 6 62 6 . 4 2 3  

2 1 7 7 2 0 . 1 4 0  

8 3 1 0 . 6 0 4  

1 7 8 8 . 7 4 9  

2 2 4 3 8 . 8 9 5  

5 1 1 5 . 6 6 1  

9 8 . 7 0 1  

1 2 0 6 8 . 6 5 0  

3 4 1 . 9 1 1  

1 4 2 8 . 4 5 1  

2 5 1 4 3 . 9 5 0  

4 6 6 1 . 9 9 5  

1 7 0 5 . 5 6 9  

4 6 62 2 . 284  

4 5 3 . 0 6 3  

4 0 5 . 1 4 3  

1 3 0 0 4 . 0 3 0  

1 8 7 3 . 6 9 3  

6 1 4 . 113  

MS 

8 5 1 1 8 6 . 2 8 1  

9 8 7 9 9 . 3 2 2  

1 0 3 1 4 . 2 5 7  

3 5 5 4 2 . 1 4 1  

9 0 7 1 . 6 7 2  

2 0 77 . 6 5 1  

447 . 1 8 7  

7 0 1 . 2 1 5  

5 1 1 5 . 6 6 1  

9 8 . 7 0 1  

1 5 0 8 . 5 8 1  

3 4 1 . 9 1 1  

1 4 2 8 . 4 5 1  

3 1 4 2 . 9 9 3  

3 8 8 . 4 9 9  

1 4 2 . 1 3 0  

4 8 5 . 6 4 8  

1 5 1 . 0 2 1  

1 3 5 . 0 4 7  

5 4 1 . 8 3 4  

6 2 4 . 5 6 4 

2 0 4 . 7 0 4  

( cont inued ) 

F p 

8 . 6 2 0 . 0 2 

1 . 1 4 

3 . 9 2 0 . 0 2 

2 . 9 6 0 . 0 5 

0 . 6 4 

3 . 3 9  

0 . 0 7 

0 . 1 1 

0 . 4 5 

0 . 8 0 

0 . 2 9  

0 . 2 8 

0 . 2 5  

0 . 53 

0 . 17 

2 7 3  



2 7 4  

Tabl e  2 ( cont inued ) 

Source df ss MS F p 

Sub * S e * S t ( O )  2 4  2 8 3 5 0 . 5 2 9  1 1 8 1 . 2 7 2  

GP*VF 4 1 6 4 2 . 62 0  4 1 0 . 6 5 5  1 .  9 4  

O*GP*VF 4 1 7 4 . 0 5 5  4 3 . 5 1 3  0 . 2 1  

Sub*GP*VF ( O )  3 2  6 7 6 4 . 3 7 4  2 1 1 . 3 8 6  

GP* St 4 1 0 8 6 . 7 9 4  2 7 1 . 6 9 8  0 . 9 2 

O * G P * S t  4 7 9 3 . 0 8 0  1 9 8 . 2 7 0  0 . 6 7 

Sub * G P * St ( O )  3 2  9 4 8 4 . 8 7 4  2 9 6 . 4 0 2  

VF * St 1 5 5 6 . 1 1 1  5 5 6 . 1 1 1  0 . 3 2  

O*VF * St 1 8 6 3 . 2 0 1  8 6 3 . 2 0 1  0 . 4 9  

Sub*VF * S t ( O )  8 1 3 9 9 8 . 1 9 9  1 7 4 9 . 7 7 4  

S e * GP *VF 12  3 1 1 1 . 8 8 0  2 5 9 . 3 2 3  0 . 8 8 

O * Se * GP*VF 1 2  2 2 5 3 . 1 2 5  1 8 7 . 7 6 0  0 . 6 4 

Sub* Se*  

GP *VF ( O )  9 6  2 8 2 9 6 . 4 4 4  2 9 4 . 7 5 4  

S e * GP * S t  1 2  2 6 7 3 . 9 2 4  2 2 2 . 82 7  0 . 7 9  

O * Se*GP* S t  1 2  3 6 4 4 . 4 8 0  3 0 3 . 7 0 6  1 . 0 8 

Sub* Se*  

G P * S t ( O )  9 6  2 7 0 9 6 . 9 4 5  2 8 2 . 2 5 9  

Se*VF * St 3 1 2 8 8 . 7 9 3  42 9 . 5 9 7  0 . 0 6 

O * Se*VF * St 3 3 7 2 82 . 4 2 3  1 2 4 2 7 . 4 7 4  1 . 8 4 

( cont inued ) 
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Tab l e  2 ( cont i nued ) 

Source df ss MS F p 

Sub * S e *  

VF * St ( O )  2 4  1 6 1 8 4 4 . 7 2 0  6 7 4 3 . 5 3 0  

GP*VF * S t  4 6 8 5 . 3 1 9  1 7 1 . 3 3 0  0 . 5 7 

O*GP*VF * St 4 1 8 0 5 . 7 54 4 5 1 . 4 3 8  1 .  5 1  

Sub * G P *  

VF * St ( 0 )  3 2  9 5 8 6 . 9 7 5  2 9 9 . 5 9 2  

Se*GP *VF * St 1 2  1 4 9 0 . 7 0 0  1 2 4 . 2 2 5  0 . 5 0 

O * S e * G P *VF* S  1 2  2 3 6 6 . 5 4 4  1 9 7 . 2 1 2  0 . 8 0 

Su * S e *GP*  

VF * S t ( O )  9 6  2 3 6 7 2 . 0 0 4  2 4 6 . 5 8 3  

Tota l  7 9 9  2 5 1 3 7 5 9 . 5 4 8  



Table 3 .  ANOVA : Order x ( Sess ion x GP x VF ) . 

Source df s s  MS F 

Order 1 4 1 1 9 0 7 . 2 4 0  4 1 1 9 0 7 . 2 4 0  8 . 4 3  

Sub ( O )  8 3 9 0 9 0 3 . 2 5 0  4 8 8 62 . 9 0 6  

Sess ion 3 1 3 1 1 8 . 5 6 9  4 3 7 2 . 8 5 6  0 . 9 7 

O * Se 3 5 8 7 0 7 . 9 4 0  1 9 5 6 9 . 3 1 3  3 . 8 9 

Sub * Se ( O )  2 4  1 2 0 7 9 6 . 3 9 0  5 0 3 3 . 1 82  

GP 4 3 8 1 5 . 0 1 5  9 5 3 . 7 5 3  2 . 9 3 

O*GP 4 4 4 4 . 4 8 5  1 1 1 . 1 2 1  0 . 3 4 

Sub*GP ( O )  3 2  1 0 4 1 9 . 4 0 0  3 2 5 . 6 0 6  

VF 1 3 3 4 0 . 84 0  3 3 4 0 . 84 0  3 . 6 5 

O*VF 1 1 2 4 6 . 0 9 0  1 2 4 6 . 0 9 0  1 . 3 6  

Sub*VF ( O )  8 7 3 3 1 . 1 7 0  9 1 6 . 3 9 6  

Se *GP 12 1 6 8 7 . 9 0 5  1 4 0 . 6 5 8  0 . 5 8 

O * Se*GP 12 9 6 2 . 0 3 4  8 0 . 1 6 9  0 . 3 7 

Sub * Se *GP ( O )  9 6  2 3 47 2 . 1 6 0  2 4 4 . 5 0 1  

Se *VF 3 1 0 6 . 9 0 0  3 5 . 6 3 3  0 . 1 3 

O* Se*VF 3 2 67 . 2 0 9  8 9 . 0 7 0  0 . 3 2 

Sub * Se *VF ( O )  2 4  6 4 1 2 . 3 8 9  2 6 7 . 1 82  

( cont inued ) 

2 7 6  

p 

0 . 0 2 

0 . 03 

0 . 05 
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Tab l e  3 ( cont inued ) 

Source df  s s  MS F p 

GP*VF 4 6 3 2 . 9 8 5  1 5 8 . 2 4 6  1 .  6 5  

O*GP *VF 4 1 3 6 . 2 3 5  3 4 . 0 5 8  0 . 3 6  

Sub* G P *VF ( O )  3 2  3 0 0 0 . 6 7 9  9 3 . 7 7 1  

S e * G P *VF 1 2  1 5 7 5 . 3 74 1 3 1 . 2 8 1  0 . 8 8 

O * S e *GP*VF 1 2  1 5 0 2 . 7 65  1 2 5 . 2 3 0  0 . 8 4 

S * Se *GP *VF ( O )  9 6  1 4 2 4 9 . 3 6 0  1 4 8 . 4 3 0  

Tota l  3 9 9  1 0 7 6 0 3 6 . 3 9 0 2 6 9 6 . 8 3 3  



Table 4 .  ANOVA : Condi t ion x GP x VF , col lapsed over 

Sess ions and St imulus . 

Hori zontal GPs 

Source df s s  MS F p 

Subj 9 2 4 5 8 1 2 . 6 0 2  2 7 3 1 2 . 5 1 1  

Cond 1 2 4 7 0 . 6 6 8  2 4 7 0 . 6 68  1 .  9 0  

Subj *Cond 9 1 1 7 1 6 . 6 0 2  1 3 0 1 . 8 4 4  

GP 2 8 8 0 . 2 1 2  4 4 0 . 1 0 6  3 . 0 1 0 . 0 8 

Subj *GP 18 2 6 3 5 . 3 2 9  1 4 6 . 4 07 

Cond*GP 2 2 5 9 . 5 8 7  1 2 9 . 7 9 3  0 . 7 1 

Subj *Cond*GP 1 8  3 2 9 6 . 4 5 4  1 8 3 . 1 3 6  

VF 1 1 3 0 3 . 5 0 2  1 3 0 3 . 5 02  4 . 4 5 0 . 0 7 

Subj *VF 9 2 6 3 4 . 8 5 2  2 9 2 . 7 6 1  

Cond*VF 1 1 1 1 . 1 6 8  1 1 1 . 1 68  0 . 7 5  

Subj *Cond*VF 9 1 3 3 4 . 3 5 2  1 4 8 . 2 6 1 

GP*VF 2 2 0 8 . 42 9  1 0 4 . 2 1 4 1 . 8 6 

Subj *GP*VF 1 8  1 0 0 7 . 0 2 9  5 5 . 9 4 6  

Cond*GP*VF 2 5 1 7 . 3 8 7  2 5 8 . 6 9 3 2 . 3 2 

Su*Con * G P*VF 1 8  2 0 0 5 . 4 0 4  1 1 1 . 4 1 1  

Total 1 1 9  2 7 6 1 9 3 . 5 8 1  2 3 2 0 . 9 54 

( cont inued ) 
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Tab l e  4 ( cont inued ) 

Vert i c a l  GPs 

Sourc e  df s s  MS F p 

Subj 9 2 3 7 2 3 9 . 6 2 7  2 6 3 5 9 . 9 5 8  

Cond 1 1 5 0 8 . 7 5 2  1 5 0 8 . 7 5 2  1 .  7 3  

Subj * C ond 9 7 8 6 5 . 6 4 3  873 . 9 6 0  

GP 2 1 5 1 . 2 8 7  7 5 . 6 4 3  0 . 4 7 

Subj * G P  1 8  2 8 6 8 . 2 5 4  1 5 9 . 3 4 7  

Cond* G P  2 2 1 9 . 8 2 9  1 0 9 . 9 1 4  0 . 9 5 

Subj * C ond*GP 18 2 0 8 8 . 2 1 2  1 1 6 . 0 1 1  

VF 1 1 2 0 6 . 5 0 2  12 0 6 . 5 0 2  3 . 8 6 0 . 0 8 

Subj * VF 9 2 8 1 5 . 0 6 0  3 1 2 . 7 8 4  

Cond* VF 1 6 3 . 8 0 2  63 . 8 0 2  0 . 5 5 

Subj * Cond*VF 9 1 0 47 . 9 2 7  1 1 6 . 4 3 6  

GP *VF 2 2 4 8 . 5 7 9  1 2 4 . 2 8 9  3 . 2 0  0 . 0 7 

Subj * GP *VF 1 8  6 9 8 . 7 9 5  3 8 . 8 2 1  

Cond * G P *VF 2 12 . 3 0 4  6 . 1 5 2  0 . 3 0 

Su* Con*GP*VF 18  3 7 0 . 9 0 4  2 0 . 6 0 5  

Total 1 1 9  2 5 8 4 0 5 . 4 8 1  2 1 7 1 . 4 7 4  
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Tabl e 5 .  ANOVA : GP x VF , collapsed over Condi t ion ,  Ses s ion 

and S t imulus . 

Hori zontal GPs 

Source df ss MS F p 

Subj ect 9 1 2 2 9 0 6 . 3 0 1  1 3 6 5 6 . 2 5 5  

GP 2 4 4 0 . 1 0 6  2 2 0 . 0 5 3  3 . 0 1 0 . 0 8 

Sub*GP 1 8  1 3 1 7 . 6 6 4  7 3 . 2 0 3  

VF 1 6 5 1 . 7 5 1  6 5 1 . 7 5 1  4 . 4 5 0 . 0 7 

Sub*VF 9 1 3 1 7 . 4 2 6  1 4 6 . 3 8 0  

GP*VF 2 1 0 4 . 2 1 4  5 2 . 1 0 7  1 .  8 6  

Sub*GP*VF 1 8  5 0 3 . 5 1 4  2 7 . 9 7 3  

Total 5 9  1 2 7 2 4 0 . 9 7 8  2 1 5 6 . 62 6 

Ver t i cal GPs 

Source df s s  MS F p 

Subj 9 1 1 8 6 1 9 . 8 1 3  1 3 1 7 9 . 9 7 9  

GP 2 7 5 . 6 4 3  3 7 . 82 1  0 . 4 7 

Subj *GP 1 8  1 4 3 4 . 1 2 7  7 9 . 67 3  

VF 1 6 0 3 . 2 5 1  6 0 3 . 2 5 1  3 . 8 6  0 . 0 8 

Subj *VF 9 1 4 0 7 . 5 3 0  1 5 6 . 3 9 2 

GP*VF 2 1 2 4 . 2 8 9  6 2 . 1 4 4  3 . 2 0  0 . 0 7 

Subj *GP*VF 1 8  3 4 9 . 3 9 7 1 9 . 4 1 0  

Total 5 9  1 2 2 6 1 4 . 0 5 3  2 0 7 8 . 2 0 4 
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Table 6 . Simple main e f fect s : GP X VF . 

Blocked condi t ion : Hori z ontal GPs 

Source df ss MS F p 

Subj 9 1 1 8 6 1 5 . 1 8 7  1 3 1 7 9 . 4 6 5  

GP 2 6 2 7 . 9 2 5  3 1 3 . 9 6 2  1 .  7 5  

Subj *GP 1 8  3 2 3 0 . 3 2 5  1 7 9 . 4 6 2  

VF 1 1 0 8 8 . 0 0 4  1 0 8 8 . 0 0 4  3 . 5 0 

Subj *VF 9 2 7 9 8 . 7 8 7  3 1 0 . 9 7 6  

GP*VF 2 47 . 0 0 8  2 3 . 5 0 4  0 . 6 9 

Subj *GP *VF 1 8  1 0 9 6 . 57 5 6 0 . 9 2 0  

Tot a l  5 9  1 2 7 5 0 3 . 8 1 2  2 1 6 1 . 0 8 1  

Blocked condition : Vertical GPs 

Source df ss MS F p 

Subj 9 1 0 7 6 8 9 . 3 7 0  1 1 9 6 5 . 4 8 5  

GP 2 2 8 8 . 9 5 8  1 4 4 . 4 7 9  0 . 9 5 

Subj *GP 18  2 7 2 8 . 2 9 1  1 5 1 . 5 7 1  

VF 1 3 5 7 . 7 0 4  3 5 7 . 7 0 4  1 . 1 1 

Subj *VF 9 2 8 87 . 5 0 4  3 2 0 . 8 3 3  

GP*VF 2 87 . 5 5 8  4 3 . 7 7 9  1 . 3 2 

Subj *GP *VF 1 8  5 9 8 . 3 5 8  3 3 . 2 4 2  

Tot a l  5 9  1 1 4 6 3 7 . 7 4 5  1 9 4 3 . 0 1 2  

( cont inued ) 
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Table 6 ( cont i nued ) 

Random condi t i on : Hor i z ontal GPs 

Source df s s  MS F p 

Subj 9 1 3 8 9 1 4 . 0 1 6  1 5 4 3 4 . 8 9 0  

GP 2 5 1 1 . 8 7 5  2 5 5 . 9 3 7  1 . 7 1  

Subj *GP 1 8  2 7 0 1 . 4 5 8  1 5 0 . 0 8 1  

VF 1 3 2 6 . 6 6 6  3 2 6 . 6 6 6  2 . 5 1 

Subj *VF 9 1 1 7 0 . 4 1 6  1 3 0 . 0 4 6  

GP*VF 2 6 7 8 . 8 0 8  3 3 9 . 4 0 4  3 . 1 9  0 . 0 7 

Subj *GP *VF 1 $  1 9 1 5 . 8 5 8  1 0 6 . 4 3 6  

Total 5 9  1 4 6 2 1 9 . 1 0 0  2 4 7 8 . 2 8 9  

Random condi t i on : Ver t i cal GPs 

Source df s s  MS F p 

Subj 9 1 3 7 4 1 5 . 9 0 0  1 5 2 6 8 . 4 3 3  

G P  2 8 2 . 1 5 8  4 1 . 0 7 9  0 . 3 3 

Subj *GP 1 8  2 2 2 8 . 17 5  1 2 3 . 7 87 

VF 1 9 1 2 . 6 0 0  9 1 2 . 6 0 0  8 . 4 2 0 . 0 2 

Subj *VF 9 9 7 5 . 4 8 3  1 0 8 . 3 87 

GP*VF 2 1 7 3 . 3 2 5  8 6 . 6 62 3 . 3 1  0 . 0 6  

Subj *GP*VF 1 8  4 7 1 . 3 4 1  2 6 . 1 8 5  

Total 5 9  1 4 2 2 5 8 . 9 8 3  2 4 1 1 . 1 6 9  
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Appendix E3 

Experiment 3 

Table 1 .  I ndividual mean median RTs ( msec ) as a funct ion o f  

GP , VF and S t imulus . VF and condi t ions are shown separately . 

W=word ; NW= nonword . 

Blocked 

CVF 

GP1 GP2 GP3 GP4 GP5 

w NW w NW w NW w NW w NW 

4 5 5  5 3 5  4 5 9  5 1 7  5 0 0  5 1 5 4 62 5 2 4  4 8 4  5 2 2  
5 3 0  5 5 4  5 3 0 6 0 0  5 8 2  5 6 8  5 8 9  5 7 1  5 3 9  5 6 9  
6 1 7  6 1 1  5 9 9  5 9 0  5 9 0  5 7 8  5 4 8  5 8 1  5 7 0  5 8 9  
4 5 3  5 0 8  4 6 1 4 7 8  4 6 0  4 8 6  4 5 9  4 6 9  5 0 4  5 1 3  
5 5 8  5 8 4  5 0 9  5 2 5  5 1 6  5 3 6  5 0 1  5 3 4  4 9 8  5 1 7  
5 5 6  5 8 0  4 9 7 5 5 2  4 9 0  5 63 5 1 7  5 5 0  5 2 8  5 6 0  
4 1 4 4 9 8  4 2 7  4 8 3  4 1 4  4 7 8  4 2 8  4 6 6  4 2 3  4 9 9  
5 5 6  6 0 8  5 6 2 5 9 3  5 5 4  5 8 8  5 3 2  5 7 3  53 5 6 1 5  
5 4 0  5 3 2  5 2 8  5 5 8  5 1 1  5 1 9 5 1 1  5 5 0  4 9 5  5 3 4  
4 7 5  5 2 9  4 6 5 5 0 0  4 6 6  5 1 9 4 9 3  5 0 6  4 5 7  4 9 3  
4 6 1 4 67 4 67 4 9 4  4 9 7 5 2 1  4 62 5 0 1  4 8 5  5 2 2  
4 3 6  4 3 5  4 8 5  4 4 1  4 7 3  4 3 6  477  4 3 8  4 6 0  4 3 5  

LVF 

5 1 9  4 0 8  5 2 6 4 3 6 5 2 3  4 2 8  5 1 4  4 2 7  5 1 8  4 1 7  
5 5 4  5 4 2  5 7 2  5 4 5  5 9 0  5 6 8  5 8 4  5 6 1  562  5 4 0  
5 9 9  5 0 9  6 1 8  5 4 2  6 2 3 5 2 4  5 7 2  5 0 9 5 9 7  5 4 0  
5 2 6  4 4 6  5 4 5  4 2 9  4 9 4  4 3 4  4 8 4  4 2 5  52 5 4 4 5  
5 4 5  4 9 3  5 6 4  4 4 5  5 8 3  4 5 8  5 5 3  4 62 4 6 5  4 5 8  
5 6 6  4 8 5  5 5 1  4 8 1  5 5 8  5 1 5  5 6 5  4 7 9  57 0 5 2 0  
5 1 0  3 6 3 5 1 8  4 1 6  4 8 7  4 0 0 4 6 6  3 7 5  5 1 6  3 9 3 
5 9 3  5 0 0  5 9 3  5 0 1  5 7 5  5 2 6  5 8 9  4 9 5  5 6 1  5 0 7  
5 3 2  4 4 9  5 7 8  4 7 2  5 6 8  4 7 0  5 5 8  4 52 53 9 4 3 4  
4 9 0  4 5 9  4 8 7  4 4 9  4 9 4  4 4 6  4 8 4  4 6 9  482  4 5 0  
5 1 0  4 4 4  4 9 3  4 4 3  5 1 2  4 8 0  4 8 1  4 4 0  553  4 4 6  
4 3 6  4 2 6  4 9 3  4 3 8  4 64 3 9 8  4 3 1  4 4 7  442  4 3 0  

( cont inued ) 
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Table 1 ( cont i nued ) 

RVF 

GP1 GP2 GP3 GP4 GP5 

w NW w NW w NW w NW w NW 

5 0 3  4 5 0  5 0 3  4 8 0  5 1 4  4 6 1 5 12 4 9 6  5 2 7  4 7 3  
5 5 9  5 8 0  5 4 7  5 6 5  5 5 5  6 1 5  5 6 6  5 8 4  5 6 4  5 9 1  
6 1 3  5 7 3  5 7 1  5 9 4 6 0 9  5 4 1  5 5 2  5 4 2  5 8 6  5 4 4  
4 6 7  4 62 4 82 4 4 7  47 6 4 7 3  4 7 3  4 3 0  5 0 0  4 7 5  
5 5 8  5 3 3  5 1 4  4 9 0  5 1 8  5 2 0  5 0 4  4 9 5  5 2 4  5 2 3  
5 6 2  5 2 9  5 2 2  5 14 5 3 7  5 1 3  5 2 7  5 2 0  5 5 7  5 4 2  
4 8 5  4 1 4  4 5 0  4 2 6  4 8 4  4 0 4  4 7 0  4 0 4  4 67 4 2 2  
5 5 8  5 67 5 6 9  5 3 4  5 6 6  5 7 1  5 6 8  5 3 7  5 5 2  57 0 
5 0 1  5 2 1  5 2 2  5 1 0  5 3 8  5 0 5  5 3 1  4 8 7  5 1 8  4 8 7  
4 8 5  4 7 3  4 8 1 5 0 5  5 1 4  4 9 1  4 7 8  4 5 9  4 63 4 6 8  
4 8 6  4 7 3  4 83 4 4 9  5 1 6  4 6 8  4 9 3 4 5 7  4 9 8  4 6 4  
4 0 7  4 2 8  4 5 2  4 7 3  4 4 7  5 1 2  4 2 9  4 9 4  4 3 6  4 6 6  

Random 

CVF 

5 2 2  5 1 5  5 1 0  5 2 0  5 1 4  5 2 9  5 3 0  5 3 5  5 0 7  52 1 
5 9 4  5 7 1  5 9 3  6 1 1  6 0 9  6 1 2  5 7 9  6 3 5 5 6 7  5 9 0  
5 3 4  5 6 1  5 2 1  5 6 9  5 3 2  5 6 3  5 1 8  5 4 9  5 1 4  6 0 2  
4 7 5  5 3 0  4 8 7  5 2 4  4 8 9  5 3 1  4 7 6  5 1 9  4 8 4  5 4 2  
4 9 7  5 3 1  4 9 5  5 3 6  5 0 8  5 4 0  5 1 6  5 5 1  5 1 2  5 4 9  
4 8 7  5 0 9  4 9 1  5 4 4  47 1 5 0 0  477  5 1 1  5 0 8  52 1 
4 9 7  5 8 7  5 0 4  5 6 3  4 8 4  5 6 0  5 0 4 5 5 8  4 9 6  57 9 
4 5 9  4 9 8  4 7 5  4 9 0  4 8 9  4 9 0  4 6 8 4 9 5  4 6 4  47 6 
5 2 5 5 4 0  4 9 9  5 3 4  5 1 0  5 5 2  5 0 8  5 3 3 4 9 9  5 1 5  
5 3 6  5 4 3  5 5 2  5 3 1  5 3 2  5 6 9  5 3 7  5 3 3  5 4 7  5 4 1 

( cont inued ) 
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Table 1 ( cont inued ) 

LVF 

GP1 GP2 G P3 GP4 GP5 

w NW w NW w NW w NW w NW 

5 0 5  5 0 3  5 4 4  4 9 1  5 3 4  4 7 8  5 4 6  4 8 2  5 3 3  5 0 1  
6 1 6  4 7 2  6 2 3  4 7 1  5 9 7  4 7 4  5 8 2  4 6 8  6 4 1  4 4 0  
6 2 4  4 5 9  6 0 0  4 8 6  6 0 0  4 7 6  5 6 6  4 7 7  5 7 0  4 8 6  
5 2 8  4 5 7  5 3 1  4 7 1  5 1 6  4 7 3  5 4 5  4 5 9  5 1 8  4 5 2  
5 6 7 4 6 0  5 5 5  4 7 8  5 6 5  4 9 1  5 6 1  4 6 5  5 8 0  4 7 4  
5 2 1  4 6 0  5 1 8  4 6 5  5 4 3  4 5 5  5 6 0  4 6 4 5 2 7  4 4 8  
5 5 7  4 6 8  5 84 4 5 3  5 6 2  4 8 8 5 5 7  4 5 7  5 9 0  4 5 3  
5 2 5  4 3 1 5 1 7  4 3 1  5 2 8  4 2 6 5 1 0  4 3 0  5 3 3  4 2 1  
5 4 5  4 9 4  5 4 0  4 7 9  5 6 0  4 8 3  5 4 1  4 62 5 5 6  4 7 8  
5 4 9  4 9 7  5 3 0  5 1 3  5 2 8  4 9 2 5 2 6  4 8 7  5 3 4  4 9 9  

RVF 

4 8 0  5 3 0  5 0 9  5 0 8  5 0 9  5 0 7  5 0 7  5 1 9  5 0 8  5 1 1  
5 6 8  5 6 7  5 4 3  5 2 8  5 5 1  5 3 8  5 67 5 2 6  5 6 5  5 2 7  
5 3 7  5 1 3  5 4 0  5 0 2  5 5 5  5 1 1  5 5 5  5 2 0  542  5 0 2  
5 0 9  5 0 0  5 0 2 4 5 3  5 1 5  4 8 5  4 9 8  4 8 5  4 9 6  4 7 1  
5 3 8 5 0 1  4 9 7 5 1 0  52 9 5 1 2  5 2 5  4 9 6  52 8 4 9 6  
5 0 8  4 9 2  4 9 1 4 8 0  4 9 1  5 0 8  4 8 5  4 7 7  5 2 8  4 6 9  
5 0 4  5 0 4  5 0 2 4 8 0  5 1 2  5 0 9  5 1 7  4 9 1  52 6 4 8 8  
4 9 0  4 67 4 6 6 4 5 0  4 9 9  4 5 8  4 9 2 4 5 6  4 8 8  4 6 1  
5 2 5  5 2 4  4 9 1  4 9 9  5 1 9  5 0 8  5 1 2  5 0 4  5 1 3  4 9 4  
4 9 5  5 2 2  4 9 8 5 6 3  5 3 8  5 3 4  5 1 9  5 3 2  5 2 4  5 1 9  
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Tabl e  2 :  ANOVA o f  Condit ion x ( GP x VF x S t imulus ) .  

Source df ss MS F p 

Condi t ion 1 1 3 3 3 8 . 9 5 2  1 3 3 3 8 . 9 5 2  0 . 3 4 

Sub ( C )  2 0  7 8 3 3 0 0 . 0 3 7  3 9 1 6 5 . 0 0 1  

GP 4 3 9 9 5 . 6 9 7  9 9 8 . 9 2 4  2 . 0 5 

C *GP 4 8 7 7 . 2 8 0  2 1 9 . 3 2 0  0 . 4 5 

Sub*GP ( C ) 8 0  3 9 0 5 4 . 4 9 6  4 8 8 . 1 8 1  

VF 2 1 3 9 5 4 2 . 8 0 9  6 9 7 7 1 . 4 0 4  8 9 . 1 1 0 . 0 0 0 1  

C *VF 2 4 3 2 2 . 5 5 1  2 1 6 1 . 2 7 5  2 . 7 6  0 . 0 8 

Sub*VF ( C )  4 0  3 1 3 17 . 9 3 6  7 82 . 9 4 8  

S t  1 2 5 8 8 5 3 . 5 2 6  2 5 8 8 5 3 . 52 6  6 7 . 9 7 0 . 0 0 0 1  

C * St 1 1 4 5 0 . 7 1 9  1 4 5 0 . 7 1 9  0 . 3 8 

Sub * S t ( C )  2 0  7 6 1 6 9 . 8 8 8  3 8 0 8 . 4 9 4  

GP*VF 8 1 8 0 9 . 7 4 7  2 2 6 . 2 1 8 1 . 2 2 

C *GP*VF 8 1 0 4 0 . 7 7 5  1 3 0 . 0 9 6  0 . 7 0  

Sub*GP*VF ( C )  1 6 0  2 9 6 5 2 . 6 5 6  1 8 5 . 3 2 9  

G P * S t  4 6 7 9 . 4 7 4  1 6 9 . 8 6 8  0 . 6 8 

C * G P * S t  4 1 64 9 . 9 8 5  4 1 2 . 4 9 6  1 .  6 5  

Sub * G P * S t ( C )  8 0  1 9 9 8 8 . 2 6 4 2 4 9 . 8 5 3  

( cont inued ) 
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Tab l e  2 ( cont inued ) 

Source df ss MS F p 

VF* St 2 5 6 7 3 . 4 8 5  2 8 3 6 . 7 4 2  6 . 7 9 0 . 0 0 5  

C *VF * St 2 1 5 8 6 . 2 5 3  7 9 3 . 1 2 6  1 .  9 0  

Sub*VF * St ( C )  4 0  1 6 7 0 5 . 1 2 5  417 . 6 2 8  

GP*VF * S t  8 3 1 6 5 . 2 3 6  3 9 5 . 6 5 4  1 .  9 0  0 . 0 7 

C *GP*VF * S t  8 1 7 0 7 . 0 0 6  2 1 3 . 3 7 5  1 .  0 3  

S *GP*VF * S t ( C )  1 6 0  3 3 2 5 2 . 8 9 7  2 0 7 . 8 3 0  

Tot a l  6 5 9  1 4 6 5 9 1 2 . 7 6 5  2 2 2 4 . 4 5 0  
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Table 3 .  ANOVAs : Condi t ion x GP X VF X S t imulus for the CVF 

only ( upper panel ) , and LVF and RVF only ( lower panel ) .  

CVF 

Source df ss MS F p 

Cond 1 6 1 0 . 3 1 0  6 1 0 . 3 1 0  0 . 0 5 

Subj ( Cond ) 2 0  2 3 0 5 1 0 . 62 2  1 1 5 2 5 . 53 1  

GP 4 2 4 2 6 . 1 7 0  6 0 6 . 542  3 . 1 8 0 . 0 2 

Cond*GP 4 2 0 6 . 4 9 7  5 1 . 62 4  0 . 2 7 

Su*GP ( Con ) 8 0  1 52 5 3 . 7 2 3  1 9 0 . 6 7 1  

S t im 1 1 2 5 4 0 6 . 1 4 9  1 2 5 4 0 6 . 1 4 9  8 0 . 1 3 0 . 0 0 0 1  

C ond*St 1 1 0 3 . 3 7 5  1 0 3 . 3 7 5  0 . 0 7 

Su*St ( Con ) 2 0  3 1 2 9 8 . 9 9 4  1 5 6 4 . 9 4 9  

G P * St 4 2 1 2 9 . 1 3 9  5 3 2 . 2 84 2 . 9 5 0 . 0 2 5  

C on*GP* S t  4 7 2 4 . 7 5 2  1 8 1 . 1 8 8  1 .  0 0  

S * GP * St ( C )  8 0  1 4 4 47 . 9 1 8  1 8 0 . 5 9 8  

Total  2 1 9  4 2 4 5 6 6 . 6 5 7  1 9 3 8 . 6 6 0  

LVF and RVF 

Source df ss MS F p 

C ond 1 1 5 3 7 1 . 6 5 0  1 5 3 7 1 . 6 5 0  0 . 5 4 

Sub ( Cond ) 2 0  5 7 1 0 7 0 . 3 2 2  2 8 5 5 3 . 5 1 6  

G P  4 2 7 1 4 . 6 6 5  6 7 8 . 6 6 6  1 . 5 6 

Cond*GP 4 7 6 6 . 3 2 3  1 9 1 . 5 8 0  0 . 44  

( cont inued ) 
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Table 3 ( cont inued ) 

Source d f  s s  MS F p 

Subj *GP ( Cond ) 8 0  3 4 8 7 8 . 9 7 6  4 3 5 . 9 87 

VF 1 5 0 9 7 . 6 8 3  5 0 9 7 . 6 8 3  7 . 8 2 0 . 0 1 

Cond*VF 1 1 6 7 9 . 5 4 3  1 6 7 9 . 54 3  2 . 5 8 

Su*VF ( Cond ) 2 0  13 0 3 7 . 0 2 9  6 5 1 . 8 5 1  

Stim 1 1 3 8 9 1 6 . 9 0 9  1 3 8 9 1 6 . 9 0 9  51 . 0 8 0 . 0 0 0 1  

Cond * S t im 1 2 8 9 8 . 5 1 5  2 8 9 8 . 5 1 5  1 .  0 7  

Su* St i ( Con ) 2 0  5 4 3 8 8 . 9 4 7  2 7 1 9 . 4 4 7  

GP*VF 4 6 6 4 . 6 0 9  1 6 6 . 1 5 2  0 . 7 2 

Cond*GP*VF 4 9 4 5 . 2 3 5  2 3 6 . 3 0 8  1 .  0 2  

Su *GP*VF ( Con ) 8 0  1 8 5 7 4 . 4 5 2  2 3 2 . 1 8 0  

GP* S t im 4 1 1 3 1 . 2 2 8  2 8 2 . 8 0 7  1 . 1 0 

Cond*GP* S t im 4 1 0 5 6 . 5 8 9  2 6 4 . 1 4 7  1 .  0 2  

Sub*GP* S t ( C )  8 0  2 0 6 5 4 . 0 7 2  2 5 8 . 17 5  

VF* S t im 1 2 0 3 . 9 5 2 2 0 3 . 9 5 2 0 . 57 

Cond*VF * S t im 1 3 5 . 0 8 1  3 5 . 0 8 1  0 . 1 0 

Sub*VF * St ( C )  2 0  7 1 87 . 0 7 2  3 5 9 . 3 5 3 

GP*VF * S t im 4 5 8 4 . 3 4 3  1 4 6 . 0 8 5  0 . 64 

Con*GP*VF * St i  4 1 5 7 5 . 6 5 0  3 9 3 . 9 1 2  1 .  7 4  

S *GP*VF * St ( C )  8 0  1 8 13 9 . 17 2  2 2 6 . 7 3 9  

Total 4 3 9 9 0 9 1 0 5 . 9 9 7  2 0 7 0 . 8 5 6  
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Table 4 .  ANOVAs : GP x VF x St imulus for CVF only . 

Hori zonta l  GPs 

Source df ss MS F p 

Subj 2 1  1 3 4 2 6 3 . 0 6 0  6 3 9 3 . 47 9  

GP 2 2 4 4 5 . 5 2 6  1 2 2 2 . 7 6 3  9 . 5 6 0 . 0 0 0 5  

Subj *GP 4 2  5 3 7 1 . 9 7 3  1 2 7 . 9 0 4  

St 1 6 7 8 64 . 0 0 7  6 7 8 6 4 . 0 0 7  9 8 . 1 2 0 . 0 0 0 1  

Subj * St 2 1  1 4 5 2 5 . 1 5 9  6 9 1 . 6 7 4  

GP* S t  2 1 3 7 6 . 0 2 6  6 8 8 . 0 1 3  4 . 2 0  0 . 0 3 

Subj *GP* St 4 2  6 8 8 6 . 8 0 6  1 6 3 . 9 7 1  

Tota l  1 3 1  2 3 2 7 3 2 . 5 6 0  1 7 7 6 . 5 8 4  

Vert ical  GPs 

Source d f  s s  MS F p 

Subj 2 1  1 5 1 9 9 3 . 8 1 0  7 2 3 7 . 8 0 0  

GP 2 1 1 6 9 . 0 0 3  5 8 4 . 5 0 1  3 . 0 1 0 . 0 6 

Subj *GP 4 2  8 1 4 2 . 9 9 6  1 9 3 . 8 8 2  

S t  1 8 7 4 2 1 . 2 8 0  8 7 42 1 . 2 8 0  8 1 . 2 0  0 . 0 0 0 1  

Subj * S t  2 1  2 2 6 0 9 . 8 0 3  1 0 7 6 . 6 5 4  

GP* St 2 62 . 9 8 1  3 1 . 4 9 0  0 . 1 4 

Subj * G P * S t  4 2  9 2 8 5 . 1 8 5  2 2 1 . 0 7 2  

Tot a l  1 3 1  2 8 0 6 8 5 . 0 6 0  2 1 4 2 . 6 3 4  
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T a b l e  5 .  One way ANOVAs f o r  the CVF f o r  words ( uppe r pane l ) 

and non-words ( l ower p an e l ) . The ANOVA f o r  words i s  based on 

GP 4 v s  t he average of GP 2 and GP 3 and t hat for non-words on 

GP 3 v s  t he ave rage of GP 2 and GP 4 .  

Words on l y  

S o u r c e df s s  MS F p 

Sub j 2 1  6 9 7 9 8 . 1 1 5  3 3 2 3 . 7 1 9  

GP 1 8 6 2 . 9 2 6  8 6 2 . 9 2 6  4 . 4 3 0 . 0 5 

S ub j * GP 2 1  3 2 1 0 . 1 1 5  1 5 2 . 8 6 2  

T ot a l  4 3  8 3 6 7 8 . 2 7 2  1 9 4 6 . 0 0 6  

N o n - w o rds o n l y  

S o u r c e  d f  s s  M S  F p 

S ub j 2 1  6 1 6 2 5 . 7 1 9  2 9 3 4 . 5 5 8  

GP 1 2 4 1 8 . 3 7 1  2 4 1 8 . 3 7 1  1 9 . 2 2 0 . 0 0 0 2 

S ub j * GP 2 1  2 5 3 8 . 2 9 5 1 2 0 . 8 7 1  

Tot a l  4 3  7 4 1 3 9 . 6 5 5  1 7 2 4 . 1 7 8  
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Table 6 .  ANOVAs : G P  x VF x St imulus for LVF and RVF only . The 

analy s i s  for the hori zonta l  GPs i s  presented in the top 

panel , t hat for the vert i cal GPs in the lower panel . 

Hori z onta l  GPs 

Source d f  s s  MS F p 

Sub 2 1  3 5 3 6 9 5 . 1 4 4  1 6 8 42 . 6 2 5  

GP 2 2 3 62 . 5 9 8  1 1 8 1 . 2 9 9  4 . 6 9 0 . 0 2 

Sub*GP 42 1 0 5 8 0 . 0 6 8  2 5 1 . 9 0 6  

VF 1 4 2 8 4 . 2 1 3  4 2 8 4 . 2 1 3  1 0 . 6 9 0 . 0 0 5  

Sub*VF 2 1  8 4 1 5 . 5 1 6  4 0 0 . 7 3 8  

GP*VF 2 2 9 9 . 7 4 9  1 4 9 . 8 7 4  0 . 6 5  

Sub*GP*VF 42  9 7 0 7 . 5 8 3  2 3 1 . 1 3 2  

St 1 8 1 4 2 8 . 5 3 1  8 1 4 2 8 . 5 3 1  4 8 . 2 9  0 . 0 0 0 1 

Sub* S t  2 1  3 5 4 1 0 . 6 1 4  1 6 8 6 . 2 1 9  

GP*St 2 7 8 0 . 2 9 5 3 9 0 . 1 4 7  2 . 1 6  

Sub*GP* St 4 2  7 6 0 3 . 1 2 1  1 8 1 . 0 2 6  

VF* St 1 3 0 4 . 4 4 0  3 0 4 . 4 4 0  0 . 6 9 

Sub*VF * S t  2 1  9 4 4 0 . 7 8 8  4 4 9 . 5 6 1  

GP*VF * St 2 5 7 7 . 0 2 2  2 8 8 . 5 1 1  1 .  6 0  

S *GP*VF * St 4 2  7 5 9 0 . 5 6 0  1 8 0 . 7 2 7  

Total 2 6 3 5 3 2 4 8 0 . 2 4 9  2 0 2 4 . 63 9  

( cont inued ) 
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Table 6 ( continued ) 

Vert ical G Ps 

Source df ss MS F p 

Sub 2 1  3 5 9 0 4 7 . 3 7 5  1 7 0 9 7 . 4 9 4  

GP 2 7 82 . 4 2 2  3 9 1 . 2 1 1  0 . 77 

Sub*GP 4 2  2 1 3 1 9 . 2 4 4  5 0 7 . 6 0 1  

VF 1 1 6 8 5 . 1 8 5  1 6 8 5 . 1 8 5  2 . 29 

Sub*VF 2 1  1 5 4 6 9 . 8 1 4  7 3 6 . 6 5 7  

GP*VF 2 1 2 8 . 1 6 0  6 4 . 0 8 0  0 . 3 1 

Sub*GP*VF 4 2  8 5 5 8 . 5 8 9  2 0 3 . 7 7 5  

St 1 7 7 9 3 6 . 7 2 7  7 7 9 3 6 . 7 2 7  4 3 . 1 4 0 . 0 0 0 1  

Sub*St 2 1  3 7 9 4 0 . 6 0 6  1 8 0 6 . 6 9 5  

GP* St 2 4 4 9 . 3 9 2  2 2 4 . 6 9 6  0 . 8 0 

Sub*GP*St 42  1 1 7 6 7 . 0 2 4  2 8 0 . 1 6 7 

VF* St 1 2 0 0 . 3 7 8  2 0 0 . 3 7 8  0 . 6 6 

Sub*VF*St  2 1  6 4 0 6 . 6 2 1  3 0 5 . 0 7 7  

G P *VF * St 2 2 8 1 . 6 6 0  1 4 0 . 8 3 0  0 . 5 3 

Su*GP*VF * S t  4 2  1 1 2 2 7 . 8 3 9  2 6 7 . 3 2 9  

Total 2 6 3 5 5 3 2 0 1 . 0 4 1  2 1 0 3 . 4 2 6  
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Tabl e  7 .  ANOVAs : GP x VF for LVF and RVF only . The ANOVA 

for the hor i zontal GPs i s  shown in the upper panel , t hat for 

the vert ica l  G Ps in the l ower panel . 

Hori zontal GPs 

Source df s s  MS F p 

Sub 2 1  1 7 6 84 7 . 57 2  8 4 2 1 . 3 1 2  

GP 2 1 1 8 1 . 2 9 9  5 9 0 . 6 4 9  4 . 6 9 0 . 0 2 

Sub*GP 42  52 9 0 . 0 3 4  1 2 5 . 9 5 3  

VF 1 2 14 2 . 1 0 6  2 1 4 2 . 1 0 6  10 . 6 9 0 . 0 0 5  

Sub*VF 2 1  4 2 0 7 . 7 5 8  2 0 0 . 3 6 9  

GP*VF 2 14 9 . 8 7 4  7 4 . 9 3 7  0 . 6 5  

Sub*GP*VF 4 2  4 8 5 3 . 7 9 1  1 1 5 . 5 6 6  

Tot a l  1 3 1  1 9 4 67 2 . 4 3 7  1 4 8 6 . 0 4 9  

Vert i ca l  GPs 

Source df ss MS F p 

Sub 2 1  1 7 9 5 2 3 . 6 8 7  8 5 4 8 . 7 4 7  

G P  2 3 9 1 . 2 1 1  1 9 5 . 6 0 5  0 . 7 7  

Sub*GP 4 2  1 0 6 5 9 . 6 2 2  2 5 3 . 8 0 0  

VF 1 8 4 2 . 5 9 2  8 4 2 . 5 9 2  2 . 2 9  

Sub*VF 2 1  77 3 4 . 9 0 7 3 6 8 . 3 2 8  

GP *VF 2 6 4 . 0 8 0  3 2 . 0 4 0  0 . 3 1  

Sub *GP*VF 4 2  42 7 9 . 2 9 4 5  1 0 1 . 8 8 7 

Tot a l  1 3 1  2 0 3 4 9 5 . 3 9 5  1 5 5 3 . 4 0 0  
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Tabl e  8 .  ANOVAs : Simple main e f f e c t s  for GP x VF . Separate 

ANOVAs are shown for Blocked and Random condi t i ons , and a l s o  

f o r  hori zontal and vert i c a l  GPs , as indicated . 

Blocked : Hori zontal GPs 

Source df ss MS F p 

Subj 1 1  1 3 1 8 0 5 . 6 0 4  1 1 9 8 2 . 3 2 7  

GP 2 1 3 87 . 7 6 3  6 9 3 . 8 8 1  3 . 8 4 0 . 0 5 

Sub*GP 22  3 9 7 7 . 8 6 5  1 8 0 . 8 1 1  

VF 1 7 0 3 . 1 2 0  7 0 3 . 1 2 5  2 . 8 5 

Sub*VF . 1 1  2 7 1 7 . 5 6 1  2 4 7 . 0 5 1  

GP*VF 2 7 2 . 2 2 0  3 6 . 1 1 1  0 . 2 5  

Sub*GP*VF 2 2  3 3 7 6 . 0 2 2  1 5 3 . 4 5 5  

Tot a l  7 1  1 4 4 0 4 0 . 1 6 2  2 0 2 8 . 7 3 4  

Blocked : Vert ical GPs 

Source df ss MS F p 

Sub 1 1  1 3 4 4 7 4 . 3 3 3  1 2 2 2 4 . 9 3 9  

GP 2 2 67 . 8 5 9  1 3 3 . 9 2 9  0 . 3 0  

Sub * G P  2 2  9 8 5 7 . 1 8 2  4 4 8 . 0 5 3  

VF 1 8 . 0 0 0  8 . 0 0 0  0 . 0 2 

Sub*VF 1 1  4 1 6 5 . 87 5  3 7 8 . 7 1 5  

GP*VF 2 2 9 0 . 9 4 2  1 4 5 . 4 7 1  1 . 4 8 

Sub*GP*VF 2 2  2 1 6 2 . 6 8 2  9 8 . 3 0 3 

Tot a l  7 1  1 5 1 2 2 6 . 8 7 5  2 1 2 9 . 9 5 5  

( cont inued ) 
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T ab l e  8 ( c ont inued)  

Randomi z e d . : Hor i z ont a l  GP s 

S ou r c e  d f  s s  MS F p 

Sub 9 4 0 1 6 8 . 6 2 6  4 4 6 3 . 1 8 0  

GP 2 1 6 3 . 1 8 1  8 1 . 5 9 0  1 .  5 6  

S ub * GP 1 8  9 4 2 . 5 2 7  5 2 . 3 6 2 

VF 1 1 5 6 8 . 2 5 9  1 5 6 8 . 2 5 9  1 0 . 3 7 0 . 0 1 

S ub *VF 9 1 3 6 0 . 9 1 7  1 5 1 . 2 1 3  

GP *VF 2 1 0 0 . 1 4 3  5 0 . 0 7 1  0 . 6 2 

S ub * GP * VF 1 8  1 4 5 5 . 2 7 2  8 0 . 8 4 8  

T o t a l  5 9  4 5 7 5 8 . 9 2 8  7 7 5 . 5 7 5  

Random i z e d : Ve rt i c a l  GP s 

S ou r c e  df s s  MS F p 

S ub 9 4 0 9 5 6 . 2 5 4  4 5 5 0 . 6 9 4  

G P  2 1 3 0 . 1 5 8  6 5 . 0 7 9  1 .  4 7  

S ub * GP 1 8  7 9 5 . 6 3 3  4 4 . 2 0 1  

VF 1 1 5 9 6  4 1 5 9 6 . 5 0 4  5 . 2 1 0 . 0 5 

S ub * VF 9 2 8 0 7 . 1 2 0  3 1 1 . 9 0 2  

GP *VF 2 1 7 9 . 1 5 8  8 9 . 5 7 9  0 . 9 4 

S ub * GP * VF 1 8  1 7 1 0 . 5 9 1  9 5 . 0 3 2  

T o t a l  5 9  4 8 1 7 5 . 4 2 0  8 1 6 . 5 3 2  
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Table 9 .  ANOVAs : GP x VF x St imulus for the CVF vs t he 

average o f  LVF and RVF col lapsed over Condit ion . The analy s i s  

f o r  the hor i z ontal G P s  appears in the upper panel , that for 

t he vert ical GPs in the lower panel . 

Hori zontal GPs 

Source d f  s s  MS F p 

Sub 2 1  4 0 0 8 5 2 . 6 0 1  1 9 0 8 8 . 2 1 9  

GP 2 4 0 4 6 . 1 8 1  2 0 2 3 . 0 9 0  8 . 4 4 0 . 0 0 1  

Sub*GP 4 2  1 0 0 6 6 . 4 8 4  2 3 9 . 6 7 8  

VF 1 774 5 9 . 6 6 6  7 7 4 5 9 . 6 6 6  1 1 6 . 5 0 0 . 0 0 0 1  

Sub*VF 2 1  1 3 9 6 1 . 5 7 6  6 6 4 . 8 3 6  

GP*VF 2 7 8 9 . 5 8 5  3 9 4 . 7 9 2  4 . 0 0 0 . 0 5 

Sub*GP *VF 4 2  4 1 4 9 . 5 2 5  9 8 . 7 9 8  

S t  1 1 4 2 4 7 1 . 5 9 8  1 4 2 4 7 1 . 5 9 8  8 4 . 4 3 0 . 0 0 0 1  

Sub * S t  2 1  3 5 4 3 6 . 8 1 0  1 6 8 7 . 4 67 

G P * St 2 2 0 1 . 5 3 2  1 0 0 . 7 6 6  0 . 4 5 

Sub*GP*St 4 2  9 4 0 9 . 9 9 4  2 2 4 . 0 4 7  

VF * S t  1 2 2 9 9 . 4 3 2  2 2 9 9 . 4 3 2  6 . 4 1 0 . 0 2 

Sub*VF * St 2 1  7 5 3 7 . 1 4 4  3 5 8 . 9 1 1  

GP*VF * St 2 2 1 5 3 . 3 6 6  1 0 7 6 . 6 8 3  9 . 3 4 0 . 0 0 0 1  

S * GP *VF * St 4 2  4 8 4 1 . 1 6 1  1 1 5 . 2 6 5  

Tot a l  2 6 3 8 0 2 0 5 2 . 6 0 1  3 0 4 9 . 62 9  

{ cont inued ) 
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Tabl e  9 ( cont i nued ) 

Vertical GPs 

Source df s s  MS F p 

Subj 2 1  4 2 8 0 3 4 . 7 7 6  2 0 3 8 2 . 6 0 8  

GP 2 1 3 9 4 . 8 6 5  6 9 7 . 4 3 2  1 .  7 1  

Subj *GP 4 2  1 7 1 4 2 . 2 1 7  4 0 8 . 1 4 8  

VF 1 7 5 3 0 9 . 0 0 1  7 53 0 9 . 0 0 1  1 1 3 . 0 6 0 . 0 0 0 1  

Subj *VF 2 1  1 3 9 8 8 . 5 54 6 6 6 . 1 2 1  

G P*VF 2 6 8 5 . 4 2 1  3 4 2 . 7 1 0  1 . 8 2 

Subj *GP*VF 4 2  7 9 2 7 . 9 4 0  1 8 8 . 7 6 0  

S t  1 1 62 0 8 1 . 9 4 4  1 6 2 0 8 1 . 9 4 4  7 5 . 5 3 0 . 0 0 0 1  

Subj * S t  2 1  4 5 0 6 4 . 2 7 7  2 1 4 5 . 9 1 7  

G P * St 2 3 5 0 . 1 7 1  1 7 5 . 0 8 5  0 . 7 0  

Subj *GP* S t  4 2  1 0 5 5 7 . 1 0 6  2 5 1 . 3 5 9  -

VF* St 1 6 4 3 7 . 5 8 0  6 4 3 7 . 5 8 0  1 3 . 0 3 0 . 0 0 2 

Subj *VF * S t  2 1  1 0 3 7 5 . 8 63 4 9 4 . 0 8 8  

G P *VF * St 2 3 3 . 3 9 8  1 6 . 6 9 9  0 . 0 7 

S *GP*VF * S t  4 2  9 6 6 7 . 8 2 3  2 3 0 . 1 8 6  

Total 2 6 3 8 6 5 2 3 6 . 8 5 3  3 2 8 9 . 87 3  
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Tabl e  1 0 . ANOVAs : GP x VF for the CVF vs the average o f  the 

LVF and RVF col l apsed over St imulus . The ana ly s i s  for the 

horizontal GPs appears in the upper panel , that for the 

vert ical GPs in the lower panel . 

Hori zontal GPs 

Source df ss MS F p 

Sub 2 1  2 0 0 4 2 6 . 3 0 0  9 5 4 4 . 1 0 9  

GP 2 2 0 2 3 . 0 9 0  1 0 1 1 . 5 4 5  8 . 4 4 0 . 0 0 1  

Sub*GP 42 5 0 3 3 . 2 4 2  1 1 9 . 8 3 9  

VF 1 3 87 2 9 . 8 3 3  3 8 7 2 9 . 8 3 3  1 1 6 . 5 1 0 . 0 0 0 1  

Sub*VF 2 1  6 9 8 0 . 7 8 8  3 3 2 . 4 1 8  

GP*VF 2 3 9 4 . 7 9 2  1 9 7 . 3 9 6  4 . 0 0 0 . 0 3 

Sub*GP*VF 4 2  2 0 74 . 7 6 2  4 9 . 3 9 9  

Total 1 3 1  2 9 3 0 8 9 . 0 1 9 . 2 2 3 7 . 3 2 0  

Vert ical GPs 

Source df ss MS F p 

Sub 2 1  2 1 4 0 17 . 3 8 8  1 0 1 9 1 . 3 0 4 

GP 2 6 9 7 . 4 3 2  3 4 8 . 7 1 6  1 .  7 1  

Sub*GP 42 8 57 1 . 1 0 8  2 0 4 . 0 7 4  

VF 1 3 7 6 5 4 . 5 0 0  3 7 6 5 4 . 5 0 0  1 1 3 . 0 6 0 . 0 0 0 1  

Sub*VF 2 1  6 9 94 . 2 7 7  3 3 3 . 0 6 0  

GP*VF 2 3 42 . 7 1 0  1 7 1 . 3 5 5  1 . 82 

Sub*GP*VF 4 2  3 9 63 . 9 7 0  9 4 . 3 8 0  

Total 1 3 1  3 0 8 8 8 1 . 9 2 6  2 3 57 . 87 7  
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Appendix E4 

Experiment 4 

Table 1 .  Individual mean median RTs (msec ) a s  a funct i on o f  

Condi t ion X GP X VF x S t imulus . Blocked dat a  for each VF are 

given in t he upper pane l , Randomi zed data i n  the l ower panel . 

H=�ri zontal , V=Vert ica l . 

Blocked 

CVF 

GP1 GP2 GP3 GP4 GP5 

H V H V H V H V H V 

4 4 5  4 5 1  4 2 9  4 6 3  4 2 6  4 4 1  4 5 6  4 5 8  4 5 1  4 1 9  
3 5 0  3 4 5  3 5 0  3 3 5  3 6 6  3 3 6  3 4 9  3 5 4  3 5 1 3 5 6  
4 2 5  3 7 7  4 1 1  4 0 7  3 9 5  3 9 0  4 1 3  3 7 8  4 0 8  3 8 1  
3 9 0  3 8 4 3 9 4 3 7 0  3 7 3  3 8 1  4 3 0  3 9 5  3 9 3 3 5 5  
3 6 1 3 64 3 5 9  3 6 0  3 7 6  3 54 3 47 3 5 1  3 7 1  3 4 7  
3 4 5  3 2 6  3 2 9  3 3 5  3 3 8  3 3 3  3 3 1  3 4 4  3 3 4  3 4 1  
4 0 3  3 5 9  4 0 1  3 6 8  4 0 9  3 6 1  3 8 1  3 5 9  3 8 0  3 5 1 
3 7 0  3 1 4 3 5 2 3 3 4  3 5 7 3 2 0  3 7 6  3 3 4  3 5 3 3 2 3  
3 62 3 6 0  3 7 6  3 7 4  3 7 2  3 6 1 3 87 3 9 2  3 9 2  3 6 0  
3 3 7  3 6 1 3 7 6  3 6 7 3 7 0  3 9 5 3 7 5  3 6 9  3 6 9  3 9 7 

LVF 

4 7 1  4 2 6 4 3 4  4 0 7  4 6 2 4 4 8  5 1 1  4 5 6  4 7 4  4 1 3  
3 5 9  3 5 6  3 3 5  3 4 3  3 5 6  3 4 6  3 5 1 3 4 9  3 4 3  3 5 1 
3 7 4  3 8 0  3 9 4 3 8 3  3 8 6  3 8 0  3 7 7 3 7 6  3 7 9  3 8 5  
3 9 9 3 9 5  4 0 4 3 6 3  3 9 5  3 5 0  4 1 1  3 9 8  3 9 8 3 5 7 
3 82 3 6 0  3 6 5 3 6 3  3 6 0  3 6 0 3 5 8 3 5 9  3 54 3 7 7  
3 4 9  3 3 5  3 3 6  3 4 4  3 4 8  3 3 3  3 4 8 3 2 7  3 4 9  3 2 8  
3 8 3 3 6 0  3 8 2 3 8 1  3 7 9  4 0 3  3 7 9  3 6 5  3 6 9  3 7 5  
3 64 3 2 9  3 5 6  3 5 2  3 5 1  3 2 8  3 52 3 3 3  3 57 3 2 0  
3 7 9  3 8 0  3 64 3 8 5  3 5 8  3 64 3 9 2 3 7 7  3 9 8 3 8 1  
3 7 9  3 63 3 6 8 3 7 0 3 9 0  3 7 0  3 6 8 3 7 6  3 9 4  3 9 5  

( cont inued ) 
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Table 1 ( continued ) 

RVF 

GP1 GP2 GP3 GP4 GP5 

H V H V H V H V H V 

4 6 3  4 5 2 4 6 1  4 4 1  4 7 0  4 2 5  4 6 1  4 4 9  4 6 5  4 0 0  
3 3 6  3 6 7 3 5 8  3 6 3  3 7 2  3 3 7  3 6 7 3 6 0  3 4 6  3 4 0  
3 7 6  3 6 5 3 9 9  3 7 8  3 6 0  3 7 1  3 7 5  3 7 3  3 7 1  4 0 3  
3 9 6  3 8 0  3 9 1  3 7 8  3 9 6  3 6 3 4 0 8  3 8 5  4 2 1  3 7 7  
3 6 5  3 5 9  3 5 5  3 5 2 3 4 5  3 6 7 3 4 6  3 54 3 6 3 3 5 3 
3 5 5  3 5 6  3 4 0  3 5 2 3 4 6  3 3 9  3 6 1  3 2 9  3 4 3  3 2 5  
3 5 0  3 8 9 3 6 8 3 9 5  3 6 9  4 0 4  3 5 5  3 8 0 3 5 7 3 8 7 
3 5 2  3 6 4 3 6 5  3 7 0  3 3 8  3 3 9  3 7 1  3 3 9  3 7 1  3 4 7  
3 4 1  3 6 0  3 6 3 3 6 9  3 5 5  3 6 3 3 8 2  3 7 7 3 5 8  3 5 7 
3 8 7  3 6 3  3 7 0  3 7 0  3 6 6  3 6 9  3 7 3  3 67 3 7 3  3 7 2  

Random 

CVF 

3 9 9  3 8 8 3 9 6  3 9 9  3 8 0  3 9 5  3 8 1  3 9 0  3 8 5  3 9 7  
3 6 7  3 4 4  3 4 8  3 4 0  3 4 9  3 2 7  3 4 6  3 4 4  3 3 6  3 3 2  
3 6 9  3 5 8 3 6 4 3 6 3  3 6 8  3 7 6  3 5 3 3 62 3 7 4  3 5 9  
3 6 0  3 6 7 3 4 4  3 5 6  3 6 6  3 6 7 3 5 5 3 4 6  3 4 4  3 5 0  
3 2 7  3 1 5  3 1 2 3 12 3 1 6  3 2 5  3 1 9  3 0 2 3 1 1  3 1 1  
3 6 8  3 9 7  3 6 5  3 7 9  3 8 7 3 8 5 3 8 7 3 8 8 3 6 8  3 8 7 
3 8 7  3 6 6  4 0 1  3 62 4 2 4  3 8 7  3 7 7  3 7 9  4 0 4  3 7 6  
4 2 3  4 0 0  3 9 8  4 0 8  4 1 5  3 8 1 3 9 4  3 8 7 4 1 6  3 9 6  
3 6 1  3 4 5  3 3 9  3 4 7  3 2 4  3 4 2  3 1 6  3 6 1 3 2 7  3 7 3  
3 8 4 3 5 3 3 7 7  3 7 6  3 7 4  3 5 1  3 5 4  3 6 3 3 6 1  3 6 2 

LVF 

4 0 8  3 7 7  3 9 1  3 7 6  4 1 0  3 7 4  4 0 3  3 7 7  3 9 7  3 7 7  
3 3 3  3 0 9  3 3 9  3 1 8  3 3 7  3 3 5  3 3 3  3 3 7  3 3 6  3 1 6  
3 6 3  3 4 0  3 7 2  3 4 2  3 6 2  3 3 7  3 7 0  3 1 6  3 6 6  3 4 4  
3 7 3  3 2 7  3 6 6  3 2 8  3 9 4  3 1 6 3 6 1 3 5 6 3 7 3  3 2 9  
3 2 6  3 1 3 3 2 9  2 9 9  3 3 2  3 0 7 3 4 1  3 0 9 3 3 5  3 0 1  
3 8 4  3 5 8 3 9 3  3 5 8 4 0 5  3 6 1  3 9 3  3 4 2  3 8 9  3 5 2 
4 1 1  3 5 9  3 8 4 3 4 6  4 0 9  3 7 9  3 9 2 3 8 4 4 0 1  3 5 7 
4 3 5  3 4 3  4 4 5  3 7 0  4 0 9  3 4 6  4 3 6  3 6 4 4 6 0  3 5 9  
3 5 1  2 8 9  3 5 5  2 9 6  3 4 0  2 7 8  3 8 0  2 8 1  3 5 9  2 8 9  
3 6 4  3 5 4 3 9 2  3 7 2  3 9 6  3 7 8  3 7 9  3 4 7 3 4 6  3 5 4 

( cont inued ) 



3 0 2 

Tabl e  1 ( cont inued) 

RVF 

GP1 GP2 GP3 GP4 GP5 

H V H V H V H V H V 

3 6 2 3 9 6  3 62 3 8 1 3 7 6  3 8 8 3 7 5  3 8 1 3 8 8  3 8 6 
3 2 7  3 4 3  3 2 5  3 5 9  3 17 3 2 3  3 1 1  3 2 6  3 2 8  3 3 3  
3 6 8 3 6 5 3 6 0  3 5 9  3 6 8 3 6 3 3 7 3  3 5 6 3 5 2 3 5 5  
3 8 8 3 4 3  3 4 8  3 4 2 3 5 3 3 4 1  3 6 3 3 6 8 3 6 8  3 4 9  
2 9 6  3 2 2  3 2 8  3 1 7 3 4 0  3 2 2  3 3 7  3 1 4 3 0 8 3 1 7 
3 6 7 3 8 1 3 7 4  3 9 1 3 7 1  3 7 1  3 7 3  3 7 3  3 8 8  3 6 6  
3 9 8  3 9 5 4 1 6  3 6 7 3 82 3 5 8 3 8 8  3 9 6  3 7 9  3 6 2 
3 9 9  3 7 3  3 6 9 3 7 5  3 9 2  3 6 8 3 7 0  3 7 9  3 5 9  3 6 1 
3 6 6  3 2 5  3 57 3 2 3  3 5 2 3 2 4  3 64 3 2 8  3 4 8  3 3 9  
3 4 2  3 5 5  3 4 2 3 3 6  3 4 7 3 6 0  3 5 5  3 6 8 3 5 4 3 5 1  
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Tabl e  2 .  ANOVA : Condit ion x GP x VF x St imulus . 

Sourc e  d f  s s  MS F p 

Condi t ion ( C )  1 2 8 7 9 4 . 1 5 3  2 87 9 4 . 1 5 3  1 . 2 4  

Subj ( C )  1 8  4 1 7 2 2 7 . 0 0 4  2 3 17 9 . 2 7 8  

GP 4 7 67 . 3 1 4  1 9 1 . 8 2 8  0 . 8 9 

C*GP 4 7 6 2 . 0 1 9  1 9 0 . 5 0 4 0 . 8 9 

Sub * G P ( C ) 7 2  1 5 4 5 2 . 6 3 3  2 1 4 . 6 1 9  

VF 2 2 4 3 9 5 . 3 4 3  12 1 9 7 . 6 7 1  2 9 . 4 3 0 . 0 0 0 1  

C*VF 2 6 0 4 0 . 9 2 9  3 0 2 0 . 4 6 5  7 . 2 9  0 . 0 0 5  

Sub*VF ( C ) 3 6  1 4 9 2 1 . 7 4 3  4 1 4 . 4 9 2  

St imulus 1 7 4 8 0 . 0 7 0  7 4 8 0 . 0 7 0  6 . 0 9 0 . 0 3 

C * S t  1 5 3 0 7 . 4 0 0  5 3 0 7 . 4 0 0  4 . 3 2 0 . 0 5 

Sub * S t ( C ) 1 8  2 2 0 9 3 . 0 0 4  1 2 2 7 . 3 8 9  

GP*VF 8 1 0 8 9 . 57 3  1 3 6 . 1 9 6  1 . 1 6 

C *GP*VF 8 8 9 3 . 6 7 8  1 1 1 . 7 0 9  0 . 9 6 

Sub * G P*VF ( C )  1 4 4  1 6 8 4 1 . 7 3 1  1 1 6 . 9 5 6  

GP* St 4 4 3 6 . 6 6 9  1 0 9 . 1 67 0 . 82 

C *GP* S t  4 5 4 . 0 1 4  1 3 . 5 0 3  0 . 1 0 

Sub*GP* S t ( C )  7 2  9 6 3 9 . 54 9  1 3 3 . 8 82 

VF* St 2 3 0 8 6 . 9 6 3  1 5 4 3 . 4 8 1  3 . 62 0 . 0 5 

( cont inued ) 
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Tabl e  2 ( cont inued ) 

Source df ss MS F p 

C *VF * S t  2 5 6 . 3 0 3 2 8 . 1 5 1  0 . 0 7 

Sub*VF * St ( C )  3 6  1 5 3 5 4 . 5 8 3  4 2 6 . 5 1 6  

G P *VF * St 8 5 4 9 . 2 5 3  6 8 . 6 5 6  0 . 5 2 

C *GP*VF * St 8 1 4 1 1 . 6 3 8  1 7 6 . 4 5 4  1 . 3 3  

S * GP*VF * S t ( C )  1 4 4  1 9 0 7 7 . 9 2 5  1 3 2 . 4 8 5  

Tot a l  5 9 9  6 1 1 7 3 3 . 4 9 9  1 0 2 1 . 2 57 
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Table 3 .  Group mean median RTs ( msec ) as a funct ion o f  

Condi t i on ( Bl ocked vs Random) , GP , VF ( Left , Right , Centre ) 

and Stimulus ( Hori zont al vs Vertical ) . 

Blocked Random 

GP VF Stim Mean s . d .  Mean s . d .  

1 L H 3 8 4 . 2 0 3 3 . 5 4 3 7 5 . 0 5 3 5 . 0 0 
V 3 7 9 . 0 0 3 5 . 8 1 3 7 4 . 6 5 2 5 . 7 1 

R H 3 6 4 . 4 0 3 7 . 3 0 3 6 3 . 5 0 2 6 . 4 5 
V 3 7 5 . 7 0 2 8 . 82 3 6 0 . 0 0 2 6 . 7 2 

c H 3 7 2 . 4 5 3 7 . 1 8 3 6 1 . 5 0 3 2 . 2 1 
V 3 6 8 . 7 0 2 8 . 4 1 3 3 7 . 3 0 2 7 . 1 0 

2 L H 3 7 4 . 0 0 3 0 . 5 9 3 7 6 . 8 5 3 2 . 7 0 
V 3 7 7 . 9 5 3 0 . 9 7 3 6 4 . 7 0 2 9 . 3 0 

R H 3 7 1 . 5 5 3 9 . 1 4 3 6 4 . 4 0 2 8 . 2 2 
V 3 7 7 . 0 5 2 5 . 9 2 3 5 5 . 3 0 2 4 . 7 5 

c H 3 7 7 . 2 5 3 4 . 0 5 3 5 8 . 2 5 2 6 . 0 7 
V 3 6 9 . 3 5 2 0 . 4 3 3 4 0 . 8 0 2 9 . 4 0 

3 L H 3 7 8 . 9 5 3 3 . 9 5 3 7 9 . 7 0 3 2 . 9 5 
V 3 7 8 . 4 5 2 5 . 4 2 3 7 0 . 4 5 3 4 . 5 3 

R H 3 6 7 . 6 0 3 5 . 8 1 3 6 3 . 8 5 2 5 . 7 1 
V 3 6 7 . 9 5 2 8 . 5 0 3 5 2 . 0 5 2 3 . 1 0 

c H 3 7 1 . 9 0 3 8 . 3 5 3 6 0 . 0 5 2 2 . 3 9 
V 3 6 8 . 5 0 3 5 . 7 0 3 4 1 . 3 0 3 3 . 6 2 

4 L H 3 8 5 . 1 0 4 8 . 5 7 3 7 9 . 0 5 3 0 . 0 7 
V 3 8 4 . 8 0 3 8 . 9 8 3 5 8 . 5 0 2 6 . 8 8 

R H 3 7 3 . 6 5 3 5 . 8 1 3 6 2 . 4 5 2 6 . 9 2 
V 3 7 1 . 7 0 3 2 . 6 7 3 5 9 . 1 5 2 7 . 2 8 

c H 3 8 0 . 0 0 3 3 . 1 4 3 6 1 . 1 0 2 2 . 1 5 
V 3 7 1 . 8 0 3 6 . 5 9 3 4 1 . 6 0 3 1 . 7 8 

5 L H 3 8 1 . 6 0 3 8 . 5 9 3 7 6 . 4 0 3 7 . 8 5 
V 3 8 0 . 4 0 3 3 . 2 5 3 6 2 . 9 5 3 3 . 5 2 

R H 3 6 3 . 2 5 2 8 . 2 3 3 6 4 . 6 5 2 7 . 7 0 
V 3 6 6 . 4 0 2 6 . 0 3 3 5 2 . 2 5 1 9 . 2 5 

c H 3 7 7 . 0 0 3 7 . 8 1 3 5 7 . 5 0 2 5 . 6 3 
V 3 6 8 . 4 5 2 9 . 1 3 3 3 8 . 1 5 2 8 . 0 7 



Tabl e  4 .  ANOVAs : Condi t i on x GP x VF for the CVF only . 

S eparate ANOVAs are shown for hori z ontal GPs ( upper pane l ) 

and vert ical GPs ( lower panel ) .  

Hori z ontal GPs 

Source df ss MS F p 

Cond 1 7 6 7 2 . 7 04  7 67 2 . 7 0 4 3 . 53 0 . 0 8 

Subj ( Cond ) 1 8  3 9 1 1 1 . 2  9 1  2 1 7 2 . 8 4 9  

G P  2 1 0 6 . 7 0 6  5 3 . 3 5 3 0 . 7 1 

Cond*GP 2 7 3 . 1 8 9  3 6 . 5 94  0 . 4 9 

Subj *GP ( Cond ) 3 6  2 6 8 9 . 2 7 0  7 4 . 7 0 1  

Tot a l  5 9  4 9 6 5 3 . 1 6 2  8 4 1 . 5 7 9  

Vert i cal GPs 

Source df s s  MS F p 

C ond 1 7 1 7 2 . 2 6 6  7 1 7 2 . 2 6 6  3 . 1 5 

Subj ( Cond ) 1 8  4 0 9 3 5 . 2 1 6  2 2 7 4 . 1 7 8  

G P  2 2 . 07 7  1 .  0 3  0 . 0 1 

Cond*GP 2 7 5 . 8 1 4  3 7 . 9 07 0 . 5 4 

Subj *GP ( Cond ) 3 6  2 5 04 . 7 3 3  6 9 . 57 5  

Total 5 9  5 0 6 9 0 . 1 0 8  8 5 9 . 1 54 

3 0 6  



Tabl e 5 .  ANOVAs : Condi t i on x GP x VF for the LVF and RVF 

only . Separate ANOVAs are shown for horizontal GPs ( upper 

panel ) and ver t ical GPs ( l ower panel ) .  

Hor i z ontal GPs 

Source d f  s s  MS F p 

Cond 1 3 1 1 6 . 1 0 2  3 1 1 6 . 1 0 2  0 . 6 2 

Subj ( Cond ) 1 8  9 0 6 3 1 . 7 0 2  5 0 3 5 . 0 9 4  

GP 2 8 4 . 1 1 6  4 2 . 0 5 8  0 .  3 6  

Cond*GP 2 2 6 8 . 4 6 6  1 3 4 . 2 3 3  1 . 1 6 

Subj *GP ( Cond ) 3 6  4 1 6 5 . 2 9 1  1 1 5 . 7 0 2  

VF 1 3 0 9 0 . 6 7 5  3 0 9 0 . 6 7 5  2 5 . 9 1 0 . 0 0 0 1  

Cond*VF 1 1 0 3 . 6 0 2  1 0 3 . 6 0 2  0 . 8 7 

Subj *VF ( Cond ) 1 8  2 1 4 6 . 8 2 7  1 1 9 . 2 6 8  

GP *VF 2 2 9 8 . 3 8 7 1 4 9 . 1 9 3  2 . 2 5 

Cond*GP *VF 2 2 5 2 . 62 9  1 2 6 . 3 1 4  1 . 9 1 

S*GP*VF ( Con ) 3 6  2 3 8 2 . 5 6 6  6 6 . 1 8 2  

Total 1 1 9  1 0 6 5 4 0 . 3 6 6  8 9 5 . 2 9 7  

( cont inued ) 

3 0 7 
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Table 5 cont inued ) 

Vert ical GPs 

Source d f  s s  MS F p 

Cond 1 1 7 7 8 . 7 0 0  1 7 7 8 . 7 0 0 0 . 3 8  

Subj ( Cond ) 1 8  8 4 1 6 4 . 0 7 9  4 67 5 . 7 8 2 

GP 2 2 5 9 . 8 7 9  1 2 9 . 9 3 9  1 . 4 2 

Cond*GP 2 2 3 . 0 3 7  1 1 . 5 1 8  0 . 1 3 

Subj *GP ( Cond ) 3 6  3 3 0 5 . 6 4 5  9 1 . 8 2 3  

VF 1 5 3 4 6 . 6 7 5  5 3 4 6 . 6 7 5  2 5 . 5 8 0 . 0 0 0 1  

Cond*VF 1 6 . 5 3 3  6 . 53 3  0 . 0 3 

Subj *VF ( Cond ) 1 8  3 7 6 1 . 6 8 7  2 0 8 . 9 82 

GP*VF 2 1 6 . 2 87 8 . 1 4 3  0 . 1 1 

Cond*GP*VF 2 1 5 6 . 82 9  7 8 . 4 14 1 .  02 

Su*GP*VF ( Con ) 3 6  2 7 6 9 . 1 1 2  7 6 . 9 1 9  

Total 1 1 9  1 0 1 5 8 8 . 4 6 6  8 5 3 . 6 8 4  
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Tabl e  6 .  ANOVAs : GP x VF for the CVF only . Separate ANOVAs 

are shown for hori zontal GPs ( upper panel ) and vert i cal GPs 

( lower panel ) .  

Hor i zontal GPs 

Source df s s  MS F p 

Subj 1 9  4 6 7 8 3 . 9 9 5  2 4 6 2 . 3 1 5  

GP 2 1 0 6 . 7 0 6  5 3 . 3 5 3  0 . 7 3 

Subj *GP 3 8  2 7 6 2 . 4 6 0  7 2 . 6 9 6  

Total 5 9  4 9 6 5 3 . 1 6 2  8 4 1 . 5 7 9  

Vert ical GPs 

S ource df s s  MS F p 

Subj 1 9  4 8 1 0 7 . 4 8 3  2 5 3 1 . 9 7 2  

GP 2 2 . 0 77 1 . 0 3 8  0 . 0 2 

Subj * GP 3 8  2 5 8 0 . 5 4 7  6 7 . 9 0 9  

Tot a l  5 9  5 0 6 9 0 . 1 0 8  8 5 9 . 1 5 4  
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Tabl e  7 .  ANOVAs : GP x VF for the LVF and RVF only . Separate 

ANOVAs are shown for hori zonta l  GPs ( upper panel ) and 

vert i ca l  GPs ( lower panel ) .  

Hor i z ontal GPs 

Sourc e  df ss MS F p 

Sub 1 9  9 3 7 4 7 . 8 0 4  4 9 3 4 . 0 9 4  

GP 2 8 4 . 1 1 6  4 2 . 0 5 8  0 . 3 6  

Sub*GP 3 8  4 4 3 3 . 7 5 8  1 1 6 . 677  

VF 1 3 0 9 0 . 67 5  3 0 9 0 . 67 5  2 5 . 0 9 0 . 0 0 0 1  

Sub*VF 1 9  2 2 5 0 . 4 2 9  1 1 8 . 4 4 3  

GP*VF 2 2 9 8 . 3 87 1 4 9 . 1 9 3  2 . 1 5 

Sub*GP*VF 3 8  2 6 3 5 . 1 9 5  6 9 . 3 4 7  

Tot a l  1 1 9  1 0 6 54 0 . 3 6 6  8 9 5 . 2 9 7 

Ver t i cal GPs 

Source df ss MS F p 

Sub 1 9  8 5 9 42 . 7 7 9  4 5 2 3 . 3 0 4  

GP 2 2 5 9 . 87 9  1 2 9 . 9 3 9  1 . 4 8 

Sub*GP 3 8  3 3 2 8 . 6 8 3  8 7 . 5 9 6  

VF 1 5 3 4 6 . 67 5  5 3 4 6 . 67 5  2 6 . 9 6 0 . 0 0 0 1  

Sub*VF 1 9  3 7 6 8 . 2 2 0  1 9 8 . 3 2 7  

GP*VF 2 1 6 . 2 87  8 . 14 3  0 . 1 1 

Sub*GP*VF 3 8  2 9 2 5 . 9 4 1  7 6 . 9 9 8  

Tot a l  1 1 9  1 0 1 5 8 8 . 4 6 6  8 5 3 . 6 8 4  
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Appendix E S  

Experiment 5 

Tabl e  1 .  Individual mean median RTs { rnsec ) as a funct ion o f  

Condi t i on x GP x VF x Stimulus . Erect { E )  and Inverted { I )  

s t imul i  are shown separat ely . Eye turning condi t ion dat a  are 

given in the f i r s t  s ix pane l s ,  Head turning dat a  in the l a s t  

s ix pane l s . 

Eye turning 

CVF Erect 

GP1 GP2 GP3 GP4 GP5 

6 9 9  6 9 4  7 4 0  7 0 3  7 0 8  
6 1 5  6 0 4  6 2 5  6 1 4  6 1 5  
7 8 8  7 4 4  7 5 5  7 1 8  7 1 4  
6 9 4  6 9 9  6 9 2 6 9 9  6 62 
8 5 7  8 1 9  9 52 8 2 7  9 0 9  
5 9 4  6 3 7  6 1 3  5 9 9  5 7 4  
5 3 6 5 9 8  5 7 1  5 9 4  6 0 6  
7 8 4  644  7 8 0 6 67 7 3 3  
8 1 8  8 1 2  8 6 0 8 1 3  8 3 1  
6 8 3  6 3 0  6 0 9  6 4 6  6 3 7  

I nvert ed 

8 8 2  8 4 0  8 1 5  9 2 4  8 3 4  
7 5 7  6 7 5  7 54 6 5 6  7 4 2  
7 3 2  1 1 7 9 1 0 5 5 1 0 57 1 1 1 5  

1 0 3 2  9 2 2  1 0 62 9 7 5  9 5 1  
1 0 12 9 8 8  1 0 52 9 4 0  1 0 2 9  

8 1 8  7 9 8  7 2 9  7 4 6  7 9 0  
8 2 5  7 4 2  8 7 4  8 7 5  7 3 9 
7 9 6  7 5 3  8 1 3  7 3 1  7 0 0  

1 2 3 3  1 1 5 1  1 2 2 3  1 1 9 0  1 1 4 0  
8 4 1  7 6 3 8 0 5 7 62 7 5 1  

{ cont inued ) 
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Table 1 ( cont inued ) 

LVF Erect 

GP1 GP2 GP3 GP4 GP5 

7 1 9  7 4 2 7 4 5  7 1 6  7 1 9  
6 4 6  7 1 0  6 6 0  5 8 8  6 1 9  
7 4 3  8 1 2  7 2 8  6 9 4  7 1 0  
7 2 1  6 9 4  7 2 1  7 5 4  6 9 5  
9 6 3 9 3 6  8 9 9  8 2 7  8 4 2  
7 0 6  6 4 1  6 4 9  6 0 8  6 0 2  
6 2 0  5 6 3  5 7 3  5 8 5  5 7 4  
7 8 1  6 7 8  7 4 8  7 1 0  7 8 9  
8 3 4  7 7 2  822  858  8 0 3  
6 9 5  7 0 6  6 7 1  7 0 7  6 8 5  

Invert ed 

8 5 9  8 7 2  9 1 0  9 1 3 8 7 7  
7 6 0 7 1 5  7 1 1  6 9 4  7 8 8  

1 2 0 1  9 8 0  1 0 77 1 1 0 3  1 0 1 0  
1 0 2 0  9 7 2  9 3 1  887  9 0 0  
1 0 8 0  1 0 2 1  1 2 7 1  1 0 7 6  1 1 3 4  

8 4 7  8 9 5  8 2 2  9 2 3  8 2 9 
8 1 3  7 4 9  7 9 6  7 6 6  7 6 6  
7 8 5  7 5 2  8 1 0  8 3 5  7 2 9  

1 1 0 7 1 2 0 3  1 0 9 7 1 2 2 7  1 0 8 9  
7 9 9  8 4 2  8 6 0  8 2 4  7 7 1  

RVF Erect 

6 7 6  7 2 2  7 2 5  7 4 8  7 4 2  
6 1 2 6 1 4  7 5 5  6 67 6 3 9  
6 8 8  7 0 4  7 1 6  7 8 9  7 1 7  
7 2 5  6 5 6  7 0 3  6 57 7 5 0  
9 4 1  8 9 6  8 7 5  9 7 0  9 2 9 
6 5 6  6 1 9  6 4 2  7 0 1  6 4 9  
5 7 8  5 6 8  5 9 1  6 0 6  6 1 5  
8 2 0  6 8 6  7 4 6  8 3 9  7 4 2  
8 6 8  8 4 7  9 1 2 8 3 4  8 4 5  
6 8 6  6 7 9  6 5 1  6 4 5  6 6 4  

( cont inued ) 
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Table 1 ( cont inued ) 

I nvert ed 

GP1 GP2 GP3 GP4 GP5 

8 9 2  9 4 5  9 2 4  9 2 3  8 6 9  
7 7 2  7 1 4  6 8 3  7 0 6  7 6 8  

1 1 5 5  1 0 5 9  1 0 1 8  1 1 2 6 1 1 3 3 
9 3 5  9 7 7  9 8 3  9 4 3  9 5 7  

1 1 3 7  1 0 6 6  1 1 5 8  1 0 3 0 1 0 0 5  
8 9 5  843  8 6 1  8 6 3  8 4 0  
7 6 3 8 0 9  8 0 2  8 0 8  8 1 9  
7 3 0  678  8 9 6  8 7 4  7 6 6  

1 2 0 3 1 2 2 3  1 1 9 5  1 1 2 5  1 1 3 1 
8 6 8 8 9 3  7 8 8  8 6 8  82 5 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Head turning 

CVF Erect 

GP1 GP2 GP3 GP4 GP5 

5 5 4  6 5 1  6 0 8  6 2 8 6 3 0 
8 4 1  8 1 1  8 1 1  8 4 2  8 2 8  
7 4 8  8 2 3  7 2 5  7 6 6  7 3 9  
9 4 5  9 1 1  9 1 3  8 4 4  7 8 8  
6 5 2  6 9 3  6 5 9  6 6 9  6 5 5  
6 0 2 5 3 4  5 5 6  6 1 0  5 8 2  
6 2 7  6 3 5  6 7 3  6 3 7  647  

-8 1 3  867  8 0 8  8 1 8  9 0 3  
7 0 3  6 3 7  7 3 7  7 3 2  677  
5 8 9  5 6 7  5 8 6  5 6 4  5 7 7  

I nverted 

6 1 8  6 5 4  6 3 5  6 9 3  6 8 2  
1 0 4 6  9 8 4  1 0 6 9  9 9 0  1 0 0 7  

9 5 3 1 0 0 1  9 2 8  9 8 1  9 2 8  
1 2 0 9  1 2 2 4  1 12 8  1 1 2 3  1 1 5 1  

8 3 9  804  7 6 7 82 6 7 8 1  
9 0 9  8 4 5  7 6 6  8 5 1  7 5 4  
7 6 1  7 0 5  7 2 1  7 3 5  7 4 6  
8 3 0  9 2 6  1 1 7 5  1 0 4 6  8 9 1  
8 5 3  822  7 9 0  82 8 7 8 7  
7 8 4  7 6 1 7 1 4  7 4 9  7 3 4  

( cont inued ) 
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Table 1 ( cont inued ) 

LVF Erect 

GP1 GP2 GP3 GP4 GP5 

6 2 8  6 6 9  6 5 7  5 9 8  6 47 
8 64 8 1 6  9 3 4  8 2 0  8 7 6  
7 4 7 7 1 5  7 5 5  8 4 5  7 3 7  
9 6 6  7 9 5  1 0 1 1  9 9 8  9 8 9  
6 9 8  6 6 9  6 8 3  7 0 4  6 9 8  
5 3 3  5 5 2  5 4 7  5 5 3  5 63 
7 0 3  6 9 4  7 0 4  7 2 3  6 7 8  

1 0 5 0  9 0 0  8 3 0  8 5 2  8 4 4  
6 7 5  7 5 5  6 3 3  6 9 3 6 9 6  
5 7 4  5 9 0  6 1 1  6 7 2  6 62 

Inverted 

6 7 4  6 9 5  6 6 4  7 5 8  6 8 0  
1 0 9 0  1 0 0 8  1 0 6 8 1 0 5 9  1 0 7 2  
1 0 0 1  1 0 8 6  9 1 1  1 1 1 9  9 4 8  
1 2 3 5  1 2 2 5  1 2 2 4  1 2 0 2 1 1 1 1  

8 2 8  8 6 9  8 3 0 8 3 8  8 4 1  
8 7 6  8 8 8  8 2 1  9 1 9  1 0 0 8  
8 2 7  7 7 1  7 9 0  7 8 3  7 6 9  

1 1 4 7  1 0 8 1  1 0 4 6  9 4 6  9 87 
8 4 8  8 7 7  8 9 0  7 8 9  8 2 9  
8 1 6  7 6 9  7 6 1 7 82 7 54 

RVF Erect 

5 8 6  6 3 4  6 0 8  672  6 1 6  
9 2 2  8 5 7  8 4 3  8 2 3  9 6 1 
7 67 7 4 9  7 67 7 3 8  8 0 3  
8 4 4  9 1 3  8 8 5  8 8 5  8 6 3 
7 0 7 7 1 7 7 1 2  6 64 6 9 0  
5 8 2  5 4 3  5 6 6  5 67 5 1 8  
7 2 1  7 5 4  7 2 7  7 3 4  7 0 1  

1 0 7 0  8 2 3  8 9 0  8 4 5  8 8 0  
7 5 0  7 2 0  7 1 5  6 82 6 7 4  
5 9 3  6 3 8  5 9 1  6 6 6  6 2 7  

( cont inued ) 
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T able 1 ( c ont inued)  

I nverted 

GP 1 GP2 GP 3 GP 4 GP 5 

7 2 4  6 9 3 8 0 5  6 5 6 7 1 1  
1 0 5 4  9 8 6  1 0 2 1  1 0 2 0  1 0 1 6  

9 6 4 1 0 1 7  1 0 0 8  8 2 2  1 0 1 7  
1 2 5 4  1 2 4 1  1 2 7 8  1 2 4 7  1 2 3 1  

8 2 8  8 6 7 8 5 3  8 5 7  8 7 2  
8 7 4  8 4 6  8 1 0  8 8 1  8 3 1  
8 1 3  7 7 3  8 3 8  7 8 9  8 4 7  
9 8 0  1 1 2 0  9 6 8  9 8 0  1 1 6 4 
8 7 7  8 4 9  8 7 5  8 0 7  8 4 3  
7 8 2  7 3 5  8 9 1  7 6 2 8 7 2  



Tabl e  2 :  ANOVA : Condit i on x ( GP x VF x St imulus ) 

Source df ss MS F 

c 1 1 1 . 62 0  1 1 . 62 0  0 . 0 0 

Sub ( C )  1 8  8 3 5 1 0 8 0 . 4 6 7  4 6 3 9 4 8 . 9 1 4  

GP 4 2 9 4 7 5 . 9 6 9  7 3 6 8 . 9 9 2  3 . 3 8  

C *GP 4 9 9 1 1 . 9 6 0  2 4 7 7 . 9 9 0  1 . 1 4 

Sub*GP ( C ) 7 2  1 5 7 1 4 8 . 0 7 0  2 1 82 . 6 1 2  

VF 2 1 2 0 0 4 1 . 0 0 0  6 0 0 2 0 . 5 0 0  2 3 . 4 6 

C *VF 2 9 0 6 6 . 0 7 5  4 5 3 3 . 0 3 7  1 . 7 7  

Sub*VF ( C )  3 6  9 2 1 0 9 . 6 8 9  2 5 5 8 . 6 0 2  

S t  1 5 1 5 9 5 8 9 . 9 3 3  5 1 5 9 5 8 9 . 9 3 3  8 4 . 7 5  

C * S t  1 1 8 8 8 8 . 8 7 0  1 8 8 8 8 . 8 7 0  0 . 3 1  

Sub * S t ( C ) 1 8  1 0 9 5 8 3 4 . 1 2 0  6 0 87 9 . 67 3  

GP*VF 8 1 1 6 0 3 . 5 6 5  1 4 5 0 . 4 4 5  0 . 6 7 

C *GP*VF 8 2 2 9 5 9 . 84 9  2 8 6 9 . 9 8 1  1 . 3 2 

Sub*GP*VF ( C )  1 4 4  3 1 2 1 7 5 . 2 3 4  2 1 67 . 8 8 3  

G P * S t  4 3 8 7 5 . 6 6 4  9 6 8 . 9 1 6  0 . 4 8  

C * G P * S t  4 2 5 9 7 . 0 8 5  6 4 9 . 2 7 1  0 . 3 2  

Sub * GP * S t ( C )  7 2  1 4 4 2 9 0 . 2 8 3  2 0 0 4 . 0 3 1  

VF * S t  2 2 9 3 1 . 3 0 2 1 4 6 5 . 6 5 1  0 . 6 5 

C *VF * St 2 3 1 8 4 . 3 6 0  1 5 9 2 . 1 8 0  0 . 7 0  

Sub* VF * St ( C )  3 6  8 1 4 6 8 . 7 3 6  2 2 6 3 . 0 2 0  

( cont inued ) 

3 1 6  

p 

0 . 0 2 

0 . 0 0 0 1 

0 . 0 0 0 1  



Table 2 ( cont inued ) 

Source 

GP*VF * S t  

C *GP*VF * St 

Sub*GP* 

df 

8 

8 

ss  

1 2 7 9 9 . 2 0 5  

2 0 5 1 6 . 2 3 9  

VF * S t ( C )  1 4 4  3 2 4 8 4 5 . 5 7 1  

Total 5 9 9  1 5 9 8 6 4 0 4 . 8 7 9  

MS 

1 5 9 9 . 9 0 0  

2 5 6 4 . 5 2 9  

2 2 5 5 . 8 7 2  

2 6 6 8 8 . 4 88  

F 

0 . 7 1 

1 .  0 1  

3 1 7 

p 
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Tabl e  3 .  ANOVAs : GP x VF for the CVF only , col l apsed over 

Condi t ion and S t imulus . The ANOVA for the hori zont a l  GPs i s  

shown in the upper pane l , that f o r  the vert i c a l  GPs i n  the 

l ower panel . 

Hori zontal GPs 

Source 

Sub 

GP 

Sub*GP 

Tot a l  

Ver t i c a l  GPs 

Source 

Sub 

GP 

Sub*GP 

Tot a l  

d f  

1 9  

2 

3 8  

5 9  

d f  

1 9  

2 

3 8  

5 9  

s s  

8 8 64 7 2 . 5 8 3  

2 5 7 1 . 3 0 8  

4 4 4 1 1 . 6 9 1  

9 3 3 4 5 5 . 5 8 3  

s s  

8 8 3 9 2 8 . 8 3 7  

6 6 1 4 . 1 0 2  

4 0 4 8 6 . 9 8 1  

9 3 1 0 2 9 . 9 2 0  

MS 

4 6 6 5 6 . 4 5 1  

1 2 8 5 . 6 5 4  

1 1 6 8 . 7 2 8  

1 5 8 2 1 . 2 8 1  

MS 

4 6 5 2 2 . 57 0  

3 3 0 7 . 0 5 1  

1 0 6 5 . 44 6  

1 5 7 8 0 . 1 68 

F p 

1 . 1 0 

F p 

3 . 1 0 0 . 0 6 
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Tabl e  4 .  ANOVAs : GP x VF for the LVF and RVF only , col lapsed 

over Condi t i on and St imulus . The ANOVA for the hor i z ontal 

GPs is shown in the upper panel , that for the vert ical GPs in 

the l ower panel . 

Hori z ontal G Ps 

Sourc e  df s s  MS F p 

Sub 1 9  1 6 4 3 2 4 3 . 1 0 9  8 6 4 8 6 . 47 9  

GP 2 1 9 6 3 . 4 63 9 8 1 . 7 3 1  0 . 7 7 

Sub*GP 3 8  4 8 7 5 6 . 6 1 9  1 2 8 3 . 0 6 8  

VF 1 1 4 9 . 0 7 5  1 4 9 . 0 7 5  0 . 2 4  

Sub*VF 1 9  1 1 6 0 8 . 7 4 7  6 1 0 . 9 8 6  

GP*VF 2 9 7 4 . 3 5 1 4 87 . 1 7 5  0 . 3 9 

Sub*GP*VF 3 8  4 7 5 3 9 . 3 57 1 2 5 1 . 0 3 5  

Tot a l  1 1 9  1 7 5 4 2 3 4 . 7 2 4  1 4 7 4 1 . 4 6 8  

Ver t i cal GPs 

Source d f  s s  MS F p 

Sub 1 9  17 6 6 3 2 7 . 6 5 1  9 2 9 6 4 . 6 1 3  

GP 2 5 3 4 1 . 7 82 2 67 0 . 8 9 1  2 .  5 2  0 . 0 9 

Sub*GP 3 8  4 0 3 0 6 . 1 3 4  1 0 6 0 . 6 8 7  

VF 1 2 2 3 3 . 87 5  2 2 3 3 . 87 5  2 . 7 1  

Sub* VF 1 9  1 5 67 1 . 57 2  8 2 4 . 8 1 9  

GP*VF 2 3 2 1 9 . 7 13 1 6 0 9 . 8 5 6  1 .  8 8  

Sub*GP*VF 3 8  3 2 47 5 . 1 1 9  8 5 4 . 6 0 8  

Tot a l  1 1 9  1 8 6 5 57 5 . 8 4 9  1 5 6 7 7 . 1 0 7 

I 
. 
I 



Table 5 .  ANOVA : GP x VF for the LVF , RVF , and CVF . The 

ANOVA for t he hori zontal GPs i s  shown in the upper panel , 

that for t he vert i c a l  GPs in the l ower panel . 

Hori zonta l  GPs 

Source df s s  MS F p 

Sub 1 9  2 4 9 5 6 54 . 2 3 9  1 3 1 3 5 0 . 2 2 3  

GP 2 4 1 5 6 . 7 3 1  2 0 7 8 . 3 6 5  1 . 4 3 

Sub*GP 3 8  5 5 1 8 1 . 9 6 3  1 4 5 2 . 1 5 6  

VF 2 2 9 8 6 5 . 2 0 2 1 4 9 3 2 . 6 0 1  12 . 42 0 . 0 0 0 1 

Sub*VF 3 8  4 5 6 7 0 . 2 0 0  1 2 0 1 . 84 7  

GP*VF 4 1 3 5 2 . 3 9 1  3 3 8 . 0 9 7  0 . 3 0 

Sub*GP*VF 7 6  8 5 5 2 5 . 7 0 5  1 12 5 . 3 3 8  

Total 1 7 9  2 7 1 7 4 0 6 . 4 3 4  1 5 1 8 1 . 0 4 1  

Vert ica l  GPs . 

Source df s s  MS F p 

Sub 1 9  2 6 2 0 7 0 6 . 2 1 4 1 3 7 9 3 1 . 9 0 6  

GP 2 1 0 7 3 6 . 6 5 8  5 3 6 8 . 3 2 9  6 . 4 5 0 . 0 0 5  

Sub*GP 3 8  3 1 6 4 4 . 3 6 9  8 3 2 . 7 4 6  

VF 2 3 8 2 7 8 . 8 8 9  1 9 1 3 9 . 44 4  1 6 . 0 8 0 . 0 0 0 1  

Sub*VF 3 8  4 5 2 2 1 . 8 4 6  1 1 9 0 . 0 4 8  

G P*VF 4 4 4 3 8 . 9 3 9  1 1 0 9 . 7 3 4  1 .  03 

Sub*GP*VF 7 6  8 1 62 3 . 8 6 5  1 0 7 3 . 9 9 8  

Total 1 7 9  2 8 3 2 6 5 0 . 7 8 4 1 5 8 2 4 . 8 6 4  

3 2 0  
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Table 6 .  ANOVA : G P  x VF for the CVF vs the average o f  LVF and 

RVF combined . The ANOVA for the hori z ontal GPs i s  shown in 

the upper panel , t hat for the vert ical GPs in the l ower 

panel . 

Hori zonta l  GPs 

Source df ss MS F p 

Subj 1 9  2 2 4 3 3 9 7 . 3 97  1 1 8 0 7 3 . 5 4 7  

G P  2 4 3 5 9 . 3 4 6  2 1 7 9 . 6 7 3  1 . 5 4 

Subj *GP 3 8  5 3 7 3 3 . 6 5 3  1 4 1 4 . 0 4 3  

VF 1 2 9 7 1 6 . 12 6  2 9 7 1 6 . 1 2 6  1 6 . 5 8 0 . 0 0 1  

Subj *VF 1 9  3 4 0 6 1 . 4 5 3  1 7 9 2 . 7 0 8  

GP*VF 2 3 7 8 . 0 4 0  1 8 9 . 0 2 0  0 . 1 9  

Sub*GP*VF 3 8  3 7 9 8 6 . 3 4 8  9 9 9 . 64 0  

Total 1 1 9  2 6 5 7 1 3 4 . 9 0 3  2 2 3 2 8 . 8 6 4  

Vert ical GPs 

Source df ss MS F p 

Subj 1 9  2 3 2 6 5 7 3 . 2 7 6  1 2 2 4 5 1 . 2 2 5  

GP 2 1 1 1 6 0 . 7 64 5 5 8 0 . 3 8 2  6 . 6 9 0 . 0 0 5  

Subj *GP 3 8  3 1 7 0 4 . 6 5 1  8 3 4 . 3 3 2  

VF 1 3 6 0 4 5 . 0 1 4  3 6 0 4 5 . 0 1 4  2 3 . 1 8 0 . 0 0 0 1  

Subj *VF 1 9  2 9 5 5 0 . 2 7 4  1 5 5 5 . 2 7 7  

GP*VF 2 1 2 1 9 . 2 2 6  6 0 9 . 6 1 3  0 . 47 

Sub*GP*VF 3 8  4 9 1 4 8 . 7 4 6  1 2 9 3 . 3 8 8  

Total 1 1 9  2 7 7 9 0 5 0 . 5 0 3  2 3 3 5 3 . 3 6 5  
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Tabl e  7 .  ANOVA : Simple main e f f ec t s  for GP x VF for the 

Hori z onta l  GPs only . The ANOVA for Eye turning i s  shown in 

the upper pane l , that for Head t urning in the l ower panel . 

Eye turning 

Source df s s  MS F p 

Sub 9 6 5 1 8 9 3 . 8 1 7 2 4 3 2 . 64 

GP 2 1 0 8 0 . 9 0 5 4 0 . 4 5 0 . 2 5  

Sub*GP 1 8  3 9 6 8 5 . 1 8 2 2 0 4 . 7 3 

VF 1 2 1 4 8 . 0 1 2 1 4 8 . 0 1 1 . 8 2 

Sub*VF 9 1 0 6 0 2 . 4 0 1 1 7 8 . 0 4 

GP*VF 2 3 7 5 5 . 8 3 1 8 7 7 . 9 1 0 . 9 7 

Sub*GP*VF 1 8  3 5 0 1 9 . 7 4 1 9 4 5 . 54 

Tot a l  5 9  7 4 4 1 8 5 . 9 0 1 2 6 1 3 . 3 2 

Head turning 

Sourc e  df s s  MS F p 

Sub 9 9 8 0 0 7 6 . 0 8 1 0 8 8 9 7 . 3 4 

GP 2 6 6 5 . 4 2 3 3 2 . 7 1 0 . 2 3  

Sub*GP 1 8  2 6 3 9 0 . 4 9  1 4 6 6 . 1 3 

VF 1 1 7 3 8 . 8 1 1 7 3 8 . 8 1 1 . 0 8 

Sub*VF 9 1 4 4 5 6 . 4 3 1 6 0 6 . 2 7 

GP*VF 2 9 5 5 8 . 5 5 4 7 7 9 . 2 7 4 . 3 7 0 . 0 3 

Sub*GP*VF 1 8  1 9 6 9 7 . 6 9 1 0 9 4 . 3 1 

Tot a l  5 9  1 0 5 2 5 8 3 . 5 0 1 7 84 0 . 3 9 
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Tabl e  8 .  One-way ANOVAs : Data are for the Head turning , 

hor i zontal GP condit ions only . The ANOVA for the LVF appears 

in t he upper panel , that for the RVF in the l ower panel . ( The 

CVF is not inc luded in thi s analys i s . )  

LVF 

Source 

Sub 

GP 

Sub*GP 

Tota l  

RVF 

Source 

Sub 

GP 

Sub * G P  

Tota l  

d f  

9 

2 

1 8  

2 9  

df 

9 

2 

1 8  

2 9  

s s  

4 6 1 1 6 2 . 67 

3 42 0 . 5 1 

3 7 2 0 0 . 1 5 

5 0 1 7 8 3 . 3 4 

s s  

5 3 3 3 6 9 . 8 4 

6 8 0 3 . 4 6 

8 8 8 8 . 0 3 

5 4 9 0 6 1 . 3 4 

MS 

5 1 2 4 0 . 2 9 

1 7 1 0 . 2 5 

2 0 6 6 . 6 7 

1 7 3 0 2 . 87 

MS 

5 9 2 6 3 . 3 1 

3 4 0 1 . 7 3 

4 9 3 . 7 7 

1 8 9 3 3 . 1 4 

F p 

0 . 8 3 

F p 

6 . 8 9 0 . 0 1 



Appendix Diff 

The ANOVAs in this appendix relate to the the analys i s  
incorporating task difficulty { Experiment ) as a factor . 

Tabl e  1 .  ANOVA : Experiment x GP x VF for Experiment 1 vs 

3 2 4  

Experiment 2 with the data f rom Experiment 2 col l apsed over 

condi t i ons . Dat a  are for LVF and RVF only . The ANOVA for 

the hor i zontal GPs i s  shown in the upper panel , that for the 

vertical GPs in the l ower panel . 

Hori zontal GPs 

Source df ss MS F p 

Expt 1 8 9 . 7 0 0  8 9 . 7 0 0  0 . 0 1 

Subj ( Expt ) 1 8  3 0 4 2 8 6 . 9 5 1  1 6 9 0 4 . 83 0  

GP 2 4 0 5 . 0 2 6  2 0 2 . 5 13  3 . 0 3 0 . 0 6  

Expt *GP 2 1 7 9 . 4 8 8  8 9 . 7 44  1 . 3 4  

Subj *GP ( Expt ) 3 6  2 4 0 4 . 3 3 9  6 6 . 7 8 7  

VF 1 1 2 2 0 . 8 1 3  12 2 0 . 8 1 3  6 . 4 1  0 . 0 2 

Expt *VF 1 1 . 3 54 1 . 3 54 0 . 0 1 

Subj *VF ( Expt ) 1 8  3 4 2 8 . 4 2 6  1 9 0 . 4 6 8  

GP*VF 2 2 8 9 . 0 1 3 1 4 4 . 5 0 6  5 . 9 8 0 . 0 1 

Expt * GP*VF 2 1 2 0 . 5 0 9  6 0 . 2 5 4  2 . 5 0 

Su*GP*VF ( Exp ) 3 6  8 6 9 . 2 8 9  2 4 . 1 4 6  

Total 1 1 9  3 1 3 2 9 4 . 9 1 1  2 63 2 . 7 3 0  

( cont inued ) 
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Tab l e  1 ( cont inued ) 

Vert ical GPs 

Source df ss MS F p 

Expt 1 1 0 5 . 9 3 8  1 0 5 . 9 3 8  0 . 0 1 

Subj ( Expt ) 18  3 0 9 8 0 0 . 0 1 7 1 7 2 1 1 . 1 1 2  

G P  2 3 8 7 . 4 5 7 1 9 3 . 7 2 8  2 . 8 3 

Expt *GP 2 5 5 . 3 4 4  27 . 6 7 2  0 . 4 0 

Subj *GP ( Expt ) 3 6  2 4 6 1 . 6 3 5  68 . 3 7 8  

VF 1 1 1 6 4 . 0 7 5  1 1 6 4 . 0 7 5  7 . 0 2 0 . 0 2 

Expt *VF 1 0 . 3 7 9  0 . 3 7 9  0 . 0 0 

Subj *VF ( Expt ) 18  2 9 8 3 . 5 3 4  1 6 5 . 7 5 1  

GP*VF 2 52 . 6 8 8  2 6 . 3 4 4  0 . 8 5 

Exp t *GP*VF 2 8 4 . 9 5 9  42 . 4 7 9  1 .  3 7  

Su*GP*VF ( Exp ) 3 6  1 1 1 6 . 7 0 6  3 1 . 0 1 9  

Tot a l  1 1 9  3 1 8 2 1 2 . 7 3 6  2 6 74 . 0 5 6  
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Table 2 .  ANOVA : Experiment x GP x VF for the data f rom 

Experiment s  1 ,  2 ,  3 ,  and 4 .  Data are for LVF and RVF only . 

The ANOVA for the hori zontal GPs i s  shown in the upper pane l , 

that for the ver t i c a l  GPs in the l ower panel . 

Hori z ontal GPs . 

Source df s s  MS F p 

Expt 3 1 4 8 3 7 7 5 3 . 9 6 1  4 9 4 5 9 1 7 . 9 87 1 7 4 . 1 9 0 . 0 0 0 1  

Subj ( Expt ) 7 8  2 2 1 4 7 3 5 . 1 0 6  2 8 3 9 4 . 0 3 9  

GP 2 1 6 7 5 . 9 4 3  8 3 7 . 9 7 1  2 . 1 3 

Expt *GP 6 1 9 0 7 . 0 7 9  3 17 . 84 6  0 . 8 1 

Su*GP ( Exp ) 1 5 6  6 1 4 9 5 . 0 1 5  3 9 4 . 1 9 8  

VF 1 3 3 1 8 . 9 1 5  3 3 1 8 . 9 1 5  1 2 . 5 4 0 . 0 0 1  

Expt *VF 3 2 3 0 8 . 0 1 0  7 6 9 . 3 3 6  2 . 9 1 0 . 0 5 

Su*VF ( Exp ) 7 8  2 0 6 3 6 . 9 0 9  2 64 . 57 5  

GP *VF 2 8 5 . 5 5 8  4 2 . 7 7 9  0 . 12 

Expt *GP*VF 6 1 9 1 0 . 1 3 2  3 1 8 . 3 5 5  0 . 9 0  

S *GP*VF ( E )  1 5 6  5 5 3 7 7 . 2 8 1  3 54 . 9 82 

Tot a l  4 9 1  1 7 2 0 1 3 1 4 . 6 8 3  3 5 0 3 3 . 2 2 7  

( cont inued ) 
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Table 2 ( cont inued ) 

Vert i c a l  GPs 

Source df ss MS F p 

Expt 3 1 5 0 5 9 2 4 7 . 3 9 6  5 0 1 9 7 4 9 . 1 3 2  1 6 6 . 87 0 . 0 0 0 1  

Subj ( Exp t ) 7 8  2 3 4 64 4 3 . 1 6 1  3 0 0 82 . 6 0 4  

GP 2 1 8 0 5 . 4 5 8  9 0 2 . 7 2 9  2 . 4 7  

Expt*GP 6 4 4 9 1 . 4 8 6  7 4 8 . 5 8 1  2 . 0 5 0 . 0 7 

Su*GP ( Exp ) 1 5 6  5 7 0 4 5 . 2 0 7  3 6 5 . 6 7 4  

VF 1 1 9 0 1 . 8 9 6  1 9 0 1 . 8 9 6  5 . 2 9  0 . 0 3 

Expt *VF 3 7 4 4 5 . 5 6 8  2 4 8 1 . 8 5 6  6 . 9 0 0 . 0 0 1  

Su*VF ( Exp ) 7 8  2 8 0 6 6 . 3 5 1  3 5 9 . 8 2 5  

GP*VF 2 72 0 . 0 1 4  3 6 0 . 0 0 7  1 . 3 6  

Expt * GP * VF 6 2 7 0 8 . 3 4 8  4 5 1 . 3 9 1  1 . 7 1  

S *GP*VF ( E )  1 5 6  4 12 2 9 . 2 8 4  2 6 4 . 2 9 0  

Total 4 9 1  1 7 5 5 1 0 7 8 . 57 8  3 5 7 4 5 . 57 7  



Appendix Meta 

The ANOVAs in this appendix relate to the meta 
analys i s  involving the data from the f i rst four 

experiments .  

3 2 8  

Tabl e 1 .  ANOVA : G P  x VF for the dat a  from Experiment 1 and 

the LVF and RVF dat a  from the randomi zed condi t i ons o f  

Experiment s  2 and 3 .  ( Hori zontal GPs only . ) 

Source df ss MS F p 

Sub 3 1  8 8 84 8 9 . 4 4 6  2 8 6 6 0 . 9 4 9  

G P  2 12 6 5 . 3 9 2 6 3 2 . 6 9 6  4 . 5 9 0 . 0 2 

Sub*GP 6 2  8 5 4 4 . 6 4 9  1 3 7 . 8 1 6  

VF 1 1 57 5 . 52 0  1 5 7 5 . 52 0  8 . 1 1 0 . 0 1 

Sub*VF 3 1  6 0 2 3 . 6 6 6  1 9 4 . 3 1 1  

GP*VF 2 6 9 4 . 0 6 3  3 47 . 0 3 1  3 . 57 0 . 0 5 

Sub*GP*VF 6 2  6 0 1 9 . 9 3 6  9 7 . 0 9 5  

Tota l  1 9 1  9 1 2 6 1 2 . 67 5  4 7 7 8 . 0 7 6  



Tab l e  2 ANOVA : GP x VF for the LVF and RVF data from the 

blocked condit ions of Experiment s 2 and 3 .  ( Hori z ont a l  GPs 

only . ) 

Source df ss MS F p 

Sub 2 1  6 0 6 3 3 9 . 804  2 8 8 7 3 . 3 2 4  

G P  2 1 9 6 6 . 5 4 6  9 8 3 . 2 7 3  5 . 6 9 0 . 0 1 

Sub *GP 4 2  7 2 5 7 . 3 2 8  1 7 2 . 7 9 3  

VF 1 1 7 4 9 . 0 9 2  1 7 4 9 . 0 9 2  6 . 6 1 0 . 0 2 

Sub*VF 2 1  5 5 5 8 . 3 8 6  2 6 4 . 6 8 5  

GP *VF 2 8 . 8 3 6  4 . 4 1 8  0 . 0 4 

Sub * GP*VF 4 2  4 5 8 2 . 9 9 7  1 0 9 . 1 1 8  

Tota l  1 3 1  6 2 7 4 6 2 . 9 9 4 7 8 9 . 7 9 3  

3 2 9  



Tabl e  3 .  ANOVA : Condit ion x GP for Experiments 1 ,  2 & 3 ,  

hori z onta l  GPs only . The ANOVA for the LVF i s  shown in the 

upper pane l , that for the RVF in the lower panel . 

LVF 

Source df ss MS F p 

Cond 1 7 7 0 2 . 4 2 7  7 7 0 2 . 42 7  0 . 5 1 

Sub ( Cond ) 5 0  7 4 9 9 0 2 . 9 2 8  1 4 9 9 8 . 0 5 8  

G P  2 1 7 3 7 . 8 1 4  8 6 8 . 9 0 7  7 . 5 6 0 . 0 0 1  

Cond*GP 2 1 2 8 . 2 5 3 6 4 . 1 2 6  0 . 5 6 

Sub*GP ( Cond ) 1 0 0  1 1 4 9 1 . 1 3 1  1 1 4 . 9 1 1  

Total  1 5 5  7 7 0 9 3 5 . 3 5 5  4 9 7 3 . 7 7 6  

RVF 

Sourc e  df ss MS F p 

Cond 1 7 4 2 2 . 4 7 8  7 4 2 2 . 47 8  0 . 52 

Sub ( Cond ) 5 0  7 1 7 3 42 . 3 4 9  1 4 3 4 6 . 8 4 4  

GP 2 5 7 2 . 0 5 9  2 8 6 . 0 2 9  3 . 04 0 . 0 5 

Cond*GP 2 9 4 0 . 67 3  4 7 0 . 3 3 6  4 . 9 9 0 . 0 1 

Sub*GP ( C ond ) 1 0 0  9 4 17 . 7 9 7  9 4 . 1 7 7  

Total  1 5 5  7 3 5 6 2 1 . 8 2 8  4 7 4 5 . 9 4 7  

3 3 0  
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Tab l e  4 .  ANOVA : GP x VF for the LVF and RVF data from the 
randorni z ed c onditions of Experiments 1 ,  2 and 3 .  ( Vert ical 
GPs only . ) 

Source df s s  MS F p 

Sub 3 1  8 8 7 2 4 9 . 2 3 8  2 8 6 2 0 . 9 4 3  

G P  2 3 3 . 7 74  1 6 . 887  0 . 0 8 

Sub *GP 62 1 3 7 9 6 . 2 6 7 2 2 2 . 52 0 

VF 1 1 0 1 5 . 2 2 0  1 0 1 5 . 2 2 0  4 . 3 8  0 . 0 5 

Sub*VF 3 1  7 1 8 3 . 9 4 6  2 3 1 . 7 4 0  

GP*VF 2 3 0 2 . 9 6 1 1 5 1 . 4 8 0  2 . 6 3 0 . 0 8 

Sub*GP*VF 6 2  3 5 7 5 . 9 9 6  5 7 . 677  

Tot a l  1 9 1  9 1 3 1 5 7 . 4 0 4 4 7 8 0 . 9 2 8  

Tab l e  5 .  ANOVA : GP x VF for the LVF and RVF data from the 
bloc ked cond i t i ons of Experiment s 2 and 3 .  (Vert ical GPs 
only . ) 

Source df s s  MS F p 

Sub 2 1  5 7 8 4 4 3 . 0 13  2 7 5 4 4 . 9 0 5  

GP 2 2 1 . 2 8 5  1 0 . 6 42 0 . 0 3 

Sub*GP 42  1 3 1 2 1 . 0 0 6  3 1 2 . 4 0 4  

VF 1 2 2 0 . 2 2 9  2 2 0 . 2 2 9  0 . 6 4 

Sub*VF 2 1  7 1 9 8 . 8 5 4  3 4 2 . 8 0 2  

GP*VF 2 3 4 7 . 5 4 6  1 7 3 . 7 7 3  2 . 61 0 . 0 9 

Sub * GP *VF 4 2  2 7 9 1 . 9 9 5  6 6 . 4 7 6  

Tot a l  1 3 1  6 0 2 1 4 3 . 9 2 9  4 5 9 6 . 5 1 8  



3 3 2  

Table 6 .  ANOVA : GP x VF for the LVF and RVF dat a  f rom 

Experiment s  1 ,  2 and 3 ,  combined over blocked and randomi z ed 

condit ions for the vert i cal GPs only . 

Source df ss MS F p 

Sub 5 3  1 4 8 2 2 3 2 . 5 8 9  2 7 9 6 6 . 6 5 2  

G P  2 2 . 3 9 5  1 . 1 9 7  0 . 0 0 

Sub*GP 1 0 6  2 6 9 6 9 . 9 3 8  2 5 4 . 4 3 3  

VF 1 1 1 5 6 . 0 0 0  1 1 5 6 . 0 0 0  4 . 2 4  0 . 0 5 

Sub*VF 5 3  1 4 4 6 2 . 2 5 0  2 7 2 . 87 2  

GP*VF 2 6 3 3 . 3 8 8  3 1 6 . 6 9 4  5 . 2 6 0 . 0 1 

Sub*GP*VF 1 0 6  6 3 8 5 . 1 1 1  6 0 . 2 3 6  

Total  3 2 3  1 5 3 1 8 4 1 . 67 2  4 7 4 2 . 54 3  
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Errata 

P .  4 3  l i ne 7 .  The sentence " Un fortunat e l y ,  the d i chot i c  

l i s t e n i ng p a r a di gm c annot be u s ed a s  e vi dence f o r  p r e fe re nt i a l  

act ivat i on o f  o n e  cereb r a l  hemi sphe re ove r the othe r . "  s ho u l d  

r e a d  " Un f o rt unat e l y ,  us i n g  t he di chot i c  l i s t en i ng p a r a d i gm as 

e v i de n c e  f o r  p r e fe rent i a l  a c t i vat i o n  of one hemi sphe r e  o v e r  

the o t h e r  i s  deb at able " .  

P .  6 0  l in e  1 6 .  The sent e n c e  " Tachi s t o s c op i c  pres ent a t -

i o n  . . .  c omput e r  mon i t o r . "  s h o u l d  r e a d  " Tachi s t o s c op i c  

pre s ent at i on w a s  s imu l at e d  u s ing e i the r a s l ide pro j e ct o r  or a 

compu t e r  mon i t o r  w i th the st imu l i  p r e s ent ed at the v i s u a l  

f i x at i o n  po int . "  

P .  8 1  l in e  2 4 , " ( John s on & D ark , 1 9 8 6 ) " should read 

" ( John s t on & D a r k ,  1 9 8 6 ) " .  

P .  1 7 1 l i ne 1 5 . The sent e n c e  " K in sbourne makes . . . .  s h o u l d  have 

no e f fe c t " shou l d  read " K in sbourne mak e s  no ment i o n  o f  t he s e 

but s i n c e  ips i l at e r a l  movement s wou l d  be driven by t he 

cont r a l at e r a l  u n engaged hemi sphere they should have n o  e f fect 

on GP " .  

P .  1 7 5  l i ne 1 0 . The sent e n c e  " Cert a i n l y , psycho l o g i c a l  

fun ct i o n s  c annot b e  a s s igned t o  var i ou s  part s o f  the b r a i n  

( Bu l l o c k ,  1 9 6 5 ; Lu r i a ,  1 9 6 6 ,  both c it e d  in S e rgent , 1 9 8 3 ) . "  

sho u l d  r e a d  " Ce rt a i n l y  i t  i s  debatab l e  whether o r  n o t  p s y c ho­

l o g i c a l  funct i o n s  c an be a s s i gned who l ly to e ither hemi sphere 

( Bu l l o c k ,  1 9 6 5 ;  Lu r i a ,  1 9 6 6 ,  both c it e d  in S e rgent , 1 9 8 3 )  . "  
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