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During the reading of connected text, visual information is acquired dur-
in g fixations .  Th e questio n addresse d i n thi s pape r  i s whe n durin g thes e fix -
atio n i s visua l  informatio n acquired ? I n orde r  t o dea l  wit h thi s question ,  i t 
i s  necessar y t o clarif y wha t  w e mea n b y th e "acquisition "  o f  information . 
Acquisitio n ca n b e distinguishe d int o tw o processes ,  registratio n an d utiliza -
tion .  Registratio n refer s t o visua l  infozmatio n becomin g availabl e t o th e 
brain .  Utilizatio n refer s t o th e visua l  informatio n bein g use d t o furthe r  th e 
comprehensio n o f  th e tex t  bein g read . 

At  leas t  fou r  differen t  pattern s o f  utilizatio n ar e possible .  (1 )  Utili -
zatio n immediatel y follow s registration .  Thi s expresse s th e common assumptio n 
tha t  th e firs t  5 0 ms o f  eac h fixatio n i s devote d t o informatio n acquisitio n 
and th e remainde r  o f  th e fixatio n perio d t o othe r  processin g activities .  (2 ) 
Utilizatio n fro m differen t  region s a t  differen t  times .  Some segment s o f  a 
wor d o r  tex t  may b e utilize d a t  differen t  time s tha n othe r  segments .  On e pos -
sibl e patter n o f  thi s kin d i s th e left-to-righ t  sca n (e.g .  Geyer ,  1970) .  Thi s 
state s tha t  letter s ar e utilized ,  i n a  lef t  t o righ t  sequence ,  beginnin g a t 
th e lef t  sid e o f  th e fiel d o f  clea r  visio n an d proceedin g t o th e right .  (3 ) 
Utilizatio n occur s continuousl y throughou t  th e fixation .  (4 )  Utilizatio n 
occur s a t  a .  specifi c  poin t  i n time .  Utilizatio n coul d occu r  a t  a  specifi c 
poin t  i n time ,  a s i n th e firs t  alternative ,  bu t  no t  necessaril y  immediatel y 
afte r  registration .  Tw o possibilitie s exist :  utilizatio n coul d occu r  at ,  o r 
after ,  th e en d o f  a  fixatio n o r  utilizatio n coul d occu r  durin g th e fixation , 
wit h th e specifi c  tim e o f  it s  occurrenc e bein g variable .  Thi s pape r  present s 
evidenc e whic h narrow s dow n thes e possibilitie s t o th e las t  alternative . 

Blanchard ,  McConkie ,  Zola ,  &  Wolverto n (1984 )  provide d evidenc e o n tw o 
hypotheses :  utilizatio n follow s registratio n an d th e left-to-righ t  scan .  Th e 
experiment s reporte d her e provid e evidenc e o n th e left-to-righ t  sca n an d con -
tinuou s utilizatio n hypotheses .  Thes e experiment s al l  us e a  variatio n o f 
Blanchar d e t  al.' s  (1984 )  technique . 

Blanchard et al. (1984): Experimental Procedure and Findings 

How can the time course of utilization be experimentally determined? 
Blanchar d e t  al .  (1984 )  manipulate d th e visua l  inpu t  availabl e durin g 
fixations .  I f  th e visua l  patter n i s differen t  a t  differen t  time s durin g th e 
fixation ,  the n wha t  th e reade r  report s havin g see n ca n specif y th e tim e a t 
whic h visua l  informatio n wa s utilized .  Fas t  contro l  ove r  th e stimulu s durin g 
th e proces s o f  readin g continuou s tex t  wa s achieve d throug h ey e movemen t 
contingen t  displa y control .  I n thi s technique ,  th e subjec t  read s tex t  fro m a 
cathod e ra y tub e (CRT )  linke d t o a  compute r  an d a n eyetracker .  Th e CRT 
provide s th e abilit y  t o chang e th e tex t  presente d i n an y wa y desire d ver y 
quickl y (approximatel y 4  m s ) .  Ey e movement s ar e monitore d whil e th e subjec t 
i s  reading .  Th e signa l  fro m th e eyetracke r  i s collecte d b y a  computer ,  whic h 
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identifies ,  o n line ,  whethe r  th e subjec t  i s  fixatin g o r  makin g a  saccade .  Th e 
tex t  displaye d o n th e CRT ca n b e change d contingen t  upo n wha t  th e subject' s 
eye s ar e doing .  I n th e manipulatio n use d b y Blanchar d e t  al .  (1984) ,  th e tex t 
was change a b y switchin g a  singl e lette r  o n th e line . 

Passage s wer e writte n i n whic h tw o word s fi t  int o th e sam e plac e i n th e 
text ,  e.g .  Th e undergroun d cavern s wer e mean t  t o hous e hidde n (tombs.bombs) . 
but  the n th e constructio n wa s stoppe d becaus e o f  lac k o f  funds .  Changin g a 
letter ,  fro m t  t o b ,  change s th e meanin g o f  th e text .  Thi s critica l  lette r 
was change d partwa y throug h eac h fixatio n tha t  th e subjec t  mad e i n th e 
vicinit y o f  th e letter .  Th e wor d containin g th e critica l  lette r  i s  th e 
critica l  word .  A t  th e beginnin g o f  a  fixation ,  on e wor d wa s i n th e tex t 
(tombs) .  Partwa y throug h th e fixation ,  th e lin e o f  tex t  wa s replace d b y a 
mask o f  X' s fo r  3 0 ms ,  an d th e tex t  wa s the n returne d t o th e scree n fo r  th e 
remainde r  o f  th e fixation .  However ,  afte r  th e mask ,  th e critica l  lette r  wa s 
differen t  tha n i t  ha d bee n i n th e earl y par t  o f  th e fixation ,  thu s changin g 
th e critica l  wor d t o bombs .  Durin g th e saccade ,  bomb s wa s change d bac k t o th e 
origina l  word ,  tombs ,  an d th e cycl e bega n again .  I n thi s way ,  th e sam e 
sequenc e o f  displa y change s wa s repeate d fo r  eac h fixation-saccad e cycle . 
Thi s sequenc e o f  change s cause d differen t  informatio n t o b e presen t  i n th e 
earl y an d lat e part s o f  th e fixation . 

The purpos e o f  th e mas k i n thi s experimen t  wa s t o eliminat e apparen t 
movement  whic h wa s localize d a t  th e critica l  lette r  positio n whe n th e lette r 
changed .  Localize d apparen t  movemen t  attract s attentio n t o th e locatio n o f 
th e movement .  Th e mas k cause s apparen t  movemen t  a t  al l  lette r  position s 
equally ,  thu s removin g th e effec t  cause d b y a  localize d change . 

Afte r  readin g eac h passage ,  th e subjec t  wa s give n fou r  tes t  words ,  on e 
afte r  another ,  an d indicate d fo r  eac h whethe r  o r  no t  i t  ha d bee n i n th e text . 
Two o f  th e tes t  word s wer e th e critical ,  changin g words ,  e.g .  tomb s an d bomb s 
i n th e abov e example .  Whic h wor d o r  word s wer e reporte d indicate d whethe r  th e 
critica l  lette r  wa s utilize d befor e th e mask ,  afte r  it ,  o r  throughou t  th e 
fixation . 

Give n thes e experimenta l  conditions ,  th e hypothesi s tha t  utilizatio n 
immediatel y follow s registratio n predict s tha t  onl y th e firs t  wor d presen t 
durin g th e fixatio n shoul d b e reported .  Blanchar d e t  al.' s  (1984 )  result s d o 
not  confor m t o thi s prediction.  Sometime s subject s reporte d readin g th e firs t 
word ,  sometime s bot h words ,  an d sometime s onl y th e secon d presente d word . 
Each o f  thes e report s occurre d wit h nearl y equa l  frequenc y (29 % fo r  th e first , 
36Z fo r  th e second ,  an d 35 Z fo r  both) .  Clearly ,  utilizatio n doe s no t 
inevitabl y occu r  a t  th e beginnin g o f  th e fixatio n — sometime s i t  occur s late r 
i n th e fixation . 

The Left-to-Righ t  Sca n Hypothesi s 

Blanchard et al. (1984) conducted several tests on the left-to-right scan 
hypothesis ,  an d foun d n o evidenc e fo r  it .  Tw o additiona l  experiment s wer e 
specificall y designe d t o tes t  thi s hypothesis . 

I n Experimen t  1 ,  th e sam e techniqu e a s Blanchar d e t  al .  wa s used ,  excep t 
now ther e wer e tw o critica l  letter s i n a  critica l  wor d instea d o f  jus t  one . 
Text s wer e use d i n whic h fou r  word s contrastin g b y tw o letter s al l  fi t  int o 
th e sam e positio n i n th e text ,  fo r  example ,  Ruth' s grea t  aun t  i s definitel y 
th e mos t  (mushy.musty.gushy.gusty )  perso n sh e ha s eve r  met .  Durin g fixation s 
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i n reading ,  th e tv o critica l  letter s wer e change d (wit h a n interpolate d mask ) 
80 tha t  on e o f  th e fou r  possibl e word s wa s presen t  durin g th e earl y par t  o f 
eac h fixatio n (mushy )  an d a  secon d wor d durin g th e latte r  par t  o f  eac h 
fixatio n (gusty) .  Th e othe r  tw o word s wer e neve r  presented .  I f  a  left-to -
righ t  sca n wer e takin g place ,  i t  woul d b e expecte d tha t  a t  leas t  sometime s th e 
firs t  critica l  lette r  fro m th e firs t  wor d an d th e secon d critica l  lette r  fro m 
th e secon d wor d woul d b e utilized ,  causin g th e subjec t  t o repor t  readin g a 
wor d tha t  wa s neve r  presen t  o n th e scree n (must y i n thi s example) .  Th e 
frequenc y o f  thi s phenomeno n woul d depen d o n th e spee d o f  th e sca n an d o n 
wher e th e sca n begin s (and ,  therefore ,  o n wher e th e fixatio n wa s wit h respec t 
to  th e critica l  letter) . 

The result s wer e muc h lik e Blanchar d e t  al .  (1984 )  i n tha t  th e subject s 
sometime s reporte d th e firs t  presen t  word ,  sometime s th e second ,  an d sometime s 
both .  However ,  the y di d no t  repor t  th e musty-typ e non-presente d word s whic h 
woul d b e expecte d fro m a  left-to-righ t  sca n hypothesi s wit h a  frequenc y 
greate r  tha n tha t  expecte d purel y b y error .  Also ,  ther e wa s no  patter n o f  th e 
frequenc y o f  suc h report s varyin g wit h wher e th e fixation s wer e wit h respec t 
t o th e positio n o f  th e critica l  letters .  Thus ,  n o suppor t  wa s foun d fo r  a 
left-to-righ t  scan . 

I n Experimen t  2 ,  th e sam e basi c procedur e a s i n Experimen t  1  wa s used , 
excep t  tha t  no w ever y lette r  i n th e critica l  wor d wa s change d afte r  th e mas k 
was remove d durin g fixations .  Passage s wer e writte n i n whic h a  pai r  o f 
critica l  word s differin g a t  ever y lette r  positio n fi t  int o th e sam e positio n 
i n th e text ,  fo r  example :  Sand y spen t  a  lon g tim e preparin g th e (melon.cakes ) 
fo r  desser t  an d completel y forgo t  abou t  th e hor s d'̂ oeuvres .  I n thi s case ,  i f 
a left-to-righ t  sca n take s place ,  ther e shoul d b e som e instance s wher e som e 
letter s fro m firs t  presente d wor d an d som e letter s fro m th e secon d presente d 
wor d ar e utilize d together .  Th e subjec t  woul d perceiv e a  non-wor d a s a 
result . 

The result s o f  changin g a n entir e wor d durin g a  fixatio n resembl e th e 
origina l  result s o f  Blanchar d e t  al.' s  (1984 )  singl e lette r  switch ,  i n tha t 
sometime s a  singl e wor d wa s reporte d an d sometime s bot h critica l  word s wer e 
reported .  However ,  th e relativ e frequenc y o f  reportin g bot h critica l  word s 
presente d durin g th e fixatio n double d wit h respec t  t o th e singl e lette r  chang e 
experiment .  Thi s may b e du e eithe r  t o th e greate r  possibilit y  o f  localize d 
movement  bein g perceive d despit e th e mas k o r  t o th e greate r  disruptio n t o th e 
perceptua l  processe s prio r  t o utilization .  Wit h respec t  t o th e sca n 
hypothesis ,  however ,  subject s di d no t  repor t  seein g non-words . 

I t  i s  possibl e tha t  instea d o f  seein g a  nonword ,  th e perceptua l  syste m 
may allo w som e kin d o f  erro r  recovery ,  wher e perhap s bot h critica l  word s ar e 
consciousl y perceived .  I n thi s case ,  instance s wher e onl y on e critica l  wor d 
i s reporte d woul d b e expecte d i n case s wher e th e sca n traverse d al l  th e 
letter s o f  th e critica l  wor d competel y befor e o r  afte r  th e mas k replace d th e 
text .  Thes e instance s woul d hav e t o b e case s wher e th e sca n starte d ver y 
clos e t o o r  fa r  awa y fro m th e critica l  word .  Thi s translate s t o th e 
predictio n tha t  th e probabilit y  o f  reportin g on e o r  bot h critica l  word s shoul d 
var y a s a  functio n o f  fixatio n location .  Thi s wa s not  th e case ,  however . 

The result s o f  thes e experiment s rul e ou t  th e left-to-righ t  scan ,  wit h 
th e possibl e exceptio n o f  ver y rapi d scans ,  faste r  tha n 1 0 ms pe r  letter . 
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The Memor y Proces s Explanatio n 

The next possible pattern is continuous utilization throughout the 
fixation .  Thi s woul d see m t o b e rule d ou t  b y Blanchar d e t  al.' s  (1984 )  basi c 
results ,  i n whic h subject s reporte d readin g onl y on e critica l  word ,  indicatin g 
tha t  utilizatio n di d no t  occu r  fo r  th e entir e duratio n o f  th e fixation . 
However ,  ther e i s a  wa y i n whic h continuou s utilizatio n coul d b e mad e 
compatibl e wit h thes e results .  Th e report s o f  readin g a  singl e wor d coul d b e 
explaine d throug h th e actio n o f  memor y processe s rathe r  tha n throug h 
perceptua l  processes .  Unde r  thi s alternativ e hypothesis ,  bot h critica l  word s 
presen t  durin g a  fixatio n ar e alway s perceive d (utilized) ,  bu t  on e o f  th e 
critica l  word s i s mor e susceptibl e t o forgettin g tha n th e other .  Case s wher e 
th e subjec t  report s readin g onl y a  singl e wor d ar e cause d b y forgettin g 
processe s operatin g afte r  utilization . 

Two experiment s wer e conducte d t o tes t  th e memor y proces s hypothesis .  I n 
Experimen t  3 ,  th e displa y change s an d text s wer e simila r  t o thos e use d b y 
Blanchar d e t  al .  (1984) :  a  singl e lette r  wa s change d durin g fixations . 
However ,  subject s i n Experimen t  3  wer e instructe d t o pres s a  butto n whil e the y 
wer e readin g i f  the y observe d a  wor d change .  Thes e wer e al l  non-naiv e 
subjects :  the y wer e awar e o f  wha t  a  lette r  chang e looke d like .  Th e memor y 
proces s explanatio n require s tha t  ther e shoul d b e n o correlatio n betwee n th e 
indication s o f  seein g a  lette r  chang e an d whethe r  subject s repor t  on e o r  bot h 
critica l  words .  Th e result s ar e no t  consisten t  wit h thi s explanation .  When 
subject s di d indicat e seein g a  lette r  change ,  the y reporte d bot h word s o n th e 
recognitio n tes t  92 % o f  th e time ,  an d whe n the y di d no t  indicat e a  change , 
the y reporte d a  singl e wor d 80 % o f  th e time .  Performanc e o n th e recognitio n 
tes t  appear s t o accuratel y reflec t  wha t  subject s ar e detectin g durin g thei r 
on-goin g reading .  Therefore ,  th e result s d o no t  suppor t  th e memor y proces s 
hypothesis . 

I n Experimen t  4 ,  th e singl e lette r  chang e techniqu e wa s agai n use d t o 
tes t  th e memor y proces s explanation .  On hal f  o f  th e passage s i n thi s 
experiment ,  th e tex t  wa s remove d fro m th e scree n completel y durin g a  saccad e 
takin g th e eye s awa y fro m th e critica l  word .  When thi s happened ,  subject s 
wer e instructe d t o verball y repor t  th e las t  fe w word s tha t  the y remembere d 
reading ,  an d t o repor t  an y lette r  change s the y ha d detected .  Thi s "turn-off -
the-text "  techniqu e i s a n alternativ e metho d t o th e recognitio n test .  I t 
greatl y reduce s non-immediat e effect s suc h a s memor y processe s b y obtainin g 
report s ver y soo n afte r  th e critica l  wor d wa s fixated .  O n hal f  th e texts , 
thi s turn-off-the-tex t  procedur e wa s used ,  bu t  o n th e remainder ,  subject s 
proceede d throug h th e tex t  withou t  interruptio n an d the n performe d th e 
recognitio n test .  Thi s allow s compariso n o f  th e tw o testin g method s an d 
assessmen t  o f  th e influenc e o f  non-inmediat e effect s o n subjects '  reports . 

Ther e wa s essentiall y  n o differenc e betwee n th e recognitio n tes t  an d th e 
immediat e verba l  reports ,  i n tha t  th e percentag e o f  report s o f  on e critica l 
wor d an d o f  bot h critica l  word s ar e nearl y th e same .  Thi s i s i n direc t 
contradictio n t o th e memor y proces s explanation ,  whic h predict s tha t  subject s 
shoul d alway s b e abl e t o repor t  bot h critica l  word s present ,  becaus e the y do 
not  hav e a n opportunit y t o forge t  on e o f  th e words .  A t  th e ver y least ,  th e 
probabilit y  o f  reportin g bot h critica l  word s shoul d increas e wit h th e 
immediat e verba l  reports ,  bu t  thi s i s no t  th e case .  I t  seem s saf e t o conclud e 
tha t  th e patter n o f  reportin g whic h wa s observe d i n th e recognitio n test s o f 
thi s an d previou s studie s largel y reflect s processe s tha t  ar e occurrin g durin g 
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perception ,  or ,  a t  least ,  durin g th e ver y earl y stage s o f  processing .  Thes e 
result s d o not  suppor t  th e memor y proces s explanation ,  an d s o ar e no t 
consisten t  wit h th e hypothesi s tha t  utilizatio n occur s continuousl y throughou t 
th e fixation .  Th e result s ar e consisten t  wit h th e positio n tha t  utilizatio n 
occur s durin g a  specific ,  delimite d poin t  i n tim e durin g th e fixation . 

Conclusion 

These experiments have clearly narrowed down the possible patterns of 
utilizatio n describe d above .  Utilizatio n doe s not  typicall y occu r  immediatel y 
afte r  registration ,  letter s ar e not  utilize d i n a  left-to-righ t  scan ,  an d 
utilizatio n doe s not  occu r  continuousl y throughou t  th e fixation . 

Thi s lead s t o th e las t  possibility ,  tha t  utilizatio n occur s a t  a 
delimite d poin t  i n tim e durin g th e fixation .  Ther e ar e tw o possibl e version s 
of  thi s hypothesis .  I n one ,  th e patter n o f  sometime s reportin g a  singl e wor d 
i s attribute d entirel y t o th e patter n maskin g characteristic s o f  th e 
interpolate d mask .  Th e mas k i s viewe d a s a  backwar d mas k fo r  th e firs t 
presente d wor d an d a  forwar d mas k fo r  th e secon d presente d word .  On e o r  bot h 
critica l  word s wil l  b e reported ,  dependin g o n th e effectivenes s o f  th e mas k 
fo r  eac h critica l  wor d durin g a n individua l  fixation .  Thi s involve s a  kin d o f 
indirec t  competitio n betwee n th e tw o word s presen t  durin g a  fixation .  Visua l 
informatio n i s availabl e fro m bot h word s whe n utilizatio n take s place , 
althoug h eithe r  on e o r  bot h word s ma y b e perceived .  Fo r  thi s t o occur , 
utilizatio n mus t  tak e plac e a t  th e en d o f  th e fixatio n o r  afte r  i t  i s 
terminated ,  i n orde r  fo r  informatio n fro m bot h word s t o b e available . 

The othe r  possibilit y  i s  tha t  report s o f  readin g a  singl e critica l  wor d 
directl y indicat e whe n utilizatio n occur s durin g a  fixation .  Tha t  is ,  th e 
fac t  tha t  th e subjec t  report s th e wor d presen t  earl y i n th e fixatio n o r  th e 
wor d presen t  late r  i n th e fixatio n correspond s t o th e actua l  poin t  durin g th e 
fixatio n a t  whic h utilizatio n occurred .  I f  thi s i s so ,  the n th e tim e o f 
utilizatio n woul d appea r  t o vary ,  occurrin g sometime s earl y an d sometime s 
late r  i n th e fixation .  Thi s wa s propose d b y Blanchar d e t  al .  (1984) .  I t  ca n 
be furthe r  speculate d tha t  th e variabl e tim e o f  utilizatio n i s influence d b y 
th e curren t  nee d o f  concurren t  languag e processes .  Vlhe n on-goin g languag e 
comprehensio n i s read y t o accep t  ne w input ,  the n utilizatio n wil l  occur .  Thi s 
activit y wil l  no t  b e i n direc t  correspondenc e wit h th e saccade-fixatio n cycle , 
so th e tim e o f  utilizatio n wil l  var y independentl y o f  th e makin g o f  a  ne w 
fixation .  Furthe r  researc h examinin g thes e tw o possibilitie s i s bein g 
conducte d usin g th e lette r  chang e durin g fixation s technique . 
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