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Abstract

College stugents read short texts from a CRT as their eye movements were béing

o

& monitored. During selected fixations, the text was briefly masked and ~, .

"

reappeared with one word ehanged. Subjeets often were unaware that the word

had changed. Sometimes they reported seeing the first presented word,
sometimes the second presented word, and sometimes both.,<When only one word

) \~uas reported, two faeto?b were found to determine whieh one it was: the length
of time a word was present during the fixation and the predietability of a

word in its eontext. The results suggested that visual information is

utilized for reading at a crucial period during the fixation, and that this
erueial period can occur at different times on different fixationa, whieh is
referred to as the ‘Variable Utilizationffime Principle. The pattern of
resnonses also indicated that the first 1etter of a word is not utilized

before other 1etters and that 1etters are not seanned from 1eft to right

during a fixationd

~
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o " The Time Course of Visual Information Utilization

[

‘Diring Fixations in Reading
It is ﬁell established that the perception of letters and .words during
reading takes place entirely during fixations (Wolverton, 1979). ‘The qQuestfon
this study deals with is when during a fixation is visual information put to
use in furthering the readiné process. Fiﬁst, it is necessary to distinguish

-

_between the registration. of the visual pattern coming from the retina on a

(HeConkie, 1983). A light pattern on the }etiha automatically induces a

pattern of neural activity in the visual: eortex. This will be «<called the

registration of'the stimulus., Sometime later, the registered pattern hg; an.

i

effect on fhe dngoing reading eomprehension process. This will. be called the
’g&ilizg;ign of information. The question of interes;, then, is when this
. , By . o v
utilization of text information occurs. This question can be seﬁirgted into.
éwo different issdés. First, does éhg utilization ofwvisual.informatidn takeh
place for the entire time the eye is in fixation, or is there a certain
crucial period within the fixation duri;g which this utilization occurs? This

w11l be called the period Af utilization Guestion. Seednd, is utiuzauon'or

o

all the 1nformation during a fixation accomplished at- the same time? That is,

) *

is different information utilized at different times during the fixation?

'

be referred to as the manner of utilization question.

b4 .
] Ty

One answer to the period of utilization question will be referred to as
the snnsihl.néhinqphxgﬂhhsaia. According to this hypothesis, there is a

¥

JU- 5

given fixation and the utilization of the infofhaﬁion provided by that pattern
. y . . ;

This is essentialiyva question of serial versus parallel processing. It v111‘°




" Information Utilization During Fixations
. 0 .
| . | 3

P ; L . , .

certain interval, or crucial period, within the time period of the fixation ' aA
during which the available information makes its ‘impact on the reading

‘process. Tno remainder of the processing then occurs without referenoe to the
visually provided information. If there is a crucial period, it may

éonsiatently oeenpy a‘oertain:part of the fixation or it may vany from'h L -
‘fixation to fixationf"Gough's {(1972) model of reading, for instanoo,.posits_a

fixed crucial period. The visual pattern is registereo in the form of an

: ioon,fformeo at the very beginning of a fixation, and the information is then » ®
utilized through a read-out of letters fro; the icon, which occurs for the ’
romainder of the flxation. Rayner, Inhoff, Mq:rison, Slowiaonek,.andeertera .
(1981) have also argued for a fixed crucial period by ahowing that people can
read if visual’information is available for only the first 50 msec of each
fixation. They masked the text with foveal or full-line pasks at different T

“times following the beginning of each fixation, ranging from 0=-1 50 msec, and

' found that the detrimental effects of masking on reading readhed’asymptote by
50 msec. A}ayner et al.'s'results indicate that'it is possible to aoquiré ali l
‘the new visual information necessary to oontinue reading within the first 50

! msec of each fixation, but this does not nooessarily indicate that visual

information is utilizod only dnring the first 50 mseo=qhen_readers are’not

. forced to do S0.

. The other logical possibility, not pnoposgd in the literature, is that .

- there may be.a variable crucial period. That is, the crucial period during - .

which utilization occurs may vary from fixation to fixation, There may be an

inte;val during which visuai information is utilized, but it may occur at

different times in different fixations., This would occur, for instance, ir
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~ readers use visual information only when they are ready to identify the next
word, regardless of whether this is at the beginning of a fixation or later in

it, L S o

n

The alternative to fhe crucial period hypothesis is that all visual
information influences the reading proe;ss throughout the entire fixation,
from beginning to end. ‘pata relevant to this position comes from a series of
experimehﬁs eon&uete& by Wolverton (Holyerﬁgp, 1979, Ho}ver%sn & Zola, 1983). ’
While subjects read_qonnécted text, the lines of,tgxt were replaced for a 30 °
msec pe;iod with either a blank lihe, a mask of’X'q,'a line of dissimilar
text, or a line with visually sim}lar letters. When the replacement occurred

k]

during fixations, at 0, 30, 100, or 200 msec after the fixation began, a

’ .

significant increase in fixation durq;;on‘aceurred. ihis indicates that the
visual system is sensitive to the stimulus pattern throughout the fixation.

It does not, however, indicake when this information i& obtained and used in

J d -~ -

o 4.

‘ reading._-

The conclusion from the Rayner et al. (1981) én& wol#érton (19f“;
Wolverton &IZoia, 1983) studies seems to be that sufficient visual information
to maintain reading can be registered within the first 50 msée of a fixation,
but the reader is capable of noticing information at any po;nf diring the _
fixation. The preseht study attempted to determine the périod during which SN

1prormation is typically put to use during fixations as people read, without

using a techrniique which forces this use to occur at a particular time.

With regard to the manner of utilization several hypotheses have been

advanced in the liéerature. A variety'of theorists have proposed tﬁat letters

iy '
.o 7
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are acquired sequentially, from left-to-right, in sensory input (Geyer, 1970)

or from a fading postexposural trace (Anderson & Crosland, 1933; Harcum, 1967;
Heron, 1957) or icon (Estes & Taylor, 1964; Gough, 1972; Mewhort! Merikle,.&
Bryden, 1969; Neisser, 1967; Sperling, 1963, 1967). Recent evidence (Mewhort,
1974; Meﬁhort & Beal, 1977) has lead some current theorists to propose that

~ this scanning mechanism deals w%th syllables rather than letters (Adams, 1981;
Mewhort & Caﬁpbell 1981). McConkie (1979) suggests that the regibn from which
infbrmation is acquired shifﬁs from left to right within a fixation in
readgng: Another hypothegis has been that initial létters of words are
processed before other letters. For example, Brown (1970) suggested that
there ié a -"noticing order®™ for different ;speets of the stimulus within a
fixation, beginning with word lengths and initial and final letters. Finally,
several investigators have elZimeg,that all information is acquired

sipultaneously (Estes, 1972; Johnson,_1975; Sperliné, 1970).

" The cerrent study is an initial attedipt to answer the pgriod of
utilization and manner of utilization questions. The basic experimental

'y

manipulatipn was to change the inforﬁation present in the text at different
times during a fixation, in a.way thatlpreserves thé eonglnuity of the text,
and then observe what subjects report having read. To do this, ﬁairs of five
letter words were identified,wh{gh differed in only a single letter, e.g.
tombs and bombs. Texts were written into which either one of these:words
would fit appropriately, e.g. Ihe underground gmx:na were meant to house
hidden (tombs,bombs), but then the construction was stooved because of lack of
junaa. The result is actually two tex?s which differ by a single letter.

Subjécts read these texts from a cathode ray tube (CRT) while their eye
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mo;ements were being monitored. As they read, the single letter was switched
to its alternative partway during certain fixations, e.g. the letter t in
'jgmhg,was changed to a b, making the word bombs. Changing this single letter
eonsgguently changes the word and the meaning of the text. A= the subjects
read, one version of the text was p;esent'on the CRT during the early part of
each fixation, and the other version du;ing the latter part of each fixation.
If subjects in this situation always see both words, this would indicate that ¢
utilization of viSual information occurs continuously throughout the fixation,
not Just during a crucial per;od. If subjects frequently see onlf‘one o¥ the
words, this‘would Suggest the presence of a crucial period. In this latter’
case, subjee@s may show consistency in reporting the f;rst or second word
gresenied during the fixation, or may show variability in which word they .
report. éonsistent r;%orting_would serve as evidence for a fixed'crucial‘
period, while variability in which word is seen would suggest a variable

erucial period.

.
g
,

“4

Pilot studies indicated that sﬁbjects typically saw the letter change .
while they were reading. However, this does not necessarily mean that

information is normally acquired and used for reading during the entire ) e
fixation. Since the change occurred during a fixation, when the visual systemv

is very sensitive to detecting movement, it is likely fhét %he' apparent

movement occurring as the létters changed was catching the subject's

attention. To help eliminate the attention catching effects of this apparent

’ )
movement, a general disruption of the line of text was produced by briefly ' -

replacing it with a mask of capital X's'while the letters were. switched. The =

mask caused apparent movement at all letter positions ih the line of text, so




. ) ", A . L .
o ., ' Information Utilization During Fixations
N . ' . - - * 7
. _ p

- . a

‘that attention could not be attracted to a single letter position, i.e. the
) position at whioh the change was made. It was assumed that‘under these

conditions, the changing letter wouldffhot be detected on the basis of

-

looalized movement. Rather, such detection would- indicate either' sensing of a
“difference in the stimulus pattern present early versus 1ater in the f}xation,'
or sensing the change in the word or its meaning. In either case, this would

suggest the use of the visual information both before and following the mask.

Since the mask should have effects in addition to the effects of the switching

letter manipulation, two control oonditions were used. one with masking and no

Ietter change and ¢ne with-no display changes at all. Pilot studies indieated

that the shortest mask duration whieh would be effeetive was 30 msec.

~

P 4

1In regards to the period of utilization, the prediction of.the crucial”
) period hypothesis is clear: if information'is only utilized'during a fixed
interval, then subjects-should oonsistently report seeing the first or the
{ second word which was preseunted during a fixation,*depending on whether thg
eruoial period ooours early or late in the:fixation. If there is a variable

crueial period, then subjects should ‘'sometimes report seeing the first and

sometimes the seoond word which was presented.

To inveStigate the manner of utilization question two. other qgnipulations.
were added. First, the time of the display change was varied by using three ' .
. gask onset- time conditions. The onset, of the mask could oce;; 50, 80, or 120
msec after'the‘onset of fixation, making the onset of the alternative text 80,
110, or 150 msec after fixation onset. Second,. the Jettor which was switching

could occur in the,first 1etter‘position of the word, é.8. beads versus

.
> . - . ~

vt - . ) :1(), .
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: _heads,or in the fourth letter position, e.g. shakx versuszshadx +In this.
_ situation, .the left-to-right serial utilization hypothesis makes two . ¥
- 2 ¥ s

. predietions. First, theré should be a trend in which word is reportbd a?ross

' * the three mask onset times. As.mask onset time inereases, the first ‘word
M .‘r)/" e
should be . reported mpre often and the seeond werd should be report;d less

often. That is, ‘the longer the time the first werd is present, the mere

—— o

-

’likely it is that the sequential sean would reaeh the eritical le{ter during .

L4

b

t@tmuw.*mﬂuu,memmthtmemeummwthpmum,me

S AT u

_more likely it is that the scah would reaeh that letten positi.on during-.,that

period. Sebond, the likelihood of reporting the first or seeohd pnesvnted

~

word should be different when the fixation on whieh the word*was idehtified is

\

SN to the left of the switching letter as oompared to when it is to-the riﬁht qrs\

' the switehing’letter. When the fixation is to the right the switohing le;ﬂer s

v

is on the left side of the visual field, where the sean is believed tg begin, :

.
-

) so the scan should more often reach the switehing letter while the first word .

\ \ ~ s . .

is presen;. Conversely, when the fixation is to the left, the switehing ﬂ‘ Yt

.

letter is to the right, and will be reaehed later in the~fixation,fmnking it - ;{

more likely that the segond word will be reported. -In other words, a, dynamie\

’

trend in report&ng the first or second word should appear acroes the position~

of the fixation relative to the switching letter. : e
- -~ .t ..\' .
* -( g . R '

-

A If the initial letters of words are utilized before other deﬁtérs, then a

‘l

. B different prediction is made, At any mask onset time, the’ first word should

* be more likely to be reported if the eritical letber is the~initial letter of

.

the word than if it is the fourth letter. The initial-letters-first
% » . S . ' .
. hypothesis'also prediéts that whether the first or second .word is reported
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should not be related to the position of the fixation relative to the , : - .
switching letter. It might be noted that if left-to-right seanning is assumed
:to take place on word units, then this differential trend. between words

switehing in the first and foarth letters is alsg expected by this hypothesis,’

h] . - o - .

r The simultaneous utilization hypothesis predicts an_absenee of all ¢6f the ?
: . . » q = -
above trqnds' for single word reporting. T . -
, . ) . .

: . . . . . )
' .
. . . . .
. . . - . ’ -
v

w : : .. ) ] ) . . , - - , . N
<, ’ - ’ ) . . - , o
- Sixteen, University of Illinois undergraduates served as subjeets. They
all had normal, uncorrected vision, were native speakers of English, and were .
paid for their partieipation in the experiment. The;\had been seleeted so as o

: not to have certain oeular or’ faeial eharaeteristies whie.:ake» eye mozement —
monitoring diffieult.u None of the subjeets had previously partieipated in an ‘ ';
 eye Euvement experiment, ) . ) .

. N ‘\ ‘ e )
PR ‘ ' o ) ' ’ .
The text was diéplayed one 1ine -at a time‘on a nigital gﬁﬁipment ” . '.{

"Corporation Model VT—11idisplay unit, having a hardvare character. generator . .:
with upper and lover case eharacters.. Display,ehanges'are made in about 3 . .

: ~

¢ '

msec without interrupt ng the refresh eyele. The distapce between the subjeet

and the CRT was ua cl.,. whieh'made one degcee of visual angle equivalent to b
character positions. ‘The subject was supplied with a button ‘which ealled up
. 1 %

.the next line of text onto the CRT. This allowéd subjects to read multi-line

o . . {iy
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T e
bassages one line at a time,at their own pace, although it was not possible

for them to reread a previous line. Eye movements were nonitored with a
Stanford Research Institute Pual Purkinje Imaée\Eyetraeker. Both the CRI and
the eyetracker were interfaeedtwith a Digital Eqdipment Corporation PDP-11/40
computer. The computer was programmed to sample eyéposition every

millisecond.
Materials -

. 'Ninety-six pairs of short texts were written which were different in
meaning but were physieally different in only one 1etter. These texts were

ereated by first ideﬁtifying paiPs of‘five letter words which differed in a

.single letter, half at the first letter position and half at the fourth, and

A2
then writing a context of one to three sentenees in which either member of a

- word pair fit and made sense at the same position in the text. As a result,

(

there wvere two different versions of each text distinguished by a single
1etter in one word. The letter which distinguishes the two -texts will be
referred to as the critical letter and the word eontainins the erstieal letter
will be ea11ed the critical word. Ihe eritieal word always appeared at least

sixteen character positions away from the beginning or end of a line.

In order to assess whether any member of a word pair fit into its

corresponding text more appropriately or was more predictable than the other

dalternative, a norming qoestionnaire was given to 30 subjects, who did not

ipartieipate in the main study. These subJeets were given each passage up to

and including the critical word, but with a blank in the position of the

critical letter. Their task was to‘supply the missing letter. The results

{}L -'.1:3 ©ob
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were used in later analyses. The texts used in the study along with the
' responses from the norming questionnaire for each text are given in‘Blanehard,

McConkie, and Zola (1982).

Sixteen additional short texts were used for the ne-mask control
condition. These were texts originally constructed for another stud} to
contain pairs of five letter words d;ffering in the second or third letter;
In the presentretudy, all subjects saw only one of the two alternative
versions of each of these texts. hikewise, twelve more of these texts were
used as warm-up texts, and nine others as a practice set.

Desien

In this study, display change- were made‘dhring fixatione in reading.
During éach fixation, the text was replaced with a mask for 30 msec, after
whieh text reappeared for the rest of the fixation. The mask consisted of a
solid line of upper case X'S™the same length as the line it replaeed. The
manipulation divides the fixation into .three periods: a pre-mask, mask, and
post-mask'period. The duration of the pre-mask period was determined‘byathe
onset of the mask, which was delayed either 56, 80, or 120 msec after the
beginning of the fixation. The duration of the post-mask period varied
depending on the length of time remaining in the fixation.. In the
experimental condition, when the text reappeared.the critical letter had been
changed, replaeiné the first critical word with its alternate. Figure 1
depicts a sequence of displays which appeared;during fixations in the
experimental epnditien. At the beginning of the each saccade, the line of

text reverted to the original line of text, containing the first alternative

2

foe

. U .lzi
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word. Thus, oﬁé word was alwéys present during the early part of the'fixatioh
- .and the other word during the latter part. In the no-switch control condition
(whieh yiil also be referred to as simply the control eondi;ion) when the text'
Lreappeared after ﬁhe mask thé same eritieai letter was preseng. In other
‘worqs, in the experimental condition, the alternate line was present during
the'post-mask period, ﬁhile in the no-switeh-control eondiﬁion, the samelline

/
" was present during the pre- and post-mask periods,

Insert Figure 1 about here’

The computer was programped to ggke the letter change 1n'£he experimental
condition only when a fixation fell within the immediate region of the
eritical word. This region was defined by setting three boundaries on eaeh‘

‘1ine containing a critical word. The first, the enabling boundary, was always
12 character positions to the right of the beginning of the line. No letter
change occurred until the eyes had fixated at least oneé to the left of this
the left of the first letter of ;ﬁe eritical word. The firstwletter change
occurred during the first fixation to the right of the initiating'boundary,
pro?ided that the eyes had previously fixated left of the enabling boundary.
These ehangés continued on each fixation until the subject qrossed the

‘jgnminaning,hgnndazx, which was 11 character positions to the right of the
first létter of the critical word. Crossing this boundary terﬁinated the

letter changes, and they did not occur égain, even if the eyes later returned

a

3
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to the region of the_oritioal'ﬁord. -On all other fixations the mask ooourred
at its scheduled time, but the line of text that came on after it was the same
. ! i

as the text present prior to it. -

There were two control conditions and one experimental condition in this
experiment. The experimental and no-switch control conditions occurred in the ("
main'group of ninety-six short texts which subjects read following the warm- '
ups. Seventy-two of these texts were in the eiperimental'oondition and
twenty-four were in the no-switch control condition, -Which texts served in o
these conditions was oounterbalanoed across subjects, as‘well ae which of the
two alternative words was present at the beginning of each fixation. Each
mask onset time occurred equally often in these two conditions for each
subject. -After the subjects finished reading the main group of ninety;six

texts, they were given sixteen additional texts to read. These texte

constituted the no-mask control condition, in which no experimental
manipulations occurred: the text wes never replaced by the mask and the

critical letters were never switched.

Procedure

A bitebar and headrest were used in order to minimize head movements )
during the reading session. Following the adjustment of the eyetraeking
equipment, subjects were given the nine practice texts to read, in order to

become acquainted with the experimental task. If there were no further

problems with eyetraoker adjustment at this point, the experiment continued
with the reading of _the main group of:texts. Subjects read these texts in

twelve trials of nine -texts eaon, whioh inoiuded‘a warm-up text. placed at the
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beginning of each trial.” A short rest was taken between trials., After
reading the main group of texts,. subjects read the .sixteen np-maék control

texts in two trials. ' ‘ j v a\

After reading eaeh’text,MfOup test words .appeared on the CRI, 6ne aﬁ a

- _ time. The subjects Weré instructed to indicate, for each word, whethervor not
it had appeared in the immediately preceding text. They did this by presSing

> one of two buttons, one to indicate "no" and the other to indicate "yes." No .
feedback wa; given as vo the correctness of the respenses, Two of thé four-. ~

test words were the two critical words. The other two test words, like the

two critical words, differed by only a single letter. However, only one of
these two foil words was actually present in the text. Note that in each test
set for texts in the'experimental condition, three test words had actually

been in the text and one had not. In the no-switch and no-mask control

conditions only two of the four test words had been presegt in the text. The

g

'\deer of presentation of the test words was randomizéd across texts.
. Béfore reéding.the warm-up texﬁs, thé subjedls were told about the mask
and'were given instruetiqns‘oﬁ'how to respond to the test words. They were
also told.that words would»oéeasionally'ehange. It was emphasized that they . : .
shoyld respond "yes" to all words they actually saﬁ. After reading the warm-
up texts, subjects were asked if they had seen any words ehange. After they

had read the main group of texts in the experimental and no-switeh control

conditions, the subjects-were again ‘asked if they had seen any words ehange.
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The principal data consists of the critical word or words suﬁjeets
reported’seeing. The’ term "response" will be esed tekrefer to which critical
word or words subjects reported seeiﬁg on the testlpresented to theg after
- reading each text. That is, a response may consist\of eeporting the”rirsf
pfesented word, the second presented word, both words, or neither word, Of
the responses in the experimental condition, 65% were reports of only one of
the criti al words: 29% were reports of the first presehted word and 36% were
reports of the second presented word. All subjects showed this same: pattern
of sometimes reporting the first word and sometimes reporting the seeond; with
the first word being indicated by different subjects from 11% to 46% of the
time and the second word from 19% to 51% of the time.. Even though.eubjeets.
'were informed of the display change before the experiment, they frequently
were unaware that a change had taken plaee. Subjeets! estimates of how often

they saw changes indicate they were aware of them only on a minority of the

.experimental texts.

That subjects were‘frequeetly unaware of a change and that they usually
reported seeing only one of the critical werds suégeets a crucial period
hypothesis. Furthermore, the pattern ef results also suggests a variable

crucial beriod, since subjects sometimes reported seeing the firet word and
‘sometimes,the'seeond."ln particular, eontrary to thie findings of Rayner et
al. (1981), the erueial'peﬁied‘often oeeurs‘after the first 50 msec of a

fixationhz'Of the instances qhere the second word was reported, that word was

18
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never present during the first SQ_msee; In fact, in 12% of those cases in

which the second word was reported, that word was present only in the last 30

msec or less of the fixation. - . i . N

2

The top?of"Figure 2 shows the F%eqneneies of reporting the first, second,
or both words for each mask onset time in .the experimental condition. These
frequenéies are signifieantly different (xzéz) 102.58, n.~‘0) and show a

trend, viz. the longer the time the first word was present, the more likely it

e .

was to be reported and the less likely the second word was to be reported.

This is again consistent with the variable erueial period hypothesis, for the

s

longer the first word was present, the greater the likelihood that it would be

present at the time the information from that word position was utilized in

>

reading.

//,

Insert Figure 2 about here

To evaluate the accuracy of subjects' responses and the possibility of
response biases, the psttern of responses in the experimental condition was
veompared to the pattern of responses in the no-switch control condition, where
enly one of the two critical words preSentEd during the test was actually
present in ths text. In the no-switch control condition, subjects aeenrately

selected only the criticai*word that was present 78% of the time,,only the

word not present 4% of the time, and both words 13% of the time (see the

bottom of Figure 2). This indicates that the similarity between the two

critical words did not greatly impair subJeets'-abilit} to choose the word
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they actually saw: More of the errors are cases wheke suﬁjects‘%hose both
words rether than only the incorrect word. . Both words may sometimes have been
chosen because the subject could not go back and change an earlier response..
Nete also that the frequency ef choosiné both words is_guch higher in the
experimental than in the control condition, suggeetins that subjects were
often choosing both ‘words in the experimental condition because they eaw both
wordsé'not because they were uncertain. In general, fhe accuracy of responses’

in the no-switch control indicates that the effects in the experimental

condition are not caused only by errors or response biases.
’ &

Turning now to the manner of utilization question,‘the results of this
etudy do not gllow a complete answer, but some hypotheses caﬁ be ruled‘out.
First, the trend shown in the tob of Figure 2, which is consistent with a
‘variable crucial period hypothesis, is also consistent with a 1eft-to-right
scan or an initial-letter-first order of processing. A 1eft-to¢fI§K€'serial
letter scan hypothesis makes the other prediction that the word present early
in the fixation should be more frequently reported when the figation is to the
right and the word presenf later in the fixation should be more frequently
reported when the fixation is to the left of the critical letter, as explained
earlier. There is no evidence of such a pattern in the aetual data, shown in
<Figure‘3. nThe preﬁability of reportiné a-sinkle Qord, be it the first or
second ﬁord, is the same whether the fixation is to the left or to the right
‘of the critical letter. These results do not support the serial letter scan

hypothesis. . !
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they actually saw. More of:the errors are cases where subjects chose both
words rather than only the incorrect yora. Both words may sometimes have been
chosen because the subject  could not go back and change an earlier response,
Note also that the frequgnéy of choosing bothﬂwers is mﬁch higher in the
experimenfal tpan in the'eantrbl condition, suggesting that'supjeets were
often choosing both wof§s in_the=experimental condition because they saw both
&ords, not because they were uncertain. In geﬁeral, the accuracy of,responses

in the no-switch control indicates that the effects in the experimental

condition are not caused only by errors or response biases.

Turning now to the manner of utilization question, the results of this

' study do not allow a complete answer, but §omé hypotheses can be ruled out.

First, the . trend Shown in the top of Figure 2, which is consistent with a
variable crucial period hypothesis, is also consistent with a left-to-right
scan or an initial-letter-first order of processing. A left-to-right Serial
letter scan hypothesis makes the other prediction that the word present early
in the fixation should be more frequently reported when the’fixation is to the
right and the word present later in the fixation should be more frequently
reported when the fixation is to:the left of the critical letter, as explained
‘«\\earlier. There is no evidence of sueh a pattern in the actual data, shown in
Figur? 3.' The probability of reporting a singléfword; be it the first or
second word, is the same whether the fixation is to the left or to the right

of the critical letter. These fesults do not support the seﬁlal letter scan

hypothesis. . ' '

*
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Insert Figure Q_about here
The hypothesis that the initial letters of words are utilized earlier 7

than other letters predicts that the critical word present during the first K
part of the fi*ation should be reported more often'in words having the first |
letter changing than in words having the fourth letter changing. However, the
data do not show this pattern. The;first_word was selected alone 25% of the
time when the firsﬁ letter was changing and 33% of the time when the fourth "
letter was changiftg. Likewise, the second word was selected alone 37§ of the
time when the first letter was ehanéing and 35% of the time when the fourth
* letter was changing. So there is very little difference in the pattern of
single word responses for words having the first or fourth letoer changing, .
‘and the small differences that exist are inithe direction opposite that
predicted by this hypothesis. Figure U4 presents the frequené; of reporting
the first, the second, and both words, in each mask onset time in the

experimental condition, for each critical letter position. 'The patterns of

responses for the two classes of words are very similar, . .
. » 5

-

H

Insert Figure 4 about hera .

«

These data were analyzed as a three dimensional frequency table. using the

method of log-linear models (Bishop, Fienberg, & Holland, 1975; Everitt, .

1977). The three variables in the table were mask onset time, critical létter‘

- L 22
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position and response, where response was classified as first or seccnd word
chosen; only single word responsés were included in this analysis. Tests of
partial association were ‘computed for all the two-factor interactions and the

. -4
three-factor interaction. Two of the three first order interactions were

' significant, the interaction between mask onset time and response (x%(2) =

105.64, R~ 0) and the interaetion between response and critical letter
position (-x? (1) = 4.52, p = .03). There was no signifieanb second order
interaction between the variables (x%(2) = 1.65, n = “44)., When each of theqi

three possible models which contain the significant interaction terms are

fitted to the data, the model containing only the mask onset time by response

_term (and all the lower ordeP terms) was sufficient to explain the observed

effects (x2 (6) =7.98). The other two models did not provide a qignifioantly
improved fit. The differences in observed frequeneies can be aceounted"ror

strietly on the basis of the effect of "the mask onset manipulation on

-

.response. This effect is the same for the words having the first letter

switching as for the words having the fourth letter switching. The data do

not support the hypothesis that initial letters are processed before-other -
a .ﬂ L}

letters of a word. .

N
. * . P .
. Wﬂnﬂwﬂ L] .,
-

4
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Fdrther.analyses were done in an attempt to identify some of the factors

which determined whether” subjects reported having seen the first, second, or

" béth er;ticai words. One factor is the length of time a word is present

during a fixation. As discussed above, the trend shown in the top of Figure 2

‘indieEtes that the. longer- the first word is present, the more likely it is to

L ’

P .

1

<
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. be reported and the less likely the second word is to be ;eported; A further

analysis was.done to see if this same éffeot can be observed for the duration

-

of the oecond word. Unlike the duration of the first word, hhioh was gixed by ..
the mask onset time, the duration of gpe seeond word varied deoqhding on the
fixation duration. In order tb determine the Xength of time the second word
was present, it is neeessary to identify ‘the fixation on whieh ‘the eritioal L
word was identified. MoConkie, Zola, Blanchard, and WOlverton (1982) have

shown that in cases where a five letter word is fixated only once, that

fixation is typically the one which provides the visual information for the

yperoeption of that word. Therefore; instances were séleoted from the.present
data where there Qas‘only a single fixation on"the eritical word. This
yielded 500 fixations, which were used to oaloulate the durations ofathe
second words. Second word durations longer than 330 msec were excluded. The
remaining durations were greuped into intetvals of 30 msec each, and the
‘probability of reporting.the first.word> the second word, and Jboth words was

_ ealouiated“for fixations in each interval. This is presentEd in Figure 5. It;
is clear’ that as the duration.of the seoond word increases, the likelihood of
reporting the second word inereases and the likelihood eof reporting the first
;ord deoreases. The liktlihood of reporting both words does not change
obstematioallj with the duration of the second word. The point biserial
eorrelation between the .second word durations'and reporting the second yord
was .19 (o = ,001). fhe correlation between the second word durations and

; reportingathe first word was -.25 (p= .001). -Although ‘the eeoond word was

'present for mueh longer times than the first word, the likelthood of, reporting

that.yord‘eontinued to_inerease_even at very long durations.

»
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The pred-ictability of the oritioal word in its textual context is apother ‘. N
- e faetor whieh determines which /ord is reported. i Predietability was - - -

asoertained through ' the norming questionnaire desoribed earlier. The . . R T
peroentage of questionnaire subjeots who guessed each word from its preoeding

oontext plus all the’ letters except the critical letter was used as a measure

. of the predictability of that word. The predictability of a word was Lo e
signifioantly oorre‘Lated with the percentage of responses where the ‘word was -
0 . . N N -' .

" chosen alone (r = .153, D < .01). There was also a signifioant correlation s
between_ prediotability and t’he peroentage of responses Where the word was .

ol'}osen alone given that the word ‘was presented first in the fixation (x: .38, . -

p X .01), and given that it was presented second in the fixation (r = .30, < ~
.01). The more prediotable a word was, the more likely the word was tp be, -

reported, regardless of whether that word was the first;, or second word 5 .

presented, In the oontrol condition, there was a smaller cbrrela'tion'between |
: the predictability of a word‘ and the- peroen?:age of responses where the word

was eorreotly identified as the only one that appeared in. the text (r = .19, D ’

- : ¢ .01). 1In contrast, the prediotability of a word did not correlate (r = +00)

. 2 ~ A
- " 'with the percentage of responses where both ulvords were chosen in the ?
experimental condition. RO . . -
4 o ~ T

. A variable which did correlate significantly with the ‘percentage of

. both-word responses was thd(visual. similartty of the critical letter pair.
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- The measure of similarity ‘was taken from Zola (1982, Table 3. 2 p. 113).
Zola, ‘using the same equipment and type font ds in this study, presented

subjects with pairs of lower case ‘letters and had them respond "same" or

-

;"different." The'median latencies for a response of "differen;”-was used.as a

measure of visual similarity for the critical letter pairs used here. ' The .

oorrelation between similarity and both-word responses was negative (n,- - 3?,
N . A

n < .01) indioating that the more dissimilar tie two critical words, the mare
.likely it was that both word§ were reported. When 1etters were visually
dissimilar, the dfsplay change may have, been more notioeable and subjeots' _f~

attention may have tended. ‘o be attracted to the ohange, oausing then to sée

both words more often. Alcernatively, it may be that when the visual system

'reoeives disorepant information about a word, it tends to oonstruot a single,

-

¢

unifigd percept when the disorepaney is small, such as when the,oritioal

L

letters are highly similar,’but when the disorepanoy is large, a unified

percept cannot be formed 30 tha subject beoomes aware of the presence of two

a ’ -

words during the fixation. ' ' _ ) .
3 ) “' . . v
< B < -
. LS \_—-’ ¥. ’ N
First the’ effeots af briefly masking the text, independent of the : .

switohing letter manipulation, were determined by comparing the no-maik
loontrol oondition to the. no-switoh oontrol condition. Summary_statistios for
(“mask and'no-mask data- are presented ‘in Table 1. Taking all fixation durations -

“less than one second, the mean for the masked control condition is 20 mseg

.
it

<

<

" longer ‘than the mean for the no-mask condition (L (10875) = 9&01,,2 < .001).
N . b R 3

- Readers also made shorter saccades and more fixations in the masked condition,

. Y

=




Information Utilization During Fixations

\23

-but there was no difference in the percentage or length of regressive

saccades.-

Insert Table 1 about here

‘:,'S

Next, to determine the effect which the syitching'of the critical letter
had on fixation durations, independest of the et‘t‘eets-o-f the mask, the |
experimental condition was compared to the no=-switch eontrol condition. The

~fixation duration data were selected in four different ways. Prior to the
selection process, fixations were excluded from the data set if they oeeurred
during a disturbanee in eyetraeking, had durations longer than oné seeond,
were preeeded by a regressive saccade, or were rereads, whieh are fixations
preceded by a forward saccade but oeeuseing when the eye has already fixated
. farther to the righi on the current line. First,.fixations which were the
only fixation on tpeyeriﬁical word were selected for analysis. This will be
re;erree to as the ﬁinglg,fixanigh_gaga. The?e fixations-are the most likely

. -y - , _
* L3 have beepqtﬁe fixations on which the eritieal word was acquired (McConkie
et al., 1982). However, beeause this seleetion proeedure produced a small
data set, gymore liberal criterion was also used. This involved ielecting

‘first

2=

fixations which wene‘the first fixation on the critical‘wo; Th

fixation could bebthe only fixation on the word or there czzid_be several

. refixations ;r-tse word after the fifst kaation._ The st fixation data
contains mUFL fixetions on which information from the cr tical woid was -

acquibed, but it elsq may contain a larger percentage of fixations on which

. L
> . <0
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the critical word was not aequired. Next, those fixations which immediately
preceded fixations defined as the first fixation were seleeted for analysis.
This will be referred to as the nzign.fixa&ign data. And finally, thgse _
fixations which immediately followed first fixatioas, whether they were‘on the -
erftieai word or not,’were seleeted for aﬁalysis. This will be referred to as
the following fixation data. Most fixations on which the critical word was
acquired should have been iheluded in one of these last tﬁree categories.
Analyses of variaz;e were done on means‘eaiculated from ﬁhe raw data for eaeh
cell in a matrix defined by the crossing of all factors with the subject

factor, in order to alleviate problems with the unbalanced design and ta

equalize each subject's contributicn to the data.

“

-Insert Table 2 about here

?

The mean fixation'eurations in the experimental an& no-switch control
eonditions for each of the four data'sets are presented in Table 2. A
repeated measures analysis’ef variance was performed on fixation dura;ions for
each of these data sets."The factors were Condition, Hask Onset Time, and
Critical Letter Position (firsf or fourtﬁ letter). Although there was no

'switehing letter in the no-switch EOn*fol the data can be classified on this
faetor since .the single word that was present belonged to a group differing in
either the first or fourth letter. Mean fixation durations were longer in the
experimental condition than in the control for the first fixations (E.(1,15)'=
7.05, R = .02), and the single fixations (E (1,15) = 16.89,R ~ 0). The

»

A\
oo
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following fixation data showed the same:pattern, but‘did not reach
significance (F (1,15) = 1.56, R = .23). The prior .fixation data showed the
opposite effeet, with the experimental conditions being shorter than the
control (F (1,15) = T.51, p = .02). It may be that the switching letter is
sometimes noticed in the periphery on fixations prior to the fixation on which
the word is idéntified. The perceived movement may cause attentién to bg &
"drawn to the critical word, so the prior fixation is teyminated'early and the
next fiiation is sent to the critical word. Further research is needed to

<

' investigate this phenomenon.

Thevonly other significant effect was the Condition X Masﬁ Onset Time
interaction in the analysis of single fixations, F (2,30) = 3.56, R = .04.
This suggests a différential effect of mask onsel‘in the.experimental and
eonﬁrol conditions, but the data pattern do n&t suggest aﬁy élégg_f ”

LY

interpretation.

~ The frequency of regressive saeeages in the two conditions was also
examined. The percentaég of regressive saccades initiated, within.5 character
positioﬁs to the left or right of the eri;}eal letter position is 21% in the
no-switch control condition and.30% in tﬁe experimental condition. Also,
'fixations fdllowing regressive eye movements aré 23 msec longer in the
experimental eonditions than similar fixations in the control eonditions, a

signifieant difference (F (1, 15) = 8. 85, n =z .01).

In summary, the présenee of ; mask inflated fixation durations by 20

msec, and the occurrence of a letter change increased the durations of the

fixations on which the words were perceived by ahother 23 msec. The duration

o
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of the prior fixation was reduced b& 11 msec.

, @
Eve Movement Effects Associated with Tvoe of Response  *

-~

The fixation duration data for the experimental condition were classified
aeeérding to the type of responsc made to the ebrre;;onding,test items. The
»meané‘for the prior, first, following, and single'fixafion daté are presented
in Table 3 along with-the means -for all responses in the no-switeﬁ control ‘
condition, These means were compared to means for the experimental data
grouped 1hto two response categories: reporting only one word and reporting
both words. ~A?one-way repeatéd measures analysis of variance.was done on the
raw data with this three level Type of Response faetor. The mean fixation
durationa fom.the single~word, both-word, and eontrol (a11 response types)
groups were not significantly different in the prior fixation data, E (2, 28) =

7“,,2 = .19, or in the following fixation data, E (2,28) = 0.85, R = Al
The means were significantly different in the first fixation data, E (2,28) =
7\uo R~ 0, and 4in the single fixation data,‘E (3,45) = 7.18, o ~ 0.
AMultiple comparisons for eaeh possible pair of means were performed using the
Bonferroni,; statistic. For the analysis of first fixations, the critical
v*lue of £ was 2.55 using av.05 levels of significance gtwo-tailed).' The
both-word mean was significantly different froﬁ the control mean and the
single-word mean, but the control and single-word means, hqwever, weré not
significantly different. For the single fixation data,‘the critical value of
i 1 was 2.76, using the .05 level, and the pattern of significance of the
pairwise contrasts was identical to thq pattern in the first fixation data.

It appears that the inflation of fixation duration caused by the switehing




Information Utilization Duriﬁg'Fixations

27

.
letter manipulation is limited to cases where.the subject reported seeing both
eritical words. This suggests that there. may be no disruptive effects of the

switching letter when only one word is perceived.

Insert Table 3 about here

An analysis was also done with the singie-word response category
separated into_firstéword-only‘and second-word-only responses, i.e. a four
level Type of Response factor. The mean$ for the fiﬁst—wo}d-bnly'and second=_
word-only responses in the first and single fixation data are presented in
Table 4, The first-word=-only mean is shcrter than the eontrol mean (refer to
Table 3), whereas the seeond-word-only mean shows a substantial inflation
relative to the control, comparable to the inflation in the both-word mean.
In the pairwise contrasts, done in thevsame way as above, the seeqnd-word—only
mean was significantly different from the control, in both the first and
single fixation data, while the first—word-bnly mean was not significantly
different. This difference between the first-word-only and seconq—wqrd-only
means is expécted because of seleetion erfeet;. On shorter fixations, the
first word is likely to be present for the most time, and on longer fixations,
the‘seeond word is likely to be present for the most time. Since the longer a
word is present, the more likely it is to be reported, this means that
partitioning fixations on the basis of which word was seen will result in a

fixation duration difference of the type observed.
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Insert Table 4 about here .

The results are eonsistent with the variable crucial period hypothesis.

Subjeets ‘often reported a. single word, suggesting that they were utilizing

information that was available at some specifie time during the fixation.
Subjects did not consiatently report seeing the first or the second word,
suggesting that this crucial period occurs at different times during different
fixations., Further evidenee for this'hypothesis is found in the fixation
duration data: when subjects reported seeing a single.word, the durations of
their fixations were similar to those of the control group, providing no _
‘evidenee of a disruptive influence resulting from having two words present on

a single fixation. There do not appear ‘to be effects on fixation duration

which could be ascribed to unconscious reeognition of the unreported uord. ’
. This is quite different from the case where subJects reported seeing poth
words, When that happened, the fixatien durations were -increased |
-substantially, suggesting a disruption of the normal reading process,
?ereeiving two words during‘a fixation dlearly had different consequences on
reading than did perceiving only one, which was.apparently the more frequent

case.

4

The variable crucial period hypothesis can also account for the finding

‘that the longer a word is present on the screen the more likely it is to be

reported. Sinee utilization is assumed to take place at some specific time

32
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. during the fixation, the likelihood that a given word will be present at that
time varies directly with the length of time that the word is present, In
asking why it is that a given word is utilized at one time rather than another
during the fixation, ‘it seems likely that this is based on language
prpeessingi The information provided by a word is brought into play in th;v
ongoing reading process when it ié needed to advance the comprehension of the

ﬁext.

There are also several ways in which the Qar;able crucial period
hypothesis can account for cases where both words were reported. First, it
may be that on occasions a word was attended at two different times during a
fixation, Second, it may be that sometiqes a'ﬂord was attendéd during the
pgriod in which the display change took place, s0 both words were seen.
Finally, the m;sk might have failed sometimes to direct attehtion away from
the critical letter position, allowing the changing letter to be detected on

the bésis of localized movement.

The results provided no evidenee for a left-to-right sequence in
utilizing different parts of the text or for the initial letter of a word
'being‘aequired prior to other letters., A left-to-righ§ serial scan of
letters, syllables, or letter g‘ns predicted that the likelihood of .
reporting thg first and second ward.should differ with the position of the
fixation relative to the critical letter. Instead, ;he likelihood of report
was the same across fixation position. The hypothesis that initiml letters of
words.are utilized first predicted that the trend in reporfing single words

across mask onset time would differ depending on whether -the first or the
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fourth letter was being changed. No such difference was found.

R

Another factor that influenced the likelihood of reporting a word was its'
eontextual predietability. Predictabiligy could have its influence as |
pereeption or during the process of making a r;sponse. For several reasons,
it seems likely ﬁhat the 1nf1uenee of predictability in the*expéfimental
condition is not completely explainable by response processes, Subjects might
have chosen the more predictable words from the critical word pairs shown at
test because the more predictable words had a stronger eonneetion to the text.
If a guessing;bias such és this had-occurred, it should have equally effected
the responses in the no-switch control and sxperimental conditions, However,
the magnitude of the correlation was smaller in the eontrol eondition,
suggestipg-that, although response effeets may be completely responsible for
'the influsnee ofypredietaoility in the control eondition, a combination of
perceptual and response effects aie responsible for the ‘influence of
predictability id the experiqgntal eonditiop. It could also pe argued that
“subjeets were deliberately choosing one.uord'in the experimental condition
because of demsns-eharacteristies in the experiment, that is, they might have
deliberately chosen the more predictable word, even though they actually saw
two words. Although, if this were the case, a higher correlation would be
. expeeted in the experimental condition, the demand eharaeteristlcs explanation
is 1nadequate for other reasons. ubJeets were eompletely informed of* the
manipulation, and were told that they could report both words. And, in fact,
" on a third of all the responses, subjects reported seeing both words, and each

subject did report both words sometimes, If demand eharaeteristics were at

all a factor, they could not have been very important.

34
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Predictability, therefore; seems to be ikflueneing which critical word is
utilized in the experimental condition. One w;yiin which this might.oceur is
through predictability speeding the'pereéption of words (Tulving & Gold,
1963). Mo;;on (1969), for i?stanee, suggests that -the activation level of
logogens for more predietable.words are raised, so that the threshold for
_pereeption of the word is reached more quickly by the additional activity,
resulting from the vispal,pattern of the word. If this were the baais for the
pred;etability effeet obServed here, then the correlation between the

predictability of a word and its being reported should be particularly high

A !

for the initial words when presented for oply 50 msec. This,eorre1§tion
should drop when the initial word is present for longer periods of time,
because at the longer times low predictability words should be ieree;vbd as
well as high predietability words. An examination of these correlations shows
exactly éhe oppoSite pattern. The cerrelation beéween predictability And the
percent of time{the.initial word is reported is .02 when it is present for 50
msec, .28 (p < .01) when present for'80’m§ec, and .39 (p < .01) for 120 msec.
Thus, the data do not support the.hypothesis,” and are.eoupteq to what would be
expected from the logogen model: If predictability is influeneing -perception,
it must be doing so in Qome manneé other .than by determining the speed of

perception.

+

L]

The effect 6f predictability can be explained within the frameworks of an
interactive theory of reading (Rumelhart 1977) or theories involving
produetion systems (e.g. Just .& Carpenter, 1980). These theories share a
common feature. higher level processing essential to the eonprehension of the

text respouds not only to the presence of encodings driven by visual input,

1 X >
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but aiso to other information available from previously read text, and to
prior knowledge about 1anguage regularities, characteristics of texts, and

-

oharaeteristies of the world. At the moment when such higher level proeessing
tooours an information. eonfiguration exists which includes both visually
provided elements andlelements from previous knowledge. These. theories which
assume that a certain source of informgﬁ}on is brought.into Play only:at a
eertain‘time, with that time dependent upon other aspeets of the cognitive ‘
configuration, also include an implieit assumption of the variable erueial
"period hypothesis. Perhaps it would be more appropriate, in these oases, to
speak of such theories as including the assunption of a.!aniahlg.ﬂ;iliza&ign
Iime._ninginla that is, information is used at a specific time which is

determined, in part by factors other than the presenee of thet information.

Theories which include the assumptions described above can aeeount for

" both the effeot of predictability and the eridenee for a variable crucial
period in the following way. At the beginning of a fixation one word becomes
present to “the system.. Partway through’ the fixation there is a mask, ‘which is
not assumed to erase the previously presented pattern, but only to overlay it
with an additional configuration (cf. Eriksen & Schultz, 1978). Thirty msec
later a third pattern appears, the same.as the first but with one letter
changed. Again this adds to the risual configuration present. The presence
of two words in fhe same location is likely to result in a stimudus
configuration whieh.may not be completely determinate, Depending on when the
‘oruoial period occurs, that is, when the information from that word‘position
is,brought into play in higher lerels of processing, the visual information |

may clearly specify one word or may provide conflicting information. If the
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crucial period occurs early in-the fixation, before the second word has
appeare&, the visual configuration wili be completely determiqgte for- the
first word. Late in the fixation, wh;n the second ward is present,
linrormation‘trom the first pattern has faded, making tﬁe visual configuration

. determinate for the second word. If the crucial period occurs soon after the
;nask and the onset of the Seeond word, the visual eonfi;uratién'w;ll include
conflicting information from the first and second words, With conflicting

" information, gither of two things might happen., If the two patterns are quite
discrepant, tﬁe reader may become aware'ot two’uords. ‘Where the two patterns
are less'diserqpant, the decision concerning the word present may be strongly-

influenced by non-visual information sources, given the fact that the visually

provided information is less determinate than usual. ‘In this situation,
langpage cons;raintS'and contextual factors play évgreéter than normal yole én
determining which word is bereeiveé? thus producing the obsérved effeet of
predictability. Obviously, for this explanafion to hold, we must assume that
the added processing time required in selecting a r?ading for a word, when
this reading is more heavilyﬁdeterminad by eontextugi factors than 1$.norma11y
the case, must be minimal. Otherwise, we would expect to see effects on the

?

fixation durations which in fact were not found.

This study suggests two theoretical constructs that should be included in
theories of reading. The first is the Variable Utilization Time Principle, as

g .
a basic prineiple in the use of visual inrorgition during reading. Second is

the aasumption that the proeeaacs involved in reading can be divided into two
sets, those that are driven directly by the stimulus eonfiguration on the

retina, and those that are involved in the comprehension of the language. The
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first set provides a representation, at some presently unknown level, of the’
visualli provided infoymation, and the second can be influenced by that

information. However, the time of this influence is not determined by when

-the visdally provided information becomes available.
- \ -~

\ . ) ’

There are situations outside'the domain of normal reading in which the -~
second set of processes are set to respond to the visual information as soon
as it beeomés available. Identifying words from taehistoseépie presentation

would be a primevexamplé of this. If no contextual constpaint is provided, no

action can be taken toward accomplishing the task until the visual information

becomes available. Cognitive processes in such tasks can beithought of as-
being driven ratheg,direetly by the visual- stimulus, an& their timing
characteristics can be measured with respect to the onset of that stimulus.

In more complex tasks like reading; however, higher-iével cognitive aetivities

4]

are on-going, and the time of utilization of the visually provided 1nrormation ;

depends on when the system is in an appropriate state to respond to it. This

&

suggests that it is inappropriate to th;qk of a fixation in reading as
analogous to a tachistoscopic presentation, as has been so common in reading

L}

.researeh. It also elarifies the relation betwggn tachistoscopic research and
reading researeh. There are undopbtedly certain proeessing characteristics
that are common to a person's response to a tachistoscopic presentation, aqd
to a fixation made guring reading. The eharaeteristies in common will, be
those that are automatically produced in response to rét;nal stimplption,:
those by which visual_inrormatiod is provided tg the system. However, at the

present time we do not know how far this automatic processing proceeds,

Hhether it re3u1t§ in the latent-hrousal of word meanings, or only in the
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.arousal of some létter“or word level cbdgé} nust be a mattervfor future
research.: Finding the answer to this questiqn will help us to knqy what
aspegts of the vast litérature of tachistoscopic research using letters and
words is likely ;o be applicable to underétandihg the. nature of the processing -

taking place during a fixation in.reading.

’ ) o~
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Table i

Summary Statistics for All Eye Movement Data

in the Control Conditions

Percentage of

Average Number

Fixation Duration Median Forward Median Regressive Regressive of Fixations
N Mean S.D. Saccade Length Saccade Length Saccades vper Line
Al
No-mask Control
6568 25 . 113 8 . "5 23 10
No-switch Control
22 11

4309 265 120 7 5

Note. Fixation durations are given in milliseconds.

number of character positions; 4 character position

~

45

>

Saccade 1engths,afe givén in

s = 1 degree of visual angle.
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Table 2

Summary Statistics for Fixation Durations

Condition

-No-Switca Control Experimental

. N

Mean S.D. N Mean 'S.D.

Prior Fixation Data

First Fixation Data
Following Fixation Data

Single Fixation Data

252
296
279

310




CMable 3 e
Avefage Durations of Fixations in the Région of the
Critical Word Classified by Condition and by Type

of Response on the Test. '

Condition and Type of Response . Prior First Following Single R .
Fixation Fixation Fixation - Fixation

No-switch Control ‘ _ ' ~ S ,

Mean 263 - 2823 . 268 2872
S.D. 89 . 86 - _ 91 . 78
N (361) (358) (289) - (221) .
Experimental “ |
: Mean 254 21b - 280 - 303b
Single Word oo S.D. 81 * 108 : 110 102 -
: N (619) ' (673) . (538) (371)
Mean' | 250 313ab . 276 337ab C
Both Words S.D. 83 132 : 121 150
N (320) (330) (261). (107)

Note. Means in a column which have a supérscript-letter.in common are significantly
different (p <..05). - - , R .




Table 4

) SN
Average Duratibps of Fixations on the Critical Word \

. N

: ~
for Single Word Responses in the ‘
Experiﬁental Condition s
Type of Response . First Single-
: Fixation Fixation
Mean 259 | 269 -
First Word Only. S.D. 86 . : 88
. “N (294) - ) (156)
» :
'~ Mean 315% 327% 4
Second Word Onlys  S.D. - 117 ) . 106
) " N (379) (215)
3 * Significantly differeht form the mean for the no-switch control

condition (p < .05 ).

v ‘ | “

f\,j




Figure Captions

. Figure 1. Example of the sequence of displays-given to the subject in

the experimental condition.
Figure 2. The frequency of reporting one or both of the critical words
at test in the 50, 80, and 120 msec mask onset times of the experimental and

no-switch control conditions. | IE

Figure 3. The percentage of responses on which only the first or second
presented word was chosen when the fixations are centered to ﬁhe leftv or right
‘of the critical letter position. Eyeposition values indicate the number of
character positions away from the critical letter position, where negative

values are to the left of the critical letter.

\‘.

Figure 4. The frequency of reporting one or both of the critical words
at test in the 50, 80, and 120 maec»mask onset times of the experimental
condition when the critical letter is the first or fourth letter of the

critical’word.

Figure 5. Probability of reporting one or both of the critical words at
test for 30 msec intervals of thé!;uration of the second word during fixations
which were the only fixations on the critical word in the experimental

=

condition.

51




Elapsed Time

(msec.). . .
Cbnditlon""' | ,
2 3 ’ .- 7 Display A )
0 0 ~ The underground caverns were méant to house hidden tombs, but-tﬁen the _...q |

80 120 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxX%XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

110 15077 The underground caverns were meant to house hlddgn bombs, but then the

.52
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Probability of Reporting Word

first word ~e—e '
. second word o= == == 5.
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