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Abstract

College students read short texts displayed on a cathode-ray tube

as their eye movements were.being monitored., As they read, the
contents cof certain word locations changed from fixation to
fixation, alternating between two words differing in two letters.
This manipulation had no effect on reading unless the subjects

- happened to regress to or reread the word later. The result;

i

indicated that these words, which were lov in contextua} A
constraint, were read only when directly fixated, and “that ﬁhere

was no facilitation from prior peripherally-obtained information

-

¢

about the words.
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Perceiving Words During Reading: Lack of Facilitation

from Prior Peripheral Exposure

Present evidence suggests that visual information acquired
from peripheral visual areas on one fixation during reading
facilitates the identification of words available foveally on the
next fixation (McConkie & Rayner, 1976a; Rayner, 1975; Rayner,
1978). While there are many possible mechanisms by which such
facilitation might be achieved, for present purposes these can be
divided into two broad categories. Fifst, it may be that worgs
are often perceived in sub-~word units (letters,-letter groups,

syllables, etc.), with one or more sub-units of a word being

perceived on one fixation and the remainder on the next ‘ 2

(McConkie, 1979). Thus, words may be identified from subparts

e N e

which are frequently obtained on differént fixations. This

position will be referred to as the sub-word unit hypothesis. It

x

Fo ne

»

would suggest that parts of a word perceived on one fixation are

Y
s ARG e Sre <ur

noy repiocessed dn the next, and that the individual fixation
span (Underwood & McConkie, Note 1), or the region perceived }
during a fixation, does not necessarily-extend to word

boundaries.,

A second way in which peripherally obtained informétion

might facilitate p}ocessing of the foveal stimulus on the ngxf
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fixation will be referred to the information acciual hypothesis.
This assumes that the/;i@?ulus\pattern, while lying too far into
the periphery to supg@ﬁﬁ/word identification; has still been
partially processed, énd‘thg information gained facilitates word
or meaning identification on the next fixation., For instance, it
may be that cer;ain features of a word, such as its general shape
or length, or features of some letters in the word, have besp
obtained, or that some sort of preprocessing has permitting{
priming of thellexical entries of a word set which includes the
correct wofd,‘on the basis of semantic or phsnological
information, for instance. In general, this hypothésis éssumes
that the information obtained is not the identification of
subparts of the word (letters or orthographic units), but is more
general information that places constraints on what the word
might be, Admittedly, the distinction between thes% two
hypotheses Eecomes difficult if one thinks\of feaiures of words
of letters %5 being subparts of those units, but this will not

cause difficulty in the context of the present study. i

The other bossibility, of course, is that information
obtained periphefally from a word on one fixation-doeé‘not
facilitate its processing when it comes into the foveal region
for the nex£ fixation, :This could occur either bebauge such

3

visual analysis of peribheral words is not attempted dGring
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fixations in reading, or because when 1dentification of a WOrd'“f‘
fails, all information accumulated about it is discarded, and
processing begins anew on the next fixation. This would require
that words typically be identified only from the visual pattern
present during a fixation, without the use of information
obtained during prior.fixations. There would certainly have to
be exceptions to this, as when words are split between two lines
or two pages, or when a word is so long as to require more than
one fixation to perceive it. These conditions would necessitate
the additional ability to perceive and use subparts,- such as
syllables or the parts of compound words. However, it would
assume that this is not normally the way perception proceeds in
skiliZd reading., This position will be referred to as the word
unit hvpothesis, since it assﬁmes that entire words are typically
identified during a single fixation, rgther than perceiving

subparts or accruing information about them . to use later,

éresent evidence favors the peripheral acquisition of

) information, and thus sténds against the word-unit hypotﬁesis,
théugh it is unclear whether this facilitation occurs in an
information accrual or sub-word unit manner. Having erroneous
letters in the periphery during one fixation can inflate the
duration of the next fixation, when that region is brought into

foveal vision, even though the errors have now been repldced by
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normal text (O'Regan, 1980; Rayner, 1975; Underwooq'& McConkie,
Noté 1). In addition, Rayner (1975) found that if a word is
changed during the saccade taking the eyeé to that location, some\
disruption results, even when both words are appropriate to the
contexts 'Similarly, in a word-naming task, having a word in the
periphery during one fixation reduces the time required to name
in when it is in the fovea on the next fixation (Rafngr, 1978;
Rayner, McConkie, & Ehrlich, 1978), though this fgéil%tation may
depend on subjects' familiarity with the word set used, or on the
degree of contextual constraint operating (McClelland & O'Regan,
1981; Paap & Newsome, 1981), These results have been taken as
support for the notion that information obtained peripherally on
one fixation is brought to bear in the percelving of those words
on the next fixation, The information carried across is
apparently not strictly visual in naturé (McConkie & Zola, 1979).
. and there is some evidence that it'may not be semantic or
phonetic (Rayner, McConkie, & Zola, 1980). Howevér, these
studies have failed to indicate'whéther the information obtained
peripherally was of sub-word units (McConkie, 1979) or$more

general information accrual. One study‘suggests that it may be ‘

¢

sub-word units that are acquired, though the task used was one of
naming words rather thah more normal reading (Raynen, McConkie, &

Zola, 1980).
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The present study attempted to investigate, in a more
controlled manner, whether peripheral facilitation was taking
place during reading, and more importantly, to do this in a ~ay
which «ould allow a choice between the sub-word units hypothesis
and the informational accrual hypothesis as an -explanation for
ahy observed facilitation, In order.to do this, sets of four
words were identified which differed in only two letters (for

example, pears, bears, peaks and beaks). Sentences were then

written which contained one word location in which any of the
four words could appropriately fit, Subjects read these
sentences, displayed on a cathodé-ray tube (CRT) under cpmputer
control, as their eye moveﬁents were being monitored. As they
read, during saccades in the region around the critical word -
location, the display was changed between two of the words which
differed in both letters (for instance,zbetween bears to 2&3k§).
Thus, the word in that location alternated between two of the
possible words-on successive fixations, If the sub=-word units
hypothesis is _an_accurate descriptior of perception.during
reading, there shouid be times wheﬁ the subjects acquire the
first letter of the word during one fixation and the fourth

letter during the next, thus perceiving a word whi%h was in fact

>

-

never present on the CRT (beaks or pears in the above example).

,“] -
This could well occur without any evidence of disruption in the
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e&e movement pattern, since the reader would likely not know the
word had changed. Any combination of letters perceived as the
word changed would result in an appropriate reading of-the - -
sertence., On the other hand, if perception occurs by an -
information~accrual process, then the change of the pattern in
that word position from one fixation to the next should pr;huce ’ j
disruption in reading, as found in prior studiés, but it would be |
unlikely that tbe reader would report seeing woerds that were
never aétually o;-the CRT. Finally, if subj;cts showed no
evidence of disrﬁption from the changing letters, and also failed
to pérceive Qords not present on the CRT (but constructed from
parts.of worhs which were present), this would be taken as
evidence for the word-unit hypothesis.; -

3
e

METHOD

Subjects

The subjects were sixteen University of Illinois

9 . .
undergraduates who had normal, uncorrected vision, were native - Z

speakers of English, and were paid for their participation in the
experiment, All the subjects had previously participated for

four to six hours in another eiperiment involving the same

N

-

general type of task.
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Materials . T

Twenty<five quadruplets of five-letter words were chosen
such that each word in a set differed from one of the other words
in only the first letter, from a second word in only the fourth,
and from the remaining word in both the first and fourth letters,
For each quadruplet, a short text of one to three sentences was
constructed which made sense when any of the four words occupied
a particular word position, to be referred to as the critical
word location. These texts are presented in the appendix. In
addition to these texts, eight others of simila} leﬂgth and style

were used for warm-up and filler sentences,

a us
fhe text was displayed one line at.,a time on a Dig}tal
Equipma2nt Corporation Model VT-11 CRT. The CRT has a P-31
phosphor which decays to 1% of the original intensity in 500

microseconds and & hardware character generator capable of

producing upper and lower case letters. The display was

refreshed every 3 msec. Thus display changes can Be made within 3

msec without interrupting the refresh cycle. The CRT was 68 em.
away from the subject, which made one .degree of visual-angle
équ@valent to 4 character positions., The subject was supplied

with a button which called the next line‘of text onto the CRT.

- _AI.‘I:, .
LT g irtam
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Eye movemeﬁts were monitored with a SRI Dual Purkinjie
Eyetracker. The procedures currently used maintain an accuracy
Qithin a quarter of a degree of visual angle. Only the
horizontal channel of the eyatracker was monitored. The CRT and
the eyetracker were interfaced with a Digital Equipment
Corporation PDP=-11/40 computer, which was programmed to sample
eye position every msec and to make aisplay changes at certain

times when the eyes were identified as being in a saccade. 5

™

Procedure -

Subjects were’fitted with a bite bar and head rest in order
to minimize head movement. The thirty-three texts were split
into two groups with a short rest in between. Before and after
reading each group, subjects were engaged in a calibration task,
in which they successively fixated on five dots placed at |
equidistant points on the CRT cn the line on which text was to be
displayed., As each dot was fixated, the subject pressed a é
button, which caused the computér to sample the voltage leyel of
the eyetrackér for that position. These values were used té
translate eyetracker voltage levels to eye position locations on
the CRT while the subject was reading. Values obtained before
and after reading each group of texts were compared to judge the

accuracy of the data.
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. While. subjects read each text, aisplay changes occurred
during saccades made in the region of the critical word. The
display change consisted of substituting one line. of text for
another while the eyes were in a saccade. In the experimental
condition, the substituted line of text was the same as the
original except that the first and fourth letters of the critical
. word had been changed, replacing the word with its alternative.
So, for, successive fixations in the vicinity of the critical
word, two words differing in two letters alternated from one
fixation to another., For examble, if on one fixation the word

blame were present, on the second flare would be present, on the
third blame would be present, on the fourth flare, etc. (where

the actual switching was occurring during the saccades between

the fixations). In the control condition, the substituted line ' “

A

of text was identical to the original line, so that on each -

fixation the same alternative was present,

-

The region wiEhin which this switching occurred was defin;q
in ﬁhe following manner., Thrgg boundaries were set on each line
containing a ériticaliword location, The first, the enabling
boundary, was always 11 character positions to the right of the
beginning of the line. No display changes were permitted untii
the eyes had fixéféd‘aéjigéégvoﬁéé to the left of iEEE“bBuBaé}Q}“

The second, the initiating boundary, was 18 character positions

-
s
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to the left of the-critical word location, or one posftion to the

rightﬁot the enabling boundary if it were 18 or fewer character

positions to the left of the critical word ;ocation.~ The first

display changehoccurred dﬁﬁing the saccade éolléwing the first

fixation to the right of the initiating boundary, gi@en that the : !

éyes-had previously fixated left of the enabling boundary, and !

the word changed during"each following saccade until terminated ‘
. |

by one of two possihle events. The third boundari, the E

terminating boundary, was 11 character positions to the }ight of

the first letter of the critical word location.- Display changes
were permanently disabled for a given line following the first
fixation to the right of the terminating boundary, or following
the first regressive saccade, after such changes had been
initiated. Thus, display changes occurréd only during saccades
following fixations that lay between thé initiating and
terminating boundaries. Within this ;egion, they occurred only
if. (a) the enabling boundary had previously been crossed, (b) no

previous regressions had been made since entering the region, and

(e¢) thigfregipn had not been previously read (that is, the
initiating and terminating boundaries had not previously been
crossed, in that order). With this algorithm, the decision as to
whether a display change should obcur"dur;ng a saccade was made

during the prior fixation, making it possible to insure that all




i
£
:

Perception During Reading

12

chgnges took place early during the saccade, and none occurred at

or after the time the eves were coming into a fixation.,

<
~

After reading each text the subject was presented with each
of the words in the quadruplgt relevant to that text, one at a
time, The order of these test wo?ds was randomized for eaéh
text. The subjec@ was instructed to indicate whether eaéh test
word had been préseﬁf in the text. The subject was supplied with

two buttons, one to indicate yes and one to indicate no. Note

.that in each testrset for texts in the experimental condition,

two words had actually been in/ﬁhe text and the other two had
not. In the control condition, only one of the four words had

been present during reading.

Each subject received the texts and test items in the same
order, but the order of assignment of conditions to texts was
counterbalanced across subjects. Subjects were divided into
eight groups. Groups 1 to 4 had thirteen experimenfal and twelve
control texts. For groups § to 8 the conditions to which the
texts vere assigned were reversed, resulting in twelve“
experimentai and thirteen control texts. Gro@bs 1 to 4 each had
a different word in the critical word location when' the text
initlally appeared; similarly for groups 5 to 8 Ihe initia%ly1

appearing word was the only word present in the control texts; in

-

N [ 22T
P S e
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fy

the experimental texts the contents of the critical word location

alternated between the initially-appearing word and the word!

created by changing both the first and fourth letters. Thus, the

coaditions, texts and word alternatives were all counterbalanced

with respect to each other.

; Results

~

o 4

The results will be repoﬁted as providing answers to four

questions. First, how accurate were the subjects! responses on

the test items? 'Second, did the subjects report.seeing words

that were never present as they read under the experimental

conditions? Third, within what region were the critical letters

perceived? Fourth, did the letter changes that were taking place'

-cause interference (or reduce normal facilitation) during

reading? i
) i
"\é

3 s

Accuracy of the Subjects! Responses

Wb

The different patterns of responses to the test items,

together with the frequency with which each occurred, are shown

1n Table 1. An examination of the response patterns for the

texts read under the control condition, where the same word

always occupied the eritical word location, indicates that 85% of .

the time the subjects reported seeing only the word actually
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present in the text. On another 5.5% of the instances they chose
the correct word plus another word, on 3.5% they:selected no
word, and on the remaining 6% they chose a erné word, one not in
the sentence, \
\ o

Insert Table 1 about here,

Of the 23 instances on which an erroneous word was selected,

on 22 the selected word shared one letter with -the priginal. >
# . p » :

Only once did‘'a subject choose a word differing in both letters., . B

Thus, even when a wrong word was reported, it tended to maintain 3;

information from the original word. In the 12 instances in which ‘
a single erroneous word was seiectéd, ;t.shared the first letter
with the origihal word 4 times, the fougth letter 7 times, and
neither letter on}y;hpcg. Thus, there was no tendency for the
first letter to be maintained more frequently than the‘fourth, as
might have been expected. Finaily, it should be noted that in

every case in which an error was made (including selecting none

~ . —_

of the test words) the subject's eyes had been centered on tﬁq‘ R

eritical word on at least one fixation. The errors .did not gr&§§51

-

from physically skipping over the word: S i . .
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In general, then, subjects were quite accurate in selecting

the word that was in the text in the control condition, though

some errors were made.,

: Frequency of Selecting Non-presented Words in the Experimental

b Condition

. Table 1 gives the freqdencies with which subjects reported
having seen words which were rever present on the CRT. as they
read. While this occurred more frequently under the experimental
congition than under the control, this Qifference was small (31
vs. 23) and not statistically significant. Thus, it appears that
these 5-letter words were seldom if ever..being eerceived from
sub-units acqﬁired.bn two successive fixations,’ In the
experimental condition, as in the control, most of the time the

a subjects reported havidg~seen one of thé words that was presént

in the text as theﬁ read.

.

In order to obtain a general indicition .of- the region”within

: which the <yes were centered when the critical word was being

read, experimental condition instances were selected in which the

-
Lo
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regressions and no refixations following a regression in the
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\
region around the crifical word (from 10 letter positions prior

to it to 5 letter positions following it) and in whichk (c¢) the

letter was switching during saccades and (d) the equipment was iﬁ
tracking the reader's eyes properly. This yie;ded a total of T3 ’
dnambiguous cases, All fixations on these sentéhces between 15
letter positions to the left of the critica; Qord an¢ 6 to the . é
right were=then classified according to (a) their iocation with - ':é
-respect to the criticai word, and (b) whether or not the word K
present during fhat fixation was the one reporteﬁ as having been
seen. These data are plotted in Figure 1. The solid line
indicates the total number g% fixatiéns centered at each letter
position. ' There is é maximum at.the location of fhe eritical I

. . \ .
word with minima to either side, reflecting the tendency of ' :

R IR
R L

subjects to fixate the centers of words (O'Regan, 1981; Rayner, . | “

Yoty
TR

- 1979a; Zola, 1981). This maximum does not necessarily reflect -

o
e
vz
2ol ¥ 2

any tendency to fixate the critical word more than other words; o
it simply rgflécpflthe fact that the data are groubed with
resSpect to the position of that word. No such consistent
correspondence exists for o;he} words across the péssages when

: the -data are grouped in- this manner.

= S B e P B 2P G B G P G G G GO D S D G G S a9 GV S Gy
? Caniast

Y . .
Insert Figure 1 about here.
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The data of interest are the frequencies with which the word
present during fixations at different locations wae the word
reported as being seen. Each sﬁEh fixation is a candidate for
being the fixation on which the word was idertified (though, of

course, this does not-mean that the word was identified on all

these fixations). The frequencies of these fixations are shcwn

3

in the dotted line on Figure 1. As can be seen, in every

1nstance but one where a fixation fcll directly on the crltical'

-

word, the word present on that fixation was reported as having

e e et sreagFet evhnl ninsesiabanis

been seen, O0Of 11 fixat;ons on the space prior to and following‘

the word, the word reported as being seen was present on 6 of

those fixations. And during fixations on the five ‘locations

PUCNA BRI

P

before or after the word (including spaces béfore and after), the

N
¥

®

.word reported was present on only 5 of the 88 fixations, In each

.

of these latter cases, there was anothe; fixation direcﬁly on the

critical~wordwon«on~the~space~befoneuon_aﬁter,.on,which_theh,_

reported word was present. Thus, it appears that the critical -’
word was being identified only on fixations directly on that
word, or sometimes on the space before or after., Apparently,
whether the first or fourth letter of the critical'word.iocation

was being employed in word perception during a fixacion depended‘

less on the location of that letter with respect tb‘ﬁpe fixat;on

location (that is, on how many letter positions it lay to left o"
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right of the center of vision), and more on whether the word
containing it was directly fixated. The data include instances
in whieh the fixatiba was -centered on the 5th letter of the word,
and even on the space qulowing it, thus placing the first letter
of the word 4 or 5 letter positions to tne left of the fixation
point, on the fixation on which the word was identified., That
initial‘letter of th; word could not have been acquired on the
prioe fixation, because a different letter had occupied the*
location on that fixation, Likewise, there are other instances

in which the eyes were [lixated just 1‘or 2 letter positions-to

the left of the initial letter of the word, and that letter. was.

apparently not picked up, in spite of prior evidence suggestlng
that the perceptual span tends to be asymmetric to the right
(McConkie & Razper, 1976b; Rayner, Well, & Pollatsek, 1980;
Underwood & MeConkie, Note 1).

T T R I

RSN

2 s vk D3 AEE s

”““““‘it~ap2ear57Athen,~$hat“whenitheseuneadens, Jere making a
rightward series of saccades along a line of text, the regien
influencing word perception during a fixation was definhed in
terme of word units, rather than in terms of a certain number of
letters to right and left of gpe fixation point. If a wofd ﬁas
fixated only once_ (as was typically the case 1n these data) gﬁagi
fixation was typlcall;\the one~which provided the visual -

information for the perception .of that word.
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The data fror trose inztances on which subject regressed

i

back to the ecriti-.i wo:c or ieread the region containing the
critical word after naving regressed to an earlier region were
glso examined. In these ;nstances,'during most of the fixations
on the word, the word reported as naving been seen was present.
This was typically tlie case because of tne letter switching |
algorithm used. ~When a 'subject regressed, the worn was changed,
but further changiag was discontinued. Thus, if the subject’maﬂe
a fixation on the word, went one fixation beyond, @nd then

returned to the word for several fixations, the ﬂi&ation

.

follqw{ng the regression and all further fixations would have the

~

same word present as was present on the initial fixation on the
word. In spite of fhis aspect of the study, there were 53
instances in the experimental condition.in which subjects had
fixations centered directly on the cr1t1ca1 word or on the space

before or after, durlng which each of the two words were present.

‘D\

An examination of the responses made following thesé sentences

-

indicates that a single correct response was given 36 times, or
68%. Both words were reported 3 times, a correct plus 1 or 2

. incorrect words 6 times, only an incorrect word 3 times, 2nd no

~

response 3 times. Thus, most of the time when a word was

-,

7 o3

: refixated after it had been. changed, oniy*one,cf'ﬁhe,wcrds;was;

reported as havirg been seen, and the frequency of reporting botbA : ‘

> - «
@
- -~ .

- L . « -~
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was less than that of reporting a correct word and an erroneous
one. While further research 15 needed tec investigate the
possibility that subjects were not always reporting all the words
they actually saw, it appears possible that, when regressions or
‘rereadings are involved, it is not neceesarily the case that a
word is being identified each time it is fixated. Such a finding o
would raise questions about the function of such»fixations,’but f

‘the present data provide no additignal- information on this issue,

Several aspects of the.data'ihdicated that changing letters

N RN P W ar W

from one'fiiation to another was producing an effec* on reading. BE
The total number of fixations on’the critical word was 387 in the |
experimental condition, as opposeﬂ to 31" in the control. The
mean duration of fixations falling inxthe region from 5 letters.
prior to, to 5 letters following, the critical word was 265 msec

as'compared to 254 msec for the control condition.

-
%

In order to provide unambiguous evidence concerning the
effect of changing letters, the data were searched for those
instances on which the first fixation 68 the criticél word‘was

preceded by a saccade during which the letters in the critical

e — - ez —m-(v-.“-m_»-‘ww

word were changed.' Data from the control condition were selected E

in an identical‘manner, sinee the same,alggrithm had peep_useg ipz j
3 . - . B e

©
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controlling the display in that conditionj This produced a data

set of 157 instanceslin the experimental condition and 151 in the -

confro&’condition. The first fixation on the word was labeled

fixation FQ, the saccade following it, saccade S1, and the next
fixation, fixation F1. For each subject, the mean FO and Fi-— o

fixation dukations, and the mean S1 saccade length were . T
calculated for those experimental and control sentences which met
the above criteria. Means for the experimental and control
conditions were then calcuiafed by averaging the subject means,

. These were compared by t-test for corre%éted means, - The results
are presented in Table 2, which‘indicate that no detectable
effect was obserQed on either fixation FOQO or saccade S1, but that
a marginal effect may have been present on fixation F1. Further
analysis indicated that this latter effect disgppeared afper
removing all F1 fixations that followedz}egressive 31 saccades,

or those that were centered on the critical word location {(these

being the second fixation on the.word, and typically being

preceded by a regression), Finally, as Table 2 shows, when' the =
F1 fixations were subdivided into those which fell to the right
of the critical vord, and those which fell on or to the left of

it, a significant effect was found only for the latters It

-
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-only has an influence on some instances when a second fixation is
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weré involved., It should be noted that these were cases in which
the word changed again during saccade S1, so tﬁe word was
different on fixation F1 than it had been on FO. It seems quite
likely that this effect on fixation F1 was actually due to this
second change, rather than the first. Thus, there is no evideqpe
that having a different wor:\present during the fixation pri6?fto
that on which the word was directly fixated had any effect on

processing that word. It eppears taat the change in the word

made on the word, or when there is a regression on the following

saccade.

Fipally, it seemea possible that the display change only
influenced reading when the fixation prior to the fixation on the '
critical word location was closé enough to it.that visual detail
could be resolved. To test this, the data were split into those

instances in which the fixation prior to fixation FO was less

than 5 character positions fo the left of the eritical word .

location, and those in which it was 5 or more character position$

to the left. Mean FO fiiation durations for experimental and
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control conditions in the first of these cases were 287 and 276

msec; in the éecond case they were 278 and 264 msec., Neither of
these differences was significant ( £ < 1 and £ = 1.39, p = .09,
successively) and there was no eviaence for the predicted

interaction,
8
As reported earlier, in the total data set. there were more

fixations in the region of the critical word in the experimental
.condition than in the control (from 5 character positions before
&0*5 after the word) and these fixations show slightly longer
durations in the experi%ental condition., Once ééaiﬁ: whenhthese
data are partitioned iuto first pass fixatiqns (those taking the
eyes further along the line than‘they had previoﬁsly been) and
those involving regressions and rereadings, the difference is.
only found in the latter set., Mean fixqtion durations for first
pass data are 258 vs., 257 msec for experimental and control

conditions, respectively; corresponding values for the other set

aré 283 and 245 msec. L - < s,

It seems evident, then, that the effects of changing wo‘r'g'!a,l‘L

only ocpprred when the subjezts regressed or reread the text,

The remaining question is whether the display changes themsélvegﬁ?pk

induced these Feégressions_and rereadings., Table 2 indicates thdt -g

LI

g )
in the data which were selected on_having a disbiay change duridéw‘: ’

&




"showed very little difference in the frequency of being fixated ' i

'f1xat10ns, none with more). Thus, it appears that the changlng

'the control condltion. These fixations tended to be longer in' . S

. . Perception During Reading
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&
the saccade prior to fikation FO, there waﬁgvery littlet

.

difference between,the frequency of reéreasions in the

~ . I

experimental and dgntrol conditions on'saccade~§1. Furthermore,

frequency distributions of the number of times that the critical

word was fixated in the experimental and control conditions
only once (104 vs., 111 respectively). The primary difference in -3
these distribution§ was in the frequency with which the critical

word received 3 or more fixation$, which was 44 for the

experimental condition (of which 13 instances showed,5-10

flxatlons) and 21 for the control (of whlch only 4 showed 5 or 6 ¢

of the words did not induce the regre351ons and rereadings, blt

-

that, when a regression occurred, the fact that the word was

ot Vot o

sometlmes now different tended to inducé additional flxatlons in

TN
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duikation than fixations involved in regressionsﬂand rereading in

the control condition.

v -

? ° v

It is concluded, then, that there is no evidence that the

'cﬁanging of the critieal word from one fixation to another was

having any detectable effect, either in producing longer
flxations, shorter saccades, or a greater likelihood of .~

regressing., When, for some reason.other than th: display change,
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there w;s a regression or the critical word was refixated, did
the d}screpancy produced by the display change have an effect.‘
Thus, there is no evidence that information about the first or
fourth letters of the word (or word shape involving these
letters) was acquired from the periphery on one fixation and then

influenced the processing of the critical word on the next

fixation, when it was brought into foveal vision.

Discussion

With respect'to the hypotheses posed earliéf, iE seems élear
that the perception of the words studied is best described by the
word unit hypothesis. There was no evidence that sub-word units
were being acquired on successive fixation; and integrated into a
single perception, nor that tﬁe visuval information being

Kl

°

manipulated in this study was being obtained peripherally from a
word on one fixation and was then facilitating its perception on
sthe next, Rather, the critical words .were being perceived during
only one  fixation, that on which the word was directiy fixated,
and the changing of the*detters only had an effect if the reader

- . regressed or reflxated the word for some reason.

. L

a

These results are quite different than those obtained by

o

Rayner'(1975):and strongly chalienge the notion that word

.




- . - 26

perception during one fixation is facilftated by information
P

obtained peripherally during a prior fixation (McConkie & Rayner;

Perception During Reading e
|
|

1976a; Patberg & Yonas, 1978; Rayner, 1978; Rayner, 1979b, :
Rayner, McConkie, & Ehrlich, 1978; Rayner, McConkie, & Zola, ;
1980; Rayner, Inhoff, Morrison, Slowiaczek, & Bertera,. 1981; 3
Smith, 1971).0 If information about thé_critical words was being |
.acquired on prior fixqtions, that information must not include

letter features, even for the initial letter of the word, or even

word shape information, since word shape was changed in a number c T
) -’ iy :
of the instances used in the study. If such information‘'was 3
being acquired, the present study found no evidence that it was

being used to facilitate reading.

e

It is nécessaiy, then, to consider why it was that the
results of this study seem so contrary Ep prior theory and
research, One possibility is that there was sSomething peculiar
about this study that inhibited khe normal integrative processes
dufing reading. This could~be_due either to the nature of the
materials used or to the nature of the task. With regard to the
materials, it should be noted that the critipal word locatio§,was
a relatively unconstrained word position. This was necessary in

order for it-to be capable of containing any of foéur different. -
, 3 :

words, selected only on the basis o their having certain letEéF‘

similarities. It may be that the acduisition and use of

sl
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peripheral visual information to facilitate later word E
recognition only occurs when there exists a higher level of

contextual constraint (Haber, 1978; McClelland & O'Regan, 1981;

Paan & Newsome, 1981). This is a possibility that requires

further investigation, On the other hand, the task’could be

suspect as well, especially in the present study. Subjects were

asked to read short texts censisting of one to three sentences, "

and then to select from among several visually similar word

oAl .
x e b d T a2

»

alternatives, It is possible that this could induce a sort of
word-by-word consideration of the text that is different than the
proceésing that takes place in more normal reading. Since all
the subjects in this study had previously participated in a much

larger study employing the same task,_ﬂsving read over 300 such

s

texts, they may have developed a peculiar reading strategy. To

~ test this, four naive subjects were testEd in a somewhat

e w¥ onet Wortent e 3 Pe Fengnr b

different manner. After reading each pa§sage, the subject came

R

o

T

off the vite bar and answered an oral question which was de81gned
to require moré than a one-word answer, but with an answer that
would reveal which of the words was perceived during reading.

The data from these subjects were very much like those from the
subjects in the main experiment. In perticuler, from texts reéd:

-

in the experimental conditlon there was only one instance (out of

© a total of 44) in whicn a subject reported having read a word

¥ N
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. that was never presented. The control condition produced four

such instances. Once again,-there was no evidence for the sub-

~
<

word unit hypothesis, and there was no other evidence for greater
confusion or difficulty in responding to the -words in the

experimental condition. Thus, ;t seems unlikely that the results
were due to the task employing a test which required subjects to

select from among visually similar words,

Another possible reason for the discrepant results is that

earlier conclusions may have been in error., All studies

‘

~

- . . e

involving eye movemeqt contingent display control which have been‘
taken as evidence for the existence of faciiitation from prior
peripheral information have involved chang;ng §he displa& in some
manner from one fixation to the next, In moséf¢30me'stimulus
pattern (erroneous letters or a gratingb is present in the visual

periphery on one fixation, but is removed or relgcéted on the

next fixation, so-that the part of the text now in the fovea and
near-fovea is veridical.; When this results in a detectable
change in reading (increasing ﬁeéding time, or'causing specific

changes in the eye movement pattern) it has been ausumed that

“this was due, at least partially, to the peripheral visual

’

v T
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However, it should-be noted 'that these studies actually

Jprovide three separate possible sources of difficulty to reading.

.o
PR
v

A

The first is the existence of inappropriate stimulus patterns in

the periphery during a fixation. Underwood and McConkie (Note 1)

«
2 e

have specifically explored the effects of having erroneous

RN

5

& AN

letters at different retinal locations, for instance. The second

H
37y

; is the fact that the stimulus pattern on one fixation.is somehow

(3

g
© 3
-t
B

different than it had been on the prior fixation. The third is

the fact that changes are occurring on the CRT which, by

themselves, can have a disrupting effect on reading.‘ While it

- has been demonbtrated that briefly replacing text with other text
or letter strings during a saccade has no effect on reading, it
is also true that chanées.occurring'during the first 30 msec of a
fixation produce disruptive effects on reading (Wolverton, Note
2)..- Thus, it is extremely critical for?this type of reSearch
that any display changes occur at a time when the stimulus

;—A—v _-movement associated with the change is not perceived. No study

.has yet been done which shows how late in the saccade; or how

early in the fixation, these changes can be made without the

simple existence of movement on the CRT having an effect on

reading, and no study has employed an appropriate control

condition for such an influence. of course, the claim ‘that

peripheral visual 1nformation 1is being acquired and used to

<, - P
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later foveal percepfual processing is based on the
that some or all of the observed effects of display
the relevant studies have arisen from the second

non-identical stimulus patterns on successive

rather than from either of the others.

| .
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All but three studies which have involved reading of
ot

continuous text have also used text-inappropriate peripheral.

visual patterns, either words spelled backwards (O!'Regan, 1980),

other letters substituted for text original letters (McConkie &

Rayner, 1975; McConkie & Rayner, 1976b; Rayner, 1975 Underwood &
McConkie, Note 1), or gratlngs (Rayner & Bertera, 1979; Rayner,

Inhoff, Morrison, Slowiaczek, & Bertera, 198%; Rayner &

Pollatsek, Note 3). Thus it is possible that in all such studies

the changes in reading which were observed resulted from the
s ) » I .
presence of inappropriate peripheral visual patterns themselves,

rather than from the existence offchange in the pattern from one .

fikation to the next,

The two studies in which this was not the qasei:6€her than | E

‘the present one, wWere by Rayner (1974) and McConkie'(Note 5).‘;Zyifw7'

the Rayner study, there was one condition (condition W~SL) in,

which the contents of one word location was changed from onerwon‘

P A S A A

T
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Both words were appropriate in the context, and they had the same
initial and final letters and the same general ﬁord shape. The

present study would seem to have produced a potentially more

noticeable‘change, since the initial letter was changed, and in

many of the instances the word shape was changed as well., Still, ’

m

Rayner found an effect of his manipulation, an increzse of about

. »WL
ar B
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20 msec, in the immediately following fixation duration, whereas
the present study found no effect. It is possible that the

effect in the Rayner study was actually due to tbe(third type of

P

influence, detection of movement in the display associated with
the making of the change. Several analyses were conducted to
consider this possibility at the time the~study was done (Rayner,
Note §) and all but one yielded nonsignificant results, However,
a reconsideration of the data presented indicates that, while the
differences were not large, most were in the direction suggested
ty the hypothesis that changes were indeed being seen. For
instance, when fixations were divided into those which occurred

on the letter following the bouﬁdary which® triggered the_displaj
cwaﬁge (and thus had the greatest possibility fof the change

AT, P S

occurring aPter the saccade was completed) VS, flxations further ) ,’;

T
%3

from the boundary (and h°n°e which provided greater saccade time

after a change was called for), only one of five tests Was

significant, but four of the five shoqed 1onger fixations in the
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first case than in the second. The average differerce between
the means of these five comparisons was greater than the 20 msec,

difference found .for the experimental manipulation in the study.

. < .
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In contrast to this study, where display changes could be

triggered late in the saccade and thus may not be complete until

k4

‘

<
L Y W

the eyes were actually iﬁ'fixation, both the present and a former

Y
5

L .
o A A iy o o

study (McConkie, Note U4) only made changes early in the saccade.

s
7

McConkie (Note 4) caused a single letter to change during each

saccade, alterhafihg the contents of a critical location between

&
4
H
¢
2
k3
B

two words, both of which were coﬁtextually appropria%e. In the

present study two letters were changed. In both studies the

=3
:
‘9
I3
g
4

change occurred about 8 msec after the onset of the saccade, and’

since it required only 3 msec, it was completed long before the
end of the saccade, which lasted at least 20 msec. Neither of
these studies provided any evidence thaf changing a word from one
fixation to the next had aﬂ?xeffect'on reading, unless the reader
later reread the word; Thus, it may be that where effects of
changing words or letters froh 6ne fixation to the next have beep

observed in the reading qf continuous text, these were due td the

presence of erroneous or inappropriate peripheral patterns dur;gg:,“

fixations, or to perceiéed mdvemeng of thettext~When changes

R Py Tty e

b s 2 4%
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occurred late in saccades or early in fixqtiong, réﬁher than £¢'

the mismatch of visual patterns from one fixation to the nexﬁa

i
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The présent results seem particularly damaging to two .
proposals concerning the use of peripheral information which have -
been put forth, Bouma (1978) suggested that information from the oA
périphery is transmitted to the brain much slower than foveal ,i
information, and that in a series of fixationé during reading the &

peripherally-obtained information from a word and the later

‘;‘,L" ;

N 2ot ok
magrade e Rl . WA er s A,

foveally-obtained information from the same word arrive at
appropriate brain centers at about the'same time, thus. supporting
one another and *“acilitating the perception of that word. Smith

(1971) proposed that the region within which words are read is

Lo
<% A

.
AR

sufficiently large that the same word is actually read on several

»
e
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fixétions, thus facilitating processing and pro&iding redundanc&

against misreadings. It seems clear that neither of these

\

proposals describes the perception of the words studied in the ° ‘ .
' X

present experiment, Rath@r, the evidence indicates that the

words were read from informatién obtained during only one

fixation,

&

Even if peripheral information is not being used to
facilitate later fovéal perception, this is not to say that

peripheral information is not useful during reading. -Other

’

studies indicate that sometimes words not directly ﬂixated_gpe;f: w'.th

still being read (Hogaboam, Note 63 Kliegl, Olsom, & Davidson, |

Note 7) and that lengths of words in the periphery, duite,apart_:;,i

it
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from their other characteristics, can influence where the eyes

are sent on a saccade (0'Regan, 1980). However, these are

>

characteristics of the stimulus that are available peripherally

from the present fixaﬁion, and do not require integration across

AT e

fixations., If some type of information is being carried across

fiiations in reading, its nature is not presently apparedt. The‘
carry-over of strictly visual aspeces of letters and word shapes
does not seem to occur (McConKie & Zola, 1979) and the present i

study seems to eliminate'the carryover of specific letters or

semantic information, The fact that changing words has no effect

-

eliminates the possibility of semantic priming based on . -

.

peripheral patperns (Inhoff & Rayner, 1980). In summary, the&,

PRy

these results/ argue that reading 'is based on available retinal,
information _ ather than on patterns perceived during prior
fixations. Whether good\\eaders are more adept at using
available peripheral information (Fisher, 1976; Patberg & Yonas,
1978) or not/(Underwood Noté 8) is.still a matter: requiring

investigation. _— .

- ‘ L
- T Y

The results of“this study aiso argue that the Fegion withif

which visual information is used for word iden»ifioation du i‘

g ',*‘«:“
N \‘;» parFe

of letters to left and right of the fixation (McConkie, in

press).
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the left of the fixation point (Rayner, Well, & Pollatsek, 1980)
the same is not true for the region to the right (Underwood &
McConkie, Note 1). For instance, these last investigators found

that when letters beyond the third to the right of the fixation

-point were replaced by other lettere, the disruptive effect was

¥ \
Just as great when this manipulation did not cause a change in

the fixated word as when it did. The same was true when all
letters beyond the fifﬁb to the right were replaced. ’Thus, there
wes no evidence that e}rors were not being perceived when they
lay outsioe the fixated word, or that this occurred less
frequently cor had less of an effect. Combining those results
with tﬁe present study raises an inéeresting question, Ié it
possible that during a fixation the reeder responds to
orthographio irregularities in a word Qﬁtch is not identified on

that fixation, and.yet at the same time information perce;led

from such a word is not used in its perception when it istbroqght'

into the fovea on the next, fixation? Since, the present data are

insufficient to answer this question, it mdot remain a topic for_

futhre investigation. If the a?swer is positive, this will be

I S
in reading, rather than only becoming important in lexical accé%

strong evidence that orthographic structure is perceived directly;l :
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Finally,\the results from the present study bear directly
the issue of how best to derive a measure.of prbcessing time ;n
reading from eye mgvement data. One basic question has been
whetheq perception duriné a fixation should be considered to be
in letter or letter-group units (McConkie, Hogaboam, Wolverton,
Zola, & Lucas, 1979) or word units (Just & Carpenter, 1980;
Hogaboam & McConkie, 1981). The present results clearly favor
the latter, and are in harmony with Just and Carpentert's "Eye-
mind Assumption", though other évidence indicates that words
other than gaat fixated are at times read during a fixation
(Hogaboam & McConkie, 1981; Kliegl, Olson, & Davidson, Noté 9).
Apparently, at least when a person is reading carefully, five=-
letter words which are relatively unconstrained are read only

~

when directly fixated.

57
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Appendix .

M Lo
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1. As Kevin approached his grandfather's bungalo down the long

13

country lane, he was taken aback by its

/weedy/wgepy/seedy(seepy/ appearance and its need for a coat °

of paint. . : e

€ 4% < chu Armn AR T e st

o A 3aT s VY

2. Ruth's great aunt is definitely the most ' .

/mushy/musty/gushy/gusty/ person she has ever met,

Y

3. Dr. Koppof was able to demonstrate that the
/blare/blame/flare/flame/ which had Been so disconcertidg to

the natives of the region originated from a neighboring
. ‘ . /

s

tribe.
4, With considerable hesitation, Phil asked Sué to

W

Ytrade/trace/grade/g#ace his table, not knowing what the
K AV . .

outcome might be.

- -

. 5% English\teéchers typically believe that formal writing has
the ability to clean out thg /musty/musky/dusty/dusky/

- reaches of the mind and that it contributes to clear

.

thinking, | - L P

il

R )
.
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6. The.second grader was doing very well in the spelling bee

until he was given the word !'/couch/cough/touch/tough/?,

o

. which he missed by a single letter. : .

-

T. Mr. Gilmore has written a book in which he classifies
;' /peaks/pears/beaks/bears/ from around the wdrld.‘_Howevér,

it will never be a best seller. . : .

-

8. They have interesting /meals/meats/seals/seats/ at the

‘ Emporium. You really should make a visit there the next

time you ar~e in the city. ) .

9. While the old herder shivered in front of his pot~bellied

C e s
P T 5 K gt b

| stove, he was, lead to contemplate the results of his

~,

actions. While having his /goats/goals/coats/coals/ high

’

seemed like a good igdea at the time, he now realized the

: . disadvantaéeé.

10. "Hr. Blackwell was, in order, an industrialist, a runner, a

L

collectobfggd a hypochondriac. The many
/pills/pileéZﬁflis/miles/ he,had‘accumdiated over the yeans:

\ . _ .
N were often the topic of conversation among his friends, .

4
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11.

12,

13,

15,

16.
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The Recreation Housing Committee reported that five
/teams/tears/beams/bears/ were recently discovered that we .
previously did not know about. Boyd has been assigned to

-

seek more information and to report back to the Committee,

The high point of the Great Zaslow's act is when he :
/leads/leaps/heads/heaps/ all twenty tigers toward the gate

of the cage at once,

It has been whispered that deaf Talu .
/beats/bears/heats/hears/ his chickens in the large bamboo

cage,

In this particular form. of treatment, the physician
/seats/seals/heacs/heals/ the injured bone directly in the

socket, ‘ .
\ 7

N

Rosslyn decided that her husband's music and his R
/feats/fears/beats/bears/ were no longer tolerable and it

was finally time for her to leave. . .

- . ~

The chlldren rang the school bell as the old teacher shopped
at the fruit market next door. "Although I love the
/dears/dedls/pears/peals/ " she said mournfullx wy cam‘ﬁx

take any more of them ﬂoh'a féw days."

+

= 4
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19.

21.
! 22,

: 23,

cm on_mpnow

/works/words/corks/cords/ the judge§ declared him to be the

'The officer inspected the /belts/bells/welts/wells/ before

T NNG——"
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Everybne knows about fhe /raids/rails/maids/mails/ in my

country, but the government is unable to do anything about

-

them, ‘ .

A3

)

It 'has been said tha% a highly trai-ed dog

> v s

Burtey,

?

DAY, o 12 0y o8

A‘,.
23 p AR,

/heels/heéds/feels/feeds/ well only at the call of its

master., . )

3, .
The o0ld peddlesr had s6 many /warts/wares/carts/cares/ .that

-

it was hard for him to exert . enough energy to make his way

‘

along che streets of the city. Sl

.

After a careful examiration of the'Frenchman's

N\
-y s

winner.

-

L gt
PSS ST PR T e

x;‘-} -

having his supper,

After hours of searching for them, the old

/deans/dears/beans/bears/ were found in the park. e

As the moon slid behind the clouds, the

/yards/yarns/bards/barns/ had a strange .ef fect on him.
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The anthropologist, Dr. Barter, claimed that, unlike the
’ 3
compatsionate and helpful Samoans, an Eskimo fisherman never

/baits/bails/waits/wails/ for anyoné, even his closest:

friends,

Yesterday afternoon Mr. Johns showed his

/warts/wares/harts/hares/ to his friendsi '
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Table 1 ) 3

el N m by A AR E

Responses Given to Test Werd A

Response Type ' Frequency ~

/

: . T Control Experimental ‘

4

§
Tk
.
-,
~F

w
i
|
|
|
I
|
|
|
|
|
|
|
|
ﬁ

1 ' : tTexts //Texts %A
g Correct Response i Y 1&0,«— ,}61 i Zé
Single Corrgdt Response // . 156 ) @

170
Two Corregf Reéponses /} 5

/

>\~---.
w-.
A\

Errors E

39

~—

3 vy |
No Response 7 ‘/ 7 8 f
i . I' "vp
Single Erroneous:Response / 12 17 “

Multiple Words, Including / y

Correct Response ' 11 13

e M WA Lt

Multipl'e Words, Not Includi gf

‘Total

.- ~ , .
Correct Response , o 0 1
f
: 200 . 200

7 % NA ='Not épplicaﬁle. £
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Table 2

a N
Eye Movement Data Following Display Change Prior to Fixation

PR Data . . Condition £ d.f.
. /
Experi- Control
mental
~ No. instances L 157 151
/// .
. //,‘ i lf
\.\ FO fixation durafion - 283 msec 273 msec .79
81 forwarg/saccade length T.16 cp# 6.96:cp 1.07
/‘ . .
No. regressive S1 saccades. 26 20
- fixation duration 275 msec 254 msec 1.43 15

!

F1 fixation duration when
not on critical word 26T msec 264 msec <1

F1 fixation duration when

’

S1 is not regressive 261 méec 261 msec <1

F1 fixation duration when
F1 is right of the word 268 msec 274 msec <1
Fi fixation duration when

2 F1 is left of or on werd 281ehsec 214 msec 2.88 15

LY. -
-’

¥cp = Number of character positions, where 3 cp equal 19 of
visual angle,

o -“1" > =
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' Figure Caption
\ ~ . Figure 1. Number of fixations at each letter positioh with
- respect to the critical word location, and the number of ﬁhese cn

which the word selected as having been seen was present during
that fixation, Only data from instances in which the subject did
not regress back into this region, and in which the squect

responded correctly on the test, are included.
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AT . {AT LOCATION

D—A NUMBER FIXATIONS ON WHICH |
SELECTED WORD WAS PRESENT 1

e—e TOTAL NUMBER FIXATIONS . . l

NUMBER OF FIXATIONS
o
1

. L] ] ¥ 'lul‘—‘x 1 ] L § ¥ =] 37
: ‘-6 -4 -12 -0 -8 -6 -4 -2 0 2 4 6 8. 10

he_c.lassi f'iesu{g}'e‘a{t}suf rome

. .

LOCATION OF FIXATIONS
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