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Perceptual Span
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Abg;ract

.
“

This stidy investigated the size of the visual region within which o
. adulfs use visual information to distinguash among letters as tﬁey read,

Fifteen college students read passages from a cathode-ray tube as their .

v

eye movements were monitored., On occasional fixations, letters in
e . ’ . i .
specified visual regions Were replaced by other letters. The effects of
this\manipuiatiop were observed on their eye%movement patterné.

Erroneous_letters lying four or more letter positions to the left of the

-

fixated letter, or eight or more to the right, had no discernible effect
- ¢ 1 ' i
on reading. There was no evidence td indicate that prior research in
t »

*

which letters were reblaged on every fixation had underestimated the
size of the perceptuél span. The fact that the preseht”study yielded a.
smaller estimate ~of‘, tk;e percep’cuél span and showed s.maller effects from
letter replacement than have previous studiéé&is explaihé& by
methodological differences in the<aspeqt of the’text stimulqs bqing‘

*

studied. o \ _ i
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" information of the type‘manipulated was normallyrbeing used from that

. " Perceptual‘ Span
,

N 2 . A

Perceptual Span for Letter Distinctions During Reading,

*

McConkie and Rayner 75) introduced a technique for investigating
r
the size of the. v1sual region within which readers use_§timulus

- .

ihfornation durinngixations as they read. Previous éechniques which

had been used to estimate the size of this "perceptual span” had-either

- - *.
- LI

[y

engaged the reader is tasks other~than normal reading, sSuch as Y

identifying words and letters presented in isolation (Bouma, 1971) or

for very brief periods (Cattell, 1885), or had been based on

and, the size of the perceptual span (Taylor, 1965) McConkie and Rayner |
deVeloped a computer-based eye movement contingent display control
system which made it possible to make changes in the text display while

a person was reading, contingent on the reader's eye behavior. With

this capability, it . was possible to selectively replace letters in

spertain visual regions on each fixation (e.g., all letters more than 10

questionable assumptions“ahout the relationship between saccade length . 1

'

\
~

hether.havi/F inadequate or incorrect information in this region

’reduced reading efficiency, It was assumed that if this manipulation

" - .

affected the reading process, as indicated by changes oocurring in the

3

eye movement pattern, then there would be evidence that visual

region during reading.. A number of studies have now been carried out

- t

using this technique to explore aspects of the perceptual span (McConkie

L

& Rayner, 1076j Rayner, Inhoff, Morrison, Slowiaczek, & Bertera, 1981;

Vd

letters to the right oI the letter directly fixated1) and find out .

>

ot
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Rayner, Well, & Pollatsek,

1982).

a

1980; Rayner, Well, Pollatsek, & Bertera,

-
.- .
- < 7.
»

’

’

: .

]

" (1980),

A potential problem with this technique was pointed out by O'Regan

He raised the possibility that with errors'occurring

consistently in a certain v1sua1 region on each fixatiog,!readers may ) e e

come to restrict their attention to a narrower area -in order to avoid'

o v

attending to the region containing inappropriate information.' If this

restriction were oceurring, then these studies would consistently * _ Co.

underestimate the size, of tne.region from which readers obtain visuai

"
4 “ LY

" information from the text during fixations. (
- , ) 1 ' ' o )
The validity of this criticism can be assessed by using‘thp same

. technique while making the experimental manipulations anly oooasionally

-

Thus, on most fixations the entire line of text would

. *

during reading.

"be pormal, so the rgader would be ldss apt to learn to avoid attending

— .
to certain regions. The.purpose of the study to' be gescribed here was .- .

"to obtain data on the &ize of the*perceptual.span5under suc¢h conditions,

and_to see whether it is indeed larger tnan that reported in earlier s ‘

-

.ostudies. A secund purpose was,to make a gore precise measurement &f ‘the

!
region within which adult readers obtain and use informatioh concernirg

Q- . B . o
the 1etters of tne text, as opposed to mord length, word shape or ,other

aspects of the text stimulus pattern. Finally, since in this study the
changes in the text occurred only on occasignal fixations, it is
possible to determine whather the manipulation had its.effect on the

-

fixation on which the errors were.present or only on later fixations, T
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thus contributing to our understanding of the degree of immediacy ir the .

control of eye movements durfng reading (McConkie, 1983, Rayner &

Pollatsek, 1981). ' ¢
N N . pAl 1]
.0 : - ' ~ t}
Subjects - |
- i
RN : - \

f ) Fifteen college students,who responded to a newspaper

advertisement, vho had normal uncorrected vision, who were native .

<

English speakers, and who did not have facial structures wbich made it |
¢ - 1
. difficult to monitor eye mayements, served.as subjects. These students ,j

“
f . ~ i
|

. had participated in other eye movement studies, and were accustomed to
‘A . .

= reading ‘3n the laboratory setting. L . N s ) z(

~ -

Apparatus .
Y ' - . ¥

“ 1
1

Thé text~was. displayed, one line‘at'a timej .on a computer-

- “ \ - . P

Corporation Vi-11, with‘upper and lower case characters produced;by a
. 4 . ° .

N
”~

|
\
|
|
|
. . \
controlled Cathodeiﬁay Tube or CRT. This CRT is a Digital Equipment .. J

hardware character'generator% The tube has a P;31 phosphor which decays
. to 1z.br the dbiginal intensity in 500 microsec. This display is
interfaced with a‘PDP-11/40_ccmbuter. Pressing a button cailed the next
line cf text ontq tne CRT, permitting suﬁjects to read mul'ti-line
passages without difficulty. The 1ine of text was refresned every 3
msec and the entire line could be changed in the Period of a single
refresh cycle. The CRT was 48 cm. from the subjécts' eyes, with three

.~ 2

letter positions subtending ane degree of visual angle, g —

- N . . N )




also interfaced with the computer. The computer sampled the horizontal

E-

.were replaced by, otherxletters, thus providing erroneous text in . ) . )

. grouped fnto three sets: ascenders, descenders, and those which neither

A
e

- . R . Perceptual Span .
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s S T s e ~'5

Eye movements were monitored ﬁ@ing a mo¢ified Biometrigs Model SC

1imbus reflection eye,movement monitor (Young & Sheena, 1975) Which’was

w

4 «
componeht of the eye position every msec. The corputer program used in
conducting the research was developed to produce changes in‘the line of

A3

text contingent on specifio\aspects of the reader's eye movement

-
&

pattern. A more ‘complete description of;this eystem ean be found in.

McConkie, Zola, Wolvérton, and Burne‘(1978)

Experimental Manipulations ) . - : _
“. 7
k] - ) o * © ‘&‘

On selected fixations dybing reading, letters in certain regions of

the,display; defined'with respect to the&reader‘s point~of fixation, ‘ . °

specific retinal regions. These regions are-referred to.as letter .
— . ' - o )
replacement regions. In such a region, each letter was replaced by its . $
S " . .. . 2 <
most visually dissimilar letter from the same set, where letters were _ e

R
-~

v . .-

ascend above nor descend below other letters. Viéhal similarity was
determined by norms ccllected earlieriusing thg same equipment 1 ‘ g

(McConkie, Blanchard, Zola, & Wolverton, November, 1982) r"hus"* o

replacement letters were as different from the original letters as

-2

possible, within the kimitations of the\set of Englieh letters and

without changing the external shape of the word. A 'letter replacement e

region' was determined by defining a boundary with respect to the ‘ ‘ - ‘

AR

reader!s point of fixation.. This boundary could lie to the left of the s 1
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. lette# which the computer indicated was directly fixated or to the right ; R

of it, a given number of character positions. If the bqundary were to

the lef't, then all letters to the left of this point were replaced by

'other letters in the manner described; if the boundary were to the

1] ¢

right,*then all 1ettérs to-the right were replaced., The letter striug, ‘ .

in a replacement region typichlly contained no English words, and

-

frequently violated English orthography, but preserved other aspects of .

3 g

the original text such &s the general shapes of words, word lengths, and

&punctuationl

’
- B

Eight letter replacement regioné were selected for this study:

Left~0 (all letters to the left of the fixated letter were replaced),

-

Lgft~2 (all letters more than two to the left of the fixated letter weré

replaced), Left-l, and Left-80 (all letters more‘ﬁhan 80 to the left

LN

he?e to be replaced; hohévéf, since text lines were never eighty

charaéters long, éhis was a control conditlion in which no ietters on the . -~

1eft were actually replaced), Right-6 (all letters more than 6 to the

1.

right of the fixated letter were replaced), Right-B, Right—10, and

-

Righte80.

The actual replacemdnt occurred very early in the fixation, as soon

as the saccadic movement was completed (i.e., ds soon as no further .
g ) e

progress of the eyes was detected in.a 4 msec. period). Sirce this
criterion involved a 3 mdec delay, and since the gbe mdvggent signal- . .

lags about 3 msec behind the eye's actuai{behgvior, and since 3 msec is

“
s . -

required to change a line oprfggfggg? the actual cha?g? occurred within

S * s

9
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‘aboutr10 msec after._ theibeginningiof_a_fixationa__uhen_the_following_____“iii__li_____J

‘:occasional errors of two types. First, there were instances where the

saccade was detected, the modified line of text was returned to its

original form. Thus, the retter replacement occurred for only a

selected single fixation.

] b [

~

3 ~ . - . .
The algorithm which made these display changes.resulted in L,

, 1 i
saccade following a fixation on which erronecus l@tters were present was

80 short that the algorithm failed to identify when movement occurred,- £

resulting il‘erroneous letters being presentﬂon the following‘fixation . L
as well. This involved-saccades of less than two‘character positions in.

length. These saccades were identified by a more accurate data analysis

algorithm following reading, and such instances were eliminated from-

~

analysis, Second, blinks and other eye;lid movements sometimes were
interpreted as a saccade by the on-linelalgorithm, causing text changes
to occur when they were inappropriate:, Again, these instances_were
later identified and excluded from the data .set. Thus, the only
fixations included in the data analysis were those on which the display
changes oceyrred at the appropriate times, according to the above

X

description.

Sixteen passages of éxpository text were selected from daily p

newspaper articles, Each passage was edited and formated to be 20 lines

T

long, with up to 72 character positions per line. A variety of

l;", y: ¥
different types of questions were prepared, five for eacﬁ’passage, which

Co ' Lo '\‘\.\N
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CT ~W—hineluéed mul tiple-choiee, true-false, sentence completion, and short -

£
answer questions, mostly calling for retention of statements of fact in

-

the passages. . ‘ ) o <f/ _

’ . A
.

h

Eﬁght letter replacement regions were used in this‘studi,;four to
the leﬁt of the‘fixated,letten and four to the right. In fact, on each
. l\‘ S R - .

critical fixation, there were two letter replacement regions, one to the

left and oné to the ° right. Thus, the design involved using all
\

v combinations of one left and one rigﬁt region, for a total of 16
\

different combinations, or experimental conditions. The region of *
\ -~

normal text on a given<fixation cquld range from only seven character

~ . »

positions (Condition Left=- 0--Right -6) to the entire line (Condition

. ) , 1
appeared on a fixation in which letter replacement occurred, under

several different conditions, iswshown'in Figune 1.

_— J"-"_ L
Insert Figure 1 about here

. 2
No replacement occurred on the first or final two lines of each

- passage. On the remaining 16 1ines the fixations following the 4th and

U

7th saccadic moveme ts on the line were designated as critical fitations

,' (i.e., those on which,the replacement occlrred). Both eritical
. / . .

fixations on aline were aséigned the same replacement condition.

Across the 16 passages; the 16 middle iines of each'passage were

i y - ] .
assigned to the 16 expebimenial conditions accordipg to a Latin-square

@ \ ' - &,

(

~

2t

Left-80--Right—801. Examples oflhow ‘the line of text, might have -

>

P
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design, Thus, the maximum number of fixations on which a given .
. X ) . ’1/
condition was implemenied for a subject was 32 (twice on each of 16 L '

-

» / > . p—
lines). g

' >

1Y 3 . - .

‘With this design, a normal line of text was present‘on about 80% of
. < . .

~-

the fixations-made during readidg. In addition, our experience

suggesﬁed that several of the experimeptal,conditions used‘had errors at

-

visual reéions where they would have no impact on readiné. _Thus, it was

expected that subjects would only encounter the errdneous letters on a

-

small fraction of theﬁeyétical fixations which would not be enough to .

produce a chauge in %he visual region attended during a fixation..
* ‘3 * R .
Procedure ‘ - . ’ <

¥

Subjects read. the passages silently as their eyes were being , o -

monitored. A bite bar and forehead rest were used to redice head
movement. Two warm-up passages were read at the beginning of each

- experimental sessidn, similap to those used in the experiment{/and with

similar experimental manipulations Being made, in order to familiarize .

-~

" the subjects, with the';ask? ’ )
sk ] /

A calibration task deseribed bwacConkie (1981) was used before and

4 A TS - — e e

after reading each passage in order to determine ‘the amount of head

¥

movement that had occurred. After reading each passage, subjects took

o~ L

the retent}op-test in written .form. The test hes‘immediately checked ] !

and the subjects were given feedback on their performance, with any

wrong answers being discussed. This ‘procedure was gsed'to keep ‘the

r './'
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primary emphasis on reading the passages for meaning.

L]

+
s

. e Subjects ?eduired two t1-hour sessions to complete the study.

.~ . 7 -
B

* <
N Data
.
.

.
° .
4 : G

As the datd were being collected, an on-line algorithm identified

X, .
L »the beginning and end f each fixation and set a uaique bit in the data

word to indicate each of these events ‘ib also. set a bit to indicate o
e . when a. display chanée was initiated (1. e., at the beginning or e"d of a

fixation). This information was examined visually to ensure that the

display changes were occurring appropriatelys Houever, following tne ) S

data collection the raw data werefreanalyzed to identify‘ueginnings and

ends of fixations more'precisely. The data reduction progran identified
a’saccadic movement on the basis\of a velocity threshofddwhich was}lgu‘
enough to detect movements of 1/2 letter, position. From this threshold
point, it then proceeded to examine prior data values to find the
beginning of the saccade}(i.e., the point at which no fcrward mnvement
was found in a 4-msec period with the;end of that period beling
identified as the end of the prior fixatien), and then proceeded to
exanine subsequent data va1ues to find the end of the saccade, using the
same threshold for its identification. The program also identified '

~
~

disturbances in the eye movement pattern which were not saccadie

movements (e.g., bli.ks and squints).

*
-
—_ -
/

¢ 20

A data matrix was created from all of the subjects' eye movement

" records which contained a row for each critical,fixationa _This row
& \\

- : ‘ \\
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contéined information about the duration of that fixation énd the one

following,; and the%dinection and length of: the saccadé folldwing the ]

. . r
P . - d - !
following were true: a blink or other eye movement distuu:bance occurred

4 /

9n/fhe critical fixation or the saccade or fixation follgwing; the
saccade prior to the cnitical fixation was a regression; a small saccade
followed the ecritical fixation during which the text was not returned to

normal; or tﬁe cafibratibn values obtained prior to and following the

’

! ' reading of the passage differed by ﬁore than an amount equivalent to two
. - /- - -
.character positions indicating excessive head movement during rgading.

»

had

. ) “ . ‘Results

’ - /
. . \

|
\
\
|
critical fixation. Data were excluded.from this matrix if any)pf the .

While it was theonetiqglly possible for each subject to have a

total of 32lcritica1 fixétions in eacé,experiménﬁal condition, the
»/ actual number was reduced by the elimination of data as described abcve,
~ar;d by the fact that occasionally subjects failed to make‘eéough
fixaéions\to cause the second manipulaéion on'a line to occur. Thus, .
th; number of data values per condition for individual subjects ragged
from 16'to 31, w?th an average of 26. Since freq%ehcy.disgrib;tions of
eye movement meﬁgures tend to be highly ékewed, the data’analyses vere
carried out by calculating a median for each subject for each dependent
variable to be analyzed, and then entering these'med&ans into an
analysis of variance. These analyses included as fixed effeéls left

boundary location (Left=0, =2, -4 and -80) and rigﬁt boundary location

(Right-6, -8, =10 and -80}. Subjects were considered a random factor.,K *

14
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Since there were no significant interaction effects bepween ieft and
right bouhdary locatdion for ény of the dependent variables studied, anq
\sincg interactions wiéh subjects wgbé ﬁot téstaﬁle, only the main
effects will be discussed further. Three dépendent Varigbles w;ll be
diééusged: the duration of the eritical fixation (labeled fixation F0),

//ghe'length of the following saccade\(labelled saccade S1), and the

duration’of the following fixation (labelledffixation FI1yo—
. -4

uration of Fixation

L4 v —
-

The 1efé~5oundary location was found to have a significant. effect

43

on the duration of Fixation FO, F(3,H5) = 3.72, B < .05, but the right
boundary location did not, F(3;45) = 1.23,'n > .05. These data are

shdwn in Figure 2a,

ye LT -

Insert Figure 2 about here

Replacing all letters to the ieft of the directly fixated letter
increased the mediaﬁ duration of éhe fixation by 9/msec., in comparison
with the cogtrollcondition (Condition Left-BQ), ardifference not quite
significant at the .05 leve} Sy‘Dunnett's te;t iKirk, 1968). Replacing _,

all letters more than 6 to the right had almost no effect on the

.

duration of that fixation (i.e., there was a 4 msec decrease).

¥
-

L I - [
.

. )
Length of Saccade S1
ot
)

Length of forward S1 saccades showed a significant main effect due

" t6 left boundary Yocation, F(3,45) = 3754, p < .05, but not for right

4 L

3
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boundary location, F(3,45) = 1.57, B > .05. Figure 2b presents these .

data. Replacing all letters to the ieft of the fixated letter reduced

forward saccade length by 0.4 character position, as compared with the
control condition Left-80, a difference that is not signifiicant.
Condition Right-6 showed a decreased saccade length of only 0.3

character positions as compared to the control Right-80.

Ve
>

- -~ . &

i, ion

The left boundary location had a significant effect on the duration

of fixation F1, that is, the fixation following the manipulation, 3

,E(3,45) = 3.12,,3 < .05, but no effect was found for the right boundary .

Jlocation, F(3,45) = .613, b > .05. The data are presented in Figure 2¢.

When all*letters to the left of the fixated letﬁer were replaced on one

”

fixation, the duration of the next fixation was increased by. 11 msec, an

Right boundary location conditions did not

amount -not signifisant.

differ from the control condition by more than 6 msec.

Subject Reports , ; ,
\ y : ’
. 1 " 1 l

In interviews following the expériment,jmost subjects indicated .

r—

that they had been aware of the presence of;errors in the teit, though a
few ipdicated po such awareness. Their impiession was that the errors/

s

]
[
i
{

interfered very little with their readingﬁ/and that the errors had
during the experiment, mosﬂ

oceurred very infrequently., At some poiné

subjeets spontaneously commented about having encountered an error, and

sometimes about the fact that it had seemed to go away. Interestingﬂ@
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T this was. usually not until they had, read several passages. Most of
. »
these subjects were unaware that such errors had also occurred in '

. VEearlier‘passages.
. 4 i ’ "
: Discussjon .
' Statistioally significant effects of the erroneous letters were
found Only.when the errors lay to the left_of the fixated letter.
. tHowever, since the goal was to identify the most distant letter
replacement regions at which there was any evidence that the errors were

%

‘ " having an effect, the trends in the data were examined visually, as -

. - well.: S1 saccade length’data shows a trend which suggests an effect 1h
the Lefit-2 condition. However, data for the Left~}4 condition is almost
identical to that of the control for all variables. While no ;
significant effects.were found from errors to the right, Foﬁfixation
duration and S1 saocade_length data both show small trends'suggesting an

_ *  ‘effect at the Right~6 condition. The Right~8 condition is almost

L —

‘ identical to thdt of the control. Furthermoreh a visua1 comparison of

the .requency distributions of the individval fixation durations and

saccade lengths from Right-8 and Right-80 conditions indicated that they

were very similar, with ro suggestion of more frequent values in the

that. erroneous letters 1ying as much as four character positions to the
left of the fixated letter and'eight to the right were having any effect
on reading. This, then, sets outer limits on the region within which

distinctions among letters seem to be used by adults as they carefully

i
-

higher regions for the Right~8 condition. Thus, there was no evidence
|
|
|
|
|
|
|
\
|
\
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read newspaper articles. These results confirm the asymmetric character |

-

of the perceptual span as found bylithers (McConkie & Rayner, 1976;
LAtk ~

-

\Pollatsek, Bolozky, Well, & Rayner, 1981).

. . * o
The results of the present study were compared with those of - .

“ .

earlier studies in order to determine whethebr having the letter N o °
- ) s ¥ i .
replacement occur infrequently reveals a 1ar§er perceptual span. These ) .

comparisons indicate that the present study found effects within a
\\ . narrower visual region, rather than larger region.‘ When-effects

occurred, they tended to be smaller than those found ip earlier studies.

duration for conditions equivalent to our Left-2 and Left-4 conditions °

.

‘to range from 7 to 26 _msec as compared to the present findings of
L .

slightly shorter fixations (i. e., 4 msec maximum). At Left-O and Left~1

conditions, they found increments of 32 to 50 msec, much larger than the

|
i
|
¢ ) o . 1 - ‘
Rayner, Well, and Pollatsek (1980) found increments in fixations i
26 msec difference obtained in the present study. Rayner,'Inhoff, .

. Morrison, Slowiaczek, and Bertera (1981) report 'that the Left-2

condition shortened forward St saccade lehgths by .3 to .5 character o
positions, as compared to our .3 character position difference, while
V -4

their Left-0 condition ‘shortened saccades by 1.1 character positions, as
\compared to our .4, These studies generally agree that letter
replacement to the right of tae fixated letter has little effect on<
fixation durations beyond the Right-4 condition. Rayner, Inhoff,
Morrison,'Slowiacgek, and Bertera (1981) report no effect at Right-}4 or

beyond and Rayner, Well, and Pol%atsek (1980) found an increase of 15

® nsec for the Right-u condition. Much larger effects are seen in the




’

—undoubtedly due to the fact, as noted.in the 1975 paper, that the
{ ‘ -

'
i

S

-

A .
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saceade lengths, with the Right-6 condition shortening saccades by 1 4

|
character positions, and with shortened ‘saccades resulting.from
\conditions up to Right 14, Rayner, Well, qulatsek° and[Bertera (1982)

found forward saccades to be shortened by .8 character position in the

I * -

Left-9 condition and 4 in the Left-15, as compared to our .1 at Left-8 °

<t

wd N~
anag u a

t-io. These researchers concluded’ that letter information

~

Zis taken from letters a% least niné to the right} but not fifteen.
(however, it should be noted that these, were the :niy two conditions
studied in this region. ) McConkie and Rayner (1975) reported 1arger
effects than these, over a still larger area, This finding was

-

j .
display changes were taking place considerably {pter in the fixation

> 4
Jfthan was the case for the present study. . -

‘
¢

. It is recessary to consider why the present study found a smaller ‘
perceptual span than those reported in the recent Rayner studies. We
believe that these differences are attributable to the nature of the
a1ternative stimuli used in the 1etter replacément region. In the
present. study, letters wire replaced by. other 1etters, in the Rayner
studies, 1etters were rep&ace Q§'i squarepwave grating or a pattern of
X's. This may have produced different resu1ts for either of two )
reasongs First, it may be that, while adults tend to use letter
information from the region indicated in the present study, they use
otherltext information such as word 1ength patterns (Rayner, 1978) or
word shape information (Haber, Haber, & Furlin, 1983) from a broader .

region. Since a square wave grating or a pattern of X's would interfere

>
%

-

19
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withrthe'use of some of these other cues, this should léad.to an

. ¢ - . . ’
) Qindication of a larger perceptual span. The second possibility is that

. . ' N : ;
the critical factor in producing the difference between studies is -

whether or not tﬁe region containing inappropr;ate visual information is

percéptually oniouS'?r nott In the present study, there was no simple ‘ : ¢

stimulus patéérn indicéting the presence of inappropr -eﬂinfovmatibny

<

whereas the présence_of‘a square wave grating or X's iﬁj t is visually |

apparent even some distance into the.periphery. Thus, /£he presence of
such a pétéepn ﬁay be disruptive to normal reading for réasoﬁé ather
‘ . :
tharr the removal of normal textual information. ’ “ y

.
¢ N N
s . L)

.

¢
*

Thus, whilekthe pﬁesgnt study;appeérg to yield'a relatively clear

indication of the region within which adults,use leﬁter information as

-

they carefully read newspaper.ar

cles. the interpretation of studies

using a square wave grating for/letter replacelent is not présently
. !
. ~ . " L4 ‘
clear. Rayner (Rayner, Well, Pollatsek, & Bertera, 1982), did conduct v ‘o
. 4 K

studies in whiqh letters were replaced by other lgttérs, but )
R - ¢ - - N 1 ) tl N . N 9-
unfortunately no control condition was included. “Further studies of the ’

~

type represented here are needed in order to carry out a more anglytic

- >

investigation of the visual regions from which'information of different f”’

|
|
|
\
types are acquired, and of the nature of the effects that resuit when |
, : / ' « |
thesk aspects of the stimulus pattern are removed or distorted.

Finélly, the present study provides additional evidence that

processing of the text occurs sufficiently fast during a fixation that

the duration’ of that fixation and thé length of the following saccade

-

~ . . - P

v ¢ 5
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"ea% be'influencgd\by ihEornation aéquired on that fixation (Rayner &

: Pollatsek,'1981; hayner, 1975). It also indicates that there can be
lagged effects on the following fixation, as well., Thus, increased B
fixation durations’ occurring in studies in which inappropriate stimuli
are present on every fixation are probably a result.poth of response to

_the stimulus present o the present fixation, and lingering effects from

° the prior figation and perhaps even fixations prior to that. The Same

is probably also.true for effectsion saccade lengths. - ,' o

+ o~

i ‘ ) In conclhsion,~the-present study found no evidence to suggest that

e
" -

previous estimates of the perceptual span (i.e., considering this to be

? * x

the region within which 1etter distinctions are made in reading) ‘had

by -
-t - '

been underestimated by studies in which letter replacement was occurring

on every fixation. In fact, those studies appear to have provided an ¢

©

overestimate, due to effects which.are probably specific to the‘nature
of the sbimulys pattern used to replace the letters. The presentfstudi . -

indicates no effects from replacing letters with other letters as near

"

_ at four character positions to the Ieft of the fixated letter, and eight
to the right. Effects when letters more’than two to the-left and six to ) \
N © . N . . ,;
the right were replaced were surprisingly small and not statistically ’

PR T . 4 ‘ D, t

significant. Thus,.-the size of the region within which letter

distinctions,are made during reading appears to be even smaller than . ,

. * o,
that indicated in previous research. - o

» - -
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Te Throughdué this paper we wiil spedk of the qhargcter'position on

wﬁich the eye movement system indicates that the eyes are centered

N ]

'during a fixation as the’"directlxufixated letter." This is not meant to

| éuggese that this particular letter is.;pedifically beégg attended, or
tpai.this letter is being more d%reptly perceived than are other neérby
o . 1qtters. ‘This is simply a convenient way of descéribirg the rotational
position of the'e§esr——To‘§éy'that a 1ettér is éhe directly fixaéed
letter indicétes that the rotatioﬁal position of the eyes durihg that

RN

fixation is approximately the’ same as it‘would be if the subjectswere

sked—to—look-directty-at—that—tetter—positions
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. Figure Captions ‘ ) ) }
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AFigure 1. Example of -the appearance of part of one line oﬂ'text .

Junder ‘five different experimental con&itions dtring a fi¥ation on which
“y o ~ : 1 R
~- . the letter réplacement sccurred. During the fixation, the eyes Weré

o Ny

_ centered directly on the letter i in the'ward lighted. - ~ < ° -

N

- ] - . A v
- . .

. - v . i

Figure 2. AVerage time durations of/fixations in msec and lengths

of forwarq saccades in number of ‘chzracter pééitibns when the'lettei . ,’;'
-~ , . .

“replacement region was at different locations. FEO is the fixation on | - .

Y v

whiéh the erroneous letters were present, F1 is the following fixi%;on, o

N .
- - ' . .

and S1 i3 the sacgade between them,. . - .,

p-AIVEL . .o
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Condition

80 - 80
80- 8
2 - 80
4~ 10
0- 6

Appearance of the Line of ';l'ext

The cakes were round and l/i\ghted with candles
The cdkes were round and lighted whhf ‘vmnetknr
: A

Xfn vmdnr xnsn souet met l/i\ghfed with candles

Xfn vmdnr xnsn suoet mnd I/i\ghfed witf’ vmetknr

Xfn vmdnr xnsn suoet met k/i\ghfed xbhf vmetknr
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