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: ‘ A Abstract . : .
- . ‘. s ' . s
. ‘ R ‘

A computer-controlled eye ‘movement contingent display paradigm was used to

°

investigate the span of letter recognition for good and poor readers 5

S - - < - -,

dd"ing a reading task The, results of  the study indicate that both groups

acquire letter information from. a region of text exteqding from Q\letters
“

. v

"to the Yeft of the center oﬂ'fixation through to about 6 letters to the‘

At w
‘e

right. There was no evidence to suggest that skilled readers utilize

[N
L ‘ -

«letter information “from a wider region,offtext thdn do.less able‘readers.‘

e et s o o st e @ e

The findings have significant implications for theories of information

A

P e o e = . s

processing and theories of guidance of eye movements. The strength of the

results lie in the fact that the Jbresent investigation is the first study

to compare the performance of good and poor readers when peripheral

information is disrupted but foveal information remains intaet. - 8
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" peader is éble to agguire more inﬂormation during a fixation than is his

. . . - g - ’ ii .
Span of Letter Recognition
’ ' ‘ .

4

« The Span of Létter Recognition of Good and:Poor ﬁeaders

Gibson (1965) has suggested that the ability to respond to larger and
R
larger amounts of graphic visual information underlies inereased reading

-~

skill._ That is, older. children as cbmpared with younger children, or

-

‘b tter readers as comparednwith poorer readers of the same age are able

identi ied in a single fixation. . - '

<

Lo Thé notion ,that the size of the perceptual span increases as a

3

.

function of reading ability has many advocates among researchers seeking

to explain,the differences between skilled and less skilled readers .

»

N R A -
(Gibson; & Levin, 19753 Haber, 1978; Harris, 1941; Patberg, & Yonas,

1978). Given the assumption that such an increase occurs, the reading

Q
A

‘theorist is then concerned with trying to account for how the skilled ‘

less able counterpart (LaBerge, & Samuels, 19743, '5
’ The several different strategies wﬁich have been employed-to
investigate the s1ze of the perceptual,span during reading will be briefly i <
) reviewed ’ In discussing the limitations of each of the approaches, ft A
will be shown that the questfwn of whether spod readersfhave ;Flarger ¢,

perceptual span -than poor readers has not yet been resolved. One approach
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which has been used to study this issue has been simply to divide a given

number of words by the number of* fixations made whilé reading those words

<

(Harris, 19&1, Spragins Lefton, & Fisher, 1976 Taylor, Frackenpohl &
\ -
Pettee, Note 1) 'The. findings from studies that have used ‘this technique

have been remarkably consistent over the years. Beginning readers average

about 5 words per fixation and adult readEfs about 1.5 words, However,

Ly

as MoConkie and Rayner'(1976a) point out, this method of es{imating the

oerceptual span is based on the assumption that on successive fikxations

‘the perceptual spans do not overlap or that they overlap the sSame amount.
- - . -

L °
v

If this assumption is incorrect; such estimates of the span of

‘>
s °

recognition are not accurate, This is particularly likely to be a problem

whsh fixations following regressive eye movements are included in the

.

number of fixations. The are probably fixations.of words seen earlier,

[N
-

N
thus not.indications—of new words being seen.- In the Spragins, Lefton,
cd;

gand Fisher (1916) study, it appears that the total number of fixations
included fixations following regressive saccades. Since it waS'found that

¢ children made~10% more regressions than adult readers, theJr results are
probably confounded by this difference. l;

’

-~

. A second approach to the quéstlon attempts ‘to establish how much

' information can’ be obtained during a single fixation by simulating a

, .
fixation' through a tachistoscopic Qresentation. Typically, a string of
“ . .‘% - . .' . .
‘ randomoletters, words, or phrases is .presented ‘for exposure times. of up to.
L] v d ’: ) . ¢ ) R / ‘-

250 msecy which is the average length of.the duration of a fixation”r

B t e

F

M
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Using this.technique, Marcel (1974) found” that,good readers were able to

.

- report -more information than spoor readers, as a fdnction of contextual

g -
constraint. Research by Sperling (1960) has raised ‘questions about
H - . - !
whether this technique can be, taken to indicate what information is

actually being seen during a fixatidh' He demonstrated that subjects were

seeing much‘more in a tachistoscopi@ display than they could report .
. afterwards. Apparently, much of the information was being seen and was

) available for selection immediately following the presentation, it a

relatively small “amount could be encoded in a form which supported oral

PO .
report. -If encoding and memory provide a bottleneck’to these reports, it
63
. ) seems likely that this would be true withfchildren of different reading

* abilitdies (Lunzer, Dolan, & Wilkinson, 1976; Naidoo, 3972)
. . . » . A .

14

Thus, the

fact that poorer readers report less from such presentations.may‘reflect

-

-
7

their ability to.encode and report, rather than indichte a difference in

-

.

e

' what they see.

A

\.

.

\
4
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As @ third approach, some researchers have used the eye-voice span

h )
(EVS) technique to determine the span of perception in reading (Buswell,

1920).

eye is,ahead of the voice in oral reading,

E

¢ e

\

t

The EVS is a méasure of the amount of material or time that ‘the

.

It may be meadasured either by

™~

-

recording eye movements and vocalizations at the same timé during reading :
/\) , or by suddenly making the text unavailable and requiring the sub'jects toi

'continue their vocaliziﬁg of the text as far astossiblé., It has been ) £

e »

found that good readers have a longer EVS than poor readers (Morton,
’ . ‘e, s
“ ' 196%) .

On thé basis of this evidence, Levin and Kaplan “{1970) argue that ,
. . .
] , e s 1~
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.the good reader actuaily sees more in a fixation. Marcelr(197u).rejects"

o ) ! - . ,
this claim for two reasons: First, the EVS for text is between 680 and

700 msec. Since fixations only last about 250 msec, the EVS is probably

the result of at least two fixations. And second, since the EVS is

measured during continuous oral reading, it may well reflect outputl

restrictionsrrather than perceptual processing.

PR . ¢
A fourth approach is to determine how far from the center of vision.:

letters ahd words can be identified when presented individually (Bouma,
1973). Using this technique, Bouma and Legein '(1977) found that the

functional visnai field appears to be narrower for poor readers than for

- good readers. McKeever and Huling (1§?0), however; found no difference

between good and poor seventh-grade readers in identification of

peripherally presented words.
. & . ’ N

Studies'of this sort have typically ‘shown an asymmetry in tHe visual
field, with words and letters being identified by readers further to the

right than to the left (Bouma, & Legein, 19775 - Bouma,'197%ﬁ McKeever, &

Huling, 1970: Fisher and Lefton (19ﬂ§) also report a right-field advantage'

.
3

in a developmental study using a recognition task. The reéearch of

McConkie and Rayner (1976b) indicates that adults show an even greater

asymmetry during reading. They found that during a fixation relatively
skilled readers do not use visual information more than 4 letter positions

.

I
(1 degree of visual angle) to the left of the center of the fixation,

though they do use visual information considerably farther than that to

o

.
- A »

o . . : Sban of Letter\g§fognition




3

. Span of Let ter Recognition
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2 + A ¢

« . )

the right (McConkie, & Rayner, 1976b; Rayner, 1975). More recently, |

Underwood (1980) found that adult readers were not using letter

information more than two character posiﬁions to.the left of the fixation

-

s ‘ epint. B , ' ' o

. " Another phenomenon found in studies of this tybe is that a single -~

letter may be 1dentif1ed more easily in the perlphery than an embedded
letter (Chastain, & Lawson, 1979; Mackworth, 1965). It appears khat
urrounding letters have a hasklng effect on the target stlmulus, thus
B reducing the effective span of recognitioh. The ;egion within which
letters can be identified is appareﬁtly not a constant, but varies with

the nature of the’ stimulus configuhetion. -

»
N

- ~ N - i \

.. . Th a pelated study by Jackson and McClelland (19754; fast and slow

- adult readers were requfheﬁ'to idthify Qwohdiffefent.letteps presented

*
¢ '

simnltaneou§ly.to the left and right visual fields. Jackson and
McClelland found that the breadth of visual field frdm which subjects

could identify two such dispapate stimuli was approx1mately the same for

<. the fast and slow readérs. ’

I

'&.

+ In attempting to:generalize the results from these stﬁdiee, two

/

- L T R
problems ‘arise., First, it is not clear that tke reader utilizes the full
1N N -'

region of visual information which is potentially available duringsa .
. t

fixation. Thus, while these studies may give some indication of the
- & n
T region within which words and letters can be identified if desired, they
provide no information about whether this full region is actually used
. L .

’ ~ . 4




Span of Letter Recbgnition’
7 : ’ %
. ’ \
during a.fifation in reading. The second problem results from.the fact

that language constraints_ can facilitate the'identification of words

{Morton, 1964 Tulving, & Gold, 1963% Zola, 1981). 'Thus, the .data from/
these studies may underestlmate the region of | text within which

',

identification might ocecur when 1anguage constrafnts were operatlng..

) ' . '
. .

- = ’ .

' A fifth strategy dezfioped to 1nvest1gate whether the skllled reader )

acgyires information from wider yisual field than does the less skylled
reader rel}es upon the v1sual disruption of the text .Such visual
Cy, . . .
uqisr?ption may be achieved in several_ways: .by omitting spaces®between

- ~ ~ v

: b . .
words, by filling the spaceg with a character, by geometrically.

transforming the text, or by presenting the text in alternating upper-'and

tower case letters. The rationale behind this anproach is that sKilled

readers will be more affected by the disruptions than less skilled readers

/ .
-because they rely more on the use of peripheral 1nformatlon than do less

Ly

skilled readers. Fisher and Lefton .and their colleagues have used this

techhique extensively (Fisher, Lefton, & ﬁoss, 1978; Fisher, & Montanary,
19773 Lefton, & Fisher, 1976} Spragins, Lefton, & Fisher, 1976). The

relults of these studies have ‘consistently supportedxthe rationa;e.‘

Text disruption studies of this type, Ebwever, do not directly
address the question of the size of the perceptual span. -Razher, they
attempt to indicate how the peripheral information is used in the reading
situation. .One eriticism that may Q\hmade of the studies is that not'only

is the information in the visual periphery .disrupted, but also the\)




Span of Letter Recognition

. . L :

. .r." :.,
. . Coal . ) - R
information in the foveal region. Thus, it is not clear that the effects
-

are strictly due to peripheral vision. A-second point that\peeds to be

‘-_ '

made is, of course, that these studies have typically not invoIved

.

.
Subjects in a nogkal reading task. .

o ~3 '_" 4 "e_

<

THe ffnal- strategy to be discussed here involves restricting the
-« ' .
visual field artifi01ally to-the region around the fovea and obtaining the

maximum visual ‘field beyond which no further gain is observable fon the ;.‘

-

reading task (Newman, 1966; Poulton, 19620. In theSe studies it was found
. y . . :

° M ’ .

that the ‘erroif rate in oral'reading was function of the size of the
\

t

visual‘}ield Recent studies ‘have eliminated peripheral 1nformation by
T .
illuminating a regiontof text contingent upon the,positionoof the eyes
~ .
(Ahlen, 1974 Ikeda, & Saida, 197.8) - The span of perception was

.
. r

determined by establishing the size of the window at the point when eye

.
K]

‘movements were disﬁupted

- . [

" Patberg and Yonas (1978) and Patberg (Note 2) used a simplified

& -

version of this prineciple i\ e., eliminating the peripheral information in’

~.Aa developmental study. Again, the hypothesis was that tue better reader
M

would beomore affected by the loss of peripheral information than‘the
poorer reader. -The results of their sfudies supported their hypothesis.
However, the nature of the printed tExt precluded the’ reader—from -

aoquiring any information about the words beyond the one being fixated,
4
In a normal reading'situation when,a reader is either fixating short one-

- to three-letter words, or the final letters of, longer words, visual
. ' ’ /
. ' p

I




information from the adjacent woyd is within the foveal region of the:eye.
It is not known how much the elimination of this information.confounded

* the results of their, studies. ) . R & .
) . , - Ty

» .
[ . v y - . ‘ ~ . N

McConkie and Rayner 64975)~using‘a,computér‘system-which made it
. (% 1) ‘- ’ . ';
* 4t ¢ R N L . 7‘ . v
. possible_to investigate what aspedts,of the.textual display are acquired
at~different distances from central vision, had subjects read text

- - u‘ pe -,

.

N ,,displayed on a cathode ray tube (CRT) as their eye movements were bEing

on” Each fixation, all letters a particular distance;to the

+a

.monitored.

left and right of thé letter at
9

‘\other letters (for instance,,wi

\gge oenter Of‘V1Sidh were replaced with

th X's or with’ tters visually confusable

A}

with the original .letters)

This produced\a "window" of normal- text at

-

this region.

Outsidke this region,

'o

-the area where- the\“ye was cenféred 30 the reader was able tp ‘read in ,
:m\tﬁe

parafoveal and peripheral v\sual

areas, the-original text was replaoed with letter*strings having specific

&

s relations to phe original text.

-

The arrangement permitted the

experimental manipulation of two yariables:

-~ 7 &

.

*

the size of the window (how

wide a region of normal text lay at‘the,lbcation where the reader was '

directl¥ looking,during that fixation) and the nature of the visual

. pattern outsid%_the window (what visual characteristics of the original

text were present 'or altered in the peripheral visual argas)
-7 - -

@

.

The studies

. attempted to identify how far out into the’ periphery various types of -

PEY

-

.

visual information (specific letters, word shape, dad word length .f
. .
patterns) were acquir?d during a fixatjon by determining how small the

. visual window .could be made, without-causing a deterioration in readiﬁg '

»

L]

N

~
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performance, when'Various characteristics of the original text were .

’ »

’maintained in peripheral visidn.' The study was successful to some degree
. “ - . . } .y .~ ; . .
-and still stands as one of the best sburces of evidence available
Y P . -

eoncerning the size of the ,perceptual span in reading. ) ., .

The purpose of the‘present study is to investigate ohe aspect of-the'

N

' pérceptual\span of good and poor readers using a modified versjon, of the

experimental paradigm developed by McConkie and Rayner (1975), as just ) "

4

T - described That is, the investigation is designed to determine/the region.
of text from which letter infonmation is . used during a fixation of the’
eyes. This region wirl be referred to. as the g n of letter recocnition. (

Thus, it should be noted that other forms of visual information that may .

be part of the perceptual spdn, such ae~word length of word shape, will

-\

not be studied hesﬁ. o -ﬁi; -
" Method
N @ v
Subjects | S : '

)
»

‘Eight good readers and .eight poor readers from Grade 5 participated‘
in the study. fhe criteria. for selection of the children were:f

, 5 N
1. All children spoke English as their native language. ' 1

’
¢ »
.

2. All children had normal, uncorrected vision.,

-
\

3. All children were of'at least average intelligence.h Children with an

IQ of less than 90 were not included in the study.

.
AEN . ~
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1958) for.use. as exbe}imental materials. According to the Fry Readability

o

g _ . Span of Letter Recognition

.
» <t

>

1

. N ‘
i

-~

* —~

»

4, - Childﬁeg\éeléctedfas good readers were reading at, oﬁ above, théime

expected grade reéding level, i.e., gradels.s or higher.

N ]

.

5~ Children selected as poor readers were.reading ét least 12 months ,

*

B

Details of age, sex, and reading ability of

Table 1. - : ?,

-

e e

.
°
-

1

below grade level, i.e., grade 4.5 or below. . .

the subjects are‘provided in
Q AN

S

v

- N Insert Table 1 aboyjg here. .
9 - ; °

oY oa >

Materials S - ) .

N e 5 >

+ . Twenty~four individual texts dere prepared for 'this research. Seven

passggei.reach 20 lines in.length and rated at the fourth-grade
. 2

readability level, were used as practice materials.

expository text ﬁere adapted from the SRA ﬁeading Laboratery (Parker,

.

Formula (?ry,~1972) ail gxperimental péssages were at the third grade &
reaging level. This lévél of difficulty wés.selected so that the poor -
fifth-grade readers, would have little trouble with the rea&ing. Each
passage'waé 10 lines in length, with up to 75‘chara;ters per.line. The
experimental conditions Qeré-implemented dﬁring the reading of_15 of these

\

passages; the other tWo were used as warm-up pdssages.

. ~

Seventeen passages of -

°
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Equipment o .

. . Y

. . N N
A computer-based laboratory system was-used, for displaying.the texts

, ;“\ to be read énd for-@onitoring and recprding the eye movement p;tterné'of

the subjects engaged in reading. This laboratory facility is centered  °

L Y :

around a Digital Equipment Corporation (DEC) PDRy11/40 computer with a

[ 4
A laboratory pPeripheral system and a DEG YT-lj graphiés display system. The.
. N v . N i
text was displayed one line at a time with upper- and lowercase characters

produced by the VT—11'i}g hardware character generator. This particular

CRT (bathode-?ay tube) uses a P-31 phosphor, which decays.to 1% of the

original intensity in 500 microsec. _Prgssing a button.called the next,

. N line of text oQto the CRT, perm;tting~subjects to read multiline passages T

Y

without difficulty. Thé CRT was 4& cm from the subjects' eyes, with three » °

letter ‘positions subtegding one degree of visual angle." Eye movements

Were monitored using a modified Biometrics Model SC 1imbus reflection eye

s+ movement monitor (Young, & Sheena; 1975). Thé computer sampled the
hoyizohtal ébmponeni of the eye position signal eQery millisecond, and was
) prog?émmed to produce changes in the line of text contingent on aspects of

"*the reader's eye movement pattern. A moré complete descr@ﬁ%ion of this

syystem can be found in McConkié, Zola, Wolverton, and Burns (1978).

a
[y

‘ .
p . Ezggeggrg

.
-
.

Experimental manipulations. On selected fixatiQns during reading,

‘

letters in certain rggiéns of the display, defined with respect to the
genter point of the reader's fixation, were replaced by other letters,

Y

-
e
PRy

"
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thus proviqiﬁg.erroneous text in specifie ﬁetinal regions. Theée'are
referred to as regions of replaced lettérs. In°£hese regions; each letter
was replaced by its most visually dissimilar letter from the same set,

where letters were grouped into three sets: ascenders, descenders, and

- those which neither ascend above the others nor descend below the line.

Visual similarity was determined from responsg§1atency data in a task in

wﬁiqh subjects judged whether pairs ofgrétters were the same or different.

L3

Thus, replacement letters were as different.from.the original .letters as
. . 3 [

possible within the limitationé of the set of English letters, without

DY

changing tﬁf external shape of the word. A ﬁegioq of replaced letters was

1 v

determined by defining a boundary with respect to the reader's point of
. . ¢

fixation; This boundary could lie a given number of letter positions to

the ieft, or right, of-the point of fixation. ' 411 lettersto the‘left of
the left boundary, ob'right*of the right bpundarx* were then replaced with
other letters, thus producing a letter string in that region wh;ch

typically contained no English words.and typically violated rules of

-

.

chafécteristics of the original text such as external word shape, word

length, and punctuation,

'In'this stuqy, four letter replacement conditions were used, ié
addition go a controi condition: }éft-Z (all letters more tﬂan two to thg
left of the fixated letter_%ere reﬁlacéd), right-g (all letters mare than
three tﬁ‘the right.of the fi;ated-letter vere replaced), right-5, and

right-T7. ot - o

-

1

.1
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The actuah repfacement occurred very early in the fixation, as soon

‘

-as the forward progress of the saccadic movement was completed (that is,
as soon as no further'progress of the saccadic movement was detected in a

3 nsec period) Since the eye movement signal lags 3 msec behind the .

eye's actual behavior, since the criterion involved a 3 msec delay, and
< !

since the CRT requires’3 msec for a line of tggt_yo be changed, the actual'

change was completed within the first 10 msdc of the fixation. As soon as

movement of the eyes was detected of shfficient ,magnitude as to indicate

that a saccadie movemgnt was once again under way, the modified line of
Rl . '9 ' B
Thus, the Yetter replacement when it

. 8 5 s

wow N

text was returned to the original.

2

occurred, lasted for a single fixation.

-~

o

J

Bhe experimental manipulations were not made during the Jltding of

the first or last lines of the passage.

the'five conditions nere scheduled to occur on each line,

were scheduled to oceur on the fixations following.the second, fourth,

The changes

~

&

"sixth, and eighth forward saccades,ip a poonterbalanced/order. 0f course,

whether all four conditions actually occurred depended on whether the

subject made 8 forward saccades on the line. No changes were 1mplemented

following regressive saccadic movements of the eyes.

N

- I1lustrated if Figure 1 is a line of text as it ﬁgy have been ’
displayed ‘on successive fixations to a sébaect. Assuming Fix 1 follows

“the first forward saccade made by the child as he read the line, the first

>

experimental condition occurred onm Fix 2. On’ this_fixation condition”

N W

»

bt
~1

~

-

On the remaining 8 lines, four of.-

s
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. right-3 was implemented; i;e., all letters further than three charicter
‘; positions to the right of the fixation point weré replaced by other, ‘ ‘

letters. As the next sacbadic movement was initiated,. the normal .1line of

. text was restored to the CRT screen. No experimental manipula%ion

v o<

occurred on the next fixation. On Fix 4, condition left-2 was, implemented

i.e., all letters further than two character positions to the left of the

’ .

fixation point were replaced by other letters. The next change occurred

-

. . R s .
on -Fix 6, when condition right-7 was implemented. On Fix 8, condition

f .

right-5 occurred. Thé control condition Qas not scheduled for this line

: * L - e, . ., .
foﬁ this subject and so is not shown in Figure 1.

e .

Y Insert Figure 1 gbout here.
S ) * a

' < . . \
- ) & : .
Five conditions were used in this study: the four experimental ’

conditions describeq‘abOJe (left-2, right-3, right-5 and right-7) and a2

control conditiog in which the computer algépithm carried out text
- ) : ) . )
replacement as in the other conditiobns, except that letters were replaced
. \ M , . - - °
by themselves, resulting in mo perceptible change on the CRT. The .

. , . . f
% + 1)

- . —
. :procedure guaranteed that fixations in the control condition were selected ~

. 4
’ .

°in thé same manner as those in the experimental conditions. - _ B
- M \ . o..




. approximately a 30% loss of data because of head movement, eye blinks, and

" passage of text presented on the CRT without the encumbrarices of the eye’

L Span of* Letter Recognition
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The presentation of the five conditions was counterbalanced over 15

passages, with changes taking place on eight lines of each passage. Thus,

the maximum number of data points that could be collected per,condition

for each subject was 96.. It was anticipatqp that there wbul&“be i .

failure to maké sufficient. forward saccades on seme lines.

Half the subjects in both ability groups read the passages_in order 1 3
-~

°

through 15. The remaining subjects read passages 8 through 15, then 1
through 7. Two additiongl passages were included for warmup purposes; no

expecimental manipulations were(pade‘infthese passages,
B . R«” K '."" .«
' X gt o, ,

. Experimental sess;ons. When‘the .child arrived, some time was spent
explaining about the laboratory. Then the subject was seated in front of

the display unit and was physically positioned in a manner conducive to ~
, “

head stability. A bite bar anq_headrest helped to minimize movement.
After a brief, initial calibration of the eye pésition monitoring

equipment, the experimental procedure was explained.

EID
.

~. The first session was a sereening aanpractiee session. To become '

acquainted with the button pressing procedure, the child first read a

.
)

[ ¢ -

movement monitoring procedures. The child then read a second passdge

. duriné which eye movements were being recorded'and during which head .-

stability was emphasized. It was not until after,reading the third

passage that the child was askeh questions about what had been read in

A — T : T
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order to assess .comprehension of:the material, Those children who were
' - ' 4
able to function in the experimental "situation read four more passages.

During the reading-of the additional passages, the window madipulation was

. presented on”the second and fourth fixations of each line. All of the

»

data collected during this hour-long session were discarded. >

° .

In all, 31 children participated in the first session. Of these, 16
. . ¢
weré invited to return for a second gession. Those children who were
. .

unable to remain relatively still during the reading, who were difficult

to calibrate; or who blinked é?cessively did not participate further.

At_the beginning of the second session, tpe reading procedure was ,

reviewed with ‘the child., Ddring this-session, each suﬁject read two
. ° ¥ . : . N s

;warm-up passages and all fifteeh of tge'experimental passages.’ Aftef each

passage, the experimenter asked the child two or three questions about

g information eontalnge in the passage Jjust read. The oral qUestioning

technique was .selected for three reaspns. First the subJeet did not have ,

v
.

to be moved away from the eye tracking eQuipment as would be requ;re@ to

provide written qesponses. Thus, recalibration of the subject was quickly

ﬂ L -~ ~ %

and easily achieved before each passage. Second, the oral testing

-
—

.strategy reduced .the Likelihqod that the child particularly the poor

reader,_would feel threatened by the situagion. Third, *the oral e

questioning procedure took less time towad@inister than did a written

-
- * ’

questionnaire’ approach. - I '

- a,
-
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Each subject remained in the experimental situation until the reading

hd . LY

4 . .
. ot\ggé first -seven experimeptgl passages had been completed or until the

child requested a 'rest period, After a 5éminutq iptekyal,,the.child reaf

o

the remaining eight passages. The entire session took approximqéely
- . . . . . A

.1 hour and 15 minutes. . ’

o : - ’

. Iy
»

-

v
\

Figure 2 illustrates‘the pattern of the eye movements which were .
.- 4o
. A <
anélyzed in thi§ study. The: saccadic movement of the eyes immediately

>

prior to the ?ixation during- which an experfhenﬁal condition was

implemented is,designatgd as SO. Any fixation 'in which there ocquﬁs an

. -

- [ 4 L ! L
‘experimental manipulation is referped to as FO. The saccade immediately

>

- following FO';s S1. Likeyise, the next fixation is termed MM, ?hus,'no

letter replacement occurred during fixations labelled F1; anyAegfeéts ¢ -
. o & .

fghnd on these fixations can only be due to maniﬁulations opcurﬂing on the

prior fixation.’ . : e ) N

.

¢ . ’ ' ) °
.

. S . " Insert Figuré 2 about here,

<y b
- .

’ ' ! ‘

«

Occasionally very shoﬁt\saccades were made after the.;piiiaf'display :

change which were of small enough magnitude that the computer was unable
. ! 14

"to.détermine.réli?bly, on lirne, thaﬁ—a saccade wgs in.progress. 1In these.
] . . 4

cases, the limk of text was not changed back to normal unE;b&&h% néxt. -

) TR et y e,
= kS

oy

VL
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saccade. Such fixations were marked 1n tiggggta and excluded from data ; '
' (Ir

analysis. Also, blinks and other eye lid mggégents oocasionally resulted

in the stimulation of -a text change during a-Sixation, fixations of this

. .‘ r £ ':
- . sort were also eliminated from the analysis. Thus, the only fixatiogs
- . )“ ‘s "QL"

. included in the data analysis were those onﬁwhich‘the display changes Y

. R - e
occurred at the apprOpriate times. .
: L
- Several differences between the, good and poor readers, which are

@

-~ discussed in'more detail below; have béen consisténtly demonstrated'in

-
N . oo [ . -

“'preyious studies. Good réaders were.found to~havé shorter fixation

durat;ons and longer shccades than p00r readers.

’doodfreaders .read at a o

2

-

rate of 182 words per minute, compared with 130 words«per minute for poor
readers., The rate of reading by the.children’ in this experiment was

comparable to that found in other studies (Spragins, Lefton, & Fisngg,
< v 7 “

1976; Taylor, 1965). This may be takep as an indication that the children \x "
. " - . :

H N
- . Q
1

were notradversely affected by the experimen§al situation.

TPt 8

-

The factorsewere
/\

A three-factor ANOVA was used tq analyze‘the data.
Condition (five conditions) Reading Ability (gqod.readers vs. poor
. readers), !nd Subject (8 subjects nested in‘ggch ability level)

Distributions of eye movement measures tended to be highly skewed, with

' -

occasional fixationS'over 500 msec and occasional saccades over 20 letter '

‘.

TheSe extreme values can unduly #nfluente the values of means, ~ ' -

' PR

opositions.

Therefore, datg analyses were carried out by caioulatingsmedians for each
Y ‘ ‘ R . . .

subject &n eachof?the variables of interest, for each condition, and then

. i3 -
. ..
- . R .
1 v
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entering these medians into the ANOVA's. ’ *
W
N .
f . .. < . v
DEEQLLQ&JL—EixQEgHLEQ . .

The 2 x5 x 8 ANOVA on the FO fixation duration data yielded a
signiﬁicant main éfﬂeét'for régding ability, E (1,14) = 4.77, p < .05.
Thé averagé fixation dupatioh'(mean of the individual subjects! medians) )
for .good ;eaders was 196 msec as gémpared wign,ggu msec'for péor hgaders,
a differenée’of 38 msec. There was.nazsignificant main effeot for

" __ condition, F (M,56)'= 0.25,.0 > ?65. The intéraction.effegt between
reading ability and céndipions was hdt sigﬁificant; E (N;SS)‘= 0.59, p >’

“a

.05.

‘

}h&re is no pattern in the data for ‘either group-to suggest that the

experimental manipulatio@s systemé%ically influenced t

r

[N

‘

) ) §

.
-

he duration of FO.

No condition differed from its appropriate control condition by more ‘than

-

.10 msec.

W 0
»

v

-~
.

.

~

'

‘Insert Figure 3]p§out here,

-

‘4\
>

-

»

.

-,

For the length of-S1 forw

ard saccades, the main effect for reading

ability was‘fog?d to be signifjcant, E (1,14) = 5.94, p < .05. Again;

h]

*

_there was no significant main effeet €or condition, F (4,56) = 0.59, p ¥

o

7]
~

"

-~

-

s
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.05. The‘interaction effect betwBen reading ability and condition was not
13 . - ‘

significant ei@heg, E,(M,SGS = 0.10, p > .05. Figure 4 shows that the
s average length.of'the forward S1 éaccadés for the good reiders‘;s
q;nsistently at least one-char;cten position,'or_nearly 20%‘loﬁéer, than
‘that for the poor readers. RS ‘ - ‘

. 1 e
Although the differénces in forward saccadic. length at the different

boundarf locations were not statistically significant, there is some

{ ’ '

. pattern in the data for both groups. The average length of the saccades

when the letters to the left were rdplaced (i.e., the left-2 condition) was

shorter than the control condition. Similarly, on the right, the further
from the fixation point the letter replacement occurvred, the lgnger was
the mh’n length of the saccades. However, the differences were very ¢

. R .

small. -No condition &iffereh from its appropriate con#rol group by more

than 0.3 chéracter positions. . . -

_ ~
.Insert Figure 4 about here.

]
-

¢

g

.’ . ‘ L -
The‘ANOVA yielded a significant main efféct‘fof condition on F1
fixation duration, E (4,56) = 5.58, p < .01, in.contrast to the results of

the previous two depenﬁent variables. However, there was‘°no signifiecant
s, - A .

main effect for readng ability, F (1,14) = 2.49, p > .05. Again, there

. - \ 47
] \ . A z . -
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- condition, 'E (4,56) = 0.40, p > 05

A Newman-Keuls test of the significance‘of he pairwise differences
between the means for each difference was coni cted (Kirk, 1968). Three

a“ .
of the conditions, left-2, right-3 ank ighth, %}ffered significantly

. ¢ - d [y l‘ -

from the control condition, p > .05. The difference between right-7 and
. P \ . .
the control condition was not statistically significant,.' Thus, the three oo

- experimental conditions closest to the center of fixation significantly .
inflated the duration of fixation F1, but the rlght 7 condition -did not‘»

This indicates that subjects used letter 1nformation at least as far as 2

R

letters to the left of the center of the fixation and up to 7 letters€§o
. 8 . . )
,  right. ' ~ e 3

* v Q a ’ “ .

" M - . n\"\_\

. i Insert Figure 5 about here. 1@

-

—~ : ects of Bou on_with Resptet to !

b,

" An analysis of* the data was carried out for the left—2 condition to

- - :: _cbhpare the effects of the letter replacément Boﬁndary oceurring within

T the fixated word with the boundary occurring to the left- of that word.

09

The notion being investigated here is that if words act as some sort oﬁ

perceptual unit then the’%ﬁsruptive effects of the.letter replacement
ha %

-

should be greater when the boundary occurs within the ' fixated word (i.e.,

VAR ‘ /

|wwl

e

HOY .
.
(R
e
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vexperimental conditions. - .7

. . . .
. .
R . . s . / - - R -
. N .

+ ~ . .

a(centered) than when the

igundary is located bef‘ore the word (i ., erroneous letters aceur only in

errors occur in the word" on which2the eyes

words to the lef‘t of‘ the fixated word) It is therefore hypothes.ized that

the duration of f‘ixation F1 wi

]

than in the ad;jacent-word_

' be }oqger in ‘the within-wo?\d/c/ondlfion .
v .7y ST

. »
» ' -

N The several posSJ.ble alterhative conditions that may . have occurred

*.
within this ﬁohotomy of‘ the data are illustrated in Figure 6. The center

ndit_ion. ,

o 7

of‘ t$e f‘ixateddjgion of t%t,is indicated by the ar‘row. It can b%seen
é
i

that under condit eft-2 the letter replacement bounda’ry: coul‘i occur

within thé f‘i:(‘ed word only if th t word was at 1east 4 letters long.
[N . /
the fixated viord was less than 4 letters in’ leng E, or if the subjeét, *

. If
. M

fixate%e first }z let'ﬁer positions of the word onl'y words. to the g

lef‘t of the!l f‘ixp.ted word wou}"c'oﬁxtafh errors. It was’ possible, as in” ’ )

line 3 of Figure 6) for a ﬂ;le-letter word to the left of the flxated :
/ 1

word to be f‘ of errors, but in most cases the word to '\he lef‘t had part
. \d X.
. of it ers (Figure 6, line ¥), or all of its letters (Figure 6, line

<=
S) replaced. These different possible conditlons were not dlstlnguished
~a vt . .o

ih theMto be reported here.

Similar instances were also -

fdentified in the control conditq,on data: These were 1nstances in which
v oo
e
- the errors would have occur.r'ed at these lOCations had they been in the

. 1'

.
- 3
N [
- M -
. ) . -
. - . v
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Insert Figure 6 about here. - .
e ' * » )

Only those F1 fixations ggich Were preeeded by forward saccades were

. »

included-in the data analysis. The number of data points in the different

conditions, on which the group medians were based, ranged from 40 for'the

good readers left-2 within-word condition, to 203 data points for the poor °©
‘readers cpntrol-adjacent-word condition. Thus, although there were
-sufficient data to provide relatively stable ‘roup medians, there were not

enough data p01nts in all conditions to permit a more fine-grained

v
.

analysis. ’ ' ,.
: p .

‘
- » -
4

. Figure 7 illustrates the values for theﬁdifferent:conditions. It

appears that any inf}étion of fixation F1'in the left-2 condition may be

attributed to those ogcasions when the location of the letter Eepladement .

-

boundary occurred to the left of the fixated word. For both groups’ of

‘readers,‘the data values for the left-2 and’control conditions are alnost .
idgﬂtﬁé;l;when the. boundary is located within the fixated word. This is
‘entirely cortradictory to, the hypotnesis oeing tested. That is, it was )
» expectedlthat the effects would be greatér if the ﬁixated word was - -

-~

é e - .
disrupted than-if only words immediately to the left were disrupted.

L}
o

Thus, there is no empirioal support for the notion that words wWere

s

S . L4

'”functioning as perceptual units for. either good or poor réaders, It
N \/ + . .
»should be noted that the length of fixation durations for the control -

&
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. . . o
- -f———i——————eondi%ieq—wePe—gfea%ep—in~%he—within-wepd~condition~thaﬁAinwthe-adjacent-

word condition for both good and poor readers. ’

&

'y
+

- Insert Figure 7 about here.

e . ) .
£ . -

Several generai obsprvations can be drawn from the analyses of the

data obtained from this experiment on the perceptual-span of children.

~

1. The mean fixation duration of good)readeis was consistently shorter
than that for poor readers across all conditiens for FO and F1,

although the difference was nét statistically significapt for F1.

£
L]

» 2. The mean saccade length of the €ood readers was approximately a |

charécter positfon l&ﬁger than that of the poor readers across all

.conditions for S1.

- 3. The only statistically significant effects resulting from the

- experimental manipulations were Pound on fixation F1. No -
. statisfically significant effects were manifested on fixation F0O, the

- S . . -
fixation on which errors were present, or on the immediately

" following forward saccade S1. - ' " :
. . . \*
. - ‘ -
4. The evidence does not indicate any differences in the size of the

g -

span gt“letter recognition for the “two groups of readers.

L

A

*
3 L]

Lo

s . L .
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5. The effects of the boundary‘location with respect to word position
< does not support the notion of words functioning as perceptual units

for either good or poor readers.

v

¢

- . Discussion ¢ :

. The eye movement patterns of'the good and poor readers in this
enoeriment are generalif'consistent with the findings of other studies
(Taylor, 1965). The ayerage reading.rate of the poor readers_was about
70% of that for the good readers, as measured by the number ,of words read
per minute. The durations of fixations made by,the poor‘readers in the
. control condition were approximately 30% longer than the fixation
durations of the good readers. The average lengths of §accades‘of the
poor readers was about 259 shorter than those made by the good readers. In
spite of these differences, the results indicate that the size of the span

of letter recognition is much the same for“both groups. ' L

°
v

The fact that there wastno evidence to support the hypothesis that
good readers have a wider letter recognition span than poor readers is
somewhat surprising. . It appearg‘that'there is no difference in the size
of ‘the }egion from which gqod readers and ooor readers oBtain letter:
That is, there were no significant

rd

interaction effects between reading ability and conditions on any of the

information during a fixation.

three dependent variables which would indicate that good readers are more

~

‘ sensitive to disruption of peripheral information than are poor readers,

The results indicate that both.groups of children are acquiring

Ly ¥s
3

2y

£
1
|
§

>
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information from at least 3:letters to the left of the fixation point and
up tdfapprogimately 6 letters to the right. It" should be noted that the

text f1sed in the study would have presented less difficulty to the good

4

readers than to the poor readers. If it was the case that t% span of.
letter recognition is influenced by text readability (i.e., the more-

difficult the text, the smaller the span), then the' good readers should

A4

" Have been even more likely_tb have had a wider span.

\

&

The similarity in the findings of this experiment and the results of

other studies using the,same'paradiém but where the subjeets were adults

(-4

is striking (Underwood, & Mcbonkie, Note 3). In their study, Underwood &
@ R RS
McConkie found that adults used létter information no further than 2

letters to the left of the fixation point and up to 6 letters tovthgﬂa~«”“’

an—
PNt s

right. Thus, the evidence suggests that not only i§ the span of letter

e

recognition similar for both good and poor readers, but also there is no
\

. inerease in the size of the span when these readers are compared with

college students. ' g v ‘ VS/
R - : ‘

L)
"

The evidence that has been put forward previously to support the

hypothesis that the span of letter recognition increases as a funetion of

o

" reading ahility needs 'to be élosely‘ekamined. Patberg and Yonas (1978)
condueted a study in which geod and'popr readers read’ passages of. normal -
text and passages typed with-13 -spaces ‘between each.adjacent pair of

words. .By spacing the words so widely apart, they reduced the amount of

t -

& ¢, .
peripheral information that could be acquired from one word while the.
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prior word was being fixated. They found that good readers did not . .

e ’

perform as well on the spaced condition as they did on the normal text,
whereas the performance of the poor readers’ was unaffected py the
different tasks, In their experiment, performance was defined as the

number of questions’answered correctly per minute of reading time. On the

‘e

basis of this evidence, Patberg and Yonas concluded that as reading

improves, the perceptual span increases Beyond the single word.

It can be argued thatlthere is nothing in the Patberg and Yonas study

that permits any conclusions about the.nature‘of the perceptual span as a

4

function of reading ability. To draw such cdnclusions necessitates the

' tenuous assumption that readrng efficiency, as defined by the authors, is

related to the size of the. perceptual span. There is no evidence to

support this cdntention. “An altennative explanation of the results is

suggested by the authors theéselves. They suggest that skilled reading

’ an‘be disrupted to a greater degree than unskilled reading by any change

’ >

in the task requiring a modification of well-practiced techniques.

-

-
-

Fisher and Lefton and their colleagues havérconducted extensive

research into eye movements of readers,’including a number of

.

developmental studies. A strategy used by these investigatons is to-
. I - N . -~

disrupt tneltext in a variety‘of ways and examine the effects of the
disruption on the eye movements of the reader.“Spbagins, Lefton, and
Fisner (1976) examined the.effeets of spatial m;nipulation of text on
adults!‘third, and fifth graders. Among the conditions included‘in the

v
>
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study were the ‘Tollowidg: z -
N S . . ,
1. This is a l}ne of norm;l texts
. 2.iT?is+is+a+line+bf+§illed+space+tex£. . a @
3. ?h;sisalineofnospécedtext. : ’ .
‘ ‘ - L - ‘\.
. The size of the percéptua; span was arrived at by'difid?ng the number »
i of character ;paces in thé parégraph by the total: n&mber of fixations made
f by th sub}ect. kSpragins et al. conc}uded that the size of the pérceptuai
span was réiateﬁ‘td reading ability. X
\ . ' e
A yogéible explanation for the dif(greyce beTween the results of the .
;\\\ ’ ] presgnt exﬁerimént and'fhe Sp;agins et al. study lies in the fact that .
different sobts of information were disrupted. Spragins et al. relied .
.‘ﬁpon the elimina;ion of spatial cues to disrupt‘the reading process of the .
t subjects, whereas letter information was disrupted in the present
. experiment" The spacing between the worqé and the éhape;é;azge.word was
maintained. .It may well be that adultqstend to be more reliant on spatial :/’,,
cuesiphan'cﬂildren. However, the c¢laim that the'adult reader reliés more
' .7 ‘ bea;ily on perib@eral cues gpan doés the younger reager is not
uggquivocally supported by gheir results, since the disnuptioy of the text
ocgurred poth foveallyiahd peripherallyi;. '
‘ - ~ |
There seenm tQ be two possible explanations to account for the
| . differences.iﬁ'the findings of the present study and the edrlier .
LN~ : ' C
. . X .
Qo . T )

: ERIC", | ' 8 L
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investigations, First it may be that the experimental strategies are

) sufficiently different to preclude comparisons of any data; that is,

different aspects of perception are being studied. Second, ‘there are gcod

reasons to believe that the previous experimehts were not measuring

perceptual Span as such at all.

’ 1%

The generally accepted view that a critical distinction between gdod

-

and poor readers is the ability of the former to utiiize visual

information_further into the the peripheral regicn of the text during a
fixation is.not supported by the results of the present study.' There is

no doubt that there:are nany factors which contribute to the reading - .

ability of children. -For example, it has been suggested that good readers

,.k’

are able to guide their eyes‘hore efficiently than poor readers (Gilbert,
- .

1959; .Lefton, 1978; Lefton, Lahey, & Stagg, 1978). Several investigatqrs

believe that poor readers may have~unsystematic attentional scanning

v

.patterns (Heron, 1957, Marcel‘ 1974) This study, barticularly .when

considered together with the-results of Underwood and.McConkie (Note 3)

has eliminated one factor. long believed to have had a bearing on reading

N ”

-performance.

,
L N ¢

1 Aspects of Infor on Processi . )
. [ A
* . [‘\ .,

The question of when available information is processed is of central

importance to understanding reading. The,answer will have significant

implications for thaories of language processing and comprehension, as

well as for eye mobement guidance, 1In this experiment, neither the good

L4 . ) \

LIPS
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- \readers nor the pobr readers showed effects of the eﬁ?epim ntal "2\

manipulations on the fixation during which they were implemented, nor on
-~ the following saccade. It was not until the following fixation,~F1, that
! the effects were manifestéd This euggests, of ‘course, that the duration

of a fixation may be influenced by the information acquired on a previous

A -

- fixation. A similar finding has’ been reported by Underwood and McConkie

(\ (Note 3). . . ¢ ,
- N A . . . ‘ .

This finding poses difficulties for modeds of reading which assume

-

that the duration of a fixation is determined by the time required to

B

process the information acquired during that fixation TJust‘ & Carpenter,
1980). Just and Carpenter claim to have developed a modeél of reading

,} comprehension that is able to account for the allocation of eye fixations.

. ' ) Their.model proposes that gaze durations reflect the time to ekecute

comprehension processes, for example, lpnger fixations manifest longer

processing causedaby the word's frequency and its thematic. importance.

. . -
~ 5
N

A necessary assumption of the Just and Carpenter model of reading is
. that thé eyes remain fixated on a word as long as the word is being B

. processed. The data yielded by the present study make it difficult to

sustain such an assumption. The evidence suggests that information - .

Aacquired on one fixation is still beinngroceSSed after that fixation has
- V . - . . -

ended (i.e., after the visual information is no longer avadlable to ‘the

reader), oﬁ at least that the effect on the eye ‘movement pattern is

S deldyed until after that fixation. . !
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. . °~ . ' . ‘,, ' ";_ ,,,. ' - .
- . *  The preseht §tu&y yieldéqtéome'ihtenésting data relevant:to the issue .::

. - : 3 . M * . A - . )

B oS of.eye movement patterns. "First, dizgﬁas‘fpuhdffhat while there were no _

-
Y

, - {diffepences in ﬁhe'sizérbflthé éﬁahé of letter recognijion of good and .

3 ¢ -

- " poor readers, the average length of forward saccades -of poor-r;LderS'was
app;oximately 25% less than that df good readers. This could be taken as

evidence against the ndtion thatAthe length,o% the saccade is related to

<

the amount of information encountered during the fixation, as assimed in

*

- °
2

the analy%es by Fisher and his colleagues, - ‘ " ‘

L]

o

) S e - '3'.-_
<« .« Second, the duration of fixation F1 was examined accd?ding to whether
¢ . . .

it was followed by a forward or regreésive saccade. ‘From Tablé:2’it can'
be seéﬁ that the,inéreaséd duration time of fixation‘%1 for conditiéns
. K " right-3 and riéht-S is entireli'attributable to those inspanc;s wgen F1 is
‘ followed by a forward saccédic movement. . Tﬁus, it appears‘EZZé a

- v
”

reiationship exists between the duration of fixations and direction of
: " .

- saccades. This fiﬁding has been corroborated by Unde?wood and McConkie <

(Note 3).
N *8 v 5
-~ . % Insert Table 2 about here. ~ .
. . ) . - . ‘ ) ) - [}

%i ) . . If is apparent-that the relationship between saccadic movements and
. fixation durations is one of considerdble cofplexity, and widl not be easy |
. &, ™ i .

; . : ) ]
. . . Ub%;,’" ) a
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to explicate. However, it‘is clear that the élaim that these'%wo ' .

'd . . ¢
components are unrelated is not’enti;ely true (Levy;Schoen, & O'Regan, LS

1979; Rayrer, & McConkte, 1976).  ° _ . B - "
_ ' . i . . i ,
Egiﬁheg Research i ) '
- .4 - . :
In one sense, the present' study should be viewed as’a first éttempt .

to appiy the eye movement contipgentfdiéplay paradigm (McConﬁié, & Rayner,

~

1975) to investigate the language processing differences between children
’ . " ’ N "
of different reading abilities. As such, "it has been shown to-he a

successful technique in providing information.dn the nature of those

-

‘differences. Further regearch is required to corrdgordﬁé the basic

*® .

finding that tq§re is no Qifférenée in the size of the bércepﬁual.spans of

good and poor readers, gnd to more-clearly define the.prameters of the

region from which visual informaéion;is acquired during a fixation.

a -
- s v

[} s

Thg experimentaivtechnique used here shodl% lénq itself to )

. - “~
igvesuigating whether other types of.visua;Jinﬂormagion, such as word

- - g *
) . =

"~ boundaries, lengths of words, or their shapes are used,mbbe effedtively by
. . A -3

-
a -

. &
good readers than by podr readers, =~ . °, - Cr .

]

A developmental study of,the span of letter recogngtion of’chg;dren

’

is an impdrtant_issué'to be addressed. It may be that by Grade 5 the size

of'the-spdn has stabilized, but that younger childreqldd acquibe,letterii .
- < ) Y ' * c .-

Dinformation from a smaller region of text dﬁring a fixation. Although dt

would be difficult to use this paradigm witﬁ beginning readers, because of

- -
.

’

-
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. N ~

1
=

<

the experimenpallconstraints, there is no doubt tﬁap children younger than
«  the subjects Qho participated in this study could cope with the demands of
’ the situation. The question of why the effects of £he experimental
‘manipulations were ngi manifested 'until one fixation after impleme;tation
needs further investigation. Similar studies using adults as sgpjects
have reported mobellmmediate‘effeété éf such manipulations; i.e., the ’
duration of fixation FO is inéreased, and the length of‘sachéde S1 is

shortened. This finding, of course, raises the complex issue of the rate

of language processing during reading. ) . .
v
¢ -
N
- - ¢ &
v . X \
’ »
. . p &
» \h - .
r
e Al
» ’ i
‘ - - ’
) /
. a
//
\
g - o
\ .
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Table 1
A Déscrfp%ipn of the Two Groups of Grédé Five Readers
Good Readers ) o Poor Readers
‘ . - Rdg , Rdg
Suégect Sex _Age . (grade) Subject Sex Age (gradg)
- 1 . F 11.{;_ 7.1 ) 1. M | 1.2 0 35
e 2 - F 10,3 82 ° 2 F 107 3.7
3 F  11.0 6.1 3 -F  10.5 4.6
4 - F 110 . 55 .3 . F 11.8 . 3.2
5 F ’ 10.8 | 8.2 .5 M -.11.2 © 4.0
6 M 10.7 5.6 6 M 11.3 3.9
I \ ¢ .
w7 M 10.5 6.1 7 . M~ 10.5 3.1
8° M 10.5 8.3 8 . M- 11.2 3.5
Means 10.8 6.9 Means 11.1 3.7
¥ L )
Y N
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A ° Table 2 o ‘
Duration-of Fixations (msec) FO and Fl as a Func,tién_ © ’
- of the Direction of the Following Saccade for All A
Conditions in Experiment 2 < . ‘e
o FO F1 6
Boundary - <.,
. Location st ° S1 S2 S2 :
Forward Regress. Férward - Regress, .
. 5 . o
LO 208° 273 235 . 192+ .
* R3 203 . 176 234 192, ‘
RS, — 200 175 225 205 * K
Control. . 204 ——°189 -~ -« 203 194 C S
> 9
, L - .?r
~T . . ’- N ’5
‘J -
. ‘\ ’ , » 4
~ w ~o . ?O
’ . =~ : - * - o
' . s ™~ e i ‘é?»
L] < ~— ~ -~ \\__ :-\. (.\ RS
TS ,‘ = . - °
1 * p" ( '2 ¢ *
i L
1 . (4 ~
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Figure Captions , .

. Figure 1." An example of a line of text as it may have been dispf;yéd
- ' *
on -successive fixations to a subject. The arrow indicates the center of
. . . 13

N
3

fixation.
n‘J % . ' . '
* Figure 2. A schematic representation of hypothetical eye movements
oceurring while reading a line of texth . ) i ’ )
. ) ' .
Figure 3. The average durations of fixations during which lettgrs
- . ¢ D ~ L v
i . were replaced in fixation FO} as a function of the boundary location .of
T ' “the répldbeg letters. .
Figure L, The average lengths of forward saccades Si1:.as a function
. - > e
of the boundary location of replaced letters, . - ) .
Figure 5. The averagelduyations of fixations Ft following S1-forward
R '/ saccades, as a function of the boundary location of }eplaced letters. '
fob ,., .'.\‘ "f", . .
i Figure 6. An efémp;e of a line of text showing how the d1eft-2 ‘
¥ 4 - * g - ° ) ° 1.‘ ’
R condition may have occurred in var%gué locations either within or adjacent -
- r ) ° ) ? '
to the fixated word. The arrow indicates the location of the center of
. b
[ ‘the fixation, o , ) .
aﬂ & - ’ b - ’ ) ’
] ) . . L. .
\\. - + L . —
[y e - ' -«
. < ' . ) ‘ , 5
o . " < = “(\ e - ~ & - »
. R (0. Qé.;e P °
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Le -~

\Figure T. Group median durations of fixations F1 foliowing forward

.sagccades for condition left-2 and the éontrol condition,* as a function of
‘ .
whether the boundary location was within or adjadent to the word being -

°
- @ - . ¢

fixated. t ' ‘ . *
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