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ABSTRACT Lo A P ' a . v
* The application of computer technology to reading

research has made it possible to study. the perceptual processes that

take place as people read with a level of precisioh never before.

attainable. This- computer‘ass1sted research has. revealed that where

the eyes go for fizations is of significance.to pormal reading and

that during each fization only a word or two is being read. In , .o

addition, it has shown that when dux1ng the fixationra word is.

'perceived the length of fixation varies, probablg depending upon when

the mind is ready' to deal with, that information. Eye movemejt - '

research tEChn1ques are likely to be useful in: studying higher mental

progesses occurring dur1ng reading and will probably be important in

the future for d1agnos1ng,spec1£1c reading difficulties. (FL) :)) "
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Abstract : . ‘
This paper describes a'newAcémputeri;ed approach- to studying the
as peoplé read, It appears that
for fiixations is-of some significance to normal -

perceptual proces'ses occurrin

where the eyes go
-~

;-
reading,~ and that during each fixation.only a word or two is
being réaq. -When during the fiiatidn a woérd is perceived varies,‘

£

- / :
probably depending on when the mind is ready to deal With that
" techniques are likely to be useful in studying_higher_mental

information, Finélly, the paper. suggests éhat eye movement

¢
.ng

‘Q

processes bccurring during reading, and will probably be

.
'

<

* important 4n the futuré'for diagnosing specific readi
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'processes 1nvolved 1n reading has been relatlyely slow since

study.,. It is not only unobservable to other people, but the

.qver the text, and, in the pracess, of gainlngsmeaning and
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Studying e Reader's Perceptual Processes by Computer .
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Reading' has always been recoénized as the first of the

"three R's,'" and teaching,people to reaé has been seen as a, if.
not the, primary responsibility of the educational system,
Because of this, research investigating the reading process has

[} . * ' . R N

bzen continuing since before the turn of the.century. Many of *

the issues being studied today, especially those concerning the

perceptual processes in- reading, aif dealt with in Huey's (1908)

book which contains many insightful’, observatlons about readlng.

-~ . -
. hd

It is not surprising that progress in‘understanding the mental

readlng 1s a complex mental activity which takes place rapidly | e

and pr1vately withlnﬂa'person 's mind, maklng it dlfficult to

'

E4 L4

'readers themselves hardly know whatq&hey are d01ng. Readers have

the experience of desiring to understand, of passing their eyes

s

'knonl%dge. Even though they may accurately comprehend the text,

they are still qulte unable to shed much light on just how they

did it: ‘what they were seeing, how frequently their eyes

H

stopped, how they decided on the meaning of a word having mor.e

than one, potential meaning, or how seelng ‘5 seriesﬂof words . .

« v , .. TS
e . . .
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Reading has always been recoénized as the first of the
"three R's," and teaching.peoble to read has been seen as a, if.

not the, primary responsibility of the educational,system.

Because of this, research 1nvestigat1ng the reading process has
»

been oontinuing since before the turn of the. century. Many of

the issues being studied today, especially those concerning the

-

perceptual processes in-reading, aif dealt with. in Huey's (1908)

book, which contains many insightful, observations about reading.

~ ' ~
-

It is not surprising that progress in understanding the mental

'processes involved in reading has been relatiyely slow, since

reading'iq a complex mental activity which takes place rapidly
& r ? ~

and privately withinﬂaﬂperson's mind,”naking it difficuls to
study.. It is not only ﬁnobservable to bther people, but the

s, . A 3 »

'readers'themselyes hardly know what gthey are doing, Readers have

the experience of.desiring to understand, of passing their eyes
over the text, and, in the process, of gainingimeaning and

'knonl%dge. Even though they may acourately comprehend the text
they are still, quite unable to shed much light on just how they

did it: 'what they were seeing, how £requently their eyes

stopped, how they decided on the meaning of a word having mor.e
than one, potential meaning, or how seeing a seriesﬂof words
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called a new, complex thought to mind. Decades of research on

e

: reading have only begun to give ps an.understanding of ‘what the ", ) ¥

mind is doing as it carries out tHhis remarkdble :activity.
A

*
-

Recently %pere has been a sefies of agvancements in our
understandlng of perceptlon‘xn reading. The application of
computér technology to readlng research has made i@lpossible to
study the perceptual 'processes that are taking place as peopie
read, with a level of pre01s1§p that has \never before been
‘posslble. The purpose of thls paper is to describe some of this
research, incluQing the techﬁiques being used tpsstpdy percepb&on

in such detail, and some of the discoveries which have resulted.,

For a more detailed review, see McConkie (in press).. First, ) :

2

. ya - v .
however, it is necessary to recognize that, in reading, as in
most visual tasks, perception occurs by means of a rapid series

of eye movements, taking the eyes to dlfferent locatlons. Béfore
discussipg the nature of the.perceptual processes it is necessary -

to describe some of the characteristics of these eye movements.

v . -
N +
R

» (' N . K > ‘\(
As people read, they have the feeling that their eyes are

[N

moving most of -the time. 1In 'reality, ﬁhey are moving fess than

. . . - #

. 10% of the time. About four times per second,‘on'the average, N -

" the reader%s eyes make quick movements, referred’to as saccadie
» 7 . o~
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eye movements, or saccades, whith then!center the eyes on some

1) -

neﬁ location in the text. Dependrng on the Iengths of the
saccades, they can take from about 20 to 80 milliseconds (msec,),

with a saccade of average length (8-10 letter positions) )

- . ¢

requiring about §5 msec._ In making saccadic movements, the eyes
d N

, €an reach velocities up to 800 degrees of yisual angle per second

(Alpern; 1971). 'During the periods bet™een these sacocades, which:-
are referred to as fixations, the eyes are relatively still;-

\showing only very small drifts and tremors, Incidentally,

*

although”thésevmovements are so small 'that they can only be
- N / ‘ - .
observed with the most sophisticafed equipment, they are critical
N ¥ - * - ! .
to proper vision, Without them, people have the experience of
= LY

- having objects they are looking at fragment and disappear. - The | <.

average fixa'tion is typically about 250 msec, about 1/4 second.

- - . . )

Su¢h factors as reading ability, text diﬁficulty and reading <:

purpose can change these averages (saccade length and fixation

perlod) somewhat, However, these changes are small in comparison

to the variation that exists within the eye movemant record of -a

" *

"single person reading a single passage. t ’ .

¢ N -

v

There are Several'techniqﬁes presentiy used to monitor-a 4 . .

[}

reader's eye movementst; In one; for 1nstance, the reader's eyes . , ;;
~are 1llum1nated qith infrared (inv1sib1e) light, and small photo

cells’ are mounted abeut 1/4 ‘inch from the eyes' surface to . e

[ ) ' '
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measure the amount of.this light being refiected These

photocells are aimed at the bou"aary between the 1r1s and the

rs

” .
sclera (the white part of the eye), one on each s1de of the'1r1s,

as shown in Figure 1, Since the sclera is whitish in calor, it

reflects more-light than does- the iris. Thus, as the’eyEs rotate
to the right, more of the scleraéfa;ls within the field of view
of one of the photo celis; thus‘increasing the light befhg'{:
reflected to that cell, whlle morq of the iris -falls within the

" field of view of "the other photo cell, reducing the_light being

"Thus,’ the relatlve amount of light rellected to

<«

reflected to 'it,
tfMe two'photo cells can be used td.obtain an, indication of the™

rotational position of the eyes, or the leJCthn of gaze, ‘Other

4

common techniques include taklng pictures of the eye with a

telev1s1on camera, and having the cémputer analyze the 1mage of
,!

the pupil, and the locatlon f a hlghllght w1th1n the pup11 o

region, to identify the directlgn of the eye.

[+

Flnallyk a very
accurate indication of eye ;;osition _“Zén be obtained with highly_
sophisticated- equipment whlch tracks reflectlons from the front
surface and the back Of the lens of the eye. Whlle these
‘techniques dlffer in their degree of accuracy, .and the degree to
which the head must be. stablllzed, none of them vequ1res d1rect

'contact with the’ e%es, as other techniqhes have (for instance,

requ1ring specially- mage ‘contact lenses which do not slip on the

. - .
.
<
'
’
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6

“surface of the eyes as normal lenses do) Further information on

methods of monltorzng eye movements has been rev1ewed by Young

and Sheena (1975) =

The most basic form of data obtaiped from eye movement
equ1pment'1s shown in Figure 2, whlch‘g;esents about 3/4 second

’ of an eye movement record from ene college student readlng a
passagem This figure shows the,relat;ve horizontal po51tlon.of

the eyes at each msec, (each 1/1000 second).- Time is represented‘
. H ¢ b

-

along the x axis, with a vertical line‘of the'grid occurring at
~» eacl 1/10 second. Eye position on the line.of text is . S

- .

. repreSented along the y axis; with a horizontal line of the grid

(2% \ A . ..
J . .occurrlng each five letter p051t10n. The part of the line of ‘ |
| { T .
. text belng read is also shown on the y axis. When the curve 1s : ,

flat, as at point A, the eyes are in a fixatlon. Hére’the eyes'
are centered between the e and l in mys lf At point B; where
the curve begins to rise, the eyes have begun to move to a new

o A .
loeation, and at p01nt C, about 21 msec later, the ‘eyes have .

ey

'completed a saccade and are cOming to rest,. for a new—fixation,

a . ,centered on the first 1 in Lgsglgtglx The eyes then remain at 4' ‘ TR

-
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that locatiop_for about 325 msec before begipning é new sagcéde
.at*point D.'ZEipally,‘at point E, the eyeé beé@g a kegressive
:mpvemeht, moving leftwgrg babk-along the line to examine ‘
something which might‘have been seen earlier, This figure
iilvstrétes how ‘the éyes remain in position during fixations, gnd
also how the eyes speed up, then slow down as.the§ travél to eégh

)f new- locatig¢n., The hump at the end of each §accadg is a period of
—— * .

' time dqring wnich~}he—eye§:are géttling~in£o,pasition for the new

——
’ -

fixation, af§fer having been-subjected to tremendous forces
exerted by thé ocular muscles to pull them quickly to their new

position. : T

-

1

,' i ' . -’ -‘ ' ' ”' . !
A*second, and, in the ,study of reading, a more common, . .

. method‘oflillﬁstréting gxe'movement data is shown in Figure 3.

-
A -

In this- figure, the text which the person was reading is shown,
- The reader's eyes stopped for fixations centered on those letters .

“under which there is a numeral. The numerals, in puré, indicate

*

" the sequenqé in which the fixations occurred,’ Finally, Onder .
" each numeral is a pumber indicatirfg thg:number'of msec the eye IR ) ?

AN

cL étayed at'$hat location. From this figure, it

can be seeﬁ that
. \o- T ¥ | :

- . < . s
+ . N

- -
o, A
.




. y ) " Reader's Perceptual Processes
the reader s first flxatlon vWas centered on the letter h in the

word shi , and that this was a short flxatlon,\lastlng only 122

A,
msec,’

-

second fikation, and remalned there for a longer perlod of time,

-z

Such small regressions .are common at the beginning of each line,
’ / B . ‘

as thé eyes seem to be finding an appropriate initial position
after having made the long movement from the end.of the prior

lipe of text. This flxatlon is thé‘kfollowed by a serles\of ,

fixations, each further to the righttalong the 1line, it

\

‘However,

should be noted that fixation 5 is a regression, the eyes having -
\ <. .

9

briefly moved leftward again ‘for some

y °

et e G Ba > W G Gy Gy W G Gmp By G Gy A D gmp Gy Gy AN GED Aup Gum me Gy
5 )

v

There are several points that should be made about this

> > - ~

figure., First, it is apparent that, whlle the average fixatlon

duration for this subject was abo ut 23\ﬂ6sec as she read this

rt

passage, .in fact there is considerable variabllity from fixation
to fixation as to hoi/long thé eyes remain in each location, .

" ranging from 24 to 339 msec on just thls one line. It seems

likely that this variabildty is related, to the nature of the

A .

Follow1ng th1s, the eyes moved further to the left for the

mental processes that are required at each positibn in the text..

£
- 7 E

7




. . ' . Reader's Perceptual Processes 
Second, it is also the éase'thag the lengths of the saccades. vary,

T ”con§iderably. AgainT—whiiﬁ—fhe—reaﬁer*s~évefage for this passage
was about 8 letter positions (where a letter occupies about 1/3

+» deg. of visual angle); the saccades actually rapge from 2 to 12

letter positions on:this line alone, -Thus, there seem to be

.

moment -to moment differences in how far the mind needs to send

the -eyes. 'Th;rd, even relatively ‘good college-level readers¢
* fixate over half the words. in a passage when they ére réaqﬁng

carefully (Hogaboam & McCeonkie, 1931).,.Finally, ﬁhereas the eye

-

. movement record indicates with-considerable precision (within

less than 1 letter position, in this record) Jjust where the eyes

were centered during a fixatibn, and héw'long the eyes remained
.a% that location, it does -not indicate, by itsélf,‘ﬁhat‘was being
. seenlduging that (ixaéioﬁ.' For example, whfle‘fixaﬁion 9 was

. b3
centered difgctly on the word Saint, we do not knyw,whqther that

/f
word was seen on that fixation, and if so, whether it was the

Y

-

only word sben'on that fixation. It ?é quite tonceivable, for

. instance, that this,word was seen on two or more of the .

fixations, This, thren
3 ‘4
- of perception during reading.

; ﬁake§ us in£o questions about th; nature

o4 ' It has long been knoun‘that people ¢an seqimost-pfecisely
. e - . - % .

€ - i ¥

» . . >

* . - . . L4 bl




_obJect causes the eyes to rotate to a position where its image

region is typically seen during a fixatiqn;~and what'is attended

‘Wwe must conslder how the mind integrates the information it coL 'kﬁ;

has been done ‘with relatively skilled réaders, and not with

» ~ [ ‘ . * ’ sy
. ) : : - [Reader's Perceptual Processes

»

P ' ” 10 —
that which they look at dlrectly. Looking directly at a small

. #

lies on the part of the"” retlna known as the fovea, the region

wh1ch has the greatest den31ty of v1sual receptors and where the

-

smallest deta&ls can'be seen, Thus, what is seen during a . e
fixation depends on three things: (a) where the eyes are centered

during that fixatibn, (b) what the visual region is within which
. '
stimuli of 1nterest can be resolved or seen, and (c) what the

person attends to, durxng that fixation, Even though a person
may direct his gaze ‘toward a particular pattern, and its 1mage - ,
may rie on the ret1na at d locatlon where it could be seen; the

person may Tail to attend to it and thus fallmto seetlt. In

studying perception in reading, then, we must investigate where -
: S LR .

it is that the mind chooses to send the eyes for fixations, what

.
3

within that region. These will be referred to respeétively as

the eye movement cddtrol issue, the perceptual snan issue, and

the issue of attention to'%he/text durlng a flxatlon. Finally,‘ .

receives on suocessive flxations.

-

It should be noted thet most of the.researchjto'bejdescrfbed '

children or disabled Feaders. Thus, thé extensioh of this - | -

i ~
- ! , - .
- { et T ST
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nesearch to study;ng the behavior of younger readers is needed

before statements can be madg,about changes in the

tal R

SR . processes that are occurr1ng as 'reading Sklll ISe v o e .
S SN . e ) ' T
i ‘ o oEE - g ‘ . ) o -
ol Eve: M vement Control ’ . . o ,
wal - . - D
— R . . ¢ - i - ”~ . ’
5 . v : ~ ¢ ® f’éﬁ, :

34
Tt seems clear that during reading the mind 1s, ‘at least,

)

oo much of the trme, sending the eyes to rather precise locatlons in’

the text, If the eyes do not g0 - to the spec1f1c locatlons to
3 s
whlch t%%y Wwere sent, changes are observed in .the eye movement
¢ .2
attern.i Thls fact has been establlshed in studles in.which

4

people read text from a computer-dlsplay (Catﬁode -ray tube, or
N = i it aet 2 \’
£uE CRT) as thelr eye'movements are belng monitored (McConkle Zola,

<,

n - & Wolvérton, ote 1 6'Regéh 1981). These studies used an | R

) ':.experlmental £ chnlque in which the ent1re llne of teﬁ‘t was ‘ _j '
¢ . ' \__/
. L shlfted “two letder pos1t10ns to rlght or left on the CRT durlng

certa1n saccades whlle the eyes’'vere moving. Whenﬁthe eyes ';

A - $

fM { . stopped%¥or the next fixation, they were d1rected toward a text ._L\jg'

. i o\ition that was two letterfﬁositions away from where they a2
f“’ ’ -normall} would haye been in the text unde;/normal condltions. e ii
) ThlS is 1llustrated in Flgure i, whlch presents a line of text as ‘ s ’

it may have(appeared durlng one fixation, with the eyes be1ng

14

. r/ﬂ%yentered on the letter maﬁked by A. The location to which the
L

: - .eyes yere sent on the'ﬁext fixation is marked by a B. However,_ oo

e by 3 - . had 2o
- L Ery ¥ Y% ’ B . . * P
i Y s-ﬂ Sewpl e v W} T R . - L]

+ o B : -sf\w P N * - hd )
t s - - .

1
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LY - * . - . .
. . - ~ . . . ’
~ . . .
- .’ ‘ v ¢ 12
b .
B . - oy
pail

. , - . . . ~
. * . { . - *

@Pye movement, the text was moved; as shown in'1line 2 .

4

. '. of the figure. - Now the C indicates the\locat;on'in the text
o where the eyes'were.ectually centered during-the ne%t fixetipn,J ~
'.e\ ,“;wowletter positions eway from where- they normally would'have

been centered. Shifting the text “in th1s manner causes a 4

mispiabemegt of the.eyes in the,text When this happens, readers

of ot LT
., 'ane tota{Iy_unaware that the text hasibeen moved, but their eye
a“ . ]
movements are definitely affected A large number of wshort ..

v saccades occﬂ?, taklng the eyes “eloser to the location where they
i

1
|
|
|
|
|
|
|
.
|

would hémg been had the text rOL been moved. Thus, d1splac1ng S
. . : the locatlgz of a fixat&rn just two letter positions. seems to .
s f have anteffeét 6n ghe perceptual system which leads to changés in . ™
,d!ik‘ the eye movement pattern, though ﬁhis is not something of whlch’
i the ‘reader is conscious, There seemg to be some good reésbn why ?:/J

~ - . . )
the eyes are being sent. to the exécté}ocation at which they are

- Y

aimed in a saccade. o : O

; - . . i . .
- - ‘ - 1. 2 : . < I'4

. 4
= - o - Y e ‘--ﬁ--—:-—--u-—--
P .,

GiVen that we know the eyes\are being rather breeisely

L
"
*M

. L'Icientrolled then, we would like to know the rules the mind- uses . ; '

. in determining where %o send ‘the eyes and how.long‘to leave them

*
o H
-

14
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<y ) »' ' 13
,“ : ‘ - -
at each 1ocation. While we are far from having the full answer

to this question, a few facts have becaome apparent. First, there

7

., is a tendency for the eyes to be sent to the:centers of words

-

(O'Regan, 1981, Rayner, 1979; Zola, 1981), and to avoid such
less 1nfonmat1ve areas as blank areas (Abrams & Zuber, 1972-73)

and the region between sentepces (Rayner, 1975). There.is evidence

-

that the word "the" tends not to be fixated frequently

other three-letter wor.ds (0'Regan, 1979; Ray er, 197#0 though -

AW

highly predictable lénger words recei
I

,gust as many fiXations, 5
as less predictable ngrgg (Zola, 1981). How long‘the eyes remain

in a fixation 1s ?elated to ¢ aracteristics of the word on which

1@'1s centered, with mone unusual words causing longer fixations ;
\ . “‘ . .

- (Rayner, 1977, Kliegl, Olson, & Dav1dso” Note 2) and with more . - :,:,’
highly congtrained words receiving shorter fixations (Zola, - ,f(,'t |
.,1981)”, Fixations also tend to be longer on words éonta:hing
spelling errors (Zola, 1981), and on words in regions of the text\\\/
‘ that are regarded as being more important (ShebilSke & Fisher,

v
PR ~

Note- 3‘) : N , . ‘ .

+ .

. ’ .
The important. meésage here is that it appears that the eyes o,
B |

|

) are reSponding sensitiVely to the mental processes of the reader._:f . ,?f:
¢ ~y L .
’ The language processes involved in domprehending the message of :

2

\
the text require information from. the visual system., Ihe visual L

system, in turn,, must ensure that the eyes are appropriately ¢

. -~

- B . . - . e -
- - > . - L. —
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é

descrlptlon of h0w ‘the” eyes are m%ved in readlng w111 probably

3
e

require a descrlptlon of "~ the language comprehension prcbesses, “of

-

N - . L ~
how they depend on visual information from the text, anq on how -

-

. the perceptual system controls the eyes in response -to. thé peed @

o

'Obse}ving an aberrant eye movement pattern
* v

flor this information,

~ 3 -

produced by a person Wwith reading disabilities indicates that the‘

[

'flow of proce551ngils not proceedlng fluently as it does in

better readers, bUt does not at present indicate the nature of

l“ - ,.

the problem, Lt_ls qulte llkelx that a strange pattern is

reflecting the fact~that prbblems are'being encountered in;
comprehendlng the text, to which the reader must respond by doing

further ana1y51s and reé%a1y51s of the text, thus requlrlng an

.

unusual pattern bfj%ncounterihg'the visual stimulus,

. .
» ‘
- » .

_Gertaihly is. n t necessanil§ the case that there is any\problem

with the reader S perceptual abllitles or his ability fto control
his eyes, thoaéh'among a few disabled readers this may be a
problem (Elterman,,Abel, Daroff, Dell’Osso, & Bornstein, 1980;
Pavlidis, 1981, Pirozzolo & Rayner, 1978; Zangwill & Blakemore,

1972) ' . A . ) ’ o .
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‘ietters more than about 4-8 letter posztlons to the

.from it,

-~

\ L] h —
being seen? Does the reader see only a word or two, or.-is-.an
. ' - . i

éntire phrase or clause being seen? Or does 'this depénd.on the:

~

level of‘a person's r%ading skill? These are critical gquestions,

cin understandlﬁg readlng and recent research is prov;dlng some

'relatlvbly clear answers.,

‘Skilled readers utilize v1sual

PO r

'1nformat10n no £urther than 4 letter pos1t10ns to the ‘left .of’ the

»Well

>
letter at the center of vision (McConkle & Rayner, 1976 Rayner,

& Pollatsek

1980), and they do not appear to 1dent1fy

right

(Underypod & McConkle, Note 4), Word length 1nf9rmation may be

”ﬁ.

perceived sllghtly further to the raght than this (McConkle &

"Rayner, 1975; Rayner, Inhoff, Morrlson” Slow1aczek & Bertera,.

t'\ !

1981), - ‘ ‘ , .

. .
- ~

These conclus1ons have come from studies in whlch the text,

dlsplayed on a CRT, is changed in’ speclfic ways ‘as people read

. ¥

For 1nstanceF if .on certain fixations 411 letters

'-
-

Kouts1de this region are replaced by other letters, as shown in

Flgure 5, th1s does ngt produce any disruption 1n the normal -

;reading process - (Underwood & McConkle, Note y),

-
L4

$*. . A
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e 1 ‘
Another technique makes it_possible'to specify exactly the
Tixation on which a given letter was acquired. In this technique
the experimenter identifies pairs of words that differ by a

s1ngle letter, then writes a sentence into, which either. of ﬁhe

two werd?)fits appropriately, as,shown _in Figure 6. As the. é@égi
.person reads ‘the sentence from tbhe CRT, each time a saccade is _ \ g

made the critical letter is changed Thus, the crltical word
changes from one fixation ta the next, as the person reads. It
is- of interest that people are not awgre that the word is
changing, and that there is no"ev1dence from the eye movement
patterns that this manipulation\has any effect on theif reading:
'Thus, it appears that words are usually ideg%i¥ied only on_a

single fixation, unless there is.a later regression back to the

word and it is amined again. After a person has read such a’

-

'sentence, he in cates which of several words he saWw in the

sentence. Knowing which word the reader saw allows the

‘, .’

.experlmenter to identify which fixation was the one on w ich the

critical letter was seen (McConkie, Note 5) N Initial studles

using this techniqua indicate that readers are attending to the
/

text in word-units. That is, whether a letter lying 2 letter

[ 4 '

positions to the left of the fixation point is seen on that

fixation or not depends on~whether|it is in the word fixated or

v
-

not (Rayner, Well, &‘Pbilatsek,,ﬂQBOQ. e - v s /ﬂ}éffyz -

. . ‘ . T
- - .
. b » - —
’ - . - - = T
« i v TR
. '
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fixa'tion (Underwood Note 6). Tbese studies ‘have also

T G " G G Gy = S W Ty Gy G A S e S A A -

The picture that.isﬁemerging‘from'these studies.is that the
skilied reader, at least when reading carefully, is encountering
the text almost a word at % time.‘ It is not true that phrases or
larger un1ts are be1ng perceiwed at once, as some have suggested

Nor does it appear to be true. that increasing reading s&sll

H
broadens the region seen déring a fixation, When Sth graders
“ Y
reading at the 3rd grade level are companed to other 5th graders
4
reading at or above gr%%e level, and to- skilJed college readers,:

2

no differences are”’ observed in their perceptual spans, the region

. from” which they acquire and use visual 1nformation during a

demonstrated that dur1ng a fixation people do noﬁ 1dentify all

the words that.are within the visual region where.they could be

i 2 A7

seen. Once a word ié’read on one fixation, for instance, even

though it may lie at a retinal region on the nekt fixation that

[

" Would allow it to be read once again, it appears not to-be seen,

i

For instance, if a word is read during one fixation, the fact‘
that the WOrd is changed for the next fixation is not noticed by

the reader. Thus, Ln reading, as in other situgtions we see

only what we attend to, and learning o read must involve

f r Reader's Perceptual Processes

I. \ R
; / . . 1 ‘ 17

’
~
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provide evidence for it (Zola, f9 1.

»
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. - - i ) .
learning, to attend to the words at the right time and in the

. ] b i
"rightway. This theme leads to the next issue,

IS
. - - . .

Attending to the Text During a Fixation ,

_;t has been proposed that an efficient reader is one=yho

develops'the‘ability to’use his knowledge of the language to.

reduce the defree to which he must do!a visual analysis of the

text. This proposal amounts to the suggestion that the ‘reader

.

. can avoid attending to many a%peéfg of the text which he can

predict from- his knowledge off the .language (Goodman, 1976) .

However, a recent careful test oi%this hypothesis'h ] failed to
t_s » - x

¢

If this study, nouns wWere identlfled wh1ch-cou1d be highly
\”"

‘.constralned by preceding them with some particuiar adjective, "

For inhstance, when given a'passage about a fodﬁgall game'

\]

'indicating that a player sustained a "compound - ;P

-

nearly all readers predict that the next word w111 be ﬁrg_tuzg

However, if "compound" is replaced by "serious," few if any

readers prediét that the. next word will be "fracture." Thus by

manipulating a single preceding adjective, the following word can‘

be very highly constrained, or constrained to a much lower
.
degree. The question investigated was whether constraihing the

i

word would change what information was used in perceiving it In

e ;.
.~ - T "L:’_.

V/ BN
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>

the h gh constraLnt condition, common notlons of reading would

suggest that a skilled reader wguld hardly need to even look at-

.

.the word.. ' SR ‘ ' -

fixate on the word.less often. Thus, they _did not skig ve-'

b

when it,was'highiy constrained,‘as might be expected.‘_Second,N
) when'spelling errors were pIaced in the)nord (which should Ee .
mlssed if llttle v1sual analys1s of the word wa& performed) they
~had Just as ngch effect under the hlgh constraint as under the

low constraint condltion. Apparently constraiht was having very
little effect on the degree to which thé word was being )

perce1ved. Third, fixations on the word were slightly longer

when Yt was lesS'constrained. Apparently it took‘the mind .

-

slightly less time (in the nelghborhood of 02 sec) to perceive

and ass1m11ate the meaning of the word when~it was h1ghly

5 \

’constralned by the preceding language. However, from the other.

f1ndings, this did not seem to be* because of any tendency to skip'

‘..1

éithqr the ‘word or letters in it. | . .
* ’ : : ; o ’
Present research provides little evidence that morg highly

skilled readers depend less on visual information from the texb.

i

There are recent sUggestions that the truth may be jUst the

-

-
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'oppos1te, that greater reading skill,allows one to depend more

N Reader's Perceptual‘Processes

-~ 020
. *
- . -

.

-~
~

heav1ly on the visual 1nformation in reading, in the process of -

course, prior knowledge is very important for comprehendlng the

t
~

<
4

PO

message of the text.

A recent study has 1nvestigated when 1t is- durlng the

fixation that vigual, 1nformation 1s being attended (Blanchard

McConkie, Zola, & Wblverton, Note 8). For example, it may be

' [4

that only _ the early part’ of the- fixation is used for seeing the

visual pattern, and that the rema1nder of the fixation period is

used for identifying'the meaning of the word or words seen during

‘1dent1fy1ng the words (Pfederiksen, Note 7; Stanovich, 1981). Of_

that flxation (Rayner, Inhoff Morrison,aSlow1aczek & Bertera,.

?

1981) This question is being studied by changing letters im the .

text part wax/through the fixation, S0 a particular word is
different during the latter part of each fixation than it was

. dur ng+*the earlier part., When the reader-reports which word he

saw)in the text, this indlcates whether a speqific letter was

~beihg seen in the early-or late pant of the fixation. f; - ‘,.
oo ¥ . %ﬁmf , % .
" The resuIts cleanly iﬁﬂicate ghatareaders ‘see words at l,
different times dun:%;Efifations, not glways just ate the "zé?~
beginning. Sometimesfthey report §eeing the word that was}ﬁlvrﬂg.

present early in_ the fixation, and semetimes they ean-only report
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the word that was present later in the fixation. Thus, it
appears that-readers attend to different things at differént .
times during the fixation, and,that attending to the letters, or

the words of which they are part, can occur at various times, in

- fact, it seems quite pOSSible that part of the process of

5
developing reading skill 1s learning to attend to the text in .an

effiCient manner from moment to moment. But this must be a topic

for future research. . - ’

[y

1]

The’ pOlnbotO be made from these findings ‘is that,\although
the eyes mayibe still dﬁring a fixation, the mind is actively
.attending to tha\fext n some sequence not presently known, This
attention to visual tails takes plaoe even when the words are
S0 highly constrained that the ‘reader could guess them if he were
asked toldo so. ” : .-

te“a i £ tion Across Fixdatio

In reading, as in other visual tasks, the person makes

.

several fixations per second each pnoviding a slightly different
View of the stimulus. Although these fixatio’are discreet, the
reader has no experience of discontinuity from one fixation to '

. kN

the next In fact there is a'feeling of a smooth flow through

the text the reader is not only unable to report the number of - \‘;‘

s o e o i e e S g

- ,i;gh-é,

fixations he has made, he is even unaware that sucﬁFa process is

~
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[

L L e -

-

. T * Y L T
= EEEE * A *
' - - . -
- . - - - . ] N B
- < . - k
s .. . - . - LTI ‘ -
- - - - . ) . v, .- - ; N N S




o -

taking place._ This ralses the questlon of how 1nformat10n from
successive flxatlons is belng brought together and integrated.’

"1npo_a single flowing experience. - '/

-~

A common proposal has,been that the person builds,” in his

-

mind, a single unitary visual image of the page, with each ,
successlve fixation slmﬁly addlng more v1suai detail to.it,

Thus, the experlence is sa1d to be based on thls mental 1mage,
" >

which maintains continuity across flxatlons and assimilates

[}

detail from §uccesvae fixations, rather than on the 1nd1v1dual

fixations themselves. If this were the case, we would then think

«
)

of the Eeader as reading. from this mental image, rather than

directly from*the text itseif. It-should be noted that this view,

ceéflicts with the earlier-reported evidencé suggesting that
letters dre .typically seen onl&_within a narrow region,

In order to test the possiblllty thag an integrated visual
2mage exists, people were asked to)read text printed in
_AlTeRnAtInG cAsE, where every other letter was capitalized -

(McConkie & Zola, 1979), Skilled readers are able to do thfs

Reader's Perceptual Pro%esses:

. : ‘ - T

with very little dsziculty after practicing for a short time. .

A
Then, as they weﬂ%'readlng from the ‘CRT, duriag certain eye

movements the shape of eVery letter was changed. Every upper~';

case letter was replaced by its oorresponding lower-case form, :

{ N .7 ¢
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_and vice versa, as shown in Figure 7. We reasoned that if the

images from the two successive fixations were being brought -

¥

.toéether into a single mental image, tﬁey would now not fit
‘ ¢

?

! .together properly, and thié would cause considerable difficulty. «
to the reader. However, in conducting the study, we found that,

L 4
not only did thls manipulation not cause any dlfflculty, the

I ¥

readers were actually unaware that\anyth;gg had changed and their
eye moved;nt records showed no indlcatlon of difficulty,

Although the shape of every word and every letter was dlfferenp .
on one fixatlon than 1t had been on the prior one, they had no

¥

awareness that any cEange had occurred. Thus, it appears that
there must not be any integrated visuei image ¢f the text in the
, reader's mind. Rather,tanyxidformgtion carrded over from one
'\~fixation to the next must be some\encoding.which.does not
distinguish between whether individual letters were in.uppér~cese
» or lower-cage f:'orm. Apparently during the short period of’ the Q
, fixation, the word and'letter information givee rise to egme; |
higher level of code, a?g the .visual images are not preserved.
N
develops the ability to carry out this encoding in a rapid and
automatic fashion (LaBerge & Samuels, 197#) This, also, must be'

a key in understanding the development of perception which occurs' »

in learning to read flueqtly, . S 5 L ‘Ef

- The nature of this code must now berexploreq.'as well ‘as how one ’
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Recent ndgbarch‘leads to a view of the reader-as being ) .

“&eEiVely engaged in attending to the text in response to the . .-

needs of the comprehensiondprocesse§. The task.is 56 Somprehend

. - . , o ) <
* - the message; the goal of the perceptual system is to provide the

visual informatién needed to keep this mental actiVity‘movrng ' 3
émoothly.. Apparently this comprehen51on process proceeds én a
word- by-word basis, w1th the individual words belng percelved and
hgylng thelr effect on the mind. Thls perceptlon is occurring as k
it ié'needed not Jqst at the beglnnlngs of fixations, and the
v1sual 1nformatlon available for it to occur is that which is
presently available from the retlna, not that whlch is'aggregated
across a’ serles of prior ffxations. ‘How long ‘the eyeJ remaln in .
a location, and how far they move next, are determzneé by tﬁé

o

}\, N
needs of comprehen ion processes, and the control of\\?f eyes \x_%
appears to be botht;

uite precise and delicate. ' "

* M s,

g .
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' 1 One night, a demanding c%gtbmer returned Crum'& fried potatoes to i
. / P ' * T :
. a - /’J . .
%’ One night, a demanding customer returned Crum's fried potatoes to
‘ / \ ' | , tx N . ._ .!‘o
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