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aﬁcut perceétionvduring readxn which have been raised in studies
19volving eye movement recerding, to try to put these issues in
perspe@tQV§ and Lo evafuate ouripresent knowieﬂga vhere
approprxéte. Fxrst,'however; 1tius fmportant to recognize that

J e calied reading 13 very broaq,

the rangg of activities that can \
and that the perceptual activitiesvinvolved in suan datrerent

tasks ar¢ likely to e suf?icientlk\dxff;rent as to 1ead us
. astray if Wwe assume that what is ﬂcsvrr1n3~dur1nb one is
necessarily the same as vhat is occ@%rlng during another _
(flochberg, 1976). The goal of th¥s paper will be ta consider the
peraept“a; processes invelved in the fgxrly careful reading of
} ecntlnusqa text for tne purpﬂse of compretiencing and renenbering

1ts wmessage. | \

S; o¢ 1t has been dxtxlcult 1o s&uﬂ; tha pereeptual

processes involved in thLa type of readxnb, which . [ will refcr to

reading, most Xn@uﬁgiga;xans have used other types ip

éh;ch, reater information ¢an be obtatned ebout devails of the

»

: /
PFO&EFS&* tpvelved, This xontxnually rayses’ the que%tlon of |

genegalzty of tzndxnﬁﬁ, Are the perceptual processes snvolved 1

.
h Sy
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the task used ina partlcular experiment sufficiently similar to

those involved in careful reading bhat the results should be

acoopted au eonstraining theorles of Lhis type of readlng?

] LY

This issue is of particular ooncern when dealing with bhe.
handreds of studies emplaying tachlstoﬂoopic presentation, These'
studjes were motivated by a need to gain the nype of experimental
dontrol necessary, to investigate® percephual prooesses in detail.

"A taushistoscopie presentation was Lahen as being similar to a

LI

single fixation- durins reading; hence, find*nga from such. studies

n%

uere assumed to generaliat to fixations during reading (Huey,

1908), ¢ , .
L} R / ' 14

-

There s one vay in which a tachistosocopic presentation and

o

a fixation during reading are similarj in both, the visual system
1s exposed to a relatively stable retinal pattern for a brief

. perisd of time, Given our recent hlshoﬁf of theoretiocal

behaviorism (as oepposed to-wathodological beQaviurism, whish ve

st1ll largely abide by), it xs‘undarshagaable thav there gnuld be
8 bias toward believing hhat,s:mil%r stimulug patterns might
evoke similar perceptual provesses, However, the growth of,
cognitive hﬁpraaches to thecrizing hag been stimulahed by the -
recognition that, in fact, nhis 18 not naceasarily true. The

erganiam often processes the :ame information in different ways,

11
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L1 to only\ggiggp*a/Tew Words precludea the 1nrluence of most or bhe

. .
s . . .

depending on the task being performed, . . RE 4

“ * L
- . 3
. ) .

*ﬁw.M»_;Exnn.nununsnné_ndmpanisonmotmé¢£4xncion~&nlpead&ng~and~aw-v~mm
haohistoaqopic exposéra shous ?1znlficant diffarences,'some )
inherent in.Lhe,nahure'ér the tasks appropriately associated with
the two types of hexb presentation, and 5ome more associated with
the nature of “the stimuli typically used. They hypically differ
in the aggplexibeof the stimulus pattern (which Bouma, 1978, has

demanstra@ed has svbstantipl effaocte on percepbibility), in the

. end townrd which the inforfiation obtained is used (reporting

words and lahters ok making semantic Judgements vs. eybending
one's representaticn of a message being communicated), in the
momentary vontexv _uithin which the exposurc is set (havtng time v

ko become set for a briel exposure and p*epared te do

pa e

, 1dentiP108L19n, va. being only a momentary*parb of a flow of
. - 8killed behavior supporhed by 8 series of such brief exposures to o

.the text); and the types of language variablea involved (exposure

1anguage factors 1nvmve§ in norr‘:\l bext);

1] . . »

£}
L] .« >

It seems reasonanle for these bypes of differences#fo
produce substantial éérferencea in th& nature of thé pereeptual
ps ocesses employed in these .kvo reading tasps. The state of the

Drganiam 1s dertainly dxfferqnt al the onset of the exposure to F\\\
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the text, and the nature of the mental activities beiwmy carried
out during, the _exposure and the time tollowing nust be quite

different. To bthe extent that perceptual processes; espccislly ‘
those 1nvolved,in selectively attending to available information,
nrg in the service of the mental proéessés engaged éo caﬁry out

the task at hand, ue'uould'expect quite different activities to

. 9 7

’ e

:isult from these situations, °

. Additional difriculties for generalizating are scen when ua
é%nsider what typlecally serves as data 1n studies cmploying these
" huo difrerent reading basks, and the vays’ ‘in which those data are

analyzed and interpreted. The complexity of ﬁhe data-¢an be much

areater in the careful reading task; in fact, its pobenhial'

complexiby is one faree driving researohers to adopt simpler

Y

taska. .Added complexity does not neoessarily Just add new

Ny

factors to an addibive model ; ih frequently changes the relation . .

among facbors already entered. One reason why the phenomenon ot

-

lateral masking has been of swah interest is ¢hat it produces .

. L I ]

data pattqrns different from thuse-expected from simpler displays
gletters further into, the visusl perid, :py ean'fsequently.Qg '
identified more readily than ietters closer to the fovea {Bouma,
1973]). Inbroduc;ng a _saccadic eye novemenb into a task changes .

the degree to which stimulus informatijon at dlfrerenb retinal- : s

"loca Jions influences performance he task, due to sssociated

N %
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;‘ . attentional processes (Rayner, McCoqgic, & Ehrlich, 1978;

Rouington, 1980). Also, concepts that are useful in accounting
for dats in the tachistoscopic task, and uhich are then e
Ly generalized to discussions of reading, can lead us astray in our
theorizing. The usefulness of the conaept of the icon for an
understanding of carefdl reading has been challenged (Haber, Kote
; 1) ond the notion of a fword superiority effecb" seens
g} . irrelevant. In studies of reading, the etchhs of nonwords are |
%i not taken as a baseline against which to Juig; the superiority of
: ‘uords; but rather are taken as indicatiois of the difficulties
produced sthen a lebber string doas not map nicely onto @ Known,
word. These two connepts have, of course, been central to the

t

Z study of perception fron tachistoscopic presenbabions.

| Hy purpose here is not to argue against zondu;tiné/research
on cé}bain types of reading tasks. All aspecis of reading need
inVQéligation, and It is often the case that, since there is no
way to investigate some aspect of the reading processes in one
type .of &ask, another must be employed. Rather, I wish to
emphaazze two points. First, ve need to be more careful to
recognize the diversity of tasks invplving reading and the
dirferences in perceptual prozesses that may be 1nvolved, thus ,,
Hping more careful not bo overgenerslize than has of'tes heen thc

L

case in the past. Second, at the same time, we need to be more

Q\n
™~
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crestive in finding ways of dircctly studying the types of .
e reading gF Wwish most to understand. In {act, this is one of the .

‘primary edntributions that recent eys movement rescerch has made

.

to the field of reading. It has ﬁrov;ded the means of
) investigeting wmany perceptual issues by studying peocple directly
4 : - ’ .

engaged in the task of qérefui“reading. It Is‘ﬁhis literature

-

thet is the primary focus of this review, .

» e .

The issyes to be dewlt with mainly fall into three -areas, .

NS
- .

First will be a discussion of the control of eye movements, since

this determines what vigu%l information will be available to the

w1, TN
w

.

s

reader; in uhat sequence and for how long; second, a discussion

5 of perception duri&g a fixation in reading; and'third, a

*

" diécuss;on of "hat is 1ﬁvo{ged'1n‘maintaining perception across

: v// - fizations, In each of these, the focus will be on understending \\ ;

?elaéively skilled reading, with comments on the development of

e ]

reading or on reading disabilities uherg\géqropriate.‘

3 - v

Since there have Seén two excellent revieus of eye movement
o studies reqéntly, this rgviéa will not try to be exhaustive of .
r much of the earlier literature (Ea&nér, 1978a; Levy=Schoen &
T’,____,_*_MJ,NQ‘{ngamJ 9B e o e e e e

. -
1w { .
13
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 CONTROL OF EYE NOVEMENTS

N
"ndrmust“uthﬁf”fbﬁl”u6"1&'visual

) .

’ tasks, the eyes are free to nove, and they do so at a rapid rate,

“Hhere bhey gb and how long they stay at each looation is
considered to be part of the perceptual process, since this

deternines tne degree of olarity of different parts of .the

¥

,display at any given time.

11,—«:» s

. For present discussion, eye guidancc uill‘be considered as o
invoiving two factora' 3 decision of when to launch the eyes to
the next location, which wijll be referred to as the’ &‘mpgzal
decisicn, and o. decision o uhere the eyes i1l be ent, nhicb
Wwill be referred to as bhe ;ngzinl n‘gisign The tenporal
decision determines the duration of the fixation, and the spatisl
decision, ‘the length of the eye movement (saccade) and the
location of the next fixation. Other aspects of eye movgment

will not be conside'reg here, .

* l L )
It is uell established that the variabif'ity observed in

these tso0 aspects of eye behavior is not =inply due to errcn," ’
noise, or 1naccuracy, bo.gome extent (and the degree is.s . matter ,
of dispute) both aépects cf eye behavior reflect mcmentnby-moment
brain state changes induéﬂ# by interaction of the stimulus

pattern and the téﬁk of cbmprehending. Before turning to a

4 L
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: + discussion of the ndture of *he control in these decisions, it is . -
i . first impor&ant to revieu timing consideratzons of when these ~

* decisions are made,

. 9HcConﬁie and Underwood (flote 2) have provided an analysis of

7
RPN the timing of the‘decisions regarding eye behgvior that will be

briefly Shmﬁarized here ang is presenteé in Figure 1:

- .
. . - - »

IIYRARN AR L
‘ - v ks o
-

--'—--u---nu--g—----n---b-u-u--nu- -

- .. . - Insert Figure 1 about here. .

L4 >
. K » B “

-~ This f*gure represents a fixation or approximately median

»

durutzon, 220 msec, Above the lgpe, the timés of observable

events during the fixaéTbn are noted. The termination of one

SR AT e

saccade, the onset of the next saccade, ‘and the point after Hhich

T stimulus changes have no e}fect on’ the time of onset of the .

' p following saccade, hpre called the ﬁaggadg,ﬁgaﬂling The saccade
“deadline occurs about 100 msec prior to ‘the saccade onset,

:~;’, = . \ .
’*‘Nnnobservable

‘

(by non-neurclogical means)ﬁevents are indicated

- .beiga the line in the: figure.,’ Tﬁé first of the;e, the time at

L which’the visuai—infbfmahion from a new fixé@ion becomes

;;x_ﬂ*f“ availabaﬁwfo the vLsual centefs of the brain, is’ estimated at 60
nsec after the onset of the firat*on. The second, the ngin& gﬂ ‘
no retuen, is the time at which the brain centerSvactually'become
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. » committed to the' 'time of. onset-o‘t‘ t.he: next” sg’ccaae.. Al A

hall I

his i3 _estimated at 30 mqec pridr t{» the saccaﬂe onsega ,Bath of

}tl'ese these estimates corte frot bhysiological data reviewed by

- Russo (1478), T j-:;,\, ‘,' S < -

- . . -

One final estimate 15 ?t ther earliest. point at wh ~h stable
textual 'Infovmation (aa on;oséd to stimulus changes) can .-
influence t;he present fixaticn duration. This* is estimdced at
- = 140 msec, or 40 msec,‘longer than the saccade deadline ('HcConkie &

* Undet"uood Hote a}. Tt;-us, it‘. is. a,psumed “that. lanbuage aspect;s of

* the t.exh mustz e’ having th.eir 1n£‘;ueqce on processihg thhin _.;'

A

- L ]

abobt 100 msec aft.er tﬁe onset of, the ffixation. ‘This is labeled

7 as tt;e,&s.xﬁla...;ntlmné.g&hmmm 1n Figube 1, .

*
-~
s, l‘ ."‘
:a -.’ *

Frd‘m this i‘iq:fre, it is pqssib}.c} to est.iznnhe ‘the amoﬂ’nwof

.
g
L

A

+

Y tme e&apsing betweén the textual zni‘luence threshold and 'che -

N .
“poiat of no rétum-, thé timé dw ing which. proqessing of the .

. visued stimulus encountered on that fixation can 1nf1uence the
: durat'ion of ttgiat ‘*ixhtion. . This varies, ‘of course, with the
L. dumtlbn of the-filation, bua for a 220 . ;m5ee i‘ix\éaf.oq. this per’tod
y is only go msec.‘

[P UL SO

lengi.‘b the abimdus is available to the brain for 120 msec after.

on theoother hand, for a fixation’ of the, same; .

ot e e o i s Tl

i

-

process.ing &an no lonser mfll,xence the duration of thau fixation

(assuming a 30 msec saccade?.. ;b seens «rost unlike;y, given this”
X ' v

£

[ ]
L]
<

Ce
.- - v ¢ . «
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qthat ali grocQSSIng af zniﬁﬁﬁ %'\hiebtained on “ﬁiz-_ﬁ‘

1 fixatiom has béen completgd :n“tim “‘ arﬁact the S
A : :

t

&

;\\ =z

’ing’sa;eade, or even tnat all p@a:ess&ng wh;ch‘migh

<
‘,...v. *'\‘ > _‘f\ '\\a

xaaaabre cr %ffeccing the sacyadeNhas been cbmpieteé~ This ﬁauld

,,‘\ 7 A ;

—?asulh "i{h a 120 msen "deaé tima”

’V'.:_- f«/«

SN \\_ «-‘

Be éver L. ime for the median fixation-saecade

e -
"~ '-.(»'...,_ — —-—_&.\v S e

beﬂe&tremelj *naffiniant‘ .

‘f‘gézﬁicaé'“iQYS),,groéQESQng_of‘the informatlon aVa;lable

:\
—-'\‘\ (

,enmﬁiation Qf processzﬁg of Lnfoﬁmation obtainqd an the presenb

;,,) -/ S

fixation, It app&ars~tﬁat mosﬁ of Ehé time. évailagie for~

- = /-» * e R -
Ty~ BRI _&wﬁ

PTOCEbSinS the 1nformat;on from mos& fixatipns,_érlon tc the

N

arrival of inﬁormaticn frem thé nexh fixatioaT actnaliy occurs

v ‘.‘«7";_"‘ KPS h\ Kd

after a&f;s tno late to infiuance the' duratzon of~that fixaticn

6

ot s

'3l*or probahly th& }ength of zhe ne&t saecadé;. A second conclus;on .

- *:- %
- =

= Ls‘hhat hhe ﬁuhatloaa;of‘éhé shdrtest fxxawions (and probably the

a«."' T ‘\w

.*.‘r

1~*“1engtﬁs of the saccades folloW1ng them) are not being 1nf1uenced

‘ii at gll by'the 1nf¢rmation per&exveé from those fixatlons. Thvs

EP RN
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Gampleted pr;;:Nts*?*g_poznt of no return, and what is the

\ : ‘ .

?

pruce851ng~event that trzggers the onset oﬁ a sacchdie eye !
. q. P 4

movement .dumng readlng. %ome of these issues will be discussed

N "
¥
clater. . - : N
-
134 & .
. . st AT v
N 5{* > . Y N
Lo eY - N LN
el T &,k : i ) TN ’
R IR ", - - R S N
RN N 54 - °
~ TN . R - N ~ -t » . he
RO N " R 3 . . - . E
- o ‘( ‘e }, ~ N

T three or foun categoriesﬁ These include forward movements,
Coorsu i

N

3( N

-\regre551ons, and retuYn Sweeps, (Levy-Schoen & O'Regan, 1979) and

regre551ons (ﬂequently seen

lnmedzately follow1ng return sweeps (HartJe, 1972). This section

=

\uill deal pr;marlly wlth foruard movements, to some degree with

- ‘ !
”g; regressions, and the remalnlng categorles Wwill be largely

‘\\ S . . . <

%nored-.c““ .~-- L B ) ) L ) K}
S . : v . ~
: . < . s
- H§w Lo Conceptualize Eve Movement Control

B . . . ’ -

. _ .
. N
. : ! .

.

As indlcated earller, the. control of eye movements during

:; *readlng can be con51dgred to 1nvolve 'mgg:al and spatial -

- . decisions, There is a varxety of ways in WhICh one can

~ »

'conceptuallze these declslons. For 1nstance, it is possible that

they ar.e both the result of a 51ng1e declslon' The eyes are

- -

moved at the time the spatial décision is made..

\ ‘ S . - 1 -
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" On the other hand, assuming thet = sepdrate temporal

decision is made, one can think of it as beisng gither a true

> -
-~ -

timing decision or'simply as the mind respopding to some )\

v

Processing state. In the first case, the mind is seen &8s & |
: .

timing device, attenpting to make optimal estimates of how long .

the eyes should pause 8% each'location. Such timing decisions

.r-could of course be: made early in a~t1;atlbn or even pricr tn

2

-

. . x N

its onset, antlexpatlng.thé\;ame that will be regquired to pracess

2

the information expected at that“location. In the sscond case,

-

the 'mind is not perceived as mak;ng Eémncral declslons at all,

but rather as acolng ‘on an 1nterrapt-dr1ven basis, with eye - v

control events occurrzng &s .they are called‘for in support c; tha

)

nental task at hand or by eXuernal attentlon-capturlng events.

s,

By this-view, the mlﬂd does not declde how long the eyes wall be

-

left centered at a ‘given locaulon; rather, the eyes are simply

left there until some critical mental event occurs which elicits
% saccadic movement. S \

~ -
-

Likewise, .there are different ways of thinking of the nature
of the spatial decision. Here a-bfimany di§§inction is between a

4oL “ .
push :vs, a pull view: Does the mind decide to send the eyes a

. ~ »

cerntai.i distance in a certain direction, or are the eyes drawn to

a certain location in the text? Either view can take several

4]

forms.” In the puéh view, the eyes might be considered to be sent

z
t

-~ . L4
. N 3

"

o i
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. SONQ Jenercal JiStande (Periafs & stardard ondurt wodivied Py some

N -
_ o~ » - R Y Y * ) .

Farareter refiecting 1o0al text Or prosessirg Sarditions, a8 with .

infornation-seoking or hypothesdis-testing conditions. oroe Jgein o
N It would be possidle for sush 2 Secision to be wade oorly ir 3

fixation, or even prior to it. In the pull view, on the other

3

hanrd, the eyes are cansidered to de drawn to 3 certain oas

[
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- As examples, Juring & fivstion a rgsder Tay attend to different
- regions zt different tines, wi;h the ayes ieing drawn to 2 text
region when the level of visual detail peeded to support the
idéntificetien précess.is‘net readily available (McConkie, 19792),
N

or the eyes may be drawn to the centers of words (O'Regan, 1931

Rayner, 1979), - s . .

A basic distinction underlying these different ways of ,
<. h
conc dtualizing sye movement control is whether these mental

activities are thought of as being planfully calculated and ‘*\\\

¢

executed, or as being interrupt driven, responding to certain

- critical mental events when they occur. I do not believe that

present evidence on eye movement guidance during reading is

capable of selecting among most of these alternatives. :
N
N

There are some specific issres on which evidence is

’
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It w gered roaseradlas to fand that theére wag 2

vould have s
Close rolationsihip detween the Iarporal and spatial 06\1\10“53

such that when processing girfficulties aovur, reading 1s slowad
Loth by shortening saccades and by exténdirg the fixation “
Perinds, resulring in 3 respectable adtocorrelation between
sucoessive rixation.dnreticas and, belween successive saccade
iengths, and correlations bdeitween the durations of fixations and
the lengths of saccades preceding or following them: This
pattern has not: deen fouﬁ& (Rayner, Mclonkie, & Ehrlich, 178
Andriessen & deVeogd, 1973; Kliegl, Olson, & Davidson, Note 3).

-

This stands as evidence for independent control of fixstion
durations and saccade extents, and for 1?d1VIGU“l control of each
of these measures from fixatien to fzxa on. Certsad

relationships can be found (“E\re<§§BQ§ are yore likely to occur
following longer saccades [Andriessen & de\oo 12731 ;nd
fixations prior to regressions tend to be shorter than normél
[Hawley, Stern, & Chen, 1974 Kliegl, Olson, & Davidson, Néte 2]
for instance), but the more global relationships appear to be

largely absent, This fact has given encouragement to those who
-

. ) /

\‘.)— -
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suapedt that the variadility in eye fixation patterns reflects

1ocal cogrivive and stimulus pattern efffects.

*

3?]3\h§3 ] !p.\ﬁ} R\ Im&mQ gﬁpnsng]

A seu \nd 1ssue around whlgh ey eoanoversy has centered

! has to do w:th the degree of global, loeal, anﬁ inmediate oonhvol

! of eye povenents. ulobﬁl inrluenues are tho«e which operate over
enbine texts or large segments of texts. The tendenc, of early
eye movement research to use mean eye moveme%b measures as data

.‘ ﬁuco\rabed a focus on global 1nfluenees of such: factors as age,
yeadik&\ability, passage ﬁiffiuulhv, or reading strategy

(ReedweéEh,‘igssl. While these studies shaw&d differences in

averaged measures, it is not olear whether they resulted from the

setting of general paré%qters in 4he eye movement sysStem or ;}om
the cumulative effects of hundreds of losal decisions. A more

rEMent ropesal is that prior teo readxng (in ‘fact, prior to any

visusal qsk), the subject esbablxwhes a 5eneral scanning routine
and that while there may be 10031 adjustment «these are simply

modifications of, or overrides to, the routine initially

established (Levy-Schoen, 1981).

\I
* A ) -

The demonstration of local influences on eye movement

control has been a primary contribution of the recent wave of eye . i

movement reésearch in the study of reading.. Some examples are

*
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N Insert Table 1 about, heée. ' .
. provided fn Table 1" Both the durations of fixations and the '

lengths of saccades have been shown to vary with locol stimuluy
\
and 1nfcrmatiou Prpoeasing characteristies. However, thig has

ralsed the Further 13ﬂua as to uhethov Lhesq local variastions are

< o et s o s it ks ol S o o i s e o e i T e 1 et e m v e e e

e\amples of 1mmad1at& control; hhat is, whether the rithioﬁ . '

durations and the rollcwing saccade lengths are being influenced
or controlled on the basis of inrormation obtained uring éhosa
very fixations., * The problem of eshablishing thc existence ;}
immediate control is more difficult than simply demons@rating

(%

. that local characteristies of texts influence eye movement ,
patterns., It is always possible that the information haviné the
effect was aequired from the periphery during a prior fixation,
rather than during the present one. Thus, in orderﬁso establish
the existepece of 1mmediate control, it is necessary.to.know on .
what Pixation certain information was in fact acquired by hhe

l‘eadhl‘. ’

.

The recent deveIOpment of eye movement contingent display
techniques has made it possible to invegstigate this issue. It is
now possibie to make changes in the tex display, contingent upon

* -%the reader's eye movementsy thus ensuring that certain stimulus

~ e - &

‘. 1nf0rmation was in faet not available %o the reader until a b
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= particular fixation of interest, or a particular time during that

[y *

fixation, +If the information in guestioq is then found to have
an influence on the duration of that fifation, or on where the

eyes go during the next' saccade, this is evidence of immediate

control. The danger in using this téhhniqué. of course, is the
possibility that the stimufﬁs change itself is in somn wvay . - 3
producing the difrerential crfcots, a problem that requires zreat

+ care in bhe selection of control conditions.

o

A few studies presently available meet this striét criberion '
.for demonstrating immedlate ooncrol of eye movements. Thq ‘
dura@ion of a fixation can be 1ncreased if errors or gratings
oceur in the.text on that ‘fixation (Rayner & Pollatsek, Nobe s
‘ Underwooé}& MeConkie, Mote 5), if the fixated word is éifreféht
trom what that uord*had been on the prior fixétion (Réyner,
. 13?53), or if thé text was shifted during the prior fixation so
L/ bhab the eyes are not centered at the text' location they normally
would have been (O'Regan, 1981; HcConkie, Zola, & WOlvertonr Note
\62. The latter manipulation also inrluences the immediately '
\following sacoade. In addition to demonstrations of immediate “
frects, there are also clear instances of delayed efrects, wherel
‘m nipulations on one fixation influence the following fixation or

v the Saccade following it (Rayner & Pollatsek, - Note §; Underwood & °
*Me cnkie, llote 5)." Thus, both immediate and dela%éd effects have

-
1 -

)
o IR "R
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bgen demonstrated, and a goal of future résearch must be to

- Id 4
egbg?lish the conditions under which ecach occurs,

d . ’ ’ \‘v
g o . « 2 . ,
+ S0 far, all studies which have proVided unambiguous .

]
P "‘- .

,’dcmonstrations of the presenee or abaence of immediate effects on
. eye mpvements uurang readinz have .employed stimalus manipulations
inv@ly atings, errors, and shirting of the text, a point 1
noted’ by bevy-ucQOen and 0 Regan (1979), There has not yet been
“; cgnclusive demonstregidn ér variables in normal text
. encounﬁered during-a given fixation influencing thé durabfbn o‘ 4
that thetio;‘or the following saccade. Hhile it.seems kighly’ d
probable that some of the local effects hoted in Table 1 are

‘indeed immediate in nature, the finak evidence is not yeh in,

L}
¥ ' -

The issue of’wheﬁher or not eye movements are primarily :
under immediate control ‘ds an.aetive one in theories of reading.
, Some have argued there is not sufficient time during a fixation
‘for siuch immediate control to occur (Bouma, 1978 Bouma &

deVoogd, 19744 Kolers, 1976; Shebilske, 11975). Othees have opted.

e

, _ . # :
for a strong immediaecy assumption (Hochberg, 1970~'ﬁochberg,
1976; Just & Carpenter, 1980; HcConkie, 1979), which often ploys

‘a critical role in their theories.' Investigatidk on this issue
should be lively during the next few years. .

.
.
.
4 » .
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In considering the nature of, eye movement control during
reading in 1970, Hochberg noted that there are tyo sources of

information which might be employed. in determining where the eyes

should move next, rhe first was visual information, primarily
that from. the periphery since the eyes tyz}gallyw&but not aluay57

tr‘avel to a region not located foveally 10: the last f‘ixation.
r

Use ef this source’ of information was ;;beled Peripheral Sesarch
Guidance, or P3G, The second yas knq edge of language patterns -

/
that reduces uncertainty about thefba€~yeu~fixated text, “and"

' which tterefore might influence uﬁﬁ}e‘tke 2yes are sent next.
e
This source of influence was caIled Co;nitive Search Guidarce, or *

CSG. Hochberg proposed the beginnings or 2 theory or reading
based on the combined use of ‘these two sources of info"mation to
gain proceséiug efficienoy, primarily through' (a) mi&imizing the
‘amount of* visual infogmation required from words for their
recognition, thus’ permitting more effechivn use of peripheral

" visual information, (b) optimizing bﬁe locations of the fixations
ysing PSG and CSG and (c) reducing the amount of visual
processing required by suggesting that -readers use thei%
knowledge to.form hypotheses which are ‘tested against visual
inform&tion. The CSG-PSG distinction is furthgr clarified in a
later publication (Hochberg, 1976). Whether or not later writers

-

3
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" have accepted Hochberg's anzlysis-by-synthesis basis Tor

perceptual processing, all have agcepted as fundamentai?the

distinction between visual and cognitive sources of information’

used in gui&ing tite eyes, and the.controversy has centered around

whether nei%her of these is used (recognizing the possibility of

global control operzting alone), whether one predominates, or

a b o o

whether both are involved (Bouma, 19785 Carpenter & Just, 1977;

‘ Haber, 1976; Hennedy, 1980' Kolers, 1976' Rayner & Hctonkie,

1976), and if both, how the combining gccurs. Other ponssible
sources of control include the establishment of a basic acanning

routine that ‘provides thHe general pattern requiéed for'readinz

‘(Levy-Schoen, 1981) and the possibility ‘that the states of

percaptual or cogn*tive processes, can thenselves be a basis for

eye movement control (Bayngr & Hcconkie, 13763.

“¥isual information in spatial control. The primary

contender at the preéept time for ‘the use of purely visual

-

information guiﬂing the eyes is fqund in the "preferred viewing

position® hypothesis (O'Began, 1981' Rayner, 1979), vhich

indicates a- tendency for readers to fixate toward the centeéa of

., =

words'(slightly prior to the centers of’long words), Ha;ner

- suggested that the basis ghr eye 5uidance may be oimply to send

the eyes tc ‘the middle of the word beyand the last one
ideptiried. The fact that many fixations were not at the .
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' . expected location, houever, was of some concern, and three

possibIe explanations were put foruward ,1naccuggpy in Qpe

. guidance system, lack of preciseness in the iggénded pqﬁltioninz, 'k

of the eyes, or other gemantic and/or syntactic factors (as ycg
unspecified) that may override this basic algorithm. This ’
hypothesis 13 also closely allied u525‘~ne observations that

readers tend to send their eyes further vwhen a long word iies to

L £%d

. the right o£~tbeir,figation location'than when‘shorter words do
~ (O'Regan, ;;jg), and ‘that an initial fixation eariy in a long
qu

‘vord is {r ‘ently followed by & short forward saccade, Whereas

- an initiai fixation toward the end of a long word is frequertly
followed by 5 regression (0'Regan, 1980). Apparently whether one
ar ‘two fixations are needed to recognize a long word depends on
uhere the initial fixation lies, suggedting an efficiency in

- Y
.~fixating near the center. . N

v . If should be pointed out thst here, as with other eye

.

*fixation tendencies, thé obServatica of 2 pattérn is the data i3
not itself proaf that gulidance is based on an attewmpt to achieve "
thae pattern. For instance, the fact that extrene letters in a ‘
word are moreé easily 16entif1ed ,due to less lateral masking
(Bouna, " 1973} indicates that aﬁy theory auggest ing that the eyes -

are sent to a region where identification did not previous y
.

-

succeed would predict that more fixaticns would be centered on

E
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A second aspect of strictly ?isual control of lve positions

is 3 tendency to avoid fixating on blank regiors -in the text -

(hbﬁ;ms & uber, 1972~73) 1nc}uoing the region between sentences
< (Rayner, i975a), ' "

medmm One exanple of

cognit ve control is found in recordings of ;egreésive movenenids.,
1.
Readers sometices.move directly to a relevant previously read

word when some processing dirficulty is eacountered CCarpenter &

Just, 1977).- Apparently thellocation or the Word uaa“retaineﬁ '

-

. @nd that information was Ue&d *o guide the eyes, ™~ ‘. ri
. o . . . ? » e .n
[ ~ - 2 ‘ - - » « X
) “+ I% has often been suggested that language constraints are .. *

involived in sp'atial cprit;rol gs’od readers presumabdbly do not heed

*

te fixzate hizhly nstrained vords, efther because they can be
identified in poripheral vzsion, or becaUee they-can be

»

ldentifiéd on fﬁ# basis of cosnitiv~ information alone and visual

~ analysis is not necessary (Haber, 1976 Hochberg, 1970' G'Fegan, -

1979). However, this notion has been challenged by one study

ot
- which fobing no difference in the fization patterns on a uord .
. undeh high- and Iow- ccns;faint éonditions {Zola, 1981). ’
) oY ' - :
‘ :' , ( o K
- 5 »

-«
C >
* e . : 29) o

sl



- >« o o %“‘\
FO . “~ Eye Hovenents* and Perception .
. ‘\»1\'. - . . ) - . ) ‘ 23 .
L ’ Ca o . =
" i N J® ‘.‘ h . “~ i
1> . control. At\present‘, the most frequently stated position ok eye .

novemeni guidance in reading 1nQol‘?es a combinétiqn of visual amd

. ... cognitive ini‘ormati‘cn. (For instance, optimél eye position may be «

-

e se],ecﬁ'eq on tﬁé fmsi s of some combmat&on of ow‘ieﬁge of ‘ -

- -

“}anguage constraixﬂ:‘s and’ of’pattern?..available in peripneral

[ 4

,aq' -

‘ R .vision (Hochberg, 1970‘),,03' language constraints rmay .Ancrease the
e e an li‘ke?ihood;ot‘ recosn*'zing certain words in the periphery, thu;s
) Ieading thém not to be fixa*ede(aaber, 1978b- HeClelland & ‘ .
. O'Regan, in press, }'c(:onkie, 19?9, O'REgan, 19{9, B~a\yner, 1972, /( s
o Ruuelbg,rt, 197’(). In t:fzis latter proposal, the combination,of‘ -
.- visian angd eosn:tt“v.e infomatiqn enhances perimeral recognit*om,
:"**—-‘ thus- alliwing ..eonger saccad?;, but~Is not specificallx ﬂsed i "
© . the spatial, decﬁ;ions themselves. This may by vhy the visyal - ‘ -
J . region vithin whichterrcneous létters disrupt reading is the .same .

for. poor f‘ifth-grade readers as for ‘college .,tuden‘:.s iﬁndemocd,
. % - 1981), yet the college students make longer caccades. If avgrage B

¥ . ’faccade length- rnflects the rggion Df bertpptibili*y rcb-b'er than,

e i ey " .

E Vi“ﬁility (0'Regan, 1979, . thi2 1ncreased saceade Lengtk zﬁay . ,

T eflect. a méte ei'fi.ﬂ'ient use of peripheral ?isuaz 1nfapt-atian By
T the !:,wre skﬂled readers (doahbé;z, -1970.). ) ) -~

. . -
. .. - . J .
‘, “ " - N
-

- e b .
. Finally. it pzy be that semantzc preprc* ing of ;e&}pheraf .

L?isual ini‘ormatiqa may a:d in, eye gu}dance (Kelss er, 1961),;}5% . T
) . . - I}, ] . )

- 4 » -
. e - - .
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present evidence makes\this poss1bility tinlikely (Inhoff &
Rayner, 1980; Kolers & Lewis, 1972). v

Gilbert (1959) suggested that fixations have three purposes.

,f—’

(a} to allow tnansmiesion of - the V1sual stimulus whlle the eyes

e

are at rest (b)fto provide a per1od free from 1nterfering

stimuli, and (c) to provide time to comprehend the ideas ‘and »
relation& involved. The first "two purposes suggest that there
mav be some minimum time required in fixations for basic )

f

perceptual Processes to occur; the third suggests that mostiwill

be longer ‘than the minimum, the length of which should then be

'related to the time required for. comprehenS1on of the ideas and

relations to occur. HoweVer, Gilbert did not deal with the - o

question of what the event is which triggers the 1n1tiation of .
SN

the next saccadez While Table 1 makes it clear that many locgal

factors influence the durations of fixations (cnaracteristics of

; ‘ the word fixated, characterisfics of'the next word; . :

’,
.

L

characterisbics of the language context), it is still not cléar

'just how mucn,of the processing induced by a word or words ‘

,perceiwed during a fixation has been accomplished by the point of ’

fixation termination.

£

A4

ne~retnrn~onrthat~fixa+ion"“ncr*aust*/hat 1t is that signals the
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As an example, Zola (1981) found that the initial fixation
on-a word was 23 msec shorter when-it was highly constrained by

the prior context than when it’ was less highly constralned, an .

' amount comparable to the fac111tatlon in recognltlon time wh1ch

t4

TUIV1ng and Gold (1963) obtalned when approprlate c0ntextual -

constra1nt was 1ntroduced Thus, thls 1nd1cates some eff1c1ency

in proces51ng resultlng from the language constraints. However,,

- the nature of the mechan1sm underlylng th1s sav1ngs is stlll ‘not

-

known. For example, it may be that in’any:of several ‘ways,

recognltlon of the ctitical word was sped up by the constraints, -

thus reaching sooner the processlng state which trlggers ar

saccade. "Or it may be that once the word was recognized it was
, \
also noted that it f1t easily with the developlng structure, SO

‘, e less processing time was allotteds. Or it may be that during the

v

prior fixation the fact that this was a reglon of high constraint

A ]
was planned at the next location,

(low information value) vas detected, and thus a shorter fixation

.
e -

~ While recent research has documented local effects on the

Eye Mogements and Perception

Laad

e

duratlons of flxatlons, so far it has left us in ignorance as to

—-—

. the nature of the mechanism produc1ng this variability. . This
fact has a bearlng on attempts fo use eye movement data as a

bas1s for estlmatlng the time required to process different

segments of text, a topié which will be,brlefly discussed later.
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'Tﬁg?ﬁasis for Small Saccades = -

One‘phenomenop which has been largely ignoreﬁ in reading

research, and which is.something of an embarrassment to most
~

-

present views of eye movement control), is the existence of small

~

\\\\ saccades, VWhy is it that readers at times move their eyes such a

1

short distance that' the new region fixated was within the fovea

on the pr1<o’r. fixation? It seems unlikely either that the level

of visual deé&il available from that region on the prior fixation
.failed to pemKlt adequate dlscrlmlnatlon among letters, or that’

; it would be antlelpated that cr1t1cal new information would be

% available there that wds not accessible on the prior flxaflon.

- The typlcal way of dealing with short saccades is to ignore them,
This is done in either of two days. F;rst, for most'equipmentl
" there is a limit on the size of the saccade that can be reliably

detgcted. The definition of a saccade is often set in the data

"~

reductiqh program in a wayhthat eliminates small saccades; for

instance; Just}qnd Carpenter (1980) declare the eyes to be in-a
T o N

’fixation‘until they move outside a three-character window around

that fixation lbéation. How small a saccade can be detected

depends on such ‘factors as the noise level of the equ1pment and

 the sampling rate (McConkie, Zola, wolverton, & Burns, 1978).

— g - —

ﬁm__L;,mm_Secondﬂ~the~1nve$t1gétor may choose to 1gnore detected saccades

if hey are less than a cettain length (O'Regan, 1979) or if they

’
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do not take the eyes' out of some region of interest (Just &

e

Carpenter, 1980). . )

—

The only available evidence on the frequency of

~

microsaccades during reading (saccades of 11.6 minutes of arc or

less, whidﬁ is about 1/2 to 3/4\;gtter position in most displays

used for eye movement research) indicates that for one subject
on 4,8% of

the§ oceurred on 1.7% of fixations and for a second
On fixations containing

e Y I

fixations (Cunitz & Steinman, 1969)
these microsaccades, median fixation durations were 535 and 520
. ]

N

-~

msec, in contrast to 285 to 305 msec for'fixatlons with no

nicrosaccades. Furthermore, time’ from onset of the fixation to
the onset of the m1crosaccade was 275 and 295 msec, very similar
to the normal fixation time for these subJects. These authors f
/ !’

|

f

|

/

|

claim that small saccades do not 1mprove v151b111ty, ‘since low-
veloclty drifts are sufficient to accompllsh that purpose. .

Rather, they suggest that, like larger saccades, they are

scanning movements, made when a squect ?earches for very fine
Thus, they make no dichotomy

ey

detail in a fixation target.

.

\

between miqrosaccades and larger saccades.,

e

]

This argument'séems reasonable when a subject is attempting

e

to fixate a small target or to examine a display made of very

It loses its credibility in reading, howvever, where/

-

fine detail.

-
-

- 30 .




-

- o Eye Movements and Perception .
I28

the level of detail needed to discriminate among letters and

words is not very fine, certainly not fine enough to require

.
» . -

1/2-letter or smaller saccades.s

>

~

There seem to be two other possible explanétions. One
spggested byJCunitz and Steinman is that Qhen a subject 1is
examining a display for fine detail, émall saccades are made that
are "pe{ipheral indicators of éhall changes in attention within a
very.ciroumsﬁribed-portion of the ‘visual field." Thus, there may
be a sufficiently close link between attention‘and the saccadic
eye movement system thq@ certain (perhaps discrete) movements of
attention result in a small change in eye position, even when
that change itself is ndt\functional (McConkie, 1979). A éécond o
explaﬁaﬁion is that’ the eye movement system operates with some
S ‘ ‘ .
% base frequency of movement. That is, there may be some nattrak
tendency for the eyes to move every 200-300'msec, and if the
' perceptual system has not calied for such a movement by then, a

discharge occurs to move the eyes anyway. In this case, the eyes

; would only be moved a -short distance so as not to interfere with

/ ‘ongoiné perception, This explanation seems most compatible’with

Levy~-Schoen's suggestion of a pre-established basic scanning

4

routine for reading, described earlier, Another bit of = -

compatible evidence is that when the text is masked with a

grating during the early part of a fixation, readers sometimes
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initiate small eye movements even though there is really no

useful stimulus}pattern to attend to for reading (Rayner &

Pollatsek, Note 4). At the present time, there seems to be no

b351s for 'selecting among these or other possible explanations of
small saocades. However‘i&he exlstence of small saccades ralses

the issue of whether every saccade is purposeful initiated ‘for

the purpcse of sending the eyes to some looation where added

Al

vlsual information is needed, or whether some'fre elicited on

S~ TUeee,
V=3 e -

some other basis.’ . “~

.
\ .

-
Whatever the basis for small saccaces, their effect on

certaln aspects of our data should not be overlooked

the durations of flxatlons reported ‘from an experiment depend to

Obviously,

some extent on what is taken to be a saccade. To ignore some

saccades (as 1s usually technically necessary, since the smallest
saccades cannot be reliably detected with most equipment
available for reading research) is to repor£ longer fixations

than actually occur. How much longer the average fixation

A L

duratlon is depends on the size of the QQpn?dpq;n

agnnread [ X K-V
Exiaants]

-

-l ’T‘ -'t

<'§

the hlgher“the threshold is set, the more are ignored, and hence

the more "contaminated" fixation durations are.included in the
distribution, From Cunitz and Steinman's data, it appears that
the primary effect of ignoring small saccades is to increase. the

LS

number of fixations with long dpratiohs, this increasing the
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positive skew in fixation duration aistributions. It is also the

N

* * > '3
case that such aspects of the data as the number of fixations
made in readlng a passage, the average length of saccades, and

the -number of regre551ve ‘movements made are 1nf1uenced by the .

saccade threshold of the study, as well,.- ' 1 ‘ v )
] \ N ' -

The Basis for Regressjve Movements'

. While most eye movements durlng reading are elther rlghtward
.alonhg the, line, of leftward and down to the next line, a .
con51dereb1e number's cast the eyes against this normal

. progression, seenming to take the eyes back for a reexamlnatlon of

. - o N . N
earlier-seen information, The question arises as to whether .

these regressive movements ani tne fixations that precede and - -
. follow them are perceptuali; any different thanvtnose bourded by
forward saccades, or whether the basic perceptual procesaes are
- tne same, but these saccades .are 51mply induced under dlfferent
cognltive circumstancee. There ere differences in the eye

movenent patterns associated with regressions: 3he average

duration of flxatlons prior to regressive saccades 1s shorter
- i

than those prlor to forward saccades (Hawley, Stern, & Chen,

1974; Kliegl, Olson, & Davidson, llote 3), the average 1ength‘of
¢
regressive saccades is shorter than that for forwaﬁd movements !

(Taylor, Note 8), and the fixation followlnc a regre551on can

i
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also be- shorter than normal (Hawley, Stern, & Chen, 1974).

Whether these dlfferences reflect dif ferenoes in the perceptual

-

professes associated w1th Qese fixations is not presently kpown.

e
r

Host speculation has focused on’ the conditions under whizh
» A |

. : b ,
. regresslve eye movements occur, For example, 1t may be that

regressions are stlmulated by 1naccurac1es in eye pos1tioning;
habits formed in early stages or learning to read (Taylor, Note
8), comprehen31on failures (Shebllske.«1975), fallure of
recognition to be gompleted by the time the eyes are scheduled to
move on (Bouma, 1978), the need for additional stime for the _
reader to learn and remember high priprity 1nformat10n (Shebllske
& Fisher, lote 9), ant1c1patlons (Russo, 1978) or the fallure to
confirm expectatlono (wlldman & Kling, 1978-79), or certain
seinantic factors (Carpenté/ﬂ& Just, 1977). It is obvious that
very creative studies are going to be required to establish, and

distinguish among, these and other similar altern.tives.

v

As with forward saccades, the control of regressions can be

\\

immediate, Encounterlng errors left of the center of ;1xatlon
can induce an 1mmedlate regression (Underwood & McConkle, Note
5), as can shifting the text to the left during a saccade
(0'Regan, 1981; McConkie, -Zola, & Wolverton, Note 6). The length

of regressions that commonly follow return sweeps of the eyes

&

B T i o e Ca e
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depends on the position of the immediately prior fixation
" relative to the left edge of the text; this correiatiop was..97

for 36 instances produced by a subject whose data were available <

-»

to the author, At the same time, there are times when
encountering errors has no effect on the immediately following
saccade, but only on saccades iallowing that (Underwood &

MeConkie, Note 5). o . .

p 'Thus, bothiimmediate*and.nqnimmediate effects have been

observed in. the control of regressive saEcades, but as yet there

is no unambiguous evidence for immediate effects based en

-~

‘semantic and other higher-level processing. This remains A ’ .

LhalIenge for the Puture.

L

-
EN

PERCEPTION DYRING A FIXATION IN "REABING

Given that the eyes have been sent to some particular .

locatiou, there next arises a set of issues about the nature of

.t

the perce“tual Drocesses occurring during the fixation (or

Gt

-

't

perhaps, more properly. during the period of time that the mind
'is responding to the visual information provided by that
fixation). First, it should be noted that, aithough the vi;ual
system is sensitive during saccadic eye movements’ (Uttallﬁ </

Smith, 1968), the type of visual detail needed to support. reading

-

D
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- is not acquired during those periods (HOIVerth, Hote 10)." Also,

‘ while there is some decrease in the sensitivity of the visual -

*

_system immediately prior to and—-following each saccade ;

(Remington, 1980; Volkman, i976), this reduction is not .

:;" suff:zient to‘preclude peroeption of such high-contrast stimuli
’ as a pically encountered in reading (Raxper, Inhofr,
. . Morrison, Slowiaczek, % Bertera, 1981; Wolvepton, liote 10).

Thus, reading is based on perception of stimulus patterns e

available d ri :g fixations, and the visual'aystem is’ sensitive

3

thropghouﬁ the period of the fixation.' w
- E EN

Lld -
- .

. The issues to be dealt with in this/section have been
' divided into two groups, those 1nvolving the functional stimulug,

and those dealing with the dynamic of perception dwring a

-

‘.‘{ p

fixation,

An enbirical issue, quite apart from quesnions-of -how

perceptual processes proceed during a fixation, concerns gust

what aspects of the textual stimu}us arrax that falls on the

- A

Jreader's retina during a fixation affect the reading progess.

'y

This is the problem of identifying the functional stimulus. In

iy

oonsxdering this problem, it is first necessary‘to establifh Just -

what aspectes of the stimuluslpattern are actually available %o

»
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the reader, Because of the small size of the fovea, the region

- proviﬂing the h*ghept degree of visual resolution, together with,
the loss or ‘acuit y’&n more peripheral regions, difrerent aspects’
of the visual pattern are available at different.retinal
lacations. Furthermore, there are interactionsvﬂithin the visual -
system that result in letters located further into the peripherv
somgtimes béIhgzmore easily identified than letters closer to the

. . fovea (Bouma, 1973). While Bouma and his colleagues have .’
; contributed g;satly to understanding on these issues, much vwork
e remains to be done in order that ﬁhé limits ‘on what visual‘ .

5

© information is aotually available to the reader might be fully . - -

- - known. This is needed 1n order to enable investigators tq ‘ e
distinguish between failure to utilize stimulus information . _-,

’ bécause it is not resolved’ by the visbal’ systen vs. because it .
was not 3ttended. . . . , . - : ", v

S v - R . { o
<

In discussing the functional stimulus in reading, two b sic
- issues will be considered. First, from what visual -region is

information of various sorts acquired auring;a‘f5YéL5nn’ and

second, within this region what aspects of tﬁedvishq;,pattern are

4 te

-

used. . . . - P
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Ine .Perceptual Span during Reading’ -

The perceptual span will be defined as that region around
the center.b@/zision within whHich some aspect .of visuai detail of
vinterest is psed_in reading (or affects the ‘reading process).
Froélthis definition, it is clear that this regio&>pust be -
assessed for each aspéct éf visuai information of 1ﬁterest.
Furthermorﬁ, it is possible that “this region changes as the
nature or the naak or of the text display changes., Thus, it is
necessary to speczfg the nature of the information haing studied
and ﬁhe nature of the task and stimulus characteristics in order

for the concept of a span to be most useful,

-

In order to better understand uhat is being measured in
gtudies bhat atteapt to measure the perceptua1 span, ib—is
necessary to make some further diutinctions (Underwood & g -
HcConkie, Note 5), ~ It is possible that the region attended on
different fixations varies, so the "span" 1s not "the. sameggr

fixatien to fixation. It is further passible that differgent

sin gle'fixation.

Thus, We must d//y&nguish among three "spans,' The ;gmgnhanx sSpan

>
is that region attended at Sng moment during a fixation, the

regiong are attended 2t diﬁferent times during a

1n11xiﬂygl Iixa&ign span-is = region*cunsisctng of 21l those -

regions 3ttended during a single, particular fixation, and the

*
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- ggnggazuaz_ﬁn@n is 3 .-rbsion uhié% encompasses all the individudl

fization spans, though, of course, it.may be coterminous with

»
* - .

none of them. Thus, Xhe perceptual span, as measured in present ;
studizs, may not necessarily indicate the region bbins perceived
during particular rixations, or at any pa:ticular xoment. - ,‘

Fupthermore, this points up a ueakness in our present techniqués

for measuring the perceptﬁal span, ubich typinally involve

-

modzfyin6 sone aspect or the text pattern at some periphera‘
visual locaticn t;ring -one or many fixatioqg, ‘and obgerving
uherher this‘has any effect on reading, as, iudicated by ey
movement patterns-or reading rates. Whether or not a study '
reveals the use of sone aspect of ;hé stimulus at some retinal
Jdocation Jépénds‘on'tbrée r;ntors. ‘)he frequency with which that
aspect of the information is used at that location, the -nature.
'and size ot the effects that modifying this aspect of the text
has nqyreading, and those characteristics of the deaign of the
study that ‘affect its senaitivity in detecting the bypés of

changes in behaﬁfpr being producey. Tbus, if cerbain 1nrormation

ig utilized frofs a particulé;*;égion only occasionally, and- the

method used to dify that information prqluces relazively smafi

changes in behavieN _or if the design of the study is weak in .its

-ability to reliably detect such cnanges! then the study will

underestimate:the size, of the pefceptual span for that

» h [
N «

* o f b _‘33
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information. fact, it is quite posa;ble tha\gour s‘udies will
e - rbonsistehtly underestzmate £he span for nost typ»ﬂ cf .
- " ,;jsinrormatzon, »specially if %:s use at the riostfp tr e Loca gns
o bccurs But rapely, - %, | ) .
‘\c‘ » &v ¢ oL .
. v * ) ﬁ hL R
" Fipally, fit should be pointed oﬂt t, demdhstratinérxgat s

visual 1nformafton is being ykilize& f;eﬁ,a certain peripheral |
- léegion durinpf fixations does n Q\establtsh that werds in that
loggtion aré being identified‘on those rixations. Certain .
- aspeets of the text may be useful in:eye guidance,,in "roviding
1nformation about - ‘upcoming text that will fa:\)itate its
processing, or for other purposes other than acbual text « ° A i
: identification. Also;\\?e lack of use of cervain visual '
information does not esta?:tsh ﬁhat uords«in that regipn vere not.
. Ldéntif‘ed, since it is logically po;zible that theg;may have '
been idqntified on the Basis of contextual infornation. - xhus, at

. .; the p;!senb timeq&hg:e is no well-establisheﬂ relationship

»

:} « . befween what information is utilized from given peripheral

'j*‘“"“""regionS“anduuﬁtther words are TdanEYiEH”In ‘those regions,
; “ s x.v. l‘ *

" 'x‘wmmhmmmmwm

i " \ xnieal studies on the perceptual span question uhich‘utflized eyC=-

T \‘movenent contingent display control techniques (ﬂcConkie & .

-

Bayner, 1975 % Rayner, 19755) suggested tﬁat‘different'aspocts of
» hd -
- : * ’

N | - ' %

« . : * - -
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. the: visual pattern were being utilized~di£ferent distances. iniq%

the’periphery, with word length word shape, and initial and

final letters" being acquired and used further out than internal
)
letters, In more recent work,. .1t has been established that

‘replacing the text in the periphery with a square-wave gratlng,

thus removing all 1nformation other than an indication of where
the line lies and perhaps what its end point is,, "has no efrect-on
reading if it is no closer than 14 character positions to the
right of thec fixation location (Rayner & Bertera,_1979, Rayner,

"'Inhoff Horrison Slowiaezek & Bertera, 1981). This suggests

that some more detailed aspects of the stimulus are typically

>acquired and usedfup to about 14 letter positions, though it is

.possible that the very notioeable homogeneous pattern presented

by the grating may have been having some éffect of its own

:\perhaps by influencing the subjeots' reading strategies (O'Regan,

1980). - ‘ o {

At the other extreme, distinctions emong'letters may not. be
made mpre ,EEE’EQ leg;ers to the right (Underwood &.
HeConkie, lote 53 HoConkie, lote 11), with uppercase letters
being perceived someuhat furuher than this (0'Regan, 1980).

fFirthsgrade children, both those reading at and above their grade

~

‘level and’ those.readirg below, appear to acquire and use letter

information from the same region as do college students

Cerg
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(Underwood, Note 7).. Thus there is no evidence that the region

within which letters are identified increases as reading skill

develops (Stewart-Lester & Lefton, in press).,
{ . .
Studies in which subjects are asked to'read under conditions

in which foveal 1nformatlon is masked, aence only peripheral

V1sual information is &vailable, indicate that lzttle information

beyond occasional lette (typically initial and final letter; of .
wordsi; word length, etc. can be acqu}red from words lyiqg as . N
‘much as six letter pogitipns from the fixgtion‘location.
‘Fdrthermore, stpdies designed to determine whether subjects can
gain semantic, phonetic, or other such informatioﬁ from words in
'similar peripheral locations have failed to find such infiuences
(Inhoff & Rayner, 198C; -Rayner, Mcbonk§6, & Ehrlich,, 1978;
Rayner, McCoﬁkie, & Zéla, 1950). These studies again indicate
the narrowness of the regién within which the type of visual

detail normally considered to be the basis for reading can be

obtained. 4 : .

Hhile con51derable progress has veen made in thls area,

' further work 1s needed to explore 1nd1v1dual differences and the
'vaffects of ‘text and task factors, and to determine whether there
is indeed varlabillty in the individual flxatlun spans and

momentary spans as’ "psople read, . :

~
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‘Perception to the left of the fixation location., The £

perceptual span for letter information is asynmetric with respect
to .the fixation locatién, extending less gar to ‘the left thanm to
the right (Rayner & McConkie, 1976). This asymmetry is greater

than can he accounted for stribtly on the basis of visibility of

’

letters and vords (Bouma, 1978) and has been attributed to

aEtentional processes'(McConkie, 1979). Thé Cact that the region

percelved during fixations by Israeli readers extends further to
the left as they read Hebrew than as they read Engllsh ‘
(Pollatsek, Bolozky, Well, & Rayner, Note 12) adds further ‘
evidence for the attenfional explanation.“‘There is evidence
that the region perceived during a fixatior begihs’at the
begfnning of the presently fixated word if it is within four
letter positions to the left of.the fixation location, or at
about four letters to the left if the word extends beyond that
p01nt (Rayner, Well, & Pollats k, 1980). It hau been suggested
that the reason the perceptual span seems to extend such a short

?

distance to the left of the fixation location in readers of

_ English is that when a saccade is made the eyes are sent fo a

3

loéation just beyond that where the text has been identified, and

o’

hence text to the left has already been perceived (McConkie,

1979). : )

AN




- "“’

Eye Movq&ents and Perceptlon

1
v

. S

4

§1

Varjability in individuval fization spans.

l
I
’I
Thére is>some
. - L3 |
evidence that individual fikation spans of a reader vary fro¢ - .
. , N H

r fixatien to fixation,_bpt no basis yet for o;}érmining the degree

to which this occurs. Present evidence indjcates that the left-

1
most extent of the span mayl

/
word begins (Rayner, Well,/& Pollatsek,

be determlneQ//p where the flxated

1980\ and that whetner
!

one detects errors in the periphery may depend partially onithe
s

X \
locztion of the fixatibn in the sentence (Rayner, 1975b).

the text is masked ?ﬁd removed ?dring occasional saccades

,rw hen
i

as

subJects are readlng, and they are asked to report the last word

/ s e o
read, they sometlmes report the last word flxated and sometlmes a

~vord, or two to the right of"”t (Hogaboam, Note 13). f

There are a number of reasons why var1ab111ty in 1nd1v1dual ;
I
Retinal factors such ad
/s
lateral masking 1nf1uence whether a glven 1etter or 1etter
|

comblnatlon will be visible at the same retlnal location on

fixation spans might be expected.

. ) dlfferent flxatlons (Bquma 1978).

L\

units, then the individual“spans will tend to be determlned by

If perception is in word

V

the locations of word boundarles (Rayner, Well, & Pol1a sek,

o

1980). Language constrelnts may influence how far into the

-

periphery visual 1nformatlon is acqu1red and used (Haber, 1976

- g
-

‘Hochberg, 1970; Wanat, i971), though this has not been clearly

demonstrated in reading,
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re Another likely possibility is that variability in dndividual
fixation spans arlses from dlfferent fixations serving dlfferent
+  functions, It has been speculated that on the fixation at the
ehd of a retyrn sweep, and followed by a regre551on, the only
;ﬁgormatlon attended has 'to do wlth the ;ocatlon ox the left edge
of the ane of text, so a corrective novement can be made,
Howev;r, Hogaboam has found in pilot studies that when the text
is masked and removed following -such fixations subﬁects can
- typlcally report the word fixated., The observation. th\P on
f1xatlons in the reglon between sentences subjects are less _
llkely to he influenced by errors 1n the perlphery ralses the
p0551b111ty that such fixations may not have V1sual analy51s as
the1r ‘Primary purpose (Rayner, 1975b)., When peoplé read along .
:with"a siowly paced oral rendition of a'pasaage, they make cyeles
of regre551ve and forward saccades (Levy- Schoen, 1981). Some of |
these flxatlﬁhs may be for the purpose of bldlng time rather than

l

for. V1sual anal,sis. F1nally, same fixations preced1ng and

J‘-',‘ J . . *
foIIOW1ng regressions may have a somewhat different functlon than
e

those, bounded by forward saccades (Just & Carpenter’“ﬂgﬂﬂ" ™~
McConkle, Hogaboam, Wolverton, Zola, & Lucas, 1970). We have °
observed many 1nstances in which a reader regressed back to a

word that, in the 1nter1m had been changed, and even though

flxatlng the word d}rectly, gave no 1nd1catlon that a different

”

z
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» wvord was in that location. °

Finally, the individual fixation spans may vary for reasons
related to temporal characterdstics oflthe visual system s
%escribed eaniier. As indsiated earlier, the eyes gre prooablyi
advanced prior to complexingAnrocesedng of the Visual\information
available on any given fikation; in fact, the full visual array.\
may be available in®the visual centers for about 60 msec after a e
saccade is initiated) the time required for the saccade-
associated stimulus. changes to reach the‘brain. Thus, what is
seen on one fixation may depend on hodw far proce551ng has
proceeded prior to the time the visual 1nformat10n arrives from ;
the next flxatlon, which nay in turn reflect processing \
d1ff1cult1es encountered k
- : ’ o . )
The possibility of variability in individual fixation spans
raises the question/of Just hew flexible readers are in their
SO ability to read*dginé information from different retinal regions.

_ Bilingual Israeli~English readers shon eome flexibilit&, as tney
': change languages (Pollatsek, Bolozky, Well & Rayner, Note 12)
However, other information suggests thit, 'whlle it is true that
. the controls for eye movements gpd/;ttjntion are not identical,.i

there is a close relatfonshﬁﬁ/getween where the next-fixation

" will be and where oge/attends (Rayner, McConkie, & Ehrlich, 1978;

\ . '
A . . . \
7 o
. C ey
L v
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Remington, 1980). When a normally used region of the visual

fieﬂd is mas ked, readers do not seem to be able to change easily:
Ny

and read from a different re gion (Rayner, Inhoff, Morrison,

Slowiaczek, & Bertera, 1981;.Rayner & McConkie, 1976).
: ! [

It is semetépeS'assumed £hat the‘lengths of‘saccédes, which<1
are quite variable, are related to the size of the region being
perceived (McConkie, 1979; Taylor, Note 8). At present there is
little ev1dence on this. point (but'see Hogaboam, Note 13). 1In
further work on this 1iige, it will probably be 1mportant to
qdlst}hgu1sh between the region where’ certain visial information
is available and hhe'region where words are identified. For
instance, a word at a given retinal locatioh,may.be identified on
. one "encounter, but not on an¢ther, not becauseief differences‘in
the visual 1nformat10n avalaole from it, but because of language
constralnts. -It may be that where the eyes are aent‘is reldted

more closely to‘identificatipn than to the~;ndividual fixation *

{ o

Aspects of the Stimﬁlus Used in keading

-

Various claims have been made about just‘what aspects uf th

) 9

stimulus serre as the basis for reading, Some have’suggested

-

"that each letter is encountered and 1n some sense 1dent1f1ed

' (Geyer, 1970 Gough, 1972), while others have argued that due to
r'd
{ .

.
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the recundancy of the language, or to frequency of experience ' :
w1th certain patterns, identification can occur on the b351s of ///

partial information: word 1ength, characteristics of the word
shape, or information from only certain letters, etc..(Rumelhart
1977 Smith, 1971). "This controversy raises questions ‘about what
aspects of the visual pattern within the perceptual span region °
are perceived and utilized in reading. .Tnere is good. evidence

that information éuch'as worn length or shape can facilitate
gnes;ing what word might be next in the texti&ﬂaber, Haber,- & ’
‘\Furlin, Hote 14), and that errors which change. the shapes of '

wo}ds can be detected more easily (Haber & Schindler, in press),
indicatingf%nét these types of.information can be used when -

eeded. The question, of course, is whether theylare regularly

used in reading, and whether finer detail 'is sometimes ignored.

:Actually, there are(two issues which need to beriécussed.
First 'is the Euestion of whether full use is made of the
;t;ilable visual information in the regions attendeq; is it
'possible for the reader to extriict onl& certain visual
information needed for the decisions at hand and ignore the reét,
as has 50 often been suggested? §eéond_is the question of
wnether language ponstcaints allow identification of words_in the

) L3

periphery to occur when only partial information is évailable.

-
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Sezébtive attending to available informationl One of the

most frequent.y madf assumptions in theories ofcvzsual perception

—— s ST

during reading is that by some means, the reader 1s able to

_ attend select#%ely to certain 1nformation that is of greatest o7
value in the present context (Brown, 1970 L. Haber & R, Haber,

in press; Rumelh t, 1977). It is assumed that in so doing,"‘the

reader gains efficiency through max1m121ng the use of available

]

imnguage 1nformation and minimizing the perceptual processing
required. If this is true,’then which aspects of the text serve

as the functional stimulus may be higuly variable, depending on

L4

the context at the time,  and “the degree and perhaps nature of the

N

constraints in operation, Determining whether there is such"

variability in the functional stimulus is'ﬁrobablg cne of the

A )

most critical questions in the area of perception during reading,
. . N ,

since it has Qlajed such a central role in recent theorizing, - .
. !

One stddy designed to detect whether skilled readers'fail to.
process internal letters of highly constrained words found no
. e’

evidence of,"‘tni‘s expected selectivity (2ola, 1981). -

L]
-

MMMMLM&;MQA@M@@* Even i

readers do not seleetively ignore available 1nformation, they may

identify vords on the basis of less than full v1sual detail where

that detail is not available, for instance, in the visual

v
‘i

) periphery. Ih f“ct, gaining this ability is thought by QOme to
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be*a primary meahs by which reading fluency is achieved (L. Haber

- & R.,Haber, in press; hochberg, 1976). From an information-
“theory perspective, the context;‘an i tial'letter, and a few
global eharacteristics of a word are 6f en sufficient to uniqgely
speciry it among the set of relativ61§ common Ehglish words (RL\

Haber & L. Haber, in press). The question,‘however, is whether .

f\

this actually serves as_a sufficient stimulﬁs for reading. -The
_research raviewed earlier, indicatiné that -yistal detail mere
coarse-brained than that on ‘which letter distinctlons are hade i
" available and uséd .in the periphery, suggests that »his might be
the case. However, it. is also ‘possible that such information i
- not being used for identification directly, but rather that it is

used for eye guidance, and in some way facilitates identification

-6f informatiqn on tke next fixativn (Rayner, 1978b; Rayner,
'thonkie, & Ehrlich, 1378; Kayner, McConkie, & Zola, 1980). ASome
evidence for identifzcation o the basis of 1nconp1ete ‘
information is found/in studies where the: text is masked and
removed during certain saecades, and subjzcts report the last
vword read (Hogabqam, Note'135; Readers sometimes report words as
‘many as two or more to the right of the l;st word fixated, words

vhich had been somé distance into the periphery. Yhether this

normally occurs during reading, or only when requzred by the taSk

of reporting words, remains a question for further investigation.
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In addition to knowing what aspecgs of the Visual.stiﬁulus‘
serve as the functional stimulus fcr reading, it* is necessary to
know the dynamics within which this informé%ion is utilized.

This will be. discussed as two sets of issues* Wnen during the
fixation is information being acquired and used, and Mhat is the

"nature of the’ perceptual processes inyolJEdi

Chronology of Perceptual Events .

Another issue in the underséanding of pereeptieq during
reading-is;whether differ¥nt types of perceptual acti;ities oceur
at dif?eren§ times during:a fixation, and whether different ' R
aspects of she stimﬁigs pattern are processed at different times
during a fixation. . These Issues are the topic of another paper

by members of our 1aboratory (Wolverton & Zola, in press). °

LS, —— . 4

It haﬁybeeq suggested that the acquisition of vispél_

information occurs earlg in a,fixation; leaving the remainder of

g

the fixgtion'time for processinéafor’compnﬁhension and deciding

where to send the eyes next (Gough, 1972) Just and Ca}penter R
(1980) included this as :\separate stage in their model,

-

Jlabeled "Get New Input." This view has been bolstered by evidence

[ L4

-
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that people can read'short senﬁerees Hheﬁ they are available for
only the first 50 msec of each fixation just as accurately as

when they are eontinuously available (Ra/ner, Inhoff, Morrison;,

h

Slowlaczek, & Bertera, 1981). Wolverton and Zola (in press) -

-
-

argue against this view. . *

In ordersto deal with this'issuéf'one must make é clear

-

distinction between when it As that the information beqpmes
available to the brain, which.will be referred to as T
zggig;nazign, an®’ when tﬁe language‘prééesses afe médified by the
Presence of that information, which'will be referred to as

- utilization. _Registration i3 simply a matter of transmission of

-
-

retinal encodings to the brain, and thisy, of coursej occurs early

-

in the fixation. Hog)ber, our observations have led us to .
believey}hgt utilization oceurs throughout the period in which
visual informatipn‘is available from a . fixation. While it may be
_bossibie for & reader to a&opt.a strategy, by which reading-can

take place with the vfsual information available for only 50 msee

* of each fixation as efficiently (though not, as easily, from my
experience) as with a continuoua view of the text, this does pot
appear to be the normal case in readisg. Raﬁher{ readers

frequently report having read stimuli prcsent only later in the

fixatfon, beyond even 100 msec. It seems possible that

P—

ngilization oécurs‘throughout the time the information is- ~
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processing, though ‘this possibility has not-been established by

firm evidence, o -, e 3

-

&
. -

If there are stages during a fixation, that is, times uhen
characteristlcally different perceptual activities are carried
put such as visual input, testing hypotheses, generating v

- .

hypotheses, ealculating whe:e o send the eyes, etc,, then the

*u

fixation must be’ regarded as psychologicelly rundamengal in she

reading proeessa The fixations become the basic time perioﬁs of
'mental activity, and regular cyples ;ccur with respect-to them.

This may 4in faot - ‘be the case, but’ an alte:native should also be ’};a’
considered (KcConkie, 1979). - Suppose that utilization occurs R
throughout the fgﬁstioé, as needed by the comprehension , ‘
processes, Reading‘is“tye a eonttnuous process:yith visual
1nforma;ion’5eing utzlized whenever appropriate for advancing an
understanding of the text, andeghe fixation loses much of 1ts
psychological primacy. At this level, there are no fixation-

linxed stages, since the nature of the mental_ activzty is driven,

by the nature ef the language procegsing occurring, rather than '
by eye movement characteristics. At some lower level, the
prcblems of ensuringtfhat the eﬁes are in appropriate location$
are°handled without specif&cvdirection,from the language

progessing taking place. In the saccade control there are . « .

-

[~
\
]
Ut
<3
14
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’ obviously same events that must occur at specific times: .

; : > Registration occurs early in the rixation, afid at some point

-~
-

- ) -finak*in;ormahion,és provided to the saccadic system as to where
g .

3 - * - N
+ to move next. These events, houevér, are peripheral, and may

, , have very little effect-on the more’ central cognitive procisses
* - kY

i . -t - N + ' ¥ *

a-! rtaking place, o S~ : :

K > ° * ' . -

> - * -’

.!' A Y Y A\ S * ‘,

LY | The purpose of this dzscussfon has been. to try to highlight

.éo, . . 2 .

2 -Jg one additiona; issue in our understanding of pereeption in - .

:' reading.- uhether the eye movement activity which we monitor is a

E

fundamenta} activity from uhich the higher mental processes are

’

timéd and sequenced, or whether they are are incidental to.the *

N - pore fundamental processes gnd s mply reflect patterns that are

L. necessary ho provide ﬁhe mind with the informetion needed for

-
LY

readin;. L
~ >

Urilization f{rom different rezions at differant times, inere

R are several reaoons for, expecting that visual information from

dlfferent resion&7ﬁ1th1n the area perceived on a fixation aré ’

uti}ized at different times, Evidende ‘is geeyv tlating that this.

o o i =
s -fndeed the case, Foveal stimulus patternsrSeem to have -thelp

— - » ) N £

) »
_ effect-eariier than more peripheral patrerns, for instance *

(Rayner, Eahgff, Morrison, Sibwiaczek, & Bertera, 1981; McConfiie

w

"% Underuocq, lote 2; Undervood & H&fogkie, ticke 5).7 lneths LRis

. .
-~ -
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R £ due to differénces in transmission times (Bouma, 1978), to ‘the

use 01 Berzpheral infarmation only Iater when eye movement

decisions ere called for {Rayner, Inhoff; Horrison, Slowiaczek, & *

Bertera, 1981), or to a general- tandency for readers to

©.  Aattentfdnally proceed aleng the line of text during a “ixation

(HeConkie, 1979) 1s & question sihich requires investigation.

- R T el
LTy s_q - -

s, ;;,“ Pﬁ’naa heen eVidenb rréh pricr discussion, a2 wide range of

- N Ty 2 T

. prap&:zgs have been made cqncarning the nature of the perceptuai-

“‘f*" procs*"eu during redd*ng., Some uould see redding as fnvolving - - - ~~

L lac ernﬁy-lcﬁ%er input folloaed by various Stages or analysis of

-‘..- ot

ASSRE hh#‘infarnatiun 1o gain i3 meaning (Geyer,. 1970; Gough, 1972), /

»

T v@f@rd uuuld see it as. primarily creating and testing nypotheses

- - ".-9 ‘l“v

fr&m ﬁtlviau;lj erzountered {nformation and knowledge of language
: plua p:rh&pu ﬁome perzbnxfal vissal informaﬁron (Goodman, 1976;
?. ﬁav#r ~& L. ﬁaber, in pressy Hochberg, 1976; Russo, 1978),

‘uhile eﬁ;ll atu *ri would see it as involving the simultan»ous - .

L agc glfﬁﬁ uf nauy prosesua., stimulated *by inforuation in a
- - ¥ v - - i . e

R fiaygﬁén m&mqurep&aé’édéfbn;érzng the results back into that space - ¥
e ;fJuat‘ilﬁarpg§1§r3~1§8ﬁk um»lngrt, 19773.- No attempt uill be

L. T, wede fiere. 16 revife. the verfous theories of perceptian,during

i T

- readyeg tnat have tees a&vane@d, The only point *o bijyadexs

. - _ W e e e e

.
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that these theorles differ in the nature and timing of the
processes assumed to be occurring durinz reading and,cas a e
result, make different predictions on the various issues that .
have been and will yet be raised in this paper. Issues . .
“'concerning what serves as the functional stimulus and when the
informatiou is utilized, what infeormation is used in deteruining .
the locatfon of the next fixation, and what information is -
carried over from one fixation to the next during reading. Thus,
advancing knowledge on these issues will not only provide a basis
for judging*the strengths and weaknesses of present theories; it
,;will also force reconsideration of. the types of mechanisms that

-

:might underlie perception during reading, and place constrainbs

-

on future theories.

v -
- *

»,
~,
",

o ' PERCEPTION, ACROSS 'succasszvs FIXATIONS <

&£ .
In reading, as in most other visual tasks, a person makes ~

. 3everal rixations per second, uitn each fixation providing a
somevwhat different view of the world.»wﬂow the mind integrates
information from suceessive fixations in a coherent, stable .
impressinn ef the world is an_i§sue,of long standing in the ﬁiele
of psychology (CUmming,y1978' Huey, 1908); and underlies several
queﬂtione about perception dLring reading, specifically. First,

hovever, soﬁe dirrerences between reading and many other visual

A}
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. tasks should be noted. o

I Sad}

.In most visual perceptioy, the goal is to gain information
abéut; or form.a representation of,fthe figural chara%teristics S
of the'stimulus array: shapes, spatial relations, and
trausformations‘of these ouer{timel
figural aspects ,0f the stimulus pattern are simply a vehlcle by
which the person &ttempts vo understand the message communicated
by the text; the visual shapes.are of little intrinsic jnterest
except in the case of certain forms of poetry or graphic design, ~
It i;‘not tbé"EEZEES of lntters, words, sentences, or paragraphsi
that are important "to retain, as is evident to anyone 1nspect1ng x///t

1]

text written in a language he has not tearned. At the same time,
perception of the image of the page, which w1ll be referred to
hére as the "scene! of the text, may be useful in reading in ways
other than simply previding the .visual features for- the

’

identification of individual words and of sentence punctuvation,

paragraphing,.etc.

- LS

It has been suggested that the frequent regressions made Ly
less skilled readers have the effect of presentlng the text to
the miud in an 1nappropriate order, »leading to confusions in
underatandlng (Taylor, llote 8). Others have argued that this is

not the case, but rather that the mlnd "snooths over" such

However, in readlng, the s

i"\}
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erratic sequences, and while the eyes may fixate the words in
some order other than that of the textual sequence, the . ) s

fundamental- perceptlon is in the spatial sequence that malntalns
the normal language order (Kolers, 1976). This snoothing-~over

process poeld be mediated by é mental image of the page which is
to some degree indeeendent of the fixation order (given that the

degree of visual detail is available in the text region vihere

~"—_ reading is Qirectly occurring). This suggesis the existence of " a

mental"FepFesentation~o£maneimage of the text, to which each

’

fixation contributes; and which is in turn the basis on which T

~y

l‘\

urther reading’ processes depend (HcConkle & Rayner, 1975) It
should be nqhed that the degree to which the mind can tolerate

_ varlatlons in eibosure sequence to the text:and still malntaln

’ comnre?e;slon, and whetner this ablllty is one developed as part
of the development of reading skill, has not been explored, let
elone ‘the questlon of whether this depends on a spatlal image of
‘the text Furthernore}-whlle this is an appealing notion in that

it provides a nice account for séverél.aspects of perce, ‘on

during reading, recent studies have called it into question,

Traditiona}ly, two explanations have been given for®*hou
images from sudzcessive fixations might be integrated into such a
composite mental representation (Cumming, 1978). One possibility

is that this integration depends on kno.'ledge of thellength~and




1 & Y

T ) ’ -

. 5 Eye Movements and Perception

i s . ) | . ’ 56

-
L]
A ]

direction of the saccade: Eﬁe~image from the new fixakipn is
mentally'displaped e'direcpién and'disfance’témgsapeggaze for
' thie new viewiné position, and it'then matehes‘and {s integrated
}with the image constructed from previous fixations. The ot%er
-possibility is that saccade 1nformat10n 13 not needed: The new

image i's simply Justlfled with the old on the ba51s of pattern

’

51m11ar1ty. 7

- -

If images are justified on ‘the basis of knowledge cf
saccades, then great dlsruptlon should be produced °if, ‘during a
saccade; the/text were to be shifted so that the fOllOWlng
fixation was not cﬂ%tered at ' the place in the;text where it was

l

orlglnally destlned. However, shifting the text in this manner
to right or Ieft by 2 3 lecter p051é:pns is not detected by |
readers (Brlageman, Hendry,'& Stark, 1575; O'Regan, 1981;
MeConkie, Zola, & Uolver%on, Note 6), and while changes are
induced in the eye movement pattern by this manlpulatlon, they do
not appear to indicate the type of J}sruptlon that would be

expected (licConkie, Zola, & Velverton, Nbﬁe\ii..

If integration occurs on the basis of patterp 5% ‘larity, on
the other hand, then similarity of the visual pattern from one
fixation £o the next would be critical. Thls vas put to test by

having people read passages prlnted in AlTeRnAtInG cAsE, and

o9

L4

-
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changlng the case of every letter curlng certain saccades, SO

‘ succe531ve visual mages would not be 51mllar (McConkie & Lola,
1979).' These changes were not noticed by the readers, and had no g
effect on>their‘eye novement patterns. Slmllar results were

’

found in a word identification study (Rayner, McConkle, & Zola,
1980), Tbus;/af Justlflcatlon of images is based on V1sual
51m11ar1ty, thls cannot be at the level of 51m11ar1ty of letter
o or word shapes. In pilot studles we have found that thls result , /

is not peculiar to text in 2lternating case; if only occ351onal

1etters are capltalazed but which ones are oapltallzed is ) |
) “ [ . - g
changed from one fixation to the next th;s is not detected by

readers, Furthermore, ohanging’spacing betveen words does .not _ ’ X

appear to be detected. Thus, it is not clear at this time what .
aspects of visual similarity might be used as a basis for

173 -

justlfylng an image from one flxatlon with some generalized prlor

image., s -

-

€« we,

Turning to another related issue{nit'has often been
suggested %hat 1nformat1qn from the same word may be obtalned on
more than one flxatlon (that 15, that successive -individual . | -
flxatlon spans may" overlap) (Haber, 1976 “L." Haber & R. Haber, in

. press; Hochberg, 1976, Rayner, Inhoff, Morrison,. Sloviaczek, & . :f

Bertera,'1981; Smith, 1071) This may allow information galned

’

from the visual periphery on one fixation to.facilitate
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- perceptlon of a word brought into foveal vision on the next '
/ fixation (Rayner, 1978b), it may provide 'a second opportunity to

/ .

"~ test a hypothesis but this time with gpeater detail (Hochberg,

1976), or may reinforce perception of words in other ways (Bouma,
1978; Smith, 1971). A series of studies employlng a multiple-
.fixation word identification task demonstrwted that information
acquired from a word in the perlphery on one fixation can reduce
'éhe timé required to hame the word on the next (Rayner, i978b; °
Rayéer, McConkie, & Ebrlich, 1978; Rayner, McConkie, & Zola,
ffﬂ‘ fééo) tﬁough‘this may only oceur when the set of words being
.used is known in advance by the. subjects (McClelland & O'Regan,
| in press; Paap & Newsome, in press) Interference from having é‘
. word change Irom one fixation to the next during reading has also
been reported (Rayner, 1975a; 0'Regan, 1980), These results are
all consonant with the notion that perceptual 1mages are _'

s _.integrated across fixations.

- 1y

e r

“

On the other hand, recent studies'in our 15bora%ory have

caused us to wonder whether such inbegrétiqﬁ exists, If - -

%

sentences are written in which elther of two words differiné in a
singlé letter are ébprOpriate abt a given wovd‘location Klgakﬁ ‘ _
lgana for 1nstanct), and the distingu{shing letter is changedmgu

from fixatxon tu fixation during reading, subjects are unaware of

this, and it produces no effect on the eye movement patterns
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(McConkie, Note a1, Apgigg%ply the words are not being reaﬁ on

two succe551ve fixations, or one would expect the change in .

meaning to be detected. If groups of four words differing in

only -two letter Pasitions are identified mushy, musty, gushy, .
gusty, for instance and sentences gritten into which any of the
words fit appropriately;\the word can be switched from one

fixation to the next without the reader's awareness, as well.

.
. r . -

The difference between studies in which changes in words '
cause detectable problems and those studies where it does not
lies in the fact *hat in the latter 'studies, whatever

combination of letters the subject obtpins from those that are on

N -

«the”scréentat one t e or another, a readable rendition of the

text results.” In the earlier studies) this was not the case.

Thus, it seems likely ghat changing létter§ and wérds from one
fixation to the next is not itself a detectable event during

reading; the only question is:whebher the text (letter seﬁuepce) g

as perceived yields an gppropriate meaning. Tkis in turn

'suggeats that information carried across fixaﬁions during reading

m3y not be of the form of global perceptual image so much as of

‘local letters or word parts (thonvze & Zola,- 1979, Rayner,

NeConkie, & Zola, 1980).

At this point, then, there is reason to doubt that . -

¢« &

¥
163

ot
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. perceptual images are being integrated during reading in the

- manner descnibed earlier, hoth}baseS'for such integration have

L]

‘been called into ouéstion,wand it‘is not clear exactly what type ;

of informatton is being éarried across fixations at a perceptual
level, .This raises questions aboutnthe relatlon of perception in
reading to that of viewing scenes and events, and thus about what
one learns perceptually in learning to read. Tnese would be
easier to deal with if more vere known about perception in
viewing scenes, But assuming that a composite image is formed in
that case, in learning to read doee one\juet develop a fﬁrther
Way of using visual information from that image, or could it be
that one learns a different way eof #esponding to visual patterns,

‘

learning to attend to and use, local detail for. the purpose of

H

reading, perceiving the meaning eommunicated  rather than forming

_ composite images? The time is right for applying eye movement

’ contingent research techniques o the study of perceptual

=

learning in learning to read. ’, - .

" LEARNING ABOUT MENTAL PROCESSES FROM EYE MOVEMENT DATA

One motivation for studying eye movenents and perception in
reading has %een the hope that, once this is understood better, ' _
it mag_be possible to use eye movement data to test hypotheses

adbout higher mental processes, It may be that eye mevement data

4
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can even yield a ﬁord;ﬁywword'indication of processing time (Just
& Carpenter. 1980; McConkie Hogaboam wOlverton, Zola, & Lucas,
1979).‘ However, there are complexities in achieving this \that

_ must be ‘recognized. For example: (a).When’the eyes are centered
on a word, it is not necessarily orly thatnword that is being
Seen on that fixation, (b) The’ period of time spent fixating a
word is not the actual time s-..nt processing it though there is’
.a relationship between these times. (c¢) The length of the saccade
following a’ fixation is probably not being directed on the basis
of "the full processing of the information dtilized from that ‘
fixation, and Just wgat aspects of the information are coming
into play in that deeision is not kuocrn. (d) Regressions are not
‘ necessarily stimulated by information gained on the rixation
immediately prior to them, but can be the result of visual

\

: patterns on fixations previous to that, (e) There -are

’

correlations in the language-itself,which}can éasily mislead us
in attempting to estabiisg'the cause of certain eye‘mevement
_patterns.‘ (f) As with any psychological research, ayeraged
measures may “not be an appropriate representation °f the nature '
of the effect of a variable In individual instances. Further
clarification of the rela?ionship between eye movements and
cognitive processes involved in reading is an important gval for

future research.
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iﬂ spite- of thesg difficulties, eye movemeni data.are
proving useful in studying éognitive processes. Their_use is

- ‘ fully justified in several situatio@s. First, eye movement data
~cﬁﬂ”)(GVide measures of reading time over larger regions of text

(}esfons that require several fixations). Second the existence

of differences in eye movement patterns as'é result of some text

or display manlpulation is evidence for the exlstence of
‘proce351ng effects of soh% sort, and the pavtern of the

differenoes can be a basis for speculating about the nature of

those effects. Third, locating the time at which eye movement

patterns are first affected by some variabde places contraints on

the time when the proce§ses différentia;ly affgcted by the

E different conditions took pféce, The existeace of lagged effects ‘
oq eye movement behavior makes it important that we recognize
that the precesses have occur;ed at least by the point at which
differences are observed in the data; they may have occurred -

eariier., Thus, in seversl 1mportant ways, eye movement records

can provide useful data*{n the study of cognxtzve¢processes in )
reading. . - _
SN : —
’ . \ CO!CLUDIHG COMMENTS co
Consideraple progress has been made in the study of e - 4

perception during reading in r:cent years. lew findings have

~
3
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‘been advanced, and issues have been clarifi;h. ﬁuch of
progress has resulted fro research 1nvolv1ng th recording of
eye movements and, partlcular;y, con rolling aspects of the text
dlsplay contlngent upon those eye movamen§;> with the base’ that

« has now been laild in both technology.and tReory, we.can -

énticipate even greatér'prdgress in the future. We can expect to.

o See anszfrs coming forth on many of the issuey raised in this

baper, and tc see these rasearch techniques extended to study

. A e

chz‘dren learning to read and people having reading difflculty.

Hopefully, this work will lead "to the'ldentlflcatzcn ‘of speclfzc

ypes of perceptuval dlfficultzes where they exist, and may

suggest standard diagnostic technilques. Finally, it seems likely
that the general approach being taRen the udy of perception

during reading will be'extendeq to the perception of complesx

F 22NN .
. Scenes and events as electronic graphics’ technology develops.

1
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Figure Caption ‘ o
oo . Figure 1. Some critical Limes during the periocd of a
“fixation in reading{‘ The line represents relative eye position
25 in 3 temporally based eye movement record. Taken from
lzConkiz and Underwood (hLote 2). -
4 »
* ¥
& .
’ - “ ‘ 1
) .
‘\‘ .
N\ ™ - - ’
s .
¥ - \\\ e
i .
i'. . _l
- ™~ -~ ‘ s
*
LA . . I
" 7 -
- e B
LS . N - -'va'. ) o L B ~ o o )
3 3 N 5 'I ﬁ *
e ' . ’




i i
[y o& -~
2 ]
, . Ll |
{8sup ~ . .
appaopg ~> t . . .
, o
uingay ou TR e
17 30 uiod ¢ T8 . .
. .8
, a8 .
, - o & §
Bl 4 5 S .
— . =
++  augppag 2 ,M./ r
8ppodDS > | ’ploysauy L s &N
30UdNY) o &%
N {on{xa T £ m
Lo |-
& l ~— %
‘- 8[qplivay 2 .
=T uolouwouy] l o =
- N 5 . *
< Co.
? .
uojpuIwIsy ) I o I
epooopg > -
g 4 s v
M . ; ‘- .
Huhy .
© ., . uomsod e8f3 K o
{ . ; - R




