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Three ﬁrobfems‘in the use of eye movement data for the study of language

prgﬁesaing are diécussed{ the perceptual épan problem, the data summary

problem, hnd‘the-e§e-mind.lag problem. Recent research oh perception during

- : ¢
reading is described which bears on these problems. Finally, a general’

» -

oach to the use of eye movement data for studying lafguage processing is

preselted, based on present knowledge of perceptual processing and eye
® 1 -

movement control during reading. .

.
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Toward the Use of Eye Movements in the Study -

R}

of Language Prgcessing
' .

It is our desire to study the nature of skilled.silent reading and to
describe éhb pgrceptﬁal and language proceésegﬁiﬁat are taking place as
reading f: in érogress. This is difficult to do because there are few
outwardly observable indicators of the rich and complex mental activities
occurring dyring reading. Eye movements are one such ingicator. While past
decades of research on eye movements in reading have not been particularly
helpful in understanding the nature‘of reading, this situation is changing.
In fact, we ﬁre coming to realize that eye movement research is critical to
the inv;stigatioﬁ of.th; ongoing processes duriﬁg reading.

This claim &oncefnxng the importance of eye movement monitoring is
based on the following argument. In order to study processing as it is
taking place, it is necessary to know what stimulus information is being
encountered:ht any given moment in time. This problem can be illustrated Ly
looking at studies of compfehension of oral language. Here the presentgtion
of the stimulus is to a great extent under the experimenter’s control. The
experimenter can determine approximately when a given part of the auditofy
signal will strike the fI:Zenet's ear. While there is some indeterminacy in
knowing just when a phoneme begins and ends, or when a word can be smid to
have been perceived, there is still sufficient access to and control over

the stimulus to permit the placement of a click at a sp2cific location in

the speech stream, or to measure che response time from the occurrence of a

9
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particelet.pgeneme. Knowing when.specific aspects of the stimulus are
’ encountered provides a basis both for mak?hg manipulations an for making
measurements with respect to cettain aspects of the stimulus, when séudying
* . language ptoceseing.
-;;;, - In reading, however,’?he text is ghyeiea}ly pregsent at all times, and
. ‘the' reader controls the sequence and timing of its encounter. Thus, it is

more difficult to know exactly when coniact is beling made with a particular

.8 N
lettep_or word, in order to make manipulations or measurements with respect

)
to it. Eye movement recordingfis the most likely candidate for providing
' such information. For example; we may examine eye movement records to learn

how much time passes after a person encounters an error in the text before

' hetshe responds to it in some way, such as by making a regressive eye

7

. movement. Or we may use eye movement information as a basis for presenting
some auditory s;gnal (for instance, a word et click) as the subject is
reading'e;particuiar word in the text. For many purposes the monitoring of
eye movements is a“ba;ic technology for the'furthet study of ongoing
processing during reading.

A second important use of eye movement monitoring is as a source of
data. More and more evidence is accumelating to indicate that where the eye
is sent and how leng it remains at each location is specifically contrglled
and reflects various espects of the mental activities of the reader (Rayner,
1979; Levy-Schoen & O‘Regan, *1979). The use of eye movement records as a

¢

source of data will be discussed further and {llnstrated later in this

paper.
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First, however, it i® important to note some of the problems involved

in using eye movement 1n£otmatiQ3 for.either purpose (i.e., for experimental

control or as data) aside from the téchnical problems of obtainipg-accurate

-

records. The problems, include the: following:

l. 'The perceptual span problem. Eye'm6§ement'records directly indicate .
. L ’ : .
where, the eye was centerel for a given person on a given fixé%iona They do

. A

not by themselvé% indicate what region of text was seen duéing that fixation

L}
.

— (or whether any téext was see', for tgat matter). Thus,]while thg record may
s Indicate the 3énera1 region ficm which visual informatioﬁ"isAprobably.being
. obtained during'a fixation, it does not 4ndicate on which fixation or
%1xations a giveén word 1is béing encountered. As an example of a situation

(1b which this problem arises, :n experimenter may believe that the time a

person requires to press a button when a click sounds~ptovide§ an indication :

of the petsoﬁ's cognitive load at that moment in time. The experimenter may

L]

have a hypothesig that the reader’s cognitive load is greater at ome place

A]

in‘the‘text than at some other place because of a di{férence in the language

groéesses believed tn be occurring at those points. To test the hypothesis,
. N\

the experimenter wishes to sound a click during the fi¥Xation on which e

particular words are being seen. Only with géeater unferstanding than we
currently have abeut perception diring fixations can eye movement

information Le used accurately for such a purpose. There is a parallel

»
4

problem {un _data anélysis. as discussed next.
b 4 . ’
2, The data summary problem. Theor.es of language processin often

mike predictions about the relative §mount of processing time required at
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b dxiierenf points in the text. Eye movemeht records seem like a naqyfal
' ) . ] . R -,- . i . - - 2
A source for such information. For instance, one may wish to test the
- . . - ' - } s ‘
hypothesis that the: primary meaning of a word with several meanings can be
[

accessed faster than the secondéty meaning (Hogaboam, 1978). If this is so,

<

.

o)
>

o, ) one'should be ablg.tongbserve shorter fiﬁation’durations on such wo*ds whfn
the context calls for the more common meaning. However, without knoQing
exactiy which region of text was being éeen on a g§iven fixation, it is not

'possible to reliably‘ideutify the fixation on which ihe word of interest was

encountered. In fact, it is possible that the-wofd w;s seen on more than

. -

e one fixation during the reading. .Tqis makes it difficult to know Hust which
. , yans X , ‘
fixation durations to use: in tIS data analysis in order to provide a clean

éblem is compounded even further by ;he next

i * .

test of ;ﬁe hypothesis. This
éroblem. ]
| 3. Ehgvgxg:g;ggtleg problem. While the above problems ;avé address;d
the difficulty of knowing onvééich fixatio; a given word is being
encountered, there is a further ptéblqm~of knbwing wheﬂ the effects of the
processing of that word will be reflected in the eye m?vemenq pafgern. 1f
.meiguous Qords do have the effect hypothesized aboyé, will the gr;ater
processing time be observed on the very fixation on which the ward is
visually encountered, or does the meaning Ydentification for that word occur
only at some later time? For instance, if meaning ;dentification is -delayed
for 300 msec, the'reader will probablx have made one or two further -
fixations, and hence be lookiné at some other word in the text. An increase

. ' . s
\ .or decrease in processing time would only be seen in later fixations. Thus,
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< in order to know where in thesdata Yedord to. ook .for a longer fixation
duration, or wheén tg produCe an experimental manipulation that is to occur
aimultaneoualy with a particular mental event, it 1s necessary to know how

long £ollowing ‘visual perception of a wo¥d the mental operation of interest
. R 7 . Qq
is actually carried out. Research ou the eye-voice span in reading

.

indicates a eubatantial time (Geyer, 1968, euggeets one second) between. the
perception aud the vocalization of worda in reading aloud. Of .course, it

could etill be that the underatanding of the word ‘occurs almoot immediately

upon its perceptiou,‘with only the vocalization being delayed (we will later

suggest that this appears to be the case in readins). For the present it is.

sufficient to point out that this 1ag betwaen-viaudl encounter of

information and the carrying out of higher mental activitiea involving the

L 4
use of that inform&tion ip problem that must be addreesed before eye _

.movement data can be wieely usad to test hypotheaee about language

proceaeinb. o . .o
¢ © B ¢ i ’ \

Thus, while eye movement data offer promise for playing a central role.;

¥
.

ih the study of language proceeaing in reading, there are eome,orior
.qestions about perception and eye movementa themselves that must be
.reaolved first. Theee are‘the.questions of what‘is seen duriog a fixation,
when it is seen, when this information has its effects on comoreheneioo, and
.how the mind determines when and where to send the'eyes.f Different answers
to these questions would lead to different inferences about reading based on

the same set of eye movement data. For instaoce, if the eyes are simply

-

being sent random .distances along the line during saccades, specific eye
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position information 1s not likely to be useful in testing theories of
leusﬁage proceeeing. But if the eye is being sent to a preplauned location
on eech eye movement, eye poeition‘lnformation may be very useful for this’

purpose. It~ie to research on these questions which we now turm.

' -mmglerception During Reading ' '. /. '

Is the Eye being ,gggt_ Lo Spg'g‘ ific i.ocationg During Rggding. ? . \

There has been considerable epeculation tpat it matters little-where
the eye 1areent during reading, and that'there may be little apecifig L,
control of eye movements other than insuring tbat the eyes are prooeeding
doun the line of .text at an appropriate rate to’provide visua; input for
reading (Bouma’s deV'oogd, 1974; Shebilske,’ 1975).'. If this were true, we'
wolild not ‘expect eye novement data to yi;Id much specific inforration about
the proceaeee involved in reading, To investigate this queetion, McConkie, °
Wolverton, and 2ola (Note 1) shifted the entire 1ine of text two 'letter
positions to right or left during certain ‘saccadic eye movements as subjects
were re;oins. This caoeed the next fixation to be located at a‘elightly
different place in the text than would normally have been the case.. The$
-queetion was whether this would have any effect on the reader. There are
two results to report from this etudy. Firsté the readers were unaware that
the zext had moved. Second, however, this manipulation had a definite -

-

effect on the eye movement pattern. A shift to the'left. which placed:the
next £ir ~ion two letter positions further into the text than would normally
have been the case, caused a large number of short regressive eye movements

of two to three letter positions in length. A shift to the right, which

4

'J’
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cequg rhe eye to £ell short of the location to uhich it was sent, reduced
‘ t

by helf the uunber of regressive eye movemeuts which normelly occur. Thus,»

it can be concluded that the eyes were being sent ‘to a specific location;

errivins at e.pcsirion only two letrfr posirioug.ewey had a definite effect '

4
on the normal reading pattérn.

. * . >

‘ls the Text bnm&nmm or ._..!.__mri _.L_.Lixat ons?

The answer -to this queetion wiil 1ndicate whether qhe subject may be.

o

encounrering words as the eye is in fliﬁhr. or wherher this occurs only
during fixatiors ;hile the eye is relatively still. Thde it may influence

when an investigator should make stimulus manipulations, 1f they are to c6=
occur with the perceiving of é word, for instance. Wclvertqe (Note 2)

inveatigated'thie'question by ceueing the line ‘of text to be'repleced by’
. ' * [ L)

some other line for up to 30 msec dyring certain saccades. . He then examined

-

determine whether there was any evidence of dieruptionv Thie manipulatign

[

. . . Ux .
had no significant influe : on the reading pattern. Our subjective

experience with this manipuiation-ie ther when the text io blenked out

Quring the eaccade this is highly nottceeble and is perceived as an abrupt

flicker. However, replacing one line of ‘text by enother, or by q_string of

4 | 2%

X’s, is not noticed by the reeder. Thus, it appears that the reading of the -

text occurs ouly during fixetione.. This means that many types of changes in

the text can be made during saccades without the subject noticing the simple

’

cccqrrence of change (for example,' see McConkie & Zola, 1979). 1If the

change is detected, it is becanse a difterence {is noticed in the pattern

1]

\ 1y

the durations of the next,_ two fixatioﬁe, and length_of the next saccade, to -

]
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~ffon ona fixation to thé next. It 41so means that tlie -experimenter, under
! . v .
I . - . .

' most circumstances, need not be congerned with information being acquired

3

;o * during saccadic eye movements, and can deal only with viaion Auring
o fixdtions. , N . ' : T . EL.
¢ ,* @ : ¢ . . ]
. . . L 4 \l 3 .

!
L
\ _Wl_w,e_é_ During a __ig_t_i,ﬂ is y_i_&-lnfomtiog being Acguire ? ‘

While it appee:e that readers pick up laéguage information from the

~ .

Zi<ation such information,is acquired. Does this happen only at the

.l.

|

|
texr only during fixations, thie still does not indicate when during the

<8

.« beqinning of each fixation, wtrh the - remainder of the fixation time devoted

te langunge processing activitiea, or is visual information ecquired and

- M bd

"ueed as -needed throughout +the fixation? Wolverton (Note 2) continued the
=tudy juet described by replacing the line of text uith somo other line for

’ Toa 30 msec period at different times during certain fixations. either as

[N

s sooh as the fixation began, or 30, 100, or 200 msec after its beginning.

The replacement line was either the original line of text (as a control
.0! 7} ' N
condition), or a line of blanks, of X”s, of some totally unrelated line of

e

text, or a line of letters each eelected as the letter m-qt visually similar

)

3 ' _ to the original ‘letter in the text. The X’ B end unrelated line' of text had
\\ o the largest effect,%causing en.increaee in the duration of the fixation
'during which thg:manigphption vas made. ‘Blanke and-similmr letters hed dess
effect. hoyever, the poimt of interegt hereawas that such effects were
found when this r.eplacemerét occurred at each of the times during the
fiiation.‘.rhus there 18 no point during the fixation at whith the visual

system is insensitife to the textual stimuli because of saccadic suppression

Y L]

1j} \
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or. Qecanse vieuel input hae been conpleted. 1t appeers that the acquisition .

of visual information is likely occurring throughout the fixation, as needed

" to eppport language’ proceeeina. . * ; ' ’

-

. There ie a related observation which we have made eeveral times during
pilot etudiee.f ge have had subjects read text’ in which either of two wordp,
dififering in a eingle letter, would be eppropriete in a certein word
pesition (for exenple, ygg;g,end,ggggg). Eighty msec afﬁer the onset of
each fixation, the .text hes been masked by a 20 msec presentetion of a row
of X’ e,.ur hee been ehiﬁted one letter position to right and then left. The
text then reappeared hut with the critical letter chenged. Thue, one word

wee~in that location during 'the first part of the £ixation, end a differrnt

word during the latten pert, with a generel perturbation of the text in

[ "

between, which teduced the obvioueneee o£ change ‘at the crigical letter

pe €

position. Following reading, the eubjeot wee.aeked a question, the answer

to which would indicate which of the two worde had been seen in thet word

L4

.location. Sometines the subject hae reported eeeing -only the firet word

*

*presented, ,sometimes only thg eecond, and. sometimes has reported seeing both

words. This euggeete that 2 given text region is eonetimes reed durins the

*

ea;zi part of & fixation, and eometimee during the letter part. Thue it

se likely that vieual information is being used from different text

regione at different times duriné the. fixation, as needed for the, language
processing of the moment. .

A v

”~

b
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Is Visusl Information from the Same Jextual Region being Seen on More than

One Fixation? -

s

c Smith (}971) suggested that duriﬂg reading the person sees the same

- .

word on more than one fixation, and that this contcibutes to acquracy in
reading. gouma (1978) has suggested that information acquired fromikhe
visual peripheral region# during one fixation, and corresp;nding information
from the central visual region on the ;next, reach the brain at about thc
same time, thus reinfopéing each other and enhancing perception. To test
this, McConkie (Note 3) identified pairs of words which differed in a single
letter. These were five letter words differing in the fourih letter '
(brain-brawn, leads-leaks, etc.). Sentences were prepared in which either
word was apprgpriate. Then suhjects read these sentences as their

movem;nts were being monitored. - Durir; each forward saccade which t elled
Qt'least three lettef positions, the .etter disti;guishing the two words was
s?itched. Thus, one worﬁ appeared in the sentence during one fixation, the
other during the'second, the first word during the next fixation, etc. The
subjeéts were completely unaware that any change was taking place, and were -
able to report the word they had seen in the sentence. Furthermore, this
changing of words had no effect on the readers’ eye mo§ement patterns.

Thus, it appears that a particular letter is being identified on only a
single fixation, with the possible exception of'cases where a subject
regresses back to a word after having read it earlier. If this conclusiin

continues to receive support, it simplifies the use of eye movement data in

reading research. It justifies the notion that there is a particular
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fixation on which a letter, leétet'group, ot word can be said to be ‘

perceived. If the same fext region was being seen on several successive U
fixations, it upuld'be much less clear just which fixations should fe . ¢

considered critical to the parcqption#of that tegion:" 3 '
Mhat Region of Text is being Seen During 8 Fixation?

The finding that. subjects are acquiring infommétion from A given letter
position during onl& a single'f@xation placeé/;evere constraints on tye si;é
of the region from which visual information 18 being used during a £ixagion.
Since the average length of saccades during re%ding is about 8-10" let{er

a»? (-‘
positions, even with good readers, we are incliged to believé that this is

about the size of the region being seen during a . fixation. McConkie an9
Rayner (1976) found that replacing text more than four letter positions to &
the left of the'fixation point during each fixation had ao adverse effect on
the subjects’ reading behaviér; it appeared that visual informgtion in that
regiocn was not typicaliy being used for readi%g. Apparcntly reading is
taking place to a greater Elstance to the right of the fixation point than
to the lefi, a point yhich has received addition;1 evidence in another sﬁudy
(McConkie, Note 3).

One reasonable possibility is that feaders typically cast their eyes to

a position near that to which identification was successful during the prior

fixation (McConkie, 1979). Further research is exploring this possibility

at the present time.

?

14
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While much\moge research is needed on this question, it appears that
du:ing a fixatien in reading, the subject is acquiring visual information
from a relativelp narrow regien of text, the size of which may vary from
£1£ation to fixation, but which lies asymmetricaily to the right of the
center of visioa and which may be indicated by the locations of the present

and next fixations.

*

Do Language Constraints Influence What is Seen During a Fixation?

There has been much written about how language constraints permit the
reader to g&entify words o;?meapirgs in the text with the use of less visual
information, thus allowinz reading t% oceur at higher speeds. Primary
evidence for this positiou has been the work of Tulving and Gold (1963) and
Morton (1964) who have shown that the visual duration thres’spd for words
can be greatly reduced by giving appropriate prior 11nguf;:ic context. This
theme has been picked up by many writers who have suggested that readers
form hypoéheses or guesses about the languege which they wtll next encounter
in the text, and that only minimal visual information is then requiréd to
'confitm or disconfirm these guesses. Under high constrain; conditions, very
li-tle visual information should be needed. | .

Zola (Note 4) has explored this question by developing paraéraphs in
which the predictability of one word in the text depends on which of two
words precedes it. In one instance, for example, a passage adeE"a theater
speaks either of buttered popcorn or of adequate popcorn. In norms

previously gathered, it wgs found that when the highly constraining word was

present (e.g., buttered), people guessed the next word (popcorn) with
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accuracies averaging over 85%. When the low constraining word was in that
location (e.g., adequate), the target word was guessed with accuracies

.

. averaging less than 15%. ‘Thue, in reading, much less visual information

sﬂouid bg needed from the target word under the high <:onstra1nt_concli.tfi'cm,"‘i
if readers are makiné and coufi;ming hypotheses as suggested. To test this,
another gréup of subjects read one or the other of thege two versions of

- each passage while their eye movements were being monitored. (No stimulus
changes tooi place during the reading in this experiment). The first
question was whetheg subjects would be less likely to fixate the target word
when it was highly predictable. This wds not the case. ﬁnder high-
const:aint.conditigns, 98% of the.spbjects fixated the target word, and
under low constraint conditions, 96% did. Thus, subjects did not skip over
the word when it was highly predictable. The second question was whether
less time Qas spent on the word when.it was highly constrained. Here it is
necessary to distinguish between total time spent fixating that word during
reading vs. the fixation duration of the first fixation on the word. Less
total time was indeed .apent ea-the word in the high constraint condition, a
difference of 23 msec. This‘difference appears to come primarily from a
re&uced‘likélihood of regressing back to the word atter having read it
earlier. The dur.tions of fixations -'n the word as it was first being read
also show a small advantage for the high constréint condition, a difference
of 9 msec. Thus, a large difference In language constraint does appear to

produce a small difference in the duration of a fixatjon on that word in the

text.
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Zola then went on to test whether less visual information was being
used from the target word under high constraint conditions than under low.
He did this by placing errors of varicus degrees in the target woré. The
smallest error was to replace the fourth letter with t@e letter most
visually similar to it. This consisted, then, of a very small change_in the
vigsual configuration made at a highly redundant location in the center of a
worde There seems little q&estion but that this change involved visual
information that ig not required for word,idéntification under high
constraint conditions. However, even this minimal error had 'an effect on
reading: 1t increased the average duration 6f fixations on the word by 20
msec (as compared to 25 ﬁsec under low constraint c;nditions), increased
total time spent fixating the word by 63 msec. (as coqpared to 125 msec for
low constraint conditions), and increased total reading time for the lime by
125 msec (as compared to 26! ms:.c for the low constraint cond}tion). %hhs,
this study provides no evidence that even the most minimal error in a word
is passed over during reading under extremely high redundancy conditioms.
There is no evidence here that the reader is essentially anticipating what
18 to come next and then acquiring only t vigual information necessary to
confirm or reject the prediction.' Instegd, the reader appears to be
reépondipg to the full visual detail of the text in the act of reading, even

when that detail may not seem necess.ry from an information theoretic point

of view.

-
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. How Much Lag is there gggween the Ilgg_lnfotmation is Visually Encountered

it is Used for Reading?

5
\ g
k

"A number of people have suggested that there may be a buffer of some
I

‘sort into whic&iinformation is being plaged as a result of visua1~analysis‘
§f the text, and from which the language processes can then dé;w as needed
at some later time (Bouma & deVoogd, 1974; Shebilske, 1975). If this weve
éhé’qase, the text being undé;atood at any particular moment in time would
not b; that which was being visually perceived. It also seems possible that -’
there may b; a series of stages in which éhe information is used for making |
successivelf higher integrations of the word or words which permits the
perception or construction of tﬂat meaning and that there may be some delay
before the final stages are reached. For the present purposes, we will
simply focus on the'question of whether,such .a considgrable’lag occurs,
since this has important implications for the use of eye movement daté. 1f
there were a large lag, the effects of language processing stimulated by one
part of the text would only he observed as the person was looking at some
other part of .the text, one or rore fixptions later. This would make the
use of eye movement data much more difficult. This is essentially the eye-
mind lag problem mentioned earlier.

This question cannot be answered definitively at the present time. A
partial answer, however, can be given. It is clear that manipulations of
the visual stimulus can have an immediate effect; that is, the effects

produced by stimulus manfpulations in the studies described earlier are

typically seen on the duration of the fixation on which the manipulation
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. occurs, or. on the saccide immediately following. Rayner (1975) changed the

contents of one word position during a saccade and found that this inflated
the duration of the fixation on which the changed word was first .
encountered. Wolverton (Note 2), as reported eafligr, found that replacing

>

. ]
text with some other line for a 30 msec period inflated the duration of that

«re

fixation. McConkie, Wolvertor, and Zola (Note 1) found that moving the text
. a short distance during a saccade affected the probability of *he next
saccade being a regression. Thus, such stimulus manipulations as these have
, an effect which occurs w?thin the period of a fixation. "
Though less well established, it appears the charactetistiés of words
can irfluence the duration of the fixatioﬂ on which they are'pg;éeived. It‘

3

has commonly been-reported.that numbers and less common wotds ténd to )

. procduce longer fixations (Woodworth, 1938), observations yhich we have also
replicated 0’Regan (1979) reported a tendency to skip the word the during
readiné s;ntences with certain syntactic structures. However, as lLevy-
Schoen and O’Regan (1979) poin} out, this evidence is less convincing
becagé@ it is possible the word was perceived peripherally on the fixation
prior to that on which the effect was observed. While this possibility
remains, what ;e havg learned aboup the size of the perceptual span makes 1t
appear highly p;obable that the variables were having thgir effect on the

' fixation during which the ciltical text region (the word or number) was
being perceived.

Finally, at present there is practi&ally no evidence concerning the

amount of delay before higher~level pro.essing takes place (for instance,
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before the semantic relation between a Jerb and its direct object is

perceived, before the referent of a proncun 1a‘established, or before the
relation of the information in one sentence to prior information is

identified in normal ‘text). Isakson (1979) provides some evidence that

semantic integration éan occur very rapidly, and Danks and Fears (in press)

' presents data on oral reading that suggests that some forms of integration

occur prior to others. Still this remains an important question needing

7 .

"study before we can have full confidence in using eye movement records for

the study of these aspects of language processing in reading.

The Study of Language Processing

In this section, we will éttembt to describe a wa& of conceptualizing
the félationship bepween eye movémentsland language processing which seems
compatible w;th findings from the research described above (McConkie, 1979).
ﬁhile-it cénnoﬁ be claime&.tbat existing researéh has strongly supported
this view over competing possibilities, this approach does seem to be in
harmony with the observations made so far, and it helps clarify just what
information eye movements might contribute to our understanding of language

processing. In addition, two examples are provided of studies which

investigate questions of language processing using eye movement data.

How do Eye Movements Relate to Language Processing?

It {s assumed that the reader is primarily involved in the attempt to'”
undérstand and remember the concepts and relations being expressed in the

text. In support of that activity, visual Information is acquired as it is

s" (N
- -7
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" needed during the fixation in order to make the'identifications,

disé}iminations, and/or’ decisions that are required, and that can be based

on the visua} information. Thus, visual ing?rmation is taken, not'from some
¢ { .

buffer, but directly from input from the retina as it is needed throughout

3,

the fixation, with informatien used from different regions at different
s .
times. ’ .- . :

At some time during each fixation, visual information is sought from a
retinal region from which the needed 1evel ‘of detail is insufficient for the

present purp?se. It is this event which triggers a saccadic movement.: The

. p .
eye 1s simply rotated the direction and dfstandeﬁrequirgd to cause the -
4 ' P o o =™

'region from which visual detail isdbeing sought to lie on the fovea, closer

to the center of vision.- Just where the eye tends to be centered with \

. _ . .
respect to ‘the location of the needed visyal information is a question

requiring further study, but:it appears €o be centered rather close to it.

" Reading, then coptinues along the line from that ‘point during the next

fixatfon. Thus,.there is little overlep from fixetion to fixation in the
region from which visual detail is taken and used for reading, and this
regiorn tends to extend nrimarily to the right of'the center of vision. In'
the ev.at that difficulty is encountered, a reconsideration of previously
read text may be neceesary. Again, if the region from which visual
information is needed is suf. ciently far from the center of vision that the

level of detail required is not readily available, a regressive eye movement

will be initiated.

td
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At what point the 1eveL of needed detail will be insufficient will vary

with a number of vatiables, such as the redundancy of "the language at that
point in the text, *ust which alternatives muet bé distinguished at that.

.

.point, the ‘reader’s exgerience in using the tedundancies in the language in
teading, etce This assumes that contextual information can‘assigt in the
identification of a word in peripheral vieiOn, permitting identification “
when lese than the full visual de;ail is avai ablu Jnd that just what

- detail ie needed depends in some way on alteraative words that would be

* app;optiate in’ thé context. Thus, although' the mechanisu for eye movement

:

. control may be simple, with the eye eimpi& being sent. to the region from

vhich visual detail is sought but is not readily aveilable, in fact, the .
" lengths of saccades reflect engfhcterietics of the language and the reader’s
knowledge 964 skill. fﬁip Jay of thinking of eye movement contrul suggests
< ﬂthat the .ye movements are under precise control, but that this control is
. ) " not pesedgtn predictions, nor on any sort of "preattentional” analysis of

=

. -perinherdl information used to decide where the inforpation~rich regions

will be in the text. On the other hand, the eye movement patterns do

ref lect -language processing in a detailed way. *

1f the basic assumptions of this viev of eyc movement control are
generally correct, then it’ follows that eye movement records provide two
types of information that may be of use in understanding language

processing. First, the location of each fixation indicates the place in the

o
text from wiiich visual detail {s being sought at the beginning of that

-

fixatiSn (and at the end of the prior fixation). Thus, the eye servcs as a

.2
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marker. placiug benchmarks (fixation locations) which intermittently
indicate Just where visual informatioch is being sought. Of course, the eye .
movement record by itself does not indicate where visual intormation is -

being sought at other times. just as benchmarks do ndt' indicate the v

elevation of the terrain between two markers. However, further research

' shoald'produce some,general principles ‘concerning this. Second, the ‘eye

.

movement record indicates how much time- elapses between the seeking of

A)

information from these specific locations. This inforﬁation is given by the
fixation durations, uhich can ty;ically be taken as the time required for
carrying out the procassing, to sotie as yet undetermined b vel, using the
visual information acquired during that fixationt' This qualification, "to
_some as yet undetermined level," reflects dur lack of knowledge abodt.the
speed witl. which this processing occurs (part of the eye-mind lag problem

mentioned earlier).

* From this brief description, it can be seen that we expect the eye

.. mqvement record to provide useful Anformation about the time required for

language nrocessing actiﬁitiea bf various types to be carried out, and
information about" dhen the reader seeks viaual information in other than the
normal *eft-right sequence of rehding. We will now provide two examples of
the use of. this information, and then de-:ribe a general approach to the

problem of analyzing eye movement data i.. a manner which will be useful for

testing thedries of Language processing.
\ .
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. The den;ificgtiog g;_&mbiguogg Words Duri_g,Readigg

.

One aspect of languege'procesaing dnring.reading concérns the way in

. which meanings of worde are &roused and/or selected. thk of the research

‘e

(o]

on this problen of lexicaI’acceas haa involved words which have more than
" one distiact meaning. such as bg_k_(financial inatitution. land alongside a

river, a maneuver made by a flying obfﬁct such as an. airplane). When such' a
a-‘\
. word is encountered, are all mnaninga aroused and only the appropriate one

aelected for use (Foss & Jenkins, 1973), or does the presehce of context

invoke some procedure by which only the appropriate meaning is aroueed?
. &' .' .
. ' ] . .
Results involving recognition or recall teats tend to indicate:that only'tﬁe
' Q° LN
contextually appropridte meaning is encountered. Studies involving phoneme .

monitoring tasks find longer response times for such.ambiguous words

. \

»

regardless of context, suggesting retrieval of multiple meanings.« Hogaboam
(1978) inveatigated this questiofl using a task in which the ambiguous word
was the last word in a paragrapb, and the'subject was to press a button as

Al

soon as.the meaning ‘of the wgrd was understood. He found evidence of faster

responding to the word when the culturally ?ost frequent sense was the . “.

appropriate meaning in the context. This finding was taken to indicate\that

the primary meaning is first ‘aroused, and the secondary meaning ig then?

aroused, only if the primary meaning was contextually inappropriate.

Hogaboam (Note 5) replicated paft of this study, having subjécts simply .

read the passages as theilr eye movements were monitored. He examined 9Ke
eye movement data to see if the time required for processing the apbiguous

words differed according to which meaning the context demanded. Fixations '

L W
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which centered on,.the ambiguoys ,word' itself averaged 36 msec longer when the:
: .. T .- ¢ rd
. . Pecondary meaning qgﬁ required than when the primary meaning was Yequired.

. : Thuys the pattern £ound 1n‘eye movement records supported the earlier pattern

4

from the response time task, and provided additional suﬁport for the -

hyp&!hesis that seaondary meanings of words .are accessed only after primary
meaninge have been atpused and found inappropriate.

o 'One-aspect of the;e data also bears on the questign of eye-mind lag. «

3

It is of fntereot'tﬁat‘the'inctement in fixation duration is found for
1 . o

.. fixations centered directly on the ambiguoua words themaelvea, the fixations

« on-which *he words were probably identifiéd. Thus, the data suggest that.

{
. ' t
. the use pf context t6 select the meaning of an ambiguous word was occurring

g - ¢ .
' during the fixation on which the word wds first idemtified. This aspect of

language processing eppears to occur'with very short lag.

.18 here an ndeggngeng Coggrehension Coggonent in Understanding a Sentence?

$

Levelt (Note 6), in hie review of the sentence perception literature,

¢ has pointed out that many studies dealing with sentence comprehension make

- the '‘assumption that there is some 1nitial, task-independent stage in all
such taaks during which the sentence meaning is initially cOmprehended. He

called this the Immediate Linguietic Awareness (IlA) hypothesis. Theories

of sentence'verification, ior instance, account for the effects of variables
(match vs. mismatch of sentence voice, for instance), not in terms of time
to comprehend the sentence, but in terms of time to make mental

” ‘ manipulations of that cahtent once the sentence is initially comprehended. .,

While this makes\theotizing simpler, it is not clear that the assumption is

justifiable. N

‘-
3 A
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The testin3‘o£ the I1A hypothesis was a gool in a study by Lscas (Note v .:‘.)l
‘7)e 14 his study, subjects read a first sentence ("A sslesmsnbapﬂtoached a
\

g
customer.") ‘and then read a second gentence (for instancel “"A'customer was s .

e e ' NS
. 'spprosched by @ salesman." or "A salesman was spprbsched by a customer.").

1

Following resdins. they preseed one button if the second sentence was true,

s 3

with tespect tp the first. and a eecond button if 1t was not. Response ‘ P
times indicsted that subjects respond faster when the 'two sentences match in
meaning than when .they ‘do not (thst is, “true" respouses are fsster thsn

., -

"fslse"), and that responses are festerguhen the votce of the two sentences

o2

.mstch (both active or both passive) rsth e thsn mismstch (one sentence A8 . .
. active, the other is pessive). This pattern of results is typicsl of prior
ﬁstudies end has been accounted. for by theories describing the effects as
post-comprehensionel in nature. In this .study , however, subjects eye
movements were also monitoreo.. This made gt,possible.to observe the time

spent in reading the second sentence, sllowing the determinstion of how much

- of the added time was due to slower reading vs. added "thinking time"

following the reading.

"

The eye movement data fér "true" instances (those instances in which
the meanings of the two sentences/matched) was broken down into that portion

_prior to reading the last phrase in the sentence (cslled initial reading

data), and that following the reading of that phrase (called rereading ' -
data). - Initial reading data corresponded to the initial scan of the
sentences. Each of these was further broken down into time spent fixating

the first noun phgase, the verb phrase (with data from passive sentences

.y
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adjusted for phrase length), and the second noun phrase. The results show
that “even in 1n1t£;1 reading data, when the sentences differed in voice,
subjects spent more time fixating the first noun‘phraée and the verb phrase
(each averaging about 55 msec more time), as com;ared to data when Loth
sentences were either passive or active. Subjects also spent about 98 msec
nore time fixating the second noun phraser&uring initial reading ‘when the
sentence voice did not match. However, it is impossible to divide that time.
into initial sentence comprehension vs. postcomprehension activities. Thus,
it is clear that part of the added time produced by the mismatch condition
is &aken in slower reading of the sentence, indicating that at least the

strong form of the ILA hypothesis is not an appropriate assumption. At the
came time, the mismatchécondition also increased the time spent following
i~itial reading of “the sentence, beﬁb;e the button was préssed. This time
was 1ncrga§ed by 298 msec. Thus, pagi of the increased time was indeed
taken foliowing the initial reading of the sentence, and was apparently
spent in some sorts of computations 1n§olved in matching the meanings of the
two sentences, as the post-comprehension modeis suggest. This latter result
supports the position that, in this task, sentences are stored in a form

related to the surface form of the sentence, rather than simply representing

the meaning relations asserted.

A General Approach to Use of Eye Movement Data
While much of the research described above has focused on the
perceptual processes occurriag during reading, a motivating force behind it

has been the desire to gain the information necessary to use eye movements

1\3
~7
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‘in zhe study of language processing. Thia eection will describe a general
/ \t

_ approach .to this problem based on what has been learned about perceptual

processes 80 far. S
It is assumed that different parts of a text require differing amaunts
of processing time. Such differences arise from many soqurces. Some are the

result of the degree of complexity of mgntal activities required for

4
.

achieving ;ﬁ understanding of the relatiomships directly expressed in the
text. Some are due eo differences in syntax, word frequency, etc. Some are
dhe result of the infetences or other higﬁer level processes stimulated or
required_by.che text. Some are the result of the reader’s knowledge or lack
of knowledge about the topic under discussiom, while others are the result
of the task in which the reader is engaged, that is, what information the
reader is atteﬁpting to understand and retain.

\ When the different factors that influence processing time are
controlled to some extent, there should exist some basic similarities
between subjects reading the same text. Thus, we can expect, among a.group
of readers Qith similar ba;kgrounds who are reading for a similar purpose,
some agreement in what parts of the text will require more andxless
processing time. If this relative amount of time required for each segment
of text were known, this information could be represented by a contour over
the.text, where the height of the contour indicated the amount of time

required for pfocessing that part of the text. This will be called the

iiealized procecsing timr profile. An example of such a hypothesized

profile is shown in Figure 1. Since theories of language processing

€ -

asl
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4 Insert Figure 1 about here

typically yield pfedictions of where in fhe text processing demands will be
heavy or light, some approximation to the idealized processing time profile
+for a given passag; could be used to test the adequacy of compeuing theories
of language proceséing. Since eye movement data appefr-to reflect
. processing time allocated to different portions of the text, it seems

. reasonable to attempt to derive from eye m&vemenc records an approximation
to the idealized processing time profile for any given passage read under
particular circumstances.

There are significant problems in Attempting to do this. First, as
noted, eye movement data do not directly yield a continuous record. Rather,
they provide only intermittent data. If the assumptions described earlier
are correct, the duration of a fixation indicates the time spent processing
(to some level) the information lying approximately between the locations of
two successive fixations when the.subject is processing in a normal
rightward manner along the line. Still, eye movement records do not
indicate the relative amount of time spent on different parts of that
region. Second, different people do not fixate at the same locatiouns.

Thus, it becomes difficult to know how to combine the data across subjects
in order to obtain some sort of average processing curve. ’
One approach to dealing with these problems and deriving a processing

time profile is as follows. Begin by considering a certain region of text

¢ =y
20
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as being processed during a fixation. This region will be called the
processing span and may or may not he the same region as the perceptual span
for that fixation. However, for the present time we will assume that it is
the same. The basic assumption here 18 that each ségment of text provides
information that is used in interpr;ting the text. T-e interpretive
processes that are licensed by each segment of text differ for reasons noted
above, buc.the processes thatkdo occur take time and this time is indeved by
the fixation dufations. The fixacioq durat;onq may ieflect processes
specific to the segment being processed as well as higher level integrative
processes{licensed by that segment. Ideally we would like to assign the
fixation duration times to exactly tﬁose portions of the text that were
being processed on each fixation. As we have made the simplifying
assunption that the area being processed is the same as the perceptual span,
tﬁe fixacion duration time will be'allo;ated to, and spread over, this area.
Since it Is not known where in that region more or less time was taken, the
best strategy is simply to spread the time evenly over the region. One
convenient way of doing this is to divide the fixation duration by the
number of lotter positions in the processing span, and assign the quotient
to each letter position in the region. This is not to claim that processing
18 letter-by-le ~ter, but simply to use letter positions as a metric over
text space for the present purpose. This can be done with any assumption
concerning the processing span, considering it to extend a fixed distance to

left and right of the fixation point, or a relative distance based on the

lengths of saccades. A number of such possibilities for the processing span
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have been considefed by Hogaboam (Note 5), including the possibilities of
fixed vs. variable spans and 6verlappiug vVS. non-overlappingISpans. For the
présent. in line with the foregoing comments, it will be assumed that the
span ié non-overlapping, and that it,e;tends from the locus of one fixation
to the locus of the next when bounded by rightward saccades. At present we
do not know enough,about the characteristics of perceptio; during fixations
preceded or folléwéd by regressions to know ng to assigg these timgs to the
text. This must remain a matter for future research. Fo; the present, time
from such fixations must be either ignored or spread over an arbitrary
interval to the right and left of the fixation point.

Thié stéategy for spreading reading time over the text for a single
subject produces a processing time profile which is a step tunction.
Individual subjects’ profiles will be different because they fixate in
different places. At the same time, there should be some commonality among
them, reflectiﬁg the underlying processing demands represented by the
1idealized processing time profile. An example is provided in Figure 1,
which shows the individual profiles derived from two hypothetical readers,
who fixated different locations in the text, but whose fix::::%~durations
still reflect the processing time differences represented bv the ideali..d
processing time profile. Hogaboam (Note 5) reports that correlations
between the processing time profiles for different subjects reading a single
passage are typically positive and significant though low (in the range of

.10).
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Obtaining an approximation to the idealized ﬁrocessing profile from
these individual profiles is then a matter of averaging over subjects to
eliminate noise and?obtain an approximation to the signal. When the data
from \wo groups of three subjects each were averaged, and the resulting
profiles correfa;ed with each other, a correlation of .33 was obtained.

' This sugg;}EB that with more subjects, a stable profile over the text will
emerge, showing interesting variabilify in time required for processing
different portions of text. Th?se profiles will provide a useful basis‘for

testing theories of language processing. An example of such a profile,

derived from the data from six subjects, is shown in Figupe 2.

Insert Figure 2 about here

This approach was used to analyze the data from the ambjiguous word
study described earlier (Hogaboam, Note 5). Again it was found that whgn
the context required the most culturally frequent (primary) meaning of 4§n
ambiguous word, less time was spent on the word than when the less frequpnt
(secondary) meaning was required. For the primary meaning condition, mean
time per character over the word itself was 18 msec, and for Ehe secondary
meaning condition it was 23 msec. |

As a fu}cher test of the sensitivity of sucﬁ.processing profiles to
language variables, the processing profile over all instances of the
definite article the in a 500 word passage was examined. O‘Regan (1979)

previously reported a tendency for this word to receive fewer fixaticns than

4
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other three letter words, particularly in.certain syntactic frames. The

processing profile showed the mean time pér character position to bLe 26 ms‘f
’ {
for instances of the word the in a passage, as opposed to 35{hsec'per -

&

" character position for the passage as a whole. Thus, the profile showed
less time spent processing instances of the than other regioqs of similar .
size in the passage.

The passage used for this test was a historical text about earl}
exploration of Alaskﬁ. It includ;d several dates and other’numbefs.’ Such
information in a history passage is likeiy to be particularly iportant, so
the mean time per characteigﬁosition for thes; regions was cal;ulated from .
the average processing profile. This mean was found'to be 75 msec,
considerably higher than the average for the pqpsage'as a whole. Thus,
there i3 reason to believe that this general ap;roach to the use of eve
movement data may be useful for testing hypotheses aﬁout where greater and
leq;er amounts of time gre‘required for language processing which takes

/
place during reading.

o

Summary

.

This paper has been an attempt tu provide an overview of some recent
research into the nature of the on-going perceptual and lagguage pfocessing
during reading. We have tried to justify the position th#t eye movement
data can be useful in investigating these questions, to indicate the types
of problems which must be solved before sucﬁ data can be fully exploited for
these purposes, and to demonstrate the types of research techniques which

have been developed for finding answers to these problems. We have briefly
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described a way of yiewin& the nature of eye movement control, and drawm out
;mplié;tions for how eye movements are related to language processing and
what kinds of information may be obtainable from eye movement {ata for the
study of language processing. Finally, we ha§e described a general approach

to the treatment of eye movement data for use in testing theories of

language processing. ‘
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