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Abstract

Language Processing

Three problems in the use of eye movement data for the sttidy of language

pracessing are discussed: the perceptual span problem,, the'data summery

problem, ind'the eye-mind lag problem. Recent research on perception during

reading is described which bears on theSe problems, Finally, a general!'

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

prase ed, based on present knowledge of perceptual processing and eye

movement control &ring reading.
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Toward the Use of Eye Movements in the Study

of Language Processing

It is our desire to study the nature of skilled,silent reading and to

describe tihe perceptual and language proceisekthat are taking place as

r'
reading is in progress. This is difficult to do because there are few

outwardly observable indicators of the rich and complex mental activities

occurring during reading. Eye movements are one such indicator. While past

decades o4 research on eye movements in reading have'not been particularly

helpful in understanding the nature-'of reading, this situation is changing.

In fact, we are coming to realize that eye movement research is criticalto

the investigation of.the ongoing processes during reading.

This claim boncerniva the iniportance 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'at any given moment in time. This problem can be illustrated by

looking at studies of comprehension of oral language. Here the presentation

of the Stimulus is to a great extent under the experimenter's control. The

experimenter can determine approximately when a given part of the auditory

signal will strike the listener's ear. While there is some Indeterminaey in

knowing just when a phoneme begins and ends, or when a word can be iraid to

have been perceived, there is still sufficient access to and control over

the stimulus to permit the placement of a click at a sp.lcific location in

the speech stream, or to measure the response time from the occurrence of a
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particular.phoneme. Knowing when specific aspects of the stimlus are

encountered provides a basis both fin making manipulatiohs and for making

meaJurements with respect to cettain aspects of the stimulus, when studying

. language ptocessing.

In reading, however,4he iext is physically present at all times, and
11111*..,

the'reader controls the sequence and timing orits encounter. Thus, it is

more difficult to know exactly when conLact is beeing made with a particular

letter or word, in order.to make manipulations or measurements with respect

to it. Eye viovement recording4s themost 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

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

movement. Or we may use eye movement information as a basis for presenting

some auditory signal (for instance, a word or click) as the subject is

reading a particular word in the text. For many purposes the monitoring of

eye movements is al5asic technology for the further 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 accumulating to indicate that where the eyo

is sent and how long it remains at each location is sOcifically contrialed

and reflects various aspects of the mental activities of the reader (Rayner,

1979; LevySchoen & O'Regan, 41979). The use of eye movement records as a

source of data will be discussed further and illustrated later in this

paper.
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First, hpwever, it iv important to note sor6 of the problems involved

in using eye moveMent information for.either purpose (i.e., for experimental

control or as data) aside from the technical problems of obtaining.accurate

records. The problem% include the,following:

1. .The nircentual ssga problem. Eye movement'records 4rectly indicate

where,the eye was centerel for a given person on a given fixation. They do

not by themselves indicate what region of text was seen during that fixation

(or whether any tixt was seet, for that matter). Thus,'while tho record may

Indicate the general reglon fi.cm which visual information 'iseprobably being

obtained during a fixation, it does not Indicate on which fixation or

tixations a given word is being encountered. As an example of a situation

which this problem arises, In experimenter ma9 believe that the time a

person requires to press a button when a click sounds.provides an indication:

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

have a hypothesis that the reader's cognitive load is greater.at one place

in the,text than at some other place because of a di(ference in the language

pro.cesses believed to be occurring at those points. To test othe hypothesis,
,

the experimenter wishes to sound a click during the fikation on which . .

!

particular words are being seen. Only ultf, greater untierstanding than we

currently have about perception ddring fixations cat, eye. movement

Information be used accurately for such a purpose. There is a parallel

problem in.data analysis, as discussed next.
4

2. The data summary. problem. Theones of language proeessiny oftun

mAke predictions about the relative :,imount of processing time required at
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dlifereni pointe in the text. Eye movemiht records seem like a nalgaral
,

source for such information. For instances.one' may wish to test the

hypoOesis that the:primary meaning of a mord-with several meanings can be

accessed faster than the secondary meaning (Hogaboam,, 1078). If this is so,

one should be able to observe shorter fiXatioedurations on such words when
* a

the context calls for the more common meaning. However, without knowing

exactly which region, of text was being seen on a given fixation, it is not

possible to reliably identify the fixation on which the word of interest was

encountered. In fact, it is possible that the,word was seen on more than

one fixation during the reading! ,Tlyis makes it difficult to know :just which

/ .

fixation durations to usezin t e data analysis in order to provide a clean

test of the hypothesis. Thlis oblem is compounded even further by pe next

problem.

3. The exe-mind JAL problem. Wi)ile the above problems havb addressed

4

tile difficulty of knowing on..which fixation a given word is being

encountered, there is a further problem.of knowing when the effects of the

processing of that word will be reflected in the.,eye movement pattern. If

.ambiguous words do have the effect hypothesized above, will the greater

processing fime be observed on the very fixation on which the word is

visually encountered, or does the meaning 'Identification for thatword occur

only at some later time? For instance, if meaning identification is.delayed

for 300 msea, the reader will probably have made one or two further-

fixations', and hence be looking at some other word in the text. An increase

.or decrease in processing time would only be seen in later fixations. Thus,

.0
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fr in order to know-where in the data iedord to.took.fOr A longer fixation
.

h._

duration, or when tq produCe an experimental manipulation that is to.occur
0

simultaneouily with a particular mental eventosit is necepsary to know how
1

long fallowing Visual perceptiondof wotd the.mental operation of interest
.9 4

is actually carried out. tesearch on the eye-voice span in readtng
. ,

indicates a suhstential time (qeyer, 1966, suggests One second) between.the

a

yerceptioft and the vocalizati4 on of words in reading.alpud. Ofcourse, it
.

4,

.
...

.

could still bp thou the understanding of the word.'occurs almost immediately
.

t.

upon its perCeption,-with onli the vocalization being delayed (wewill later ,
,

. 1

. .4a.
suggest that' this appears-to be'the case in reading)! For the present it is.

sufficient tà point out that this lag betweei-visu0 encounter of

information and the carrying out pf-higher mental activitiesinvolving the
. ,

use of that informition ta /problem that must be addressed before eye

.mOveMent data can be wisely usad to test hypothpses about language

processinb.
\-

Thus, while eye Movement-data offer promise for playing a central role

in the study of language processing in reading, there are some.prior

Atiestions about perception and eye movementp themselves that must be
0

resolved first. These are the questions of what is seen during a fixation,

when it is seen, when this information has its effects on comprehension, and

how the mind determines when and where to send the eyes., Different answers

to these questions woitld lead to different inferences about reading based on

the same aet of eye movement data. For instance, if the eyes are simply

being sent random.distances along the line during saccades, specific eye
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' position information is not likely to be useful in testingstheories of

lang4age processing. But if the eige is being sent to a preplanned location

on each eye movement, ve positionInformation may be very useful for thii

purpose. It is to researCh
.

on these questions which we now turn.

801Studies, of Perception ftrina Reading

,p),Le ke INAEL Aga Specif, c, Locations, During Reading, t

There has been considerable speculation that it matters little.where
,

the eye is sent during reading, an4 that,there may be little specific

control: of eye movements tither than insuring tkat the eyes are proceeding

down the line of,text at an appropriate rate to vovide visual input for

reading (Bouma46 deV6ogd, 1974; Shebilske,'1975)... If this.were true, We'

waild not 'expect eye movement data, to yield much specific information about

the processes involved in reading,. To investigate this question, Mcconkie,

Wolverton, and Zola (Note 1) shifted the entire line of text twoletter

positions to right or left during certain'saccadic eye movements as subjects

were reading. This caused the next fixation to be rocated,at a slightly

different place in tke text than would normally havibeen the case., The

question was whether this would have any effect on thereader. There are

two results to report from this study. First, the readers were unaware that

the text had moved. Second, however, this manipulation had a definite

effect on the eye movement pattern. A shift to the left, which placed:the

next tion 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

;
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caue0 the eye to fall shOrt of the location to'whicb it.was seat, reduced
.

by half the number of regressive eye movements alich normally occur.' Thuse

I

. ,

it can be concluded that the eyeil were being sent 'to a specific location;
. i

,
.

. !
arriving at a.position only two lettim position, away had a difinite effect

,

44'
on the normal reading pattern.

ICSIALIlabeingjarraIN34,mLSaccades, or 21LIbuimpLZixattooslA9
,The answer .to this question will indicate whether Oe..subject may be.

encountering words es the eye is in fliiht, or whether this occurs only

during fixatipis While the eye is r latively still. Thus it may influence

wheaan investigator should make st4.mulus manipulations, if they are to ca-
..

occur with the perceiving of a word for instance. Velvertgn (Note 2)
4.

on
*MO

investigated this.question by causing the lineiof text to be replaced by' ,

4 0 A

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

the durations of the next. .two fixatiois, and length .of the next saccade, to
.

determine whether there was any evidence of disruption'''. This manipulation

had no significant influe on the reading4atternl. Our subjective

experience with this manipulation,is thai when the text is blanked out

during the sa.ccade. this AA highly noticeable and is perceived as'in'abrupt

flicker. However, replacing one line ol 'text by another, or by A, string of

X's, is not noticed by the reader. Thus, it appears that the reading of the

text occurs ollY during fixations. This meahs that many types of changes in

the text can be made durieg saccades Without the subject noticing the simple

ocOrrence of change (for examplepsee McConkie & Zola, 1979). If the

change is detected, it is becanse a difierence is noticed in the pattern

I u
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ffoui one,fixation to the next. It leo means that the;experimenter, under
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. N
. moil circumstahces, newt not be concerned with ihtormation being acqUired

, dux1ng saccadic eye movements, and can deal only with vision 4uring .
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t itlat During A ,Fixatinil is Visual anfoimation ktligAenuired? .

. 4
01 While it appesis that readers pick.up lahguage inforiatiOn from the.

I
'

.
.

text.bnly during fixations, this still does not indicate when during the
.

.

. .

:;:4tion such informAtion Is acquirei., Does this happen only at the
. k.

'
.

4 beglinning of each fixation, wt.th the.remainder of the fixation time devoted
f .

tn.langUage processing activities, or:is visual information acquired and.
. .

I
4

-

.

used asneeded throughout.the fixation? Wolverton Opte 2) continued the

Language ProCessing

.7

p.

study just described by replacing the line Opext With aomn other line for

a 30 msec period at 'different times during certain'fixatibns: either as

sooh. As the fixation.beian,.*,or 30, 100, or 200 msec after.its beginning.

The replacement line was either the original line of text (as a control

condition), or a line of blanks, of)rs, oi some totallY unrelated line of

text, or a line of letters each selected as the letter migt visually similar

to the originalletter in the text. The X's and unrelated line' of text had

the largest effect,icausing an increase in the duration of the fixation

during which thkmanipulation was made. Blanks andsimilar letters had less

effect. kowever, the point of interest here was that such effects were

found when this replacement occurred at each of the times during the

fiXation. Thus there is no point during the fixation 0 which the visual

system is insensitife to the textual stimuli because of saccadic suppression
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oripecause visual input.has been completed. It appears that the acquisition ,

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

to sepport language'processing.

There is a related obsefvatiOn which we have made several times during

pilot studies./ WO have had pubjects read text"in which either'qf two words,
4

., differing in a single letter, would be appropriate in a certain word' ,

position (fbr example, brain and bum). Eighty msec after the onset of

eadhlixation, the.tegt has been masked by a 20 msec presentation of a row

of X's,,ur has been shifted one letter potiition to right and .then left. The

text theft reappeared but with the cxitical letter.dhanged. Thus, one word

was% in that location during'the first part of the fikation, and a differmt

word during the latter.part, with'a general perturbatic;n of the text in.
I

between, which reduced the obviousuesitof change 'at the critical letter
1 or C J

4 , r
.

position. Following. reading, the subject was. asked a question, the answer
..

A .

to which would indicate which of the two words.had been seen in.that word

. . 4 .

Jocation. Sometime's the subject has reported sieing.only the first word

4presentea,,sometimes on* the second, and.sometimes has reported seeing both
. i .

words. This suggests.that '11 given iext region is soletimis read during the
,,

1
earl part of *fixation, ind sometimes *during .the latter part. Thus it

1

se 1likely that visual information is being used from different text

regions at different times during the.fixation, as needed for the language

.

processing Of the moment.

"t
.5

1 2
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Is Visual Infor*atioti jr.om the lom Textual RWIti011 keija Seen on More hum

Fiiation?

t Smith (1971) suggested that during reading the person sees the same

word on more than one fixation, and that.this contributes to accuracy in'

. reading. Houma (1978) has suggested that information acquired from the

visual peripheral regions during one fixation, and corresponding information

from the central visual region on the mext, reach the brain at about the

same time, thus reinfoAing 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 four,:h letter

(brain7brawn, leadsleaks, etc.). Sentences were prepared in which either

word was appropriate. Then subjects read these sentences as their

movements were being monitored.- Durirf each forward saccade which t ailed

at'least three letter positions, the letter distinguishing the two words was

switched. Thus, one word appeared in the sentence duiing one fixation, the

other during the second, the first word during the newt fixation, etc. The

subjefts 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 movement 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 conclusicn

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, letteegroup, or word can be said to be

perceived. If the same text region was being seen on several successive

fixations, it would be much less clear just which fixations should te

considered critical to the perception of that region.

Ala:Region of Tut is being Seen During a Fixation? j

The finding thatsubjects are acquiring informeition from el given letter

position during only a single 'fixation places severe constraints on the size.

of the region from which visual information is being used during a fixation.
\ /

Since the average length of saccades during reding is about 8-10.
.

1etter
_., ...

positions, even with good readers, we are inclined to belivvid'ihat this is
.... -- ,

about the size of the region being seen during a.fixation. McConkie an517

Rayner (1976) found that replacing text more than four letter positions to

the left of the fixation point during each fixation had'no adverse effect on

the subjects' reading behavior; it appear* that visual information in that

regicn was not typically being used for readihg. Apparvntly reading is

taking place io a greater distance to the right of the fixation point thaa

to the lefi, a point which has received additional evidence in another study

4°(McConkie, Note 3)..

One reasonable possibility is that eeaders typically cast their eyei to

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

fixation (McConkie, 1979). Further rese;rch is exploring this'possibi,lity

at the ,present time.

I (0
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While muCylore research is needed on'this question, it appears that

during a fixation in reading, the subject is acquiring visual informatlon

from a relatively narrow region of text, the size of which may vary from

fixation to fixation, but which lies asymmetrically to the right of the

center of vision and Which may be indicated by the locations of the present

and next fixations..

Do Languagonstraints Influence All is SeenDhurink a Fixation?

.0

There bas been much written ifuout how language constraints permit the
4

treader to dentify words or m.lanirgs in the text with the use of less visual

information, thus allowing reading to occur at higher speeds. Primary

evidence for thiu posl.tiou has been the work of 'having and Gold (1963) and

Morton (1964) who have shown that the visual duration threshld for words

can be greatly reducea by giving appropriate prior linguistic contexte This

theme has been picked up by many writers who have suggested that readers

form hypotheses or guesses about the language which they will next encounter

in the text, and that only minimal visual information is then required to

confirm or disconfirm these guesses. Under high constraint conditions, very

li'tle visual information should be needed.

Zola (Note 4) has explored this question.by developing paragraphs 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 about a theater

speaks either of buttered popcorn or of adequate popcorn. In norms

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

present (e.g., buttered), people guessed the next w.Ird (popcorn) with
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accuracies averaging over 85%. When the low constraining word was in that6

location (e.g., adequate), the target word was guessed with accuracies

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

should be needed from the target word under the high constraint condition, *4

if readers are making and confirming hypotheses as suggested. To test"this,

another grOup of subjects read one or the other of these two versions of

. each passage while their eye movementkwere being monitored. (No stimulus
\

changes took place during the reading in this experiment). The first

question was whether subjects would be less likely to fixate the target word

when it was highly.predictable. This was not the case. Under high

constraint conditions, 98% of the.subjects fixated the target word, and

under low 'constraint coftditions, 96% did. Thus, subjects did not skip over

the word when it was highly predictable. The second question was whether

less time was 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 tile was indeedApant-04,.....the word in the high constraint condition, a

difference of 23 msec. This difference appears to come primarily from a

reduced.likelihood of tegressing bar.k to the word after having read it

earliei. The durAtions of fixations -n the word as it was first being read

also show a small advantage for the high constraint 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 fixation on that word in the

text.
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Zcila 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 various degrees in the target word. The

smallest error was to replace the fourth letter with the leiter most

visually similar to it. This consiste.i, then, of a very mien change in the

visual configuration made at a highly redundant location in the center of a

word. There seems little question but that this change involved visual

information that is not required for word,identification under high

constraint conditions. However, even this minimal error had'an effect on

reading: it increased the average duration of fixations on the word by 20

msec (as compared to 25 msec under low constraint conditions), increased

total time spent fixating the word by 63 msec.(as compared to 125 msec for

low constraint conditions), and increased total reading time for the line by

125 msec (as compared to 261 mst.c for the low constraint condition). Thus,

this study provides no evidence that even the most minimal error in a word

is passed over during reading under extremely high redundancy conditions.

There is no evidence here that the reader is essentially anticipating what

is to come next and then acquiring only t' visual information necessary to

confirm or reject the prediction. Instead, the reader appears to be

responding to the full visual detail of the text in the act of reading, even

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

of view.
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How Much Itai is there Belween the TimeInformation is Visually Encountered

Amolthe Time J.11.11,1 it is Used for Reading?

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

'sort into whieNinformation is being placed as a result of visual Analysis

Af the text, and from which the language processes can then draw as needed

at some later time (Bouma & deVoogd, 1974 4 Shebilske, 1975). If this were

the case, the text belng understood at any particular moment i9n time would

not be that which was being visually perceived: It also seems possible that

there may be a series of stages in which the Information is used for making

successively higher integrations of the wdrd or words which permits the

perception or construétion of that meaning and that there may be some delay

before the final stages are reached. For the pr.esent purposes, we will

simply focus on the question Of whether.,such.a considerable lag occurs,

since this has important implications or the use of eye movement data. If

there were a large lag, the effects of language processing stimulated by one

part of the text would only be observed as the person was looking at some

otber part of,the text, one or tore fixations later. This would make the

use of eye movement data much more difficult. This is essentially the eye-

mf.nd lag problem mentioned earlier.

This question cannot be answered definitively at the present time. A

partial answer, hovever, can be given. It is clear that manipulations of

the visual stimulus can have an immediate effect; that is, the effects

produced by stimulus manipulations in the studies described *..irlier are

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

contents of oneyord positioo during a saceadt and found that this inflated

the duration of the fixation on which the changed word was first

encountered. Wolverton (Note 2), as reported earlier, found that replacing

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

fiXation. McConkie, Wolverton, and Zola (Note 1) found that moving the text

a short distance during a saccade affected the probability of the next

saccade being a regression. Thus, such stimulus manip,ulations as these hiVe

an effect which occurs within the period of a fixation.

Though less well established, it appears the characteristics of words

can influence the duration of the fixation on which they arepuceived. It

has commonly been reported that numbers and less common'woids tend to

produce longer fixations (Woodworth, 1938), observations which we have also
4

replicated. O'Regan (1979) reported' a tendency to skip the word the during

reading sentences with certain syntactic structures. However, as Levy-

Schoen and O'Regan (1979) point out, this evidence is less convincing

becawle 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 we have learned about the size of the perceptual span makes it

appear highly probable that the variables were having their effect on the

fixation during which the ctitical text region (the word or number) was

being perceixed.

Finally, at present there is practically no evidence concerning the

amount of delay before higherlevel ptotessing takes place (for instanee,
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before the sftmantip relation between a Verb and its direct object is

. ,perceived, before the referent of a promitin is' established, or before the

relation of the information in one sentence to prior information is
1

identified in normaltext). Isakson (1979) provides dome evidence that

semantic integration can 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

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

the study of these aspects of language processing in reading.

The Siudy of Language. Processine

In this section, we will attempt to describe a way of conceptualizing

the relationship between eye movements and language processing which seems

compatible with findings from the research described above (McConkie, 1979).

While-it cannot be claimed.that existing research 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

procedsing. In addition, two examples are ptovided of studies which

investigate questions of language processing using eye movement data.

How do Eye Movements Relate to Language ProcessiRg?

It is assumed that the reader is primarily involved in the attempt to''

understand and remember the concepts and relations being expressed in the

text. In st.pport of that activity, visual information is acquired as it is
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'needed during the fixation In order to make the'ideniifications,
,

disiriminatfons, and/or decisions that are required, and that can be based

on the visual information. Thus,visuil

buffer, but directly gram input from the

the fixation, with information used from
,

times.

.A.

information is taken, not from some

retina as It is needed theoughout

differegt regions at different

At some time during each Axation, visual information is sought from a

retinal region from which the needed level'of detail is insufficient fox the

present purpre. It is this event which triggers a. Raccadic movement., The

;

eye is simply rotated the direction and dfstande,reguited to cause the
?

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

to the ceAter of vision.. Just where ihe eye tends to be centered with

respect tothe location of the needed visyal information,is,a question

requiring further study, but it appears eo be centered rather close to it.

Readingthen continues along the line from that'point during the next
4

ftxat!on. Thus, there is little overlap from fixation to fixation in the

region from which visual detail is taken and used for reading, and this

region tends to extend primarily to the right of the center of vision. In

the ev_nt that difficulty is encountered, a reconsideration of previously

read text may be necessary. Again, if the region fruil which visual

information is needed is suf. ciently far,from the center ot vision that the

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

will be initiated.
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with a number of variables, such as the redundancy of'the language at that
m.

point in the text,.just which alternatives must bd distinguished at that.
.

,point, the reader's experience in using the redundancies in the language in

reading, etc. This assumes that ccinteitual information can assist in the

.

identification of a word in peripheral vision, permitting identification

when fess than the fullvisual eail is avaVable:ind that just what
4

detail is needed depends in some way on afterAative words that would be

appropriate in' tht context. Thus, although'the mechanism for eye mo4ement

control may be-simple, with the eye stmply being sent to the region from

vihich visual 'detail is sought but is not readily available, in fact, the

'lengths of saccades 'reflect chaiicteriatics of the language :and the reader's

knowledge and skill. This Way of thinking of eye movement contf4 suggests

that the _ye movements are under precise control, but that this control is

. .

not based, bn predictions, nor on Any sort of "preattentional",analysis of

.peripherdl information used to decide where the inforisation-rich regions

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

reflect-language processing in a detailed way.

Ii the basic assumptions of this viev of eye movement .:ontrol are

generally correct, then lefollows ths't eye movement records provide two

. .

typei of information that may be of use in understanding language

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

text from wi.aich visual detail is being sought at the beginning of that

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

;:.
4.4
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marker, placing benchmarks (fixation locations) which intermittently

indicete.just where visual informatiA is being sought. pf course, the eye .

movement record by itself does not indicate where visual information is,

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

elevation of the terratn between two markers. However:'further research

should'produce some.general principles:concerning this. Second, the'eye

movement record indicates how much time.elapses between the seeking Of

information from those specific locations. This information it given by the

fixation durations, which can typically be taken as the time required for

;

carrying out the processing, to smile as yet undetermined vel, Using the

visual information acquired during that fixation. Thii qualification, "tO

some as yet undetermined leirel," reflectl our lack of knowledge about the

speed witL which this processing occurs (part of,the eye-mind lag problem

mentioned earlier). .

4 From this brief description, iecan be seen that we expect the eye

..mgvement record to provide useful informaiion about the time required for

language nrocessing activities a various types to be carried out, and

information about-When the reader seeks visual information in other than the

normal 4eft-right sequence of reWding. We will now provide two examples of

the use ot. this information, and then de-zribe a general approach to the

problem of analyzing eye movement data i.4 a manner which will be useful for

testing thedries of language procesding.
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The Identification 21 Mobiltuous Words During Readieve,
-

One aspect of language-processing 44ring4 readifig.concerns the way in

:which meanings of words are Aroused and/or selected. Much of the research
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t on this problem of lexicaraCcess has i4volvisewords which have more,than

one didtinct meaniitg, ach as lua (financial institution, land alongside a

river, a maneuver made by a flying *Act such as an.airplane). When' such.a
r 47,

word is encountered, are all meanings aToused and only the appropriate One 4 ,

- selected for use (Foss & Jenkins, 1973), or does thevresehce of coCtext

invoke some procedure bx which only the appropriate meaning is aroUsed?e"
1

Results involving recognition or recall teats tend to indicate:that onlytfie
0

contextually appropriAte meaging is encountered. Studies involving phoneme ,

monitoring tasks find lonier response times for such.smbiguous words

regardless of context, suggesting retrieval of multiple meanings.. Hogaboam

(1978) investigated this)questiod using a task in which the aibiguous word

was the last word in.'s glaragrapt,, and the subject was to press a button as

soon as.the meaning-of the wRrd was understood. He found eftdence of. faster

responding to the word

appropriate meaning in

when the culturally most frequent sense wad the,..%,

the context. This finding was taken to indicate\hat

the primary meaning is first'aroused, and the secondary meaning is then4

aroused, only if the primary meaning was contextually inappropriate.

Hogaboam (Note 5) replicated Raft of.this study, haVing subjIcts simply.

read the passages as heir eye movements were monitored. He'examined ?Se

eye movement data to see if the time required for processing the agabiguous

words differed according to which meaning the context demanded. Fixations

S.
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which Centered ot,.the ambiguoupord itself averaged 36 msec longer when the
.

secondary meaning ws# required than when the primari meaning was Vequired.

Thqs the pottery found in eye movement records supported the earlier pattern

from ihe response time tasic, anA provided additional 'Support-for the

hypfthesis that seoondary meanings of words .are accessed only after nrimarlt

;

meanings have been atoused and found inappropriate.

One .asPect of these data also bpars*on thn qUestiqn of eye-mind lag.
9

It is of interesetliat'the'increment in fixation duration is found for.

fixitions centered directly on the ambiguous worda themaeives, the fixations

omwhich tile words were probably identifidd. Thus, the dati suggest that.

the use of context select the meaning of en ambiguous word wigs occurring

1

during the fixation on which the.word yes first identified. This aspect of

language processing appears to occur with very short lag.

Pt

_Is there an Independent Comprehension Component. in Understandinsk Sentence?

Levelt (Note 6), in his ieview of the 'sentence perception literature,

has 4winted out that many studies dealing with sentence comprehension make

the Assumption that there is some initial, task-iCdependent stage in all

such.tasks during9 .which the sentence meaning is initially comprehended. He

called this the Immediate Linguistic Awareness (ILA) hYpothesie. Theories

of ientence verification, for instance, account for the effects of variables

(match vs. mismatch of sentence voice, for instance), not in terms of time

to comprehend the sentenae, but in terms of time to make mental

manipulations of that cyhtent.once the sentence is initially comprehended.

V
While this makes theorizing simplei, it is not cleat that the assumption is

justifiable.

0 -

.
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The testing_of the ILA hypothesis was a goal in a study by *cats (NOte ,

ii

. e .1
. .

.

.7). Id his study, subjects read a first sentence (".A salesmaepftoaciled a

.

.
,

customer.")land then read a second sentence (for instance, ''A'customer was :
0 ,

24

I.

'approached by a Salesman." or "A salesman was apprbached by a customer.").

. Followinglreadieng, they pressed one button if the second sentence was true,
,),

With respect tp the first, atia a Jecond button if it was not. Response

.

times indicated that subjects respond faster when the'two sentences match in

meaning than when.they'dO not (that is, "true" responses are faster elan

"false"), and thaX responses are ftster4When the voice of the two sentences

.matatiboth active or both pitssive) rath.c than mismatch (One sentenceilis

active, the other is passive). This pattern of results is typicai of prior

studies and has been abcounted.for by theOries describing the effects is
)

postcomprehensional in nature. In tbis.study, however', subjects' eye .

movements weru also monitored.. This made tt ,possible to observe die time

spent in reading the second sentence, allowing the determihation of how much

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

following the reading.

The eye movement data fér "trues" instances (those instances in whicti

the meanings pf the two sentences,/patched) was broken down into that portion

*prior to reading the last phrase in the sentence (called initial reading

data), and that following the reading of that phrase (called rereading .

data). .1nitial reading data corresponded to the initial scan of the

sentences. Each of these was further broken down into time spent fixating

the first noun phrase, the verb phrase (with data from passive sentences
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adjusted for phrase length), and the second noun phrase. The results show

that.'even in initial reading data, when the sentences differed in voice,

subjects spent more time fixating the first noun phraie and the verb phrase

(each averaging about 55 msec more time), as compared to data when both

sentences were either passive or active. Subjects also spent about 98 msec

more time fixating the second noun phrase,during initial reading'when the

sentence voice did noi match. However, it is impossible to divide that time

into initial sentence comprehension vs. postcomprehension actiyities. Thuu,

it is clear that part of the added time produced by the mismatch condition

is taken in slower reading of the sentence, indicating that at least the

strong form of the ILA hypothesis is not an appropriate assumption. At the

%same time, the mismatch condition also increased the time spent following

iitial reading orthe sentence, befl,re the button was pressed. This time
a
.4

was increased by 298 msec. Thus, part of the increased time was indeed

taken following the initial reading of the sentence, and was apparently

spent in some sorts of computations involved in matching the meanings of the

two sentences, as the postcomprehension models 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 E12: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
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study of language processing. This pection will describe a general
a

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

processes so
A

far.

It is assumed that different parts of a text require differing amounts

of processing time. Such differences arise from many sources. Some are the

result ot the degree of complexity of nIntal activities required for

achieving an understanding of the relationships directly expressed in the

text. Some are due to differences in syntax, word frequency, etc. Some.are

e result of the inferences or other higher level processes stimulated or

required.by the text. Some are the result of die reader's knowledge or lack

of knowledge about the topic under discussion, while others are the result

of the.task in which the reader is engaged, that is, what information the

reader is attempting to understand and retain.

When the different factors that influence processing time are

controlled to eome extent, there should exist some basic similarities

between subjects reading the same text. Thus, we can expect, among a group

of readers with similar backgrounds who are reading for a similar purpose,

some agreement in whlt parts of the text will require more and less

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 processing that part of the text. This will be called the

idealized proceing timt profile. An example of such a hypothesized

profile is shown in Figure 1. Sincv theories of language processing
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typically yield predictions of where in the text processing demands will be

heavy or light, some approximation to the idealized processing time profile

rfor a given passage could be used to test the adequacy of competing theories

of language processing. Since eye movement data appear.to reflect

processing time allocated to different portions of the text, it seems

reasonable to attempt to derive from eye movement 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 locations.

Thus, it becomes difficult to know how to combine the data across subjects

in order to obtain some sort of average processing curve.
f

One approach to dealing with these problems and deriving a processing

time profile is as follows. Begin by'considering a certain region of text
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as being processed during a fixation. This region will be called the

processing span and may or may not be the same region as the perceptual span az

for that fixation. However, for the present time we will assume that it is

the same. The basic assumption here is that each segment oi text provides

information that is used in interpreting the text. T!..e interpretive

processes that are licensed by each segment of text differ for reasons noted

above, but the processes that do occur take time.and this time is indeved by

the fixation durations. The fixation durations may reflect processes

specific to the segment being processed as well as higher level integrative

processeOlicensed by that segment. Ideally we would like to assign the

fixation duration times to exactly those portions of the text ihat were

being processed on each fixation. As we have made the simplifying

assumption that the area being processed is the same as the perceptual span,

. "

the fixation duration time: will be allocated 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 letter positions in the processing span, and assign the quotient

to each letter position in the region. This is not to claim that processing

is letter-by-lf,: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 considered by Hogaboam (Note 5), including thei3ossibilities of

fixed vs. variable spans and overlapping vs. non-overlapping spans. For the

present, in line with the foregoing comments, it will be assumed that the

span is non-overlapping, and that it,extends 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 perception during fixations

precgded or followed by regressions to know how to assign these times to the
et'P

text. This must remain a matter for future research. For the present, t,tme

from such fixations must be either ignored or spread over an arbitrary

interval to the right and left of the fixation point.

This strategy for spreading reading time over the text for a single

subject produces a processing time profile which is a step tunctiön.

Individual subjects' -profiles will be different because they fixate in

different places. At the same time, there should be some commonality among

them, reflecting the underlying processing demands represented by the

idealized processing time profile. An example is provided in Figure 1,

which shows the individual profiles derived from two hypot etical readers,

who fixated different locations in the text, but whose fixatio durations

still reflect the processing time differences represented by the idealiz.td

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 processing 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 Lwo groups of three subjects each were averaged, and the resulting

profiles correfated with each other, a correlation of .33 was obtained.

\
This suggesitv that with more subjects, a stable profile over thi text will

emerge, showing interesting variability in time required for processing

different portions of text. These profiles will provide a useful baais for
Oa

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

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

aaapeaeaaaaflna
Insert Figure 2 about here
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This approach was used to analyze the data from the ambiguous word

study described earlier (Hogaboam, Note 5). Again it was found that w

the context required the most culturally frequent (primary) meaning of xi

ambiguous word, less time was spent on the word than when tfie less frequ nt

(secondary) meaning was required. For the primary meaning condition, mean

time per character over the word itself was 18 msec, and for 'the secondary

meaning condition it was 23 msec.

As a furzher test of the sensitivity of suct 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 fixations than
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other three letter words, particularly inovertain syntactic frames. The

processing profile showed the mean time per character position to be 26 malip

for instances of the word the in a passage, as opposed to 35cMsec.per

characteT position for the passage as a whole. Thus, the profile showed

less time spent processing instances of the than other regions of similar .

size in the passage.

The passage used for this test was a historical text about earl)!

exploration of Alaska. It included several dates and othertnumbers.' Such

information in a history passage is likely to be particular4y ioportantG,so
14,

the mean time per characte64osition for these Tegions was calculated from

the average processing profile. This mean was found to be 75 msec,

considerably higher than the average for the passage.as a whole. Thus,

there is reason to believe that this general approach to the use of eve

movement data may be useful for testing hypotheses about where greater and

lesSer amounts of time are'required for language processing which takes
If

place during reading.

Summary,

This paper has been an attempt tu provide an overview.of some recent

research into'the nature of the on-going perceptual and language processing

during reading. We have tried to justify the position that eye movement

data can be useful in investigating these questions, to indicate the types

of problems which must be solved before such 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

.7
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described a way Of yiewing the nature of eye movement control, and drawn out

implications for how eye movements are related to language.processing and

what kinds of information.may bit obtainable from eye movement data for the

study of language processing. Finally, we have described a general approach

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

language processing.

4

,

3 4
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Figbre 1. Coiparison of profiles from two4ypohetical'aubjects1 and

the underlying,ideaised.ProcessIng Time Profile.

Figure 2. Processing time profile for two lines of a pissage,. obtained
,
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by averaging thelrofills of six subjects.,
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