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Abstract'

%

In the study of perception during reading the use of eye movement contingent

E

control of the stimulus display has proved to. Qe a useful research technique. .

© ad

) With such a system it is possible to experimentally manipulate, in real time,_

the characteristics of the stimulus display that is present on selected

k]

fixations as reading is in progress,ﬁand to obserwe the effects of the

manipulation on the eye movement pattern. This technique can also be used in
»
the study of other on-going, visually based tasks.- This paper provides

examples of how the- technique has been’ used, and describes a number of the

'instrumentation concerns which are important to ‘consider. when ‘setting up a

. syst em-to “do-this- type—of resear ch—d_—'—_~,r7«—~ —
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: There are three possible reasons’ for monitoring eye movements in

4
T~

psyohqlogioal researeh. First, the eye movement reoords oan serve as a source

o -

of data. Sometimes aspeots of these data, sueh as the durations of fixations

<

or the lengths or direetiqns or velooity patterns oﬂ the eye movements, are

the dependent variables in the study. At other times, the data ane used to '

>

determine whioh trials shouid be exoluded rrom analysis. Seoond, real time

information about the eye movements oan be used as a basis for making on-line _

L

experimental_manipulations,in the stimulusa__Eor example,-a tone_oan_sgundggr_;;

o t ~

a ehange oan be made in the visual array when the eyes fixate a oertain

loeation.\ Third, real time information about the eye movements oan be used as_
." )
{ a basis for other forms of measurement. EMG reeording ean be enabled only

- when the, eyes fixate a oertain leoation, or EEG data.can ‘be seleeted and

K4
“ .

-

averaged basedjou-the location and/or movements of the eyes. g& o

- . . T a
~ .o @ . g
s ° .

The Jocus of the present paper will be on- the second - of these

alternatives: using eye movement monitoring as.-a. basis ror making stimulus

A
.-

manipulations. For a umber or years e have been studying the nature or the

~

T pereeptual -and eye movement oontrol proeesses taking plaoe as people read.
. This required ‘the development or a oomputer-based system that was oapable or
'monitoring people’s eye movements -as they readr and, on the basis ‘of that

information, making real time ehanges in the text rrom whieh they were reading

(MeConkie, Zola, Wolverton. & Burns, 1978).' Using this system, we ‘are able to

P

___allow subjeots to read text displayed on a eathode-ray tube (CRT), and as they
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”ane reading, @o manipulate ‘the stimulus pattern that is present in the region
where they look for a particular fixation, or at a partleular time during the e
.-fixation. We then examine the sffeet whieh these dis*lay manipulations

produee on the eye movement patterns as a way of learning about the proeesses

-

being studied.

i »

¥

: These teehniques have been extremely fruitful ‘in investigating aspects of
the pereeptual proeesses as they oceur during reading (MeConkie, 1983, Rayner,
1983). They have also been used to etudy pereeption in simpler tasks
.s(Bridgeman, Hendry, & Stark, 1975, Irwiﬁ, Yantis, & Jonides, 1983, Levy-Sehoen e

& Rigaut-Renard, 1981). Ve beMeve that they could be equally useful in the »

~

fstudy of pereeption in other visually-based tasks, sueh as visual seareh and : "L

‘pieture pereeption. Anticipating that other researehers are likely to attempt
“to develop researeh of this sort, the purpose of the present paper is to
:deseribe some of ‘the eonsiderations that must be taken into aeeount in

oo seleeting equipment ‘for. this type of researeh. Hhile it will ‘deal primarily

) with eye movement eontingent eontrol of visual displays, many of the points.

e “made will also be relevant to on-line eontrol of otheroforms of stimulus

e

manipulation or-data collection. T S s

+ a

n
v,

“In order to illustrate some of the pereeptual issues whieh ean be

investigated using these teehniques, ve will briefly deseribe four examples

‘from our own research.. L ."f-
——4——44—4n—4He—were~interested_in_whethepmonsnot—it—is—neeessary—foratho—eyesfte—befifé—
e . o ' R : ° -

centered at the exact location to which they are sent on a saccade in -

ogder for_proeessing“toSproeeedwnormally.,-This,was_investigated by
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causing certain fixations to be "misplaced" slightly as people were
\ <
reading. During certain saccades, the text was shifted two character '

positions left or right on the CRT, s¢ that when the eyes stopped for theﬁ
'next fixation they were centered at a. location different from-where they
' normally would have been (McConkie, Zola, & Wolverton, Note 13 see also

' O'Rega_n’ 1981).

2¢ In order to determine whether visual information is acQuired and used

from specific visual regions during fixations in reading, the letters in
“ o
' these regions vere. replaced "1hh other letters on certain fixations. , '

Thus, ‘use of this information would produce processing difficulties,

- discernible in the“eye movement‘pattern (Underwood & Mcconkie, Note 2).

.

3.‘IWe investigated whether particular aspecta of ‘the visual stimulus pattern

. present on sucoessive fixations are brought together into a single mental

,representation. Certain eharacteristics of the text pattern were changed
. CAR & .

" during occasional sancades, such as the spacing betweenawords or the .
forms of the letters. " If the system dttempts to integrate these aspects
—_— of the jisual array acrﬁss successive fixations some degree of difficulty

should be encountered, again being reflected in the eye movement pattern

\McConkie & Zola, 19793 Rayner, McConkie, & Zola, 1980).

b4 -
- A -

4. We studied the time characteristics of the peroeption and eye movement

an

v ) systems by producing changes in the display at specific times following
the onset of a fixation and observing the -effect which this had on the.
shapes of the distributions of fixation times (WOlverton, Note 3,

McConkie, Underwood, Zola, & Wolverton, Note #). .~ .

P
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' These types of'studies make strong‘demands'both on the'eye movement

o .

monitoring equipment and on the equipment used to produce and manipulate the N

' stimulus. Decisions in the choice of equipment to purchase or d°velop are '

crucialj wrong choices can greatly limit the research which can be’ done and

'introduce undetected artifacts into the data. Computer programmins must be

D

.tight and well controlled.v However, the nature of the constraints on the

o -

equipment and programming depends on the characteristics of the research to be
carried out. these constraints are very strong for some types of studies and

less strong for others. 1In order to describe ‘the concerns that must ‘be taken

into qonsideration we will discass two cases ‘in which eye movement contingent 0

control of a CRT display is required, one in which the display must be changed

'during the period of a saccadic.eye movement, and a second in which it is

,necessary to make a change at some time after the beginn,ng of a fixation.

L <

- In 2rder to change the stimulus display during d saccade, there'are.rour

" things that must be accomplished prior to the beginning of the rollowing _

fixation 1) detecting the omiset of the saccade, 2) determinins that this is :

L

_the saccade on. which a change is desired, 3) changing the computer's display

instructions S0 they can create the new image, and n) actually having the new
image present on the CRT. How much time there is to complete all this depends :

‘on the length of the saccade on which the change is desired. In reading, the o

shortest saccades can be completed in less than 20 msec, for instance. If the

task is to look from one specified point to another which is some distance

éway, this time can be 90 msec or more, depending on the distance of the two

e
I'd -

<F\'/
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How early in the saccade the eye movement monitoring system can detect
that the eyes have begun to move depends on several factors. First is the .

speed of throughput of the eye movement monitor. Given that the monitor ;

©

indicates that the eyes are at a given position, how much time has passed -
since they were actuallw in that position? Hith the scleral reflection

: approach to eye movement monitoring this throughput time can be a matter of no

£

more than three or four moeefor even less, unless longen.delays have been - )

introduced into the circuitry in order to filter out noise. With some forms
of filtering, this delay can be over 20 msec._ Therefore, in some cases a.
saocade could be completed berore the eye movement monitor 'indicates that it B
has begun., With equipment using television technology to photograph the GYG.:
3 and then processing the disitized imege to identify ‘the eye position, the eyesT
can begin to move during the 16 ‘msec period required‘to complete one soen or

the eye. Whether the output shows the eyes besinning to move depends on when

-

' during the scan the movement began, and whether the critical information in-

1

the image used to track the eyes lies toward the top or bottpm of the frame.

Thus, it would be quite possible to miss the beginning or the movement “in one
\ v
frame, and only detect it in the’ next, s0 that a short mevement may be

finished before its initiation is detectgds . .. - . .

el : o -
The second “factor. influencing how early an eye movement can he;deteeted,

3 _ -
1s the rate at’ which the eye position is sampled. How'much time elapses '

between taking successive samples of the eyes' location? At least thet much

e - ’ ¢ - L ! K . '

eRIC - s
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time can pass after the eyes begin to move before that movemen:\fs‘deteetod.

“In our own work ‘We sample the eye position every msec, and’computex aow much -
- 3
movement has odcurred in the last 4 msec. If this movement is above ’ .

threshold, we then require a certggn number of additional samples to be above

threshold, ‘as well. Depending on other factors, it may be possible in this s

-

way to reliably detect the onset of a 'saccade within*a relatively Pew msec of

‘the time that the. eye movement signal begins to show the movement.

q

.’i The third factor is the amount of noise in the eye movement signal. " The.

a

oise level esbentially def'ines a region of indeterminacy around the eye's

- position, The eye movement signal mist move outside this “Tegion before aneye -

T

movement can be reliably detected. If" the noise level is high, then the eyes

‘must move rurther before the movement can be reliably detected. This .

‘increases the likelihood ‘that an eye movement sample will fail to indicate

that the eye has begun to move, thus delaying the time unti1 the movement is _

detected, _
. _These three factors are-additive._,That ie, the total -amount of delay

which can occur in»deteeting the onset of a saccade is at least the total 6f

s - .
<

the maximum delay possiblc rrom each or these three eourcee. This total delay
_can be sizeable. A combination of slow throughput,-elow sampling ratey and

‘high noise 1eve1 can reeult in total delays of S0 msec’or more. ‘In this oase..]
a11 but long sacoades would be oempleted before their initiation was detected. '

. The combination of fast throughput, high eamplins rate«and 1ow noise level can'-'

permit saccades to be reliably detected within 1ess than. 10 msee«after their

: e

’ initiation. S o ' ) .

~

-
k]
-
'
- /
)
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The am:: unt ‘of time required for this stage varies widely, depending on

. ; the requirements of the study. For example, in the simple case, display . L.

changes are’ called for on every saccade, every leftward saccade, or’'on the

*L 5th, 10th and 15th saccades made. In ‘a.more complex case, a change is made
a .

-.only, if the prior fixation is in a- certain region of the display.

- - The most difficult cases are those where the displayachange is made

Y contingent on "aspects of characteristics of the saccade itself. For instance,
- /

‘a change may be desired only if the saccade will be of at least a. certain

length, or\will ‘take’ the eyes to a certain location. - These- decisions require -

\

: waiting during the saccade to see if it reaches a certain velocity or passes ‘a
certain boundary, or until sufficient information i; available to permit an
accurate prediction of the location of the following fixation. Obviously, "

. these latter types of decisions require eye movement 'data obtained at- high

’

sampling rates and with low noise, .and they leave only the latter part of the
,saccadegtime available for'making stimulus,changes prior to the beginning of ;7
‘the following fixation. ) A

rl

. 5.
The time required to make.chanses.in the display instructions can alsc be
qui e variable from study to study. This tige consists of the total time

. requgred to calculate the nacessary changes, and, 4if necessary, ‘to’ transmit

~

those changes (or a cdpy of the changed '1ist of display commands) to the
§1SPlay devicef. In the simplest case, alternative images have been previously

- ? © . s ’ * . . » B 4
. : .

N
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i prepared and a& present within the computer's high-speed memory. The CPU, or o
re |

Vi

a special‘display processor having access to high-speed memory, controls the -

| f display device directly. In this case, when a change in the display is
) requir:d, it is simply a matter of taking display commands from a different -
region of memory. Many display changes can be accomplished in this simple
manner. “On the other hand, if there are many possible forms which the next
» .display can take, contingent upon eye position, then each alternative must’ be
computed when it is needed. This computation time varies with the complexity
. of the displays involved. Also,'once the display commands have.heen modified,
if they must be transmitted to»the memory -of the display device, there will be

PYRS &

" an additional delay, the amount of which depends on the speed of transmission

. of information between thezdevioes involved. ' ’ o -
Sesitiine e Tmen  te Masley dricn
- : ~ The mosf common electronic displays for psychological research involve

- illuminating the image on the screen a point at a time. This is done either
as a complete raster sean dr in a sequence more optim&lly related to the

’charaeteristics ‘of the display itself, using a point-plotting device. In.

either case, the process takee time, The amdunt of time for rsster displays T

u -

Y
is usually either 16 or 32 msec, “for point-plotting eduipqggt ‘the- time depends
on the complexity of the image end the efficiency with whioh it vas ccded.

. Howevery this does not mean thet.\the image can be reelized %n the -sereen
Y ; \\\ -9
within these period of time after they are-oalled for.' Iq many instances, it

is not possible to begin "painting" a new inage on the soreen until the 7 ;"'

P

‘Lheginning of 3gerPBBh cyole.. That means tnat with a 16 meeo re{resh oxcle, '
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if a new image were called for just after the beginning of a cycle,'it would
be necessary to complete that cycle and then to displdy the new image on the
next cycle. Thus, ‘a total of 31 msec could elapse before the initial display -
of the next image were complete. Hith a 32 msec refresh rate, that time could

" be as much as 63 msec. Thus, substantial delays can result at this point.

Two approaches can be taken to reducing this source of delay. The first

is to use simple images with a point-plotting device so that the image can be

rerreshed Papidly.' The second- approach is to have the racility to begin

L

displaying a. new image in mid-cycle. With a point-plotting device it is

__i__possible_tc.break the cycle at any point and begin displaying an alternative

image. Thus - the change can be completed within the. refresh cycle time. Also,

¢

with some graphics equipment it is possible to point the contrrller to a new -

-

'region of high-speed memory at the end of any horizontal scan Juring the
refresh process. It is therefore possible to display the new image within the

'period of ausingle refresh cycle after it is requested.

Finally, some.recent raster .scan graphics controllers have a djt!!e.or
r rlexibility in the rerresh rate, which makes it possible to. .attain refresh
1-cycles requiring less than the normal 16 msec period. Further development of
S “this equipment ..... could greatly facilitate eye—movement contingent display R ——
_control'wherefcomplex displays are required.:

e i e e g S
B e ey et o o Bemaugee v T AL

when making a change in "the visual display during the period of a saccadic eye
. movement, there are a number or steps which must occur within a time ranging

from 20 to 90 msec,ﬁgepending on’ the the length of the saccades involved in the .

e e ee—

e — _____,_.

3
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study. During this period of time it is necessa;y'to detect the onset o£ the ;
saccade, determine whether -a display change should occur during this saccade, X
a make the necessary modifications in the display instructions. within<tne—uunﬂléﬁlx
computer and perhaps transmit these to the display device, and actually G
| realize the new image on the screen., " In order to accomplish this, it is
necessary to have equipment with the required eharacteristics -and to program’

it with a concern for minimizing delays. ) | S
Desirable system characteristics are the following:

1. Eye movement monitoring equipment with fast throughput, low noise, and -

which yields new information with high rrequency.

4
'

'm2¢w*A~program"which”samples the“cye position witn a high frequency, which can
_detect,saccade onset and make the decision about wnether to initiate a
display change as early as the study permits,-and which minimizes the

amount of computation 1nvolVed in changing the image..

4 3. A display device capable of being rapidly refreshed and of initiating the/

presentation of a new image part way through the refresh cycle.

How many non-optimal characteristios can be tolerated in the equipment e

depends, of course, on the demands_of a given study. ' .

-
.»

e e mere e i P e e e gL £ P T R AT I LA Y T TR T T e oo T b AL TS et gL RIS YT ¢ TEATT fhn e TR RTINS TS e BT S s ot T AR R v P 0003 0 3
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" When it 18 necessary to make an experimental manipulation at a certain

time df'ter tne beginning or a rixation, many or the concerns described in the

prior s section on again apply. This is particularly true if the chanao must oecur
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relatively early in the fixation, such as 20 to 50 msec after it begins.

Again, one is faced with the problems of carrying out all of the s.eps which

are required in the time which is available. If the change is not required -

until 100 msec or more after the onset of the fixation, more time is available

: * 9
for the steps required.

N
.

However, there is another concern which arises'when dealing with changes
a /

: during a fixation. When manipulating the stimulus during saccades, there is
‘less concern about just when the’ change takes place. It has been our:

experience that the visual system is quite insensitiee ‘to display changes made'

while the eyes arevmoving.' ‘Blanking out thc display is detected, but

b

replacing text strings with other strings is not. Thus, it is not critical

exactly when during the saccade the change is made. However, when making
changes during the fixation.‘the timing of the change often becomes the point
of the research. In order to make the change at the specific time desired. it
is necessary to accurately identify the beginning of the fiiation; since that -
is the base for timing. There'are two problems which"arise-here; one having
to do with the equipment being used, and the other with characteristics of the_

eye movements themselves, - : ‘ G

e 0
« 2

n . - o

With respect to the equipmentiused for monitoring the eye movements, all

of the concerns described earlier related to detecting of the onset of a

saccade apply here in detecting the onset of the fixation. The same sources

v T e g L0 g0 bt SR AR O TS SO P S 10 e s

of delays are present. Furthermore, there can be considerable Variability in
how soon after the beginning of a fixation it is detected. For ‘instance, with

#llaljs-mseclsanpling_rate_there is an inherent 15 msec variability in when the




e Instrx-xmentation"Considerat:ions""'in"Eye’—mov’téu‘x’t’e"nt’"R"e‘s"e‘"a"r'chﬁ’"’~

] ,? - . 13

fixation is said to begin., With the noise in.a. relatively~clean~signal_this_m__ﬁ_
SR variability can..become-32-Mmsec..- .With a- noisy signal,~the-variability¢~kan~-»-mn—

increases still further. uVariability in determining the point from vwhich

timing should begin results in variability in the time that elapses from the

actual beginning of the fixation until the display change takes*place. o

'Furthe"more, as described earlier, characteristics of the refresh Drocess can (,J

’"'"add variability to the amount of time that elapses from the time a e a display —7~"N

change is called for until it is actually displayed. How much variance in -

timing can be tolerated depends,ﬁgfmgggrse,_on the_ nature_of—thewexperiment
usnT,If”relatiVelyeprecise~controlfissneede§£~eqnipmentefor~thefresearch~must“beﬂ~"wm*

selected with care.

The preceding discussion was based on the assumption that an accurate,
noise-free signal sampled at a high rate would c¢learly indicate when a
fixation begins. "Howeyer, this is not the case. As the eyes decelerate

during a saccade there is typically a period of overshoot, with the signal

”coming to a peak and then moving back the other direction and gradually

R

stabilizing. “This probably represents a- settling time of the eyes, during

which they center themselves in the sc socket, and perhaps regain their shape

after responding to the forces of the ocular muscles. This overshoot is *©
exaggerated in equipment which monitors reflections from the lens as well as -

——fpom~the eye's*surface, suggesting ‘that the" torque applied to the eye ‘may

induce distortions in the- internal parts of ‘the eyes; which st also ‘return

to -normal at the end of the eye movement.; The ‘problem, of_ course, is what to,,,
. identify as the beginning of the fixation, whether this 8h001d be the peak of -

- the overshoot at which time the forward component—of—tne movement is

Kl
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completed, whether it should be at the end of the settling period, or whether

R S

it should be: at ‘some other time, There is no clear answer at the present time

and this adds variance both within and’ across studies in this area.t It is our.

contention that the beginning of the fixation should be identified with the

) point ‘at which visual information of the type needed for the task being "used

. can first be acquired from the ~display. : e will shortly be mting__
i ————————

research to attempt to identify vhere this point occurs. ’ i

i

ene—ﬁinal~comment—should”be‘maae wifh regard to the amount of variability

" involved in identifying the-beginnings- of“saccades and fixations. In many eye

«y

movement studies the primary data of interest are the durations of fixations.

The duration ol ‘a fixatlion is, of course, simply the time from the ‘end of one

]

’ S
”saccade until the beginning of the next. The error variance in fixation
durations, hen, is a sum of the error' variarce in identifying each of these
defining events, since it is reasonable to assume that the two sources of

variance are uncorrelated. Thus, while the previous discussion has been

\,j ’ v

concerned primarily with the problems which this sort of variance produces for

employing-eye*movement contingent stimulus control in fact many of the same

-2

e

concerns arise_even_inuthe_case—in—whiehfno—display—cnanges are required but
where accurate eye moVement data are desired. Those factors that contributeﬂ

to accurate identification of saccade and fixation beginnings also contributeﬂ,_

. to accuracy in fixation duration data. -

LY

w

)mm

<

Making display changes at precise times following the onset of a fixation

R |

F
requires the ability to reliably detect when the fixation begins. ° This

e Lt
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requires equipment which has fast throughput, alow noise level, and which can
r ———_—-~._~

———be—¢& ampled‘at—a‘high‘rafe. « Even then, noise free eye movement data would not

ndicate a clear point at’ which the fixation begins., . Thismaddswanother»source»ww

-————of variance. Research“aimed‘at identifying at what point in the fixation

perception of visual detail is’ possible may help resolve this problem. K

_____,__—’—’—’—""”"—':

—’_’_’_’_/_—_——’—————"—:—,//—————“——_‘_’_,_ﬂ__’——‘
-————Finaliyb—the—eye mwovement monitoring issues which have been discussed are not

only of importance in. controlling the stimuli contingent upon eye’ movements.

.

\7

They are also or concern if the desire is to obtain an accurate measure or -

- fiation times. T S - Lo

There are- ‘two additional equipment concerns that™ should be mentioned.
First, the necessity or making fast display changes requires that the display
.bimage facn quickly. Thus, for CRT displays a rast-decay phosphor is required.
WTMSecond, rapid sampling of the eye position generates a great deal of data,

requiring large amounts of storage space. It may seem reasonable to bypass s

B e
this requirement by doing on=l1line reduction -of the data as they are being

collected““w ‘believe this to be unwise. Having a complete data record is

. useful for three purposes. If the time at which display changes take place is
recorded in the data, for instance by setting a bit pattern in a data word
m_,collected -at-the-time a- display" change is called for, it is possible to verify‘
' that the system was operating properly. n this_type of researoh, there is no
cther."way to be sure that this 1s the case. Also, more accurate data
- reduction programs can be develcped vhen reduction 48 off=line, There are not

the time limitations, and the program can move fcrward or backward along the
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data stream to find saccade beginnings and endings.' Finally, there are |

frequently irregularities in the eye movement data, probably resulting from -

AN
-“*"blinking and squintings»—These oanelead_to strange patterns in the redugpd\

——— et

\

data, and examining the rav data ean\indieate whether or not these data are \5\\

__._,—-$—-’- i e e T

_usables . \'\'\-\

- e

. T~ :
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In our eye movement ‘contingent display control system, we use the SRI
Dual-PurkinJe Image Eyetraeker (Cornsweet & Crane, 1973). It is olaimed to
have a throughput or about n msec, ‘The noise level plaees a band or
indeterminaoy around the mean signal value equivalent to lees than 2 min of

. are of eye movement. Thus, an eye movement can be reliably deteoted by the
time the eyes have moved 5 min of are or less. We sample’the eye position .
every msec, oheeking the distance moved over the preoeding/ﬂ msec, The ‘peak

of the overshoot at the end of the saooade is deteoted by a change in o ~

__direction. ofethe values being obtained over & 4 msec period, and the end or

the overshoot period is detected by rinding less than 4 min qf ‘are of movement 4
over a n msec period. Furthermore, we have,round that we can prediet the
location of the next fixation,. usually within 40 min of aro; ‘once we have

identiried the point or peak velooity within a saoeade.,

. AN . . .
The eye movement signal is sampled by a PDP-11/M0 eomputer,.whioh, in
addition to the CPU, has -a display proeessor whioh has aeeess -to high-speed |
memory., The display prooessor oontrols a point-plotting CRT. Hith this, vwe
can present a single line of text with a 3-msec_ refresh rate. Thus,.the

~~gntire 1line can be ohansed'"1th1n 3. msec.

<
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Most of our studies involve a relafively few alternate lines which can be

displayed, contingent upon the eye’s location “and. state. Thus,.the -'5

sitersatare 1ioes are ‘”‘““’Wu changes

imply involve the CPU directing tne display processor to a new region of

high—speed memory where an alternative display list resides.‘ Thus, the change'

requires minimal time, with no transmission time‘required.

L]
.

{ 1In our most recent studyp we were able to detect the onset of a saccade)
predict the location of the rollowing rixation, and change the line of text if
\\\\\the fi. ation was going to be on a particular word, within the period of all

\
~ but the\shortest saccades. In this way, it was possible to study the value of
\

_ obtaining peripheral\visual information from a word on ‘its later ’ T S

S

identificaﬂion. \\***\~\\ . .

. _ \\e\\\\\\\\\\

The ability to exert eye-movement contingent control\o;er\Visual\ang:
other stimuli provides a powerful researcn technique which permits detailed
;investigation of percepticn and eye'movement control.as weople are engaged in
on=going tasks. This technique nas‘been'used_in the study o{ reading and in . J

- some simpler tasks. "It showld now.be extended to the investigation of visual .

search, picture perception, and other visually=-based tasks,

[§
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