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Increasing the benefits of eye-tracking devices in
divided visual field studies of cerebral asymmetry

GEOFFREY R. PATCHING and TIMOTHY R. JORDAN
University ofSt. Andrews, St. Andrews, Scotland

A wide range of methods has been proposed for ensuring central fixation in divided visual field stud
ies of cerebral asymmetry. Wepresent some of the problems associated with ensuring central fixation
and argue that objectively monitoring fixation location with an eye-tracking device can provide the
only accurate and, therefore, acceptable technique. However, the mere use ofthis equipment does not
overcome all of the problems associated with controlling fixation location, and previous studies have
overlooked the importance of providing feedback on fixation accuracy and the role of visual attention.
Wepropose a straightforward method of accommodating both these influences in studies using eye
tracking devices to control fixation location.

Anatomically, the arrangement of the human visual sys
tem is such that nerve fibers carrying information about
stimuli falling in the left visual hemifield (LVF) project to
the right lateral geniculate nucleus (LGN) and thence to
the visual cortex ofthe right cerebral hemisphere, whereas
fibers carrying information about stimuli falling in the
right visual hemifield (RVF) project to the left LGN and
thence to the visual cortex of the left cerebral hemisphere.
Thus, provided that a person's point of fixation can be
accurately determined and provided stimulus presenta
tions are sufficiently brief to prevent the eye movements
necessary to bring these stimuli into foveal vision, stim
uli can be projected in whichever visual hemifield (and,
therefore, to whichever cerebral hemisphere) is chosen by
the experimenter. Differences in the speed or accuracy with
which information in each visual hemifield is processed
should arise when one hemisphere is superior to the other
in processing that information (see, e.g., Kimura, 1961).

However, great care needs to be taken to ensure that ef
fects produced by underlying cerebral processing asym
metry are not contaminated by artifacts. Visual acuity
drops rapidly from the fovea to the periphery (see, e.g., An
stis, 1974). Moreover, the anatomical arrangement of the
retina and visual system indicates that there is an overlap
at the midline of at least 10

, where information falling on
the retina will pass to both hemispheres (see, e.g., Bunt
& Minckler, 1977). Thus, before accurate inferences can
be made about the processing of stimuli by the two cere
bral hemispheres, researchers must ensure that subjects
are fixating centrally, so that stimuli presented to the left
or right hemiretina of each eye have the same degree of
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retinal eccentricity. Without this control, stimuli may be
projected to the wrong cerebral hemisphere or to both
cerebral hemispheres, or they may enjoy a perceptual ad
vantage over stimuli presented in the other visual hemi
field simply because of differences in retinal acuity rather
than underlying cerebral processing asymmetry.

Techniques for Ensuring Central Fixation
Although the importance of ensuring central fixation

is widely acknowledged (see, e.g., Bradshaw & Nettle
ton, 1983; Hellige & Sergent, 1986; Maddess, Rosenblood,
& Goldwater, 1973; McKeever & Huling, 1971), much
less agreement exists over the way that this can be en
sured. The purpose ofthis paper is to underscore the crit
ical potential offered by eye-tracking equipment for ensur
ing central fixation, to discuss the role ofvisual attention
and feedback, and to present a simple method by which
visual attention and feedback can be accommodated to
increase the control offered by eye-tracking equipment.
However, in order to place this technique in perspective,
it is necessary to review other methods that have previ
ously been proposed to control central fixation,

Emphasized instructions. One of the most popular
methods for controlling fixation location is to simply in
struct subjects to fixate centrally (see, e.g., Eng & Hel
lige, 1994; Eviatar & Zaidel, 1991; Faust, Kravetz, & Bab
koff, 1993; Kitterle, Christman, & Conesa, 1993; Koenig,
Wetzel, & Caramazza, 1992). However, although sub
jects may attempt to comply with emphasized instruction,
a number of studies indicate that emphasized instruc
tions alone fail to ensure that central fixation occurs on
every trial (e.g., Batt, Underwood, & Bryden, 1995; Find
lay & Kapoula, 1992; Jones & Santi, 1978; Jordan, Patch
ing, & Milner, 1998a; Terrace, 1959). For example, Batt
et al. required subjects to identify words presented in the
left or right visual field while eye position was monitored
using the reflection of an infrared beam from the cornea
of the right eye. Despite instructions to fixate centrally,
Batt et al. found that subjects fixated more than 10 away
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from the required point of fixation on 14% (Experi
ment I) and 17% (Experiment 2) of the trials. More re
cently, Jordan et al. (l998a) examined the traditional
RVF advantage for words presented to the LVF or RVF
while fixation location was monitored using infrared re
flection from the cornea of the right eye. Despite em
phasized instructions to fixate centrally, up to 70% of
fixations were not central, with more fixations falling to
the right than to the left of the central fixation point.
Moreover, even experienced subjects fail to maintain
central fixation following emphasized instructions. For
example, Findlay and Kapoula (1992) investigated per
ception oflaterally displaced targets, using a highly pre
cise scleral search coil device and experienced subjects
(including the authors). They found that, despite in
structions to maintain central fixation until the target ap
peared, eye position at the start of each trial was dis
placed on an appreciable number of trials. Indeed, they
report that 30% of their data had to be discarded as a re
sult of fixation displacements falling more than 10 from
central. Furthermore, even after discarding these trials,
fixation location was still found to be biased, on aver
age, 0.380 to the right of central. The indication of these
studies is, therefore, that the use of instructions alone
fails to ensure central fixation on every trial, even with
experienced, highly motivated subjects.

Secondary tasks. Recognizing the need to provide
subjects with further encouragement to fixate centrally,
a number ofresearchers have used the indirect method of
briefly presenting a single stimulus centrally, prior to or
simultaneously with lateralized targets. Subjects are re
quired to identify the central stimulus along with the lat
eralized targets on each trial (see, e.g., Boles, 1983,
1985; Hellige, Taylor, & Eng, 1989; Luh & Levy, 1995;
McKeever & Huling, 1971; Wagner & Harris, 1994).
The logic underlying this approach is that, unless sub
jects are fixating centrally at the time of target presen
tation, they will be unable to report the centrally pre
sented stimulus correctly. Trials in which subjects cannot
report the centrally presented stimulus correctly are re
jected or re-presented at a later stage (for an example of
this procedure, see McKeever & Huling, 1971). How
ever, there are two major disadvantages with this tech
nique, either ofwhich could affect performance with tar
get stimuli.

First, the efficacy with which this method can ensure
central fixation is questionable. In particular, the physical
parameters of any centrally presented stimulus must be
such that any shift in fixation leads to an incorrect report
of the fixation stimulus. The ability to identify stimuli is
likely to differ between subjects and throughout the exper
imental session as subjects become more practiced with
the task (see, e.g., Wolford, Marchak, & Hughes, 1988).
Attempts can be made to accommodate practice effects
and the differential ability ofsubjects to identify stimuli by
manipulating the luminance or presentation time of.fixa
lion stimuli independently oflateralized targets (see, e.g.,

Boles, 1983, 1985). However,even if one assumes that ac
curate report of fixation stimuli reflects the perceptibility
of each fixated stimulus and not a correct guess of a non
centrally fixated stimulus, any changes made to the presen
tation parameters of centrally presented stimuli must be
made retrospectively, on the basis of performance from
previous trials. Consequently, even if attempts are made to
determine the threshold of stimulus identification individ
ually for each subject and throughout the experimental ses
sion, a subject may still make a substantial number ofnon
central fixations that can contaminate the experimental
task with shifts in retinal eccentricity.

Second, the use of a secondary, fixation task may in
terfere with the primary, experimental task (Hellige &
Sergent, 1986),especially if the two tasks have overlapping
cognitive demands. Hines (1972) was one of the first to
raise this concern, which was later reiterated by Carter
and Kinsbourne (1979), who found that a centrally pre
sented digit interfered with an experimental task in chil
dren. Other, arguably less interfering stimuli, such as ar
rowheads, have been used to indicate order of stimulus
report (see, e.g., Kim, 1996; Schmuller & Goodman,
1979). Although these tasks may be less likely to inter
fere with the processing of the experimental task, how
ever, our earlier arguments concerning the identification
of stimuli from noncentral fixations still apply.

The possibility of interference between alphanumeric
fixation stimuli and the experimental task has been widely
acknowledged (see, e.g., Hellige & Sergent, 1986; Me
Keever & Huling, 1971; Young & Ellis, 1985). In an at
tempt to overcome the interfering effect that a centrally
presented alphanumeric stimulus may have on the ex
perimental task, Young and Ellis included separate, ran
domly determined trials on which a single stimulus was
presented centrally rather than laterally. The rationale
behind this approach was that, if subjects were fixating
centrally throughout the experiment, central stimuli
should produce better performance than lateral stimuli.
However,better performance with central stimuli does not
necessarily indicate central fixation. For example, fixating
slightly to one side ofcenter may still produce greater re
port accuracy for central stimuli over lateral stimuli, while
still inspiring an artifactual influence on performance
with laterally presented targets.

Watching subjects' eyes. More direct methods over
come some (but not all) of the problems associated with
emphasized instructions and the use of a secondary re
port task. One such method is to have an observer watch
subjects' eyes. Trials on which, in the opinion of the ob
server, subjects were not fixating centrally are rejected
or re-presented at a later time (see, e.g., Berlucchi, Tassi
nari, Marzi, & Di Stefano, 1989; Maddess et al., 1973;
Mohr, Pulvermiiller, & Zaidel, 1994; Nicholls & Atkin
son, 1993; Schwartz, Montagner, & Kirsner, 1987). For
example, Maddess et al. described a method in which
fixation location could be monitored by watching sub
jects' eyes through a monocular lens, whereas Berlucchi
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et al. used video camera to project an image of subjects'
eyes onto a television screen by which fixation location
could be monitored. However, an observer's assessment
of central fixation may be affected by a number of un
wanted influences, not least by the experimental hypoth
esis, levels of vigilance, and even inaccurate perception
offixation location. Without knowing that observers pro
vide consistent accurate assessment offixation location,
it is impossible to be confident that this procedure en
sures that subjects fixate centrally on every trial.

In sum, confidence that subjects are fixating centrally
at the time of lateralized target presentation cannot be
high when methods such as emphasized instructions, a
secondary fixation task, or watching subjects' eyes are
used to assess fixation location.

Objectively monitoring fixation location. To over
come the problems associated with other techniques, a
number ofresearchers have used eye-tracking equipment
to objectively ensure central fixation (e.g., Chiarello,
Dronkers, & Hardyck, 1984; Christman, 1990; Hardyck,
Chiarello, Dronkers, & Simpson, 1985; Jordan, Patch
ing, & Milner, 1998a, 1998b; Patching, Jordan, & Mil
ner, 1998). For example, Hardyck et al. were among the
first to use eye-tracking equipment to control the onset
of stimulus presentation. Presentation of trials was con
trolled by a computer interfaced with an eye tracker, and
stimuli were presented only when x- and y-coordinates
returned from the eye tracker fell within a prespecified
range for five successive samples. Provided care is taken
to calibrate these devices accurately (Beauvillain & Beau
villain, 1995), the use of eye-tracking equipment pro
vides an objective and effective method ofensuring central
fixation. However, the mere use of eye-tracking equip
ment does not overcome all the problems associated with
ensuring central fixation, and further consideration of
the psychological processes involved can help increase
the validity and extent ofcontrol offered by these devices.

Provision of Feedback
It has been known for some years that subjects are often

unaware oftheir precise point offixation (see, e.g., Brind
ley & Merton, 1960). Thus, when fixation location is
monitored with an eye-tracking device and target presen
tation is withheld until subjects are accurately fixating the
required location, subjects may often fixate incorrectly and
make several attempts at fixating the required location be
fore central fixation is achieved and maintained. However,
Steinman (1977) noted that subjects' ability to fixate a
predetermined location is considerably increased when
they are provided with feedback about their fixation loca
tion. Indeed, we have found in our own laboratory that when
little or no feedback about fixation location is provided,
subjects are uncertain that they are fixating the required
location and often develop a hunting strategy whereby a
series of adjustments are made around the point of fixa
tion in the hope that such adjustments will eventually re
sult in accurate fixation ofthe required location. More im-

portantly, these adjustments can continue even when cen
tral fixation has occurred and target presentation is taking
place. Without feedback to inform subjects they are fixat
ing centrally, target presentation may be unexpected and
may take place while subjects are still making adjustments
to their eye position. In short, feedback about fixation lo
cation minimizes the reliance placed on subjects' abilities
to monitor their fixation location and minimizes the risk
that fixation will be shifted at the time of target presenta
tion. Unfortunately, previous studies using eye-tracking
devices have provided little or no feedback about fixation
location prior to target presentation.

A Role for Visual Attention
The relationship between attention and fixation has at

tracted the interest of researchers for many years. In par
ticular, it is possible that differences in performance be
tween the visual fields results from a tendency to attend
more to one visual field than to the other (see, e.g., Bry
den, 1980; see also Hardyck et al., 1985, for a review). In
deed, as early as 1866, Helmholtz (1866/1925) published
a series of observations in which he remarked that he
could direct his attention to regions of the visual field
away from the point offixation, and Wundt (1912) com
mented on the ability to separate the line of fixation from
the line of attention.

More recently, a number of studies have investigated
the link between fixation and attention by measuring the
time it takes to make saccadic eye movements to a pe
ripheral target when (I) there is a gap between the offset
of the fixation point and the onset of the target, (2) there
is no gap between the offset of the fixation point and the
onset ofthe target, or (3) the target is presented while the
fixation point remains on (Fischer, 1986; Mackeben &
Nakayama, 1993; Reuter-Lorenz, Hughes, & Fendrich,
1991; Sheliga, Kuznetsov, & Shulgovskii, 1991). Typi
cally, findings in this area indicate that saccadic eye
movements are much faster (express saccades, defined
by their extremely short reaction times of75-100 msec)
when there is a gap between the offset of the fixation
point and the onset of the target than when there is no
gap between fixation point offset and target onset or
when the fixation point remains on while the target is
presented. Since express saccades can occur so rapidly,
and since many lateralized stimuli are presented for
longer than 75 msec (see, e.g., Hardyck et al., 1985; Kit
terle et al., 1993; Koenig et al., I992; Lukatela, Carello,
Savic, & Turvey, 1986; Tramer, Butler, & Mewhort, 1985),
express saccades are a potentially confounding factor in
divided visual field studies of cerebral processing asym
metry. However, Fischer and Breitmeyer (1987), sum
marizing data on the initiation of saccadic eye move
ments in relation to the mechanisms of visual attention,
argued that express saccades do not occur when subjects
are attending a fixation point (i.e., when there is no gap
between the offset of the fixation point and the onset of
the target). From this review, they concluded that visual



646 PATCHING AND JORDAN

attention can be in two states-engaged or disengaged
and that, during engaged visual attention, saccades are
inhibited, providing steady fixation. Thus, in view ofthe
evidence that express saccades are suppressed when vi
sual attention is engaged, confounding influences ofex
press saccades in studies ofvisual field asymmetry should
be inhibited when subjects attend the fixation point.

From the findings of Yantis and Jonides (1984) and
Jonides and Yantis (1988), one way ofensuring that sub
jects attend the fixation point (rather than merely fixate
it) is to use fixation points with abrupt onsets. For ex
ample, Yantis and Jonides presented displays that con
tained one item with an abrupt onset embedded among
several other items. When the onset item was the target,
variations in the size of the display had little effect on
target performance, indicating that when an item in the
visual field has an abrupt onset, attentional resources
rapidly shift to the location of this item, to the exclusion
of other locations in the visual field (Jonides & Yantis,
1988; Yantis & Jonides, 1984).

The argument being developed, therefore, is that stud
ies of lateralized target performance that require central
fixation would benefit considerably from the use of feed
back about fixation location and from the use of fixation
points with abrupt onsets that permit control over visual
attention. Here, we present a simple technique that ac
commodates both these influences.

METHOD

Fixation Stimulus
In order to avoid interference between the fixation stimulus and

the experimental task, a single but clearly visible pixel was used as
a central fixation point on each trial. To engage visual attention, the
fixation point was composed ofa series ofabrupt onsets, which was
achieved by making the central fixation point pulse on and off. The
pulsating fixation point also provided the means by which subjects
were supplied with feedback about their fixation location. This was
achieved by changing the pulse rate of the fixation point when
steady central fixation occurred, as indicated by the values returned
from the eye-tracking device (see the Fixation Display section).

Apparatus
The position of each eye was monitored, using an infrared ACS

Applied Research Developments EM 130 eye monitor that operates
by emitting low levels of (invisible) infrared light into each eye and
detecting changes in the angle at which this light is reflected. The
monitor was fixed directly onto the head of each subject and had
emitter and sensor [leads that could be positioned a very short dis
tance (10 mm) from subjects' eyes. The head of each subject was
clamped in a head brace throughout each experiment to prevent
head movement. Pretesting showed that this combination of head
clamping, eye-monitor clamping, and proximal emitters and sen
sors allowed accurate and consistent measurement of fixation loca
tion to within 7.5 min ofarc. Specifically, repeatedly calibrating the
tracker at the start of the study enabled us to map digital output to
amount of shift in fixation from center. Thus, we knew what digi
tal value must be exceeded for a fixation shift o£1.5 min ofarc from
center to be exceeded. Moreover, by fixating different locations, we
could reliably alter the output of the tracker by constant amounts to
within our 7.5-min limits. Under these conditions, fixation at any

predetermined location was denoted by a I,OOO-msec period during
which output from the tracker never exceeded the digital value cor
responding to 7.5 min ofarc away from that location, indicating that
the tracker's output was stable and that fixations were accurate to
within our 7.5-min limits. The output of the eye monitor was
recorded through the ADC input ofa Cambridge Research Systems
0300 intelligent interface that also controlled each visual display.
Input conversion time was approximately 25 usee.

Stimuli were plotted on a Hewlett-Packard 1340A oscilloscope
equipped with rapid decay phosphor with a spot persistence time of
10usee to 10%. The oscilloscope had been modified to enable pre
cise control over the visual angle of stimuli and to provide a higher
resolution display (Jordan & Martin, 1987). The experiment was
conducted in a darkened booth, and the subjects entered their re
sponses by way of two keys interfaced with the computer.

Fixation Display
At the start of each trial, the small pulsating fixation point was

presented at the required (central) point offixation. The pulse rate
was sufficiently low as to ensure that onset with each pulse was
abrupt (thus capturing visual attention) and not diluted by the per
sistence (visual or phosphor) of the previous pulse. In our tests, an
on-time of approximately 100 msec, with an offset-onset interval
of 100 msec, worked best with a P4 phosphor. Phosphors with
slower decay rates (e.g., P31) may require a greater offset-onset in
terval, although the use of slower phosphors may incur other prob
lems (see, e.g., Groner, Groner, Muller, Bischof, & Di Lollo, 1993).
The fixation point continued to pulse until the subjects fixated cen
trally for 1,000 msec.'

As soon as continuous central fixation occurred, the pulse rate
increased (on-time of approximately 50 msec and offset-onset in
terval of 50 msec), informing the subjects that central fixation was
occurring and that the next target was ready for presentation. How
ever, this feedback was achieved while still maintaining the pres
ence of abrupt onsets necessary to capture visual attention. If sub
jects shifted their fixation before target presentation took place,
target presentation was immediately inhibited, and the fixation
point resumed its original (lower) pulse rate until central fixation
again occurred for 1,000 msec. All buttonpresses were disabled
(thus preventing target presentation) until continuous central fixa
tion occurred (as signaled to the subject by the increased pulse rate
of the fixation point), at which time input buffers for buttonpresses
were flushed to ensure that only a buttonpress made while centrally
fixating could initiate a target display. The subjects initiated each
target presentation with a buttonpress because this helped the sub
jects feel in control ofthe task and enabled them to prepare for each
target presentation.

We decided to conduct a simple experiment using this procedure
to examine the efficacy of employing a pulsating fixation point to
provide feedback and engage visual attention. This was achieved in
an experiment designed to replicate the often-reported advantage
for words presented in the RVFover words presented in the LVF(see,
e.g., Bradshaw & Nettleton, 1983, for a review).

Subjects. Sixteen paid undergraduate students from the Univer
sity of St. Andrews participated in the experiment. All the subjects
reported normal (i.e., not corrected-to-normal) vision, were native
speakers of English, and were classified as right-handed by self
report and by administration ofa revised version ofthe 12-item An
nett Handedness Inventory (Annett, 1967).

Stimuli
Testing was achieved using a two-alternative forced-choice pro

cedure (see, e.g., Johnston, 1978; Jordan & Bevan, 1996; Reicher,
1969), which had previously revealed strong RVF advantages for
words in lateralization experiments (see, e.g., Jordan et aI., 1998a,
1998b; Reuter-Lorenz & Baynes, 1992). To this end, 96 four-letter
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words were selected as experimental stimuli, with a mean frequency
of written occurrence of222 per million (Carroll, Davies, & Rich
man, 1971). Two groups of 96 stimuli were formed from pseudo
random selections of the word stimuli, with each group containing
one member of each matched word pair. In addition, a further 96
matched pairs of four-letter words were constructed to provide 96
practice stimuli at the beginning of each session. Each word target
was followed by a pattern mask that permitted the use of high-con
trast stimuli while maintaining overall performance at a meaning
fullevel. Each lateralized target-mask display was preceded by the
central fixation point described earlier.

Visual Conditions
Stimuli were presented so that the innermost edge of each word

was 20 to either the left (LVF) or right (RVF) of the fixation point.
A single letter x subtended a horizontal visual angle of approxi
mately 0.20 0

• Four proportionally spaced letter xs subtended a hor
izontal visual angle of approximately 1.100

• Each mask subtended
a vertical visual angle of approximately 0.50 0 and a horizontal vi
sual angle that matched that of each word target. The experiment
was conducted in a darkened booth, and the subjects entered their
responses via two illuminated keys interfaced with the computer.

Design
The subjects took part in one 50-min session. Each word target

was presented once in each visual hemifield, in a pseudo.andom
order that prevented the subjects from correctly anticipating stim
ulus location. Each session was divided into three sections (prac
tice, A, and B), with no obvious transition from one section to the
next. Each of the two presentations of each word (LVF, RVF) oc
curred in a different section (A or B), to ensure that the same word
was not seen in close succession in the left and right visual hemi
fields. The allocation of stimuli to sections A and B was reran
domized for each subject.

Calibration
The eye-tracking equipment was calibrated for each subject at

the start of the session by presenting one small but clearly visible
pixel at a series of unpredictable horizontal distances (up to 30), left
and right, from a central pixel (the central fixation point). The sub
jects were instructed to fixate each noncentral pixel while the out
put from the eye-tracking equipment was monitored and adjusted
such that a change in eye position registered an equivalent change
in the value returned from the eye tracking device. This calibration
procedure has considerable empirical support and is widely used in
eye movement research (e.g., Beauvillain & Beauvillain, 1995; Briihl
& Inhoff, 1995; Eden, Stein, Wood, & Wood, 1994; Inhoff, 1989;
Jones & Santi, 1978; Rayner & Inhoff, 1981). Calibration continued
until the numerical values returned from the eye-tracking device
consistently showed the same values when the subjects fixated pre
viously monitored locations. Calibration checks made throughout
the experiment showed no deviation in monitor accuracy.

Procedure
At the beginning of their session, each subject was familiarized

with all 26 letters of the character set used in the experiment. The
eye-tracking equipment was then calibrated. The subjects were in
formed that the eye-tracking equipment would monitor their fixa
tions throughout the experiment and that each stimulus would be
available for presentation only when they were fixating centrally.
The subjects were told that, to help them fixate centrally, a small
pulsating fixation point would be shown before each trial at the re
quired (central) point of fixation. The pulse rate of this point would
initially be low and would remain so until they had steadily fixated
this point for I sec, at which time the pulse rate would increase and

pressing a key on the keyboard would initiate the next stimulus dis
play. It was stressed that, if the subjects shifted their fixation before
target presentation took place, target presentation would be imme
diately inhibited, and the fixation point would resume its lower
pulse rate until central fixation again occurred for I sec, at which
time stimulus presentation would again be available.

At the start of each trial, the fixation point appeared at the cen
ter of the screen. When the fixation criteria had been met and the
subjects pressed a key, the fixation point disappeared, and the fol
lowing display sequence was immediately initiated: target; mask;
500-msec blank. Target exposure duration was calculated individ
ually for each subject. Average exposure duration for targets was
62 msec, with a standard deviation of 11 msec; masks were presented
for 50 msec. Fixation location was recorded at target onset and off
set. Five hundred msec after mask offset, the target and matched al
ternative were presented, one above the other, and the subjects had
to decide which ofthese two stimuli had actually been presented. To
make their choice, the subjects pressed one oftwo keys to select ei
ther the upper or the lower alternative.

RESULTS

The use of an eye tracker to control fixation location
was highly successful and ensured that central fixation
occurred on 100% of the trials. When questioned, the
subjects indicated that the change in pulse rate of the fix
ation point had helped them to fixate centrally and to
maintain this fixation. Furthermore, allowing the subjects
to initiate each stimulus display ensured that no subjects
were taken unaware by sudden or unexpected stimulus
presentations when central fixation was taking place.
Monitoring the values returned from the eye tracker re
vealed varying abilities to fixate centrally at the start of
each session, although all improved during the practice
period. These differences were particularly apparent in
the subjects' ability to maintain steady fixation; although
most subjects were able to fixate the fixation point ac
curately, some could only do this fleetingly, whereas oth
ers achieved steady fixation with ease. These variations
were dramatically reduced during the practice period, and,
in any case, the technique we used ensured steady cen
tral fixation at stimulus onset. Moreover, after practice,
the subjects achieved and maintained steady fixation very
shortly after the onset of the fixation point (typically
within 0.5 sec), and examination of the values returned
from the eye tracker at the onset and offset of stimulus
presentation revealed that fixation location remained cen
tral throughout the presentation of each stimulus. How
ever, these individual differences in subjects' ability to
maintain central fixation underscore our concern that in
adequate controls for ensuring central fixation may pro
vide varying and contradictory data in divided visual
field studies of cerebral asymmetry.

The accuracy data were submitted to an analysis of
variance with one within-subjects factors, visual hemi
field (LVF or RVF). In line with previous research (see,
e.g., Bradshaw & Nettleton, 1983, for a review), a strong
RVFadvantage was observed [F(l, 14) = 20.67,p < .001];
overall accuracy of report for words presented in the
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RYF was 78% correct, whereas overall accuracy of re
port for words presented in the LYFwas 72%. However, in
contrast to previous experiments that had not adequately
ensured central fixation, the RYF advantage obtained in
this experiment is likely to reflect more precisely cere
bral processing asymmetry.

DISCUSSION

The technique we have described allows the benefits
of using an eye-tracking device to be extended by the
provision offeedback about fixation location and control
over visual attention. The use ofa pulsating fixation point
is a simple but effective method of accommodating both
influences and makes this technique easy to implement
and available for any tachistoscopic task in which an eye
tracker is used to control fixation location.

The benefits of providing feedback about fixation lo
cation for studies of lateralized targets may also be ap
plied to studies of foveal target perception. For example,
many studies ofvisual word recognition use foveally pre
sented stimuli preceded by a central fixation point that
subjects are specifically instructed to fixate. In many
cases, precise fixation ofthis location may not be impor
tant and, indeed, may provide an unwanted influence on
subjects' perception of information from different parts
of word targets. Nevertheless, feedback about fixation
location, coupled with control over target presentation,
may permit researchers to define more precisely the screen
locations fixated when foveal targets are presented.

The use of pulsating fixation points to control visual
attention may also have further potential. Although it has
been suggested that a tendency to attend more to one vi
sual field than to the other could account for visual field
asymmetries (see, e.g., Bryden, 1980), and given sub
jects' ability to orient attention independently of the line
of sight and ofeye movements (see, e.g., Hardyck et aI.,
1985), it is vitally important that every attempt is made
to ensure that subjects are attending centrally at the time
oftarget presentation. In the technique we have described,
this was achieved by using abrupt onsets via a pulsating
fixation point that continued to pulsate (at a faster rate)
even when the subjects successfully fixated the required
fixation location. However, by using a stable fixation
point (instead ofone that is pulsating) to signal when cen
tral fixation is taking place, researchers may relinquish
control over visual attention, while maintaining control
over fixation location. Such manipulations may help de
lineate the role played by attention in performance with
lateralized targets.

Similar manipulations may also be used to throw light
on the role ofattention in foveally presented targets, par
ticularly where fixation location within a word is an im
portant experimental variable (see, e.g., Farid & Grainger,
1996; Nazir, Heller, & Sussmann, 1992; Nazir, O'Regan,
& Jacobs, 1991; O'Regan & Jacobs, 1992). For example,

Johnston and McClelland (1974) investigated the percep
tibility of target letters in briefly presented words and
found that when subjects were instructed to attend to the
entire word, recognition oftarget letters was superior, com
pared with when subjects were given prior knowledge of
the position of the target letter and instructed to attend
this position in the word. Although further research is
required to fully understand the role of attention in the
processes underlying foveal word recognition, the tech
nique described in this paper provides a method by which
the focus of attention could be manipulated. In particu
lar, using stable and pulsating fixation points can pro
vide different levels ofattentional engagement, while still
providing feedback about fixation accuracy and control
over the location fixated at target onset.

In summary, researchers can be confident that sub
jects are fixating centrally at the time of target presenta
tion only iffixation location is objectively monitored by
an eye-tracking device that withholds target presentation
until central fixation takes place. However, the mere use
of eye-tracking equipment does not overcome all the
problems associated with ensuring central fixation, and
two further influences on central fixation that should be
addressed are the provision of feedback and the role of
visual attention. The simple method we present for ac
commodating both these influences promises to increase
the benefits offered by eye-tracking devices for divided
visual field studies ofcerebral processing asymmetry, in
particular, and for a range of other paradigms in which
precise control over fixation location is required.
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NOTE

I. We found that a second was a reasonable time to ask subjects to
fixate centrally and had the added advantage of ensuring maintained
steady fixation rather than afleeting glance (see, e.g., Hellige & Ser
gent, 1986).
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