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Abstract

A major concern when using lateralized words to study hemispheric asymmetry is that the retinal eccentricity of targets is matched acr:
visual hemifields. The standard technique is to fixate a point fixed at the centre of the visual field. However, the demands of this fixation task
substantial and so may confound performance with lateralized targets. To investigate this possibility, words were presented unilaterally in e
visual hemifield and retinal eccentricity was controlled using (a) a fixed central point or (b) a window technique that permitted small shifts i
fixation while maintaining accurate retinal eccentricity by using automatic adjustments to target location. Fixation errors and time to fatate indic
that the demands of the standard technique were considerable and far greater than those of the window technique. Nevertheless, both techr
produced the same pattern of visual field effects, indicating that the demands of fixating a fixed central point do not confound performance w
lateralized words. However, the window technique was more efficient and easier for participants to use and so offers a new improved methodol
for studying hemispheric asymmetry.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction nal eccentricities in each hemifield, and even small shifts in
fixation away from the centre of the visual field can produce
Nerve fibres carrying information about stimuli falling in the contamination (segordan, Patching, & Milner, 1998, 200@r
left visual hemifield (LVF) project to the right lateral genicu- reviews). Assessments of the physiology of the human visual
late nucleus (LGN) and then to the visual cortex of the rightsystem (e.g.Green, 1970 Jones & Higgins, 1947Polyak,
cerebral hemisphere whereas fibres carrying information about941; Riggs, 1963/Meymouth, Hines, Acres, Raaf, & Wheeler,
stimuli falling in the right visual hemifield (RVF) project to 1928 indicate that the visual acuity available when fixat-
the left LGN and then to the visual cortex of the left cerebraling a central fixation point drops to 30% of this level at 2
hemisphere. Thus, with appropriate experimental control, stimhorizontal eccentricity (a typical eccentricity for lateralized
uli can be presented to whichever cerebral hemisphere is chostargets in studies of hemispheric asymmetry). However, a right-
by the experimenter to help reveal hemispheric asymmetries iward shift in fixation of just 20 min from the central fixation
processingd. point can increase this level of acuity to 45% for RVF targets
However, inferences about hemispheric processing are likelgnd, concomitantly, reduce it to 15% for LVF targets. Conse-
to be contaminated if stimuli are presented at different reti-quently, although non-central fixations may land to one side
of a central fixation point by just a few minutes of arc, the
S difference produced in the relative visibility of LVF and RVF
* Corresponding author. targets may produce a performance advantage for one hemifield
E-mail addresses: Prof TimJordan@leicester.ac.uk, because of asymmetries in retinal acuity rather than asymme-
Prof.TimJordan@btinternet.com (T.R. Jordan). . . . .
1 When we refer to stimuli presented to one hemisphere, we are not assumirrf][;les In hemlspherlc processing (e.@rdan et al_" 1998, 2000
that only this hemisphere has access to this information, simply that the conlordan, Patching, & Thomas, 2003a, 200Batching & Jordan,
tralateral hemisphere receives the information before the ipsilateral hemispher&998.
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1.1. Using a fixed central fixation point in studies of According toKowler (1990) fixations of small isolated sta-
hemispheric asymmetry tionary targets, like a fixed central point, are extremely stable

over several seconds when the head is firmly supported, sug-
The importance of ensuring matched retinal eccentricity ingesting that the demands of maintaining central fixation under
divided visual field studies of hemispheric asymmetry is widelythese conditions are small. Inde&atliff and Riggs (1950(see
acknowledged and various methods have been trieditgéan  alsoSteinman, 197;7/Steinman, Haddad, Skavenski, &Wyman,
etal., 1998, 2003a, 2003for reviews). However, by farthe most 1973 found that the total movement of the eyes over a period
popular method is to present a fixation stimulus (usually a smalbf several seconds is usually less than 10 min of arc, occurring
dotorcross) ata fixed, predetermined location in the centre of thequally often to the left and right of fixation, af8teinman et
visual field, midway between the locations of LVF and RVF tar-al. (1973)observed that maintaining stable fixation of a fixed
gets, and to simply instruct participants to maintain their fixationcentral point is simple to do and requires no special training.
at this fixed central point before (and during) the presentation of However, these findings were made using paradigms in which
each target (sedordan et al., 1998, 2003a, 20Q%tr reviews).  only fixation stimuli were presented. In contrast, accurately fix-
Unfortunately, instructions alone fail to ensure accurate fix-ating a fixed central point in studies of hemispheric asymmetry
ation (e.g.,Findlay & Kapoula, 1992 Jones & Santi, 1978 where the primary task is to identify targets presented peripher-
Jordan et al., 1998, 2003a, 2003tatching & Jordan, 1998 ally in the visual field is a difficult task for participantdgnes &
Sugishita, Hamilton, Sakuma, & Hemmi, 19%rrace, 1959  Santi, 1978Jordan et al., 1998, 2003a, 2003b; Terrace, 1959
For exampleJordan et al. (1998kee alsdordan et al., 2003a, even participants who are highly motivated and experienced
2003h monitored fixation of a fixed central point during later- (e.g., Findlay & Kapoula, 1999 Indeed, without the control
alized word displays using an eye tracker. Despite emphasizeaf an eye tracker, participants find that the suppression of eye
instructions to fixate the fixed central point, and randomised premovements required to fixate a fixed central point in this type
sentations of targets between the left and right hemifields, centralf experiment is essentially impossible to do (ekgndlay &
fixations occurred on only 23% of trials and the majority (64%)Kapoula, 1992Jones & Santi, 1978ordan et al., 1998, 2003a,
of non-central fixations fell to the right of the central point. 2003b; Terrace, 1959
To overcome these variations in fixation accuracy, researchers These fixation difficulties in studies of hemispheric asymme-
ensure fixation of a fixed central point by using an eye trackertry are consistent with the findings of studies that have investi-
For exampleJordan et al. (1998see alsaJordan & Patching, gated the link between accurate central fixation and the suppres-
20034, 2003b, 200#atching & Jordan, 1998ised the standard sion of eye movements towards targets in the periphery (e.g.,
technique of a fixed central fixation point but controlled the onseFischer, 1986Mackeben & Nakayama, 199Reuter-Lorenz,
of lateralized word targets by using an eye tracker interfaced wittlughes, & Fendrich, 1998heliga, Kuznetsov, & Shul’govskii,
acomputer. Thisarrangementallowed presentation of lateralizet®91; for a review, se€&ischer & Breitmeyer, 1997In particu-
targets only when the eye tracker indicated central fixation anthr, findings from these studies suggest that when fixating a fixed
so ensured accurate target retinal eccentricity on each trial.  central point, rapid involuntary eye movements directed towards
the location of peripheral targets can occur and are suppressed
1.2. Does requiring accurate fixation of a fixed central only when participants are attending the fixation point. (Indeed,
point place confounding demands on participants? the findings ofBreitmeyer & Valberg, 1979uggest that stim-
ulation from stimuli in the periphery may actually suppress the
The perceptual and cognitive simplicity of using a fixed processing of stimuli in the fovea, making the task of accurate
central fixation point make it well-suited to studying the pro- central fixation even more difficult under conditions of lateral-
cessing of lateralized words and, when coupled with an ey&ed target presentation.) Thus, whereas the task of accurately
tracker to ensure accurate fixation, the technique provides dixating a fixed central point appears to require little effort when
effective method for controlling retinal eccentricity in studiesit is presented in isolation, the same task may place consider-
of hemispheric asymmetry. However, whilst the importance ofable demands on participants when a fixed central point is used
accurate central fixation is clear, it remains to be seen whethéo ensure accurate retinal eccentricity in studies of hemispheric
the demands of accurately fixating a fixed central point actuallpsymmetry. Of further concern is that the demands of accurate
confound the processing of lateralized words. central fixation may actually interfere with the processing of lat-
eralized targetddoshiyama and Kakigi (200presented visual
- _ ' _ stimuli (checkerboards) in peripheral locations and recorded the
It is important to emphasize that presenting targets randomly in the lef\/isual evoked potential (VEP) produced by these stimuli under

and right hemifields does not prevent systematic biases in fixation location. variety of fixation conditions. In th ntrol fixation condi
Consequently, although the vast majority of experiments using Iateralizedworf’i_l arety o ation co ons. € contro alion co

displays to investigate hemispheric asymmetry have used a fixed central poifiON, participants were asked merely to fixate on the centre of
with only instructions to fixate, and targets presented randomly in the left andhe visual field. However, when the demands of the fixation task
right hemifields, it is not sufficient to assume that non-central fixations addyere increased by requiring participants to “gaze and menta”y
mere!y ra_mdom error variance tq thg da_lta. InQeed, it ghould also be pointed O%ncentrate” on a fixed central fixation point, VEP to foveal
that, in view of the non-linear distribution of information throughout a word, __. . . . .
even random variations in fixation location may inspire systematic artefactua?tlmmatlon was enhanced and VEP to perlpheral StI.mUIatlon
differences in performance between the two hemifields{eean et al., 1998, Was suppressed, relative to a control condition in which these

2000, 2003a, 2003b demands were not made.
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It would be of considerable concern for studies of hemi-2.1.2. Stimuli
spheric asymmetry if the scientific benefits provided by accu- Testing was achieved using the Reicher—Wheeler two-
rate central fixation were compromised by demands thaalternative forced choice task (sderdan et al., 2000 One
confounded the processing of lateralized targets. Indeed, mamundred and twenty-eight matched pairs of four-letter words
researchers have argued for a role for attention in processvere selected as experimental stimuli, with a mean frequency
ing lateralized words (e.gBryden, 1980; Kinsbourne, 1970 of written occurrence of 210 per milliorCarroll, Davies, &
Larson & Brown, 1997Mesulam, 198)and a number of stud- Richman, 197L The members of each word pair differed by
ies suggest that whereas the left hemisphere can process wojdst one letter (e.g., word, work) and these differences occurred
when few attentional resources are allocated to the task, thequally often at each of the four-letter positions. Half the par-
right hemisphere requires more attentional resources to peticipants received one member of each word pair as a target and
form the same task (e.gMondor & Bryden, 1992 Nicholls  half the other member. The pair-mate for each target was used as
& Wood, 1998 Nicholls, Wood, & Hayes, 2001 Thus, when the alternative response in the Reicher—Wheeler task. An addi-
attentional resources are assigned elsewhere, performancetimnal 48 matched pairs of four-letter words provided practice
disrupted more for LVF words than for RVF words, which stimuli at the beginning of each session. A single but clearly
may not be affected at all. If the demands of accurately fix-visible pixel was used as a central fixation point on each trial.
ating a fixed central point disrupt the normal allocation of To provide feedback on fixation accura&téinman, 197)ithe
attention for processing lateralized words, the findings profixation point pulsated slowly until accurate fixation occurred.
duced by studies using this fixation technique may inflate RVF
advantages and so produce spurious indications of hemisphe®c; 3 visual conditions

asymmetries. Viewed from a distance of 57 cm, the visible area of the dis-
Accordingly, the research reported in this article introducesyjay screen measured2@ertically and 23 horizontally. Words

a new technique for studying hemispheric asymmetry. Specifiyere presented in black 14-point Times New Roman font on a

cally, we used a moving virtual window in which inaccuraciesyhite background and subtended a horizontal visual angle of

in participants’ fixation of up to 0.5either side of a central 1o Background screen luminance was 46 cdland stimulus

fixation point (the typical range of fixation inaccuracies in exper-|yminance was 0.15 cdfn

iments using lateralized displays; e.dprdan et al., 1998vere

accommodated by precise lateral adjustments in the Iocatio? 1.4 Fixed and window conditions

at which the word target was presented on that trial. In this” ;I'He eye-tracking equipment was calibrated for each partic-

way, inaccurate fixations did not alter the actual, matched retii- ant at the start of each sesside@uvillain & Beauvillain

nal eccentricity at which words were presented in each visu 995 Patching & Jordan, 1998Each trial in the fixed an’d

hemifield but the demands placed on participants by the Star\1/\_/indow conditions began’ with the presentation of the pulsat-

dard technique of accurately fixating a fixed centr al point Werefng fixation point at the centre of the screen. Participants were

removeq. If the demgnds of the stgndard technique affect th|(ra1structed to accurately fixate the fixation point on each trial

processing of lateralized words, different patterns of perfor-

mance should be produced when these demands are remov these same instructions were given in the fixed and win-
! prf - . (?ow conditions. Fixation locations were monitored continuously

by the window technique. In particular, if the demands of accu; .

o . S .~ “throughout each trial.

rately fixating a fixed central point disrupt the role of attention In the fixed condition, participants were required to accu-

in processiljlg words, overall' performance for lateralized Wordsrately fixate the Iocation, of the central fixation point when a

should be higher, and the typical RVF advantage should be lowe arget was shown. To ensure this, the fixation point pulsated

when using the window technique. On the other hand, if the : '

demands of the standard technique are not disruptive, standa%ﬂ?m accurate fixation occurred continuously for 1he fixa-

and window techniques should produce similar patterns of wor on phomt theln gtppped pulsatm.g V\|/h|cr};pd|9atedht-? pa;tlmpal:ts
performance. atthey couldinitiate a target display. If fixation shifted from the

central fixation point at any time prior to target presentation, tar-
get presentation was withheld and the pulsating central fixation
point was shown again until accurate fixation occurred continu-
ously for 1 s. In the window condition, the fixation window was
always centred on the location of the central fixation point and
participants were allowed to fixate up to 916ft or right of this

2.1.1. Participants location when a target was shown. In this condition, the fixation
Twelve paid undergraduate students each participated in two 9 : y

) : O Boint pulsated until fixation occurred within the fixation window
sessions, one on each of 2 different days. All participants wer . o : X
c&mtmuously for 1s. The fixation point then stopped pulsating,

native speakers of English and were classified as right-handeq, . |, .~ . g o

4 . . which indicated to participants that they could initiate a target
by self-report and a revised version of the 12 item Annett Hand-
edness inventoryAnnett, 1967. All participants reported nor-
ma_l or corrgcted-to-normgl vision, a,md were screened using a We found that 1s ensured a steady fixation rather than a ‘fleeting glance’
Bailey—Lovie eye chartRailey & Lovie, 197§ to ensure nor- (see, e.gHellige & Sergent, 198gand was a reasonable time to ask participants
mal visual acuity. to fixate centrally.

2. Experiment

2.1. Methods
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display. If fixation shifted outside the fixation window at any two letters were shown, one above the dash and one below (ran-
time prior to target presentation, target presentation was withdomly determined) and participants decided which letter had
held, and the pulsating central fixation point was shown agaileen shown in the target at the position indicated by the dash. To
until fixation within the fixation window occurred continuously make their choice, participants pressed a response key to select
for 1s. No change in fixation location occurred during any targetither the upper or lower alternative. Target exposure duration
display in either fixation condition. was 50 ms in both fixation conditions.

In the fixed condition, each word was presented so that its
inner edge was“2from the location of the fixed fixation point,
in the LVF or RVF. In the window condition, each word was
presented so that its inner edge wa&@m the point of fixation,
in the LVF or RVF, regardless of where in the fixation window
participants were fixating. When fixation occurred within the
window, the fixation point shifted to the point of fixation and the
location at which the lateralized word target was presented o
that trial was adjusted accordingly. For example, if fixation in

the window was 15 min to the right of the location of the central,[ion on only 52% of trials: 30% of fixations fell to the left and

fixation point, the fixation pomt f‘:’hlfted. to this Iocathn and, 'f.a 18% to the right, up to 05away from the location of the central
target was presented during this fixation, the location at which

the target was presented (in the LVF or RVF) was also moved (.)m.t' Reg_a rdl_ess (.)f where part|c_|pan_t s were actually fixating
. . S . - within the fixation window, target stimuli were always presented
15 min to the right to maintain a constarntr2tinal eccentricity

in both hemifields with the same retinal eccentricity in the LVF and RY/F.
' To assess the difficulty of fixating in each fixation condition,
the time taken and the number of fixation errors made before

2.1.5. Design o . . . -
o . N . . accurate fixation occurred in the fixed and window conditions
Participants took part in both fixation conditions, one in each . o .
. . . were measured on each trial from the onset of the fixation point
of two different sessions. Session order was counterbalanc

- . 30 the onset of the (final) fixation that enabled the presentation
across participants. In each session, each word was presente

each visual hemifield and all words were presented in seudc?-%‘rlthe target. Each measure was submitted to an analysis of
b P variance (ANOVA) with one between-subjects factor (response

field and critical letter position. Half the participants used thr;hand) and one within-subject factor (fixation condition; fixed,

index finger of their right (preferred) hand to respond Whilewmdow). Analysis of time taken revealed a main effect of fix-

the remainder used the index finger of their left (non-preferred tion COI_’]dItIOI’],F(l,lO):.]:6.99p<.005, and no ot.her main
hand. ffect or interaction. Participants took almost three times as long

to fixate accurately in the fixed condition than in the window
condition (for each trial) = 3.94 and 1.32 s, respectively). For

é'malysis of fixation errors, fixation errors in the fixed condition
were fixations that fell outside the location of the central fixation

The Netherlands). The eye tracker was clamped to the head Pm.t and,.m the v¥]|ndow|co!1d|t|on, f||xat|ons t.hat;‘fell ou]Esf!de t.he
each participant and the head of each participant was clampe'é(aup.n widow. The analysis revealed a main e e(?t of fixation
condition,F(1,10) = 14.68p < .005, and no other main effect or

in a head brace throughout the experiment to avoid head MOV teraction. Participants made 14 times more fixation errors in

ments. The output of the eye tracker was recorded through t : - : : " _
) . e fixed condition than in the window condition (for each trial,
ADC input of a Cambridge Research Systems (Rochester, Kenf, — .

=14 and 1, respectively).

UK) visual stimulus generator (VSG2/5) card, which also con- . e .
. ; : . Data for accuracy of target identification (deigs. 1 and 2
trolled each visual display. Visual signals were presented on a ; : i
. . ) . .- were submitted to an ANOVA with one between-subjects fac-
Sony Trinitron F500R visual display monitor and participants L . o
entered their responses via two keys interfaced with the comtor (response hand) and three within-subject factors (fixation
P y condition, fixed, window; visual hemifield, LVF or RVF; criti-
puter. L . . )
cal letter position). The analysis revealed main effects of visual
hemifield, F(1,10) =22.68,p<.001, and critical letter posi-

At the start of each session, each participant was fam|l|ar|ze30n’ F(3,30)=47.96p <.0001. Stimuli were perceived more

i 0 i 0,
with the 26 letters of the character set used in the experimentarﬁq‘:cura@y in the RVF (77.5%) than in the L.VF (.7.1'0/0)'
. ' L : ._ Newman—Keuls tests showed that letters were identified more
instructed to accurately fixate the fixation point on each trial.

When participants initiated a trial in either fixation condition, accurately in exterior positions (1 and 4) than in interior posi-

the fixation point was replaced immediately by the following
display sequence: target; 500 ms blank; two forced-choice alter-, ——

nativ To or nt the forced-choi lternativ four dash 4 Rightward and leftward biases in fixation location have both been reported
atives. 10 prese € forced-choice alternatives, tour das Q\rchen central fixation is required (sderdan et al., 1998nd this variability

were shown in the centre of the screen, corresponding to th@derscores the problems of this confounding variable when accurate fixation
four letter-positions in a four-letter word. At one of these dashess not ensured.

3. Results

In the fixed condition, participants fixated the location of the
central fixation point during target presentation on 100% of tri-
als and, in the window condition, participants fixated within the
fixation window during target presentation on 100% of trials.

owever, in the window condition, participants actually fixated
the location of the central fixation point during target presenta-

2.1.6. Apparatus
The position of each eye was monitored using a Scalar IRI
light reflecting eye-tracking system (Skalar Medical, BDé&lft,

2.1.7. Procedure
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100 7] produced an average of just a single fixation error on each trial.
However, despite the difference in task demands, both fixation
conditions produced essentially identical patterns of target per-
formance. Specifically, both fixation conditions produced the
same overall levels of report accuracy, the same advantage for
RVF words, and the same patterns of accuracy across serial
positions. This last point is particularly informative because
8071 serial-position performance provides a fine-grained analysis of
processing in each fixation condition, and indicates that the
“U-shaped” pattern of orthographic analysis often reported for
lateralized words (for reviews, séerdan et al., 2000, 2003a,
2003h not only occurred in our study but remained unaf-
fected by changes in fixation demands (cf. argumentddmir,
2003.
60 These findings provide a powerful indication that using a
fixed central point to ensure accurate retinal eccentricity in
studies of hemispheric asymmetry does not confound process-
50 ing of lateralized words. Indeed, whereas previous research
Fixed Fixation Window Fixation indicates that considerable demands are placed on participants
. _ _ _required to fixate a fixed central point in studies of hemi-
Fig. 1. Mean percentage of correct responses to words in the left visual field . . . . .
and right visual field in the fixed fixation and window fixation conditions. spheric asymmetry and that processing Of_ lateralized St'mu“
may suffer when the demands of processing a foveal stimu-
i i lus increases, our findings indicate that the demands of fixating
tions (2 and 3; alps <.01) and no more differences were found. 5 gma||, fixed central point, although considerable, do not dis-
The ANOVA revealed no other main effects or interactions. gyt the absolute or relative perceptibility of words in either
particular, fixation condition did not interact with any factor.  is,al hemifield. Thus, while aspects of hemispheric asymme-
tries that are affected by task demands (such as the allocation
4. General discussion of attentional resources) may be a component of performance
differences between the two hemifields, accurately fixating a
The primary purpose of this research was to determindixed central point appears to control retinal eccentricity with-
whether the demands of accurately fixating a fixed central poinbut creating task demands that either suppress or contaminate the
confounded the processing of lateralized targets in studies d@ffects of hemispheric asymmetry on target word performance
hemispheric asymmetry. The time taken to fixate accurately angtf. arguments byNazir, 2003.
the number of fixation errors both indicate that accurately fix- Itis clear from the literature that researchers using lateralized
ating a fixed central point was a very demanding task but thatiargets to study hemispheric processing are widely aware of the
fixating in the window condition was quite effortless. Indeed,importance of matching retinal eccentricity in the LVF and RVF
while an average of 14 fixation errors were made before accuratgy ensuring central fixation throughout each target display (why
fixation of the fixed central point occurred, the fixation window else would researchers using lateralized targets instruct their par-

ELVEF ORVF

90 —

% Correct

T0

100 4 100 4

A --#- LVF ——RVF 207 --u- LVE—+—RVE
§ 80 g 20
=] S
& o]
& 70 & 70 4

. .,
" ta, e
60 4 60 - "
50 50
One Two Three  Four One Two Three Four

(A) Critical Letter Position (B) Critical Letter Position

Fig. 2. Mean percentage of letters correctly reported (% correct) in each critical letter position for words in the left visual field and rightdisughfithe fixed
fixation condition and (B) the window fixation condition.
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