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Abstract

Previous work has found a left visual field (LVF) advantage for various judgements on faces, including identity and emotional expression.
This has been related to possible right-hemisphere specialisation for face processing, and it has been proposed that this might reflect
configural processing. We sought to determine whether a similar LVF advantage may also eyagefmrception. In two experiments,
normal adult subjects made judgements for seen gaze direction (left, right or straight). To assess how visual field may influence perception
of gaze direction, eye stimuli were briefly presented unilaterally or bilaterally. In the latter case, the gaze direction of the two seen eyes
could be congruent or incongruent (i.e. the two eyes could gaze in the same or different directions). For unilateral displays, performance
was more accurate for LVF stimuli than RVF. With bilateral incongruent gaze, the LVF eye influenced judgements more strongly than the
RVF eye. No such LVF advantage was found in a control experiment, in which subjects jogigiedizefor similar eye stimuli. Taken
together, these results reveal a LVF advantage for perception of gaze direction. Since only the eye region was visible, our results cannot be
due to a LVF bias in processing the entire face context. Instead they suggest lateralisation specifically in processing the direction of seen
gaze. © 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction be more common after right-hemisphere damage [8,9]. In
healthy people, additional evidence comes from functional
In everyday life, the gaze direction of other people is im- neuroimaging. For instance, Clark et al. [6], McCarthy et al.
portant in many respects. It can provide critical information [22], and Kanwisher et al. [17] all found stronger activation
in social situations about emotional states (e.g. [1]) and alsoof right than left occipitotemporal regions when viewing
about the direction of attention of another individual, or their faces. Event-related potential (ERP) methods have also re-
goals and intentions [2,20]. Given the importance of per- vealed face-selective responses, e.g. the N170 component,
ceiving the gaze of others’ eyes (and of perceiving faces in which registers as largest in amplitude over posterior tem-
general), one might expect that they receive specialised pro-poral scalp, and is typically larger over the right hemisphere
cessing in the brain. Although this is still controversial (e.g. [3,11].
see [16,26]), some recent work suggests that certain neu- Further neuroscience evidence suggests the possibility of
ral structures may be particularly involved in the perception specialised neural circuits for gaze processing in particular.
of such biologically relevant stimuli. Some of this evidence Bentin et al. [3] observed a larger N170 for eyes presented
also suggests possible lateralisation of function. in isolation, versus a whole face, which they interpreted
Possible right-hemisphere dominance in processing ofas possible activation of an eye sensitive region around
faces was suggested on the basis of neuropsychologicathe right-occipitotemporal sulcus (but see [11]). Hoffman
data on deficits in patients [4,12]. Lesions in the inferior and Haxby [15] used fMRI to compare processing of gaze
occipitotemporal region can lead to selective deficits in face direction versus face identity, and found superior temporal
processing, or ‘prosopagnosia’ (see [7] for review). Al- sulci activation for the former, versus inferior occipital and
though bilateral lesions are most common in prosopagnosia,fusiform activation for the latter. Wicker et al. [27] found ev-
it has been suggested that in unilateral cases the deficit maydence for right-hemisphere predominance in processing of
gaze, within a network including posterior fusiform gyrus,
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[18] reported a larger emotional response to direct gaze inage of responses in the direction of the dominant seen eye
the amygdala, specific to the right hemisphere. Thus, differ- (e.g. with LVF dominance, a higher percentage of straight
ent brain areas may be involved in different aspects of face responses should be found when only the LVF eye looked
processing (e.g. face identity versus gaze perception), butstraight, compared to when just the RVF eye looked straight
with possible right-hemisphere dominance in both cases. in incongruent bilateral displays).
A traditional source of purely behavioural evidence for
possible hemispheric specialisation in face processing has2.1. Method
been visual field effects, specifically left visual field (LVF)
advantages. Better performance for LVF than RVF stim- 2.1.1. Participants
uli has been found in several face-processing tasks (e.g. Eight subjects (two females and six males, mean age 28)
judging face identity or emotional expression, e.g. [5]), and participated; seven were right-handed and one left-handed
interpreted in terms of the LVF projecting directly to the by self report (the left-handed subject did not alter the pattern
putatively specialised right-contralateral hemisphere. Such of results). All had normal or corrected vision by self report.
visual field effects are particularly evident when chimeric Participants were volunteers who replied to an advert and
faces are used (made of two halves from different pictures, received UKE 2.50 for participation in a 30 min session.
joined together; [13,5]). Such LVF advantages for faces have They were unaware of the purpose of the experiment.
been interpreted in terms of right-hemisphere predominance
for configural processing, as contrasted with left-hemisphere 2.1.2. Materials
predominance for featural or part-based processing. In ap- The stimuli were made from a digitised set of photos of the
parent support of this, while many tasks on whole faces can same person. Her gaze was either direct (i.e. looking straight
show LVF advantages, tasks performed on individual face at a digital camera), or deviated “L&om this direct posi-
features can show RVF advantages instead (see [14,24]). tion either to the left or right of the camera. Subsequently,
No previous study has examined whether any visual field by means of Adobe Photoshop 4.0, just a rectangular win-
advantage arises for gaze perception, which was examineddow around the eyes was clipped from the image of the face
here. A critical feature of our experiments was that only the (see Fig. 1). A technique similar to the hemifacial duplica-
eye region was visible, so that any LVF advantage could tion method proposed by Kowner [19], for creating chimeric
not reflect configural processing of an entire face. Given faces, was used to generate all the present gaze stimuli, with
the recent neuroscience evidence (e.g. [18,27]) suggestingonly the right side of the original face being employed. This
right-hemisphere dominance in processing of gaze direction,ensured that none of the stimuli used contained any intrin-
one might expect a LVF advantage, even though a whole sic, unintended asymmetries, because corresponding LVF
face was not shown. On the other hand, if gaze direction and RVF stimuli were perfect mirror-images of one another.
judgements behave like non-configural judgements on otherTwo different sets of stimuli were made, the first consisting
individual face-features, a RVF advantage might be found of just one eye (unilateral stimuli, in the LVF or RVF), the
instead (as in [14]). Our experiments sought to distinguish other consisting of a pair of eyes (bilateral stimuli). From the
these contrasting predictions empirically for the first time. original deviated and straight gaze photos, only the eye on
the right of the original image was used to create all the uni-
lateral stimulus conditions, either straight or deviated. The
2. Experiment 1 original left eye was cut out in Adobe Photoshop 4.0 and
replaced with a gray patch (see Fig. 1a). Moreover, the de-
We presented either just one eye (unilateral displays) viated right eye was constructed by cutting out only the iris
or two eyes (bilateral). A previous conference abstract by and sclera of the deviated right eye stimulus and then past-
Ehrlich and Field [10] reported that seeing two eyes can lead ing onto exactly the same face-photo as the straight right
to more accurate judgements of gaze direction than seeingeye, to ensure that all aspects of the image were always held
just one, which implies that both members of a seen pair of constant except for the seen eye itself.
eyes can contribute to gaze perception. We sought to deter- All the resulting unilateral RVF stimuli were then
mine whether one of the two seen eyes is more dominant. mirror-reversed to create the unilateral LVF stimuli. For the
We therefore included some “chimeric” bilateral displays, bilateral stimulus conditions, one-third of the stimuli showed
in which one of the two eyes looked straight at the subject bilateral straight gaze, made by combining the two unilat-
while the other eye deviated. Thus, each seen eye could lookeral straight eyes that had been produced by mirror-imaging
in different directions, so that bilateral trials could yield two (see Fig. 1b). For the remaining two-third of bilateral trials,
“incongruent” eyes. People were asked to judge the over-the two eyes shown looked in different directions (i.e. one
all direction of seen gaze (i.e. whether the pictured personeye looked either to the subject’s right or left, while the
looked left, right, or straight). If any visual field dominance other looked straight at the subject, to yield “incongruent”
was present, this could become apparent with the unilat- trials, see Fig. 1c). These bilateral stimuli could also be
eral displays and/or the bilateral incongruent conditions. In mirror-reversed (in their entirety). Therefore, on an equal
the latter case, it should be reflected in a greater percent-proportion of trials the right eye was deviated while the
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Fig. 1. (a) Examples of unilateral stimulus displays; left visual field eye straight (LS) or right eye straight (RS); (b) bilateral stimulus displagthw

the left and right eye straight (LS—RS); (c) example of bilateral ‘incongruent’ stimulus displays: (i) the left eye deviated temporally and #ye right
straight (LT-RS); (ii) the left eye deviated nasally and the right eye straight (LN-RS); (iii) the left eye straight and the right eye deviatedytempora
(LS-RT); (iv) the left eye straight and the right eye deviated nasally (LS—RN). Note that the white region of the eye (i.e. sclera) in the nasadly deviat
eye is larger than in temporally deviated and straight eye conditions. Note also that the surrounding regions (i.e. bridge of the nose and eyebrows, et
yield no information for the task, being identical (and symmetrical) for all conditions.

left eye was straight, or vice versa. Crucially for the aim of lateral stimuli, the two eyes could both look straight at the
the experiment, all stimuli were presented within a narrow subject, or one looked straight and the other deviated either
“letter box” format (420° x 1.60°) so that only the region  temporally or nasally, i.e. towards the temple or nose near
near the eyes were visible, other features of the face werethe eye in the photographed face (see Fig. 1b and c). Finally,
excluded (see Fig. 1a—c). Note also that all regions arounddue to other ongoing experiments, the colour of the eyes
the eyes (i.e. eyebrows, bridge of the nose, etc.) were per-was also manipulated in the first study, so that in unilateral
fectly symmetrical (due to the mirror-imaging procedure) trials the iris of the eyes was equally likely to be green or
and were also held constant across all bilateral conditions,brown. In bilateral trials, one-third of the stimuli contained

so they could give no information about gaze direction. two brown eyes, one-third contained a left brown eye and
a right green eye, and the remaining one-third contained a
2.1.3. Design left green eye and a right brown eye. This irrelevant colour

There were two main display types: unilateral and bilat- factor was entirely orthogonal to the different conditions of
eral. The unilateral eyes were equally likely to appear in the gaze direction, and to the various combinations of direction
LVF or RVF, and to look left, right or straight. In the bi- that were possible on bilateral incongruent trials. Moreover,
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it had no impact on the present results, and the colour fac- Table 1
tor was totally eliminated in a Subsequent experiment. The The mean percentage of subjects’ responses for all the unilateral stimulus
total number of possible stimuli was 27. conditions in experiment™

Eye deviation Each response type (left, right, straight) made (%)

2.1.4. Apparf':ltus and procedure . ' Left (%) Straight (%) Right (%)
The experiment lasted approximately 30 min, and took
place in a sound proof booth to avoid distraction. The

Left visual field eye only

. . . Temporal 83.56 16.25 0.31
subject sat in front of a PC laptop computer (PC Toshiba  gyaignt 1063  86.25 3.13
Satellite 300/310 with 12in. colour LCD screen) at a dis-  Nasal 3.75 18.13 78.13
tance of 57 cm from the monitor, arranged so as to face Right visual field eye only
the subject directly close to eye level. The graphic mode pNasal 74.38 20.94 4.69
was set to 640« 480 pixel resolution with 24 bit colours Straight 2.5 86.25 11.25
using the Borland &+ and Genus Microprogramming Temporal 031 21.25 78.44

Library software packages. Subjects were instructed t0  apold numbers represent the percentage of correct responses, on
fixate the centre of the screen and to use their preferredwhich the main statistical analysis were performed.

hand to make their response. They were told to press three

different buttons on the computer keyboard according to Table 2

where they perceived the fjlsplayed ey_es to be |00k|ng (theThe mean percentage of subjects’ responses for all the bilateral stimulus
“B” button for gaze perceived as looking to the subject’s conditions in experiment®L.

left; “N” button for direct gaze; and “M” button for gaze

. . . Deviated eye Eye Each response type made (%
towards the subject’s right). The subsequent trial appeared Y dej’iaﬁon P i i
only after response, and subjects were told to make their Left Straight  Right

i i (%) (%) (%)
response as naturally as possible with no hurry. The ex- _ _
periment began with a practice block of 27 trials (one trial Left (right straight) Temporal  27.92  71.04 1.04
. X . Nasal 1.67  68.75 29.58

for each of the possible display types, in random order),
followed by a total of 540 experimental trials. Each trial Right (left straight) Temporal 146 8042 18.13
began with a central fixation point for 500 ms, followed by Nasal 1271 8646 0.83
the gaze stimulus for 300 ms. All stimuli were presented None (both straight) None 25 93.75 3.75
on a b_laCk background, and all conditions were randomly  ago|d numbers represent the percentage of straight responses on which
intermixed. the main statistical analyses were performed.
2.2. Results and discussion gardless of gaze direction which showed no main effect, nor

any interaction with visual hemifield (both < 1).

We first assessed performance on the unilateral trials (see For the results from bilateral displays (see Table 2 and
Table 1). An ANOVA on the percentage of correct responses Fig. 2), the percentage of straight responses on incongru-
had two within-subject factors: visual hemifield (i.e. left ent trials (where only one of the two eyes actually looked
versus right) and stimulus direction (i.e. seen eye deviated straight) yields a straightforward measure of any visual field
nasally, towards the nose region in the photo; or gazing tem-dominance (as explained earlier). These percentages were
porally, away from the nose; or straight). Significantly bet- entered into a two-way within-subject ANOVA, with the
ter performanceR(1 ,7) = 8.55, P = 0.02) was found for ~ factors of which eye was deviated rather than straight (i.e.
LVF versus RVF stimuli (82.65 versus 79.69% correct), re- LVF or RVF), and of the direction in which this eye was de-

100 -
& EYE DEVIATED
E 80 -
» OLEFT VISUAL FIELD
& Uy (RIGHT STRAIGHT)
é 40 - B RIGHT VISUAL FIELD
= (LEFT STRAIGHT)
2 20

0 T Ll

NASAL TEMPORAL

Fig. 2. Graph of the mean percentage of straight responses in judging the direction of gaze for the bilateral incongruent stimulus displaysirt &xperim
Percentages are plotted as a function of the direction of eye deviation, separately for a deviated left visual field eye vs. a deviated right ay¢éhétete th
were more straight responses when the eye in the right visual field was deviated (i.e. when just the eye in the left visual field was straight; black bars).
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viated (i.e. nasal versus temporal; see Fig. 1c). The resultsTable 3

showed a significant main effect of which eye was deviated The mean percentage of subjects’ responses for all the bilateral stimulus
(F(1, 7) = 8.62, P = 0.02), with an increased percentages Cconditions in experiment®2

of straight responses when the only straight eye appeared irPeviated eye Eye Each response type made (%)

the LVF (83.44%), ratlher thap in' the RVF (69.90%). There deviation Left  Staight Right

was no main effect or interaction involving nasal versus tem-
poral deviation £ < 1).

Left (right straight)  Temporal 73.75 24.12 2.13

Finally we assessed whether, as reported in the previ- Nasal 163 165 6188
ous conference abstract by Ehrlich and Field [10], perfor- Right (left straight) ~ Temporal  '2.63 4688  50.5
mance improved when both eyes were present, versus just Nasal 64 3288 313
one eye. To test this, we compared straight bilateral stim- None (both straight) ~ None 1089 8286  6.25
uli with straight unilateral stimuli in a one-way ANOVA. aBold numbers represent the percentage of straight responses on which

The results showed significantly more accurate performancethe statistical analysis were performed.

(F(1, 7 = 6.19, P < 0.05) for judgements of direct-gaze

based on both eyes (93.75%) compared to when the judgeyyere naive as to the purpose of the experiment and received
ments were based on just one eye (86.25%); see Tables },k¢ 2 50 for participation.

and 2. As suggested by Ehrlich and Field [10], this might be

due to additional symmetry cues from the eyes in bilateral 3 1 o Design

stimuli with both eyes gazing straight. To simplify the design, the previous unilateral conditions
were dropped, as was the irrelevant manipulation of eye
colour. No green eyes were presented, only pairs of brown

3. Experiment 2 eyes. Hence, the resulting design had only two factors, which
both concerned the critical incongruent bilateral displays.

Our second experiment aimed to corroborate the LVF ad- The factors were: which of the two eyes was deviated rather

vantage in judgements of gaze direction. We sought to gen-than straight (LVF or RVF); and the direction of that devia-

eralise it across further subjects. Moreover, while the stimuli tion (temporal versus nasal).

had been briefly presented (for 300 ms) in the previous study,

this duration might still have allowed just sufficient time for  3.1.3. Apparatus and procedure

stimulus-triggered saccades during the display. We there- These were identical to the previous experiment, except

fore now presented the stimuli even more briefy200 ms) that each stimulus now lasted only 184 ms (i.e. one screen

so that saccades could not be made. A simpler design wasefresh shorter than the figure of 200 ms which is commonly

used, dropping the unilateral conditions (since the left visual reported as a typical minimum latency for saccades). Hence,

field dominance was particularly pronounced for the bilat- no stimulus-responsive eye movements should be possible

eral conditions in experiment 1), and removing the irrelevant pefore the stimulus disappeared.

colour manipulation entirely.

3.2. Results and discussion
3.1. Method
As before, the percentage of straight responses on
3.1.1. Participants “incongruent” bilateral trials (see Table 3 and Fig. 3),
Eight new subjects (four females and four males, mean where one eye was straight and the other deviated, were
age of 26.88), all right-handed by self report, took part. All entered into a two-way within-subject ANOVA with

100 -

. EYE DEVIATED
& 804
= CILEFT VISUAL FIELD
£ 60 (RIGHT STRAIGHT)
g B RIGHT VISUAL FIELD
= 401 (LEFT STRAIGHT)
&
- ﬂ

G gy T 1

NASAL TEMPORAL

Fig. 3. Graph of the mean percentages of straight responses in judging the direction of gaze for the bilateral incongruent displays in experiment 2.
Percentages are plotted as a function of the direction of eye deviation, separately for a deviated left visual field eye vs. a deviated right &e. Note th
increase in straight responses when the eye in the right visual field was deviated (i.e. when just the eye in the left visual field was straight). black bars
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deviated eye (LVF or RVF), and its direction of deviation to learning of the stimuli used. For each experiment, the per-
(temporal/nasal), as the factors. The critical previous result centages of straight responses for the critical bilateral, in-
was confirmed, namely a significant main effect of which congruent trials were entered into a three-way within-subject
eye was deviatedH(1, 7) = 7.84, P = 0.025, see Table 3), ANOVA, with the factors of experimental half; which eye
with an increased percentage of straight responses when thevas deviated; and the direction of its deviation. For experi-
eye in the LVF was straight rather than that in the RVF (39.88 ment 1, the results showed only a significant main effect of
versus 20.31%). This time, the main effect of temporal/nasal which eye was deviatedr(1, 7) = 8.62, P = 0.02). Neither
deviation was also significanE(1, 7) = 15.21, P < 0.01), of the other factors nor any of the interactions approached
with more straight responses when the other eye was devi-significance, showing that no difference in our critical effect
ated temporally (35.50%) rather than nasally (24.69%), re- was found between experimental halves. Moreover, the LVF
gardless of where the deviated eye appeared (i.e. LVF oradvantage remained reliablg & 0.012) when just the first
RVF). There was no interaction between the two factors experimental half of experiment 1 was considered alone. For
(F < 1). The effect from direction of deviation, found in the experiment 2, this analysis again showed the critical main ef-
present study but not experiment 1, is probably due to the fect of which eye was deviate®#(1, 7) = 7.84, P = 0.03),
present use of briefer displays. This may have made the ex-plus the effect of the direction of its deviatioR((, 7) =

tent of the white part of the eye (i.e. the sclera) more salient, 15.21, P < 0.01) as before for this study. No other main ef-
for a cruder judgement. Note that the extent of visible sclera fects or interactions approached significance, again confirm-
on one side was indeed larger for nasal than temporal devia-ing that the critical LVF advantage did not differ between
tion (see Fig. 1c). The briefer displays may also explain the experimental halves. Finally, the LVF advantage remained
reduced overall rate of straight responses on bilateral trials, significant £(1, 7) = 7.43, P < 0.01) when just the first

in comparison with experiment 1. But the important point is experimental half of experiment 2 was considered alone.
that LVF dominance was replicated for the bilateral incon-

gruent displays, in a different group of subjects, without the

irreleyant colqur manipulation, and _with displays too brief , Experiment 3

for stimulus-triggered saccades during them.

To assess the consistency of this result across the two
experiments (and any differences), a mixed ANOVA was
performed on the percentage of straight responses for incon
gruent stimuli. Experiment (i.e. experiment 1 versus exper-
iment 2) now served as a between-subject factor, while the
eye that deviated (i.e. in the LVF or RVF), plus its direction
of deviation (nasal/temporal) again served as within-subject

factors. This analysis showed a significaf(}, 14 = and biological significance, since it can indicate interest

3422, p = 0.001) main efiect of expe_rlment, with a from a conspecific. Moreover, people have been shown
decrease in the overall percentage of straight responses be;

) 0 be very sensitive to pupil size (for instance, it affects
tween experiments 1 and 2, presumably due to the reduce y pup (

disolay duration. Th in effect of it I heir judgements of attractiveness; see [1]). If the LVF
ISpiay auration. 1here was no main etiect ot nasaiitempora advantage is found faanyjudgements on eye stimuli (per-
deviation overall £ < 1), but a marginal interaction be-

tween experiment and nasal/temporal deviatiefi.( 14 — haps because such stimuli automatically engage specialised
. . - ight-hemisph t , the LVF advant hould b
3.88, P = 0.07). This arose because experiment 2 (only) right-hemisphere systems), the advaritage snou ©

h dast il ¢ I dtot replicated once more in judgements of pupil size. However,
showed a stronger infiuence ot nasally compared 1o tmpo-;¢ ¢, eye stimuli the LVF advantage is specific to judge-
rally deviated eyes on the percentage of straight response (a:

Tnents of gaze direction in particular, it should no longer be
discussed earlier, this was probably due to the use of faSterfound 9 P ' 9

displays)_. The critice_ll visual field _effect was _confirmed Bilateral displays were used once more, in which the two
tl)i th_e féggglc;ni rgaggleffzct O{ V\;ﬂ'ch eye dev_lateﬁtﬂ(: ht eyes could again be congruent or incongruent, but now in
) = 15.63, P = 0.001), due to the increase in straight 5 g o pupil-size only (see Fig. 4).

responses when the LVF eye was straight and the RVF eye
deviated, rather than vice versa (62 versus 45%, respec-
tively overall). Importantly, this effect did not interact with  4.1. Method
experiment, confirming its robustness across the two studies
(n = 16). 4.1.1. Participants

Following the suggestions of a reviewer, additional anal-  Twelve new subjects (seven female and five male, mean
yses were carried out to investigate possible differencesage 27) participated. All were right-handed and had normal
between first and second experimental halves. This was toor corrected vision by self report. Participants were volun-
assess whether any of the important results are restrictedeers. They were unaware of the purpose of the experiment
to later stages of performing the task, perhaps in relation and did not take part in any of the previous experiments.

The final experiment was a control study, designed to
investigate to what extent the LVF advantage found in ex-
periments 1 and 2 is specific to perceptiomate direction
rather than simply to perception afy spatial properties
of seen eyes. We now asked subjects to judgepingil
size (large versus small) of seen eyes. Note that, as with
gaze direction, pupil size is a property of potential social
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Fig. 4. (a) Example of bilateral congruent displays in experiment 3, with pupils either both small (S) or both large (L); (b) example of bilateral
‘incongruent’ stimulus displays in experiment 3: (i) the left eye has a small pupil and the right eye has a large pupil (S-L); (ii) the left eye has a large
pupil and the right has a small pupil (L-S).

4.1.2. Materials keyboard when they perceived the display as having small
The stimuli were generated from the bilateral straight gaze pupils, or to press the “H” button for a perception of large
stimulus used in experiments 1 and 2 (see Fig. 1b). Four dif- pupils. As before, subjects were told to make their judge-
ferent stimuli were made (see Fig. 4, which is to scale). The ment naturally and with no hurry. The experiment began
stimulus with “small pupils” was made by pasting a solid with a practice block of 32 trials, followed by a total of 160
black circle (15 pixels in diameter) onto the two eyes, cen- experimental trials presented in random order. Each trial be-
tred where the real pupil had been. A stimulus with “large gan with a central fixation point lasting 500 ms, followed by
pupils” was made in the same manner but with larger black the gaze stimulus lasting 184 ms, as in experiment 2.
circles (25 pixels). The two remaining incongruent stimuli
were made by first pasting a large solid circle onto the LVF 4.2. Results and discussion
eye, but a small circle onto the RVF eye; and then by flipping
this horizontally to create a mirror-reversed version also (i.e.  \We first calculated the subjects’ accuracy for congruent
large RVF pupil and small LVF pupil). As before, all stim-  conditions (i.e. both-large or both-small trials; see Table 4
uli were presented within a narrow “letter box” format (see and Fig. 5). Although the percentage of correct responses
Fig. 4), so that the overall face configuration was not visi- was slightly higher for displays with large pupils (92.5 versus
ble. Moreover, the region immediately around the eyes was 89.38%), this was not significart({ 1) = 1.04, P = 0.32).
constant across all conditions, and hence uninformative for Then we analysed performance on the critical incongruent

the judgement. trials, using the percentage of “large” responses (equivalent
. to the inverse of “small” responses) as our measure of any
4.1.3. Design visual field dominance (this is analogous to our use of per-

The conditions were all bilateral and could be either centage straight responses in the previous two studies). A
“congruent” or “incongruent”. There were two possible
congruent displays in which the two pupils had the same Table 4
size as each other, i.e. both large, or both small; and tWo the mean percentage of subjects responses for all the bilateral stimulus
possible incongruent displays, where the two eyes had dif- conditions in experiment®
ferent pupil sizes, with the large pupil being either in the

. Conditions Pupil size Responses made (%)
LVF or the RVF eye (see Fig. 4).
Large (%) Small (%)
4.1.4. Procedure Congruent Large pupil 92.5 7.5
The experiment lasted about 20 min, and took place in a Small pupil 10.62 89.38
dark room. Subjects again sat in front of the monitor at a incongruent LVF large 53.75 46.25
distance of 57 cm, kept constant by the use of a chin-rest. RVF large 71.67 28.33

PartICIpani_:S were told to fixate the centre of the screen ™ apgg 4 umbers represents the percentage of large responses on which
and were instructed to press the space bar on the computefhe statistical analysis were performed.
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Fig. 5. Graph of the mean percentages of “large” responses in judging the size of the pupil for the bilateral incongruent stimulus displays intexperime
3. Percentages are plotted as a function of the visual field where the large pupil appeared.

pairedt-test found no effect from the visual field of the large the previous effects on face judgements. This seems partic-
pupil on incongruent trialst(1 1) = —1.37, P = 0.20). ularly relevant for previously observed LVF advantages in
Moreover, any trend was opposed to the visual field dom- emotional expression tasks, given the importance of the eye
inance observed in the previous two gaze direction experi- region in such expressions (e.g. [1,2]). The possibility that
ments (i.e. numerically, responses now went along with the the eye region alone could be contributing to some of the
RVF eye more often than the LVF eye: 71.67 versus 53.75%, LVF advantages previously found in tasks with whole faces
see Table 4). Thus, the LVF dominance that had emerged(as when judging identity or emotion) might be tested in fur-
for judgements of gaze direction in the previous two exper- ther research, by manipulating whether the eyes themselves
iments was no longer found when subjects made a judge-are visible during judgements.
ment of pupil-size instead, for very similar stimuli. Hence, One might try to argue that, rather than reflecting spe-
LVF advantages are not invariably found with eye stimuli. cific mechanisms for processing gaze, the LVF dominance
found here might simply reflect a general LVF bias affect-
ing perception of face components in general (even though
5. General discussion whole faces were not shown). However, against this it should
be noted that non-gaze tasks on isolated facial features have
This study found a visual field effect on perception of gaze shown right visual field advantages in past behavioural stud-
direction, for the first time. Normal observers were more ies [14], unlike the left visual field advantage found here
influenced by the LVF eye than the RVF eye when asked for gaze. Moreover, matching of individual facial features,
to judge the direction of gaze. No such effect was apparentrather than entire faces, has recently been found to acti-
when observers judged pupil size instead, for very similar vate left-hemisphere structures (in the fusiform gyrus) more
stimuli (if anything, the RVF eye now had somewhat more strongly than the right-hemisphere structures activated for
influence). judging whole faces [24]. Finally, no left-visual field ad-
LVF advantages in various previous tasks performed on vantage was found here for judgements of pupil size in eye
whole faced5,13,21], rather than just on eyes, have com- stimuli, even though this task concerned face components
monly been attributed to right-hemisphere specialisation for just as for the gaze direction task.
configuralprocessing of the many different face features in ~ Our results thus do not appear to fit with any lateral-
an entire face (i.e. not just the eyes, but also their relation ity accounts that invoke a simplistic dichotomy between
to the nose, mouth, etc.; e.g. see [14,24,25]). However, thefeature-based versus configural processes. Instead, they
present visual field effect on judgements of gaze direct can- seem most consistent with laterality (i.e. right-hemisphere
not have been due to any such configural processing of thedominance) in neural mechanisms that are specialised
whole face. Only the regions immediately around the eyes for encoding seen gaze direction. This possibility ap-
were used for the gaze stimuli. Moreover, only the eyes pears consistent with recent neuroscience findings (e.g.
themselves were informative for the task. Finally, the present see [3,15,18,27]). For instance, Wicker et al. [27] specifi-
LVF advantage for judgements of gaze direction was found cally found evidence for right-hemisphere predominance in
even with unilateral presentation of just a single eye (ex- processing of gaze, within a network including the poste-
periment 1), so it does not depend solely on processing therior fusiform gyrus, the right-parietal lobule, and the right
configuration made by a pair of eyes in bilateral displays. inferior temporal gyrus plus middle temporal gyrus. Our
It could be suggested that at least some of the previousstudy is the first to provide convergent behavioural evi-
findings of LVF dominance when processing whole faces dence for laterality effects in the perception of gaze, and
might actually relate to the LVF dominance found here for to show that this laterality is not found for all properties
processing gaze. That is, in principle at least, just the eyethat can be extracted from eyes (e.g. not for pupil size),
region of whole-face stimuli might have triggered some of but may be specific to the encoding of gaze direction.
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