Gaze-cueing of attention distorts visual space

La sefalizacion atencional de la mirada distorsiona el espacio visual
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ABSTRACT

A briefly presented peripheral flash is often mislocalized with a bias toward
an attended object. The target mislocalization has been ascribed to the in-
tegration of location signals between a target and an attended object, and
this results in the mislocalization of the target toward the attended object. It
was unclear whether external objects that attract observer’s attention were
necessary to cause the target mislocalization. This study aimed at examining
whether the target mislocalization occurred when the shift of observers’ at-
tention was induced by gaze cueing, in which observet’s attention is shifted
in the direction of other’s gaze. This cueing paradigm requires no external
object to attract attention, thus it enabled us to directly examine the neces-
sity of external objects in the target mislocalization. Stimuli consisted of a
pictorial face, a target, and a probe. First, the pictorial face was presented,
and its gaze was shifted so as to look at either upper-right or upperleft. The
target was successively presented for 50 msec. After a temporal interval of O
or 2000 msec was inserted as a retention interval, the probe was presented
below the target. The observers’ task was to judge whether the target had
appeared at the left or right side of the probe location. The target was signi-
ficantly mislocalized in the direction of gaze shift only when the retention
interval was 2000 msec. Moreover, reaction time for detecting a target was
shorter at the gazed than non-gazed location. These results suggest that the
mislocalization does not require external objects attracting attention. Neural
signals of target location are possibly averaged with the attention-induced
local change in neural signals, and this results in the target mislocalization

toward the gazed location.
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RESUMEN

Un flash presentado brevemente de forma periférica a menudo es mal locali-
zado con un sesgo hacia un objeto atendido. El foco de esta mala localizacion
se ha atribuido a la integracion de las sefiales de localizacion entre un blanco
y un objeto que se estd atendiendo, y esto da lugar a la mala localizacion del
objetivo hacia el objeto que se atiende. No es claro si los objetos externos que
atraen la atencion del observador son necesarios para causar la mala localiza-
cion del objetivo. Este estudio esta dirigido a examinar si la mala localizacion
de objetivo se produce cuando el cambio de la atencion del observador es in-
ducida por las pistas de mirada, en la que la mirada del observador se desplaza
en la direccion de la mirada del otro. Este paradigma de pistas no requiere
de ningtin objeto externo para llamar la atencién, asi nos permite examinar
directamente la necesidad de los objetos externos en la mala localizacion de
objetivos. Los estimulos fueron una ilustracion de la cara, un objetivo, y una
prueba. En primer lugar, la ilustracion de la cara se presentd y la mirada se

| UNIV. PSYCHOL. | BOGOTA, CoLoMBIA | V. 12 | No. 5 | PP. 1501-1510 | CIENCIA COGNITIVA | 2013 | ISSN 1657-9267 | 1501



YUKI YAMADA, TAKAHIRO KAWABE

desplazaba hacia la parte superior derecha o superior izquier-
da. El objetivo fue presentado sucesivamente por 50 mseg.
Después seguia un intervalo temporal de 0 0 2000 mseg como
un intervalo de retencion, la prueba se presenté por debajo
del objetivo. La tarea de los observadores consistié en juzgar
si el objetivo apareci6 en el lado izquierdo o derecho de la
ubicacion de la prueba. El objetivo fue mal localizado signifi-
cativamente en la direccion de desplazamiento de la mirada
s6lo cuando el intervalo de retencion fue de 2,000 mseg. Por
otra parte, el tiempo de reaccion para la deteccion del objetivo
fue mas corto en la mirada que en la localizacién no mirada.
Estos resultados sugieren que la mala localizacién no requiere
objetos externos que atraigan la atencion. Sefiales neurales de
la localizacion de objetivo se promedian con el cambio local
de atencion inducida en sefiales neurales, lo que resulta en la

mala localizacion de objetivos hacia la ubicacion contemplada.
Palabras clave autores

Localizacion visual, atencion visual, claves de mirada

Palabras clave descriptores

Percepcion, deteccion de sefales, ciencia cognitiva.

Introduction

Although we suppose that we can precisely and ac-
curately localize a visual object, it is not always the
case. In many situations, the subjective location of
a visual object is not identical to the physical loca-
tion of the object. The location of a visual object is
coarsely processed in the brain (Atkinson & Brad-
dick, 1989; Tsal & Bareket, 1999, 2005), and hence
the localization of the object is inherently impre-
cise. Moreover, the localization of a visual object is
susceptible to the observer’s state or external visual
stimuli. For example, a visual object to be localized
(i.e., a target) is mislocalized towards the end point
of saccadic eye movements (Honda, 1989; Matin
& Pearce, 1965). A briefly presented target is mis-
localized in the direction of nearby motion signals
(Whitney & Cavanagh, 2000). Adaptation to visual
motion (Nishida & Johnston, 1999) and luminance
contrast (Whitaker, McGraw, & Levi, 1997) also
biases the localization of a visual target presented
afterward. Thus, due to the coarse representation of
a location of a visual target, the localization of the
target tends to be entangled in other visual process-
ing, resulting in the mislocalization of the target.
The spatial distribution of the observer’s atten-
tion is also a critical factor for the mislocalization
of a target. Specifically, the target is mislocalized
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repulsively from a pre-cued location (Suzuki &
Cavanagh, 1997; Pratt & Arnott, 2008). This type
of mislocalization occurs because the neural sensi-
tivity of position coding units is inhibited around
a focus of attention, and this inhibition resultantly
shifts the spatial centroids of population activities
of the unit, coding a target location away from the
pre-cued location (Suzuki & Cavanagh, 1997). On
the other hand, a memorized location of a target is
reproduced with a bias toward a pre-cued location
(Yamada, Kawabe, & Miura, 2008b, 2012; Yamada,
Miura, & Kawabe, 2011). The researchers suggest
that the spatial distribution of attention modulates
location signals of the target around the pre-cued
location, and this leads to the mislocalization of
the target toward the pre-cued location (Yamada
et al., 2008b).

It was unclear whether these sorts of mislo-
calization of a target required external objects to
exogenously capture observer’s attention. Previous
studies that investigated the mislocalization of a
target have employed a cueing paradigm in which
external objects were presented to control the loca-
tion of observers’ attentional focus. Because those
external objects (such as a bright rectangle) have
retinal stimulations at a cued location (e.g., Yamada
etal., 2011, 2012), most of the previous findings are
consistent with an idea that the mislocalization of
a target towards the external object is caused by
memory averaging between a target and an attended
external object (Kerzel, 2002). Alternatively, how-
ever, it was also possible that the mislocalization of
a target occurs because a location signal of a target
is directly modulated by spatial distribution of
observers’ attention. To address this issue, it was
required an alternative cueing paradigm which
does not require external objects presented at a to-
be attended location.

As an alternative to a conventional cueing par-
adigm, we raise a gaze cueing paradigm'. Previous

1 Although we could have used arrow-cueing instead of gaze-cueing,
we determined to use gaze-cue because a previous study suggested
that the gaze cueing effect was stronger than the arrow cueing
effect (Friesen, Ristic, & Kingstone, 2004): We preferred to use
stronger directional cues (i.e., gaze cues) to more effectively in-
vestigate whether the target mislocalization occurred toward an
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studies on social attention have shown that other
person’s gaze shift induces observers’ involuntary
attentional shift in the gazing direction (e.g., Baveli-
er, Schneider, & Monacelli, 2002; Friesen & King-
stone, 1998, 2003; Friesen, Moore, & Kingstone,
2005; Yamada, Kawabe, & Miura, 2008a). Because
the gaze cueing paradigm does not require external
objects at a to-be attended location, this paradigm
probably enables us to examine the mislocalization
of a target towards an attended location without
presenting any external objects around the target.

This study was performed to test whether the
mislocalization of a target toward an attended lo-
cation occurred when other’s gaze controlled the
shift of observers” attention. The target would be
mislocalized in the direction of other’s gaze if the
mislocalization of a target does not require external
objects to be attended.

Second, this study was designed to examine the
temporal aspect of the mislocalization induced by
attention shift due to other’s gaze. The localization
of a target has been investigated by using a rela-
tive localization task in which the target location
was subjectively compared with the location of a
simultaneously presented or a delayed probe. The
mislocalization of a target, away from a pre-cued
location, occurred when the target and probe were
simultaneously presented (Suzuki & Cavanagh,
1997; Yamada et al., 2011). On the other hand, the
mislocalization of a target toward a pre-cued loca-
tion occurred when the target preceded the probe
by approximately 1 sec (Yamada et al., 2008b, 2011).
In this way, for a pre-cue based mislocalization of a
target, the difference in temporal timing between
the target and probe results in the difference in the
direction of localization bias. It has not been also
examined the temporal aspect of the mislocaliza-
tion induced by attention shift due to other’s gaze.
Hence, we examined this issue by manipulating the
temporal interval between the target and the probe.

attended location without the presentation of external objects
at a to-be attended location.
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Experiment 1
Methods

Observers. Five observers and one of the authors
(YY) participated in the experiment. All had nor-
mal or corrected-to-normal visual acuity, and all
except for YY were naive as to the purpose of this
experiment.

Apparatus. Stimuli were presented on a 19-inch
CRT monitor (RDF193H, Mitsubishi, Japan). The
resolution of the monitor was 1024 x 768 pixels,
and the refresh rate was 100 Hz. The presentation
of stimuli and collection of data were controlled by
a computer (Mac Pro, Apple). Using a photometer
(3298F; Yokogawa, Japan), we linearized the lumi-
nance emitted from the monitor with gamma cor-
rection. The observers’ visual field was fixed using a
chin-head rest, at a viewing distance of 60 cm. The
stimuli were generated by MATLAB (Mathworks
Inc.) with the Psychtoolbox extension (Brainard,
1997, Pelli, 1997).

Stimuli. The stimuli consisted of a fixation
cross, a pictorial face, a target, and a probe. The
luminance of the fixation cross was 91.0 cd/m?,
and the one of the target and the probe was 1.2 cd/
m?. The target and probe were each a small circle
subtending a visual angle of 0.4°. The radius of the
circle making the pictorial face’s contour was 2.7°.
The eyes consisted of white circles with black small
circles (pupils). The radius of the white circles was
0.7°, and that of the black circles as pupils was 0.3°.
A 1.7° long black horizontal line was drawn as the
mouth of the pictorial face. To reduce vertical spa-
tial uncertainty, two neutral gray stripes (43.5 cd/
m?) with a height of 4° and the width of the display
were presented 6.13° above and below the center of
the display. The target was presented in the upper
stripe, and the probe was presented in the lower
stripe. The vertical distance between the target
and probe was determined based on a previous
study (Yamada et al., 2011). The other areas were
filled with uniform dark gray with the luminance

of 8.3 cd/m?.
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The fixation cross and the pictorial face were
always presented at the center of the screen, and
the fixation cross was superimposed on the pictorial
face. The horizontal distances between the target
and the center of the display were 8° (on average).
The target and the probe were positioned 6.13°
above and below the center of the screen, respec-
tively. The SOA between the target and the probe
was set at O or 2000 msec (in the O msec condition
the target and probe appeared and disappeared si-
multaneously). In each trial, the horizontal position
of the target was varied in 7 or 13 steps of 0.67°
(0 msec condition: -2.00, -1.33, -0.67, 0.00, +0.67,
+1.33, and +2.00°% 2000 msec condition: -4.00, -3.33,
22.67, -2.00, -1.33, -0.67, 0.00, +0.67, +1.33, +2.00,
+2.67, +3.33, and +4.00°, the minus values denote
positions near the center of the screen). The hori-
zontal position of the probe was always the same as
that of the target in the 0.00° condition.

Procedure. The experiment was conducted in a
dark room. Figure 1 shows a schematic representation
of the time course of a trial in Experiment 1. The
fixation cross, pictorial face, and gray stripes were

Probe
(50 msec)

Target
(50 msec)

Cue
(100 msec)

presented throughout a trial. Five hundred msec after
pressing the space key to start a trial, the pupils were
presented in the eyes of the pictorial face for 100 msec.
In the cue condition, the pupils touched the upper
right or upper left inner edge of the eyes, and these
made the face’s gaze shift. In the no-cue condition,
the pupils were presented at the center of the eyes
(i.e., direct gaze). The gazed location? was 6.13° above
the center of the display (i.e., this location was con-
sistent with the vertical center of the grey stripe) and
12° horizontally apart from the center of the display.
In the cue condition, the visual field where the target
and the probe were presented was consistent with the
gazed side. In the no-cue condition, direct gaze was
presented, so the gaze was neutral in the light of the
consistency with the target side.

Observers were instructed to ignore the gaze
directions in the pictorial face. Five hundred
msec after the presentation of small black circles,
the target was presented for 50 msec. After O or
2000 msec of the target-probe SOA, the probe was
presented for 50 msec. Observers were required
to judge whether the target appeared in the left

Time

SOA
(0 or 2000 msec)

500 msec or no cue

Figure 1. Stimuli and the temporal sequence of a trial in Experiment 1.

Source: Own work.
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or right of the probe. Trials were blocked with
respect to each of two cue conditions (cue and no
cue) and two target-probe SOA conditions (0 and
2000 msec). The reason why we blocked the cue
condition was that we wanted to maximize the
gaze cueing effect by having the observers antic-
ipate that either leftward or rightward gaze shift
surely occurred on each trial in the cue condition.
The reason why we blocked the targetprobe SOA
condition was that we wanted to minimize the
temporal uncertainty of the target presentation.
The block order was counter-balanced across the
observers. A block consisted of seven (in the 0
msec condition) or 13 (in the 2000 msec condi-
tion) horizontal positions, two visual fields (right
and left), and 10 repetitions tested in a pseudo-ran-
domized fashion. Hence, the observers performed
800 trials in total, and it took approximately 40

minutes to complete the trials.
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Results and Discussion

Figure 2 shows the results of Experiment 1. By using
the psignifit program implemented in MATLAB,
we individually calculated the point of subjective
equality (PSE) by fitting a logistic function to the
proportion of the trials wherein the target was
localized in the cued direction. We assessed the
goodness of fit by calculating the deviance and cu-
mulative probability estimate (Wichmann & Hill,
2001); we confirmed that the logistic function was
well fitted (p < 0.95). We employed the sign-invert-
ed value of each PSE as the subjective horizontal
position of the target to show that positive values
denote mislocalization toward the gazed location. A
two-way within-subject analysis of variance (ANO-
VA) on the subjective position of the target with
cue (cue and no cue) and SOA (0 and 2000 msec)
as factors revealed significant main effects of cue (F

(1,5) = 19.03, MSE = 0.024, p < 0.008) and SOA (F
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Figure 2. The results of Experiment 1. Logistic psychometric functions after pooling data from all the observers (a) in
the 0 msec SOA condition and (b) in the 2000 msec SOA condition. (c) Mean mislocalization toward gazed location.
Error bars indicate within-subject standard errors of the mean (Cousineau, 2005).

Source: Own work.
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(1,5) =9.13, MSE = 0.12, p < 0.03), and a significant
interaction between the factors (F(1,5) = 7.4, MSE
- 0.038, p < 0.05).

Simple main effects based on the significant
interaction revealed that in the 2000 msec condi-
tion the subjective position of the target in the cue
condition significantly displaced closer to the gazed
location than that in the no-cue condition (F(1,1)
= 23.54, MSE = 0.031, p < 0.0008). On the other
hand, there was no simple main effect in the O msec
condition (F(1,1) = 0.37, MSE = 0.031, p > 0.55).

Results in Experiment 1 showed the significant
mislocalization of a target toward the gazing loca-
tion’. Results suggested that the mislocalization of
a target toward a pre-cued location did not require
the presentation of external objects as cue stimuli.
Moreover, the target was mislocalized only in the
targetprobe SOA of 2000 msec condition. This is
consistent with the results of Yamada et al. (2011),
demonstrating that the target mislocalization to-
ward a pre-cued location occurred after approxi-
mately 1 sec of retention interval.

In Experiment 2, we attempted to confirm
whether the gaze cue used in Experiment 1 ac
tually directed observers’ attention to the gazing
location. This experiment used a pictorial face
stimulus similar to the one used in Experiment
1. A target was presented at the cued location (ec-
centric condition) or at the location 8.00° foveally
offset from the cued location (foveal condition).
If the gaze cue was effective in directing attention
to the gazed location, the detection of a target
presented would be more facilitated at the gazed
(eccentric) location than at the non-gazed (foveal)

location.

2 Inthisstudy, we defined the gazed location as the intersection of
a horizontal straight line passing through the vertical center of
the upper gray stripe and the extended straight lines each passing
through both the centers of white and black circles in each eye.
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Experiment 2
Methods

Observers. Eight observers (i.e., six observers partic-
ipated in Experiment 1 and two additional observ-
ers) took part in Experiment 2. All had normal or
corrected-to-normal visual acuity, and all except for
YY were naive as to the purpose of this experiment.

Apparatus, Stimuli, and Procedure. This experi-
ment was identical to Experiment 1 except for the
followings: Four hundred msec after the presenta-
tion of the pupils, a target was presented. No probe
was presented. In half of the trials (i.e., target trials),
the target was presented at the location cued by gaze
(eccentric condition), or at the location horizontally
offset from the cued location by 8.0° toward fovea
(foveal condition). The observers were required to
gaze at the fixation cross throughout the experi-
ment and to press a key as quickly as possible only
when the target appeared. In the other half of the
trials, the target did not appear (i.e., catch trials),
and the observers were required to wait for 1500
msec without response. The temporal interval from
the onset of the target stimulus to the response was
recorded as reaction time. Trials were blocked with
respect to each of two cue conditions (cue and no
cue), and the block order was counterbalanced. A
block consisted of two trial types (target and catch),
two target positions (eccentric and foveal), two vi-
sual fields (right and left), and 10 repetitions tested
in a pseudo-randomized fashion. The observers
performed 160 trials in total, and completion of
the trials took about 15 minutes.

Results and discussion

A two-way within-subject ANOVA on reaction time
with target location (eccentric and foveal) and cue
(cue and no cue) as factors, revealed a significant
main effect of target location (F(1,7) = 11.58, MSE =
65.8, p <0.02) and a significant interaction between
the factors (F(1,7) = 6.78, MSE = 127.5, p < 0.04).
However, a main effect of cue was not significant

(F(1,7) = 2.72, MSE = 639.4, p > 0.14). Simple main
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Figure 3. Results of Experiment 2. The facilitation value is calculated by subtracting reaction time with cues from reac-
tion time without cues at each of the eccentric and foveal locations. Error bars indicate within-subject standard errors

of the mean.

Source: Own work.

effects based on the significant interaction revealed
that in the eccentric condition reaction time in the
cue condition was significantly faster than that in
the no-cue condition (F(1,14) = 6.59, MSE = 383 .4, p
<0.03). However, in the foveal condition no differ
ence was acknowledged between the cue and no-cue
conditions (F (1,14) = 0.2, MSE = 383.4, p > 0.66).

We calculated the facilitation value as the de-
gree of processing benefit from the gaze cueing by
subtracting reaction time with cues from reaction
time without cues at each of the eccentric and fo-
veal locations (Figure 3). A paired, two-tailed ttest
showed that facilitation in the eccentric condition
(25.13 msec £ 22.62 msec for mean + 95% confi-
dence interval) was significantly larger than that in
the foveal condition (4.34 msec + 23.68 msec) (¢ (7)
= 2.6, p <0.04).

| UNIVERSITAS Psycnorocica | V.12 | No. 5

The results showed that the detection of the
target at the cued location was significantly facilitat
ed. From the results, we confirmed that observers’
attention was oriented at the gazed location in the
stimulus setting as used in Experiment 1. Taken
together, results in Experiments 1 and 2 suggested
that the target is mislocalized towards the attended

location, without external objects around the target.
General discussion

This is the first study to show that gaze-cueing of
attention induced the mislocalization of a target
without external objects to be attended. In Exper-
iment 1, the mislocalization of a target occurred
towards the location where a pictorial face gazed.
Furthermore, in Experiment 2 we confirmed that

observers’ attention was oriented to the gazed loca-
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tion. These results indicate that the mislocalization
of a target toward an attended location does not
require the presentation of external objects to draw
observers’ attention. Moreover, consistent with Ya-
mada et al. (2011), results of Experiment 1 showed
that the mislocalization of a target was found with
a long retention interval (i.e., 2000 msec) but not
with a short retention interval (i.e., O msec).

Although speculative, we have sought to explain
how the mislocalization of a target toward the at
tended location occurs. We surmise that neural
signals of the target location are directly integrated
with the spatial distribution of observer’s attention,
and this triggers the target mislocalization toward
an attended location. Visual attention causes local
facilitatory effects on perceptual processing. The
facilitatory effects are the most prominent at the
center of attentional focus, and decrease as the dis-
tance from the focus increases, shaping the spatial
distribution of attention in the visual field (Bahcall
& Kowler, 1999; Miiller, Mollenhauer, Rosler, &
Kleinschmidt, 2005; Pan & Eriksen, 1993). Thus, it
is possible that attentional distribution corresponds
to locally changed neural signals (e.g., Brefczynski
& DeYoe, 1999; Kastner, Pinsk, De Weerd, Desim-
one, & Ungerleider, 1999). Moreover, once cued,
the attention-induced local change in neural signals
seems to last for a few seconds. For example, previ-
ous studies on inhibition of return (IOR) showed
that IOR occurred with the cue-target SOA of
1800 msec (Tipper, Grison, & Kessler, 2003). This
long-term IOR occurred by using a gaze cueing
(Frischen & Tipper, 2004). Facilitation effect of a
gaze cueing over 3 min was also found (Frischen &
Tipper, 2006). In this way, the attention-induced
local change in neural signals can be retained at
least for several seconds.

We suggest that the attention-induced local
change in neural signals may have interplay with
neural signals induced by a target. Previous studies
have shown that location information of a target
and non-target stimuli is averaged with optimal
weights (Greenwood, Bex, & Dakin, 2009; Wright,
Morris, & Krekelberg, 2011). In a similar way, it is

1508 | UNIVERSITAS PSYCHOLOGICA

possible that the neural signals of target location are
averaged with the attention-induced local change
in neural signals. In the case of a long retention
interval (i.e., 2000 msec in Experiment 1), neural
representation of a target may get weaker than that
at the moment of the onset of the target; this sig-
nal decay also decreases the reliability of location
information of the target. Therefore, if the locally
changed neural signals at the gazed location may
serve as a reliable source for location, the integra-
tion of the target location with the locally changed
neural signals will result in the mislocalization of
the target towards the attended location only in the
targetprobe SOA of 2000 msec.

One can argue that the direction of the gaze
itself affected the judgment of the target location.
That is, for example, the probability of rightward
response might have increased because the gaze
shifted rightward. The gaze-direction based re-
sponse bias can also explain the effect of the
retention interval on the mislocalization of a tar-
get in Experiment 1: The target mislocalization
might occur in the 2000 msec condition because
the response bias became observable as neural
representation of a target got weak with the long
retention interval. Further empirical studies are
warranted to clarify whether and how the neural
signals of target location are actually integrated
with the attention-induced local change in neural
signals.

Conclusions

In sum, this study investigated whether the mislo-
calization of a target toward an attended location
occurred without external objects to be attended.
Consequently, the target mislocalization occurred
towards an attended location even when observers’
attention was controlled by gaze cueing only with
the target-probe SOA of 2000 msec. From these
results, we proposed the integration between neural
signals of the target location and an attention-in-
duced local change in neural signals.
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