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Abstract It has been documented that due to limited atten-
tional resources, the size of the attentional focus is inversely
correlated with processing efficiency. Moreover, by adopting
a variety of two-dimensional size illusions induced by picto-
rial depth cues (e.g., the Ponzo illusion), previous studies have
revealed that the perceived, rather than the retinal, size of an
object determines its detection. It remains unclear, however,
whether and how the retinal versus perceived size of a cue
influences the process of attentional orienting to subsequent
targets, and whether the corresponding influencing processes
differ between two-dimensional (2-D) and three-dimensional
(3-D) space. In the present study, we incorporated the dot
probe paradigm with either a 2-D Ponzo illusion, induced by
pictorial depth cues, or a virtual 3-D world in which the Ponzo
illusion turned into visual reality. By varying the retinal size of
the cue while keeping its perceived size constant (Exp. 1), we
found that a cue with smaller retinal size significantly facili-
tated attentional orienting as compared to a cue with larger
retinal size, and that the effects were comparable between 2-
D and 3-D displays. Furthermore, when the pictorial back-
ground was removed and the cue display was positioned in
either the farther or the closer depth plane (Exp. 2), or when
both the depth and the backgroundwere removed (Exp. 3), the

retinal size, rather than the depth, of the cue still affected
attentional orienting. Taken together, our results suggest that
the retinal size of a cue plays the crucial role in the visuospatial
orienting of attention in both 2-D and 3-D.

Keywords Attentional orienting . Ponzo illusion . Retinal
size . Perceived size . Three-dimensional (3-D)

The zoom lens model of attention proposes that the size of the
attentional focus can be adjusted on the basis of the current
task demands, and that there is an inverse relationship between
the size of the attentional focus and the processing efficiency
within that focus, due to limited attentional resources
(Castiello & Umiltà, 1990; Eriksen & St. James, 1986;
Eriksen & Yeh, 1985). The larger the attentional focus, the
lower the processing efficiency and the slower the detection
of a stimulus subsequently appearing in the attended area.
Furthermore, attention could be split and manipulated simul-
taneously into independent attentional foci on objects located
in opposite hemifields (Castiello &Umiltà, 1992). In addition,
the location of the attentional focus is retinotopcially orga-
nized in the visual cortex (Brefczynski & DeYoe, 1999;
Somers, Dale, Seiffert, & Tootell, 1999; Tootell, Hadjikhani,
Hall, et al., 1998; Tootell, Hadjikhani, Mendola, Marrett, &
Dale, 1998). Finally, the extent of activated retinotopic visual
cortex increased and the neural activity in a given subregion
decreased as the size of the attentional focus increased
(Müller, Bartelt, Donner, Villringer, & Brandt, 2003).

In addition to the size of attentional focus, the detection of
an object is influenced by the size of the object: the larger the
object, the faster the detection time (Marzi, Mancini, Metitieri,
& Savazzi, 2006; Osaka, 1976; Ueno, 1978). Furthermore, it
is the perceived, rather than the retinal, size that influences the
detection of behavioral targets (Plewan, Weidner, & Fink,

* Qi Chen
qi.chen27@gmail.com

1 Center for Studies of Psychological Application and School of
Psychology, South China Normal University, Guangzhou, China

2 Guangdong Key Laboratory of Mental Health and Cognitive
Science, South China Normal University, Guangzhou, China

3 Epilepsy Center, Guangdong 999 Brain Hospital, Guangzhou, China

Atten Percept Psychophys (2016) 78:1285–1292
DOI 10.3758/s13414-016-1089-4

http://crossmark.crossref.org/dialog/?doi=10.3758/s13414-016-1089-4&domain=pdf


2012; Sperandio, Savazzi, Gregory, & Marzi, 2009;
Sperandio, Savazzi, & Marzi, 2010). For example, the
Ponzo illusion refers to the phenomenon that when two lines
of the same (retinal) size are placed over backgrounds with
pictorial depth cues (e.g., a pair of converging lines), the seem-
ingly farther line will be illusorily perceived as larger than the
seemingly closer line. It has been suggested that in the Ponzo
illusion, an object with a larger perceived size is detected more
quickly and activates a larger area in the human primary visual
cortex than does an object with smaller perceived size, al-
though the two objects are of the same retinal size (Fang,
Boyaci, Kersten, & Murray, 2008; Murray, Boyaci, &
Kersten, 2006; Sperandio, Chouinard, & Goodale, 2012;
Sperandio et al., 2010).

A variety of optical size illusions are induced by pictorial
depth cues, because a farther object would have to be larger
than a closer one if both produce retinal images of the same
size, according to the size–distance invariance law (Emmert,
1881; Holway & Boring, 1941; Joynson, 1949; Ono, 1966).
Therefore, the 2-D Ponzo illusion turns into a visual reality in
3-D space: Farther objects are both physically larger and per-
ceived as larger than closer objects, although the farther and
closer objects have the same retinal sizes. In the 3-D case, it is
a reality, rather than an illusion, that a farther object is per-
ceived as larger than a closer object of the same retinal size, or
that a farther object is perceived as the same size as a closer
one when the retinal size of the former is smaller than the
retinal size of the latter. Size constancy makes a significant
contribution to the perceived stability of the 3-D world: That
is, the perceived size of an object remains relatively un-
changed, in spite of changes in the retinal size of the object
as it moves toward or away from the observer (Andrews,
1964; Gregory, 1997; Gregory & Zangwill, 1987; Morgan,
1992; Slater, Mattock, & Brown, 1990).

It remains unknown, however, whether and how the retinal
size of a previous cue influences the process of attentional
orienting toward a subsequent target in 2-D or 3-D space. To
investigate this question, in the present study we varied the
retinal size while matching the perceived size of two line
segments/bars either under the 2-D Ponzo illusion or in 3-D
reality, and adopted these stimuli as the cue display in the dot
probe paradigm (e.g., Koster, Crombez, Verschuere, & De
Houwer, 2004; Mathews & MacLeod, 2002; Watson &
Humphreys, 2000). The sizes of the line segments in the cue
display of the dot probe paradigm determine the size of the
attentional focus. That is, the two line segments in the cue
display can unevenly capture attention, and the sizes of the
line segments in the cue display can thus determine the size of
the spatial area attended (Castiello & Umiltà, 1992).
Specifically speaking, in the 2-D condition, two parallel line
segments under the Ponzo illusion were presented as the cue
display in the dot probe paradigm, and the perceived sizes of
the two line segments were matched by means of a pretest

psychophysical experiment. When the perceived sizes of the
two lines were matched in terms of psychophysical measures
of the size of illusion, the retinal size of the seemingly farther
line was smaller than that of the seemingly closer line. After
the disappearance of the cue display, a red dot, which served
as the target, could appear at the location of either of the line
segments: the one with a larger or the one with a smaller
retinal size (Fig. 1a). Similarly, in the cue display of the 3-D
reality condition, the perceived (and physical) sizes were
matched between farther and closer bars. When the perceived
(and physical) sizes were matched, the retinal size of the far-
ther bar was smaller than that of the closer bar, and the target
could appear at the location of either the farther or the closer
bar. Most critically, the retinal images were strictly matched
between the 2-D illusion and 3-D reality conditions.

We predicted that if the retinal, rather than the perceived,
size of the cue is what influences attentional orienting, a cue
validity effect should be observed when the larger-retinal-size
condition was contrasted with the smaller-retinal-size condi-
tion. With regard to the direction of the cue validity effect, on
the basis of the zoom lensmodel, we predicted that if a cue with
a larger retinal size cues a larger spatial area to be attended, the
processing efficiency within the larger attentional focus should
decrease, and accordingly, detecting targets appearing at the
location of the cue with the larger retinal size should be slower
than detecting targets at the location of the cue with the smaller
retinal size. Otherwise, if the detection times were comparable
for targets appearing at the locations of cues with larger and
smaller retinal sizes, the perceived, rather than the retinal, size
of the cue would be what influenced the attentional-orienting
process. Moreover, although shifting between the 2-D Ponzo
illusion and 3-D reality provided us with an opportunity to vary
the retinal sizes while simultaneously matching the perceived
sizes of the cues, the seemingly (or actually) closer line in the 2-
D (or 3-D) condition would always occupy a larger retinal area
than the seemingly or actually farther line. Therefore, one
might argue that the depth information, rather than the retinal
size, of the cue display was what affected the attentional-
orienting process. To rule out this possibility, in Experiment 2
we removed the 3-D background and placed both cues at either
the farther or the closer position. We predicted that if similar
patterns of results were observed in both the farther and the
closer depth planes in Experiment 2, then retinal size per se,
rather than depth information, would be what affected the
attentional-orienting process. In addition, to further confirm
the effect of retinal size on attentional orienting, we performed
another 2-D control experiment (Exp. 3), in which both the
pictorial depth background and the depth dimension were re-
moved. We predicted that if the speed of attentional orienting
still changed as a function of the size of the cue on a 2-D screen
with a blank background, we could further confirm that the
retinal size of the cue was what influenced the process of atten-
tional orienting.
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Experiment 1: Retinal sizes varied (perceived sizes
matched)

In Experiment 1, we aimed to investigate the potential effect
of the retinal size of the cue on attentional orienting in 2-D and
3-D space. The present experiment consisted of two parts: one
psychophysical pretest and the main experiment. The psycho-
physical pretest was included to measure the size of the 2-D
Ponzo illusion individually. For the 2-D illusion condition, by
decreasing the length of the seemingly farther line or increas-
ing the length of the seemingly closer line according to the
derived size of illusion from the psychophysical pretest, we
were able to match the perceived sizes of the two lines in the
2-D condition of the main experiment for each participant. For
the 3-D condition, we simply put the same objects at farther
and closer positions, so that the two objects were perceived as

the same because of size constancy (Emmert, 1881; Holway
& Boring, 1941; Joynson, 1949; Ono, 1966).

Method

The psychophysical experiment: Measuring the size of 2-D
Ponzo illusion individually

Participants Thirty volunteers (eight males, 22 females; 21 ±
2 years old) participated in the present experiment. The par-
ticipants were all right-handed and had normal or corrected-
to-normal visual acuity. None of them had a history of neuro-
logical or psychiatric disorders, and all participants gave in-
formed consent prior to the experiment and were paid for their
participation afterward.

Apparatus, stimuli, and procedure An ASUS LCD monitor
was used in the experiment to present the experimental stim-
uli, with a resolution of 1,920 (horizontal) × 1,080 (vertical)
pixels at a 120-Hz refresh rate. The size of the monitor was
27 in.

The 2-D stimuli used in the psychophysical pretest
were adapted from the 3-D stimuli presented in the fol-
lowing main experiment. The virtual 3-D cue display in-
cluded background walls, one closer and one farther black
bar/line segment, and one central fixation ball at equal
spatial distances from the two bars (Figs. 1a, b, and 2a).
The 3-D objects were presented on a black background by
custom-made Presentation scripts (Presentation Software
package; Neurobehavioral Systems Inc., Albany, CA). For
the 2-D display, the depth dimension was removed.
Critically, the retinal images of the 2-D and 3-D displays
were exactly the same (Figs. 1a and 2a). The background
walls and the black fixation dot (0.11° of visual angle in
diameter) were presented throughout the experiment as
the default display, and participants were instructed to
fixate the central fixation without moving their eyes, at
an approximate distance of 80 cm from the computer
screen. The two parallel bars/line segments (0.3° in width)
were 7.9° of visual angle from the fixation dot (Figs. 1a,
b, and 2a), and their initial lengths were randomly select-
ed between 3.92° [4.9° * (1 – .20)] and 5.88° [4.9° * (1 +
.20)] of visual angle (4.9° of visual angle was the length
of the line segment in the main experiment). In each trial,
the length of one of the two lines was fixed, and the
length of the other line was adjusted by the participants
until they subjectively perceived the two lines as having
the same size. The participants performed 128 trials in
total; in 64 of the trials the seemingly closer line was in
the left hemifield (Fig. 1a), and in the other 64 trials it
was in the right hemifield (Fig. 1b). The size of the illu-
sion for each participant was defined according to
Formula 1:

Fig. 1 a Frontal (retinal) view of the cue display in the 2-D and 3-D
condition. The closer line is on the left side of the display. b Illustrative
view of the cue display in the 2-D and 3-D conditions. The closer line is
again on the left side of the display. c Top view of the target display in the
3-D condition
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Sizeof illusion ið Þ
¼ Average Ls f 1=Lsn 1 þ…þ Ls f n=Lsn n þ…þ Ls f 64=Lsn 64ð Þ;

ð1Þ
where Size of illusion (i) is the size of the illusion for
participant i, Lsf_n is the physical length of the seemingly farther
line segment after the participant’s adjustment on trialn, and
Lsn_n is the physical length of the seemingly closer line segment
after the participant’s adjustment on trialn. In each trial, the
value of Lsf_n divided by Lsn_n was calculated. The size of the
illusion was defined as the average value over 64 trials.

The main experiment

Participants The same group of participants as in the psycho-
physical experiment participated in the main experiment.

Apparatus, stimuli, and procedure A pair of 3-D glasses
(NVIDIA 3D Vision 2), a 3-D Vision USB IR emitter, and
anASUSLCDmonitor were used in the experiment to present
virtual 3-D objects by delivering slightly disparate images to
each eye (i.e., binocular disparity) when the participants were
wearing the 3-D glasses. The ASUS LCD monitor had a res-
olution of 1,920 (horizontal) ×1,080 (vertical) pixels at a 120-
Hz refresh rate. The size of monitor was 27 in.

For the 3-D condition, the virtual 3-D cue display in each
trial included background walls, one closer and one farther
black bar, and one central fixation ball at equal spatial

distances from the two bars (Figs. 1a, b, and 2a). The 3-D
objects were presented on a black background using custom-
made Presentation scripts. For the 2-D condition, the depth
dimension was removed. In the 2-D illusion condition, we
matched the perceived sizes of the two lines for each partici-
pant in the following two ways: We either kept the length of
the closer line at 4.9° of visual angle and calculated the length
of the farther line according to Formula 2 below, or we kept
the length of the farther line at 4.9° of visual angle and calcu-
lated the length of the closer line segment according to
Formula 3. In the 3-D condition, according to the size–dis-
tance invariance law, the perceived size of an object was un-
changed whether it was placed in far or near space. Therefore,
we either moved the bar that was 4.9° of visual angle in the far
position to the near position, resulting in the retinal length of
the closer bar being 12.98°, or moved the bar that was 4.9° of
visual angle in the near position to the far position, resulting in
the retinal length of the farther bar being 1.85°. Therefore,
although the retinal size of the seemingly (2-D) or the really
(3-D) farther line was smaller than the retinal size of the seem-
ingly or really closer line, their perceived sizes were matched.

Lengthof the farther linesegment

¼ 4:9�*Sizeof illusion ið Þ ð2Þ
Lengthof thecloser linesegment

¼ 4:9�=Sizeof illusion ið Þ ð3Þ

The background walls and the black fixation dot (0.11° of
visual angle in diameter) were presented throughout the ex-
periment as the default display, and participants were
instructed to fixate the central fixation without moving their
eyes. The two parallel bars/line segments (0.3° in width) in the
cue display were located 7.9° of visual angle from the fixation
dot (Figs. 1a and 2a). A red dot (0.29° in diameter) served as
the target. For half of the trials, the closer end of the walls, and
accordingly the closer bars/line segment, was presented in the
left hemispace (3-D)/hemifield (2-D) (Fig. 1a), and vice versa
for the other half of trials (Fig. 2a).

At the start of each trial, the cue display was presented for
250ms (Fig. 2c). After an interstimulus interval (ISI) of either 60
or 150 ms, which was employed to prevent participants from
being able to predict the timing of the target’s appearance after
the cues’ appearance, the target (the red dot) appeared at the
spatial location of either the left or the right bar/line segment
for 50 ms. Participants were instructed to press a response button
with the index finger of their right hand as quickly and accurately
as possible when they detected the appearance of the target.

Experimental design A 2 (Dimension: 2-D vs. 3-D) × 2
(Retinal Size: larger vs. smaller) × 2 (ISI: 60 vs. 150 ms)
factorial design was adopted in the main experiment. We

Fig. 2 a Frontal (retinal) view of the cue display in the 2-D and 3-D
conditions. The closer line is on the right side of the display. b Frontal
(retinal) view of the target display in Experiment 3. c Example of the
timing and procedure of an experimental trial
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presented eight experimental conditions in total, with 24 trials
in each of the conditions, and another 24 catch trials, in which
no target was presented after the cue, were included. The catch
trials were adopted to prevent participants from making false
alarm responses during the time interval between the cue and
the actual appearance of the targets. All of the trials were
randomly mixed together.

Results and discussion

Incorrect responses and those with reaction times (RTs) ex-
ceeding three standard deviations above or below the mean
RT in each condition were excluded from further analysis. The
data of two participants were discarded because of their high
false alarm rates on the catch trials (both higher than 10 %).

The RTs were submitted to a 2 (Dimension: 2-D vs. 3-D) ×
2 (Retinal Size: larger vs. smaller) × 2 (ISI: 60 ms vs. 150 ms)
repeated measures ANOVA (Fig. 3a). The main effect of ret-
inal size was significant, F(1, 27) = 10.135, p = .004, η2 =
.273, indicating that responses to the subsequent targets at the
location of the line with the larger retinal size (302 ms) were
significantly slower than those to the targets at the location of
the line with smaller retinal size (294 ms). The main effect of
dimension was also significant, F(1, 27) = 12.693, p = .001, η2

= .32, indicating that responses were significantly faster in the
2-D (290ms) than in the 3-D (307ms) condition, which might
have resulted from the additional attentional shifts in depth in
the 3-D condition, as compared to the 2-D condition (e.g.,
Kasai, Morotomi, Katayama, & Kumada, 2003; Maringelli,
McCarthy, Steed, Slater, & Umiltà, 2001). The main effect
of ISI was significant, F(1, 27) = 30.918, p < .001, η2 =
.534, indicating that responses at the shorter ISI (307ms) were
significantly slower than responses at the longer ISI (290 ms).
The interaction between dimension and ISI was significant,
F(1, 27) = 12.118, p = .002, η2 = .310. Further tests on the
simple effects showed that the RT difference between the
shorter and longer ISIs was larger in the 3-D (23 ms) than in
the 2-D (10 ms) condition, t(27) = 3.481, p = .002. The inter-
action between ISI and retinal size was marginally significant,
F(1, 27) = 4.171, p = .051, η2 = .134. Further tests on the
simple effects showed that at the longer ISI, there was a trend
for responses to the targets at the location of the line with the
larger retinal size (293 ms) to be slower than responses to the
targets at the location of the line with the smaller retinal size
(288 ms), t(27) = 1.863, p = .073, η2 = .114. At the shorter ISI,
the responses to the targets at the location of the line with the
larger retinal size (311 ms) were significantly slower than the
responses to the targets at the location of the line with the
smaller retinal size (301 ms), t(27) = 3.555, p = .001, η2 =
.312. Moreover, the RT difference induced by the different
retinal sizes was marginally significantly larger at the
shorter ISI (10 ms) than at the longer ISI (5 ms),
t(27) = 2.042, p = .051.

No other effects reached significance. These results sug-
gested that the effect of retinal size on attentional orienting
gradually decreased with increasing ISI.

Experiment 2

The results of Experiment 1 showed that the cue with a smaller
retinal size facilitated the process of attentional orienting to-
ward the subsequent target, relative to the cue with a larger
retinal size. To further examine whether the effect above was
caused by retinal size per se or by the depth information, we
removed the background information and placed the cue dis-
play at either the farther or the closer depth plane in

Fig. 3 a Mean reaction times (RTs) in Experiment 1. b Mean RTs in
Experiment 2. c Mean RTs in Experiment 3. The error bars indicate the
standard errors in each experimental condition
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Experiment 2. Except for these differences, all other aspects of
the paradigm and the stimuli were exactly the same as in
Experiment 1. If the same pattern of results were obtained in
both the farther and closer conditions, the influence of depth
information could be ruled out.

Method

Participants Thirty volunteers (10 males, 20 females; 20 ±
3 years old) participated in the present experiment. They were
all right-handed and had normal or corrected-to-normal visual
acuity. None of them had a history of neurological or psychi-
atric disorders, and all gave informed consent prior to the
experiment and were paid for their participation afterward.

Apparatus, stimuli, and procedure The present experiment
differed from Experiment 1 in two respects: (1) the back-
ground walls were removed and (2) the two line segments in
the cue display were placed in either the farther or the closer
depth plane at the same time (Fig. 4a and b). The rest of the
apparatus and the stimuli were exactly the same as in
Experiment 1.

Experimental design A 2 (Depth: farther vs. closer) × 2
(Retinal Size: larger vs. smaller) factorial design was adopted
in the present experiment.We presented 56 trials in each of the
four experimental conditions, and another 28 catch trials, in
which no target was presented after the cue. The catch trials
were adopted to prevent participants from making false alarm
responses during the time interval between the cue and the
actual appearance of the targets. The far and close blocks were
separate, and the order of the two blocks was counterbalanced
between participants.

Results and discussion

Incorrect responses and RTs exceeding three SDs above or
below the mean RT in each condition were excluded from
further analysis. The data of two participants were discarded
because of their high false alarm rates on the catch trials (both
higher than 10 %).

The RTs were submitted to a 2 (Depth: farther vs. closer) ×
2 (Retinal Size: larger vs. smaller) repeated measures ANOVA
(Fig. 3b). The main effect of size was significant, F(1, 27) =
5.752, p = .024, η2 = .176, indicating that RTs to the targets at
the location of the line with the larger retinal size (335 ms)
were significantly slower than RTs to the targets at the location
of the line with the smaller retinal size (333 ms). The main
effect of depth was not significant, F(1, 27) = 1.359, p = .254.
No other effects reached significance.

Experiment 3

The results in Experiments 1 and 2 showed that objects with a
smaller retinal size more significantly facilitated the process of
attentional orienting to the subsequent target at its location
than did objects with a larger retinal size. To further test this,
we ran a 2-D control experiment (Fig. 2b) in which the depth
cue (i.e., the background walls) was removed from the 2-D
Ponzo illusion. Except for this difference, all other aspects of
the stimuli, including the lengths of the two lines, were exactly
the same as in the 2-D condition of Experiment 1. Therefore,
after the depth cue was removed, the retinal sizes of the two
lines directly determined the perceived size—that is, the larger
the retinal size, the larger the perceived size. We predicted that
if objects with a smaller retinal size more significantly facili-
tate the process of attentional orienting to the subsequent tar-
get at its location than do objects with a larger retinal size, we
should replicate the previous pattern of results, of facilitation
for the line with smaller retinal (and perceived) size, in the
present 2-D control experiment.

Method

Participants The same group of participants as in Experiment
1 took part in the present experiment.

Apparatus, stimuli, and procedure The present experiment
differed from Experiment 1 in two respects: (1) only the 2-D

Fig. 4 a Frontal (retinal) view of the cue display in Experiment 2. b
Illustration of the cue displays in the farther and closer positions
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condition was included in the present experiment, and (2) the
depth cue—that is, the background wall—was removed from
this 2-D condition.

Experimental design A one-factorial design with two levels
(Size of the Cue: larger vs. smaller) was adopted in the present
experiment.

Results and discussion

Incorrect responses and RTs exceeded three SDs above or
below the mean RT in each condition were excluded from
further analysis. The data of two participants were discarded
because of their high false alarm rates on the catch trials (both
higher than 10 %).

A paired-sample t test (larger vs. smaller) was carried out
on the RT data (Fig. 3c). A significant difference was revealed,
t(27) = 4.087, p < .001, indicating that responses to the sub-
sequent targets at the location of the line with the larger size
(286 ms) were significantly slower than responses to the tar-
gets at the location of the line with the smaller size (280 ms).
The present results thus replicated and confirmed the results in
Experiment 1.

General discussion

By combining the dot probe task with either the 2-D Ponzo
illusion induced by pictorial depth cues or a virtual 3-D world
in which the 2-D Ponzo illusion turned into visual reality, we
tested the potential effect of the retinal versus perceived size of
the cue on attentional orienting. The results in Experiment 1
showed that with the perceived size of the cue being kept
constant, the larger the retinal size of the cue, the slower the
responses to the subsequent targets at the cued location, and
that this cue validity effect existed in both 2-D and 3-D space
with comparable sizes (Fig. 3a). Furthermore, since in both the
2-D Ponzo illusion condition and the 3-D condition of
Experiment 1, with the perceived sizes of the two lines being
kept constant, the line with a larger retinal size was always the
closer line, it could be that attentional orienting toward closer
targets was significantly facilitated, relative to attentional
orienting toward the farther targets. To rule out this possibility,
in Experiment 2, we removed the background 3-D wall and
placed the two line segments in the cue display together in
either the farther or the closer depth plane. The results of
Experiment 2 showed a pattern consistent with those of
Experiment 1—that is, attentional orienting to the position
of the cue with the smaller size was significantly facilitated,
as compared to orienting to the position of the cue with a
bigger size in both the farther and closer depth planes, and
there was no significant difference between the farther and
closer conditions (Fig. 3b). Therefore, the retinal size per se,

rather than the depth information, of the cue was what facili-
tated attentional orienting to the spatial locations cued with
smaller as compared to larger cues. The results of the 2-D
control experiment (Exp. 3) further confirmed that objects
with a smaller retinal size more significantly facilitated the
process of attentional orienting to the subsequent target at its
location than did objects with a larger retinal size (Fig. 3c).

In one of the previous studies using a simple detection task,
two boxes of different sizes were used as the cues, and partic-
ipants were instructed to detect the appearance of a target that
could appear in either of the two boxes with equal probabili-
ties (Castiello & Umiltà, 1992). The results showed that re-
sponses to the target appearing in the bigger box were signif-
icantly slower than responses to the target in the smaller box,
which is consistent with our results in Experiments 1, 2, and 3.
However, since all of the previous relevant studies had
adopted 2-D displays, in which larger retinal sizes led to larger
perceived sizes, it remained unclear whether the retinal or the
perceived size of the cue was what caused the cue validity
effect during attentional orienting. Therefore, together with
previous evidence, our results in Experiments 1, 2, and 3 sug-
gest that the retinal size of the cue plays a critical role in
guiding attentional orienting. According to the zoom lens
model of visuospatial attention, the size of the attentional fo-
cus is inversely correlated with the processing efficiency of
the attention system (Castiello & Umiltà, 1990; Eriksen & St.
James, 1986; Eriksen &Yeh, 1985): The larger the spatial area
attended, the lower the processing efficiency. In the present
study, the retinal size of the cue might have determined the
size of the attentional focus. The cue with a larger retinal size
might have led participants to attend to a larger spatial area,
which accordingly reduced the visual processing efficiency
within the attentional focus and slowed down the responses
to the targets at the location of the cues with a larger retinal
size.

In addition to the size of the attentional focus, the process-
ing efficiency of the attention system is also influenced by the
saliency (e.g., as indexed by the size) of the object (Henderson
& Hollingworth, 1999; Theeuwes, 2010). It has been well
documented that the perceived size, rather than the retinal size,
of a target influences the detection time: With the retinal size
being kept constant, the larger the perceived size, the faster the
detection time (Plewan et al., 2012; Sperandio et al., 2009;
Sperandio et al., 2010). In the present study, to rule out the
effect of the size of the target on RTs, the retinal size of the
target was set as small as possible (0.29° in diameter), and
participants were instructed to detect the appearance of the
target on the basis of its salient red color.

Taken together, to investigate whether the retinal or per-
ceived size of a cue influences attentional orienting in 2-D
and 3-D space, we combined the dot probe paradigm with
either the 2-D Ponzo illusion or 3-D reality. By varying the
retinal size of a stimulus while keeping the perceived size
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constant, we found that the retinal, rather than the perceived,
size of the cue plays an important role in attentional orienting:
The larger the retinal size of the cue, the slower the attentional
orienting to targets at the location of that cue.
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