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Abstract One of the most debated questions in visual
attention research is what factors affect the deployment
of attention in the visual scene? Segmentation processes
are influential factors, providing candidate objects for
further attentional selection, and the relevant literature
has concentrated on how figure–ground segmentation
mechanisms influence visual attention. However, an-
other crucial process, namely foreground–background
segmentation, seems to have been neglected. By using a
change blindness paradigm, we explored whether
attention is preferentially allocated to the foreground
elements or to the background ones. The results indi-
cated that unless attention was voluntarily deployed to
the background, large changes in the color of its ele-
ments remained unnoticed. In contrast, minor changes
in the foreground elements were promptly reported.
Differences in change blindness between the two regions
of the display indicate that attention is, by default,
biased toward the foreground elements. This also sup-
ports the phenomenal observations made by Gestaltists,
who demonstrated the greater salience of the foreground
than the background.

Introduction

When looking at a complex and realistic visual scene, the
corresponding image formed at the retinal level can be
conceived as a bi-dimensional array of uncorrelated
luminance points activating different receptors. In spite
of that, we perceive a coherent world of meaningful
objects, where each object is effortlessly seen as separate
from the others. This phenomenal experience is thought

to arise from image segmentation processes, which
group together those retinal inputs that are likely to be
part of the same object in the real world, separating
them from other inputs that belong to different objects
(Driver, Davis, Russell, Turatto, & Freeman, 2001).

Because of its functional importance in perception,
image segmentation has been commonly assumed to
occur quite early in vision. In particular, it has been
hypothesized that image segmentation precedes and in-
fluences the deployment of attention in the visual scene,
producing the candidate perceptual units for further
analysis (e.g., Baylis & Driver 1992, 1993; Driver, Baylis,
& Rafal, 1992; Kanwisher & Driver, 1992; Lamme,
1995). This point of view, though widely accepted, has
its counterpart in the idea that segmentation itself can be
modulated by attention. Rock, Mack, and their col-
leagues (Mack, Tang, Tuma, Kahn, & Rock, 1992;
Mack & Rock, 1998; Rock, Linnett, Grant, & Mack,
1992), for example, have cast doubts on the existence of
‘‘preattentive’’ segmentation processes, arguing that
neither texture segmentation nor perceptual grouping
takes place before attention is allocated to the image.
Recent studies, however, have demonstrated that whe-
ther segmentation affects attention or vice versa may
depend on the experimental conditions adopted (e.g.,
Beck & Palmer, 2002; also see Peterson & Hochberg,
1983). Driver and Baylis (1996) provided a paradigmatic
example of the mutual nature of this relationship. In
their study, participants performed a contour-matching
task, judging if the edge of a probe display matched the
edge between two adjoining areas of an immediately
preceding figure–ground display. The authors provided
evidence that segmentation factors, such as relative size
or symmetry, were able to influence the attentional
allocation in the display, producing a recognition
advantage for the figure rather than the ground (see
Experiments 1, 2, and 3). However, when participants
were presented with an ambiguous figure–ground dis-
play, and when they were instructed to attend to one of
the two areas in the display, results showed a recognition
advantage for the attended area rather than the unat-
tended one (Experiment 8). This indicates that attention
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can to some extent constrain the way participants parse
an otherwise ambiguous visual display, allowing the
attended region to be perceived as a figural shape.

Although we acknowledge the possibility that atten-
tion can influence segmentation, we are more sympa-
thetic with the view claiming that segmentation usually
precedes and affects the allocation of attention in the
visual field. In this regard, Gestaltists identified different
principles that govern visual analysis during image seg-
mentation (Wertheimer, 1923). Known as the ‘‘Gestalt
principles,’’ these heuristic processes of grouping are
used by the visual system to join unbundled retinal vi-
sual inputs into perceptual units. Similarity, proximity,
and good configuration are, for example, some of the
perceptual-grouping principles that intervene in image
segmentation. Once perceptual units, or ‘‘proto objects’’
are established, attention is then directed to one, or few,
of these units in turn. As long as a given ‘‘proto-object’’
is attended, it becomes a spatio-temporal coherent
structure, and, by means of a comparison with the
contents of long-term memory, its identification can take
place (Rensink, 2000).

It follows that an important question is to deter-
mine what governs the distribution of attention to the
scene, or in other words, which perceptual units re-
ceive preferential attentional allocation. On the one
hand, top–down factors, such as the intentions of the
observer, can control which objects are attended; on
the other hand, attention can be deployed according
to bottom–up factors. Saliency, namely what renders
an object(s) unique on the basis of some physical
characteristics compared with other objects, is perhaps
one of the most powerful bottom–up factors in con-
trolling attentional capture (Yantis, 2000). Accord-
ingly, it has been demonstrated that when an object is
a singleton in a given feature dimension (e.g., color) it
is able to grab attention regardless of the observer’s
intentions (Turatto & Galfano, 2000). However, we
also suspect that early visual segmentation processes
determining the objects’ depth order in the scene can
‘modulate’ the saliency of the elements in a display.
Specifically, our hypothesis is that, all other conditions
being equal, objects lying in the front plane (i.e., in
the foreground) may result in being more salient that
those lying in the background. This, in turn, should
lead to an attentional preference for the foreground
items rather than the background items.

At this point it is necessary to clarify how our fore-
ground–background distinction differs from the classical
figure–ground distinction. Whereas the terms ‘‘figure’’
and ‘‘foreground’’ may be used interchangeably, a clear
distinction needs to be made between the terms
‘‘ground’’ and ‘‘background.’’ With background we re-
fer to those segmented perceptual units constituting a
surface of items lying in a depth plane. By contrast, the
notion of ground has always been used to refer to a
perceptually undifferentiated homogeneous (or even
blank) surface. This distinction is far from trivial, as, in
the vast majority of cases, the everyday scenario an

observer looks at is made of different objects. From the
observer’s point of view, these objects may lie closer
forming the foreground, or further in depth forming the
background. Although in principle many depth planes
are feasible, the present study explored whether atten-
tion preferentially explores the foreground items rather
than the background items when two depth planes are
established on the basis of a monocular depth cue, such
as occlusion. In other words, the main issue of the
present study was to investigate how foreground–back-
ground segmentation might affect the allocation of
attention. In this study, we demonstrate that attention is
by default allocated to the elements lying in the fore-
ground (i.e., the front plane), rather than those lying in
the background (i.e., the depth plane).

Previous studies by Nakayama and his collaborators
(e.g., Nakayama & Silverman, 1986; He & Nakayama,
1995) have already shown that attention could indeed be
voluntarily deployed to items lying on a particular depth
plane defined by binocular disparity. However, in those
studies, potential preference for the foreground items
could not be explored, as the observers were explicitly
instructed to direct their attention to a specific depth
plane.

Apparently, Gestalt studies suggested that figure and
background might have different effects on attention,
with the former being more salient than the latter (Co-
ren, 1969; Rubin, 1915, translated 1958; Wertheimer,
1923). Yet, what these studies meant as background was
instead the ground, namely a blank region of space on
which the figure stands. In this regard, the first demon-
stration of the phenomenal difference between the figure
and the ground comes from the well-known Rubin’s
ambiguous figure, where the observer can alternatively
see either two black face profiles or a white central vase.
As Rubin argued, when one of the two possible elements
(the vase or the human profiles) is perceived as a figure,
the other is always seen as a shapeless ground. In
addition, crucial to the purpose of the present study, he
suggested that the figure rather than the ground domi-
nates consciousness, thus phenomenally tying the sal-
ience of the figure with attention. In accordance with this
view, and using Rubin’s ambiguous figure, Wong and
Weisstein (1982) demonstrated that the tilt of a test line
was better discriminated when it was part of the region
perceived as the figure than when it was part of the
region perceived as the ground.

However, as far as the foreground–background issue
is concerned, the major drawback of all these studies is
that they always presented one or more figures on a
shapeless ground. Hence, they demonstrated little about
how the specific foreground-background segmentation
influences attention. In addition, as noted by Driver and
Baylis (1996), the majority of these demonstrations
about figure superiority rely on phenomenology, with
the observer instructed to attend to just one of the
adjoining regions of the test display, and to describe how
it is perceived. This attentional top–down bias toward a
specific visual region may represent a problem in
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studying whether attention is spontaneously allocated
toward the foreground rather than the background.

Another line of research that may provide insight into
the relationship between foreground–background seg-
mentation and attention is the object-based attention
literature. Following the original observation by Neisser
(1967), many studies have demonstrated that attention is
allocated to perceptual units resulting from segmenta-
tion processes. In a seminal study on object-based
attention, Duncan (1984) showed that the units of
attention are objects rather than spatial locations (for a
review on object-based attention see Scholl, 2001).
Subsequently, others studies explored the role of per-
ceptual grouping factors on the distribution of attention.
Baylis and Driver (1992), for example, showed that
when a task-irrelevant distractor shares some physical
characteristics with the target, it is perceptually
‘‘grouped’’ with the target, becoming part of the same
attentional episode. Closer to the aim of the present
study, in the aforementioned study by Driver and Baylis
(1996), evidence was provided that segmentation factors,
such as relative size or symmetry, could influence the
attentional allocation in the display, producing a rec-
ognition advantage for the figure rather than the
ground. However, once again, the experimental display
consisted of two different surfaces (one of which could
be seen as a figure) lying on a shapeless ground. Hence,
the previous studies have only demonstrated that
attention tends to select the figure rather than the
ground, which says little on how foreground–back-
ground segmentation affects the allocation of visual
attention. Therefore, the possibility that attention might
select the foreground elements rather than the back-
ground elements remains to be investigated.

In the present experiments we tried to overcome this
problem by presenting a display of elements lying both
in the foreground and in the background. To investigate
whether attention is by default allocated to the fore-
ground, we employed a change blindness paradigm,
which, recently, has become one of the most useful tools
for studying visual attention (Rensink, 2002). Change
blindness (CB) is one of those phenomena, like, for
example, the attentional blink (Raymond, Shapiro, &
Arnell, 1992) and the inattentional blindness (Mack &
Rock, 1998), which dramatically show the detrimental
effect of the lack of attention in visual perception (the
‘‘dark side of visual attention’’ metaphor, see Chun &
Marois, 2002). CB refers to the inability to notice an
otherwise clearly visible change in the visual scene if
some disturbances occur simultaneously with the change
(O’Regan, Rensink, & Clark, 1999; Rensink, O’Regan,
& Clark, 1997; Simons & Levin, 1997; Turatto, Bettella,
Umiltà, & Bridgeman, 2003). Research on CB agrees
that focused attention is the crucial factor that mediates
our conscious change detection (Rensink, 2002), and
provides evidence that, when attention is misallocated
from the changing element because of visual dis-
turbances, observers are usually unable to report the
change. By contrast, when attention is correctly oriented

(via top–down or bottom–up cues) to the part of the
image where the change takes place, participants detect
the change immediately and effortlessly (Rensink et al.,
1997; Scholl, 2000).

We then expected that if attention is by default de-
ployed to the foreground rather than to the background,
this asymmetry should affect the possibility of con-
sciously detecting a change in one region or the other. In
accordance with this prediction, we found participants
to be able to detect a change when it occurred in the
foreground, whereas they were, unless properly cued,
virtually blind to changes in the background.

Experiment 1

In studying any possible foreground–background influ-
ence on attentional allocation using the CB phenome-
non, we could have used real-world images, as is usually
done in CB studies (e.g., O’Regan et al., 1999; Rensink
et al., 1997). However, because real-world images are
complex, containing objects lying on many potentially
different depth planes, it might be difficult to determine
which elements constitute the foreground and which
constitute the background. This problem may be over-
come when schematic visual displays are employed, as in
many visual attention studies. Hence, we presented a
complex display made of simple geometric shapes, some
of which were in the foreground while others were in the
background, with the two regions defined on the basis of
occlusion. This allowed us to present images in which
foreground and background were made of many objects,
having, at the same time, the physical parameters of the
stimuli, as well as the number of depth planes in which
the image was segmented, under experimental control.

A first attempt to create such a foreground–back-
ground perceptual segmentation was indeed provided in
a previous study by Turatto, Angrilli, Mazza, Umiltà,
and Driver (2002; also see Driver et al., 2001), in which
participants viewed two consecutive displays consisting
of six disks arranged in a circular manner, over a
background of alternated black and white stripes. The
two displays were shown for 400 ms each, separated by
an intervening blank interval of 100 ms, and in each trial
participants had to report if any changes had occurred
between the first and the second images. The results
indicated that attention was clearly directed toward the
foreground. This was not only evident in behavioral
data, with participants being more accurate in detecting
the foreground change rather than the background
change, but also in electrophysiological data, where the
detection of the foreground change was correlated to a
more pronounced P300. Yet an important caveat must
be considered before accepting the results of Turatto
et al. (2002) as evidence of a genuine attentional pref-
erence for the foreground items. In fact, it may simply be
argued that the attentional preference for the fore-
ground items emerged because the disks, per se, resulted
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in being more salient than the stripes, regardless of
whether they lay in the front plane.

To circumvent this important concern, in the present
study background and foreground elements had exactly
the same geometrical shape (i.e., rectangular shape),
differing only with respect to their orientation and color.
This ruled out any potential preference the visual system
might have in processing certain geometric figures,
leaving foreground–background segmentation as the
main factor involved.

In examining the influence that foreground–back-
ground segmentation has on attentional deployment, it
is important to prevent participants from any explicit
foreground–background top–down assignment. In par-
ticular, participants should be neither instructed to at-
tend to a specific area of the display, nor induced to
consider only one part of the display as crucial for the
task. Therefore, our participants were not informed
about the foreground–background segmentation of the
image. They were only informed about the presence of
many rectangles with different orientations. In addition,
during the first part of the experiment, participants were
not informed about the locus of the change. They were
simply told that the change could occur in any rectangle.
If attention is by default directed to the foreground we
expected participants to be virtually blind to the back-
ground change, whereas they should have easily seen a
smaller foreground change (also see Turatto et al.,
2002). In order to address whether the attentional pref-
erence for the foreground is still present when the two
regions of the image are equated in terms of top–down
factors, in the second part of the experiment we in-
formed participants that the change could take place
equally as often in the horizontal (i.e., the foreground) as
in the vertical (i.e., the background) rectangles. If a
monocular depth cue such as occlusion renders the
foreground more salient than the background, we ex-
pected such preference to be still evident even when top–
down information for the background was given. This
would add further support to the notion that, under
equal circumstances, attention preferentially selects the
foreground elements rather than the background ele-
ments.

Method

Participants

Twenty-one undergraduates from the University of Padova, all
right-handed, participated in this experiment (17 females and 4
males). Their mean age was 23 years (range 20–26 years). All re-
ported normal or corrected-to-normal vision and were naı̈ve as to
the purposes of the experiment.

Apparatus and materials

The experiment was conducted in a dimly lit (about 1 cd/m2),
sound-attenuated room. Stimuli were presented on a Phillips 107P
17-inch color monitor (640 · 480, 60 Hz), driven by a PC equipped
with a Matrox Millennium G400 graphics board, positioned on a

table at a distance of 60 cm from the participants’ eye level. The
display consisted of six horizontal rectangles (of two different
alternate colors) lying on a background of 20 alternately colored
columns, each comprising ten vertical rectangles (see Fig. 1). The
shortest side of each rectangle subtended 1.24� of visual angle,
whereas the longest side subtended 1.81�. Each rectangle of the
background was separated from the next by a blank space (0.19�).
The foreground rectangles were centered and arranged in a circular
manner at the center of an imaginary circle (6.65� in diameter).
Two pairs of equiluminant colors (16 cd/m2), red (CIE coordinates:
x = .626, y = .343) and green (CIE coordinates: x = .286,
y = .599), blue (CIE coordinates: x = .161, y = .128) and purple
(CIE coordinates: x = .299, y = .120), were used for the fore-
ground and for the background elements, counterbalanced between
participants.

Design and procedure

Before each experimental block was initiated, the participants
carried out 12 practice trials to familiarize them with the task. Four
blocks of experimental trials were presented to the participants.
The first and second blocks contained 90 trials each: 30 foreground-
change trials, 30 background-change trials, and 30 no-change trials.
Foreground changes consisted of all the horizontal rectangles
changing color (e.g., the red rectangles became green and vice
versa). Similarly, background changes consisted of all the vertical
rectangles changing color (e.g., the blue rectangles became purple
and vice versa). Before the first block of trials began (Default
attention condition), participants were only informed that the
change, when present, took place in the rectangles. Before the
second block of trials (Divided attention condition), participants
were asked if they had noticed the change in the vertical rectangles
(i.e., the background change) during the previous block. They were
then informed that, during the next block, the change, when
present, could occur equally as often in the vertical as in the hor-
izontal rectangles (i.e., the background or the foreground respec-
tively), so that they had to pay attention to both parts of the
display. Before the last two blocks of experimental trials (back-
ground-focused and foreground-focused attention) participants

Fig. 1 Examples of display and events of Experiment 1. The left
column depicts the background-change condition: All purple (or
green) vertical rectangles become blue (or red) and vice versa. The
middle column depicts the foreground-change condition: All green
(or blue) horizontal rectangles become red (or purple) and vice
versa. The right column depicts the no-change condition. Purple
color is depicted in black, blue in mid-grey, green in white, and red
in dark grey
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were informed that the change, when present, could take place only
in the part of the image indicated at the beginning of the block.
There were 60 trials in each block: 30 no-change trials and 30
foreground- or background-change trials, depending on the block
participants were subjected to. The order of presentation of these
two last blocks was counterbalanced between participants. Each
trial began with a 100-ms, 2,000-Hz warning signal lasting for
500 ms. After the tone was turned off, the first and the second
displays appeared for 500 ms each, separated by an intervening
200-ms blank screen (one-shot technique, see Fig. 1). In each trial,
participants indicated whether they saw any change by pressing,
without time pressure, one of two keys on the computer keyboard.

Results

In order to assess whether any difference between
detection of foreground and background change was
due to perceptual rather than to decision processes, we
used a signal detection theoretic analysis and plotted
sensitivity (d’) and response bias (ß) as a function of
‘Locus of change’ and ‘Attentional condition.’ Fore-
ground- and background-change trials were separately
considered as signal trials, whereas no-change trials were
considered as noise trials. Because only in the Default
and Divided conditions (i.e., the first two blocks of tri-
als) both levels of the Locus of change were present
within the same block, analyses for these two conditions
were carried out separately from the Foreground-fo-
cused and Background-focused conditions. As a general
procedure, hits and false alarms were used to compute d’
and ß scores (see Macmillan & Creelman, 1991). Hits
were ‘Yes’ responses in change trials, false alarms were
‘Yes’ responses in no-change trials, missed responses
were ‘No’ responses in change trials, and correct rejec-
tions were ‘No’ responses in no-change trials.

Default and Divided conditions

d’ mean scores were entered into a two-way repeated
measures analysis of variance (ANOVA), the factors
being Locus of change (two levels: foreground and
background) and Attentional condition (two levels: de-
fault and divided). Both the main effects of Locus of
change, F(1,20) = 50.923, p < .001, and Attentional
condition, F(1,20) = 7.89, p = .011, were significant, as
was their interaction F(1,20) = 14.217, p < .001. This
interaction was further explored by means of planned
comparisons (t-tests). In the Default condition, d’ scores
for the foreground- and the background-change trials
were separately compared with a d’ = 0, which indicates
the inability of the perceptual system to distinguish signals
from noise (see Macmillan & Creelman, 1991). Compar-
isons showed that d’ scores were significantly greater than
0 in the foreground-change trials (M = 2.387,
SD = 1.2), t(20) = 8.959, p < .001, but not in the
background-change trials (M = .249, SD = .7),
t(20) = 1.575, not significant (see Fig. 2). In the Divided
condition, d’ scores in the background-change trials
(M = 1.502, SD = 1.3) became significantly greater
than 0, t(21) = 5.056, p < .001. In addition, d’ scores in

the foreground-change trials (M = 2.213, SD = 1.1)
were significantly greater than d’ scores in the back-
ground-change trials (M = 1.502, SD = 1.3),
t(20) = 3.966, p < .001. Another two-way repeated
measuresANOVAwas performedon ß scores, withLocus
of change and Attentional condition as factors. The main
effect of Attentional condition was significant,
F(1,20) = 6.032, p = .023, with ß scores in the Default
condition (M = 1.210, SD = .5) significantly less than ß
scores in the Divided condition (M = 2.884, SD = 3.3).
Neither the main effect of Locus of change nor the inter-
action between the two factors was significant (Fs < 1).

Background-focused and foreground-focused conditions

Planned comparison showed that d’ scores in the back-
ground-change trials (M = 2.842, SD = 1.3) did not
significantly differ from d’ scores in the foreground-
change trials (M = 3.073, SD = .9), t(20) = .874, not
significant. Likewise, ß values did not significantly differ
between background-change (M = 2.311, SD = 2.4)
and foreground-change trials (M = 2.130, SD = 2.2),
t(20) = .277, not significant.

Discussion

The results of the present experiment showed an atten-
tional preference for the foreground elements in a visual
scene. Let us first consider theDefault condition.Here, we
found that d’ scores in the foreground-change trials were
significantly different from 0, whereas d’ scores in the
background-change trials were not. As d’ = 0 indicates
the inability of the perceptual system to detect the signal
(i.e., the change), we interpreted these findings as evidence
that the participants correctly detected the foreground
change, while they were virtually blind to the background
change (Fig. 2). Given that focused attention is necessary
to perceive a change (Rensink et al., 1997), the present
findings showed that foreground elements were actually

Fig. 2 Accuracy percentages and d’ mean values (in brackets) in
background-change and foreground-change trials as a function of
Attentional conditions in Experiment 1
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selected by attention. This conclusion is further supported
by the following. At the end of theDefault condition, only
3 out of 21 participants reported having become aware of
the changes in the vertical rectangles. Also, although in
the Divided condition participants knew that the change
could take place in the horizontal items and in the vertical
items equally often, data showed that the d’ scores in the
foreground-change trials were still higher than the d’
scores in the background-change trials (Fig. 2). This
pattern of results suggests that, despite the fact that par-
ticipants were instructed to pay attention equally to the
background and the foreground, the latter was more
effective at grabbing attention.

The significant main effect of Attentional condition
that emerged from the ANOVA on ß scores showed that
in the Divided condition participants were more biased
toward the ‘No’ response than in the Default condition.
This difference is not crucial for the present study. It
may simply indicate that participants changed their
criterion as a consequence of different instructions
across conditions.

An alternative account of these results would be that
the background changes were more difficult to perceive
than the foreground changes. If this were the case, re-
sults might merely reflect an advantage for the fore-
ground rather than the background caused simply by a
difference in the physical visibility of the change. This
alternative account can be ruled out on the basis of the
two Focused conditions. Here, results showed that the d’
scores in the background-change trials did not signifi-
cantly differ from the d’ scores in the foreground-change
trials (Fig. 2). Participants were perfectly able to detect
the change in either part of the scene (the accuracy was
87% for the background-change and 90% for the fore-
ground-change trials).

Taken together, the results of the present experiment
supported the hypothesis of an attentional preference for
the foreground over the background. This asymmetry
was still evident when top–down information (i.e.,
instructions) rendered the background and the fore-
ground equally relevant for the change detection task. It
also follows that the occlusion cue was effective at
rendering foreground elements more salient than back-
ground elements. However, it should be noted that the
six horizontal rectangles in the foreground were
arranged in a circular manner, thus forming a global
unique figure (a circle). It may be questioned whether the
mere fact of lying in the front plane is a sufficient
condition for producing the attentional advantage, or,
rather, the attentional advantage was caused by the
circular arrangement of the foreground elements. In
attempting to verify this, we devised the Experiment 2.

Experiment 2

The aim of the present experiment was to ascertain whe-
ther the attentional foreground preference in Experi-
ment 1was due to foreground–background segmentation

rather than to a figural configuration advantage for
foreground items. To address this issue, in half of the trials
the foreground elements were not arranged in a circular
manner (see Fig. 3), whereas in the remaining trials they
had the same circular arrangement as in Experiment 1. If
the foreground advantage we found in Experiment 1were
due to figural grouping, then change detection should
worsen when the foreground elements no longer form a
geometrical configuration. In contrast, if partial occlusion
and different orientation are gestalt factors sufficient for
rendering an element more salient than the background,
the foreground advantage should emerge even when the
circular arrangement is disrupted.

Method

Participants

Twelve undergraduates from the University of Padova, all right-
handed, participated in this experiment (10 females and 2 males).
Their mean age was 24 years (range 21–26 years). All reported
normal or corrected-to-normal vision and were unaware of the
purposes of the experiment. None had participated in Experi-
ment 1.

Apparatus and materials

They were as in Experiment 1, with the following exception. In half
of the trials, the six horizontal rectangles composing the foreground
were arranged so that they produced an imaginary circle (see
Experiment 1); in the other half, they were randomly positioned
approximately at the center of the display without producing a
geometrical figure (see Fig. 3). In the latter condition, the average
distance of the items from the center of the display was similar to that
of the circular-arrangement condition.

Design and procedure

The two blocks of experimental trials were identical to the Default
and Divided conditions of Experiment 1. Each block contained 150
trials: 75 regularly-arranged foreground trials (25 no-change trials,
25 foreground-change trials, 25 background-change trials) and 75
randomly-arranged foreground trials (25 no-change trials, 25
foreground-change trials, 25 background-change trials). The
instructions and the procedure were identical to those of the first
two blocks of Experiment 1.

Fig. 3 Example of how the foreground stimuli were randomly
arranged in Experiment 2
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Results

As in Experiment 1, a signal detection analysis was used,
with sensitivity (d’) and response bias (ß) plotted as a
function of ‘locus of change,’ ‘attentional condition,’
and ‘foreground organization.’ For both regularly- and
randomly-arranged foreground trials, foreground- and
background-change trials were separately considered as
signal trials, whereas no-change trials were considered as
noise trials. Hits were ‘Yes’ responses in change trials,
false alarms were ‘Yes’ responses in no-change trials,
missed responses were ‘No’ responses in change trials,
and correct rejections were ‘No’ responses in no-change
trials.

d’mean scores were entered into a three-way repeated
measures ANOVA, with Locus of change (two levels:
foreground and background), Attentional condition
(two levels: default and divided) and Foreground
arrangement (two levels: regularly arranged and ran-
domly arranged) as factors. The main effect of Locus of
change, F(1,11) = 108.808, p < .001 was significant, as
was the Locus of change · Attentional condition inter-
action, F(1,11) = 39.942, p < .001. In contrast, neither
the main effect of Foreground arrangement, nor its
interaction with any other factors (all Fs < 1) was sig-
nificant. The comparisons conducted for exploring the
only significant interaction revealed, replicating the re-
sults of Experiment 1, that in the Default condition d’
scores were significantly greater than 0 in the fore-
ground-change trials (M = 3.048, SD = .82),
t(11) = 12.861, p < .001, but not in the background-
change trials (M = .086, SD = .39), t(11) = .768, not
significant (see Fig. 4). In the Divided condition, d’
scores in the background-change trials (M = 1.747,
SD = 1.172) became significantly greater than 0,
t(11) = 5.166, p < .001. As in Experiment 1, d’ scores
in the foreground-change trials (M = 2.776,
SD = .644) were significantly greater than d’ scores
in the background-change trials (M = 1.747,
SD = 1.172), t(11) = 4.055, p = .002 (Fig. 4). An-
other three-way repeated measures ANOVA was per-
formed on ß scores, with Locus of change, Attentional
condition and Foreground arrangement as factors. Only
the Locus of change · Attentional condition interaction
was significant, F(1,11) = 9.049, p = .012. Compari-
sons showed that in the Default condition, ß scores in
the foreground-change trials (M = 3.498, SD = 3.189)
were significantly greater than ß scores in the back-
ground-change trials (M = 1.653, SD = 1.014),
t(11) = 2.32, p = .041.

Discussion

The results replicated those of Experiment 1, confirming
the attentional preference for the foreground elements.
Participants detected the foreground changes better than
the background changes, even when they were invited
via top–down information to also pay attention to the

background elements (Fig. 4). In addition, the lack of a
significant main effect of Foreground arrangement and
of any other source of significance involving this factor,
indicated that attention was directed toward the fore-
ground elements, regardless of whether or not they were
seen as grouped into a global figure. This leaves the
foreground–background segmentation as the main fac-
tor affecting the present results, confirming that objects
that are presented in the closer depth plane are prefer-
entially selected by attention.

It is worth mentioning that the analysis of ß scores
indicated that in the Default condition participants were
more biased toward the ‘No’ response in the foreground-
change condition than in the background-change con-
dition. Importantly, despite this difference, participants
detected the change more easily in the foreground-
change than in the background-change trials.

General discussion

The results of the present study revealed an attentional
asymmetry that favored the foreground over the back-
ground when the task was to detect a change in one of
the two regions. In two experiments we found that, when
visual continuity was disrupted by introducing a blank
between a pair of images, observers were more accurate
at perceiving foreground rather than background chan-
ges. This was true even when they were informed (Di-
vided condition, Experiments 1 and 2) that the change
could equally as often take place in either region. Be-
cause it has been demonstrated that focused attention is
necessary for perceiving a change (e.g., Rensink et al.,
1997; Scholl, 2000), we interpret the present results as
evidence that during image inspection, foreground ele-
ments were preferably selected and encoded by atten-
tion. Therefore, our results speak in favor of the
influence that foreground–background segmentation has
on attentional allocation, allowing the more conspicu-

Fig. 4 Accuracy percentages and d’ mean values (in brackets) in
background-change and foreground-change trials as a function of
Attentional conditions and Foreground arrangement in Experi-
ment 2
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ous elements to be selected and processed. The more
conspicuous elements turned out to be objects lying in
the closer depth plane from the observers’ point of view,
with close and far depth planes obtained by superim-
posing some objects over some others, namely by
occlusion.

The idea that foreground items might result in being
more salient than background items stems from the
Gestaltists’ observations that foreground–background
segmentation is thought to render an element (or a
group of elements) more salient than others. In accor-
dance, in the present study we found that foreground
elements were more effective at grabbing attention than
elements lying in the background. In the present work
we found that, unless directly prompted to attend to the
background, participants were blind to large changes in
this region, whereas they were clearly able to see minor
changes in the foreground.

Even if more concerned with figure–ground rather
than with foreground–background segmentation, evi-
dence from previous works seems to be consistent with
our findings, showing a bias toward the elements that
are perceived as figures. Neurophysiological studies, for
example, showed a significant larger neuronal response
in the monkeys’ primary visual cortex (V1) to texture
elements perceived as a figure than to similar elements
belonging to the background (Lamme, 1995). This
strong neural activation in the visual cortex produced by
the figural elements is taken as evidence that the figure-
ground segmentation is a process that occurs quite early
in the visual system, thus affecting further stages of
information processing. Likewise, fMRI investigation in
humans found a specific activation in V1 for figure-
ground segmentation, regardless of which physical
parameter (motion, color or luminance) is used to pro-
duce the figure–ground segmentation (Skiera, Petersen,
Skalej, & Fahle, 2000). Converging evidence comes from
neuropsychological studies with neglect patients, whose
deficit is mainly caused by right parietal damage (Driver
& Mattingley, 1998). While these patients exhibit a clear
attentional impairment in the ability to detect and dis-
criminate single elements in the contralesional visual
field, bottom–up figure-ground segmentation processes
seem to be, at least partially, preserved in the neglect
hemifield. This sort of evidence supports the notion that
figure–ground segmentation, and arguably the fore-
ground–background one, is a pre-attentive process that
operates before attention is deployed in the visual field
(Baylis & Baylis, 1997; Driver et al., 1992).

To our knowledge, there are no empirical studies
investigating the role of foreground–background seg-
mentation on attention allocation. In addition, even
when figure–ground segmentation processes are consid-
ered, few behavioral studies have been conducted to
explore the relationship between these early visual pro-
cesses and attention. In fact, previous works on this
topic were mainly aimed at addressing the role of
grouping factors (such as similarity or proximity) upon
attentional allocation (e.g., Baylis & Driver, 1993;

Driver & Baylis 1989). The only study in which an in-
fluence of figure–ground segmentation over attention
was behaviorally documented is that by Driver and
Baylis (1996), who demonstrated the figural advantage
in a contour-matching task, even when no explicit fig-
ure–ground segmentation was required by the task.

In line with the notion of a figure–ground influence
on perception (Wong & Weisstein, 1982), with the figure
grabbing more attentional resources than the ground, in
the present study we also found that foreground–back-
ground segmentation affects the way in which attention
is deployed in the scene. In particular, we provided
evidence that foreground elements are more effective at
summoning attention than background ones. This is
testified by the fact that in the Default condition in both
experiments, foreground changes were easily seen,
whereas background changes were completely missed.

By claiming that this is a genuine bottom–up fore-
ground advantage due to image segmentation into two
separate depth planes, we want to stress two facts. First
of all, participants were not instructed to pay attention
to a specific region of the image (they were just told to
detect any change in the rectangles), thus reasonably
excluding any top–down influences. Secondly, both the
foreground and the background consisted of the same
geometrical elements (rectangles), which rules out the
possibility that the results were due to physical differ-
ences in the display elements (e.g., Turatto et al., 2002).
In addition, at the end of the Default block in Experi-
ment 1, participants reported not having been aware of
the background changes. In light of these observations,
we take our results as evidence of a bottom–up atten-
tional preference for the foreground. Finally, the results
of the Divided condition in both experiments showed
that, even when top–down factors were provided to the
observers so that they could distribute attention hom-
ogenously over the scene, foreground changes were more
correctly reported (i.e., seen) than background changes.
This demonstrates that this kind of bottom–up advan-
tage of the foreground is pervasive. However, when
observers focused their attention on the correct region as
a consequence of instructions, background changes be-
came as visible as foreground changes. This undermines
any alternative explanations invoking a better physical
visibility of changes in the foreground than changes in
the background. Also, the role of perceptual grouping of
foreground elements can be discarded on the basis of the
results of Experiment 2.

An important consideration concerns the measures
used to characterize the foreground attentional advan-
tage in the present study. We used d’ scores as an index
of sensitivity of the perceptual system and ß as a measure
of response bias. Results from both experiments showed
that, in the Default condition, change detection in the
foreground was nearly perfect, whereas change detection
in the background was almost completely absent
(Figs. 2, 3). d’ scores in background-change trials were
not significantly different from 0, which indicates the
complete inability of the visual system to detect any
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changing signal. In contrast, when changes occurred in
the foreground, d’ scores were significantly greater than
0 (Figs. 2, 3). In the Divided condition (Experiments 1
and 2), when instructions emphasized that participant
should pay attention both to the background and the
foreground, d’ scores were still greater in foreground-
change than in background-change trials.

Although we interpreted our findings as evidence of
an attentional preference for the foreground, alternative
interpretations may be considered. With regard to the
possibility of allocating attention in the third dimension,
Nakayama and Silverman (1986) initially showed that
observers were able to selectively restrict their target
search to an intermediate depth plane defined by bin-
ocular disparity. However, He and Nakayama (1995)
noted that, in this previous work, binocular disparity
and the presentation of a well-formed surface of copla-
nar elements were confounded. In other words, previous
results may have been due to the ability of the visual
system to direct attention toward ‘‘...any well-formed
perceptually distinguishable surface’’ (He & Nakayama,
1995, p. 11155). According to this ‘‘surface’’ hypothesis,
attention can be efficiently deployed to any well-defined
surface, whose elements need not lie in the same depth
plane. In a series of experiments, the authors found that,
when the items in the display were non-coplanar with the
corresponding depth plane, observers were no longer
able to efficiently direct their attention to a given depth.
This was because non-coplanar elements impeded the
formation of a well-structured surface over which
attention could spread efficiently. Hence, on the basis of
these results, we could interpret our findings according
to the surface hypothesis. However, in the display we
adopted the best-formed surface was that produced by
the background elements. In fact, rectangles in the
background were more densely and regularly arranged
than foreground rectangles, which should have favored
perception of a well-formed surface in the former rather
than in the latter case. It follows that, according to the
surface hypothesis, we should have found attention to be
preferentially deployed to the background, not to the
foreground. Instead, we found the opposite pattern of
results.

A further alternative explanation of our findings
could call into question how early completion process of
occluded objects might affect the perceived size of the
objects in the display. Rensink and Enns (1998) showed
that the process that uses monocular pictorial cues to
complete partially occluded objects operates rapidly, at
quite early levels, and takes place in the absence of fo-
cused attention. Importantly, completion would occur
by means of removal of occlusion edges, and by linking
together the ‘‘associated’’ structures. In keeping with
this, it might be argued that in the experiments presented
here, the occluding foreground items may have ‘‘cut up’’
the occluded background items, so that the background
items would be perceptually different from foreground
items. If this were the case, it may not be depth per se
that explains our findings, but the perceived shape or

size of the foreground items. However, we want to stress
that the occluded objects in the background were only
those lying under the six foreground items, all the other
background rectangles being free from occlusion. In
other words, only 24 out of 200 rectangles were oc-
cluded, whereas the remaining were completely visible to
the observers (also see Fig. 1). Because of this, we are
inclined to exclude the possibility that the present results
were due to differences in the perception of size between
foreground and background elements.

Overall, the main conclusions that can be drawn from
the present study concern the relationship between
foreground–background segmentation and attention.
The results indicate that this kind of perceptual seg-
mentation can effectively influence the attentional
deployment in the visual scene. In particular, foreground
elements seem to be the perceptual units preferentially
selected by attention. Having established the existence of
an attentional preference for those elements that lie in
the closer depth surface, further works might explore
whether attention is biased toward other surfaces lying
in different planes from the observer’s point of view. For
example, Bian, Braunstein, and Andersen (2003) have
shown the dominance of the ground surface over other
surfaces (e.g., the ceiling surface), in determining the
perceived layout in a 3-D scene. In the same vein,
attention might turn out to be preferentially allocated to
one of these other surfaces.
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