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Attentional selection of complex objects:
Joint effects of surface uniformity
and part structure

LAUREN N. HECHT AND SHAUN P. VECERA
University of lowa, lowa City, lowa

What object properties warrant selection by object-based attention? Previous research has suggested that
surface uniformity is required for object-based attentional selection (Watson & Kramer, 1999), yet nonuniform
objects are encountered frequently. In the present experiments, we investigated the interplay between surface
uniformity and part boundaries and their effect on object-based attention. Specifically, we asked if attention can
select nonuniform objects whose surface changes occur at part boundaries. Although uniformly colored objects
did exhibit object-based effects, we only observed an object-based effect for multicolored objects when surface
changes occurred at part boundaries. These findings suggest that attention can only select nonuniform objects

when the surface change occurs at a part boundary.

Visual scenes are rich with information, but elementary
visual information, such as local luminance values, do not
appear to be perceived directly. Instead, elementary infor-
mation is organized into perceptual groups (Palmer, 1999,
2002). Typical visual scenes will contain many perceptual
groups, including objects and the regions that fall behind
objects. To further manage the wealth of visual informa-
tion in any scene, perceptual groups can guide attention
in an object-based manner, allowing relevant objects to be
selectively attended.

Several experimental designs have been used to examine
object-based attention. Accuracy in feature reports (e.g.,
Duncan, 1984; Vecera & Farah, 1994) and speeded spatial
cuing tasks (e.g., Egly, Driver, & Rafal, 1994; Vecera, 1994)
are among the most common paradigms. For example, Egly
et al. used a spatial cuing task in which observers viewed
displays containing two simple objects, similar to those
shown in Figure 1. Attention was summoned to a cued lo-
cation at the end of one of two rectangles, and observers
detected the onset of a target. Targets appeared at validly or
invalidly cued locations; when targets were invalidly cued,
they could appear in the cued object or in the uncued object.
These two invalid locations were equidistant from the cued
location, preventing any explanation of the results using
location-based attention. Results from this task typically
find that observers are fastest to respond to targets at the
cued location and, more importantly, are faster to uncued
targets in the cued object than those in the uncued object.
This latter result defines an object-based attention effect.

Although there have been many demonstrations of
object-based attention, few studies have attempted to de-
termine the perceptual properties that define the objects

selected by object-based attention. One relevant study by
Watson and Kramer (1999) examined the perceptual group-
ing cues to which object-based attention was sensitive. Spe-
cifically, using a theory of perceptual organization proposed
by Palmer and Rock (1994; Palmer, 1999, 2002), Watson
and Kramer focused on the “uniform connectedness” cue,
which states that uniform visual surfaces (i.e., surfaces with
uniform color, luminance, or texture) are the foundation
for perceptual organization. Object-based attention is also
sensitive to uniform connectedness: An object-based effect
was found for uniform objects that were composed of a sin-
gle color and luminance but not for nonuniform objects that
were composed of regions of different color and luminance.
Thus, the objects selected by attention must have uniform
surfaces, unless the nonuniform surfaces are task relevant;
see Experiment 2 in Watson & Kramer. This surface uni-
formity likely involves postconstancy reflectance of the
surface (Rock, Nijhawan, Palmer, & Tudor, 1992).

The finding that object-based attention typically selects
only single-region objects may limit the generalizability of
object-based attention because real world objects typically
contain several regions (see Matsukura & Vecera, 20006, for
discussion; also see Martin, Fowlkes, & Malik, 2004 for
evidence from computer vision concerning image regions).
Thus, Watson and Kramer’s (1999) result likely represents a
set of conditions under which surface uniformity is required
for object-based attention, and other conditions might allow
object-based attention to select nonuniform objects.

Various evidence supports the claim that object-based
attention can select nonuniform objects under some con-
ditions. Some of Watson and Kramer’s (1999) own results
indicated that making the multiple-regions of an object
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Figure 1. Event durations for a single trial in the spatial cuing task used in Experiments 1-5. Significantly faster responses on the
invalid—same object trials than on the invalid—different object trials demonstrate an object-based effect of attention (see, e.g., Egly,
Driver, & Rafal, 1994). This effect has been replicated with black outline rectangles in a target identification task (see, e.g., Moore,

Yantis, & Vaughan, 1998; Pratt & Sekuler, 2001).

task relevant would allow these objects to be selected by
object-based attention. Additionally object-based effects
are observed for occluded objects (Behrmann, Zemel,
& Mozer, 1998; Moore, Yantis, & Vaughan, 1998) sug-
gesting that separated (i.e., occluded) but uniform (i.e.,
similarly colored) regions can guide object-based atten-
tion. Further, Matsukura and Vecera (2006) recently re-
ported that multiple-region objects could guide object-
based attention, provided that the different regions of an
object were perceptually grouped. Thus, both top—down
task relevance and bottom—up image grouping can allow
multiple-region objects to be selected as a single unit by
object-based attention.

The purpose of the present experiments is to further
examine the perceptual information that allows multiple-
region objects to guide object-based attention. Most
real world objects contain multiple parts, and there are
salient perceptual cues that occur at the boundaries be-
tween parts. Specifically, when two parts meet in an ob-
ject, minima of curvature cues are created in the outline
shape of the object (Hoffman & Richards, 1984; Hoffman
& Singh, 1997). We conjectured that there are regularities
within objects in which surface changes (e.g., changes in
luminance, color, or texture) tend to co-occur with part
boundaries, as in the case of a lamp whose shade (e.g.,
white) is often a different color from its base (e.g., gold).

Our conjecture is consistent with Singh and Hoffman’s
(2001) part-coloring rule: Color changes occurring at part
boundaries are interpreted as changes in surface reflec-
tance. However, our work extends the part-coloring rule by
examining effects of interactions between color changes
and part boundaries on object-based attentional selection.
Furthermore, our conjecture leads to a testable hypothesis
for object-based selection of multiple-region objects: If
surface changes occur more frequently across parts than
within parts, then object-based attention should be guided
by multiple-region objects in which surface changes occur
at part boundaries. That is, we should see an object-based
attention effect for multiple-region objects in which color
changes occur at part boundaries, but not for objects in
which color changes occur away from part boundaries.
The present experiments investigated part boundaries
and surface uniformity in an object-based spatial cuing
task (e.g., Egly et al., 1994; Vecera, 1994). We first repli-
cated the presence of an object-based effect with uniform,
single-part objects, followed by the absence of an object-
based effect with multiple-region, single-part objects. We
then created multipart objects in which the surface of an
outline object was composed of either one color or two
different colors; for two-color objects, we manipulated
whether the color border coincided with the part boundary
or appeared off the part boundary. The color of the object’s
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contours was considered a surface characteristic, consis-
tent with previous research (Watson & Kramer, 1999).

There were two possible outcomes from the latter ex-
periments. If surface uniformity is a critical, strong con-
straint for object-based attention, then the object-based
effect would not be present when there is any color dissim-
ilarity, irrespective of the alignment of the surface colors
and the part boundary. In contrast, if surface uniformity is
modulated by part boundaries, then a significant object-
based effect would be present when color changes coin-
cide with the part boundary but not when surface changes
are misaligned with part boundaries.

To preview our results, Experiment 1 replicated object-
based attentional selection of uniform rectangles. Experi-
ment 2 replicated the finding that nonuniform objects (i.e.,
objects made of different colors) do not guide object-based
attention. Experiment 3 demonstrated that single-region,
multipart objects guide object-based attention, consistent
with previous findings (Vecera, Behrmann, & McGoldrick,
2000; Vecera, Behrmann, & Filapek, 2001). Experiments 4
and 5 demonstrated that object-based attention could select
multiple-region objects when surface color changes oc-
curred at part boundaries (Experiment 4), but not when
they occurred away from part boundaries (Experiment 5).

GENERAL METHOD

Participants

Participants were University of lowa undergraduates who volun-
teered for course credit and who reported having normal color vision
and normal or corrected-to-normal acuity.

Stimuli and Procedure

Displays contained a white fixation cross subtending 0.4° by 0.4°
of visual angle and two outline rectangles subtending 1.0° wide by
6.0° long of visual angle at a viewing distance of 70 cm. The rect-
angles were aligned either horizontally or vertically, and the ends of
each rectangle were equidistant from one another and fell 4.2° from
fixation. Stimuli were presented against a black background.

Observers’ attention was cued to a location on one of the rect-
angles by brightening the edges at one end of a rectangle with a 0.1°
thick white line. The cue could appear at any of four ends of the rect-
angles. Following the cue, a target and three distractors—all white
outline circles or squares, each occurring equally often—were pre-
sented at each of the four ends of the rectangles. The target stimuli
were the large shapes measuring 0.9° in diameter. The distractors
were the small shapes subtending 0.5° in diameter.

Targets appeared in three possible locations: the cued location
(valid trials), the uncued end of the cued rectangle (invalid—same ob-
ject trials), or the uncued rectangle (invalid—different object trials).
The invalid target locations were equidistant from the cued location.
Valid trials occurred on 60% of all trials, and the invalid conditions
each occurred on 20% of all trials.

The event sequence is depicted in Figure 1. The fixation appeared
for 500 msec, followed by the two rectangles. After the rectangles
were present for 500 msec, a cue appeared for 50 msec. Immediately
after the offset of the cue, one target and three distractors were pre-
sented for 50 msec. Observers pressed the “n” key if the target was a
large circle and the “m” key if the target was a large square. Observ-
ers received feedback after each response, followed by an intertrial
interval of 500 msec. They received four blocks of 60 trials each and
received a break between blocks. Each observer also received 24
unanalyzed practice trials.

EXPERIMENT 1

We first replicated the presence of an object-based ef-
fect for uniform, single-part objects.

Method

Participants. Twenty-one undergraduates participated in this
experiment.

Stimuli. The contour of both rectangles was white (see
Figure 2A).

Results and Discussion

One participant was excluded from the analyses because
average accuracy dropped below 75% in at least one con-
dition, resulting in few reaction times (RTs) in the invalid
conditions. Mean RTs were calculated for correct trials that
were slower than 150 msec and faster than 2,000 msec.!
This trimming excluded less than 2% of trials.

Mean RTs and accuracy rates for the valid trials can
be seen in Table 1. The more theoretically relevant results
from the invalid conditions are shown in Figure 3. An anal-
ysis of the three trial types (valid, invalid—same object, and
invalid—different object) was significant [F(2,19) = 123.6,
p < .05]. Planned comparisons indicated that RTs on the
valid trials (556 msec) were significantly faster than those
on the invalid—same (661 msec) [#(19) =12.0, p <.05] and
invalid—different object trials (680 msec) [#(19) = 13.8,
p <.05]. Critically, as shown in Figure 3, there was a sig-
nificant difference between the invalid—same and invalid—
different object trials [#(19) = 2.5, p <.05], indicating that
object-based attention selected the uniform rectangles.
Similar trends were found in the accuracy data, ruling out
the possibility of a speed—accuracy tradeoff.

The present results replicated previous studies (e.g.,
Egly etal., 1994; Vecera, 1994) by demonstrating an
object-based attention effect using our modified spa-
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Figure 2. Sample stimuli used in Experiments 1-5 (A-E, re-
spectively), with solid and dashed lines representing different
color contours for multicolor displays (Experiments 2, 4, & 5).
Experiments 1 and 3 used a solid white contour. Displays contain-
ing one example of the display containing only the fixation and
the objects from each experiment can be viewed on our labora-
tory’s Web page at www.psychology.uiowa.edu/Faculty/Vecera/
lab/multipart.html.
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Table 1
Mean Reaction Times (RTs, in Milliseconds), Standard Errors
(SEs), and Accuracy Rates for Valid Trials in Experiments 1-5

RT
Experiment M SE % Accuracy
1 556 17.1 97.12
2 593 20.5 96.15
3 574 15.4 96.65
4 654 11.7 97.22
5 626 22.0 95.35

tial cuing paradigm. Having replicated this effect with
single-region objects, we next addressed the treatment of
multiple-region objects.

EXPERIMENT 2

We next replicated Watson and Kramer’s (1999) absence
of an object-based effect with multiple-region objects. Ob-
servers viewed displays containing two multiple-region ob-
jects, each containing two colors that met halfway through
the object. Such objects should fail to produce an object-
based effect. Specifically, responses on invalid same-
object trials should be no faster than responses on invalid
different-object trials.

Method

Participants. Twenty-two undergraduates participated in this
experiment.

Stimuli. The contour of each rectangle was filled with two of four
different colors. The RGB values for these colors are as follows:
Red = 255, 0, 0; green = 0, 153, 0; yellow = 255, 204, 0; purple =
102, 0, 255. The colored contour of each rectangle abruptly changed
to the opposing color halfway through the object (see Figure 2B).
The colors were completely intermixed and were presented ran-

domly throughout the trials. Every color was present in each display
and thus was not repeated within any given trial.

Results and Discussion

The criteria used in Experiment 1 were applied to the
data from Experiment 2. The accuracy criterion excluded
2 participants from the analyses, and the RT trimming pro-
cedure excluded less than 2% of the data.

Again Table 1 shows RTs and accuracy rates for the
valid trials, and Figure 3 presents the results from the
invalid conditions. An analysis of the three trial types
was significant [F(2,19) = 96.2, p < .05]. Planned com-
parisons indicated that RTs on the valid trials (593 msec)
were significantly faster than those on the invalid—same
(710 msec) [#(19) = 10.4, p < .05] and in the invalid—
different object trials (702 msec) [#(19) = 12.1, p < .05].
Critically, as shown in Figure 3, there was no significant
difference between the invalid—same and invalid—different
object trials [#(19) = 1.1, n.s.], indicating that object-based
attention did not select the nonuniform rectangles. The
accuracy data mirrored the RT data, ruling out a speed—
accuracy tradeoff.

The present results replicated previous studies demon-
strating that object-based attention only selects objects with
uniform surface features (Matsukura & Vecera, 2006; Wat-
son & Kramer, 1999). Having replicated this nonunifor-
mity effect, we next asked if the alignment of part structure
and surface cues allows object-based attention to select
nonuniform objects. Recall that there are two possible per-
spectives on the selection of multiple-region objects. On
the one hand, regularities in real-world images suggest that
changes in surface luminance or color may likely occur at
part boundaries. Thus, when surface changes occur at a
part boundary, the resulting perceptual object may be per-
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Figure 3. Mean reaction times on invalid—same and invalid—different object trials from
Experiments 1-5. The numbers located on each column denote the accuracy for each condi-
tion. The error bars indicate 95% within-subjects confidence intervals computed on the same
object versus different object comparisons for each experiment (Loftus & Masson, 1994).
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ceived as a single multipart object to which attention can
be directed, not perceived as the accidental alignment of
two differently colored shapes. On the other hand, uniform
connectedness might be a strong constraint on object per-
ception, which cannot be easily modified by other percep-
tual information such as part boundaries. These possibili-
ties were tested in Experiments 3—-5.

EXPERIMENT 3

To address the potential interplay between surface uni-
formity and part boundaries, the remaining experiments
used multipart objects and manipulated surface unifor-
mity. We created these multipart objects by adding two
minima of curvature points on the rectangles (see Fig-
ure 2C). Before manipulating the surface uniformity of
these multipart objects, we first ensured that these stimuli
produced object-based effects.

Method

Participants. Twenty-one undergraduates participated in this
experiment.

Stimuli. This experiment used multipart objects that contained
minima of curvature at the middle of the rectangles, forming a sa-
lient part boundary. The minima of curvature were formed by a notch
that was added to the length of the outline rectangles used in Experi-
ment 1 (see Figure 2C). This notch subtended 0.2° X 0.4° of visual
angle and was formed by a 90° angle at the intersection of two lines
that extended into the main body of the rectangle. To ensure object-
based attention could select these multipart objects, the objects were
presented in a uniform color (white on a black background).

Results and Discussion

The data were analyzed as in Experiment 1. The accu-
racy criterion excluded one subject from the analyses, and
the reaction time trimming procedure excluded less than
2% of the data.

Again Table 1 presents mean RTs and accuracy rates on
the valid trials, and Figure 3 presents the results from the
invalid trials. An analysis of the three trial type conditions
was significant [F(2,19) = 61.3, p < .05]. Planned com-
parisons indicated that RTs on the valid trials (572 msec)
were significantly faster than those on the invalid—same
(648 msec) [#(19) = 7.2, p <.05] and the invalid—different
(674 msec) [#(19) = 10.9, p < .05] object trials. Critically,
there was a significant difference between the invalid—
same and invalid—different object trials [#(19) = 2.8, p <
.05], demonstrating an object-based attention effect.

A similar trend was found in the accuracy for each trial
type, including a trend toward higher accuracy on the invalid—
same than invalid—different object trials. The present find-
ings indicate that attention was able to select these multipart
objects when they had a uniform surface, consistent with
previous results that demonstrated object-based selection in
multipart objects (e.g., Vecera et al., 2000, 2001).

EXPERIMENT 4

To directly test the relationship between surface unifor-
mity and part structure, we created a surface nonunifor-
mity that occurred at the part boundary of the multipart

objects used in Experiment 3. If strict surface uniformity is
required to engage object-based attention, then we should
not observe an object-based effect, replicating the results
of Experiment 2. In contrast, if object-based attention is
engaged by surface changes occurring at part boundaries,
then we should observe an object-based effect, replicating
the results of Experiment 3.

Method

Participants. Twenty-four undergraduates participated in this
experiment.

Stimuli. Each object contained two different colors, similar to
the rectangles in Experiment 2. There were four colors total (two per
object), and no color repeated within any trial. The colored contour
of the objects changed abruptly halfway through the object at the
part boundary, as shown in Figure 2D.

Results and Discussion

Three subjects’ data were excluded based on the ac-
curacy criterion used in the previous experiments, and
another’s data was excluded due to technical difficulties
with the monitor. Less than 5% of the trials were excluded
based on the RT trimming procedure.

Results from the valid trials appear in Table 1, and results
from the invalid trials appear in Figure 3. An analysis of the
three trial types was again significant [F(2,19) = 84.0, p <
.05]. Planned comparisons indicated that RTs on the valid
trials (654 msec) were significantly faster than those on
the invalid—same (771 msec) [#(19) = 10.3, p < .05] and
invalid—different (793 msec) [#(19) = 10.1, p < .05] object
trials. Critically, there was a significant difference between
the invalid—same and invalid—different object trials [#(19) =
2.53, p < .05], showing a significant object-based effect.
The accuracy data showed similar trends, indicating the
absence of a speed—accuracy tradeoff.

The presence of the object-based effect suggests that at-
tention selected the nonuniform objects when the surface
change occurred at the part boundary. This finding sup-
ports our conjecture that the alignment of surface cues and
part structure allows selection by object-based attention.
Rather than adhering strictly to the cue of uniform con-
nectedness, object-based attention may utilize statistical
regularities that are present in real-world settings.

Although the present results suggest that aligning sur-
face changes and part boundaries allows for effective
object-based selection, there is one alternative explana-
tion: Part structure along the object might attract object-
based attention more strongly than surface changes, al-
lowing object-based attention to effectively ignore the
surface nonuniformity. Thus, to conclusively argue that
the alignment of surface changes and part boundaries is
important for object-based attention, we must demonstrate
that object-based effects can be eliminated in multipart
objects in which surface changes are misaligned with part
boundaries.

EXPERIMENT 5

In Experiment 5, we shifted the color change off the
part boundary in our multipart objects. Now the color
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change occurred halfway through one part of the object,
as shown in Figure 2E. If surface changes must occur at
part boundaries in order to produce object-based attention
effects, then the present manipulation should eliminate
an object-based effect. In contrast, if multipart objects
strongly attract object-based attention irrespective of
surface uniformity, then the present manipulation should
continue to produce an object-based attention effect.

Method

Participants. Twenty-one undergraduates participated in this
experiment.

Stimuli. The stimuli were identical to those in Experiment 4, ex-
cept now the multipart objects contained one color change occurring
halfway through a single part of the object (see Figure 2E).

Results and Discussion

One subject was excluded from the analyses due to
technical difficulties. No subjects were excluded based
on the accuracy criterion, and the RT trimming procedure
excluded less than 2% of trials.

Results from the valid trials appear in Table 1, and re-
sults from the invalid trials appear in Figure 3. An analysis
of the three trial types was again significant [F(2,19) =
22.1, p < .05], reflecting a validity effect. Planned com-
parisons indicated that RTs on the valid trials (626 msec)
were significantly faster than those on the invalid—same
(726 msec) [t(19) = 5.0, p <.05] and the invalid—different
(723 msec) [#(19) = 4.8, p < .05] object trials. Crucially,
no difference was found between the invalid—same and
invalid—different object trials [£(19) = 0.3, n.s.]. The accu-
racy data showed similar trends. The absence of an object-
based effect suggests that object-based attention selects
nonuniform, multipart objects only when the change oc-
curs at the part boundary.

Finally, we compared our five experiments with a one-
factor ANOVA on the object effects (invalid—different
RTs minus invalid—same RTs). An analysis of the object-
based effects across the five experiments was significant
[F(4,95)= 3.3, p < .05], indicating that the object-based
effects were significantly different across the experi-
ments. Planned comparisons indicated that object-based
effects were larger in single-part uniform objects (Experi-
ment 1) than in single-part nonuniform objects (Experi-
ment 2) [#(38) = 2.5, p < .05]. Most important, object-
based effects also were larger for multipart objects in
which surface changes occurred at the part boundary (Ex-
periment 4) than for multipart objects in which surface
changes occurred off the part boundaries (Experiment 5)
[#(38)=2.0, p = .05].

Finally, there were no significant differences in the
object-based effects for single- and multipart uniform ob-
jects (Experiments 1 and 3) [#(38) < 1, n.s.], suggesting
that a part boundary does not alter the size of object-based
effects. Also, objects that contained a surface change at
a part boundary (Experiment 4) showed object effects
similar to those of uniform objects [#(38) < 1, n.s.] for
single-part objects (Experiment 1) and [#(38) <1, n.s.] for
multipart objects (Experiment 3).2

GENERAL DISCUSSION

Our experiments demonstrated that surface uniformity
does not appear to be a mandatory characteristic of the ob-
jects that object-based attention selects. Instead, surface
nonuniformities are acceptable to object-based selection
processes if they occur at a part boundary. Specifically,
when an object undergoes a surface color change at the
part boundary, object-based attention selects the object,
producing an object-based attention effect. However,
when a surface change occurs at no part boundary (Ex-
periment 2) or occurs off of the part boundary (Experi-
ment 5), objects are not readily selected by object-based
attention and no object-based effects are observed.

The present findings suggest that uniform surface char-
acteristics—uniform connectedness—are not a penultimate
constraint on object-based attention. Although uniform
connectedness is an important cue that affects both percep-
tual organization (Palmer & Rock, 1994) and object-based
attention (Watson & Kramer, 1999), other cues, such as
part boundaries in the present experiments, can affect the
use of uniform connectedness. Indeed, in a previous study,
Matsukura and Vecera (2006) demonstrated that nonuni-
form objects could be selected by object-based attention if
the different regions were grouped together by closure and
common region cues. In these studies, object-based effects
were present for nonuniform objects when the outer edge of
the objects was enclosed by a uniform, closed contour. The
present experiments extend Matsukura and Vecera’s results
by demonstrating a modulating effect on uniform connect-
edness with more ecologically valid stimuli. Other ecologi-
cally valid changes to objects, such as the presence of cast
shadows that create nonuniformities in surface brightness
across objects, may allow object-based attention to override
uniform connectedness and select such objects.

The surface properties of some objects do not adhere to
our claim that surface changes tend to occur at part boundar-
ies. For example, the stripes on a tiger or spots on a cow vio-
late our conjecture. However, in the case of animals, which
are most likely object category to violate our conjecture, the
misalignment of part boundaries and surface changes might
be characteristic of camouflage patterns. Camouflage could
disrupt object-based attentional selection and increase the
difficulty of recognizing camouflaged objects. Although
camouflage can be broken and objects recognized, such rec-
ognition might be based on other cues in real world scenes
(e.g., movement) or based on familiarity of the object.

Our results are consistent with the conjecture that sur-
face changes are likely to occur at part boundaries in real
world objects. Of course, we have not directly tested this
in the present experiments, but the influence of object
regularities on object-based attention makes testable pre-
dictions that could be addressed by examining real-world
images. There is a growing literature that seeks to explain
many perceptual phenomena through image-based sta-
tistical regularities (e.g., Howe & Purves, 2004, 2005;
Geisler, Perry, Super, & Gallogly, 2001), and studies of
object-based attention could benefit from similar analyses



SELECTION OF COMPLEX OBJECTS 1211

by linking object-based attention to the perceptual infor-
mation important for forming objects out of the raw sen-
sory data that is reflected into the eye.
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NOTES

1. Following suggestions from Ratcliff (1993), we examined our data
using different response time analyses (e.g., median, trimmed means,
etc.) The pattern of results in all of our experiments remains similar
across different response time analyses.

2. Although the use of different subjects in each experiment is likely to
account for baseline reaction time differences between experiments, there
is an alternative explanation for the overall lengthening of reaction times
in Experiment 4. Similar increases in baseline reaction time have been
observed in conditions containing multiple constraints on the interpreta-
tion of an image. For example, Vecera, Vogel, & Woodman (2002) found
figure—ground displays containing a strong cue for figure—ground assign-
ment slowed reaction times compared to displays lacking figure—ground
cues. They proposed that additional processing time was required because
the figure—ground cue constrains the interpretation of the image, increas-
ing the reaction times overall. We would speculate that the same happens
when surface cues and part cues align: The alignment provides a constraint
on image interpretation that is absent when the cues are misaligned or
absent, so baseline reaction times differ across these conditions.
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