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Research Article

A fundamental challenge faced by any real-world visual 
pattern-recognition system is the ability to accurately 
identify objects that are partially hidden from view 
(Pessoa, Thompson, & Noe, 1998). There is considerable 
evidence that the human visual system solves this prob-
lem by interpolating missing image fragments to con-
struct unified object representations (Gold, Murray, 
Bennett, & Sekuler, 2000; Kellman, Yin, & Shipley, 1998; 
Ringach & Shapley, 1996; Sekuler & Palmer, 1992; von 
der Heydt, Peterhans, & Baumgartner, 1984). Traditional 
Gestalt views of perceptual grouping and organization 
(Koffka, 1935) maintain that the formation of such a rep-
resentation brings with it certain emergent properties, 
such that a visually completed whole is perceived to be 
something different than just the sum of its individual 
parts. Although this view may offer a compelling descrip-
tion of phenomenological experience when partially 
occluded objects are encountered, it is less clear how 
these properties are manifested at the level of behavioral 
performance in object-recognition tasks.

Previous experiments using discrimination tasks have 
demonstrated that presenting features in configurations or 
contexts in which visual completion is thought to take 

place can increase reaction times and accuracy. For exam-
ple, Sekuler and Palmer (1992) found that when observers 
were primed with a partly occluded version of an object, 
they were faster to make subsequent decisions about 
filled-in versions of the object than about incomplete ver-
sions matching the stimulus they had seen previously. 
Similarly, Pomerantz and colleagues (Eidels, Townsend, & 
Pomerantz, 2008; Pomerantz, 2003; Pomerantz & Portillo, 
2011; Pomerantz & Pristach, 1989; Pomerantz, Sager, & 
Stoever, 1977) have found that reaction times for discrimi-
nating among sets of items can be significantly increased 
when redundant features are added to the items to elicit 
the percept of perceptually complete figures (what they 
call the configural-superiority effect). Ringach and Shapley 
(1996) have found that orienting the elements of a Kanisza 
figure so that observers no longer perceive illusory  
or occluded contours can result in dramatic decreases in 
discrimination accuracy.
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Abstract
How efficiently do people integrate the disconnected image fragments that fall on their eyes when they view partly 
occluded objects? In the present study, I used a psychophysical summation-at-threshold technique to address this 
question by measuring discrimination performance with both isolated and combined features of physically fragmented 
but perceptually complete objects. If visual completion promotes superior integration efficiency, performance with a 
visually completed object should exceed what would be expected from performance with the individual object parts 
shown in isolation. Contrary to this prediction, results showed that discrimination performance with both static and 
moving versions of physically fragmented but perceptually complete objects was significantly worse than would be 
expected from performance with their constituent parts. These results present a challenge for future theories of visual 
completion.
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The results of such experiments suggest that an 
observer’s ability to integrate the disparate image frag-
ments of a partly occluded object is aided by visual com-
pletion. Thus, one might expect observers’ performance 
with perceptually complete wholes to exceed what 
would simply be expected from their ability to use each 
image fragment shown in isolation. One approach that 
has been used successfully to test this kind of prediction 
in other domains is the summation-at-threshold tech-
nique (Gold, Mundy, & Tjan, 2012; Graham, Robson, & 
Nachmias, 1978; Nandy & Tjan, 2008). This approach 
involves measuring observers’ contrast sensitivities (i.e., 
the reciprocal of their contrast thresholds) when they dis-
criminate the isolated elements of a set of stimuli and 
using them to quantitatively predict what those observ-
ers’ sensitivities should be when they discriminate the 
combined versions of the stimuli. Under certain condi-
tions, if observers simply use the information from each 
element in a constant fashion, regardless of whether 
those elements appear in isolation or in combination, it 
can be shown that the sum of the observers’ squared 
sensitivities to each of the individual elements should 
equal their squared sensitivity to the combined stimulus 
(referred to as optimal integration; Nandy & Tjan, 2008). 
If presenting the elements in combination allows observ-
ers to make better use of information than would be  
predicted by their performance with the individual ele-
ments, their squared sensitivity to the combination should 
exceed the sum of their squared sensitivities to the indi-
vidual parts (superoptimal integration). Alternatively,  
if there is a significant cost to processing all of the ele-
ments in combination, observers’ squared sensitivity to 
the combination should fall below the sum of their 
squared sensitivities to the individual elements (subopti-
mal integration). These predictions can be conveniently 
expressed by computing an integration index, Φ:

Φ =
=
∑S S
i

n

icombined part
2

1

2/
 

(1)

Here, S denotes sensitivity (i.e., 1/contrast threshold), 
and n equals the number of individual parts that make 
up a combined stimulus. An integration index equal to 1 
indicates optimal integration, greater than 1 indicates 
superoptimal integration, and less than 1 indicates sub-
optimal integration (Gold et al., 2012).

Given the above, I applied this summation-at-
threshold technique to a series of tasks in which the 
stimuli were physically fragmented but perceptually 
complete. I reasoned that if the process of visual comple-
tion enhances an observer’s ability to use information 
carried by the individual elements of an object, then 
superoptimal integration should occur for perceptually 
complete but not for perceptually fragmented figures.

Method

Participants

Three volunteers between the ages of 19 and 42, as well 
as the author, participated in the study. All had normal or 
corrected-to-normal visual acuity, and all volunteers pro-
vided consent within a protocol approved by the Indiana 
University Institutional Review Board.

Stimuli and procedure
All 4 observers performed a series of discrimination tasks 
in which objects appeared as either perceptually com-
plete or as disconnected fragments (Fig. 1). One of the 
requirements for making the prediction described in 
Equation 1 is that the isolated fragments be orthogonal to 
each other (i.e., their dot product must be equal to zero; 
Nandy & Tjan, 2008). Thus, I designed three different 
tasks whose features were spatially nonoverlapping and 
therefore met this requirement.

In the bent-bar task (Fig. 1a), two Pac-Man-like circles, 
each with a rectangular section missing, were displayed 
with their “mouths” either facing each other or facing in 
the same direction. Each Pac-Man was slightly rotated 
clockwise or counterclockwise. When the mouths of the 
Pac-Men were facing each other, this created the percept 
of an occluding bar that was slightly bent either to the 
left or right (complete stimuli; Fig. 1a). When the mouths 
of the Pac-Men were facing the same direction, no per-
cept of an illusory bar was perceived, and both Pac-Men 
simply appeared to be oriented slightly to the left or right 
(fragmented stimuli; Fig. 1a). For each of these pairs of 
stimuli, the contrast of the images was varied across tri-
als, and observers were asked to classify them as either 
oriented toward the left or right, in order to obtain 71% 
correct contrast-discrimination thresholds.

The stimuli on each trial were embedded in a random 
sample of Gaussian white-pixel noise to make the task 
more difficult (see Fig. S1 in the Supplemental Material 
available online for an illustration of Fig. 1a with added 
noise at near-threshold signal contrast). Each observer’s 
ability to classify the individual Pac-Man elements that 
made up the stimuli (top only and bottom only; Fig. 1a) 
was also tested, in addition to the two main bent-bar con-
ditions. Thus, there were three conditions tested for each 
kind of stimulus: combined, top only, and bottom only.

This same approach was applied to two other tasks 
that were based on the occluded-rotating-square tasks 
developed by Lorenceau and Shiffrar (1992) and Murray, 
Sekuler, and Bennett (2001). In the rotating-square task 
(Fig. 1b), a set of four white line segments rotated either 
clockwise or counterclockwise. When a set of four solid 
black squares appeared at the corners of the stimulus, 
the line segments appeared to unite into a single rotating 
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Fig. 1. Stimuli and conditions used in the (a) bent-bar, (b) rotating-square, and (c) shrinking/expanding-
square tasks. All stimuli were presented in conditions in which they appeared perceptually complete and in 
which they appeared fragmented. In addition, the elements of each stimulus were presented both combined 
and in isolation. Each panel in (b) and (c) shows a single frame from the entire dynamic stimulus sequence 
that observers actually saw. See the text for details about each stimulus type. See Videos S1 and S2 in the Sup-
plemental Material for dynamic versions of the rotating- and shrinking/expanding-square stimuli, respectively.
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square that was partially occluded by four black corner 
elements (complete condition; Fig. 1b). When these cor-
ner elements were painted the same color as the back-
ground (midgray), the square appeared as a set of four 
disconnected rotating fragments (fragmented condition; 
Fig. 1b). Much like in the bent-bar task, observers were 
asked to classify the stimulus as rotating either clockwise 
or counterclockwise when either all of the elements were 
present (combined) or just a single element was present 
(bottom only, top only, left only, right only).

The shrinking/expanding-square task (Fig. 1c) was 
similar to the rotating-square task, except that the line 
segments moved in toward the center of the figure or out 
toward the edge of the figure. In the presence of the four 
black corner elements, this created the percept of an 
occluded shrinking or expanding square (complete con-
dition; Fig. 1c); in the absence of the corner elements, the 
stimuli appeared as a disconnected set of line segments 
moving either in or out from the center of the figure 
(fragmented condition; Fig. 1c; also see Videos S1–S4 in 
the Supplemental Material for dynamic versions of the 
rotating- and shrinking/expanding-square stimuli, with 
and without added noise).

All stimuli were shown on a CRT display with MATLAB 
(The MathWorks, Natick, MA), using in-house software 
and the extensions provided by the Psychophysics 
Toolbox (Brainard, 1997; Pelli, 1997). The resolution of 
the display was 1,024 × 768 pixels, which subtended 
73.6° × 77.6° from a viewing distance of 130 cm. The 
frame rate of the display was 85 Hz. Luminance on the 
display ranged from 5.5 to 120.5 cd/m2, with an average 
(background) luminance of 38 cd/m2. The contrast noise 
added to the stimuli on each trial was white and Gaussian, 
and it had a standard deviation of 0.032 (noise spectral 
density = 2.66e-07). The specific properties of each kind 
of stimulus used in the experiments were as follows.

Bent bars. Each Pac-Man element of the bent-bar stim-
uli was 46 pixels (0.75° of visual angle) in diameter, with 
a “mouth” that was 15 pixels (0.25°) wide and 24 pixels 
(0.39°) deep. Depending on the condition, each element 
was rotated by ±5° from facing either straight upward or 
downward. In the combined conditions, the distance 
between the edges of the two elements was 45 pixels 
(0.74°). In the top- and bottom-only conditions, the ele-
ments would appear in the same locations that they 
appeared in the corresponding combined condition. In 
all conditions, the elements were embedded in a back-
ground of average luminance that was 147 pixels (2.40°) 
in height × 64 pixels (1.05°) in width. The background 
region was surrounded by a dark outline that was 2 pix-
els (0.03°) in width. The noise that was added to the 
stimulus covered the entire stimulus region. The stimulus 
duration was 43 frames (505 ms).

Rotating squares. Each rotating square was constructed 
by placing a 76 × 76 pixel (1.25° × 1.25°) outline of a 
rotating square within a 138 × 138 pixel (2.26° × 2.26°) 
region of average luminance. The corners of the rotating 
square were removed by replacing each corner of the  
138 × 138 pixel region with a 52 × 52 pixel (0.85° × 0.85°) 
square that was either darker than the background (for 
the complete condition) or the same as the background 
(for the fragmented condition). This produced four sepa-
rate rotating line segments that were 5 pixels (0.08°) thick 
and that varied between 32 (0.52°) and 35 (0.57°) pixels 
in length across the different angles of rotation. Depend-
ing on the location of the segment and the direction of 
rotation, each swept through a series of 21 angular rota-
tions that covered a 10° range, which yielded a rotation 
rate of 40.5°/s. The stimulus duration was 21 frames (247 
ms). As with the bent-bar stimuli, the line segments in the 
top-, bottom-, left-, and right-only conditions appeared in 
the same locations where they appeared in the combined 
conditions. A unique sample of noise was added to the 
entire stimulus region on each frame.

Shrinking/expanding squares. Each shrinking or expand-
ing square was constructed by placing the outline of a 
square within a 216 × 216 (3.53° × 3.53°) pixel region of 
average luminance. The corners of the square were 
removed by replacing each corner of the 216 × 216 pixel 
region with a 96 × 96 pixel (1.57° × 1.57°) square that 
was either darker than the background (for the complete 
condition) or the same as the background (for the frag-
mented condition). This produced four separate line seg-
ments that were 5 pixels (0.08°) thick and 24 pixels 
(0.39°) in length. Depending on the location of the seg-
ment and whether the square was shrinking or expand-
ing, each swept between a distance of 30 and 60 pixels 
(0.49° and 0.98°) from the center of the display (sampled 
every 2 pixels; 0.03°), which yielded a velocity of 165 
pixels per second (2.70°/s). The stimulus duration was 31 
frames (365 ms). As with rotating-square stimuli, the line 
segments in the top-, bottom-, left-, and right-only condi-
tions appeared in the same locations where they appeared 
in the combined conditions. A unique sample of noise 
was added to the entire stimulus region on each frame.

Threshold and sensitivity measurement

Thresholds in each condition were measured by varying 
the root-mean-square (RMS) contrast of the stimuli across 
trials using a two-down, one-up adaptive-staircase pro-
cedure. For the bent-bar task, 200 trials were measured 
per observer in each condition (i.e., top only, bottom 
only, combined) and for each stimulus type (i.e., com-
plete, fragmented). For the rotating and shrinking/
expanding squares, 150 trials were measured in each 
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condition and for each stimulus type (only 150 trials 
were measured in each condition because of the addi-
tional time it took to generate dynamic rather than static 
noise on each trial). Weibull psychometric functions 
were fit to the staircase data for each condition, and 
threshold was defined as the contrast that yielded 71% 
correct performance (chosen for its location at approxi-
mately the center of the psychometric function). The 
contrast of an isolated stimulus feature was defined as 
the contrast of the combined stimulus from which the 
feature was extracted (its nominal contrast). That is, the 
combined stimulus was first set to the specified level of 
contrast, and then individual features were extracted 
from this image according to the specific condition. 
Sensitivity was then computed as 1/contrast threshold.

Experimental trial sequence

On each trial, a fixation point appeared at the center of 
the screen, followed by the stimulus display for the speci-
fied duration and a selection window. In the bent-bar 
task, high contrast, noise-free versions of the two possible 
choices were shown (e.g., bottom feature rotated counter-
clockwise, bottom feature rotated clockwise), and corre-
sponding response keys were displayed beneath the 
choices. For the rotating- and expanding-square tasks, 
text that described each possible response (i.e., “clock-
wise” vs. “counterclockwise” and “in” vs. “out,” respec-
tively) was shown, along with a corresponding response 
key for each option. Observers were given unlimited time 
to indicate which option they perceived and were given 
auditory accuracy feedback. For each stimulus type in 
each task, trials for the combined and individual-feature 
conditions were randomly intermixed within a given ses-
sion. A random task order was assigned to each observer.

Results and Discussion

Squared sensitivities and integration indices for each 
observer as well as the means across observers in each 
condition are plotted in Figures 2 and 3, respectively. 
Surprisingly, these data show that none of the observers 
exhibited superoptimal integration in any of the condi-
tions in which the stimuli were perceived as being com-
plete. Instead, one-sample t tests (two-tailed) showed 
that the mean integration efficiency for the complete 
stimuli was significantly less than the prediction of opti-
mal integration for all three tasks—bent bars: t(3) = 
5.76, p = .01, rotating squares: t(3) = 19.79, p < .001, and 
shrinking/expanding squares: t(3) = 7.98, p < .005. 
Perhaps even more surprising is the fact that integration 
efficiency for the fragmented stimuli was generally 
higher than for the corresponding completed versions 
of each stimulus type. A 2 (completeness) × 3 (stimulus 

type) repeated measures analysis of variance confirmed 
that there was a significant effect of completeness,  
F(1, 3) = 14.49, p < .05, as well as an effect of stimulus 
type, F(2, 2) = 226.75, p < .01, with no significant inter-
action between these two factors, F(2, 2) = 0.98, p = .51.

So how might these surprising results be explained? 
One possibility is that the presence of externally added 
noise coupled with threshold signal contrast may have 
led observers to adopt a strategy in which they relied 
only on the single feature to which they were most sensi-
tive. This “best-feature” strategy can be characterized as 
follows:

Φbest feature combined partarg max= / ( )
[ , ]

S S
i n

i

2

1

2

ε  (2)

The predictions of such a best-feature model are plot-
ted as small triangles on top of each panel in Figure 3. 
These data show that the best-feature model actually did 
a fairly good job at predicting integration efficiency 
when the combined stimuli were perceived as being 
complete. However, this was not the case for the frag-
mented stimuli, for which the best-feature model gener-
ally underpredicted integration efficiency.

Although the possibility that observers were using a 
best-feature strategy when discriminating among the com-
plete but not the fragmented stimuli cannot be ruled out, 
it does force one to draw the awkward conclusion that 
observers used only a single feature when engaging in 
visual completion yet relied on multiple features when a 
stimulus was perceived as being composed of discon-
nected fragments. Additionally, there are several good 
reasons to believe that adding external noise and present-
ing signals at low contrast generally have little impact on 
observers’ strategies. First, previous experiments using 
reverse correlation have shown that observers engage in 
completion under nearly identical conditions as those 
used in the current experiment (Gold et al., 2000). Second, 
many experiments have demonstrated that observers’ 
contrast-energy thresholds for detecting, discriminating, 
and identifying a wide variety of visual patterns (i.e., grat-
ings, objects, faces) are linearly related to the noise spec-
tral density of an externally added noise (Pelli & Farrell, 
1999). This pattern of results is exactly what one would 
predict if observers were employing a strategy that was 
independent of stimulus contrast (Pelli, 1981).

Another possible explanation for why such poor  
integration efficiency was found with perceptually com-
plete stimuli is that the process of interpolation itself may 
have paradoxically counteracted any potential benefits 
gained from feature binding. The finding that visual com-
pletion can hinder performance under certain circum-
stances is not without precedent. In particular, decrements 
in performance have been reported when perceptual 
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completion is placed into conflict with other cues, such 
as stereoscopic depth (Hou, Lu, Zhou, & Liu, 2006; Liu, 
Jacobs, & Basri, 1999). Given the strong behavioral (Gold 
et  al., 2000; Keane, Lu, & Kellman, 2007; Ringach & 
Shapley, 1996; Sekuler & Palmer, 1992), physiological 
(Pillow & Rubin, 2002; von der Heydt et al., 1984), and 
theoretical (Grossberg & Mingolla, 1985; Kellman & 
Shipley, 1991) support for the idea that illusory and 
occluded contours are added into an observer’s internal 
representation of a stimulus, one would predict that 
interpolated edges should have corresponding direct 
effects on task performance. In the current set of experi-
ments, all three tasks had random samples of visual noise 
added to each pixel in the display. This noise fell in 
regions of the stimulus that both carried information (the 
physically present edges) and carried no information (the 
regions between the physically present edges). As a 
result, if an observer were to compare a completed rep-
resentation to such a stimulus, the regions of interpola-
tion would serve only to contribute noise to the ultimate 
response of the visual system, which would result in a 
reduction in integration efficiency.

This possibility was tested by having 3 new observers 
(naive to the purpose of the study), as well as the author, 
perform a slight variant of the bent-bar discrimination 
task (Fig. 4a), in which a ring 3 pixels (0.05°) wide was 
drawn around the perimeter of each Pac-Man element. 
This gave the impression of an occluded rather than illu-
sory right- or left-pointing bar when the top and bottom 
elements were shown in combination (e.g., Gold et al., 
2000; Ringach & Shapley, 1996). Because the interpolated 
edges were perceived as continuing behind rather than 
in front of an intervening background, this new stimulus 
allowed local noise to be added in just the circular 
regions where the two Pac-Man elements could appear 
without running the risk of interrupting the interpolation 
process. The contrast of the added noise was also 
increased (σ = 0.14, noise spectral density = 2.68e-04) to 
ensure that it would be limiting observers’ performance 
rather than any internally generated noise (Burgess, 
Wagner, Jennings, & Barlow, 1981; Pelli, 1981). All other 
aspects of the experiment were the same as in the previ-
ous bent-bar condition.

Given the above conditions, if observers’ use of noisy 
regions falling between the stimulus elements was 
responsible for their suboptimal integration efficiency in 
the original experiments, these effects should be amelio-
rated by restricting the presentation of noise to just the 
regions where the inducing elements appeared. Contrary 
to this prediction, results showed that integration effi-
ciency was suboptimal for all 4 observers in the presence 
of local noise, as well as in the presence of global noise 
that covered the entire rectangular region within which 
the stimulus appeared (Figs. 4b and 4c). One-sample  

t tests (two-tailed) confirmed that the mean index in the 
presence of both kinds of noise was significantly less 
than the prediction of optimal integration—local noise: 
t(3) = 10.74, p < .002; global noise: t(3) = 27.65, p < 
.0001—and a correlated two-samples t test (two-tailed) 
showed that the difference in integration efficiency 
between local and global noise was not significant, t(3) = 
2.49, p = .09. Thus, it appears that the suboptimal integra-
tion efficiency associated with visual completion stems 
from a source other than observers’ reliance on stimulus 
regions that correspond to perceptually interpolated (but 
physically uninformative) features.

Of course, it could also be that the summation-at-
threshold technique suffers from some unforeseen  
methodological flaw. Although there is no particular rea-
son to suspect this to be the case, only a handful of previ-
ous studies have used the technique (Gold et al., 2012; 
Graham et al., 1978; Nandy & Tjan, 2008), and none have 
reported evidence of superoptimal integration. To address 
this possible concern, I carried out an additional proof-
of-concept experiment with a stimulus and task that 
should unquestionably lead to superoptimal integration. 
I used a vernier-acuity task, which has been traditionally 
employed to evaluate the resolving ability of the visual 
system (Westheimer, 1965). A vernier-acuity task requires 
observers to determine whether two line segments placed 
end to end are either perfectly aligned or slightly mis-
aligned relative to one another (Fig. 5a). In such a task, 
observers will undoubtedly rely on the relative rather 
than absolute positions of the two lines, because of the 
limiting effects of intrinsic spatial uncertainty in the 
human visual system (Tjan, Lestou, & Kourtzi, 2006; Zeevi 
& Mangoubi, 1984). However, this relational cue is not 
available when only one of the two line segments is pre-
sented, as was the case in the top-only and bottom-only 
isolated-line-segment conditions (Fig. 5a).1 In these con-
ditions, observers were asked to indicate whether the 
individual segment was shifted to left or right relative 
only to the center of the display.

Observers were expected to benefit much more from 
the combined presentation of the two line segments than 
would be predicted from their performance with the 
individual isolated line segments. In fact, this is exactly 
what was found (Figs. 5b and 5c): Integration efficiency 
was superoptimal for all observers, with a mean integra-
tion index of 1.5. A one-sample t test (two-tailed) con-
firmed that the mean index was significantly greater than 
the prediction of optimal integration, t(3) = 3.32, p < .05. 
In fact, these data are consistent with recent results 
reported by Pomerantz and Portillo (2011) and Pomerantz 
and Cragin (in press), who found that colinearity of line 
segments in a manner akin to the vernier stimuli used 
here yielded stronger configural-superiority effects than 
Kanisza-square stimuli defined by illusory contours.
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Conclusions

Taken together, these results offer compelling new evi-
dence that there are unanticipated costs associated with 
the process of visual completion. Admittedly, the tasks 
and stimuli used in the present experiments were artifi-
cially generated to allow quantitative measurement of 
the efficiency of feature integration with both perceptu-
ally complete and incomplete objects. However, the his-
tory of experimental psychology is filled with similar 
experiments and demonstrations in which the underly-
ing mechanics of psychological phenomena have been 
elucidated using tasks and stimuli that exist only in the 
laboratory. Unlike in these relatively artificial laboratory 
conditions, object recognition in the natural world typi-
cally involves dealing with a tremendous degree of 
uncertainty about various properties of objects, such  
as their viewpoint, size, reflectance, and shape (Tjan 
et  al., 2006). Because the true properties of an object  
are generally underspecified by the raw data that the 
visual system receives, strong assumptions must often be  
made to reliably recover these properties and accom-
plish tasks such as discriminating one object from 
another (Ramachandran, 1988). It is perhaps under these 
kinds of conditions that the benefits of visual completion 
may outweigh the costs, allowing visual completion to 
play a constructive role in promoting efficient informa-
tion integration.
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Note

1. Each line segment of the vernier stimulus was 2 pixels (0.03°) 
thick and 36 pixels (0.59°) in height. For the aligned stimulus, 

the top and bottom lines were abutting, such that they formed 
a single continuous line when shown in combination. For the 
misaligned stimulus, the bottom line was shifted to the right by 
5 pixels (0.08°), and the top line was shifted to the left by 5 
pixels. As in the previous tasks, the top- and bottom-only lines 
appeared in the same locations where they appeared in the cor-
responding combined condition. In all conditions, the elements 
were embedded in a background of average luminance that 
was 128 × 128 pixels (2.09° × 2.09°) in size. The background 
region was surrounded by a dark outline 2 pixels in width. 
Noise was added over the entire stimulus region. The stimulus 
duration was 43 frames (505 ms). There were 300 trials per 
observer in each condition.
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