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Abstract Does one need to be aware of a visual stimulus for
it to be perceptually organized into a coherent whole? The
answer to this question regarding the interplay between
Gestalts and visual awareness remains unclear. Using
interocular suppression as the paradigm for rendering stimuli
invisible, conflicting evidence has been obtained as to whether
the traditional Kanizsa surface is constructed during
interocular suppression. While Sobel and Blake (2003) and
Harris, Schwarzkopf, Song, Bahrami, and Rees (2011) failed
to find evidence for this, Wang, Weng, and He (2012) showed
that standard configurations of Kanizsa pacmen would break
interocular suppression faster than their rotated counterparts.
In the current study, we replicated the findings by Wang et al.
(2012) but show that neither an account based on the construc-
tion of a surface nor one based on the long-range collinearities
in the standard Kanizsa configuration stimulus could fully
explain the difference in breakthrough times.We discuss these
findings in the context of differences in the amplitudes of the
Fourier orientation spectra for all stimulus types. Thus, we
find no evidence that the integration of separate elements takes
place during interocular suppression of Kanizsa stimuli, sug-
gesting that this Gestalt involving figure-ground assignment is

not constructed when rendered nonconscious using
interocular suppression.

Keywords Visual awareness . Continuous flash suppression .

Figure-ground organization . Illusory contours . Kanizsa
stimulus

Introduction

Our phenomenological experience consists of a perceptually
organized whole in which the signals sent from the retina have
been structured into a meaningful scene composed of distinct
objects and surfaces (Palmer, 1999). This process of percep-
tual organization occurs in accordance with a set of grouping
principles, including proximity, similarity, good continuation,
common fate, connectedness, or closure (Wagemans et al.,
2012). Given the apparent ease with which perceptual group-
ing happens, several studies have tested the extent to which it
operates independently from attention and/or awareness
(Alais & Blake, 2015; Gillebert & Humphreys, 2015;
Schwarzkopf & Rees, 2015). Perhaps unsurprisingly, the re-
sults of these studies paint a complicated picture, with the
results often being contingent on the exact paradigm used to
render stimuli nonconscious and with many different percep-
tual organizational processes being involved. It is probably
fair to conclude, however, that there is evidence that some
forms of perceptual organization still take place in the absence
of attention (Gillebert & Humphreys, 2015; Kimchi, 2009;
Moore & Egeth, 1997). Likewise, there also is some evidence
that certain forms of perceptual organization still manifest
themselves in the absence of awareness (Mitroff & Scholl,
2005; Montoro, Luna, & Ortells, 2014; Norman, Heywood,
& Kentridge, 2013).
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The question, therefore, becomes what kinds of perceptual
organization can occur without attention or awareness, and to
what extent does this depend on the paradigm used to render
stimuli invisible. In this study, we focus on the Kanizsa stim-
ulus, using a paradigm for suppressing stimuli from awareness
that should disrupt higher level processing.

Previous work from our lab has highlighted a potential
distinction between perceptual organizational phenomena that
involve the grouping of elements in a display and the assign-
ment of figure-ground relationships (Machilsen &Wagemans,
2011; Vancleef et al., 2015; Vancleef, Wagemans, &
Humphreys, 2013). Both contour grouping and figure-
ground assignment have been shown to contribute to the per-
ception of a surface when presented with the standard Kanizsa
stimulus (Conci et al., 2009; Kogo, Strecha, Van Gool, &
Wagemans, 2010; Kogo & Wagemans, 2013), yet the contri-
bution of both has been shown to be different with respect to
timing and neural correlates (Cox & Maier, 2015; Poort et al.,
2012). Indeed, there is evidence that the perceptual organiza-
tion involved in the construction of a Kanizsa surface is de-
pendent upon the functioning of higher areas in the visual
ventral stream, namely the lateral occipital complex (LOC)
(de-Wit, Kentridge, & Milner, 2009; Seghier & Vuilleumier,
2006; Stanley & Rubin, 2003). Other studies have document-
ed activity in areas, such as V1 and V2 when perceiving
Kanizsa figures, but the latency of these neural responses sug-
gests that feedback processes are involved (Lee & Nguyen,
2001; von der Heydt, Peterhans, & Baumgartner, 1984).
Indeed, a recent TMS study by Wokke, Vandenbroucke,
Scholte, and Lamme (2013) suggests that feedback to early
visual areas is critical for surface perception in the Kanizsa
stimulus. In sum, there is evidence for a distinction between
contour grouping and the perception of figure-ground rela-
tionships, and that figure-ground perception for the Kanizsa
figure in particular relies on processing at higher stages of the
ventral stream.

Parallel to this, a paradigm for rendering stimuli invisible,
called “continuous flash suppression (CFS),” is known to
have a large impact in reducing the flow of visual input to
higher visual areas, such as LOC (Fang & He, 2005;
Hesselmann & Malach, 2011). This paradigm renders stimuli
invisible by continuously flashing stimuli to one eye, render-
ing the input to the other eye inaccessible to awareness for
extended periods of time (Tsuchiya &Koch, 2005). Given this
theoretical background, it would seem logical to predict that it
would be impossible for this Gestalt to be constructed or in-
fluence behavior when suppressed from awareness using CFS
(see also Alais and Blake, 2015), because the flow of activity
to higher areas involved in the construction of the Kanizsa
stimulus is blocked with CFS. The evidence however, is cur-
rently mixed.

In the first study on the perception of Kanizsa figures using
CFS, Harris, Schwarzkopf, Song, Bahrami, and Rees (2011)

showed that observers were unable to discriminate in which
direction a suppressed Kanizsa triangle configuration was
pointing, yet could do so perfectly when the stimulus was
visible. This is consistent with previous work using binocular
rivalry, in which Sobel and Blake (2003) set out to test wheth-
er the perception of so-called illusory contours (induced by
certain Kanizsa stimuli) had similar effects on initiating
switches between eyes compared to contours derived from
physically presented contrast edges. When physically present-
ed edges moved over a suppressed stimulus, the suppressed
stimulus became visible to the participant, whereas this did not
happen for configurations that elicited a contour percept that
did not derive from a physically presented edge. In a more
recent study, however, Wang, Weng, and He (2012) used a
variant of the CFS (the breaking-CFS or b-CFS) paradigm to
measure how long it took for configurations of standard
pacmen (that are able to induce a surface percept when fully
visible) to overcome suppression induced by CFS. In apparent
contrast with the previous studies, Wang et al. (2012) ob-
served that configurations able to induce a triangular
Kanizsa surface break suppression faster than non-surface-
inducing control conditions (even when controlling for mirror
symmetry in the control stimulus). Wang et al. (2012) sug-
gested that this result provided evidence that the processes
involved in constructing the Kanizsa surface are able to man-
ifest even when suppressed from awareness using CFS.1 This
result would further suggest that some forms of figure-ground
assignment might be possible in the absence of perceptual
awareness, even while little visual input is able to reach higher
areas of the ventral stream thought to mediate these processes.

Given the potential importance of this result, we first set out
to replicate the result by Wang et al. (2012) using the b-CFS
paradigm. We then tested two different sets of control stimuli
to disentangle the contribution of the alignment of the edges in
the image and the potential to perceive a surface induced by
different variants of the Kanizsa configuration. Indeed, in the
original Wang et al. study, no attempt was made to dissociate
contributions of edge alignment from the perception of a sur-
face. That is, for the configurations in which a surface could
be perceived, the edges of the individual elements were al-
ways co-linear to each other (which is known to make a
distinct contribution, see Conci et al., 2009). To control for
the role of edge alignment in the image, we used a cross
stimulus (instead of the standard pacmen) in which there is
the same degree (or perhaps more) alignment between the
edges in the image, but in which a Kanizsa surface is not
normally elicited even when fully visible (Fig. 1A, third col-
umn). If the suppression time difference observed in Wang

1 Note that Wang et al. (2012) interpreted their results explicitly in terms
of unconscious processing, the validity of which has been debated by
Stein and Sterzer (2014) and by Gayet, van der Stigchel, and Paffen
(2014).
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et al. (2012) was due to the alignment of the edges rather than
the construction of a surface (and engagement of figure-
ground assignment), then the suppression time difference for
a standard (aligned) and rotated (non-aligned) cross stimulus
should be predicted to be similar to the one seen for the tradi-
tional Kanizsa stimulus. A second control stimulus was devel-
oped based on the stimuli used by Stanley and Rubin (2003),
in which a surface percept is evoked by curved pacmen. The
edges in these curved pacmen are obviously not collinear like
those in the traditional Kanizsa or the cross stimuli, yet the
stimulus still evokes a surface percept when fully visible
(Fig. 1A, middle column). If the potential for the stimulus to
elicit a surface percept contributes to the suppression time
difference observed for the traditional pacmen configuration,
then the suppression time difference for the curved pacmen
should be of a similar magnitude.

Experiment 1

In Experiment 1, we manipulated Stimulus Type (traditional
pacmen, cross, or curved pacmen) and Configuration Type

(standard or rotated). The comparison of a standard and rotat-
ed traditional pacmen configuration enables us to replicate the
results fromWang et al. (2012), whilst the inclusion of a cross
stimulus and curved pacmen (both also in standard and rotated
configurations) enables us to test the relative contribution of
edge collinearity and surface construction to any potential
differences in suppression time. Furthermore, given that the
surface percept in the curved pacmen configuration is weaker
than the one elicited by the traditional pacmen configuration
(Stanley & Rubin, 2003), one could predict that, if a surface is
constructed during interocular suppression, breakthrough
times would vary according to surface strength. Our predic-
tions can be summarized as follows:

& If the configuration effect (standard vs. rotated) is due to
the ability to induce a Kanizsa surface during CFS, we
predict an effect of configuration that does not differ be-
tween the traditional versus curved pacmen but does differ
between traditional pacmen and cross stimuli, as well as
between curved pacmen and cross stimuli.

& If the configuration effect (standard vs. rotated) is due to
the existence of aligned edges, we predict an effect of
configuration that does not differ between the traditional

Fig. 1 (A) Stimulus set used in Experiments 1 (two top rows) and 2 (all
rows). (B) Basic trial sequence used in all experiments. A fixation cross
was presented for 1,000 ms after which the CFS mask was displayed in
the dominant eye and the suppressed stimulus in the nondominant eye.

The suppressed stimulus was gradually increased in contrast over the
course of 2,000 ms after which it remained at full contrast until it broke
suppression
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versus cross stimuli but does differ between traditional and
curved pacmen, as well as between cross stimuli and
curved pacmen.

In all conditions, observers were presented with a stimulus
in one eye rendered invisible by the presentation of a flashing
CFS stimulus (at 10 Hz) presented to the other eye. The crit-
ical dependent variable in all conditions was the time taken to
“break” this suppression, such that participants could reliably
report the location of the previously suppressed stimulus.

Methods

Participants

Twenty people (age range: 18–30 years) participated in the
experiment in exchange for monetary compensation. All par-
ticipants had normal or corrected-to-normal vision and were
naïve with respect to the goal of the study. The study was
approved by the local ethical committee and all participants
provided informed consent at the start of the experiment.

Apparatus

Stimuli were shown on two 19.8-in Sony Trinitron GDM
F500-R (2048 × 1536 pixels at 60 Hz, for each) monitors
driven by a DELL Precision T3400 computer with an Intel
Core Quad CPU Q9300 2.5-GHz processor running on
Windows XP. Binocular presentation was achieved by a cus-
tom made stereo set-up. Two CRT monitors, which stood
opposite to each other (distance of 220 cm), projected to the
left and right eye respectively via two mirrors placed at a
distance of 110 cm from the screen. A head-and-chin rest
(15 cm from the mirrors) was used to stabilize fixation. The
effective viewing distance was 125 cm. Stimulus presentation,
timing, and keyboard responses were controlled with custom
software programmed in Python using the PsychoPy library
(Peirce, 2007, 2009).

Stimuli

The background of the display consisted of a random check-
erboard pattern to achieve stable binocular fusion. The indi-
vidual elements of the checkerboard were 0.34° by 0.34°. In
both eyes, a white frame (10° by 10°) where the stimuli would
be presented was superimposed on the checkerboard pattern.
A black (eye dominance measurement) or red (main experi-
ment) fixation cross was continuously present during the ex-
periment (size 0.5° by 0.5°). In the eye dominance measure-
ment phase, the target consisted of an arrow (maximal width
4°, maximal height 2°) and the CFS mask consisted of 150

squares with randomly picked sizes between 1° and 2° and a
random luminance value.

The radius of the traditional pacman stimulus was 0.8° and
the diagonal distance between the pacmen was 2°. The cross
stimulus consisted of four crosses and was created such that
the overall density of each cross matched that of the traditional
pacmen stimuli (1.75° 00D7 1.75°). The curved pacmen stim-
ulus was created by superimposing two small discs (radius
0.34°) on the half of a full disc on which a white ellipse was
drawn (major radius 1.19°, minor radius 0.37°). For all three
stimuli, the area of the inner surface between the inducers was
as equal as possible (exactly the same for the traditional
pacmen and cross stimulus and slightly different for the
curved pacmen stimulus). The rotated versions of the stimulus
were generated by rotating the individual elements 45° with a
jitter of ±10° (Fig. 1A, middle row).

Given the importance in feature overlap between mask and
stimuli in determining the effectiveness of CFS (Hong &
Blake, 2009; Maehara, Huang, & Hess, 2009; Moors,
Wagemans, & de-Wit, 2014; Yang & Blake, 2012) and the
fact that the stimuli in the different conditions differed in var-
ious ways, we did not use a traditional Mondrian style CFS
mask in the main experiment. Indeed, pilot results using a
classical CFS mask indicated prolonged suppression for the
cross condition, containing only vertical and horizontal orien-
tations as in the traditional Mondrian CFS mask, indicating
feature-selective depth of suppression (Yang & Blake, 2012).
Therefore, we generated CFS masks that consisted of the in-
dividual elements of all different stimuli (Fig. 1B). This set of
masks was generated before the start of the experiment (but
was kept the same for every participant) and on each refresh
(i.e., every 100 milliseconds) a new mask was selected from
the pool with the restriction that the previous mask could not
be used twice in a row.

Procedure

Before starting the main experiment, participants’ eye domi-
nance was measured using the method set out by Yang, Blake,
and McDonald (2010). On every trial, a fixation cross was
presented for 1000 ms. Next, an arrow was presented in one
eye and the CFS mask in the other (10-Hz refresh rate).
Participants had to indicate the direction of an arrow as soon
as it broke through the CFS mask by pressing “1” (for left) or
“3” (for right) on a numerical keyboard. The CFS mask was
randomly presented to the left or right eye (40 trials per eye)
and after 80 trials eye dominance was determined as the eye in
which the mean suppression time of the arrow was lowest. In
all subsequent parts of the experiment, the CFS mask was
presented to the participants’ dominant eye.

During the main experiment, participants were presented
with the different stimuli from Fig. 1A (first two rows only) of
which the position relative to fixation was manipulated on
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each trial (i.e., shifted 0.5° left-, right-, up-, or downwards).
During the rest of the experiment, the participants always had
to indicate as fast as possible in which direction the target
stimulus was shifted by pressing “2,” “4,” “6,” or “8” on a
numerical keyboard for down, left, right, and up, respectively.
Every trial started with a 1-second fixation period after which
the target stimulus was presented to the nondominant eye and
the CFS mask to the dominant eye (refreshing at 10 Hz). The
contrast of the target stimulus increased linearly from 0 to
100% over 2000 ms and then remained at full contrast until
the stimulus was detected. Participants first completed a prac-
tice block in which the stimuli were presented without sup-
pression in order to acquaint them with the task. In a second
practice block, the CFS mask was presented together with the
target stimuli. If everything was clear after the two practice
blocks, participants began the actual experiment.

Design

The procedure to assess eye dominance included 80 trials. The
two practice blocks contained 24 trials each. The main exper-
iment consisted of 192 trials in total. The design of the main
experiment was a full factorial 3 × 2 within-subjects design
with three levels of the Stimulus Type factor (traditional
pacmen, cross, and curved pacmen) and two levels of the
Configuration Type factor (two levels: standard, rotated).
The order of all experimental conditions was always random-
ized. After each sequence of 64 trials, participants were
instructed to take a break of at least 1 minute.

Results

Correct suppression times (95% of the data) were analyzed
after log-transforming them due to the positive skew in the
suppression time distributions. Outliers were defined as three
times the standard deviation of the mean suppression time and
these were removed from the data set (2% of the data).Most of
the outlying data points were presumably due to extremely
effective suppression. The mean suppression times for each
condition are summarized in Fig. 2.

Statistical inference was done in a Bayesian framework
relying on model selection using Bayes Factors (Rouder &
Morey, 2012; Rouder, Morey, Speckman, & Province, 2012;
Rouder, Speckman, Sun, Morey, & Iverson, 2009). The Bayes
Factor quantifies the relative degree of evidence of one statis-
tical model over another and therefore provides an intuitive
measure to quantify the degree of belief in one statistical mod-
el over another (e.g., a model with and without a main effect of
Configuration Type). The R package BayesFactor (version
0.9.9) was used to compute the Bayes Factors (Morey &
Rouder, 2015). All considered models were ANOVA style
models including random intercepts for participants, and the

default settings for the priors (medium prior scale for fixed
effects and nuisance prior scale for the participant effect). As a
guideline to interpret the resulting Bayes Factors, we use the
classification proposed by Jeffreys (1961) in that Bayes
Factors from 3 onwards constitute substantial evidence for
one model over the other.

The Bayes Factor analysis is summarized in Table 1. The
best fitting model is depicted as having a Bayes Factor of 1
and all the other Bayes Factors can be interpreted as how
much more likely the best model is compared to another mod-
el. As is apparent from Table 1, the preferred model includes
main effects of both Stimulus Type and Configuration Type,
and no interaction between these factors. Indeed, a model
including an interaction is 53 times less likely as a model
not including it. The main effect of Stimulus Type was largely
due to the cross stimulus breaking suppression faster than the
other stimuli. The main effect of Configuration Type indicates
that standard stimuli broke suppression faster, on average,
than rotated stimuli.

Discussion

In Experiment 1, we replicated the suppression time difference
between a standard and rotated version of the traditional
pacmen stimulus, in line with the results of Wang et al.
(2012). However, this configuration effect did not interact
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Fig. 2 Results of Experiment 1. The bars depict the mean suppression
time for each condition. The error bars denote 95% within-subject
confidence intervals using the procedure set out by Morey (2008).

Table 1 Bayes Factor analysis for Experiment 1

Model Bayes Factor

ST + CT 1

ST + CT + ST*CT 53

All other models >100

Note. All Bayes Factors are relative to the best fitting model (i.e., in this
case, the model of which the Bayes Factor is 1). All other models include
all combinations from an empty to a full model not reported in the table.
ST = Stimulus Type; CT = Configuration Type
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with the type of stimulus that was used. That is, it was statis-
tically indistinguishable from the configuration effect ob-
served in the curved pacmen and cross conditions.
Therefore, the difference between the standard and rotated
traditional pacmen conditions is presumably not driven by
the potential for the stimulus to induce a surface percept or
the alignment of the edges during interocular suppression.
Indeed, irrespective of which process exactly contributes to
the observed differences between conditions, the results of
Experiment 1 indicate that the advantage for the standard con-
figuration is not specific to the traditional pacmen
configuration.

Given the pattern of results observed in Experiment 1, we
were interested to explore further two potential explanations
for the observed advantage for the standard configuration in a
second experiment. That is, one could argue that the advan-
tage for the standard Kanizsa was due to the configural rela-
tionship between the four elements. Alternatively, the ob-
served advantage for the standard configuration could be
due to independent contributions of the single elements com-
prising the configuration, based on their individual locations
in the visual field and their orientation. For example, we know
that observers are more sensitive to cardinal (horizontal and
vertical) orientations compared with oblique ones (Appelle,
1972; Campbell & Kulikowski, 1966) and that these cardinal
orientations are over-represented in the visual cortex (Li,
Peterson, & Freeman, 2003; Yacoub, Harel, & Ugurbil,
2008). Thus, it could be that differences in the number of
different orientations are directly influencing suppression
strength.

Based on these two potential explanations, we included a
scrambled version of each stimulus type in the stimulus set
(Fig. 1A, third row) and repeated the experiment in a different
set of observers. This scrambled version was created also by
manipulating the orientation of the individual elements as well
as the distance from the center of the configuration. To more
directly test whether differences were being driven by the
differences between each of the individual elements (rather
than their configuration), we also conducted a second experi-
ment (with the same observers), in which we measured sup-
pression times for the individual elements of each of the dif-
ferent configurations (cross, traditional pacman, and curved
pacman).

EXPERIMENT 2

The primary goal of Experiment 2 was to replicate the main
finding from Experiment 1: that neither the ability to induce a
Kanizsa surface, nor the collinearity of the lines increased the
likelihood of breakthrough during CFS. The addition of two
new conditions enabled us to ask two additional questions
regarding the idea that surface completion mechanisms

influence suppression times in CFS. First, a “scrambled” con-
dition was added to the “standard” and “rotated” conditions to
test whether more deviation from the “standard” configuration
would further increase suppression times. Second, an “indi-
vidual element” condition was included for all of the stimulus
configurations (standard, rotated, and scrambled) to test
whether any differences evident in the “full configuration”
also might be evident in the “single element” condition. In
addition to the predictions formulated for Experiment 1, our
predictions for Experiment 2 can be summarized as follows:

& If the configuration effect observed in Experiment 1 re-
flects the configural relationship between the four ele-
ments, we predict that the scrambled configuration will
yield slower breakthrough times compared to the standard
and rotated configurations.

& If the configuration effect observed in Experiment 1 is due
to the independent contributions of the four elements com-
prising the configuration, we predict that any effects of
Configuration Type also will be evident in the single ele-
ment conditions and that there will be no interaction be-
tween the Configuration Type and the Number of
Elements (full configuration versus single elements).

Methods

Participants

Twenty-four people (age range: 18–30 years) participated in
the experiment and received monetary compensation for their
participation. All participants had normal or corrected-to-
normal vision and were naïve with respect to the goal of the
study. The study was approved by the local ethical committee,
and all participants provided informed consent at the start of
the experiment. Three participants had to be excluded, be-
cause suppression was too effective in either of the two ses-
sions, with breakthrough times being three standard devia-
tions longer than the mean value for all observers. One partic-
ipant did not return for the second session and therefore was
excluded from the analysis.

Apparatus

The experimental setup was the same as in Experiment 1.

Stimuli

The stimuli were the same as in Experiment 1, except that a
scrambled version was added to the Configuration Type factor
and a single element condition was developed. To create the
scrambled condition, we picked four different angles relative
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to fixation at which the individual elements would be drawn
and four different orientations of the individual elements, kept
constant across different Stimulus Types. We refer to this ad-
ditional manipulation as the scrambled configuration (in con-
trast to the standard and rotated conditions). This stimulus
set also is depicted in Fig. 1 (third row). It should be noted
that only one scrambled exemplar was created for this condi-
tion, being the one shown in Fig. 1A. This choice allows us to
avoid a difference in familiarity between the different stimuli,
because there also is only one exemplar in the other
conditions.

In the single element condition, we presented individual
elements (just one pacman or cross rather than all four) at
one of the same locations at which they were presented in
the full configuration experiment.

Procedure

The experimental procedure was exactly the same as in
Experiment 1, except for the session in which the indi-
vidual elements of the stimuli were presented, in which
the task was changed. In this condition, participants had
to indicate in which quadrant of the display the stimulus was
presented by pressing “1,” “3,” “4,” or “6” for bottom left,
bottom right, up left, and up right, respectively.

Design

The design of the experiment was a 3 × 3 × 2 full-factorial
within-subjects design with three levels of the Stimulus Type
factor (traditional pacmen, curved pacmen, and cross), three
levels of the Configuration Type factor (standard, rotated, and
scrambled), and two levels of the Number of Elements factor
(full configuration and single element). Participants complet-
ed 288 trials in total for the main experiment in both the full
configuration as well as the single element session. The prac-
tice blocks consisted of 36 trials each. After completing the
first session, participants returned a week later to complete the
second session. The ordering in which the sessions were com-
pleted was randomized across participants.

Results

The data were analyzed in the same way as in Experiment 1.
We removed outliers (full configuration session: 1.6%; single
element session: 1.5%) defined as higher than three standard
deviations from the mean and analyzed only correct (full con-
figuration session: 94%; single element session: 97%) sup-
pression times after logarithmically transforming them. The
results for the full configuration and single element sessions
are depicted in Fig. 3.

A first goal was to assess whether the results were similar to
those in Experiment 1. Therefore, we first report an analysis of
only the conditions used in Experiment 1 (summarized in
Table 2). As the analysis indicates, the preferred model is
now one including an interaction between Stimulus Type
and Configuration Type on top of the main effects of
Stimulus Type and Configuration Type. Follow-up analyses
indicated that this interaction was mostly driven by a tendency
towards the absence of a configuration effect in the curved
pacmen condition (BF = 2.5 in favor of the null model).
Indeed, a configuration effect was still obtained in both the
traditional pacmen as well as the cross condition (both BFs >
100 in favor of a configuration effect). Thus, if only a subset of
the data similar to the data observed in Experiment 1 is con-
sidered, the data obtained in Experiment 2 indicate that the
configuration effect is mostly driven by the existence of
aligned edges in the traditional pacmen and cross configura-
tions. We now turn to an analysis of the full data set.

The next analysis focuses on the two predictions outlined
for Experiment 2 (i.e., influence of scrambled configuration,
and the difference between single and full element sessions).
To assess the similarity of the results obtained in both single
and full element sessions, we combined the data from both
sessions and included an extra factor called Number of
Elements in the analysis (i.e., full configurations vs. single
elements). The results of the BF analysis are depicted in
Table 3. As in Experiment 1, the best fitting model included
main effects of Stimulus and Configuration Type but now also
included an interaction between those factors as well as a main
effect of Number of Elements (i.e., stimuli consisting of four
elements broke suppression faster than those consisting of a
single element). However, it should be noted that the best
model in the combined analysis was only slightly preferred
(BF = 1.5) over a model including an interaction between
Configuration Type and Number of Elements.

Given that the BF analysis did not distinguish between the
model with and without the interaction between Configuration
and Number of Elements (BF = 1.5), we analyzed the more
complex model further (i.e., the one including the interaction).
Because the interpretation of this model was complicated by
the interaction between Configuration and Stimulus Type, we
probed the interaction between Configuration Type and
Number of Elements for each Stimulus Type separately. This
analysis explicitly addresses the question whether the number
of elements (full configuration vs. single element) modulated
the effect of Configuration for each Stimulus Type separately
and is summarized in Table 4.

In the case of the traditional pacmen, the BF analysis does
not distinguish between main effects of Configuration Type
and Number of Elements or a model also including their in-
teraction (BF = 1.82).When this interaction is further resolved
(i.e., split up by Number of Elements), strong evidence for a
configuration effect is found for the full configuration session
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(BF > 100), yet the reverse is observed in the single element
session. The BF indicates convincing evidence in favor of the
null model (BF = 7). As is apparent from Fig. 3, for the full
configuration experiment, the mean suppression durations are
in the direction predicted if the global configuration plays a
key role (i.e., the scrambled configuration yielded the longest
suppression durations). Although a similar pattern is observed
in the single element experiment, the BF analysis indicated
evidence for the absence of any differences between
conditions.

In the case of the curved pacmen, the preferred model is
one that includes a main effect of Number of Elements only.
The pattern of results is in the direction based on a prediction
of the influence of the global configuration (in that the scram-
bled condition is slowest to break suppression) but interest-
ingly this pattern is completely reversed in the single element
session. Analyzing both experiments together, however, does
not yield sufficient evidence for an interaction between
Configuration Type and Number of Elements and actually
indicates no effect of configuration. Thus, for the curved
pacmen, the results are in accordance with the prediction of
the single-element account, in that the type of experiment did
not interact with a potential configuration effect.

For the cross stimulus, the BF analysis indicates strong
evidence for a model including a main effect of
Configuration Type and Number of Elements, yet no interac-
tion between both factors (BF = 31). In this case, the data are

not consistent with the prediction that the scrambled condition
would yield the slowest suppression durations (i.e., the rotated
stimuli yielded the slowest durations). However, the absence
of an interaction indicates that the configuration effect did not
vary according to the Number of Elements, suggesting that the
differences seen in the full configuration might be driven by
the same processes influencing suppression in the single ele-
ment condition.

Discussion

The goal of Experiment 2 was to explore whether the config-
uration effect observed in Experiment 1 was due to the global
characteristics of the stimulus or whether the differences could
arise based on the differences in the individual elements that
make up these configurations. To this end, a scrambled stim-
ulus was included in Experiment 2 and participants were then
tested in two experimental sessions, one in which the full
configurations were presented and another in which the single
elements of the configurations were used in isolation. We
predicted that, if the global configuration was mostly respon-
sible for the configuration effect observed in Experiment 1,
the configurations of the scrambled condition would show
slower suppression times compared to the standard and
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Fig. 3 Results of Experiment 2. The bars depict the mean suppression time for each condition. The error bars denote 95% within-subject confidence
intervals according to Morey (2008). Full configuration session (left); single elements sessions (right)

Table 2 Bayes Factor analysis for the full configuration session of
Experiment 2 (only the conditions used in Experiment 1 are included)

Model Bayes Factor

ST + CT + ST*CT 1

ST + CT 19

All other models >100

Note. All Bayes Factors are relative to the best fitting model (i.e., in this
case, the model of which the Bayes Factor is 1). All other models include
all combinations from an empty to a full model not reported in the table.
ST = Stimulus Type; CT = Configuration Type

Table 3 Bayes Factor analysis for both experiment types combined

Model Bayes Factor

ST + CT + ST*CT + NE 1

ST + CT + ST*CT + NE + CT*NE 1.5

ST + CT + ST*CT + NE + ST*NE 20

ST + CT + ST*CT + NE + CT*NE + ST*NE 31

All other models >100

Note. All Bayes Factors are relative to the best fitting model (i.e. in this
case, the model of which the Bayes Factor is 1). All other models include
all combinations from an empty to a full model not reported in the table.
ST = Stimulus Type; CT = Configuration Type; NE = Number of
Elements
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rotated stimulus configurations. Alternatively, if the single
elements comprising each configuration were driving the con-
figuration effect observed in Experiment 1, we predicted that
the Number of Elements (full configuration vs. single element
experiment) would not yield differential effects (interactions)
with the Configuration Type.

The pattern of results that was observed in Experiment 2
could not be simply interpreted in either direction. That is, the
stimuli that were generated for the scrambled condition
yielded longer suppression times for the traditional pacmen
only. In the case of the cross stimulus, the scrambled config-
uration yielded shorter suppression times compared to the
rotated configuration. For the cross, this pattern also was ob-
served in the single element session. However, for the other
two conditions (traditional and curved pacmen), the single
element session was less readily comparable with the full con-
figuration session. For the curved pacmen, the BF analysis
indicated strong evidence for a main effect of Number of
Elements only, indicating no differential pattern of results
across both sessions (yet also no effect of Configuration
Type). For the traditional pacmen, the BF analysis indicated
a potential interaction between Configuration Type and
Number of Elements, although the results obtained in both
sessions were qualitatively similar. When this interaction
was further resolved, an effect of configuration was obtained
only in the full configuration session. Furthermore, when the
data were analyzed for the subset of stimuli used in
Experiment 1 only, an interaction between configuration and
Stimulus Type was observed. This interaction was primarily
driven by the absence of a configuration effect for the curved
pacmen. Thus, compared to Experiment 1, this subset of the
data now indicated that aligned edges in the stimulus were
primarily driving the configuration effect.

What is the most parsimonious interpretation of these re-
sults given the hypotheses laid out at the start of Experiment 2
and the results that were observed? We have clearly replicated
one aspect of our findings from Experiment 1, namely that the
ability for the stimuli to evoke a Kanizsa surface percept plays
no role in breakthrough times. The fact that there was no
consistent influence of scrambling for the three Stimulus
Types also makes it hard to justify an effect based on the

global configuration. On the one hand, there were some dif-
ferences between the single element and full-configuration
conditions, so the results in the full configurations cannot be
fully predicted by the effects for the single elements. On the
other hand, there was no interaction between Configuration
Type and Number of Elements for the curved pacmen and the
cross conditions, while qualitatively similar results were ob-
tained for the full and single-element stimuli in the traditional
pacmen condition. All in all, an account based on the features
present in the individual elements and across the configuration
as a whole seems to offer the most likely explanation for the
effects of configuration observed here and in Experiment 1.
Reflecting retrospectively on our results, it is worth pointing
out that the visual system is most sensitive to cardinal orien-
tations (horizontal and vertical) and less so to oblique ones
(Appelle, 1972; Campbell & Kulikowski, 1966; Li et al.,
2003; Yacoub et al., 2008). From this perspective, the config-
uration effects observed in both experiments could be ex-
plained potentially by the differences between the orientations
most prominently present in the stimuli, at the spatial scales of
the individual elements and of the configuration as a whole.
Indeed, for all Stimulus Types, the standard stimuli show
strong peaks at the cardinal orientations in the Fourier orien-
tation spectrum, compared to the rotated and scrambled stim-
uli (Fig. 4). This difference at the cardinal orientations is most
evident in the cross and traditional pacmen conditions, which
can explain the consistent differences observed between the
standard and rotated configurations. The configurations for
the curved pacmen, on the other hand, show considerable
overlap, which could explain why the results obtained for
the curved pacmen condition are less consistent between
experiments.

The stimuli that were generated for the scrambled condition
include orientations in-between cardinal and oblique orienta-
tions, which is most pronounced in the orientation spectrum of
the cross stimulus. In this respect, it makes sense that the
scrambled cross configuration broke suppression faster com-
pared to the rotated one (and similarly so for the single ele-
ment condition). Furthermore, in the case of the single ele-
ment condition, the orientation spectra of both the traditional
and curved pacmen show strong overlap for all different

Table 4 Bayes Factor analysis of Configuration and Number of Elements, separately for each Stimulus Type

Traditional pacmen Curved pacmen Cross

Model Bayes Factor Model Bayes Factor Model Bayes Factor

CT+ NE 1 NE 1 CT + NE 1

CT * NE 1.82 CT * NE 30 CT * NE 31

All other models >100 All other models >100 All other models >100

Note. All Bayes Factors are relative to the best fitting model (i.e. in this case, the model of which the Bayes Factor is 1). All other models include all
combinations from an empty to a full model not reported in the table. CT = Configuration Type; NE = Number of Elements
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configurations, which might explain the absence of a config-
uration effect for these stimuli in the single element condition.
Moreover, one has to take into account that the visual inputs
vary considerably between the full configuration and single
elements, making it more difficult to obtain significant effects
from potentially subtle differences between stimuli for the
latter condition (unless they are strongly represented as in
the cross configurations).

General discussion

In this study, we set out to test whether the advantage of a
traditional pacmen stimulus in breaking CFS (compared to a
rotated control configuration) was due to the ability of that
configuration to induce the perception of a surface or the ex-
istence of collinear edges in the image. Experiment 1 was a
conceptual replication and extension of Wang et al. (2012). In
addition to a traditional pacmen stimulus, two types of control
stimuli were included. A cross configuration was used to as-
sess whether the suppression time benefit of traditional
pacmen configurations could be caused by the alignment of
the edges rather than the ability for the stimulus to elicit a
surface percept. Additionally, we included a configuration that
consisted of curved pacmen. This stimulus elicited a surface
percept but, critically, none of the contours of the inducers

were collinear with each other. The use of these two types of
control stimuli enabled us to test whether the suppression time
difference observed in Wang et al. (2012) could be explained
by a genuine surface-based figure-ground assignment process
(evident in the curved pacmen stimulus) or rather by the local
alignment of edges in the inducers (evident in the cross stim-
ulus). The results of Experiment 1 showed a clear replication
of the suppression time difference between standard and ro-
tated traditional pacmen stimuli observed in Wang et al.
(2012), but this effect did not distinguish between the stimulus
types employed. That is, in all conditions a difference between
a standard and rotated global configuration was observed.
This observation indicates that the suppression time difference
in the traditional pacmen condition was not specific to the
potential for the stimulus to induce a surface percept.

As a follow-up, we conducted a second experiment in
which we explored whether the global configuration was driv-
ing the observed differences between conditions in
Experiment 1 or, alternatively, that the differences were being
driven by the differences between the single elements belong-
ing to these configurations. To this end, we used the same
stimuli as in Experiment 1 with the addition of a set of scram-
bled stimuli (by manipulating the distance and orientation of
the individual elements relative to the fixation cross, as well as
their individual orientation) and tested participants in two ses-
sions. In one of them, the full configurations were used as

Fig. 4 Fourier orientation spectrum for all stimuli. A fast Fourier transform was applied to all stimuli and the orientation spectrum was obtained by
averaging the amplitude spectrum across all spatial frequencies for each orientation, separately
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stimuli. In the other, on each trial a single element of one of the
configurations was presented. If the configuration effect ob-
served in Experiment 1 was due to the global stimulus config-
uration, we predicted that the scrambled stimulus configura-
tion would elicit slower suppression times compared to the
rotated configuration. Alternatively, if the elements of the con-
figurations were driving the differences, we predicted to ob-
serve a similar pattern of results in both full and single-
element experimental sessions.

The results revealed no consistent longer suppression du-
rations for the scrambled configurations compared to the stan-
dard and rotated ones. Furthermore, although the data were
qualitatively similar between the full configuration and single
element sessions (except for the curved pacmen), no conclu-
sive evidence was obtained that the results of the single ele-
ment session were the same as in the full configuration ses-
sion. Based on these results, we argued that a possible account
for the data could be the differences in low-level stimulus
features such as orientation. That is, cardinal orientations—
to which the visual system is most sensitive—were more
strongly represented in the stimuli that broke suppression
fastest and these differences were most pronounced in the full
configuration experiment because of the presentation of the
simultaneous presentation of four rather than one element.

Our study was motivated by the observation that there
was a discrepancy between the findings of Sobel and Blake
(2003) and Harris et al. (2011) on the one hand and Wang
et al. (2012) on the other. Although we replicated the find-
ings reported in the latter study, the overall pattern of our
results clearly supports the conclusions advanced in the
former studies. That is, our results fail to provide evidence
that, during CFS, traditional pacmen stimuli can induce
figure-ground processes that might lead to a differential
effect for stimuli able to induce a surface percept. This
observation is consistent with a broader set of recent stud-
ies focusing on the extent to which mid- and high-level
stimuli are represented during CFS (Faivre & Koch,
2014; Gayet, Van Der Stigchel, & Paffen, 2014; Hedger,
Adams, & Garner, 2015; Hesselmann & Knops, 2014;
Hesselmann & Moors, 2015; Heyman & Moors, 2014;
Moors, Huygelier, Wagemans, de-Wit, & van Ee, 2015).
That is, there is converging evidence that suppressed stim-
uli are processed to a limited extent during CFS and that
any process that requires complex integration of several
features of the suppressed stimulus is unlikely to take
place. Given that the construction of a Kanizsa surface
percept not only requires grouping, but also figure-ground
assignment, it is logical to predict that it should not man-
ifest under CFS. This is furthermore reinforced by the stud-
ies reporting on neural activity associated with stimuli sup-
pressed during CFS (Fogelson, Kohler, Miller, Granger, &
Tse, 2014; Hesselmann & Malach, 2011; Ludwig,
Kathmann, Sterzer, & Hesselmann, 2014; Sterzer, Stein,

Ludwig, Rothkirch, & Hesselmann, 2014; Yuval-
Greenberg & Heeger, 2013). Invariably, these studies show
that activity related to the suppressed stimulus is limited to
early visual areas such as V1 and V2. Parallel work on the
Kanizsa stimulus, from functional neuroimaging studies
(Seghier & Vuilleumier, 2006; Stanley & Rubin, 2003),
neuropsychological research (de-Wit et al., 2009), and com-
parative studies with monkeys (Huxlin, Saunders,
Marchionini, Pham, & Merigan, 2000) suggests that higher
areas in the ventral stream (and the lateral occipital com-
plex in particular) are critically involved in the construction
of the surface percept for traditional pacmen stimuli. Thus,
combining this knowledge of the extent to which CFS
should block information transfer to higher areas, and the
role of higher ventral areas in the construction of the
Kanizsa surface percept the results reported in this study
are not surprising. Furthermore, it highlights the importance
of using a range of control conditions to be sure that any
difference observed between experimental conditions is ac-
tually the result of the perceptual difference elicited by the
stimuli used in those conditions, especially for perceptually
compelling phenomena like the Kanizsa surface.

Given that the relationship between perceptual organiza-
tion and awareness necessarily involves the choice of a suit-
able paradigm to render a stimulus invisible, it remains plau-
sible that Kanizsa surfaces can be constructed in the absence
of visual awareness depending on the nature of suppression of
the paradigm that was employed (Breitmeyer, 2015;
Breitmeyer, Koç, Oğmen, & Ziegler, 2008; Hesselmann &
Moors, 2015). Indeed, using visual masking, a paradigm for
which it has been argued that the initial feedforward transfer of
input to higher areas, there is evidence that masked Kanizsa
like stimuli can influence performance on a subsequent shape
discrimination task (Poscoliero, Marzi, & Girelli, 2013).
Similarly, a recent neuroimaging study relying on an
inattentional blindness paradigm reported evidence for similar
processing of Kanizsa figures for groups of participants that
either could or could not distinguish a Kanizsa figure in a
forced-choice task after having performed an attentionally de-
manding task (and, hence, had been inattentionally blind to
the Kanizsa figure). Moreover, neuropsychological studies re-
lying on patients suffering from visuospatial neglect, a condi-
tion mainly caused by stroke in the parietal region, also pro-
vided evidence for processing of illusory shapes and contours
(Conci et al., 2009; Driver & Mattingley, 1998; Mattingley,
Davis, & Driver, 1997).

Thus, the main message of this study is not necessarily that
one needs to be aware of a visual stimulus for some form of
perceptual grouping and figure-ground assignment to take
place, but that one needs to consider the specific mechanisms
by which a particular paradigm renders stimuli invisible.
Depending on the level at which suppression takes place,
one might reasonably hypothesize that a process can happen
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in the absence of visual awareness. For CFS or other binocular
suppression techniques, however, it seems highly likely that
the processing of a suppressed stimulus is rather limited.
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