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ARTICLE INFO ABSTRACT

Continuous flash suppression (CFS) is a technique in which presenting one eye with a dynamic Mondrian se-
quence prevents a low-contrast target in the other eye from being perceived for many seconds. Frequently used
to study unconscious visual processing, CFS bears many similarities with binocular rivalry (BR), another popular
dichoptic stimulation technique. It is therefore puzzling that the effect of mask size and contrast seem to differ
between CFS and BR. To resolve this discrepancy, we conducted a systematic investigation on the effects of mask
size and contrast in CFS. Also, building on findings from BR, we asked if the collinearity of the contours in the
Mondrian masker play a role in CFS suppression. Our results showed a robust effect of mask contrast on sup-
pression durations, and an effect of mask size that depended on collinearity. Specifically, higher mask contrasts
produced longer suppression regardless of collinearity and mask size. Mask size, on the other hand, had little
effect on suppression when collinearity was low and it weakened suppression when collinearity is high. These
observations parallel prior findings in BR, further substantiating the close link between the two paradigms and
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demonstrating the usefulness of a shared explanatory framework describing both phenomena.

1. Introduction

Our world is full of rich visual information. Due to limited cognitive
resources, only a small amount of the incoming information is pro-
cessed into our conscious experience, placing emphasis on cues that
would determine behavioural success (e.g., Tsao & Livingstone, 2008;
Batty, Cave, & Pauli, 2005). This raises questions regarding the state of
unperceived information, and for decades, studies have sought to un-
cover the extent to which unconscious stimuli influence behaviour.
Among the arsenal of tools used to suppress visual awareness, con-
tinuous flash suppression (CFS) has emerged as a popular and effective
technique. Similar to binocular rivalry (BR), it involves the presentation
of irreconcilable images to both eyes, with the exception that one of the
images is a high-contrast, dynamic sequence of Mondrian patterns and
the other a low-contrast static target. Observers typically report the
mask as being perceptually dominant initially, and it may take up to
20 s or more before the target becomes perceptually visible. This allows
easy study of unconscious processes in the suppressed eye and has seen
the widespread use of CFS in studies of unconscious visual processing
(Jiang, Costello, & He, 2007; Stein, Sterzer, & Peelen, 2012; Gobbini
et al., 2013; Heyman & Moors, 2014).

Studies examining the underlying mechanisms of CFS revealed

similarities with BR. For instance, rather than a complete and non-se-
lective attenuation, suppression in both paradigms has been shown to
be feature-selective for attributes such as orientation (Stuit, Cass,
Paffen, & Alais, 2009; Stuit, Paffen, van der Smagt, & Verstraten, 2011;
Yang & Blake, 2012; Han & Alais, 2018) and motion (Stuit et al., 2011;
Moors, Wagemans, & de-Wit, 2014; but see Ananyev, Penney, & Hsieh,
2017). These feature-selective processes also appeared to operate in-
dependently. In BR, sensitivity to spatial information remained intact
during motion rivalry and vice versa (Alais & Parker, 2006). Likewise,
CFS suppression worked better on spatial form than on temporal in-
formation, and this dissociation increased with higher temporal fre-
quencies (Zadbood, Lee, & Blake, 2011). Other similarities included the
preference for parvocelluar-biased stimuli (i.e., high contrast, low
temporal frequency and high spatial frequency), which produced
stronger interocular suppression in both BR and CFS (He, Carlson, &
Chen, 2005; Han, Lunghi, & Alais, 2016). Stimuli that did not elicit
parvocellular responses readily were more likely to produce weak riv-
alry or even binocular fusion (He, Carlson, & Chen, 2005).

Given the similarities between BR and CFS, it is puzzling that the
effects of stimulus size and contrast seem to differ between the two
paradigms. In CFS, increasing mask contrast typically enhances sup-
pression (Tsuchiya & Koch, 2005; Han et al., 2016) whereas the effect of
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Mask (M) and Target (T) Size Comparison for a Sample of CFS Studies Stimulus sizes are measured in degrees of visual angle. The list presented CFS empirical studies
taken from the first 30 Google Scholar search results, including stimulus sizes used in our previous work.

Study M Size T Size M/T ratio
Tsuchiya and Koch (2005) 6° X 6° 6° X 6° 1
Tsuchiya, Koch, Gilroy, and Blake (2006) 1.6° x 1.6° 1.6° x 1.6° 1
Almeida, Mahon, Nakayama, and Caramazza (2008) 7° X7 7° X 7° 1
Sterzer, Jalkanen, and Rees (2009) 2.8° x 4° 2.8° x 4° 1
Yuval-Greenberg and Heeger (2013) 3° radius 2.9° radius 1.1
Gayet, Paffen, Belopolsky, Theeuwes, and Stigchel (2016) 2.2° X 2.2° 1.2° radius 1.1
Stein and Sterzer (2011) 8.4° X 8.4° —10° x 10° 6.6° X 8° — 8.3° x 10° 1.2-1.3
Zhu, Drewes, and Melcher (2016) 9.9° x 12.4° Face: 7.9° X 9.9° 1.6

Geometric: 7.9° X 7.9° 2
Yamada and Kawabe (2011) 14.2° x 14.2° 9° x 12° 1.9
Stein, Senju, Peelen, and Sterzer (2011) 9°x 9° 3.3° X 4.6° 2
Faivre, Berthet, and Kouider (2012) 8 X 6° 3.2° X 3.9° 3.8
Tsuchiya, Moradi, Felsen, Yamazaki, and Adolphs (2009) 16° x 16° 8° x 8° 4
Mudrik, Breska, Lamy, and Deouell (2011) 5.26° x 5.26° 2.83° x 2.03° 4.8
Yang and Blake (2012) 2°X 2° & 4° x 4° Gabor: 1° radius 1.3

Face: 2° x 1.5° 5.3
Costello, Jiang, Baartman, McGlennen, and He (2009) 10.7° x 10.7° 5° x 4° 5.7
Han, Blake, and Alais (2018) 5.5° X 5.5° 1.3° radius 5.7
Adams, Gray, Garner, and Graf (2010) 7.2° x 8.8° 4° x 2.7° 5.9
Van Opstal, De Loof, Verguts, and Cleeremans (2016) 8.8° x 8.8° 3.6° X 3.6° 6
Salomon, Lim, Herbelin, Hesselmann, and Blanke (2013) 48° x 36° 16° x 18° 6
Han et al. (2016) 5.4° x 5.4° 2°x 2° 7.3
Rabovsky, Stein, and Abdel Rahman (2016) 10.4° x 10.4° 3.1° x 4.7° 7.4
Zhou, Jiang, He, and Chen (2010) 11.3° x 11.3° 3.6° X 4.6° 7.7
Moors, Boelens, Overwalle, and Wagemans (2016) Range from 2.86° x 2.03° 4.8-7.9

5.26° X 5.26° — 6.76° X 6.76°

Stein and Sterzer (2012) 6° X 6° 1.7° x 2.3° 9.2
Yang et al. (2007) 3.7° x 3.7° Face: 1.9° x 1.9° 3.8

Eye: 0.5° x 1.8° 15.2
Jiang et al. (2007) 10.7° x 10.7° 2.1° X 2.6° 16.9
Stein, Hebart et al. (2011) 10° x 10° 2.1° X 2.6° 18.3
Han and Alais (2018) 5.4° x 5.4° Experiment 1: 0.5° x 1° 4.1-18.6

Experiment 2: 1.5° x 1.5°
Heyman and Moors (2014) 10° x 10° 0.92° — 4.35° x 0.92° 25-18.1
Hesselmann, Darcy, Ludwig, and Sterzer (2015) 8.11° x 8.11° 0.40°- 0.81° radius 31.9-130.8
Stein et al. (2012) 8.4° x 8.4° Faces: 3.2° X 4.5° — 5.2° 5.7-36.8

—-12° x 12° Bodies: 1.5° — 4.3° X 4.5° — 6.9°

Inanimate: 1.8°-4.3° x 4.8°

Animate: 1.7°-4.4° x 2.3° — 5.3°
Moors, Wagemans, and de-Wit (2014) 5.5° X 5.5° 0.23° radius 182

mask size is less apparent, ranging from a 1:1 ratio to more than ten
times the size of the target in previous studies (summarised in Table 1).
BR, on the other hand, is known to have a higher incidence of piece-
meal suppression with increasing stimulus size (Blake, O'Shea, &
Mueller, 1992). Stimulus size also interacted with contrast in BR,
characterised by a positive relationship between contrast and suppres-
sion strength when the stimuli were small (i.e., 0.8° by 0.8°), and a null
effect of contrast when stimuli size increased (Kang, 2009). The inter-
action between stimulus size and contrast in BR has been attributed to
local spatial suppressive processes (Kang, 2009), which trigger per-
ceptual switches in neighbouring spatial zones (Blake, 2001) when
these local spatial zones shared properties such as structure (Paffen,
Alais, & Verstraten, 2005), motion (Paffen, te Pas, Kanai, van der
Smagt, & Verstraten, 2004), and collinearity (Alais, Lorenceau, Arrighi,
& Cass, 2006). Since the rivalling gratings in Kang (2009) contained
proximal collinear spatial zones, any effect of contrast may be negated
by the greater amount of spatial zone interactions in larger gratings.
Similarly, if we assume that both interocular suppression paradigms
share a common mechanism, then the discrepancy between CFS and BR
could be explained by the low structural similarity within each ran-
domly configured Mondrian pattern (Fig. 1a). With low structural si-
milarity, perceptual switches from interactions among local spatial
zones are probably less likely, causing mask size to be less of a concern
in CFS.

Alternatively, mask contrast and size may have similar effects on
CFS and BR, but these effects have yet to be explored. Since CFS is
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generally used to render images invisible (e.g., Yang, Zald, & Blake,
2007; Heyman & Moors, 2014), and it does that very effectively, the
relationship between mask size and contrast has not been studied.
Presented at a higher contrast than the target, the Mondrian pattern
structure is also rich in randomly arranged contours that are updated in
a rapid, unpredictable manner. In addition, the temporal and spatial
frequency spectrums of the Mondrian mask have a 1/f broadband
profile (Yang & Blake, 2012; Han et al., 2016). Collectively, these
properties produce a large imbalance of neural activity linked to the
masker compared to the target, providing suppression that is suffi-
ciently effective for the needs of the CFS experiment. To evaluate both
possibilities, we conducted systematic investigations on the in-
dependent effects of Mondrian mask size and contrast in Experiments 1
and 2, respectively, using the breaking-CFS (b-CFS) paradigm (Jiang
et al., 2007; Stein, Hebart & Sterzer, 2011), which measures the time
required for a target to reach visual awareness.

2. Experiments 1-2: establishing the effect of mask size and
contrast

2.1. Materials and methods

2.1.1. Participants

Participants for Experiments 1 & 2 were drawn from a pool of un-
dergraduate psychology students who had signed up to participate in
perception experiments. Each was reimbursed $20 AUD per hour for
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Fig. 1. Spatial properties of the Mondrian
sequences used in Experiments 1-4: (a) The
random configuration of the Mondrian pat-
tern produces featurally uncorrelated local
spatial zones. To illustrate, we first extracted
the edges of a 200 by 200 pixels Mondrian
pattern using the Canny method (Canny,
1986). Then, using a reference template (50
by 50 pixels) extracted from the image, we
performed a two-dimensional cross-correla-
tion on the image’s pattern edges. The re-
sultant histogram of the normalised cross-
correlation coefficients revealed a bias to-
wards very low (< |0.2]) normalised corre-
lation coefficients. (b) To vary the size of the
Mondrian mask, each pattern was wind-
owed with a circular mask of a specific ra-
dius (i.e., 1°, 2°, 3°). The circular mask was
chosen because it allows non-overlapping

Target
orientations

90°

areas around the target to be equal in area. Targets were vertically (90°) or horizontally (0°) oriented sinusoidal gratings with a spatial frequency of 3 cycles per
degree. Similar to the mask stimuli, each target was windowed with a circular mask of a specific radius (i.e., 1°).

their time. We determined the sample size based on previous work,
where effect sizes of 1,> = 0.55 to n,> = 0.84 were obtained with seven
to eleven participants (Han et al., 2016). We recruited ten students (3
females, Mean age = 23.5, SD = 3.26) in Experiment 1, and another 11
students (3 females, Mean age = 22.91, SD = 3.0) participated in Ex-
periment 2. All participants were naive to the purpose of the experi-
ment and had normal or corrected-to-normal eyesight. Participants also
tested normal for stereovision, assessed using the Fly Stereo Acuity Test
(Stereo Optical Company Inc., Chicago, IL). Experiments were per-
formed with the approval of the Human Research Ethics Committee,
University of Sydney (Ref: 2016/662) and in accordance to the prin-
ciples outlined in the Declaration of Helsinki. Informed consent was
obtained from all participants.

2.1.2. Stimuli

For both experiments, the Mondrian mask was a 10 Hz sequence of
patterns each composed of 265 squares set to 0, 30, 50, 70, or 100%
luminance and randomly generated sizes within 0.52°~1.3° in length. As
the use of square patterns would produce a concentration of spectral
power in the vertical and horizontal orientations (Yang & Blake, 2012),
the target stimuli were horizontally or vertically oriented sinusoidal
gratings. The spatial frequency of all target stimuli was 3 cycles per
degree (cpd). Both target and mask stimuli were windowed with a
circular, raised cosine function (0.29° width ramp) that smoothened the
edges of the mask into the background. This allowed us to control the
size of the visual stimuli and to avoid afterimages from the hard edges.
The target had a radius of 1° of visual angle in both experiments. Mask
sizes were 1°, 2°, and 3° radius (Fig. 1b, top panel) in Experiment 1. As
the results of Experiment 1 revealed stronger suppression with larger
mask sizes, we adopted the 3° radius in Experiment 2 to maximise the
possible range for suppression durations. All visual stimuli were nor-
malised to mean luminance.

During the experimental task, the visual stimuli were presented
within a square (6.2° length) with a black and white checked fusion
frame (0.29° width) to facilitate binocular fusion (see Fig. 1). Each
Mondrian sequence was set to 15% RMS contrast in Experiment 1, and
in Experiment 2 the Mondrian RMS contrast levels were 6.6%, 13.2%,
and 29.8%. To reduce between-subject variability, the target RMS was
first set to 10 times the monocular contrast thresholds recorded for each
participant in Experiment 1. However, due to the low variability in
contrast thresholds across participants and comparable thresholds
across both eyes in Experiment 1 (see Results and Fig. 2), target RMS
was later set to 6.6% in Experiment 2, 10 times the median threshold in
Experiment 1. The phase of target grating was jittered across trials in
both experiments to minimise local adaptation. Stimuli were presented

on a linearized Mitsubishi Diamond Pro 2070SB CRT monitor (100 Hz
refresh rate) that was connected to a DATAPixx data acquisition system
(Vpixx Technologies, Saint-Bruno, Quebec) to allow for millisecond
precision and 16-bit contrast resolution.

2.1.3. Procedure

Prior to the experimental tasks, participants’ demographic data such
as gender and handedness were recorded. Sighting dominance was as-
sessed using the standard Porta’s test in which participants aligned their
finger with a distant object, first with both eyes then alternately with
each eye. The open eye with the least displacement in perceived
alignment was designated as the dominant eye. Participants then began
the experimental tasks, during which the stimuli were viewed through a
mirror stereoscope, placed 50 cm in front of the monitor (57 cm total
viewing distance) and adjusted to achieve stable fusion for each in-
dividual. Participants were instructed to fixate at the central, black
fixation dot (0.1° radius) at all times during the experiment.

Contrast sensitivity may differ across participants and between eyes.
As such, monocular contrast thresholds were first measured in
Experiment 1. The target was presented to each eye separately, and its
contrast was adjusted with a QUEST adaptive staircase procedure
(Watson & Pelli, 1983). Participants judged the orientation of the target
(‘horizontal or vertical’) for each trial, and completed a total of 40 trials
for each staircase. The threshold was set to 75% accuracy for each eye,
estimated by fitting a psychometric function with a Maximum like-
lihood procedure. Participants then proceeded to complete three blocks
of the b-CFS task, during which the target was presented at 10 times the
threshold value for each eye. As in the threshold measurement task,
participants identified the orientation of the target as quickly and ac-
curately as possible. Each block consisted of 24 trials that interleaved
different target orientations, mask sizes and masking eye (total of 24
trials per mask size, 12 each eye). In both the threshold measurement
and b-CFS tasks, one second of dichoptic static noise (6° square) was
presented at the end of each trial to reduce afterimages and adaptation.

Apart from the contrast threshold measurement task, similar pro-
cedures were used in Experiment 2. Participants completed three blocks
of the b-CFS, each consisting of 24 trials. The different masking eye,
levels of mask contrast and target orientations were interleaved within
each block, resulting in 24 trials per mask contrast (12 trials per eye).
To familiarise participants with the demands of the b-CFS task, parti-
cipants completed 5-10 practice trials with a higher target contrast
(e.g., 15 times measured thresholds in Experiment 1). Data from these
practice trials were not included in subsequent analyses.
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Fig. 2. Experiments 1 and 2: (a) Contrast sensitivity was determined in Experiment 1 by measuring the amount of luminance increment required to judge the
orientation of a grating target with 75% accuracy. The distribution of luminance increments was comparable across participants, ranging approximately 0.011%. (b)
The effect of mask size was assessed in Experiment 1. Significant increases in normalised suppression durations were found as the mask radius increased from 1° to 2°,
and 2° to 3°. (c) The effect of mask contrast was assessed in Experiment 2. Levels of higher mask contrasts (RMS = 13.2% and 19.8%) performed comparably, only
producing significantly longer suppression durations than the lowest mask contrast (RMS = 6.6%). Asterisks represent statistical significance after Bonferroni
correction (*: p < .05, **: p < .01, ***: p < .001). Error bars represent 95% confidence intervals.

2.1.4. Data normalisation

Time to visibility measures in the b-CFS paradigm are affected by
factors such as individual differences in interocular suppression dura-
tions, response times and subjective criteria (Gayet, Van der Stigchel, &
Paffen, 2014; Yang, Brascamp, Kang, & Blake, 2014). In addition, CFS
does not work with equal effectiveness for all participants, with up to
50% of participants exhibiting insufficient depth of CFS suppression in
Stein et al. (2012). Thus, upon completion of the data collection, the
dataset was first screened to identify participants with ceiling or chance
performances. This resulted in the exclusion of two participants’ data
from Experiment 1, as their data revealed no signs of effective sup-
pression (e.g., suppression durations of just 800 ms). One participant’s
data was excluded from Experiment 2, as the recorded accuracy was
found to be at chance level. We then normalised the data to reduce
between-subject variability, described as follows. Following the exclu-
sion of ceiling and chance performing datasets, incorrect responses and
outlier response times were then removed from each individual’s data.
Outliers were defined as trials where the response time was greater than
three median absolute deviations (or MADs, see Eq. (1)) from each
participant’s median suppression duration for each experimental con-
dition. Collapsed across all conditions recorded for each participant,
incorrect trials made up 1% of all trials and outlier data made up 10%
of all trials in Experiment 1. Similarly, incorrect trials made up 1% of all
trials and outliers constituted 11% of all trials in Experiment 2. From
these remaining data, normalised suppression durations were calcu-
lated for each trial by dividing the response time by the participant’s
overall mean response time across all conditions for that experiment
(Eq. (2)). This normalisation procedure was performed to reduce inter-
subject variability and Type II error (but see normalisation methods
discussed in Gayet & Stein, 2017). Means for experiment conditions
were calculated from these normalised suppression durations across all
participants. Statistical significance was then assessed on these nor-
malised data.

MAD = median(|SuppressionDuration;,

— median(SuppressionDuration;,) 1) (@9
. . . SuppressionDuration
Normalised Suppression Durationy,;, = PP Trial
OverallMeanpysicipant 2)
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2.2. Results of experiments 1-2

2.2.1. Contrast thresholds

To determine if the use of contrast threshold measurements was a
practical approach in reducing variability in the b-CFS data, we ex-
amined the contrast threshold dataset collected in Experiment 1 for any
systematic differences between non-dominant and dominant eyes.
There was no significant difference in contrast threshold values be-
tween the non-dominant and dominant eye, t(9) = 2.06, p = .07. We
then collapsed the data and examined the amount of variability in
thresholds across participants. As described in Fig. 2a, contrast sensi-
tivity was comparable across participants, with a very narrow range of
approximately 1%.

2.2.2. Effect of mask size

To examine the relationship between sighting dominance and mask
size, a two-way repeated-measures (rm-) ANOVA (mask size X masking
eye) was conducted. The results showed no significant main effect for
sighting dominance, F(1,7) = 2.28, p = .175, and no interaction with
mask size, F(2,14) = 0.82, p = .461. The data was then collapsed across
eyes and analysed with a one-way rm-ANOVA. Fig. 2b shows the mean
normalised suppression duration for the three size conditions in Ex-
periment 1, collapsed across masking eye. The results revealed a sig-
nificant effect of mask size, F(2,7) = 21.6, p < .001, npz = 0.42. Cor-
recting for Type I error using Bonferroni-adjustments showed that the
2° and 3° masks produced significantly longer suppression durations
than the 1° mask, t(7) = 4.13,p = .01 and #(7) = 5.08, p = .004. The 3°
mask also performed better than the 2° mask, t{(7) = 3.91, p = .02.

2.2.3. Mask contrast

A two-way rm-ANOVA looking at the effects of contrast and
masking eye found no significant main effect for sighting dominance, F
(1,9) = 0.19, p = .672, nor a significant interaction with contrast, F
(2,18) = 0.04, p = .959. The data was then collapsed across masking
eyes and assessed with a one-way rm-ANOVA. As expected from pre-
vious research (e.g., Tsuchiya & Koch, 2005), contrast had a significant
main effect on suppression durations, F(2,18) = 18.69, p < .001,
7;; = 0.675. Bonferroni-corrected pairwise comparisons showed that
the high contrast mask (19.8% RMS) and the medium contrast mask
(13.2% RMS) produced significantly longer suppression durations than
the low contrast mask (6.6% RMS), t(9) =5.31, p=.002 and ¢t
(9) = 4.32, p = .005. Both high and medium contrast masks performed



S. Han et al.

Vision Research 154 (2019) 105-114

(©

= M Low (6.6%) M High (19.8%) & M Low (6.6%) M High (19.8%)
ke L0,
1004 § 20 . - s~ B : =
S pasay [ > b===q b=-=q b=-=q
[a) a
"o\ c C
& ke ]
Py 2 2
Q i i o o
S 504 : i a a
= : § Q Q
= : 3 3 =
£ n (7}
= ? B
i H 2 X%}
s ©
=. £ £
() T T “t 1 (e} o
-2° -1° 0° 1° 20 Z 1.29° 2° 3° z 1.29° 2° 3°
Distance from fixation point Mask radius Mask radius

Fig. 3. Experiments 3 and 4: (a) Spatial luminance profile of target used in Experiments 3—4. To ensure that the mask remained at maximum luminance over the
entire area of the target (dashed grey line), a slightly larger mask size was used (radius = 1.29°, black line). (b) The effect of mask size and contrast in a randomised
presentation design. Apart from a main effect of mask contrast, there was neither a significant interaction between the two variables nor a significant main effect of
mask size. (c) The effect of mask size and contrast in a blocked design, sorted by mask contrast. Similar to the randomised presentation, there was no significant
interaction between mask size and contrast and there was no significant main effect of mask size either. Asterisks represent statistical significance after Bonferroni
correction (*: p < .05, **: p < .01). Error bars represent 95% confidence intervals.

comparably t(9) = 2.94, p = .05. These results were summarised in
Fig. 2c.

2.3. Discussion for experiments 1-2

The effects of mask size and contrast on CFS are an understudied
topic. Assessments are surprisingly rare — only few studies have looked
at the effect of mask contrast on suppression strength (Han et al., 2016;
Ludwig, Sterzer, Kathmann, & Hesselmann, 2016; Tsuchiya & Koch,
2005). As such, the goal of Experiments 1-2 was to establish the in-
dependent effects of mask size and contrast respectively. Three mask
sizes (i.e., 1°, 2°, and 3° radius) and three contrast levels (i.e., 6.6%,
13.2% and 29.8% RMS) were tested, and the dependent measure was
the time to target visibility. Our results revealed significant effects of
mask size and contrast, producing significantly longer suppression
durations as the mask size or contrast increases. Sighting dominance
did not influence the results of both experiments, and it was unlikely
that differences in contrast sensitivity could have driven the pattern of
results, as contrast thresholds were comparable between eyes and
across participants in Experiment 1.

A bigger and brighter stimulus is generally more salient than a
smaller, dimmer stimulus. It is possible that the increased salience
might have contributed to suppression through attentional capture,
especially towards the end of the Mondrian’s dominance period (see
influence of attention on BR dynamics in Dieter, Melnick, & Tadin,
2015), when interocular suppression is the weakest (Alais, Cass, O'Shea,
& Blake, 2010). However, the contribution of attentional capture is
unlikely to be substantial, as the task required participants to identify
the orientation of the target. With repeated testing, selective attention
to a task-relevant stimulus has been shown to increase its visibility
during BR (Dieter, Melnick, & Tadin, 2016). As a result, any suppressive
advantage gained from attentional capture might be counteracted by
the increase in target visibility over time. Moreover, properties that
could contribute to the Mondrian mask’s salience are also associated
with greater suppressive strength, e.g., high contrast (Blake, 1989;
Brascamp, Klink, & Levelt, 2015), abundant high spatial frequency
edges (Baker & Graf, 2009) and rapid update changes (Wolfe, 1984).
Low-level mechanisms have been thought to underlie the suppressive
advantage of these properties, such as the greater V1 response to spatial
edges (Perna, Tosetti, Montanaro, & Morrone, 2008). Thus, while we do
not deny the influence of attentional capture, it is unclear how it alone
could drive the mask contrast and size effects in Experiments 1-2.

Increasing the contrast of the CFS mask decreases the neural de-
codability of stimulus-related information in the ventral and superior
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dorsal regions (Ludwig et al., 2016), presumably via gain modulation
(Yuval-Greenberg & Heeger, 2013). Thus one interpretation is that the
effectiveness of the CFS mask varies with the amount of global acti-
vation. Larger masks would stimulate more retinotopic neural popula-
tions and higher mask contrasts are expected to trigger greater neuronal
responses (e.g., monotonic S-shaped function of V1 neuronal responses;
Carandini, Heeger, & Movshon, 1997). The resulting greater global
activation may trigger greater suppression of target-related activity,
explaining the mask size and contrast effects observed in Experiments
1-2. To test this possibility, we examine the relationship between mask
size and contrast in Experiments 3-4.

3. Experiments 3-4: evaluating the global activation hypothesis

In Experiments 1 and 2, suppression durations increased as mask
size and contrast increased. These effects could be attributed to the
increased global activation produced by larger and brighter masks.
Based on the idea that simultaneous increases in mask size and contrast
would generate a lot more global activation than increases in either
parameter, we re-examined the effect of mask size (i.e., 1.29°, 2°, and 3°
radius) at two levels of mask contrast (i.e., 6.6% and 29.8% RMS). If a
global activation mechanism underlay CFS suppression, mask size
would have a greater effect on suppression durations when the mask is
also presented at high contrast.

Experiments 3-4 also served to test the robustness of the mask size
effect. Several participants in Experiment 1 reported seeing the target
break suppression along the edges of the mask, which may be a con-
sequence of the raised cosine function used to soften the mask edges. As
illustrated in Fig. 3a, the function produces a lower level of contrast
around the mask edges, weakening suppression and increasing the
probability of target breakthrough. Imperfect fusion of the same-sized
targets and masks could also facilitate target breakthroughs. We thus
enlarged the small mask slightly, ensuring that the mask remained at
full luminance across the full area of the target (Fig. 3a). The effect of
mask size was also evaluated with randomised (Experiment 3) and
blocked stimulus presentations (Experiment 4). Randomised presenta-
tions are useful for controlling order effects, but this form of pre-
sentation might be problematic for b-CFS, as it is susceptible to parti-
cipants’ criteria for target visibility (Yang et al., 2014). When presented
with a mix of potentially easy and difficult trials, participants might
find it difficult to come a stable decision threshold (Heekeren & Marrett,
2008) or adjust their response in accordance to the stimulus presented
on the preceding trial (Los, 1996). On the other hand, participants may
adopt different strategies for each block in blocked presentations, due
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to familiarity with the stimuli content (Stein, Hebart et al., 2011; Los,
1996). It would be interesting to see if the effect of mask size varies in
magnitude with presentation type. As manipulating mask contrast is the
most straightforward way to vary CFS effectiveness (e.g., Tsuchiya &
Koch, 2005), we sorted trials according to mask contrast.

3.1. Materials and methods

3.1.1. Participants

12 students (8 females, Mean age = 21.0, SD = 2.77) participated
in Experiment 3, whereas 17 students (14 females, Mean age = 22.12,
SD = 3.25) were recruited in Experiment 4. All were naive to the
purpose of the experiment and had normal or corrected-to-normal vi-
sion, and normal stereovision. Informed consent was obtained from all
participants.

3.1.2. Stimuli

The same target stimulus from Experiments 1-2 was used in
Experiments 3-4. The mask RMS contrast levels were 6.6% (same
contrast as the target) and 29.8% (three times that of the target),
whereas the mask sizes were 1.29°, 2°, 3° in radius. The diameter of the
smallest mask size condition was 12 pixels (0.29° DVA) wider than the
small condition in Experiment 1 to ensure the mask remained at max-
imum luminance over the entire area of the target (Fig. 3a).

3.1.3. Procedure

The same experimental procedures from previous experiments were
followed in Experiments 3—-4, with the exception that in Experiments 3
and 4 the stimulus presentation sequences were determined differently.
Specifically, in Experiment 3, mask sizes and contrast levels were ran-
domly interleaved within each block, producing a fully randomised
presentation design. In Experiment 4, low- and high-contrast masks
were presented in separate blocks, whereas the different mask sizes
were randomised in each block. In Experiment 3, all but one participant
completed three blocks of 48 trials. The remaining participant com-
pleted four blocks of 48 trials. Experiment 4’s participants completed
four blocks of 48 trials. In both experiments, the masking eye was
randomised across trials.

3.1.4. Data normalisation

The same normalisation procedure from previous experiments was
used. A total of seven participants were excluded, including two from
Experiment 3. One participant could not perform the task (Experiment
3), whereas the remaining six found the task too easy and showed no
signs of effective CFS suppression. The remaining datasets were then
examined for outliers and incorrect trials. Collapsed across all condi-
tions tested for each individual participant, incorrect trials made up 1%
of all trials in both experiments and outliers constituted 14% in
Experiment 3 and 15% in Experiment 4. As in previous experiments, the
remaining data were normalised for each participant across all condi-
tions.

3.2. Results

3.2.1. Randomised presentation

Fig. 3b summarises the trends obtained with the randomised pre-
sentation. The effect of sighting dominance was tested with a three-way
rm-ANOVA (mask size, contrast and masking eye). Results showed that
sighting dominance did not have a significant main effect F
(1,9) = 4.38, p = .07, and there were no significant interactions with
mask size and contrast, F(1,9) = 2, p = .16 and F(1,9) = 1.27,p = .29,
respectively. The three-way interaction among mask size, contrast and
masking eye was also not significant, F(1,9) = 0.33, p = .72.

The data was then collapsed across eyes and re-analysed with a two-
way rm-ANOVA (mask size and contrast). The results showed a sig-
nificant main effect for contrast F(1,9) = 19.62, p = .002 .77; = 0.746,
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where higher contrast conditions produced significantly longer sup-
pression than lower contrast conditions. There was neither a significant
main effect for size, F(2,18) = 0.46, p = .639, nor a significant inter-
action between size and contrast, F(2,18) = 0.28, p = .757.

3.2.2. Blocked presentation

We conducted a three-way rm-ANOVA (mask size, contrast, and
masking eye) to evaluate the effect of sighting dominance. Sighting
dominance did not have a significant effect on suppression durations, F
(1,11) = 0.76, p = .401, and did not interact with mask size and con-
trast, F(2,11) = 0.25, p = .78 and F(1,11) = 0.05, p = .84 respectively.
There was also no significant three-way interaction among mask size,
contrast and masking eye, F(2,11) = 1.34, p = .28.

Fig. 3¢ shows the mean suppression durations for the six conditions
in Experiment 4, collapsed across masking eye. Similar to the rando-
mised presentation, there was a significant main effect for contrast,
such that high-contrast masks produced significantly more suppression
than low-contrast masks, F(1,11) = 24.6, p < .011. nj = 0.798. Mask
size also did not affect suppression significantly, F(2,22) = 0.926,
p = .411, and did not interact with mask contrast, F(2,22) = 0.58,
p=.57.

3.3. Discussion

In Experiments 3-4, we asked if CFS suppression operates over
global spatial zones. We employed a factorial design, which tested three
mask sizes (i.e., 1.29°, 2°, 3° radius) and two mask contrast levels (i.e.,
6.6% and 29.8% RMS). By using a larger small mask size condition
(1.29° versus 1° in Experiments 1-2) and by comparing the effect of
randomised and blocked stimulus presentations, these experiments also
tested the reliability and robustness of the mask size effect. Given that
simultaneous increases in mask size and contrast should result in a
greater increase in global activity than either parameter, we expected
mask size to not only have a significant effect on suppression durations,
but to also increase in magnitude when the mask is presented at high
contrast. Contrary to our predictions, the results consistently showed a
significant effect of mask contrast but not mask size. As in the previous
experiments, sighting dominance did not drive these trends. Thus, the
effect of mask size was not robust and did not depend the ease of de-
veloping a stable decision criterion, which could have been reduced in
the more variable, randomised presentation (Heekeren & Marrett,
2008).

Perhaps by using enlarging the smallest mask size and reducing the
range of mask sizes as a result, we decreased the sensitivity of our mask
size manipulation. This was unlikely, as the radius of the smallest mask
size was only 0.29° wider than that in Experiment 1. In addition, the
current mask size range would have resulted in five-fold difference in
area between the largest and smallest masks. This ratio was similar to
mask contrast, which had a ratio of four between the highest and lowest
mask contrast used. Assuming that a broader range was required for a
reliable effect of mask size, it would suggest a stronger impact of mask
contrast on suppression. This would be inconsistent with a global ac-
tivation account, as there was no reason for either parameter to have a
greater influence if the resultant global activity drove suppression.
Instead, it seemed more likely that the effect of mask size observed in
Experiment 1 was a consequence of presenting equally sized target and
mask in the smallest mask condition. As all mask edges were softened
with a raised cosine function, the equal sized mask would produce
weaker suppression around the target edges, facilitating target break-
throughs. Imperfect fusion between the equally sized target and mask
could also reduce the suppression duration of the target (see BR ex-
ample in Moutoussis & Zeki, 2002), though eye-tracking data would be
required to determine the fusion quality of the smallest mask condition.
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4. Experiment 5: evaluating the role of local suppressive processes

The previous experiments showed that suppression duration was
significantly influenced by mask contrast but not mask size. These re-
sults argued against a robust mask size effect. In Experiment 5, we
tested the idea that CFS suppression depended on local spatial inter-
actions documented in BR (Paffen et al., 2004; Paffen et al., 2005; Alais
et al., 2006). Specifically in BR, the dominance duration of a high
contrast central rivalry stimulus decreased when surrounded by a high-
contrast annulus grating of the same orientation or direction of motion
(Paffen et al., 2004; Paffen et al., 2005). The effect was observed when
the annulus was presented in the same or different eye from the central
stimulus (Paffen et al., 2004; Paffen et al., 2005), and was thought to be
due to iso-orientation surround suppression in the primary visual cortex
(Fries, Albus, & Creutzfeldt, 1977; Knierim & van Essen, 1992). If CFS
operates through similar mechanisms to BR, we would expect collinear
surrounds to weaken the suppressive strength of the central mask, re-
ducing suppression durations as a result. In addition, we would expect
results similar to those of Kang (2009). That is, when collinearity is low,
mask contrast would have a greater effect on the strength of suppres-
sion. In contrast, when collinearity is high, changing the mask contrast
would have a smaller effect on suppression strength.

4.1. Materials and methods

4.1.1. Participants

Eleven female students (Mean age = 20.8, SD = 2.6) participated in
Experiment 5. All were naive to the purpose of the experiment and had
normal or corrected-to-normal vision and normal stereovision.
Informed consent was obtained from all participants.

Stimuli. The target stimulus was a 3 cpd sinusoidal grating tilted 6°
to the left or right. The generation of the mask stimuli was designed to
create a Mondrian-like stimulus composed only of hard vertical edges.
We first computed five sets of 20 vertically oriented square wave
gratings, as this allowed us to test the effect of collinearity and to
produce hard edges. The same duty cycle was used for each set of
gratings, but varied from 39% to 44% across the five sets of gratings to
avoid adaptation to the same duty cycle. Given the feature selectivity of
CFS (e.g., Yang & Blake, 2012), the range was also specifically chosen to
resemble the spatial properties of the target. To mimic the stochastic
alignment of contours of a 10 Hz Mondrian, each of these gratings were
phase-jittered between —m and . As the monitor had a screen rate of
100 Hz, the gratings were then replicated 10 times to form a stepped
presentation profile. The luminance timeline of each vertical bar in

(a) (b)

M Low contrast

Types of mask surround

{ Orthogonal ~ Nosurround  Collinear |

Target orientation

6° to the left 6° to the right

Normalised Suppression Duration

Orthogonal

Type of surround

No surround Collinear
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each grating was then replaced with a randomly sampled timeline ex-
tracted from a 10 Hz Mondrian. As in the previous experiments, target
stimuli and mask sequences were windowed with a circular, raised
cosine function (0.29° width ramp). This produced a target radius of 1°
and central mask radius of 1.29°. Collinear mask annuli were generated
from the same grating sequences as the central mask, and had an ex-
ternal radius of 3.2° and internal radius of 1.38°. Orthogonal annuli had
the same dimensions, but were rotated 90° from the vertical. Suppres-
sion with the grating sequences was weaker than the regular Mondrian,
presumably because spatial energy was concentrated along the vertical,
leaving the tilted target slightly incompatible with the mask stimuli. As
such, target RMS contrast was set at 2%, a lower value than previous
experiments. Mask RMS contrast levels were set at 2% (same contrast as
the target) for the low contrast condition, and 20% (ten times that of
the target) for the high contrast condition. A total of six experimental
conditions were generated with these stimuli, and they were masks
presented without an annulus, a collinear or orthogonal annulus
(henceforth NA, NCA, CA), each at high or low contrast.

4.1.2. Procedure

The same experimental procedures from previous experiments were
followed in Experiment 5. Low and high contrast masks were presented
in separate blocks that interleaved the NA, NCA and CA conditions. All
participants completed four blocks of 36 trials each, during which the
masker was randomised between the eyes, across trials.

4.1.3. Data normalisation

Outliers and incorrect trials were excluded from the dataset.
Collapsed across all conditions tested for each participant, incorrect
trials made up 1% of all trials and outliers constituted 14%. The re-
maining data were then normalised for each participant with the same
normalisation procedure from previous experiments.

4.2. Results

We first conducted a three-way rm-ANOVA (mask type, contrast,
and masking eye) to evaluate the effect of sighting dominance. Sighting
dominance did not have a significant effect on suppression durations, F
(1,10) = 0.25, p = .63, 77; = 0.02, and did not interact with contrast
and mask type, F(1,10) = 0.07, p = .80, r): = 0.01 and F(1,10) = 2.11,
p = .15, 77; = 0.17, respectively. There was also no significant three-

way interaction among mask type, contrast and masking eye, F
(2,20) = 2.01, p = .16, npz = 0.17. The data were then collapsed across

Fig. 4. Experiment 5: (a) Mask and target stimuli
used in Experiment 5. Three types of mask surround
conditions were presented, namely, surrounds with
contours orthogonal to the central mask, surrounds
with collinear contours and no surround. The target
was a 3 cpd sinusoidal grating tilted 6° to the left or
right. (b) The effect of mask type and contrast on
suppression durations. We found a significant inter-
action between the two independent variables:
higher mask contrasts produced longer suppression,
but the magnitude of increase was dependent on the
type of mask (see left panel for example surround).
Compared to the no-surround condition, increasing
mask size with a orthogonal surround produced an
increase in suppression durations whereas the use of
a collinear surround weakened suppression. These
results suggest the role of local spatial interactions in
CFS, and could explain the unreliable mask size effect
observed in Experiments 1, 3 and 4. Asterisks re-
present statistical significance after Bonferroni cor-
rection (*: p < .05, **: p < .01, ***: p < .001).
Error bars represent 95% confidence intervals.

M High contrast
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masking eye (Fig. 4) and re-analysed with a two-way rm-ANOVA (mask
size and contrast). We found significant main effects of mask contrast
and mask type, F(1,10) =57.6, p < .001l. 775 =0.85, and F
(1,10) = 40.4, p < .001. r); = 0.80, respectively. Mask contrast and
mask type also interacted significantly, F(2,20) =20.4, p < .001,
77; = 0.67, characterised by a weaker effect of mask surround in the low
mask contrast condition (Fig. 4).

To comprehend this interaction, we first plotted individual raw
suppression durations (Fig. S6, panel a). We observed that the low mask
contrast conditions produced a concentration of data points around
1-2s, suggesting that a floor effect might be contributing to the inter-
action between mask contrast and surround. Further analyses with
Bonferroni-corrected paired-samples t-tests showed that the use of the
collinear surround decreased suppression duration significantly for
both low and high mask contrasts, t(10) = 4.08, p =.009 and t
(10) = 5.61, p < .001 respectively. In contrast, the orthogonal sur-
round increased suppression duration, but only when mask contrast
was high, t(10) = 3.07, p = .048. Adding an orthogonal surround did
not significant vary suppression durations when mask contrast was low,
t(10) = 0.35, p = 1.0. Interestingly, orthogonal surrounds produced a
larger effect of mask contrast than collinear surrounds, t(10) = 5.28,
p < .001. Similarly, masks without surrounds also had a larger con-
trast effect than masks with collinear surrounds, t(10) = 4.05, p = .005.

5. General discussion

Previous studies have demonstrated several similarities between BR
and CFS, raising the possibility of a shared theoretical framework. It is
thus puzzling that the effects of mask size and contrast seem to differ
between BR and CFS. Specifically, while BR suppression has been re-
ported to weaken with larger mask sizes (Blake, 2001), it is unclear why
a wide variety of mask sizes have been used in CFS studies (Table 1). In
addition, while mask contrast has been shown to increase CFS sup-
pression (Tsuchiya & Koch, 2005; Han et al., 2016), Kang (2009)
showed that mask contrast had a greater effect on BR suppression when
the mask size was small. Here, we conducted a systematic investigation
into the effects of mask size and contrast on CFS, measuring the time to
visibility with the b-CFS paradigm. To our best knowledge, the effects
of mask size and contrast have not been studied in CFS. We thus verified
the existence of the discrepancy between CFS and BR by studying the
independent effects of mask size and contrast in Experiments 1-2, be-
fore proceeding to examine the relationship between mask size and
contrast in randomised and blocked presentations in Experiments 3—4.
As lateral interactions among local, collinear spatial zones have been
observed in BR (e.g., Alais et al., 2006), a final experiment was con-
ducted to examine the influence of collinearity on CFS.

Measured independently, we found that mask size and contrast had
significant main effects on normalised suppression durations, producing
longer suppression of the target as mask size and contrast increased.
However, only the effect of mask contrast was replicated in
Experiments 3-4. Not only were there no significant effects of mask size
in both experiments, mask size and contrast did not interact sig-
nificantly. As similar trends were obtained for both randomised
(Experiment 3) and blocked presentations (Experiment 4), the results
cannot be chalked up to participant decisional factors, such as the
difficulty to settle on a stable decision criteria when conditions of
varying levels of difficulty (i.e., low and high contrast) are interleaved
together (Heekeren & Marrett, 2008). Instead, it seemed more likely
that the mask size effect observed in Experiment 1 was unreliable and
probably driven by the smallest mask size condition. Matched with the
target’s size, factors such as imperfect fusion and weaker suppression
around the target edges could have reduced suppression durations in
the smallest mask size condition, thereby driving the size effect ob-
served. In Experiment 5, surrounding the central mask with a collinear
surround weakens target suppression, producing lower suppression
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durations than the no-surround and orthogonal surround conditions.
This was reminiscent of the surround suppression effects reported by
Paffen et al. (2005), where the stimulus strength of the central stimulus
was weakened by the presence of an iso-oriented surround. Although
following the same general trend, the effect of collinearity seemed to be
weaker at low mask contrast. Specifically, the orthogonal surround
condition was as effective as the no-surround condition at low mask
contrast, but was more effective at high mask contrast. The collinear
surround condition was consistently weaker than the no-surround and
orthogonal surround conditions at both levels of mask contrast, but the
magnitude of change was noticeably smaller. We acknowledge that the
magnitude differences in trend were probably driven by a floor effect,
where the differences between conditions were obscured by factors
such as subjective criteria and response times (Yang et al., 2014). More
interestingly, mask contrast effects were smaller in the collinear sur-
round condition, suggesting that the interaction between mask size and
contrast in Kang (2009) might be explained by collinearity. Finally, we
did not find a significant effect of sighting dominance, a finding that
was consistent over five experiments.

The implications of these observations are as follows. Firstly, the
effect of collinearity in Experiment 5 showed that both CFS and BR
involve local suppressive processes, reminiscent of surround suppres-
sion. Surround suppression is a phenomenon in which the response to a
central visual stimulus is inhibited by the presence of neighbouring
stimuli (Chubb, Sperling, & Solomon, 1989; Yu, Klein, & Levi, 2001). It
could operate in interocular, monocular and binocular presentations
(Chubb et al., 1989; Paffen & Pas, te, S. F., Kanai, R., van der Smagt, M.
J., & Verstraten, F. A. J. , 2004; Paffen et al., 2005). In our study,
monocular inhibition from the collinear surround could have sup-
pressed the neural activity associated with the central mask, reducing
its potency for interocular suppression. This could explain the results of
Kang (2009), who found no effect of stimulus contrast in BR when large
rivalling gratings were presented. Similar to the collinear surround
condition in Experiment 5, the large rivalling gratings in Kang (2009)
were similar susceptible to surround suppression, explaining the ab-
sence of contrast effects in BR and the smaller contrast effect for col-
linear surrounds in Experiment 5. It follows that collinearity could in-
fluence the adherence to or deviation from Levelt’s second law of
rivalry, which states that the average dominance of a stimulus remains
comparable regardless of its stimulus strength (Brascamp et al., 2015).
Thus raising stimulus contrast would be a good way to increase the
effectiveness of interocular suppression in both paradigms, if and only if
the manipulated stimulus has low collinearity.

Secondly, the demonstration of surround suppression in CFS raises
important implications for clinical research. For example, studies have
adopted the technique to examine the unconscious processing of eye
gaze (Seymour, Rhodes, Stein, & Langdon, 2016), affective faces (Kring,
Siegel, & Barrett, 2014) and interpersonal interactions (Zhu et al.,
2015) in schizophrenic patients. As schizophrenic patients have been
found to exhibit weaker surround suppression for stimuli defined by
size, contrast (Tibber et al., 2013) and orientation (Yoon et al., 2009;
Seymour et al., 2013), it is curious if and how the organisation of mask
contours contributes to CFS suppression. Assuming surround suppres-
sion is less of a concern for producing effective CFS suppression in
schizophrenia, one implication is that the spatial predictability of the
mask contours may not have the same effect on suppression as normal
participants (Han, Alais, and Blake (2018)). It would also be interesting
to see if performance on CFS tasks could be related to differences in
surround suppression between individuals with and without schizo-
phrenia. Given the increasing popularity of the technique, under-
standing the relationship between known differences in clinical and
normal populations (e.g., surround suppression) and CFS performance
is unlikely to be trivial. Not only does it increase our comprehension of
the results, but it also affords the opportunity to improve the use of CFS
in clinical research.

Thirdly, the lack of sighting dominance effects in our study parallels
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with an earlier study by Han and Alais (2018). These results contrast
with the eye-specific effects reported in previous binocular rivalry
studies (e.g., Blake, Westerndorf, & Overton, 1980; Lee & Blake, 2004),
but we raise caution in drawing this distinction prematurely. This is
because effects of eye dominance have been shown in previous CFS
research (Yang, Blake, & McDonald, 2010), and the evidence linking
sighting dominance and interocular suppression have been mixed
(Bosten et al., 2015; Dieter, Sy, & Blake, 2017; Ding, Naber, Gayet, Van
der Stigchel, & Paffen, 2018). Instead, we question if our randomised
visual presentation might have contributed to the apparent lack of eye-
specific effects. To elaborate, the presentation of the mask was rando-
mised between the eyes in all five experiments. Performed to reduce
neural adaptation and to maintain suppressive effectiveness, this pro-
cedure might have disrupted or weakened any eye-specific processes.
Support for this conclusion comes from Moors, Stein, Wagemans, and
van Ee (2015), who previously reported that serial correlations of
suppression durations were weaker with variable eye presentations
than fixed eye presentations in CFS. Note that such serial correlations
were not exclusive to CFS, as similar correlations have been observed in
BR (Mamassian & Goutcher, 2005).

An account based solely on local suppressive processes in CFS would
suggest that the use of an orthogonal surround would produce com-
parable suppression to having no surround. In Experiment 5, however,
we discovered that suppression was more effective with an orthogonal
surround than without a surround. As adding a surround does increase
the overall activation in the masking eye, the result might be indicative
of global activation mechanisms. One may even postulate possible
global activation mechanisms, such as gain modulation on early visual
processes (Klink, van Ee, Nijs, & Brouwer, 2008) and attentional cap-
ture at late dominance periods (Dieter et al., 2015). Yet, it is note-
worthy that the masks presented in Experiments 1-4 had low colli-
nearity within each pattern update, and any substantial effect of global
activation would have been evident in those experiments. Although we
do not have a clear understanding of this result, we speculate that it
might be related to differences in individuals’ criteria for target visi-
bility (Yang et al., 2014), a common limitation of the b-CFS paradigm.
We remain open to the possibility that global activity could have a
subtle influence on CFS suppression strength, but more objective
measures are required to verify the validity of this claim. Given the
evidence presented in this study and in previous research, we believe
there is no need to assume a distinct neural mechanism for CFS and BR.
In fact, our findings showed that the use of a shared framework could be
feasible and useful for the study of both paradigms.
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