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Abstract

Peters and Lau (eLife, 4, €09651, 2015) found that when criterion bias is controlled for, there is no evidence for unconscious
visual perception in normal observers, in the sense that they cannot directly discriminate a target above chance without knowing
it. One criticism of that study is that the visual suppression method used, forward and backward masking (FBM), may be too
blunt in the way it interferes with visual processing to allow for unconscious forced-choice discrimination. To investigate this
question, we compared FBM directly to continuous flash suppression (CFS) in a two-interval forced-choice task. Although CFS
is popular, and may be thought of as a more powerful visual suppression technique, we found no difference in the degree of
perceptual impairment between the two suppression types. To the extent that CFS impairs perception, both objective discrimi-
nation and subjective awareness are impaired to similar degrees under FBM. This pattern was consistently observed across three
experiments in which various experimental parameters were varied. These findings provide evidence for an ongoing debate about

unconscious perception: normal observers cannot perform forced-choice discrimination tasks unconsciously.

Keywords Visual awareness - Binocular vision: Rivalry/ Bistable Perception - visual perception

Whether normal observers can perform forced-choice dis-
crimination tasks unconsciously (i.e., whether thresholds for
objective performance and subjective awareness in normal
observers can dissociate in such tasks) is controversial
(Peters, Kentridge, & Phillips, 2017; Phillips, 2017; Phillips
& Block, 2016). This is an important issue to resolve because
a reliable means of demonstrating unconscious perception
would be an invaluable tool for studying the neural correlates
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of consciousness while controlling for unconscious signal pro-
cessing confounds (Lau, 2008; Lau & Rosenthal, 2011).

While the dissociation of objective and subjective thresh-
olds is typically thought to occur in blindsight (Weiskrantz,
1986; but see Phillips, 2017, for an opposing view), evidence
for the same dissociation in normal observers has been con-
tentious. Some studies have failed to replicate (Kolb & Braun,
1995; Morgan, Mason, & Solomon, 1997), while others (e.g.,
Hesselmann, Hebart, & Malach, 2011; Salti et al., 2015) have
been potentially subject to the well-known confound of crite-
rion bias (Eriksen, 1960; Hannula, Simons, & Cohen, 2005;
Lloyd, Abrahamyan, Harris, & Antal, 2013; Merikle, Smilek,
& Eastwood, 2001). With respect to criterion bias, the specific
worry is that participants may be overly-conservative when
making subjective ratings, such that on trials in which they
see a small portion or a noisy gist of a target stimulus, they will
still rate that target stimulus as “unseen” or “invisible” be-
cause the internal experience of the stimulus does not surpass
a conservative internal criterion.

A recent study by Peters and Lau (2015) showed that when
such criterion bias is controlled for by collecting subjective
ratings via a two-interval forced-choice (2IFC) task, there is
no evidence for unconscious forced-choice discrimination in
normal observers. Briefly, in their study, participants
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performed a left/right grating orientation discrimination task
in each of two stimulus intervals and indicated in which of the
two intervals they felt more confident in their orientation judg-
ment. In each interval a series of forward and backwards
masks (sometimes referred to as sandwich masking, but here-
after referred to as FBM) were presented, but, unbeknownst to
participants, on every trial one of the two intervals lacked a
target grating. Results showed that as soon as participants
performed above chance in discriminating the orientation of
the physically presented target grating, they were also above
chance in meaningfully assigning their confidence judgments
to the interval that contained that target grating. These results
suggest that when the potential for criterion bias is minimized,
objective performance and subjective awareness thresholds
for orientation discrimination do not dissociate (i.e., there is
no unconscious orientation discrimination under FBM.

A concern regarding the Peters and Lau (2015) study is that
FBM may interfere at too early a stage in visual processing to
facilitate unconscious perception. It could be argued then that
if the authors had used a visual suppression method that inter-
feres at a later stage, such as metacontrast masking or contin-
uous flash suppression (CFS; Breitmeyer, 2015), then uncon-
scious perception would have been observed.

We addressed this concern in the current study by directly
comparing different visual suppression methods in an adapted
version of the 2IFC paradigm used in Peters and Lau (2015).
Critically, instead of varying the presence/absence of a target
stimulus between the two intervals, we presented a target stim-
ulus in both intervals, and instead varied the suppression
method used to reduce target visibility between intervals.
Specifically, on each trial, a left-tilted or right-tilted target
grating in one interval was masked by a monocular pattern
masking method (FBM in Experiments 1 and 2, backward
masking [BM] in Experiment 3), while a left-tilted or right-
tilted target grating in the other interval was masked by a
binocular rivalry-based method (CFS in Experiments 1 and
3, interocular suppression [IS] in Experiment 2).

Using this setup, if one suppression method is in fact more
permissive of unconscious processing than the other, then
when subjective awareness of the target grating is matched
between suppression methods, there should be higher objec-
tive discrimination performance under the more permissive
method. Similarly, when left/right discrimination performance
under the two methods is matched near perceptual threshold,
subjective awareness of the target grating should be relatively
reduced under the more permissive method. In other words,
we should find a difference in the magnitude of any dissocia-
tion between objective and subjective discrimination thresh-
olds, or relative blindsight (Lau & Passingham, 2006), be-
tween the two suppression methods.

We chose to compare masking types directly, instead of
simply attempting a replication of the method in Peters and
Lau (2015) with different suppression techniques, because

theoretically it should be easier to find a relative dissociation
between objective and subjective thresholds (e.g., Lau &
Passingham, 2006) than it is to find an absolute dissociation
(e.g., the failure to find such a dissociation in Peters & Lau,
2015). A test of relative blindsight should therefore have higher
sensitivity in terms of being able to detect meaningful differences
in the relative positioning of objective and subjective thresholds
between different visual suppression methods. We tested the hy-
pothesis that such differences exist using a different pair of sup-
pression methods in each of three psychophysical experiments.
To anticipate, we did not find such evidence.

Experiment 1

Method
Participants

In order to determine the number of participants that would pro-
vide sufficient power for detecting an unconscious forced-choice
discrimination effect in each of the present experiments, we first
thought to base our predicted effect size on previous studies by
Hesselmann et al. (2011; 4AFC percentage correct on unseen
trials = 43%, SD = 14%, Cohen’s d = 1.29) and Salti et al.
(2015; 8AFC percentage correct on unseen trials = 50.4%, SD
=22.2%, Cohen’s d = 1.71). However, because these effect sizes
are relatively large—thus requiring relatively few subjects—in
order to increase the likelihood of detecting a more moderate
unconscious effect, we instead set our predicted effect size to a
more conservative level of Cohen’s d = 0.8, a standard value for a
large effect. To further increase the odds of finding an uncon-
scious perception effect, we set our desired level of power to 1 —
3 =0.90 at o« = 0.05 rather than the standard 1 — 3 = 0.80. Based
on these parameters, and assuming a two-tailed one-sample ¢ test
for hypothesis testing, a power analysis showed that the neces-
sary sample size was 19 participants.

Twenty-six participants (seven female, ages 19-39 years, one
left-handed, 10 left-eye dominant, three experienced), including
the first author, gave written informed consent to participate in
Experiment 1. Three of these participants, noted as
“experienced” above, participated in Experiments 2 and 3 prior
to Experiment 1. All participants had normal or corrected-to-
normal eyesight and normal stereo vision, and all were either
paid $10 USD or given course credit for their participation.
The data of five participants were removed due to failure to pass
the adaptive staircasing stage (see Procedure section below). The
data of one additional participant were removed after they
disclosed that they began pushing buttons at random during the
main experiment. Therefore, 20 total participants (six female,
ages 2039 years, one left-handed, eight left-eye dominant, three
experienced) were included in the analyses for Experiment 1.
This and all subsequent experiments were conducted in
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accordance with the Declaration of Helsinki and were approved
by the UCLA Institutional Review Board.

Apparatus and stimuli

All stimuli were generated with custom MATLAB R2013a
(Natick, MA) scripts using PsychToolbox 3.0.12 on a
gamma-corrected Dell E773¢ CRT monitor with a resolution
of 1024 x 768 pixels and a 75-Hz refresh rate. To achieve
binocular rivalry, all stimuli were viewed through a
ScreenScope Desktop stereoscope. Target stimuli were sinu-
soidal gratings with a spatial frequency of .025 cycles/pixel
tilted 45° to either the left or the right of vertical. Gratings
were 153 pixels in diameter and were viewed through a circu-
lar annulus of the same diameter with a Gaussian hull spatial
constant of 100. The viewing distance was 33 cm, making
grating stimuli approximately 6.5 visual degrees in diameter.
Mask stimuli were colored Mondrian patterns of the same
dimensions as target stimuli and were created in MATLAB
as previously described (Stein, Hebart, & Sterzer, 2011).
Target and mask stimuli were presented centered within two
square-shaped boxes or “fusion contours” (one for each eye,
diameter 7.4°), each side of which was composed of eleven 17
x 17 pixel squares, alternating between black and white (see
Fig. 1a). By default, fusion contours were horizontally cen-
tered within each left/right half of the screen (11.2 degrees
from the midline each) and vertically centered on the screen.
At the beginning of each session participants were allowed to
shift the on-screen location of the left fusion contours by but-
ton press (one pixel per press in any of the cardinal directions),
so as to achieve optimal fusion when viewing the screen
through the stereoscope. Eight of 20 participants included in
the main analyses used this function (mean + SD shifts = 3.58°
+ 1.87° leftward and 0.77° + 1.31° downward).

Each trial of the main experiment contained two stimulus
intervals: one in which the target was masked by FBM, and
the other in which the target was masked by CFS (see Fig. 1b—
c). Each stimulus interval had a total length of 533.3 ms. In
both FBM and CFS intervals, a series of five different masks
was presented to one eye. In the FBM interval, all stimuli were
presented to the nondominant eye. Each mask was presented
for 53.3 ms and separated from the next mask by a 53.3-ms
blank interval, with the exception of the interval between the
second and third masks, in the middle of which the target
appeared for 26.7 ms (see Fig. 1b). The dominant eye was
presented with nothing during the FBM interval. In the CFS
interval, masks were presented to the dominant eye with the
same temporal profile as in the FBM interval. To the nondom-
inant eye, the target was presented at a range of contrast levels,
which started at zero, and ramped up linearly to a peak con-
trast level over the course of 173 ms. The target stayed at peak
contrast for 26.7 ms, and then ramped back down to zero
linearly over the course of 173 ms. The last 159.6 ms of the
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stimulus interval for the nondominant eye were blank (see Fig.
1b). Target offset occurred prior to mask offset to prevent
image aftereffects that were identified in pilot experiments
and have also been identified previously (Tsuchiya & Koch,
2005). The side of target presentation was thus fixed across all
trials for each participant to the side of the nondominant eye.
Eye dominance was determined using the Miles test (Miles,
1930). Timing of all stimulus presentations was validated
using a Tektronix TDS 3014B oscilloscope.

Procedure

The trial structure in the main experiment extends the two-by-
two forced-choice (2x2FC) paradigm first introduced by
Nachmias and Weber (1975). This method was subsequently
used to explore the relationship between detection and identi-
fication (e.g., Thomas, Gille, & Barker, 1982; Watson &
Robson, 1981), and has more recently been applied to re-
search on perceptual confidence (Barthelmé & Mamassian,
2009, 2010; de Gardelle & Mamassian, 2014). The partici-
pant’s task was to discriminate the orientation of a masked
target grating (left or right) in each interval (Type 1 decision)
and to indicate the interval in which they felt more confident
about their orientation judgment (Type 2 decision; see Fig.
1C). Each trial started with the presentation of a white fixation
cross (0.34° diameter) for 0.5 s. This was followed by the two
stimulus intervals (described above, 0.5 s each) separated by a
1.0 s interstimulus interval containing another white fixation
cross. The second stimulus interval was followed by a 0.5 s
blue fixation cross to signal the upcoming response period.
Participants were then presented with three response prompts,
always in the same order, all of which were responded to by
button press on a regular computer keyboard. First, partici-
pants were asked to make the Type 2 judgment by choosing
the interval in which they felt more confident in their orienta-
tion judgment. Then participants were asked to make the Type
1 orientation judgments for the targets in the first and second
intervals, respectively (see Fig. 1C). The confidence judgment
was placed before the orientation judgments to prevent partic-
ipants from factoring their reaction times on the orientation
task into their confidence judgments. There was no time limit
for response, and speed was never emphasized to participants.
Participants were also informed that there would be several
intervals in which they may not subjectively feel they saw the
target, and that for these intervals, they should give their best
guess as to the target’s orientation.

Prior to the main experiment, participants completed 42
practice trials. Practice trial structure was identical to that in
the main experiment, except for the addition of trial-by-trial
feedback about the accuracy of both orientation and confi-
dence responses. A confidence response was considered ac-
curate if the participant bet on a correct orientation judgment.
In the first 12 trials, target Michelson contrast was 100% under



Atten Percept Psychophys (2018) 80:1974-1987

1977

forward-

backward

masking
(FBM)

Target
]

dominant eye: (nothing)
53.3ms 26.7ms
— -~

non-dominant eye: | M M M M M

continuous
flash

suppression
(CFS)

dominant eye: |M M M M M

non-dominant eye: T

5s 0.533 s 0s 0.533 s

time

Which First Second

FB M c F s decision will or|entat|on? onentatmn?
you bet on? = left = left
(z=1,x=2) = right = right

time

Fig. 1 Stimuli and task structure. a Examples of target grating and mask
stimuli used in all experiments. b Temporal dynamics of stimuli in
Experiment 1. Masks were presented for 53.3 ms each, with intervening
blank gaps of the same length. In forward and backward masking (FBM)
intervals, masks and target were presented to the nondominant eye, with
the target appearing for 26.7 ms evenly between Masks 2 and 3. In
continuous flash suppressions (CFS) intervals, masks were presented to
the dominant eye, while the target grating was presented to the nondom-
inant eye. The contrast of the target ramped up linearly from zero to peak

both suppression conditions. In the first six trials, stimuli were
displayed at half speed. For the last 30 trials, target contrast
was varied independently under each suppression condition
according to an adaptive staircase procedure (QUEST; Watson
& Pelli, 1983) set to estimate the target stimulus contrast at
which orientation discrimination accuracy would be 75% cor-
rect. It should be noted, however, that the function of these 30
trials was only to familiarize participants with the task under
gradually more difficult conditions. Threshold contrast values
were not estimated from practice session data.

Following the practice trials, participants performed anoth-
er adaptive staircase procedure (QUEST; Watson & Pelli,
1983) to actually estimate the target contrast values at which
orientation discrimination accuracy would be matched at 75%
correct for both suppression methods. This procedure
consisted of four blocks of 40 trials each, where the trial struc-
ture was identical to that of the main experiment (see Fig. 1c¢),
with the exception that participants were not asked to make a
confidence judgment. Staircases for CFS and FBM target grat-
ings were independent, and a threshold contrast value was
estimated for each suppression method in each block (four
estimates total per suppression method). The median of these
threshold contrast estimates for each suppression method was
then multiplied by five different proportions, varied slightly
from subject to subject by the experimenters, in order to target
orientation discrimination performance values across the
range of 60% to 90% correct, or, roughly speaking, &’ = 0.5-

contrast over a period of 173 ms, remained at peak contrast for 26.7 ms,
then ramped down linearly to zero over another 173 ms. ¢ Task structure.
FBM and CFS stimuli were presented in pseudorandom order, separated
by a 1.0 s interstimulus interval. Following presentation of stimuli, par-
ticipants were instructed to bet on the interval in which they felt more
confident in their ability to judge the orientation of the target grating.
They were then asked to judge the orientations (left or right) of the target
gratings in Intervals 1 and 2, in that order

2.5. Proportions used to determine FBM and CFS contrast
values were as follows: Proportionsggy = 0.51 + 0.17, 0.75
+0.10,0.95+0.08,1.09+0.19, 1.35 £ 0.14; Proportionscgs =
0.35+£0.11,0.56 £0.11,0.79 £ 0.09, 1.00 £ 0.16, 1.25 £ 0.26.
Notably, the proportions used for CFS stimuli were lower than
those used for FBM stimuli to account for the fact that the
staircasing procedure had a greater tendency to overestimate
threshold contrast values for CFS stimuli compared to FBM
stimuli. Furthermore, the QUEST procedure tended to over-
estimate the 75% correct threshold for both CFS and FBM; it
was because this fact was only gradually revealed to the ex-
perimenters as more participants were included that the pro-
portions of the median threshold estimate that were used to set
experimental contrast levels were ultimately varied slightly
between participants. Furthermore, to minimize potential ceil-
ing effects that could arise from perceptual learning during the
main experiment, staircasing threshold estimates over 75%
contrast were excluded from the median threshold contrast
calculation.

Additionally, if participants did not have threshold contrast
estimates less than or equal to 75% contrast in at least two
blocks for each suppression method, they repeated the same
staircasing procedure (i.e., they performed an additional four
staircasing blocks). If a participant repeated the staircasing
procedure, threshold estimates from only the second
staircasing procedure were used to determine the contrast
values used in the main experiment, and threshold estimates
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up to 100% were included in the median threshold calculation.
As long as a participant in the second staircasing procedure
had at least one threshold contrast estimate under 100% for
each suppression method, they were allowed to proceed to the
main experiment. Otherwise, they were told that the experi-
ment was finished and were excluded from participating in the
main experiment. Five participants were excluded in this way.
Notably, all five failed the QUEST procedure only for CFS
stimuli, suggesting that the CFS task was, on average, more
difficult to learn than the FBM task.

For the main experiment, a full factorial design was used in
which all combinations of suppression method order (2), tar-
get orientation (2 x 2), and target contrast level for each sup-
pression method (5 % 5) were presented, leading to a total of
200 unique trials. Each unique trial was presented twice, mak-
ing for a total of 400 trials, which were randomized over eight
50-trial blocks. At the end of each block, participants were
allowed to take a break with no time limit. At this time they
were also given a score corresponding to their performance on
the previous block, which was computed according to the
following rules: one point was added or subtracted for each
correct or incorrect orientation judgment, respectively. An ad-
ditional point was either added or subtracted for each trial in
which they correctly or incorrectly, respectively, discriminated
the target orientation in the interval in which they indicated
higher confidence. Participants were given a bonus of $10
USD if their final score exceeded that of the previous
participant.

After participants completed the main experiment they
were asked verbally by the experimenter whether, across the
main experiment, they noticed any differences between the
two stimulus intervals beyond basic differences in difficulty.
This question was important in determining whether there
may have been decisional or other cognitive response biases
influencing subjects’ confidence responses. For example, if a
participant could consistently distinguish between the FBM
and CFS intervals, they might have consciously associated
one of the two with higher confidence and, consequently, bet
on that interval more frequently.

Data analysis

The main question that was investigated in each of the current
studies was whether or not we could find a difference in the
relationship between subjective awareness and objective per-
formance between two visual suppression methods. To get at
this question, we used orientation discrimination d’ (Green &
Swets, 1966) as an index of objective performance and confi-
dence judgments as an index of subjective awareness
(Fleming & Lau, 2014; Lau & Rosenthal, 2011).

For each subject, data were collapsed across target orienta-
tion order (Left-Left, Left-Right, Right-Left, Right-Right) and
mask order (FBM—-CFS, CFS-FBM) for each combination
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of contrast levels (5 FBM contrasts x 5 CFS contrasts = 25
combinations) in each trial. Orientation discrimination d” was
calculated for each suppression method for each of these con-
trast combinations. Type 1 hits were defined as trials in which
the target had a left tilt and the subject chose left. Type 1 false
alarms were defined as trials in which the target had a right tilt
and the subject chose left. To adjust for values of infinite d in
all experiments we used a standard correction that converts hit
rates and false-alarm rates of 1 and 0 to 1 — 1/2N and 1/2N,
respectively, where N is the number of trials used in the cal-
culation of ” (MacMillan & Creelman, 2005).

We then plotted, for each of the 25 contrast combina-
tions for each subject, the proportion of trials in which the
CFS interval was rated with higher confidence against the
difference in d’ between the CFS and FBM intervals (see
Fig. 2b). Individual psychometric curves were then gener-
ated by fitting the resulting 25 data points with a cumu-
lative normal distribution function with free parameters o
(threshold) and {3 (slope), and fixed parameters y (lapse
rate) = 0 and & (guess rate) = 0, using the Palamedes
Toolbox (Kingdom & Prins, 2010).

If there is no difference in the relationship between sub-
jective awareness and objective performance between two
given suppression methods, then we should expect the point
of subjective equality (PSE), or the difference in &’ at which
participants are equally likely to bet on the two suppression
methods, to be zero. Similarly, the point of objective equal-
ity (POE), or the likelihood of betting on the CFS interval
when d’cps — d’'spm = 0, should be 50%. If, on the other
hand, the relationship between subjective awareness and ob-
jective performance is significantly different between the
two suppression methods, then the psychometric function
should shift such that the PSE and POE should be signifi-
cantly different from zero and 50%, respectively. Therefore,
in each of the following experiments, the first two major
tests of interest were one-sample 7 tests (x = .05, two-tailed)
conducted on the PSEs and POEs obtained from the
individually-fitted psychometric functions, with the null hy-
pothesis being that the mean PSE and POE across partici-
pants are equal to zero and 50%, respectively. In the case of
the POE analysis, since d” is matched between suppression
methods, subjective awareness is operationally defined in
this case in line with Giles, Lau, and Odegaard (2016), as
the difference in Type 2 responding when Type 1 perfor-
mance is matched. Analyses for each experiment were con-
ducted in MATLAB R2013a (Natick, MA), with the excep-
tion of repeated-measures ANOVAs, which were conducted
in SPSS v22 (IBM, Armonk, NY, USA), and TOST equiv-
alence tests, which were conducted in R using the
TOSTone.bf function provided in Lakens et al. (2018). All
repeated-measures ANOVAs were adjusted for violations of
the assumption of sphericity with the Greenhouse—Geisser
correction when necessary.
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Fig. 2 Results from Experiment 1. a Orientation discrimination
performance (d’) at increasing target contrast under forward and
backward masking (FBM; solid line) and continuous flash suppression
(CFS; dashed line). Error bars indicate +£1 SEM. b Average psychometric
curve. For each participant, the proportion of trials in which they bet on
the CFS interval was plotted as a function of the difference in @’ between
CFS and FBM intervals for each of the 25 combinations of stimulus
contrast levels that could occur in a single trial (shown are group means
+1 SEM). A cumulative normal function was then fit to each participant’s
data, with mean and slope as free parameters. Plotted is the mean of the
individual participant fits (black line) £1 SD (gray). The 95% confidence
interval for the estimated point of subjective equality (PSE) and point of
objective equality (POE) group means are shown by the black bars sitting
near the x-axis and the y-axis, respectively. A significant rightward shift of
the psychometric curve, such that the confidence interval for the PSE

Additionally, we used the two one-sided tests (TOST) ap-
proach as described by Lakens et al. (2018) to more rigorously
test whether or not we can reject the presence of an uncon-
scious perception effect as small as Cohen’s d = 0.8 (see
power analysis description in Participants section, above).
This approach, as it sounds, entails performing two one-
sided ¢ tests against lower and upper bounds that are deter-
mined by a given minimum effect size of interest. In this case
the null hypothesis is now that the true effect (here, a shift in
either the PSE or POE) is at least as large as this smallest effect
size of interest. If we are able to reject this null hypothesis at
each bound at alpha = 0.05, then we can conclude that the true
effect in the population is smaller than the smallest effect size
of interest with a Type I error rate of 5% (Lakens et al., 2018).
We therefore present two sets of and p values for each TOST
analysis, along with the 90% confidence intervals for POE and
PSE shifts.

Results and discussion

A repeated-measures ANOVA with within-subjects factors
contrast (five levels) and suppression method (FBM or CES)
revealed the expected main effect of contrast on orientation
discrimination d’, F(1.92, 36.56) = 79.62, p < .001 (see Fig.
2a), that is, that increased contrast led to higher performance.
The ANOVA also showed no main effect of suppression
method, F(1, 19) = 1.73, p = .20, but a significant interaction

1979
b
100
(]
£
S 80
c 95% Cl for POE
wn 60_Y p
L
O
c 40
o
1] L
& 20 95% Cl for PSE
N '
0 | |
4 -2 0 2 4
d'crs = depy

were to fall above zero, would suggest that when subjective awareness
is matched between CFS and FBM, d” is significantly higher under CFS
than under FBM. Similarly, if a rightward shift of the psychometric curve
makes it such that the confidence interval for the POE falls below 50%,
then it would suggest that subjective awareness of the target stimulus is
higher under FBM when &’ is matched. This would indicate relative
blindsight. The opposite interpretations would hold if the confidence
interval for PSE were below zero and the confidence interval for POE
were above 50%. The fact that zero falls within the observed PSE confi-
dence interval suggests that when subjective awareness of the target was
matched between CFS and FBM, there was no significant difference in
discrimination d’ between the two suppression methods. Similarly, the
fact that 50% falls within the observed POE confidence interval suggests
no evidence for relative blindsight

between contrast and suppression method, F(2.40, 45.58) =
4.68, p=.010. Figure 2a suggests that this interaction is driven
by the sudden divergence in d” between suppression methods
at the highest contrast level. This was confirmed by post hoc
Bonferroni-corrected two-tailed paired ¢ tests, at Contrast
Level 5: #(19) = 4.39, p < .001, whereas p values for
Contrast Levels 1-4 were all > 0.32. Because, by design,
contrast levels for the main experiment were selected on a
subject-by-subject basis with the goal of optimally matching
d’ between suppression methods, this result is mostly attribut-
able to experimenter error. Nonetheless, the lack of a main
effect of suppression method on discrimination d’ in the
ANOVA indicates that, across contrast levels, Type 1 perfor-
mance was matched between FBM and CFS. However, to
check for any potential biasing of the PSE and POE analyses
that could have resulted from the difference in d” between
suppression methods at the highest contrast level, we conduct-
ed the PSE and POE analyses once with all contrast levels
included, and once using only Contrast Levels 1-4.

As for the main analyses, looking across all contrast levels,
PSE and POE values were —0.28 + 0.21 and 51.5% + 2.1%,
respectively. Two-tailed paired ¢ tests indicated insufficient
evidence to reject the null hypotheses that the PSE is equal
to zero, #(19) = —1.35, p = .19, 95% CI [-0.72, 0.15] and the
POE is equal to 50%, #(19) = 0.73, p = .47, 95% CI [47.2%,
55.8%] (see Fig. 2b). When we excluded the highest contrast
level, there was still insufficient evidence to reject the null

@ Springer



1980

Atten Percept Psychophys (2018) 80:1974-1987

hypothesis in each case, PSE: #(19) = —1.29, p = .21, 95% CI
[-0.80, 0.1926]; POE: #19) = 1.04, p = .31, 95% CI [47.9%,
56.4%].

TOST equivalence tests for both PSE and POE suggested
that we can reject the hypothesis that there is an unconscious
perception effect in the study sample as small as Cohen’s d =
0.8, PSE: 1,(19) = 2.22, p; = .019, £,(19) = —4.93, p, < .001,
90% CI for PSE shift [-0.64, 0.08]; POE: #,(19) =4.31, p; <
.001, ,(19) =-—2.84, p, = .005, 90% CI for POE shift [-2.1%,
5.1%]. We emphasize again that the minimum effect size se-
lected for our power and TOST analyses of Cohen’s d = 0.8,
which is, generally speaking, a large effect size, is relatively
conservative here given multiple previously reported uncon-
scious forced-choice discrimination effect sizes greater than
Cohen’s d = 1.2 (see Experiment 1, Method). However, given
the more conservative controls for criterion bias in the present
paradigm, we might naturally expect smaller effect sizes than
those found in earlier studies. The same pattern of results held
when excluding the highest contrast level, PSE: #,(19) = 2.29,
p1 =.017, ,(19) = —4.87, p, < .001, 90% CI for PSE shift
[-0.71,0.10]; POE: #,(19) =4.61, p; < .001, £,(19) =—2.54, p»
=.010, 90% CI for POE shift [-1.41%, 5.61%].

Overall, the PSE results suggest that when subjective
awareness is matched, there is no difference in the level of
objective performance under FBM and CFS. Similarly, the
POE analysis suggests that when Type 1 performance is
matched, there is no difference in participants’ subjective
awareness of the target stimulus between the two suppression
methods.

Importantly, all participants responded in the negative
when asked, after the main experiment, if on any trials they
noticed differences between the two intervals beyond difficul-
ty level. This suggests that participants’ confidence judge-
ments were not subject to decisional biases based on explicit
knowledge about the difference between FBM and CFS
stimuli.

One concern is that the gaps between masks in the CFS
condition, which lead to a collective 156.9 ms in which the
target is presented to one eye with no mask presented to the
other eye (see Fig. 1b), may minimize the degree to which the
CFS condition elicits a true binocular rivalry effect. If this is
the case, then, presumably, it should also minimize mechanis-
tic differences underlying the disruption of visual processing
between the two suppression methods, thereby reducing our
chances of rejecting the null hypothesis.

One potential piece of evidence that FBM and CFS use
different mechanisms to disrupt visual processing is that target
contrast values were significantly lower for CFS stimuli
(23.42% + 2.94% Michelson contrast) than they were for
FBM stimuli (35.18% + 1.17% Michelson contrast) two-
tailed, paired ¢ test: #19) = 4.89, p < .001. Importantly, this
result holds when excluding the highest contrast level, two-
tailed, paired ¢ test: #(19) = 5.12, p < .001. However, an
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alternative interpretation is that the lower contrast thresholds
found in the CFS condition are simply driven by the longer
presentation times for CFS target stimuli relative to FBM tar-
get stimuli. Disambiguating these hypotheses is critical for
establishing that the FBM and CFS conditions induce mech-
anistically different visual suppression effects. We address this
issue directly in Experiment 2.

Experiment 2
Method
Participants

Twenty participants (nine female, ages 18-39 years, three left-
handed, eight left-eye dominant, seven experienced), includ-
ing the first author, gave written informed consent to partici-
pate. Six of the 20 participants in Experiment 2 had previously
participated in Experiment 1. One participant had previously
participated in Experiment 3. One participant (inexperienced)
was excluded due to reporting incomplete fusion of binocular
stimuli on many trials during the main experiment. Therefore,
19 total participants (eight female, ages 21-39 years, two left-
handed, eight left-eye dominant, seven experienced) were in-
cluded in the analyses for Experiment 2. All participants had
normal or corrected-to-normal eyesight and normal stereo vi-
sion, and all were either paid $10 USD or given course credit
for their participation.

Apparatus and stimuli

Apparatus and stimuli in Experiment 2 were the same as in
Experiment 1, except for the following. Instead of CFS, we
used a binocular rivalry technique conventionally referred to
as interocular suppression (IS; Breitmeyer, 2015; Izatt,
Dubois, Faivre, & Koch, 2014). The sole difference between
the CFS condition in Experiment 1 and the IS condition in
Experiment 2 is that the target grating no longer had its con-
trast ramped up from and down to zero. Instead, the IS target
grating had the same duration as the FBM target grating (26.7
ms), and its contrast was constant (see Fig. 3a). Furthermore,
in each interval the target had an equal probability of
appearing between either Masks 2 and 3 or Masks 3 and 4.
The randomization was independent in the two intervals such
that in approximately half of all trials (48% + 3%) the target
appeared between the same mask numbers (e.g., 2 and 3) in
each interval, while in the remainder of trials the target ap-
peared between different mask numbers in each interval (e.g.,
between Masks 2 and 3 for FBM and Masks 3 and 4 for IS).
This manipulation was introduced to minimize the degree to
which participants could anticipate the timing of target onset.
Such anticipation, whether conscious or unconscious, could
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Fig. 3 Stimuli and results from Experiment 2. a Temporal dynamics of
stimuli from Experiment 2. Mask stimuli had the same temporal profile as
those in Experiment 1. Target stimuli in the interoculor suppression (IS)
interval appeared abruptly at peak contrast instead of ramping up and
down in contrast as in Experiment 1. In each interval target stimuli were
presented pseudorandomly between either the second and third or third
and fourth masks. b Orientation discrimination performance (d’) at in-
creasing target contrast under forward and backward masking (FBM;
solid line) and IS (dashed line). ¢ Average psychometric curve and 95%

potentially minimize visual processing differences between
the two masking conditions. Eight participants included in
the analyses shifted the left fusion contours at the beginning
of the experiment by 3.36° = 1.53° leftward and 2.51° + 1.96°
downward.

Therefore, across the entire experiment, the only difference
between FBM and IS stimuli was ocularity (see Fig. 3a). It
follows that if we observe differences in contrast thresholds
and stimulus contrast values at matched d” between FBM and
IS similar to those found between FBM and CFS in
Experiment 1, then these differences should be attributed to
the difference in ocularity between the two conditions. This
result would provide additional evidence for the presence of a
binocular rivalry-based suppression effect in our original CFS
condition.

We also reasoned, based on previous evidence for a higher
degree of subliminal priming under FBM than for IS
(Breitmeyer, 2015; Izatt et al., 2014), that IS may allow a

confidence intervals for estimated point of subjective equality (PSE) and
point of objective equality (POE) group means, calculated and shown the
same way as in Experiment 1 (see Method, Fig. 2). Because the PSE
confidence interval contains the point @’ gigerence = 0 and the POE confi-
dence interval contains the point at which subjects were 50% likely to bet
on either suppression method, these results suggest that there was no
evidence for a difference in the relationship between objective and sub-
jective thresholds between FBM and IS. Error bars in b and ¢ indicate 1
SEM. Gray region in ¢ indicates £1 SD of psychometric fits

greater degree of unconscious orientation discrimination than
FBM. If true, we would expect a leftward shift in the psycho-
metric function such that at the PSE there would be signifi-
cantly higher discrimination ¢’ under FBM than under IS, and
at the POE there would be a significantly higher tendency to
bet on the IS interval.

Procedure and data analyses

The procedure in Experiment 2 was the same as that in
Experiment 1, except for the following. Different proportions
of the median threshold contrast estimate from staircasing
were used to determine target contrast values for the main
experiment (Proportionsggy = 0.50 = 0.14, 0.69 + 0.11, 0.95
+0.11, 1.09 £ 0.13, 1.35 £ 0.19; Proportions;s = 0.35 + 0.13,
0.56 £ 0.09, 0.79 + 0.04, 1.02 = 0.08, 1.25 £ 0.19).
The proportions used for IS were lower than those used for
FBM to account for the tendency of the staircasing procedure
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to overestimate threshold contrast values to a greater extent for
IS stimuli than for FBM stimuli.

Additionally, 40 catch trials, in which the contrast of the
target grating in one of the two intervals (counterbalanced
between suppression methods) was at 100%, were randomly
interleaved among the 400 main experiment trials. This made
for a total of 440 trials in the main experiment, which were
divided into eight 55-trial blocks. These catch trials were
added both to help participants maintain perceptual templates
of the left-tilted and right-tilted target gratings, and to keep
participants motivated throughout what is otherwise a very
difficult and, according to anecdotal evidence from some par-
ticipants following Experiment 1, sometimes demoralizing
task.

Analysis procedures followed those conducted in
Experiment 1.

Results and discussion

A repeated-measures ANOVA with within-subjects factors
contrast (five levels), suppression method (FBM or IS), and
target timing (between Masks 2 and 3 or between Masks 3 and
4) again showed the expected main effect of contrast on ori-
entation discrimination d’, F(2.74, 49.38) = 159.85, p < .001
(see Fig. 3a). As in Experiment 1, there was no main effect of
suppression method, F(1, 18)=0.17, p = .68, suggesting again
that, overall, performance was matched between the FBM and
IS conditions. Unlike Experiment 1, however, there was no
interaction between contrast and suppression method, F(2.66,
47.85) =2.26, p = .10, suggesting that discrimination d” was
matched effectively between the two suppression methods
across contrast levels.

Interestingly, there was a main effect of target timing, F(1,
18) = 25.41, p < .001, such that discrimination d” was signif-
icantly higher when the target stimulus was presented between
Masks 2 and 3 than when it was presented between Masks 3
and 4. This effect of stimulus timing on objective performance
may be attributable to rhythmic attentional sampling (Landau
& Fries, 2012) set by visual cues preceding the onset of the
target stimulus (e.g., the initial fixation cross or the onset of
the first mask).There was no interaction between either target
timing and contrast, (4, 72) = 2.01, p = .10, or target timing
and suppression method, F(1, 18) = 0.65, p = .432. There was
no significant three-way interaction, F(4, 72) = 1.26, p = .30.

As in Experiment 1, we did not find evidence to reject the
null hypothesis that &’ is matched between suppression
methods at the PSE, #(18) = —0.07, p = .95, 95% CI [-0.22,
0.21] (see Fig. 3b). Similarly, we did not find evidence to
reject the null hypothesis that subjects are equally likely to
bet on each suppression method at the POE (i.e., there was
no evidence for relative blindsight), #(18) = —0.004, p > .99,
95% CI [48.2%, 51.8%]. TOST equivalence tests similarly
suggested that the effect size of any POE or PSE shift in the
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population is no larger than Cohen’s d = 0.8, PSE: #(18) =
3.42, p; = .002, 1,(18) = —3.55, p, = .001, 90% CI for PSE
shift [-0.19, 0.17]; POE: #(18) = 3.48, p; = .001, 5(18) =
—3.49, p, =.001, 90% CI for POE shift [-1.46%, 1.46%].

It was also verified that target contrast values (across all
levels) were lower under IS (15.99 + 1.78%) than they were
under FBM (30.52 + 2.51%), #(18) = 6.19, p < .001. This
provides evidence for a difference in the mechanism of visual
suppression between FBM and the binocular conditions in
both Experiments 1 and 2, despite the absence of the hypoth-
esized difference in the relationship between objective perfor-
mance and subjective awareness.

Also consistent with Experiment 1, no participants indicat-
ed noticing a difference between FBM and IS intervals when
questioned after the main experiment. Furthermore, partici-
pants were 98.8% + 0.64% correct when discriminating catch
trial target stimuli with 100% contrast. Betting accuracy on
catch trials was similarly high (97.5 + 0.94% correct, where a
correct bet is defined as a bet on an interval in which the
orientation judgment was correct), suggesting that participants
maintained attention throughout the experiment.

Given that the main results in Experiments 1 and 2 both
suggest that there is no difference in the relative positions of
subjective and objective perceptual thresholds between the
respective monocular and binocular suppression methods,
we next turned to backward masking (BM) as an alternative
to FBM. Previous evidence suggests that BM, but not CFS,
allows for the subliminal priming with nonmanipulable ob-
jects (Almeida, Mahon, Nakayama, & Caramazza, 2008). It
has also been suggested that, relative to FBM, the visual signal
under BM may benefit from an increased signal-to-noise ratio
when performance is matched (Breitmeyer, 2015; Harris, Wu,
& Woldorff, 2011; Macknik & Livingstone, 1998). We there-
fore hypothesized that BM may allow for a greater degree of
unconscious processing than CFS, and that, in our 2IFC par-
adigm, we may therefore see the psychometric function shift
so as to show higher discrimination &’ under BM at the PSE,
and a higher tendency to bet on the CFS interval at the POE.

Experiment 3

Method
Participants

Twenty participants (eight female, ages 21-39 years, two left-
handed, 10 left-eye dominant, 14 experienced), including the
first author, gave written informed consent to participate.
Three of the 20 participants in Experiment 3 had previously
participated in only Experiment 1, seven had previously par-
ticipated in only Experiment 2, and four had previously par-
ticipated in both Experiments 1 and 2. One participant was
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removed due to failure to pass the adaptive staircasing stage.
Therefore, 19 participants (seven female, ages 21-39 years,
two left-handed, 10 left-eye dominant, 14 experienced) were
included for analysis. All participants had normal or
corrected-to-normal eyesight and normal stereo vision, and
all were either paid $10 USD or given course credit for their
participation.

Apparatus and stimuli

Apparatus and stimuli in Experiment 3 were the same as
in Experiment 1, except for the following. For both BM
and CFS conditions, mask stimuli were shifted later in
time by 26.7 ms. In the BM interval, the first mask was
preceded by the target, which had a duration of 26.7 ms,
meaning target offset coincided with mask onset. In the
CFS interval, target onset coincided with the onset of the
first mask and returned to the same ramping dynamics
used in Experiment 1 (see Fig. 4a). Nine of the 19 par-
ticipants included in the analyses shifted the left fusion
contours at the beginning of the experiment by 2.81° +
1.95° leftward and 2.65° + 1.89° downward .

Procedure

The procedure in Experiment 3 was the same as that in
Experiment 2, except for the use of different proportions of
the median threshold contrast estimate to determine target
contrast values for the main experiment (Proportionsgy; =
0.15 £ 0.10, 0.28 + 0.12, 0.48 £ 0.09, 0.70 + 0.08, 0.96 +
0.09; Proportionscrg = 0.19 £ 0.18, 0.38 + 0.14, 0.62 +
0.08,0.87=0.05, 1.18 £0.13). Interestingly, median threshold
contrast estimates were, on average, more overestimated un-
der BM than they were under CFS. As a result, the proportions
used to determine target contrast levels for the main experi-
ment were lower for BM stimuli than they were for CFS
stimuli.

Results and discussion

Consistent with Experiments 1 and 2, a repeated-measures
ANOVA with within-subject factors contrast (five levels)
and suppression method (BM or CFS) showed the expected
main effect of contrast, F(2.54, 45.7) = 154.8, p < .001 (see
Fig. 4b) and no main effect of suppression method, F(1, 18) =
0.30, p = .59. Consistent with Experiment 2, there was no
significant interaction between contrast and suppression meth-
od, F(2.31, 41.6) = 0.78, p = .48, suggesting that d” was
effectively matched between suppression methods across con-
trast levels (see Fig. 4b).

Regarding the main analysis, once again there was not
sufficient evidence to reject the null hypothesis that d’ is
matched between BM and CFS at the PSE, #18) = —0.52,

p =.61,95% CI [-0.45, 0.27] (see Fig. 4c). Nor was their
sufficient evidence to reject the null hypothesis that subjects
are equally likely to bet on each suppression method at the
POE, #18) = 0.53, p = .60, 95% CI [47.4%, 54.4%], again
providing no evidence for relative blindsight. TOST equiva-
lence tests again suggested that any POE or PSE shifts in the
population have effect sizes no larger than Cohen’s d = 0.8,
PSE: ,(18) =2.97, p; = .004, #,(18) = —4.01, p, < .001, 90%
CI for PSE shift [-0.38, 0.21]; POE: #,(18) =4.02, p; <.001 ,
1(18) = —2.96, p, = .004, 90% CI for POE shift [-2.0%,
3.8%]. Experiment 3 was therefore in line with Experiments
1 and 2 in providing no evidence for a difference in the rela-
tionship between objective performance and subjective aware-
ness between suppression methods.

Interestingly, mean stimulus contrast per subject in the
main experiment was significantly lower under BM (9.30 +
1.45%) than under CFS (17.737 £ 2.60%), #(18) = —3.28, p =
.004. This decrease in threshold target contrast from FBM to
BM is presumably due to the relative lack of interference with
feedforward processing under BM (Breitmeyer, 2015; Harris
et al., 2011; Macknik & Livingstone, 1998).

No participants reported noticing a difference between BM
and CFS intervals when questioned after the main experiment.
Performance on catch trials was again high (orientation judg-
ment accuracy: 97.5 = 1.10% correct, betting accuracy: 97.2 +
0.93% correct), suggesting that participants maintained atten-
tion throughout the task.

General discussion

In three experiments we looked for a difference in the
relationship between objective performance and subjec-
tive awareness, in line with reports of relative blindsight
(Lau & Passingham, 2006), between pairs of visual sup-
pression methods. In each case we found no evidence
for any such difference, suggesting that the relationship
between objective and subjective thresholds for forced-
choice orientation discrimination is equivalent under
FBM, CFS, IS, and BM. Taking a specific
operational definition of subjective awareness (Giles et
al., 2016) as what is tracked by subjective reports while
sensitivity is controlled for, we interpret the results (i.e.,
the POE analyses) to mean that the different suppression
methods impact subjective awareness similarly.

We used a modified version of the 2IFC paradigm from
Peters and Lau (2015) in which each of two suppression
methods, one per 2IFC interval, was used to mask a left-
tilted or right-tilted target grating. Subjective awareness was
indexed by forcing participants to bet on the interval in which
they had higher confidence in their ability to discriminate the
orientation of the target grating. This paradigm has several
advantages that build on previous studies comparing different
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Fig. 4 Stimuli and results from Experiment 3. a Temporal dynamics of
stimuli from Experiment 3. In backward masking (BM) intervals, the
target was first presented for 26.7 ms and was immediately followed by
the first mask. Five masks were presented for 53.3 ms each, with inter-
vening blank gaps of the same length. The offset of the last mask was
followed by a blank gap of 26.7 ms. Masks in the continuous flash
suppression (CFS) interval had the same temporal profile as those in the
BM interval. The onset of the target stimulus in the CFS interval occurred
simultaneously with the onset of the first mask and otherwise had the
same temporal ramping profile as the target stimulus in Experiment 1
(see Method, Fig. 1). b Orientation discrimination performance (d’) at

visual suppression techniques. For instance, some studies
have compared suppression techniques between experiments
(Almeida et al., 2008; Almeida, Mahon, & Caramazza, 2010;
Almeida, Pajtas, Mahon, Nakayama, & Caramazza, 2013;
Faivre, Berthet, & Kouider, 2012), making them vulnerable
to potentially confounding idiosyncratic differences between
experimental conditions. Further, the forced-choice nature of
the subjective judgment reduces concern about subjective cri-
terion biases that may have been present in previous compar-
ative suppression studies (Izatt et al., 2014; Peremen & Lamy,
2014). To further reduce subjective biases, we took inspiration
from earlier studies that compared monocular and binocular
suppression conditions within single experiments (Izatt et al.,
2014; Jiang, Costello, & He, 2007; Stein et al., 2011) and
designed stimuli such that, beyond simple differences in dif-
ficulty, the two intervals on a given trial appeared subjectively
similar. This has the benefit of minimizing conscious
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increasing target contrast under BM (solid line) and CFS (dashed line). ¢
Average psychometric curve and 95% confidence intervals for estimated
point of subjective equality (PSE) and point of objective equality (POE)
group means, calculated and shown the same way as in Experiment 1 (see
Method, Fig. 2). Because the PSE confidence interval contains the point
d’ gifference = 0 and the POE confidence interval contains the point at which
subjects were 50% likely to bet on either suppression method, these
results suggest that there was no evidence for a difference in the relation-
ship between objective and subjective thresholds between BM and CFS.
Error bars in b and ¢ indicate +1 SEM. Gray region in ¢ indicates =1 SD of
psychometric fits

decisional biases (e.g., participants having a conscious prefer-
ence for backward-masked stimuli over CFS-masked stimuli)
that would otherwise reduce the chances of finding the hy-
pothesized difference in the relative positioning of objective
and subjective discrimination thresholds between suppression
methods.

We interpret these findings to suggest, in line with Peters
and Lau (2015), that objective and subjective thresholds under
these conditions do not dissociate. That is to say, we consider
the current results to be further evidence against the idea that
normal observers have any capacity for unconscious orienta-
tion discrimination. This idea is in line with others who have
argued that objective thresholds should, a priori, be considered
equivalent to subjective thresholds in forced-choice perceptu-
al tasks (Phillips, 2017; Snodgrass & Shevrin, 2006). These
findings further suggest that controlling for criterion bias may
be a critical experimental difference between studies that
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report evidence for unconscious forced-choice discrimination
sensitivity (Lamy, Salti, & Bar-Haim, 2008; Hesselmann et
al., 2011; Salti et al., 2015) and those that report evidence
against it (Peters & Lau, 2015).

An important limitation is that it remains an open question
whether a different visual suppression technique can selective-
ly impair subjective awareness while leaving objective dis-
crimination performance relatively intact. Future studies
should compare visual suppression techniques that are more
distant from each other in terms of how much unconscious
priming they allow (e.g., FBM and visual crowding;
Breitmeyer, 2015), or that have been functionally character-
ized to act at different points in the visual processing stream
(e.g., visual crowding and object substitution; Chakravarthi &
Cavanagh, 2009), or metacontrast masking and interocular
suppression (Breitmeyer, Ko¢, Ogmen, & Ziegler, 2008).
They can also focus on suppression methods that rely on at-
tentional manipulations (e.g., attentional blink, inattentional
blindness), which may allow for higher levels of unconscious
processing (Kouider & Dehaene, 2007) that include uncon-
scious forced-choice discrimination. The current paradigm
provides a useful means for comparing such suppression tech-
niques while maintaining a rigorous control for criterion bias.
However, a challenge in designing these studies will be in
creating stimuli that make the techniques under comparison
appear superficially indistinguishable.

It should also be emphasized that we extend the current
interpretation of a lack of unconscious perception only to
direct perceptual tasks such as forced-choice detection and
discrimination tasks (Green & Swets, 1966; Macmillan &
Creelman, 2005), and not to other established indirect percep-
tual effects like subliminal priming (Hannula et al., 2005;
Kouider & Dehaene, 2007; though see Phillips, 2017, for a
discussion on whether priming effects should constitute
genuine cases of perception per se). Even if we assume that
normal observers do have some capacity for direct uncon-
scious perception, our results suggest that we should not ex-
pect hierarchical relationships for subliminal priming among
suppression methods (e.g., Breitmeyer, 2015; Faivre, Berthet,
& Kouider, 2014; Kouider & Dehaene, 2007) to apply to
direct unconscious perception. For example, Almeida et al.
(2008; Almeida et al., 2010) found greater subliminal priming
effects for tool stimuli and emotional faces (Almeida et al.,
2013) under BM than under CFS, while Izatt et al. (2014)
found greater subliminal face priming effects under FBM than
under IS. These hierarchical relationships among suppression
methods for subliminal priming clearly conflict with the null
results for differences in direct unconscious processing be-
tween suppression methods observed here. However, even
some previously suggested hierarchical relationships between
suppression methods should be approached with caution, as
judgments of prime visibility in these studies were vulnerable
to criterion bias (Izatt et al., 2014; Peremen & Lamy, 2014).

The 2IFC paradigm described in Peters and Lau (2015) pro-
vides a means for future priming studies to ensure invisibility
of primes without this potential confound.

Another limitation in both the current study and Peters and
Lau (2015) is that participants may have ignored instructions
to rate confidence specifically in their performance on the
orientation discrimination task, and instead rated confidence
based on the detectability of target stimuli. In both studies,
exclusive use of such a heuristic would lead to the observed
null results. A major difference between the two studies is that
in the current study, a valid target grating was presented in
both intervals on every trial, whereas in Peters and Lau (2015),
each trial contained exactly one interval in which the target
grating was completely absent. We might expect, therefore,
that participants in the current study would have been less
motivated to use a detection heuristic, as the higher proportion
of trials in which detectability is matched should make target
detectability less automatically informative for rating confi-
dence. It should be noted, however, that the current design
does not eliminate the possibility that participants used such
a detection heuristic anyway. Indeed, previous evidence from
studies using orientation discrimination tasks suggests that we
should expect this to be the case (Koizumi, Maniscalco, &
Lau, 2015; Maniscalco, Peters, & Lau, 2016). Future studies
could test this question directly, for example, by using a 2IFC
design in which one interval contains a valid target and the
other contains an uninformative, but stimulus energy-matched
target (e.g., a vertical grating).

Importantly, an alternative interpretation of our main result
is that all of the suppression methods used in the current study
allowed an equal, greater-than-zero amount of direct uncon-
scious perception. We argue against this interpretation based
on the findings of Peters and Lau (2015), which provide evi-
dence for a lack of direct unconscious perception under FBM.
Based on this, and given that no difference in the relationship
between objective and subjective thresholds was observed
between FBM and any of the other suppression techniques
used here (whether tested directly or implied by transitive
logic), we conclude that no direct unconscious perception oc-
curred under any of the present suppression techniques. If
objective and subjective thresholds do actually dissociate un-
der FBM (contra the conclusion of Peters & Lau, 2015)—for
example, because subjects use a detection heuristic that pre-
vents unconscious perception from being detected via the
2IFC method—then the current data suggest that the three
other suppression techniques used here cause this dissociation
to the same extent. While this is theoretically tenable, we argue
that it seems less parsimonious than the alternative interpreta-
tion that each suppression method simply fails to cause a dis-
sociation between objective and subjective thresholds at all.
As mentioned, this interpretation is in line with previous ar-
guments that any direct perceptual discrimination sensitivity
should coincide with some degree of perceptual
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consciousness (Phillips, 2017; Snodgrass & Shevrin, 2006;
but see Block in Phillips & Block, 2016, for an opposing
view). However, again, we cannot definitively rule out the
possibility that, when tested alone, one or more of the suppres-
sion methods used here might reveal a dissociation between
objective and subjective thresholds for forced choice orienta-
tion discrimination.

In conclusion, we have shown a lack of a difference in the
relationship between objective and subjective thresholds for
forced-choice orientation discrimination between four com-
monly used visual suppression techniques. Taken together
with previous evidence (Peters & Lau, 2015), these results
suggest that when criterion bias is sufficiently controlled for,
normal observers do not demonstrate direct unconscious per-
ception. Whether this capacity can be demonstrated under a
different set of visual suppression conditions is a matter for
future studies to investigate. The present results should, how-
ever, place helpful constraints on future hypotheses and meth-
odological choices for studying conscious and unconscious
visual perception.

Data and program code availability Data and program code
from this study are available from the corresponding author
upon reasonable request.
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