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Abstract

A central question of consciousness research is which cognitive processes can occur unconsciously. To investigate this, researchers
typically compare participants’ ability to consciously discriminate a stimulus to their unconscious processing of the same stimulus (e.g.
measured via reaction time or brain activity). If participants are not significantly different from chance in the awareness (or “direct”)
measure while nevertheless there is a significant effect in the processing (or “indirect”) measure, researchers argue that there is no
conscious processing of the stimulus, while the stimulus is nevertheless somehow processed, as indicated by the processing measure.
In consequence researchers conclude that the stimulus has been processed unconsciously. Using neuroimaging techniques such as
functional magnetic resonance imaging (fMRI), researchers then infer which brain regions are involved in unconscious versus conscious
processing. However, this methodology is based on a fundamental statistical fallacy that has likely led to an overestimation of the
scope of unconscious processing, regarding both its capacity and the brain areas involved. The key problem is that sensitivities in
the two measures are never directly compared. Therefore, it is not appropriate to conclude that the processing measure had higher
sensitivity than the awareness measure. We reanalyzed the results from 16 fMRI studies directly comparing the sensitivities of both
measures in 80 experimental conditions. Our results show that, using this sensitivity comparison method, only eight experimental
conditions provide evidence for unconscious processing. These results question the validity of the interpretations commonly drawn in
the field.
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Introduction The standard reasoning to investigate
unconscious processing

Consciousness is currently one of the most fascinating and chal- i i ) ) )
A widely used reasoning to isolate unconscious processing

lenging topics in cognitive neuroscience and related fields (Seth
2018, Michel et al. 2019, Dehaene et al. 2021). In the last decades, is to collect two measures: a measure of stimulus awareness,
consciousness research has been focused on investigating brain or direct task—e.g. visibility ratings or discrimination responses
activity associated with conscious processing, or neural correlates 1 @ task with a binary response format—and a measure of
of consciousness (NCCs; Crick and Koch 1990, Koch et al. 2016, stimulus processing, or indirect task—e.g. reaction time (RT) or
Rees et al. 2002). In this quest, functional magnetic resonance b.rain activity (Hannula et al. 2005, Schmidt and Vorberg 2006,
imaging (fMRI) has been and continues to be one of the most Simons et al. 2007, Sand and Nilsson 2016, Shanks et al. 2021).
widely used neuroimaging methods, and fMRI studies constitute Note that here we employ the term “indirect task” for consistency
an important milestone in the consciousness science landscape with the behavioral priming literature, but that it could be used
(Hesselmann 2013). A common approach to investigate NCCs is interchangeably with “indirect measure” or “processing measure,”

to test the scope of unconscious processing (Kouider and Dehaene terms that may be more appropriate in the case of neuroimaging
2007, Lin and He 2008). studies where participants often do not perform a separate task
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but indirect measures are taken in parallel. Similarly, the “direct
task” is sometimes referred to as “direct measure” or “awareness
measure.”

If participants perform at chance when responding to the stim-
ulus directly (typically tested by performing a t-test), any effect
obtained through the indirect task is considered evidence that the
stimulus was processed unconsciously (Stockart et al. 2024). This
approach is sometimes referred to as the “double t-test” approach,
as it consists in performing an initial t-test to assess participants’
awareness, followed by a second t-test to evaluate unconscious
processing (Fig. 1a).

When the indirect task is performed using neuroimaging
techniques such as fMRI, significant changes of brain activity
or decoding performance serve as evidence that the stimulus
was processed by the brain, whereas the initial awareness t-
test reveals whether participants were able to discriminate the
stimulus better than chance or not. One can then allegedly infer
which brain regions are involved in the unconscious processing
of the stimulus and, by comparison, deduce which brain regions
are involved in its conscious processing (i.e. NCCs). Following that
methodology, numerous stimuli with different level of cognitive
complexity have been suggested to be processed unconsciously:
Gabor patches and gratings, objects and tools, words and semantic
objects, emotional faces, or body postures (Dehaene et al. 2001,
Haynes and Rees 2005, Dannlowski et al. 2007, Hesselmann
and Malach 2011, Prochnow et al. 2013, Imamoglu et al. 2014,
Ulrich et al. 2014, Suslow et al. 2015, Torralbo et al. 2016,
Tettamanti et al. 2017, Zhan et al. 2018, Sheikh et al. 2019). Crit-
ically, many studies suggest that high-level cognitive functions
can operate without consciousness: memory, language abilities,
high-level social skills, or cognitive control (Marois et al. 2004,
Kouider et al. 2007, Van Gaal et al. 2010, Freeman et al. 2014,
Axelrod et al. 2015, Zist et al. 2015, Rosenthal et al. 2016). The
accumulation of results supporting the existence of unconscious
perception and cognition in the last decades has shaped our
current understanding of unconscious processing and the brain
networks it involves, and by extension our definition of the NCCs.
But there is a problem with this approach.

Fallacy in the double t-test approach

The limits of unconscious processing are highly debated, and
a major consideration when testing those limits is the proper
manipulation and assessment of participants’ (lack of) awareness
(Reingold and Merikle 1990, Schmidt and Vorberg 2006, Stein and
Peelen 2021). This is not trivial, and there exist many pitfalls
for consciousness researchers: invalid assessment of awareness,
biased experimental design, or lack of statistical power (Newell
and Shanks 2014, Vadillo et al. 2020, 2022, Stein et al. 2021,
2024, Stein and Peelen 2021, Phillips 2021a,b). Crucially, the stan-
dard reasoning to rule out consciousness has been shown to be
insufficient to conclude the existence of unconscious processing
because it lacks the fundamental statistical test that would allow
researchers to conclude that the indirect task outperforms the
direct task: the measures of the two tasks are never actually
compared (Eriksen 1960, Reingold and Merikle 1988, Schmidt and
Vorberg 2006, Meyen et al. 2022).

In the framework of the standard reasoning, researchers rule
out awareness when participants are not significantly different
from chance when discriminating the stimuli (direct measure),
and then assume that significant effects in the indirect measures
(e.g. brain activity) were reflecting unconscious processing (cf.
Fig. 1a). However, there are two major problems with this rea-
soning: (i) The finding that the direct task is not significantly

different from chance is not sufficient evidence for the absence of
sensitivity (Fallacy 1 in Fig. 1a). To make things worse, the direct
task is often severely underpowered and therefore likely to yield
false negative results (Vadillo et al. 2016, 2020). (ii) A significant
effect in the indirect task is not sufficient evidence to conclude
that the indirect task showed relatively good sensitivity to the
stimulus—better than the sensitivity in the direct task (Fallacy
2 in Fig. 1a). Quite to the contrary, it has been shown repeatedly
that in studies using the standard reasoning, the sensitivity of
the indirect task was just as poor as that of the direct task
(Franz et al. 2024, Franz and von Luxburg 2015, Meyen et al. 2022,
2024, Schnepf et al. 2022, Zerweck et al. 2021). The underlying
reason for all these problems is the fact that the procedure of
performing two t-tests instead of a direct comparison is incorrect
per se (e.g. Franz and Gegenfurtner 2008/Appendix B, Gelman and
Stern 2006, Nieuwenhuis et al. 2011; similar problems also exist
for Bayesian analyses, Palfi and Dienes 2020). All in all, without
a statistical comparison of the sensitivities of the two tasks, one
cannot conclude that the indirect task was more sensitive to
stimulus information than the direct task, and therefore it cannot
follow that there is evidence for unconscious processing.

The sensitivity comparison method

To replace the double t-test approach of the standard reasoning
with a more appropriate approach, an alternative methodology
has recently been advocated (Meyen et al. 2022, 2024, Zerweck
et al. 2021) which is consistent with previous recommendations
(Reingold and Merikle 1988, Schmidt and Vorberg 2006). The goal
of this sensitivity comparison method (Fig. 1b) is to directly compare
the performances in the indirect and direct tasks. To achieve
this, the sensitivity to the stimulus is calculated for each task (d'
values). This allows testing whether the sensitivity of the indirect
task really outperforms the sensitivity of the direct task, a situation that
was dubbed indirect task advantage (ITA, Meyen et al. 2022).

Note that establishing an ITA is a necessary condition for all
the inferences about conscious and unconscious processing that
are typically drawn (this purely empirical condition is therefore
called Step 1in Fig. 1b). Only if an ITA is established, we can then
go on to draw further-reaching inferences about consciousness
and NCCs (Step 2 in Fig. 1b). For example, in this second step, one
would need to assess whether the direct task adequately mea-
sured consciousness and the indirect task adequately measured
unconscious processing. For the purposes of the current article,
however, it is sufficient to focus exclusively on Step 1: Can we
establish an ITA? We will show that the data of many studies
do not seem to support this first step on which all the further-
reaching inferences are built.

The sensitivity comparison method has already been practi-
cally applied to diverse datasets, namely, unconscious priming
(Meyen et al. 2022), unconscious number processing (Zerweck
et al. 2021), unconscious contextual cueing (Meyen et al. 2024),
unconscious response inhibition (Huang et al. 2023), and event-
related potentials analysis in the context of unconscious percep-
tion (Schnepf et al. 2022).

The sensitivity comparison method applied to
fMRI studies

In this study, we extended the sensitivity comparison method
to neuroimaging studies and reanalyzed the results of 16 fMRI
studies. Our objective was twofold: investigating the validity of
previous interpretations supporting unconscious processing in
fMRI studies, and therefore their impact on our definition of the
NCCs, and demonstrating that a systematic use of the sensitivity
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Figure 1. Inferring unconscious processing using neuroimaging: standard reasoning versus sensitivity comparison. Note. Demonstrating an
ITA—higher sensitivity in indirect than direct responses—is a prerequisite for the typical, further-reaching inferences about conscious/unconscious
processing. (a) In the standard reasoning, or double t-test approach, the direct task is performed to ensure participants’ unawareness and any effect
obtained through the indirect task serves as evidence that brain data is sensitive to stimulus information. However, there are two fundamental
statistical fallacies here. Fallacy 1: the absence of a significant effect for the direct task cannot constitute evidence for the absence of awareness,
especially as the direct task is often underpowered. Fallacy 2: a significant effect for the indirect task does not necessarily imply good sensitivity.

(b) The appropriate analysis requires a sensitivity comparison and thus an explicit calculation of the indirect task’s sensitivity. The sensitivities of the
two measures can then be compared to determine if there is an ITA or not (Step 1). If an ITA is confirmed, one must justify that the observed ITA is
attributable to unconscious processing rather than some other phenomenon (Step 2). Adapted from Meyen et al. (2022), used under the Creative

Commons Attribution 4.0 International License.

comparison method would help future studies to overcome most
of the biases currently undermining the field of consciousness
research. We did not apply the sensitivity comparison method
to the behavioral results of these studies because we wanted to
focus solely on the fMRI results (note, however, that the behavioral
results of some of those studies were already analyzed in Meyen
et al. 2022).

We used a conservative benefit-of-the-doubt approach when rean-
alyzing the results from the selected studies, meaning that our
methodological choices always gave an advantage to the indirect
task over the direct task, and therefore favored finding an ITA
(cf. Meyen et al. 2022). Because we found little evidence for ITAs,
this benefit-of-the-doubt approach makes the case even stronger
(“although we favored the indirect task, its sensitivity was not
larger than that of the direct task”). In a similar vein, we also
did not question the validity of the measures employed. That is,
we fully accepted the original studies’ assumptions that mea-
sures matched the intended constructs (e.g. that the direct task
measured conscious processing and the indirect task unconscious
processing). For example, if the stimulus feature at test in the
direct task did not correspond to the feature at test in the indirect
task, we still included the study, although the indirect task did
not reflect processing of the feature of interest (for a detailed
discussion of such problems, see Schmidt and Biafora 2023). Thus,
we conducted a purely empirical reanalysis of the data allegedly
supporting an ITA (Step 1in Fig. 1b) and did not assess the validity

of attributing an ITA to unconscious processing (Step 2 in Fig. 1b,
more on this in the Discussion section).

Selection process

To select the studies for the reanalysis, we went through a bot-
tleneck selection process (Fig. 2). We first searched for all fMRI
consciousness studies investigating unconscious processing of
visual stimuli using two databases (PubMed and Web of Science)—
keywords are available in the supplementary material section.
Duplicates and meta-analyses were excluded right away, either
via the databases’ selection criteria or by a manual screening
of the articles’ titles and abstracts. A small proportion of the
articles were found through manual searching, meaning that they
were cited in articles we found through the database searching.
The filtering tools offered by the two databases partly failed to
isolate the studies of interest, and we went through the articles’
abstracts to exclude studies not meeting our criteria (no fMRI, no
method for rendering a stimulus unconscious). We also decided
to exclude patient studies from our corpus, although reanalyzing
data from those studies could be interesting in the future. We
next read through all the remaining articles to only keep studies
with an “objective” measure of awareness (i.e. one that quantified
behavioral performance with regard to an objectively measur-
able stimulus property, as opposed to “subjective” measures that
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Figure 2. Selection of the studies for the reanalysis. Note. Pipeline for selecting studies for reanalysis. The number of studies remaining after each of
the exclusion steps is reported in the figure (n). Identification. We used the two databases PubMed and web of science and a manual search to
constitute a first corpus. Keywords are available in the supplementary material. Screening. We went through the titles and abstracts to remove
duplicates, meta-analyses, and articles not fulfilling our main criteria. In-depth analysis. Full-text articles from studies with an objective measure of
awareness were analyzed. Included. Sixteen studies were finally selected for the reanalysis. We excluded studies investigating processes beyond visual
unconscious processing and visual perception (e.g. working memory or implicit learning), studies that did not solely base their conclusions on the
standard reasoning, studies with a design not allowing us to perform the reanalysis (e.g. correlation analysis), studies from which the design or results

were ambiguous, or with missing data necessary for the reanalysis.

rely on participant’s unfalsifiable introspective reports such as
“seen”/“unseen” judgments), as this was required to perform the
reanalysis.

Studies fulfilling all the above-mentioned criteria were
analyzed in depth and cut down to 16 studies (Axelrod et al. 2015,
Dehaene et al. 2001, Fang et al. 2005, Fogelson et al. 2014, Freeman
et al. 2014, Haynes & Rees 2005, Kouider et al. 2007, Kouider et al.
2009, Kouider et al. 2016, Moutoussis & Zeki 2002, Schurger et al.

2010, Stein et al. 2021, Sterzer et al. 2008, Ulrich & Kiefer 2016,
van Gaal et al. 2010, Yang et al. 2012) based on five criteria: First,
we focused our reanalysis on visual unconscious processing, and
studies investigating other processes such as working memory,
implicit learning, or negative compatibility effects were excluded.
Based on this criterion, we excluded n=12 studies (note that some
studies were excluded based on more than one criterion). Second,
studies had to claim unconscious processing following the
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standard reasoning. Studies that used other rationales or methods
(e.g. correlation analysis between the awareness assessment
measure and brain activity), were excluded. We excluded n=13
additional studies based on this criterion. Third, studies had to
present a design that allowed the application of our reanalysis
method. Studies that had a behavioral measure that differed from
the traditional binary response format (e.g. a direct task with four
response alternatives), or that presented fMRI analysis beyond
univariate or multivariate analysis (e.g. functional connectivity
analysis) were excluded (n=5 additional exclusions). Fourth, the
designs of the selected studies had to allow for a comparison
between direct and indirect tasks, and values had to be reported
unambiguously. Studies designed in a way that allowed reanalysis
but made conclusions difficult to interpret (e.g. because there was
an important conceptual mismatch between the stimulus feature
tested in the direct task and the stimulus feature tested in the
indirect task) were excluded (n=3 additional studies excluded).
Fifth, studies had to report enough data to allow for our reanalysis
(e.g. &, number of trials, etc.). We contacted the authors of seven
studies that otherwise fulfilled all our inclusion criteria (three
studies failed also other criteria such that we did not contact
the authors). We received only one reply. Unfortunately, such
low return-rates are to be expected (Wicherts et al. 2006). After
further deliberation, we managed to reanalyze results from one
of these studies based on the summary statistics available online.
We therefore excluded n=5 additional studies based on this
criterion.

Importantly, many of the studies finally selected for the reanal-
ysis presented methodological issues (participant and trial exclu-
sions, inconsistent feature of discrimination, separate task for the
direct measure) that probably had an impact on the results of our
reanalysis. However, it is important to note that, in agreement
with our benefit-of-the-doubt approach, these methodological
caveats always biased our reanalysis results toward finding evi-
dence for an ITA in favor of unconscious processing (see Discussion
section). Note also that we reanalyzed the most promising results
from the 16 selected studies, i.e. significant ROIs or results used
by the authors to demonstrate unconscious processing. These
80 experimental conditions had the largest effects and therefore
highest indirect sensitivities. We did not reanalyze results that,
a priori, were not expected to yield ITAs, and we did not conduct
additional analyses of alternative candidate ROIs to avoid straw-
man arguments. However, different ROIs may potentially yield
more ITAs in future reanalyses.

The sensitivity comparison method applied to
fMRI data

The sensitivity comparison method (Meyen et al. 2022) consists
in estimating a sensitivity value (here d’) for the indirect task,
such that this sensitivity can be compared to the sensitivity of the
direct task (which is typically reported in studies). This makes it
possible to determine whether there is an ITA (i.e. whether the
sensitivity in the indirect task is superior to the sensitivity in
the direct task). When using this method to reanalyze existing
studies, one is faced with one problem, though: Typically, one
would need the trial-by-trial data to estimate the sensitivity.
Because those data are often not available anymore, Meyen et al.
(2022) developed a method to estimate the sensitivities from the
typically published summary statistics (e.g. the results of a t-test).
This method requires only one additional parameter g2, which
corresponds to the ratio of between-subject to within-subject
variability. As such, it is independent of the number of participants
and trials, N and K, which is particularly useful when reanalyzing

studies with different N and K. Practically, g* can be thought of as a
single-trial reliability. It can be mathematically shown to be equal
to the variance of participants’ underlying individual sensitivities.
This parameter g can be estimated from similar studies for which
trial-by-trial data are available. Here we used the data from Stein
et al. (2021) to estimate this parameter for fMRI data and then
used this estimate to reanalyze the selected studies. Stein et al.
(2021) was selected to determine ¢? as it was the only study for
which we had access to a complete dataset, but also because it
seemed to provide us with a representative estimate: This study
uses stimuli that are commonly used in research on unconscious
perception, pictures of faces and houses. Moreover, the sample
size was high (N=43) and, compared to the other studies that
were selected for our reanalysis, this study presented fewer of the
confounding biases we mentioned above.

To estimate the parameter ¢°, we used each participant’s
observed, individual sensitivity that Stein et al. (2021) had
obtained by decoding fMRI data of the lateral occipital cortex
(LOC). We chose the LOC results because they seemed most
promising to show an ITA. We conducted a Bayesian analysis
to determine the highest posterior density interval (Hyndman
1996; Kruschke 2021) for g?. Starting with a Jeffreys’ prior on ¢?,
we employed a Markov Chain Monte Carlo algorithm because
it can efficiently estimate posterior distributions with multiple
variables making optimal use of each individual sensitivity
instead of just the observed standard deviation. We found a
posterior mean g2 =0.0061 (q=0.08) with 95% HDI=[0.001, 0.019].
Note that a simpler, naive plugin estimation consistently yielded
a mean ¢ =0.0059. This ratio for fMRI data is somewhat smaller
than what we had estimated for RT data (with a conservative
assumption, we had g*>=0.0225 there). Again, this decrease is
plausible due to fMRI measurements incurring more trial-by-
trial noise. Thus, we used for all our subsequent reanalyses of
fMRI data the parameter estimate g*=0.006. This corresponds to
assuming that the standard deviation of individual, underlying
sensitivities is ¢=0.08 (observed sensitivities may vary more due
to sampling noise). We also estimated g based on the other
conditions of Stein et al. (2021), namely fMRI measures at different
time points during the trials (at 0, 1.6, 3.2, 4.8, 6.4, and 8.0 s
after stimulus onset). Estimates of g2 in the objectively invisible
condition were on average ¢g>=0.005 and in the subjectively
invisible condition q?=0.004 (see Supplementary Fig. S1). The
largest estimate we found in any of the conditions was g2 =0.008,
which is likely an overestimate. Had we chosen this value instead
of q?=0.006 for our reanalyses, the estimated indirect task
sensitivities would only change marginally (e.g. from d'=0.147
to d’=0.152 in the first reanalyzed condition of Dehaene et al.
2001).

With this new g%, we applied the sensitivity comparison
method to the 16 fMRI consciousness studies that were selected
for our reanalysis by estimating d’ from published summary
statistics given minimal assumptions. The following formula
summarizes how d’ was estimated for the indirect task:

d;ndirect =t CNK g2 (1)

where the d’ value for the indirect task—here parameter esti-
mates from a general linear model fitted to the fMRI data or
multivariate pattern analysis (MVPA) values—is estimated based
on the reported t-value of a paired t-test comparing two conditions
with different neural activation. The constant cyg,» adjusts for
the increase in t values that occurs with a greater number of
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Figure 3. Standard reasoning versus sensitivity comparison method: Example data from Stein et al. (2021). Note. Example of the two procedures in
Stein et al. (2021) for the univariate analysis of the LOC. (a) Erroneous double t-test approach (“standard reasoning”): Consciousness researchers
usually test participants’ ability to discriminate stimuli, here faces and houses, by computing a d’ value and testing it against zero. If d’ is not
significantly different from zero (P> .05), participants are considered unaware of the stimuli’s features of interest. On the other hand, a significant
difference in brain activity, here BOLD variations in LOC, is then considered as evidence that the stimuli’s features of interest are processed
unconsciously. This standard reasoning is, however, flawed (cf. Fig. 1). (b) Appropriate sensitivity comparison method: A d’ value is computed for both
behavioral and brain measures and the two values are directly compared. Here there is no significant difference between the two sensitivity values,
suggesting that there is insufficient evidence for brain data being more sensitive to stimulus information than behavioral data. Note that the
sensitivity for the indirect task is significantly above chance, but that this test alone is not enough to conclude that the sensitivity of the indirect task
outperforms the sensitivity of the direct task. Brain data should contain more information relative to the stimulus than behavioral data for one to
conclude that there is an ITA and, potentially, evidence for unconscious processing. Error bars depict 95% Cls. The BOLD activation plot in the top row

is only for illustrative purposes and not based on data.

participants (N), a higher number of trials (K), and it accounts for
the dependency on the ratio of between-subject to within-subject
variance (q%). This scaling factor cyg 2 was computed for each
reanalyzed study and condition separately, where we used the
respective N and K but always the same g? =0.006. When t values
were missing, we transformed z scores using quantile mapping:
We first computed the associated p-value and then the associ-
ated t value based on the number of degrees of freedom. When
values were not clearly reported or when there seemed to be
ambiguity, we always selected the value giving an advantage to the
unconscious processing conclusion, in order to follow our benefit-
of-the-doubt approach. Analyses can be performed by using our
website (http://www.ecogsci.cs.uni-tuebingen.de/ITAcalculator/)
or, for more flexibility, the R code available on OSF (https://osf.
io/wnfta/).

Results

We first provide an example by applying the sensitivity compar-
ison method to data from Stein et al. (2021)—see Fig. 3. We then
give a summary of all results from our reanalysis (Fig. 4).

The sensitivity comparison method applied to
Stein et al. (2021)

In the study of Stein et al. (2021), 43 participants were presented
with masked house and face stimuli (200 trials per participant).
Participants discriminated the presented stimulus in each trial
(direct task). Stein and colleagues reported a d’ of 0.02 (SE =0.038)
for the direct task and t(42)=3.28 for MVPA decoding of faces
versus houses in LOC (highest reported value for the indirect task)
and—based on the standard reasoning—infer an ITA.
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From this published t-value, we estimated for the indirect task
a sensitivity of d'=0.08 (SE=0.03). This resulted in a d’ difference
between indirect and direct tasks of 0.06 (SE=0.04), with a 95%
confidence interval (CI) including zero (95% CI=[-0.02, 0.14]),
thereby indicating that the sensitivity-difference did not deviate
significantly from zero. That is, although the sensitivity of the
indirect task was slightly larger than that of the direct task, this
small difference can be explained by noise: There was not enough
evidence to support an ITA based on the reported statistics. These
results are depicted in detail in Fig. 3 and in a more compact
fashion in Fig. 4. This is the analysis we applied to all included
studies (see below).

To demonstrate that the sensitivity comparison method is
in fact capable of detecting ITAs, we conducted an additional
analysis where we contrasted conditions of Stein et al. (2021) for
which it was a priori plausible to expect a difference. For this, we
compared the LOC activity in the “objectively visible condition”
(t=16.69; d'=0.4; SE=0.05) with the direct task performance of
the “objectively invisible condition” (d' =0.02, SE=0.04). As a result,
we found a difference of 0.38 (SE=0.06; 95% CI=[0.26; 0.50]). This
shows that our method is in principle able to detect an ITA: If
processing is sufficiently strong in the indirect task, sensitivity
differences can be detected. But note that, in the “objectively
visible condition,” participants’ direct task sensitivity was also
higher with d’=4.5 so that no evidence for unconscious processing
is given by this comparison either.

The sensitivity comparison method applied to all
studies

Next, we applied the sensitivity comparison method to all selected
studies and depict the results in Fig. 4. Inspection of this figure
shows that in most conditions, the sensitivity difference was
close to zero and not significantly different from zero (error bars
correspond to 95% ClIs).

Only eight of the 80 experimental conditions (10%) showed a
significant ITA, while two conditions (2.5%) showed a significant
opposite effect (dubbed direct task advantage; DTA; in the figure).
Note that one would a priori expect a false positive rate of 5%,
and that we did not correct for multiple hypothesis testing. So,
overall, there seems little evidence for an ITA across all studies,
although all studies inferred unconscious processing based on
their reported results. With that, a parsimonious explanation of
most of the data is that weak, residual conscious processing
underlies responses. In this majority of the cases, there is not
enough evidence for processing with a sensitivity beyond that in
participants’ direct (conscious) responses. There was insufficient
empirical basis for interpretations about unconscious processing.

Nevertheless, it is instructive to have a closer look at the eight
conditions that supported an ITA. They came from three studies
(Haynes and Rees 2005, Sterzer et al. 2008, Freeman et al. 2014),
including two studies using MVPA as the indirect task (Haynes
and Rees 2005, Sterzer et al. 2008). We discuss one of them as an
illustration in the following. A description of all reanalyzed stud-
ies, the data used for the reanalysis such as reported statistics,
number of participants, and number of trials as well as all detailed
numeric results are available in the supplementary materials
(Supplementary Tables S1-516).

Sterzer et al. (2008) reported a d' of —0.05 (SE=0.14) for the
direct task based on data from five participants (77 trials per
participant) performing a binary discrimination task with face
and house stimuli rendered invisible using continuous flash sup-
pression (CFS). Based on the reported statistics from their decod-
ing analysis, we estimated a d’ of 0.69 (SE=0.18) for the indirect

task (highest decoding accuracy was found when using both FFA
and PPA ROIs data: 63.5%), resulting in a sensitivity difference
of 0.74 (SE=0.23)—this was the highest sensitivity difference we
found across all experimental conditions of all studies. The 95% CI
excluded zero (CI=[0.11, 1.37]), supporting the existence of an ITA.

Our reanalysis evaluated evidence for unconscious processing
and its neural correlates in 16 fMRI studies with 80 experimen-
tal conditions. We applied our sensitivity comparison reanalysis
method on their summary statistics and thereby replaced the
problematic standard reasoning (Fig. 1a) with a more appropriate
method (Fig. 1b). In most conditions (87.5% of all conditions), there
was no significant difference between sensitivities in indirect and
direct tasks, 2.5% of conditions showed higher sensitivity for the
direct task, and only 10% of conditions showed a larger sensitivity
difference in the indirect task than in the direct task—that is an
ITA (Fig. 4). However, results from all these conditions had been
considered sufficient evidence for unconscious processing in the
original studies. As an ITA is a necessary step for further-reaching
inferences about conscious and non-conscious processing, a lack
of clear evidence for an ITA constitutes a problem for such infer-
ences.

These results suggest that the evidence for unconscious pro-
cessing has often been overestimated in consciousness studies
using fMRI. This is a similar situation as has been found for
behavioral priming (Zerweck et al. 2021, Meyen et al. 2022), prim-
ing in EEG (Schnepf et al. 2022), implicit learning (Meyen et al.
2024), and lie detection (Franz and von Luxburg 2015, Franz et al.
2024). Note that some of the here reanalyzed fMRI studies also
presented behavioral data. The analysis of these behavioral data
(performed in Meyen et al. 2022) is in agreement with our results
from reanalyzing the fMRI data here: There is little evidence for
ITAs in either measure (Meyen et al. 2022). Without establishing
an ITA one cannot infer that there were unconscious processing
of a stimulus beyond what participants can consciously report.
In other words, based on our results it seems likely that brain
activity has often been prematurely associated with unconscious
processing, which in turn has consequences for our definition
and understanding of the NCCs. In the following we discuss some
further, open issues.

Methodological biases and their impact on ITAs

While our reanalysis did not indicate convincing evidence for an
ITA in most studies and conditions, we now want to discuss those
few conditions where our reanalysis did find evidence for an ITA.
What can we conclude for those conditions? Do these ITAs reflect
unconscious processing (Step 2 in Fig. 1b)? Unfortunately, some
common methodological flaws might bias consciousness studies
toward finding evidence for unconscious processing. For example,
there often exists a statistical power asymmetry between the two
tasks, the direct task being performed with less participants or
trials. In fMRI studies, this asymmetry is typically exacerbated
by the high number of data points (voxels) in fMRI as well as by
the nature of the data: continuous responses for the brain (e.g.
BOLD activation of the amygdala) are often compared to binary
responses for the participants (e.g. “fearful” versus “neutral”), thus
giving the indirect task an advantage in terms of statistical power
compared to the direct task.

Additionally, it is common in fMRI studies to have participants
perform the two tasks at different points in time, in different
contexts, e.g. inside and outside the scanner, or even to have
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Figure 4. Sensitivity comparison in 16 fMRI studies investigating unconscious processing. Note. (a) Sensitivity for the direct and indirect tasks. (b)
Sensitivity comparison between the two tasks. The difference between the sensitivities of the two tasks is reported on the horizontal axis. 95% Cls are
reported using error bars. The data used to perform the reanalysis is available in Supplementary Tables S1-S16. DTA is short for direct task advantage,
i.e. when there is evidence that the direct task outperforms the indirect task. Acronyms and abbreviations from the different conditions are available
in the supplementary material.
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different participants for the two measures. Although this might
not always give a spurious advantage to the indirect task, using
dissimilar data collection procedures is problematic if one intends
to compare the two tasks. Moreover, participants typically have to
respond at a designated time window after stimulus presentation,
while the brain is measured at the time of stimulus presentation.
This creates another asymmetry: in the direct task, participants
are burdened by short-term memory demands because informa-
tion has to be maintained until report, while the indirect task
occurs simultaneously (and sometimes the best time points are
selected for reporting results).

Some studies use MVPA, an approach in which the information
available in brain activity is used in an optimal way to classify
stimuli. Comparing these classifications with participants’ direct
task classifications requires some additional considerations: First,
training a classifier after all trials have been recorded (offline)
grants an advantage over participants in the direct task, who
have to give responses in an online fashion—participants have
to set internal decision thresholds on the fly, which is more
difficult than when the threshold is set post hoc based on all
trials. Second, determining which features of the stimuli allow for
optimal classification may only be learned by participants during
the experiment, while a trained classifier can optimally weight
the neural activity representing those features post hoc. Finally,
in all fMRI studies, the exclusion of participants or scans, or the
formation of two groups post hoc, can lead to regression to the
mean effects (Barnett et al. 2005, Schmidt 2015, Shanks 2017).

Three studies which did not pass our criteria for inclusion in
the reanalysis deserve to be mentioned here, as they complete
the overall picture. One study by Cao et al. (2021) did perform a
sensitivity comparison (and was therefore not included because
no reanalysis was necessary). The authors investigated uncon-
scious processing of facial identity. They presented two faces
to participants—either two actors’ faces or two familiar faces—
morphed to different degrees and masked by CFS. Facial identity
was decoded from fMRI activity in the right fusiform face area
and directly compared to participants’ face identity recognition
performance (direct task). The authors found only anecdotal evi-
dence for an ITA (t(15) =1.85,P =.042 in a one-tailed test, BF =2.033;
Cao et al. 2021). A replication of these results would be helpful to
assess the robustness of this effect and to clarify whether facial
identity might be a promising line of future research on uncon-
scious processing. Two other studies investigated the unconscious
processing of object-context relations (Faivre et al. 2019) and
emotional words (Hoffmann et al. 2015). Both studies followed
the standard reasoning. However, both reported null findings and
therefore did not even claim unconscious processing (this is why
we did not include them in our reanalysis). Taken together, their
results also indicate that the evidence for ITAs is scarce.

In our reanalysis, studies with and without confirmed ITA
are affected by some of the above-mentioned caveats and may
thereby result in a biased comparison between direct and indirect
tasks in favor of the latter one. This gives more weight to our
results. Although studies were affected by these biases (for which
we did not correct) inflating evidence for ITAs, we still found little
evidence for ITAs overall.

The role of statistics in neuroimaging studies
investigating unconscious processing

A frequent objection of consciousness researchers to the sensitiv-
ity comparison method applied in the present reanalysis is that it
were underpowered (Stockart et al. 2024). However, demonstrating
unconscious processing based on the results of two tasks logically

requires an appropriate comparison. If this comparison then turns
out to lack statistical power then we should not return to the
problematic standard reasoning. Instead, we must first reevaluate
the strength of evidence from previous studies and second aim to
increase power in future studies. In many of our reanalyzes, the
direct task sensitivity lacked precision (larger direct than indirect
error bars in Fig. 4a). But the precision of a comparison between
two measures is always limited by the lower precision of the two
measures. Thus, the demand for higher power directly translates
into increasing the number of participants and trials in the direct
task. Note that this improvement would even be relatively cheap,
given that we are talking about the behavioral task not the indirect
task, where imaging is involved. Another option for future studies
is to include continuous measures in the direct task to then
compare the information in both tasks based on their continuous
responses.

Limitations of the present work

There are some limitations inherent to the present reanalysis.
First, our reanalysis procedure requires objective measures of
awareness, and we did not consider the case of subjective aware-
ness measures (Seth et al. 2008, Kiefer et al. 2023). Claims about
subjectively-unconscious processing, if established with appro-
priate subjective measures, are not targeted by our sensitivity
comparison critique. Second, the estimate of the parameter g2
was based on a single fMRI study (Stein et al. 2021), which might
not be representative of the whole field. Our study provides a
first estimate that might evolve in future studies. However, since
Stein et al. (2021) had a comparatively large sample size (N=43),
it is likely to constitute an appropriate estimation. Third, fMRI
data is complex, and we focused on studies with a traditional
design (2-class MVPA, 2-conditions t values or F values from
ANOVAs). Since this is the first time such a reanalysis has been
performed with fMRI data, extending to all types of design would
require additional adaptations of the reanalysis procedure. Sim-
ilarly, extensions of the sensitivity comparison method should
include direct tasks with more than two response alternatives.
Fourth, we decided to focus our reanalysis on results interpreted
by the authors of the reanalyzed studies as evidence for uncon-
scious processing. Therefore, we did not reanalyze results that,
a priori, were not expected to yield ITAs. The specificity of our
method could thus be further validated in the future by con-
ducting additional analyses of alternative candidate ROIs. Fifth,
our approach only used the reported summary statistics—due to
the well-known problems of obtaining raw-data from published
studies (Wicherts et al. 2006). Performing a sensitivity compar-
ison based on the individual trial-by-trial data could increase
statistical power. Sixth, one may criticize that transforming the
continuous indirect task responses into binary predictions for
each trial in order to compute sensitivity from hit rates and
false alarm rates artificially reduces statistical power. Indeed,
dichotomization reduces power. But any comparison is necessar-
ily limited by the weakest comparand: If the direct task is by
design based on binary responses, an appropriate comparison
must use dichotomized indirect task responses. Our argument is
that, if the original studies infer unconscious processing based
on contrasting the indirect task results to the direct task data
measured on a binary scale, the indirect task data should show a
difference when brought to that scale. Seventh, some studies did
not test the right feature of discrimination, i.e. brain and behav-
ioral datasets were not tested on the same information, such
that comparing their sensitivity can be problematic (Reingold and
Merikle 1988, Schmidt and Vorberg 2006, Schmidt and Biafora
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2023). We recommend future studies to avoid such direct-indirect
mismatch by testing the feature of interest in both the direct and
indirect task and follow the criteria we mentioned in the previous
section (same number of participants and trials, no post hoc exclu-
sion, experimental design as similar as possible) to avoid an unfair
comparison between direct and indirect tasks (in line with recent
recommendations, Stockart et al. 2024). Although some exclusion
criteria are clear-cut (e.g. missing data necessary for the reanal-
ysis), others might seem debatable. For example, we decided to
focus on visual unconscious processing but future studies could
include studies investigating more complex cognitive processes,
such as working memory or implicit learning. We also excluded
studies with what we considered too heavy methodological biases
or for which values were not clearly reported to avoid obtaining
non-interpretable or invalid results from the reanalysis. Future
reanalyses might offer complementary findings by reanalyzing
different sets of studies based on different selection criteria.
Finally, although it seems likely that the estimated g? value will be
within a reasonable range, it might still vary across laboratories
and designs. Future work should estimate g2 using a diversity of
fMRI datasets and designs to further improve the generalizability
of our conclusions.

Future directions: investigating the NCCs using
the sensitivity comparison method

Our approach can be seen as providing a focus on the most
promising designs and methods: Based on this first attempt of
reanalysis of a very limited corpus, it appears that studies using
MVPA analysis in visual areas (V1, FFA, PPA) were the most potent
in confirming an ITA (stimulus type: faces/houses, gratings; sup-
pression method: CFS, sandwich masking). Future studies that will
survive the sensitivity comparison will constitute good candidates
to define the extent of unconscious processing and identify neural
correlates of consciousness.

Current trends in the field as reported in the UnconTrust
database (in prep, https://uncontrustdb.tau.ac.il/) suggest that,
although there has been an increase in good practices in
recent years, suboptimal methodological choices remain a
widespread problem (e.g. post-experiment awareness measure,
direct-indirect mismatch). Apart from following the criteria we
discussed earlier in this work (see also Rothkirch and Hesselmann
2017, Stein et al. 2024, Stockart et al. 2024) we recommend
future consciousness studies using fMRI or other neuroimaging
techniques to quantitatively compare brain data to behavioral
data directly on the same scale—e.g. with d’ values, but other tools
could be used to compare the two tasks, for instance tools from
information theory (Ince et al. 2017, Mediano et al. 2022, Meyen
2022). A systematic use of the sensitivity comparison method
will lead to better practice and improved methodology within
consciousness research. For example, it is likely that researchers
will be more attentive to having enough statistical power in their
measure of stimulus awareness, and that more effort will be made
to have the two measures resulting from procedures as similar
as possible, so that they are comparable. Having brain activity
as an indirect measure makes the comparison of sensitivity less
straightforward than with behavioral priming (as in Meyen et al.
2022), and having two different quantitative data types (binomial,
univariate or multivariate analyses) on two different scales also
makes the comparison difficult. The fact that data type and
statistical tests vary between the two measures reinforces the
need for a comparison of sensitivity on the same scale. Therefore,
it will be important to develop additional methods to directly
compare brain and behavioral data (e.g. Ince et al. 2017). As a

final note, we stress once again that an ITA alone is not sufficient
to conclude unconscious processing but that it only represents a
necessary first step. Other aspects of validity must be addressed
in a second step to make claims about unconscious processing.
Future studies are needed to confirm the results from this first
reanalysis, and a systematic meta-analysis using the sensitivity
comparison could be informative regarding the types of stimuli
that yield an effect supporting unconscious processing, as well as
the brain networks involved.

By showing that a large proportion of the fMRI consciousness
studies we reanalyzed fail in providing evidence for an ITA, we call
for a methodological update of the field of consciousness science.
After Meyen et al. (2022) had shown that behavioral priming
effects from many consciousness studies are most likely due to
statistical artifacts, we expanded this reasoning to studies using
fMRI data as an indirect measure. We argue that, to determine
that brain activity reflects unconscious stimulus processing, one
should provide evidence that brain data is more sensitive to
stimulus information than behavioral data from the awareness
assessment. However, based on our results, we argue that brain
data rarely outperforms behavioral data. Together with the addi-
tional methodological flaws undermining the field, the results
from our reanalysis put common interpretations in consciousness
research into question. We recommend future studies investigat-
ing unconscious processing using fMRI and other neuroimaging
techniques to support their claims with a direct comparison (of
sensitivities) between brain and behavioral data. Such profound
methodological changes in the field would contribute to a better
understanding of unconscious processing and would provide us
with a more accurate working definition of the neural correlates
of consciousness.
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Supplementary Material

1 Keywords

1.1 PubMaed (first search)

fmri[Title/Abstract] AND (unconscious|[Title/Abstract] OR nonconscious|[Title/Abstract] OR non-
conscious[Title/Abstract] OR invisible[Title/Abstract] OR ‘outside awareness’[Title/Abstract] OR
unseen|Title/Abstract] OR ‘without awareness’[Title/Abstract] OR subliminal[Title/Abstract] OR
implicit[Title/Abstract]) AND (mask*[Title/Abstract] OR ’binocular rivalry’[Title/Abstract] OR
“binocular suppression’[Title/Abstract] OR ’interocular suppression’[Title/Abstract] OR ’continu-
ous suppression’[Title/Abstract] OR ’flash suppression’[Title/Abstract])

1.2 Web of Science

TI=(fmri AND (unconscious OR nonconscious OR non-conscious OR invisible OR ‘outside aware-
ness’ OR unseen OR ‘without awareness’ OR subliminal OR implicit) AND (mask* OR ’binocular
rivalry’ OR ’binocular suppression’ OR ’interocular suppression’ OR ’continuous suppression’ OR
"flash suppression’)) OR AB=(fmri AND (unconscious OR nonconscious OR non-conscious OR
invisible OR ‘outside awareness’ OR unseen OR ‘without awareness’ OR subliminal OR implicit)
AND (mask* OR ’binocular rivalry’ OR ’binocular suppression’ OR ’interocular suppression’ OR
’continuous suppression” OR ’flash suppression’)) OR (fmri AND (‘attentional blink’[Title/Abstract]
OR ’inattentional blindness’[Title/Abstract] OR ’change blindness’[Title/Abstract])))

1.3 PubMed (second search)

fmri[Title/Abstract] AND (‘attentional blink’[Title/Abstract] OR ’inattentional blindness’[Title/Abstract]
OR ’change blindness’[Title/Abstract])



2 Estimation of q° from other experimental conditions

Figure S1
Estimates of the Variance Ratio g2 from Stein et al. (2021)
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Note. Stein et al. (2021) computed decoding sensitivities d’ at different time points after stimulus onset
(x-axis) for the subjectively and objectively invisible conditions. Based on these values, estimates for the
variance ratio q? were derived together with 95% Highest Density Intervals (shown as error bars). The
objectively invisible condition at time point 4.8 (colored in orange) yielded the highest decoding sensitivity
d’. Therefore, we took the g2 estimate from that condition for our reanalyses, q? = 0.006 (horizontal line). On
average, g2 estimates were lower with g2 = 0.004 and g2 = 0.005 in the subjectively and objective invisible
condition, respectively. Thus, the g2 estimate we used is likely an overestimate and increases the chances of
finding an Indirect Task Advantage (ITA) in our reanalyses.



3 Original data and reanalysis results

Axelrod et al. (2015) In this study, researchers used continuous flash suppression (CFS) to mask
a succession of words, either forming a meaningful or non-meaningful sentence. A localizer with
visible words was used to define regions of interest (ROI; LPSTS: left posterior superior temporal
sulcus, LMFG: left middle frontal gyrus). Decoding analyses were run on different numbers of
voxels (100, 50 and 150). Four sentences were displayed per block, and participants were asked
whether these were meaningful sentences at the end of each block. Participants performed distinct
direct tasks for the two stimulus types. Both resulted in the same mean accuracy M. We picked the
lower standard error (SE) value to follow our benefit-of-the-doubt approach and favor finding an
ITA. Only ‘guessed’ trials were included in the original analysis.

Standard Reasoning: “After each block of either sentences or nonwords participants reported
whether they had been aware of even a single word—a procedure which ensured that data analyses
were conducted only on blocks judged invisible by participants. To discriminate between neural
activity elicited by the 2 conditions we used multivoxel pattern classification analyses (MVPA)
focusing on the language network [...] The principal goal of our research was to test whether the
frontal lobes were involved in any unconscious processing of language.” (p. 2160 and 2161)

Table S1: Reported results from Axelrod et al. (2015)

Indirect measure Direct measure Sensitivity Comparison

N K d+SE N K d +SE dyg = SE  C195%

LPSTS-100 15 77 0.31+£0.10 15 77 0.09+0.10 0.23+0.14 [-0.08, 0.54]
LMFG-100 15 77 0.24+£0.07 15 77 0.094+0.10 0.15+0.13 [-0.13,0.43]
LPSTS-50 15 77 032+£0.10 15 77 0.09+0.10 0.24+0.15 [-0.08, 0.56]
LMFG-50 15 77 021+£0.07 15 77 0.09+0.10 0.13+0.13 [-0.14, 0.40]
LPSTS-150 15 77 0.34+£0.10 15 77 0.09+0.10 0.25+0.14 [-0.05,0.56]
LMFG-150 15 77 0.32+£0.08 15 77 0.09+0.10 0.24+0.13 [-0.05,0.52]

Note. LPSTS-n: left posterior superior temporal sulcus (decoding using ROI of n
voxels); LMFG: left middle frontal gyrus.

Dehaene et al. (2001). The study consists of two experiments. In E1 the ITA referred to the
presence vs. absence of the masked word, while in E2 the ITA referred to a congruency effect
(repeated vs. different words). In E1, visibility of words was evaluated using different measures
(detection/naming, recognition memory, forced-choice test); for this reanalysis we could only in-
clude the forced-choice test. In E1, neural activity was measured using both EEG and fMRI; here
we focused on fMRI results. Authors reported Z values at local maxima. We converted these values
into t values using quantile mapping (see Methods section).

Standard Reasoning: “In the forced-choice test, on each of 37 trials, a short stream comprising a
single masked word was presented. Participants were told about the presence of a hidden word and
were asked to select it among two choice words presented left and right of fixation. The success rate
of 52.9% did not differ from the 50% value expected by chance [...]” (p. 752-753). “Behaviorally,
participants again denied seeing the primes and were unable to select them in a two-alternative
forced-choice test [...] brain activation was reduced in extrastriate, fusiform and precentral regions
similar to those observed in experiment 1. This shows that the repetition suppression phenomenon,
which was previously obtained with consciously visible stimuli, can be replicated with unseen
masked primes [...]” (p. 755-756).



Table S2: Reported results from Dehaene et al. (2001)

Indirect measure Direct measure Sensitivity Comparison
N K d+SE N K d +SE dgg + SE  CI95%

LECEI-LM1 15 150 0.15+£0.06 27 37 0.15+0.08 0.00 £0.10 [-0.20, 0.20]
LECEI-LM2 15 150 0.14+0.06 27 37 0.15+£0.08 —0.00+£0.10 [-0.20,0.20]
LFGE1l-LM1 15 150 0.124+0.05 27 37 0.15£0.08 —0.03£0.10 [-0.22,0.17]
LFGEI-LM2 15 150 0.12+£0.05 27 37 0.15+0.08 —-0.03£0.10 [-0.23,0.17]
LPS E1-LM1 15 150 0.12+£0.05 27 37 0.15+£0.08 —-0.03£0.10 [-0.23,0.17]
LPSEI-LM2 15 150 0.10+£0.05 27 37 0.15£0.08 —0.04£0.10 [-0.24,0.16]
RECE2-LM1 10 240 0.33+0.10 10 64 0.18+0.10 0.15+£0.14 [-0.18, 0.48]
RECE2-LM2 10 240 0.31£0.10 10 64 0.18+0.10 0.13+£0.14 [-0.19, 0.45]
LFG E2-CI 10 480 0.17+£0.06 10 64 0.18+0.10 —0.01£0.12 [-0.28,0.25]

Note. LEC: left extrastriate cortex; LFG: left fusiform gyrus; LPS: left precentral
sulcus; REC: right extrastriate cortex; El: experiment 1; E2: experiment 2; LM1:
local maximum 1; LM2: local maximum 2; CI: case independent.

Fang et al. (2005).The study reports two experiments. The first experiment does not fit the
scope of this reanalysis and was therefore excluded. In E2, tools and faces were rendered invisible
using binocular rivalry. In the direct measure, participants were asked to determine in which inter-
val the intact (vs. scrambled) object was presented. In parallel, their BOLD activation in ventral
and dorsal ROIs were measured (tools vs. faces; indirect measure). For the indirect task, we esti-
mated the number of trials K based on our best understanding of the methods section and following
our benefit-of-the-doubt approach. Note that we used the F value from the main effect incorporat-
ing visible and invisible trials. Although we are only interested in the invisible trials (there was
no F value for only the invisible condition), the effect is certainly larger in the visible condition
and including these trials follows our benefit-of-the-doubt approach. Note also that here the direct
measure compares intact vs. scrambled while the indirect measure compares tools vs. faces. This
methodological discrepancy between the two measures greatly limits any conclusion that could be
made from a confirmed ITA.

Standard Reasoning: “[...] although the subjects could not tell whether the images were faces
or tools or even if they were intact, their dorsal cortical neurons still reacted differently to different
invisible object images: images of tools induced much stronger BOLD signals in the dorsal ROIs
than did images of faces” (p. 1383).

Table S3: Reported results from Fang et al. (2005)

Indirect measure Direct measure Sensitivity Comparison
N K d+SE N K d + SE dgs £ SE  CI95%

AmygdalaE2 5 520 0.16+0.10 7 500 —-0.02+£0.03 0.18+0.11 [-0.08,0.43]
Note. E2: experiment 2.

Fogelson et al. (2014). In this study, faces and tools were rendered invisible using continuous
flash suppression (CFS) or chromatic flicker fusion (CFF). Participants were tested on their ability
to discriminate stimuli for both methods (direct measure). MVPA was performed on fMRI data
using a linear SVM classifier (indirect measure). We should emphasize that one of the conditions
(blinding method = CFF; ROI = fusiform gyrus) almost yielded an ITA (CI 95% = [-0.00044,
0.33251)).



Standard Reasoning: “Behavioral data collected during scanning show that subjects were at
chance when guessing stimulus category during both invisible conditions [...] A subset of these
regions also showed significant category classification in the absence of stimulus awareness. [...]”
(p. 5-6).

Table S4: Reported results from Fogelson et al. (2014)

Indirect measure Direct measure Sensitivity Comparison
N K d+SE N K d + SE dyg £+ SE  CI95%

CFS-MOG 17 128 0.10£0.05 17 128 —0.024+0.06 0.11+0.08 [-0.05,0.27]
CFS-MOLS 17 128 0.09+0.05 17 128 —0.02£0.06 0.10£0.08 [-0.06,0.27]

CFS-LG 17 128 0.12+£0.05 17 128 —-0.02£0.06 0.14=£0.08 [-0.03,0.30]
CFF-lg 17 128 0.09£0.05 17 128 —0.03+£0.06 0.12+0.08 [-0.04,0.28]
CFF-FG 17 128 0.14+£0.05 17 128 —-0.03£0.06 0.17+0.08 [-0.00,0.33]

CFF-SPS 17 128 0.12+£0.05 17 128 —-0.03£0.06 0.15£0.08 [-0.02,0.31]
Note. CFS: continuous flash suppression; CFF: chromatic flicker fusion; MOG: mid-
dle occipital gyrus; MOLS: middle occipital and lunate sulci; LG: lingual gyrus; FG:
fusiform gyrus; SPS: superior precentral sulcus.

Freeman et al. (2014). Freeman et al. (2012) looked at BOLD signal variations in the
amygdala when participants were shown faces with varying degrees of trustworthiness. Real and
computer-generated faces with different degrees of facial trustworthiness were presented to par-
ticipants using backward masking. The study reports two experiments. In E1, the authors used a
blocked design to present three levels of facial trustworthiness (low, average, high). In E2, an event-
related design allowed the presentation of a continuous range of facial trustworthiness. The two
first runs of E2 were subliminal, and the two others were supraliminal. We focused the reanalysis
on subliminal runs and values which relied on collapsed conditions (subliminal and supraliminal)
were excluded. The authors report the results from one direct measure per experiment (gender dis-
crimination) and from a separate task with different participants (trustworthiness discrimination).
We decided to report both. The indirect measure corresponds to difference in BOLD activation
in the amygdala between conditions (low trustworthiness vs average). Note that our estimated SE
was lower than what authors reported, i.e., it appears that there was more variability in the observed
values than we expected. This follows our benefit-of-the-doubt approach, as underestimating the
SE will lead to narrower confidence intervals and more confirmed ITAs.

Four analyses out of 16 led to a confirmed ITA, all in experiment 2, namely in the left (d’
difference = 0.16 + 0.07; 0.19 £ 0.07 for the quadratic effect) and right amygdala (0.17 £ 0.07
and 0.18 = 0.07 for the quadratic effect). Importantly, we only obtained a confirmed ITA when
using the gender discrimination task as a direct measure, not the trustworthiness discrimination
task (separate task with different participants). Note that reanalysis results from quadratic analysis
are not as straightforward to interpret, but as they were considered as highly valuable evidence for
unconscious processing by the authors, we finally decided to include them in the reanalysis.

Standard Reasoning: “d’ overall was quite low (M=0.17, SE=0.11), ensuring that the masked
stimuli were below subjects’ awareness. [...] Low-trustworthy targets elicited stronger activation
than average-trustworthy targets [...] Thus, regions in the bilateral amygdala exhibited especially
strong activation for low-trustworthy faces when presented subliminally.” (p. 10576-10577).



Table S5: Reported results from Freeman et al. (2014)

Indirect measure Direct measure Sensitivity Comparison
N K d+SE N K d +SE dys £ SE  CI95%
Amygdala E1-Low-GenderDT 19 1440 0.04+£0.02 19 144 0.17£0.05 —0.13+0.06 [-0.24,-0.01]
Amygdala E1-Low-TrustDT 19 1440 0.04+0.02 16 211 0.03 £0.05 0.01 £0.05 [-0.10,0.13]
R Amygdala E1-Low-GenderDT 19 1440 0.06+0.02 19 144 0.17£0.05 —0.114+0.06 [-0.23,0.00]
R Amygdala E1-Low-TrustDT 19 1440 0.06+£0.02 16 211 0.03 £0.05 0.03£0.05 [-0.09,0.14]
R Amygdala E1-High-GenderDT 19 1440 0.04+0.02 19 144 0.17+£0.05 —0.134+0.06 [-0.24,-0.01]
R Amygdala E1-High-TrustDT 19 1440 0.04£0.02 16 211 0.03 £0.05 0.01 £0.05 [-0.10,0.13]
R Amygdala El-quadratic-GenderDT 19 1440 0.06 £0.02 19 144 0.17£0.05 —0.11+0.06 [-0.23,0.01]
R Amygdala El-quadratic-TrustDT 19 1440 0.06+0.02 16 211 0.03 £0.05 0.03£0.05 [-0.08,0.15]
L Amygdala E2-GenderDT 15 320 0.07+£0.04 15 160 —0.09+0.05 0.16 £0.07 [0.02,0.31]
L Amygdala E2-TrustDT 15 320 0.07+£0.04 16 211 0.03£0.05 0.04 £0.06 [-0.09,0.17]
R Amygdala E2-GenderDT 15 320 0.08+0.04 15 160 —0.09+0.05 0.17£0.07 [0.02,0.31]
R Amygdala E2-TrustDT 15 320 0.08+0.04 16 211 0.03 £0.05 0.05£0.06 [-0.08,0.18]
L Amygdala-quadratic-E2-GenderDT 15 320 0.10+£0.04 15 160 —0.09+0.05 0.19£0.07 [0.05,0.34]
L Amygdala-quadratic-E2-TrustDT 15 320 0.10+£0.04 16 211 0.03 £0.05 0.07£0.06 [-0.06,0.21]
R Amygdala-quadratic-E2-GenderDT 15 320 0.09+£0.04 15 160 —0.09=£0.05 0.18 £0.07  [0.04, 0.33]
R Amygdala-quadratic-E2-TrustDT 15 320 0.09+0.04 16 211 0.03 +£0.05 0.06 £0.06 [-0.07, 0.20]

Note. GenderDT: gender discrimination (direct task); TrustDT: trustworthiness dis-
crimination (direct task); Low: low vs. average trustworthiness; High: high vs. aver-
age trustworthiness; E1: experiment 1; E2: experiment 2; L: left; R: right.

Haynes & Rees (2005). In this study, two experiments are reported. In E1, stimuli are visible
and therefore the experiment was excluded from the reanalysis. In E2, Gabor patches are rendered
invisible using a masking technique. Participants are asked to report the orientation at the end of
each block by pressing on a button (direct measure). A classifier is trained on fMRI data to decode
patches’ orientation (indirect measure). Note that we estimated decoding values (% accuracy and
SE) from Figure 3 because they were not reported in the main text.

Haynes and Rees (2005) reported an accuracy of 50.3% (SE = 0.4%) when four participants
attempted to discriminate the orientation of a grating (1170 trials), corresponding to a d’ of 0.02
(SE = 0.01). From their Figure 3, we estimated the maximum decoding performance of gratings’
orientation in V1 at approximately 58.35% (SE = 2.25%). We considered the data point with the
highest decoding accuracy available (100 voxels decoding) in order to follow our benefit-of-the-
doubt approach. This decoding performance can be estimated as a d’ value of 0.42 (SE = 0.11),
resulting in a sensitivity difference of 0.41 (SE =0.11) and a 95% confidence interval that excludes
zero (CI = [0.04-0.77]).

Standard Reasoning: “[...] participants were completely unaware of the orientation of the
masked gratings and were at chance performance (50.3 + 0.4%, s.e.m.) in discriminating their
orientation. [...] we found that single volumes could be classified with an accuracy that was
significantly above chance for each of the four participants [...] Thus, even when participants’
conscious reports indicated that they themselves could not distinguish the orientation of a masked
grating, their brain state contained information that could permit such discrimination.” (p. 688).



Table S6: Reported results from Hayne & Rees (2005)

Indirect measure Direct measure Sensitivity Comparison
N K d+SE N K d +SE dyg + SE  CI195%

\'A! 4 900 0.42+0.11 4 1170 0.02£0.02 0.41+0.11 [0.04,0.77]
Note. V1: primary visual area.

Kouider et al. (2007). This study reports a subliminal and a supraliminal condition. In the
subliminal condition, participants were presented with a masked prime, either unrelated to the
target, orthographically similar to the target, or both orthographically similar and homophonic with
the target. While participants were performing the task, fMRI data was recorded and the authors
tested for a suppression effect, i.e., decrease of BOLD activation in some areas when prime and
target were congruent (indirect measure). Immediately after the scanning session, participants’
ability to discriminate the prime was tested (direct measure). We did our best to estimate K for
the indirect measure based on our understanding of the methods section. Note that we included Z
values that were not significant (left and right FEF) or uncorrected (VWFA) because these results
nevertheless served the narrative of the reanalyzed study.

Standard Reasoning: “Data from the forced-choice prime identification task were used to eval-
uate prime visibility. Measures of d’ values for each subject confirmed that they were unable to
consciously perceive the primes in the subliminal condition [...] the VWFA previously reported
in several studies of subliminal priming during reading (Dehaene et al. 2001, 2004; Devlin et al.
2004), also showed a small repetition suppression effect” (p. 2022-2023).

Table S7: Reported results from Kouider et al. (2007)

Indirect measure Direct measure Sensitivity Comparison
N K d+SE N K d +SE dys £ SE  CI95%

LFEF 15 448 0.21+£0.05 15 180 0.1940.05 0.02£0.08 [-0.14,0.18]

RFEF 15 448 0.17+£0.05 15 180 0.19+£0.05 —-0.02+0.07 [-0.17,0.14]

VWFA 15 448 0.14+£0.04 15 180 0.19+£0.05 —0.05+0.07 [-0.20,0.09]
Note. LFEF: left frontal eye field; RFEF: right frontal eye field; VWFA: visual word
form area.

Kouider et al. (2009). In this study, participants were presented with familiar and unfamiliar
faces and were asked to perform a fame-judgment task. Target faces were preceded by a masked
face, either the same picture (same-view), the same face but viewed from a different angle (cross-
view), or a different face. BOLD variations were measured and repetition suppression effects were
obtained (indirect measure 1). In another phase of the experiment, an ANOVA was performed
on four selected face-responsive ROIs (indirect measure 2). For this second indirect measure, we
interpreted N to be 13 instead of 16 to be in agreement with our benefit-of-the-doubt approach. In a
separate task, participants were asked to identify if the prime face was familiar or unfamiliar (direct
measure). Note that data from another direct measure was available but we decided to reanalyze
the fame-judgment task, as it was performed with the same participants and as fame was the feature
of interest of the main experiment. Moreover, the prime fame-judgment task resulted in a lower
d’ than the other task (d’= 0.34). Selecting the fame-judgment task as a direct measure therefore
follows our benefit-of-the-doubt approach.

Standard Reasoning: “The forced-choice fame-judgment task on the primes confirmed that our



masking method rendered the primes largely invisible, as performance was close to chance [...]” (p.
16). [...] we found evidence of repetition-related hemodynamic response decreases (i.e., repetition
suppression) in several regions of the occipitotemporal cortex. [...] These data provide evidence
that face processing can occur in face-processing regions within the ventral visual stream in the
absence of perceptual awareness.” (p. 18).

Table S8: Reported results from Kouider et al. (2009)

Indirect measure Direct measure Sensitivity Comparison
N K d+SE N K d +SE dyz £ SE  CI95%
RSTG&S 16 480 0.18+0.05 16 64 0.16+0.08 0.02 £0.09 [-0.18,0.22]
RSTG&S-2 16 480 0.15+£0.04 16 64 0.16+0.08 —0.01£0.09 [-0.21,0.18]
LLOC&PMTG 16 480 0.17+0.05 16 64 0.16+0.08 0.01 £0.09 [-0.18, 0.21]
LLOC&PMTG-2 16 480 0.16+£0.04 16 64 0.16£0.08 0.00 £0.09 [-0.19, 0.20]
LLOC&PMTG-3 16 480 0.16+0.04 16 64 0.16+0.08 —0.00£0.09 [-0.20,0.19]
LMFG 16 480 0.17+0.04 16 64 0.16+0.08 0.01 £0.09 [-0.19, 0.20]
RSTG 16 480 0.15+0.04 16 64 0.16£0.08 —0.01+£0.09 [-0.20,0.18]
RPMTG 16 480 0.14+£0.04 16 64 0.16+0.08 —0.02+£0.09 [-0.21,0.17]
RPMTG-2 16 480 0.13+£0.04 16 64 0.16+0.08 —0.03+£0.09 [-0.22,0.16]
4FROIS Global priming 13 480 0.094+0.04 16 64 0.16£0.08 —0.07£0.09 [-0.26,0.12]
4FROIS Same 13 320 0.09+£0.04 16 64 0.16+0.08 —0.07£0.09 [-0.26,0.13]
4FROIS Cross 13 320 0.08+£0.04 16 64 0.16+0.08 —0.08+0.09 [-0.27,0.12]

Note. RSTG&S: right superior temporal gyrus and sulcus; LLOC&PMTG: left lat-
eral occipital complex and posterior middle temporal gyrus; LMFG: left mid-fusiform
gyrus; RSTG: right superior temporal gyrus; RPMTG: right posterior middle tem-
poral gyrus; 4FROIS: 4 functional regions of interest they selected for the omnibus
ANOVA; Same: same-view faces; Cross: cross—view faces.

Kouider et al. (2016). In this study, twenty participants were alternately asked to detect
either faces, flowers or watches, meaning that these stimuli could be either task-relevant or task-
irrelevant. Stimuli were masked and presentation duration was either 200ms (visible) or 33ms
(invisible). Ten different participants performed a discrimination task outside of the scanner to
assess stimulus visibility (direct measure). Note that stimulus awareness was also tested during the
main experiment, but the separate task was considered a more valid way to assess awareness by the
authors. An ANOVA (stimulus category x task relevance) and t-test analyses were performed on
the BOLD activation differences in FFA between the different conditions (indirect measure).

Standard Reasoning: “[...] the stimuli in the invisible conditions could not be discriminated not
only when responding solely to the target category (d’ = 0.061, t < 1), but also when performing
a forced-choice on each trial (d’ = -0.013, t < 1).” (p. 4). “Further analysis revealed that FFA
responses to faces were enhanced during face relevance blocks relative to alternative relevance
blocks [...] the FFA responded more to invisible faces than to the other invisible objects in the
face detection blocks [...] the activity for invisible faces was amplified relative to either invisible
alternative objects (t(19) = 2.246, P = 0.037) or to invisible control objects (t(19) = 2.237, P =
0.038).” (p. 5) “Our study goes further by revealing that selective attention, in the absence of
awareness, involves not only response enhancement for task-relevant information, but also the
active filtering of distracting information in visual cortex [...] The current study provides further
evidence for the flexibility of non-conscious perceptual processes, by showing that sensory regions
can in turn be modulated by task relevance.” (p. 7).



Table S9: Reported results from Kouider et al. (2016)

Indirect measure

Direct measure

Sensitivity Comparison

N K d+SE N K d+SE  dy+SE Cl95%

FFA Faces (FD vs. AD) 20 360 0.08+£0.03 10 180 —0.01+0.06 0.09+0.07 [-0.07,0.25]
FFA Faces vs. Objects (FD) 20 180 0.10£+0.04 10 180 —0.014+0.06 0.1140.08 [-0.06,0.28]
FFA Objects vs Faces (AD) 20 180 0.11+£0.04 10 180 —0.014£0.06 0.134£0.08 [-0.05,0.30]
FFA Faces vs. Alternative (FD) 20 120 0.104+0.05 10 180 —0.014£0.06 0.114+0.08 [-0.07,0.29]
FFA Faces vs. Control (FD) 20 120 0.10£+0.05 10 180 —0.014+0.06 0.1140.08 [-0.07,0.29]
FFA Faces vs. Control (AD) 20 120 0.13£0.05 10 180 —0.014+0.06 0.1440.08 [-0.04,0.33]
FFA Faces vs. Mask-only 20 120 0.13+£0.05 10 180 —0.01+0.06 0.144+0.08 [-0.04,0.33]

Note. FFA: fusiform face area; FD: face detection task; AD: alternative object detec-

tion task.

Moutoussis & Zeki (2002). In this study, the authors use a method called dichoptic fusion
to render stimuli (houses and faces) invisible. Visibility was assessed before scanning using a
discrimination task (direct measure). Crucially, here we reanalysed the t threshold for single-voxel
significance as defined by the authors (t = 3.12; indirect measure). It is important to stress that some
results from which the values were not reported in the article might have been non-negligibly above
this threshold, potentially yielding an ITA. However, results based on this significance threshold
reported by the authors are not sufficient to support their claims.

Standard Reasoning: “[...] in the opposite conditions, the 2AFC gave an average performance
of 52.7% (SD = 4.2); 4/7 subjects scored above 50%, the highest score being 59.4%.” “The re-
sultant parameter estimates for each regressor at each voxel were compared by using t tests to
determine whether significant activation resulting from a comparison of conditions had occurred.
[...] Although the extent of activation was not as widespread as with perceived stimuli, it still is
surprising that many “higher,” binocularly driven areas of the brain are activated by these invisible
stimuli when compared with the (perceptually equivalent) uniform controls.” (p. 9528-9529).

Table S10: Reported results from Moutoussis & Zeki (2002)

Indirect measure Direct measure Sensitivity Comparison
N K d+SE N K d +SE dgs £ SE  CI95%
Significance threshold 7 122 0.20£0.11 7 32 0.14+£0.08 0.07£0.13 [-0.26,0.39]

Schurger et al. (2010). In this study, participants were presented with face and house stimuli
which were masked using dichoptic-color masking. Participants’ awareness was tested on each
trial using a discrimination task (direct measure). A Gaussian naive Bayes classifier was trained on
fMRI data (temporal lobes; indirect measure). Note that the authors also used wagering (confidence
in one’s answer) as a collateral index of one’s awareness.

Standard Reasoning: “For visible stimuli, performance was at or near 100% correct for all 12
subjects, and all wagers were high. For invisible stimuli, task performance was only marginally
different from chance (54 + 2.5[SEM]% correct; P < 0.06, one-tailed t test) [...] We used multi-
variate pattern analysis to ascertain how the encoding of perceptual information differs depending
on whether or not that information is present in subjective experience (17). Thus, in our analyses
we focused specifically on the patterns of activation corresponding to the perceptual information
of which the subject was or was not aware: the category of the object.” (p. 97).



Table S11: Reported results from Schurger et al. (2010)

Indirect measure Direct measure Sensitivity Comparison
N K d+SE N K d +SE dys + SE  CI95%
Temporal lobes 12 288 0.40+0.15 12 288 0.20+0.12 0.20+0.20 [-0.24, 0.64]

Stein et al. (2021). Participants were asked to discriminate masked house and face stimuli
after each trial, while lying in the scanner (direct measure). The authors examined BOLD activity
patterns in four regions of interest (V1, LOC, OFA/OPA, FFA/PPA; indirect measure).

Standard Reasoning: “Importantly, in obj-inv trials, discrimination performance (M = 0.02,
SD = 0.25) did not differ significantly from chance (Fig 1E), with moderate evidence for the null
hypothesis of chance level discrimination [...]” (p. 5). “Activity patterns in LOC discriminated
between faces and houses with above-chance accuracy in all visibility conditions [...] and also
in obj-inv (t(42) = 3.28, p = 0.001, dz = 0.50, BF+0 = 31.19). Thus, LOC contained category
information for both subjectively and objectively invisible stimuli.” (p. 6).

Table S12: Reported results from Stein et al. (2021)

Indirect measure Direct measure Sensitivity Comparison
N K d+SE N K d +SE dyg = SE  CI95%
\%! 43 200 0.06£0.03 43 200 0.02£0.03 0.04£0.04 [-0.04,0.12]
LOC 43 200 0.08+£0.03 43 200 0.02+£0.03 0.064+0.04 [-0.02,0.14]

OFA/OPA 43 200 0.07+£0.03 43 200 0.02+0.03 0.05+0.04 [-0.03,0.12]
Note. V1: primary visual area; LOC: lateral occipital complex; OFA/OPA: occipital
face area/occipital place area.

Sterzer et al. (2008). In this study, MVPA was used to decode house and face stimuli rendered
invisible using continuous flash suppression (CFS). Participants’ awareness was tested using both
a discrimination task (direct measure) and a subjective assessment. Classification was performed
on the fMRI data from two main ROIs (FFA and PPA) using linear support vector machines (in-
direct measure). 4,1% of the trials were excluded because they were subjectively visible. One run
was excluded because the participant reported being unable to binocularly fuse the stimuli due to
sleepiness.

Standard Reasoning: “Discrimination of invisible faces and houses was tested in a 2-alternative
forced-choice task performed directly after each block; performance was at chance level in all
participants (average d’=-0.05 £ 0.14 SEM, p =0.71, one-sample t-test). [...] Strikingly, prediction
accuracy for invisible stimuli (where univariate analyses had failed to show differences between
activity evoked by face and house stimuli) was also significantly above chance level (FFA: 58.8%
+2.3 SEM, t(4) =3.8, p=0.019; PPA: 62.5% + 3.3 SEM, t(4) = 3.8, p = 0.019; FFA + PPA: 63.5%
+ 3.7 SEM, t(4) = 3.6, p=0.022).” (p. 6-7). “Our data demonstrate that activity patterns in the FFA
and the PPA differentiate two categories of object stimuli (faces and houses) even when the stimuli
are rendered invisible by interocular suppression.” (p. 9).
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Table S13: Reported results from Sterzer et al. (2008)

Indirect measure Direct measure Sensitivity Comparison
N K d+SE N K d +SE dig = SE  CI95%
FFA 5 77 0.44+0.11 5 77 —-0.05+0.13 0.49+0.18 [0.01,0.98]
PPA 5 77 0.64+£0.16 5 77 —-0.05+0.13 0.69+£0.21 [0.10, 1.27]
FFA&PPA 5 77 0.69+0.18 5 77 —-0.05+0.13 0.74+0.23 [0.11, 1.37]

Note. FFA: fusiform face area; PPA: parahippocampal place area.

Ulrich & Kiefer (2016). Participants were presented with white geometrical shapes (circle,
diamond, square, ellipsoid). Two of these shapes were mapped to the left index finger (circle and
diamond) and the two others to the right index finger (square and ellipsoid), or vice versa. These
target shapes were preceded by either congruent or incongruent primes that were rendered invisible
using a forward and a backward line pattern mask. Variations in brain activity were measured using
fMRI (indirect task). Both congruent (5.7%) and incongruent trials (6%) were excluded because of
being either incorrect or missing. After scanning, participants’ awareness of the prime was assessed
inside the scanner using a discrimination task (direct task). Note that part of the claim of this study
relies on functional connectivity analyses that could not be included in the reanalysis.

Standard Reasoning: “The d’ measure of prime visibility (Green and Swets 1966) was 0.03
on average (SD = 0.39) and did not significantly deviate from zero (t(30) = 0.43, P = 0.670)."
(p.2475). “[...] analyses revealed lower brain activity for congruent (CON) than incongruent (INC)
trials in ventrolateral and dorsomedial frontal and inferior parietal brain regions as well as in the
basal ganglia. The present study thereby confirms and extends earlier findings by demonstrating
an involvement of the visuomotor network in subliminal visuomotor processing [...]" (p.2476).

Table S14: Reported results from Ulrich & Kiefer (2016)

Indirect measure Direct measure Sensitivity Comparison
N K d+SE N K d +SE dgg + SE CI195%

RIPL 31 120 0.19+0.04 31 48 0.03+0.07 0.16+0.08 [-0.00,0.33]
RMSFG 31 120 0.19£0.04 31 48 0.03£0.07 0.16£0.08 [-0.00,0.32]
RIFG 31 120 0.18+0.04 31 48 0.03+0.07 0.15+0.08 [-0.01,0.31]
LIPL 31 120 0.18+0.04 31 48 0.03+£0.07 0.15+0.08 [-0.01,0.31]
RCN 31 120 0.17+£0.04 31 48 0.03+£0.07 0.14+0.08 [-0.02,0.30]
LIFG 31 120 0.17+£0.04 31 48 0.03£0.07 0.14+0.08 [-0.02,0.30]

Note. RIPL: right inferior parietal lobule; RMSFG: right medial superior frontal
gyrus; RIFG: right inferior frontal gyrus; LIPL: left inferior parietal lobule; RCN:
right caudate nucleus; LIFG: left inferior frontal gyrus.

van Gaal et al. (2010). Participants performed a go/no-go task with no-go signals rendered
invisible using metacontrast masking. Neural activity was measured using fMRI while participants
were performing the go/no-go task (indirect measure). To assess their awareness of the no-go
signal, participants were asked to perform a discrimination task while still lying in the scanner
and a d-prime value was computed (direct measure). Four participants who performed better than
chance at the discrimination task were excluded from further analysis (regression to the mean).

Standard Reasoning: “The combination of these factors effectively rendered the participants
incapable of perceiving the square/diamond, as evidenced by chance-level performance on a two-
choice discrimination task administered after the experiment [...]” (p. 4144). “To examine the acti-
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vation related to the unconscious initiation of inhibitory control, we contrasted responded, strongly
masked no-go trials with responded, strongly masked go trials.”(p. 4146). “In a go/no-go paradigm,
we masked no-go signals to the point that they could no longer be detected to investigate the depth
of processing of strongly masked (unconscious) no-go signals in the human brain. Strongly masked
no-go signals were observed to activate brain regions central to networks that have been associated
with conscious response inhibition, namely the IFC and the pre-SMA.” (p. 4147).

Table S15: Reported results from van Gaal et al. (2010)

Indirect measure Direct measure Sensitivity Comparison
N K d+SE N K d + SE dys £+ SE  CI95%
RIFC 20 240 0.17£0.06 20 48 0.12£0.08 0.05+0.09 [-0.14,0.25]
LIFC 20 240 0.15+0.04 20 48 0.124+0.08 0.03+0.09 [-0.16,0.22]

pre-SMA 20 240 0.144+0.04 20 48 0.12£0.08 0.02£0.09 [-0.17,0.21]

Note. RIFC: right inferior frontal cortex; LIFC: left inferior frontal cortex; Pre-SMA:
pre-supplementary motor area.

Yang et al. (2012). In this study, masked fearful and neutral face stimuli were presented to
participants during an encoding phase. During the retrieving phase, half the faces had the same
valence as during the encoding and half not. After the main experiment, participants were asked
to perform a discrimination task during a post-awareness assessment, outside of the scanner (di-
rect measure). BOLD variations in the amygdala and other brain regions were measured during
the encoding and retrieving phases (indirect measure). The specificity of this study compared to
the others included in the reanalysis is that two groups of participants were constituted based on
awareness scores (regression to the mean). We focused the reanalysis on data collected from the
unaware group.

Standard Reasoning: “[...] the unaware participants (N=13) had a chance level in detecting the
faces (p >0.1). [...] for unaware participants, fearful faces (vs. neutral) produced stronger activation
in the right amygdala (20, 5, 8, t (12) = 6.39) and the right pulvinar (6, 11, 6, t (12) =4.96) [...] the
amygdala activation was different for unaware and aware participants during encoding, but similar
for the two groups during retrieval.” (p. 5-6).

Table S16: Reported results from Yang et al. (2012)

Indirect measure Direct measure Sensitivity Comparison
N K d+SE N K d +SE dyg + SE  C195%

R Amygdala 13 240 0.25+£0.07 13 40 0.09+0.11 0.16+0.13 [-0.13,0.45]
R Pulvinar 13 240 0.19+£0.06 13 40 0.09+£0.11 0.10£0.13 [-0.17,0.38]

Note. R Amygdala: right amygdala; R Pulvinar: right pulvinar.
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