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Contents of consciousness change over time. However, the study of dynamics
in consciousness has been largely neglected. Aru and Bachmann have recently
brought to the attention of scientists dealing with consciousness the relevance
of making inquiries about its temporal evolution. Importantly, they also pointed
out several experimental questions as guidelines for researchers interested in
studying the temporal evolution of consciousness, including the phases of
formation and dissolution of content. They also suggested that these two phases
could be characterized by asymmetric inertia. The main objective of the present
investigation was to approximate the dynamics of these two phases in the
context of conscious face perception. To this aim, we tested the time course
of content transitions during a binocular rivalry task using face stimuli and asked
participants to map their subjective experience of transitions from one content
to the other through a joystick. We then computed metrics of joystick velocity
linked to content transitions as proxies of the formation and dissolution phases.
We found a general phase effect such that the formation phase was slower than
the dissolution phase. Furthermore, we observed an effect specific to happy facial
expressions, such that their contents were slower to form and dissolve than that
of neutral expressions. We further propose to include a third phase of stabilization
of conscious content between formation and dissolution.

binocular rivalry, consciousness time course, facial expression, happy expressions,
joystick
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Introduction

Contents of consciousness change over time. These transitions
from one content to another content characterize our whole mental
life, from perceptions in the different sensory modalities (e.g., as it
happens during the succession of words in consciousness during
reading) to thoughts (e.g., when thinking back to the points of a
to-do list of the day), and are definitely shaped by attentional and
memory processes. Despite this intuition granted on our subjective
experience of transitioning from one conscious content to another
content, scientific research has largely neglected the study of how
these changes occur and evolve over time.

In the present investigation, we sought to examine transitions
of consciousness contents that could be reliably monitored in a
laboratory setting by focusing on the transitions of contents of
visual stimuli presented in binocular rivalry (BR; Wheatstone,
1843).

Aru and Bachmann (2017) have recently brought to the
attention of scientists dealing with consciousness the relevance
of making inquiries about its temporal evolution. While this
opinion piece has not received much citation, it is one of
Frontiers’ most viewed articles,! thus suggesting significant interest
by the scientific community regarding this topic. The kind of
investigation suggested by these authors is all the more relevant
when considering a micro-genetic tradition, according to which
the formation of conscious content is not instantaneous but,
indeed, time-consuming. From a phenomenological perspective,
the content enriches over time by acquiring a more significant
number of qualities, becoming clearer, more stable, and more
detailed. Similarly, Aru and Bachmann (2017) proposed that
investigating the phase of dissolution from consciousness, what
they define as the “anti-genesis” of consciousness, is equally
crucial. Importantly, they also point out several experimental
questions as guidelines for researchers interested in studying the
temporal evolution of consciousness, including the phases of
formation and dissolution of a content. For example, whether
the formation and dissolution phases’ inertia is symmetric
(or not) is unknown. It is also unknown if the inertia of
the two phases varies as a function of stimuli parameters
(such as contrast) in a way that their time course can be
manipulated by the experimenters. Figure 1 shows the dynamics
of “conscious experience evolving over time” (Aru and Bachmann,
2017; Figure 1, p. 2) for two different conscious contents, A
and B, differing in terms of formation and dissolution time-
courses.

To summarize, Aru and Bachmann stressed the benefit
of investigating both the formation and dissolution phases
and considered the possibility that these two phases do
not have the same duration and that stimuli of different
natures may be characterized by differences in the duration
of the two phases.

In the present work, we present a method to investigate
the dynamics of conscious experience of faces characterized by
an emotional expression or gender. Here, the "dissolution” and
"formation" phases are not meant to imply that something happens

1 https://loop-impact.frontiersin.org/impact/article/238706#totalviews/
views
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prior to the perceptual change, but rather they indicate the visual
perceptual changes (as experienced by the subjects) themselves.

We implemented a variant of a binocular rivalry (BR)
paradigm. Under ecological circumstances, slightly discordant
visual inputs to the two eyes result in a stable stereo experience.
When the dissimilarity exceeds a certain threshold, periods
of perceptual dominance of one stimulus over the other
stochastically alternate, such that one monocular image is
dominantly consciously experienced while the other is suppressed
and invisible (Alais and Blake, 2005; Brascamp et al., 2015). This
is the condition called BR; phenomenologically, the visual quale
of one stimulus comes in and goes out over time. According
to the theories of consciousness, the shift from unconscious to
conscious perception arises as a process of formation; as such, the
formation phase consists in updating the current version of the
phenomenal content (Bachmann, 2000; Aru and Bachmann, 2017),
i.e., conscious content arises and replaces the previous content.
To note, BR conscious content is also often the result of the
integration of processing from multiple systems (e.g., visual and
proprioceptive), as we showed in one previous study using BR
with facial expressions (Quettier et al., 2021). As such, during the
formation phase, processing from multiple channels/brain regions
is integrated to generate that particular conscious content and no
other content. This might suggest that the processing of stimuli
that varies on the number of involved channels/brain regions could
lead to differences in the inertia of the formation and/or dissolution
phases. Changes in visual experience during formation and/or
dissolution phases can occur in different ways, such as through
traveling wave-like transitions or local dis/appearing, as described
by Yang et al. (1992) and Lee et al. (2005).

When using a simple two-choice response (A or B content)
to monitor participants’ experience of alternations in BR, the
researcher can only analyze data about the onset of consciousness
(formation phase; Aru and Bachmann, 2017) and data about the
stabilization/maintenance of the conscious content (Quettier et al.,
2021). On the other hand, some studies have employed a three-
choice response procedure (including a response for the experience
of something unclear, i.e., “mixed" percept”; Knapen et al., 2011;
Davidson et al.,, 2018). However, this procedure too, although
providing a higher resolution of participants’ subjective experience
during the BR, cannot characterize the phases of formation and
dissolution in a fine-grained way. Skerswetat and Bex (2023)
provided a detailed historical overview of methods in reporting
subjective experience in BR.

Here we asked participants to map their subjective experience
of transitions in BR using a joystick. The rationale behind this
methodological choice is that the time course of joystick responses
can be considered a good proxy for the dynamics of “conscious
experience evolving over time” as proposed by Aru and Bachmann
(Naber et al., 2011). Despite criticisms of the use of a joystick
as a reporting tool (Fahle et al., 2011), we assumed that delay in
the participants’ report with respect to the subjective expeience
would be consistent across conditions and thus would not have a
significant impact on our results.

To analyze the time-series data of BR obtained using the
joystick, we defined a few dependent variables to estimate the
inertia of the formation and dissolution phases and the periods of
stabilization of contents:

frontiersin.org


https://doi.org/10.3389/fnhum.2023.1145653
https://loop-impact.frontiersin.org/impact/article/238706#totalviews/views
https://loop-impact.frontiersin.org/impact/article/238706#totalviews/views
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org/

Quettier et al.

1. kinematic speed parameters able to capture the BR transitions
as measured by the joystick movements, i.e., speed (|V]) that
could be considered as a proxy of the time-course of the
formation (Speedix; | V] -in) and dissolution (SpeedouTs; |V]
-out) phases of conscious contents (see Methods for details);

2. a measure of the proportion of total time of dominance in
awareness of one percept over the other during the same
rival competition, excluding the periods of transitions and the
initial competition, i.e., cumulative time (CT). In other words,
CT is a metric that allows an estimate of the periods of stable
resolution following the initial competition (see Alpers and
Gerdes, 2007) for similar measures);

3. a measure of the proportion of total time of dominance in
awareness of one percept over the other during the same
rival competition, including the time needed for the initial
disambiguation and the periods of transitions, i.e., mean of
predominance (MP). In other words, MP is a metric that
estimates the periods of relative preference of one percept over
the other.

We have shared all the necessary information, including scripts
and a step-by-step description of the procedure to compute the
metrics presented above here: https://osf.io/2pzmg]/.

We have implemented two BR conditions, a “facial expression
rivalry” and a “gender rivalry”. In the first condition, the stimuli
placed in rivalry were two different facial expressions of the
same individual (neutral vs. happy); in the second condition, the
rivalrous stimuli were the faces of individuals of different gender
(female vs. male) but with the same expression.

The main objective of this work was to approximate the
temporal evolution of consciousness for faces characterized by
specific attributes (emotional expression and gender).

We had no precise predictions regarding the speed of the
formation and dissolution phases for the different categories of
stimuli, although, as regards the “facial expression rivalry”, several
studies using the standard two/three-choice response approach
have shown that happy expressions dominate in awareness and are
associated with longer stabilization times (i.e., cumulative time)
(Alpers and Gerdes, 2007; Bannerman et al., 2008; Yoon et al,
2009; Quettier et al., 2021). As briefly discussed in a previous
paragraph, these response methods do not allow monitoring the
entire temporal evolution of content in awareness. Nonetheless,
higher dominance rates for faces with happy vs. neutral expressions
may suggest a longer formation and/or dissolution phase duration
for the former than the latter.

Materials and methods

Participants. Based on multiple findings in BR, happy stimuli
rivaling versus neutral stimuli lead to large effect sizes (Alpers
and Gerdes, 2007; Yoon et al., 2009; Herndndez-Lorca et al., 2019;
Quettier et al., 2021). For medium effect size (i.e d = 0.5), a sample
size of 34 participants is required to reach an 80% power level.
Power has been estimated using the pwr package (Champely et al.,
2017). Forty healthy participants were recruited among students at
the University of Padua (average age in years = 22.35, SD = 2.6, 20
males, 3 left-handed). All of them were volunteers and gave written
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informed consent in accordance with the Declaration of Helsinki.
All experimental procedures were previously approved by the local
research ethics committee (Comitato Etico della Ricerca Psicologica
Area 17, University of Padua) and performed in accordance
with its guidelines. Participants self-reported to have a normal
or corrected-to-normal vision. Because we administered stimuli
with emotional content, participants completed the Toronto
Alexithymia Scale (TAS-20) and the Interpersonal Reactivity Index
(IRI) questionnaires at the end of the experiment to obtain indices,
however crude, that could reassure us about a normotypical
affective competence. Alexithymia is defined as a difficulty in
experiencing emotions, and Empathy is defined as the ability to
share and understand others’ emotions and affective states (Nemiah
etal., 1976; Zaki and Ochsner, 2012). Scores on both questionnaires
were not in the cut off range (TAS-20: M = 46.05, SD = 12.12 (Parker
etal, 2003); IRL: M = 100.2, SD = 10.45 (Maddaluno et al., 2022)).

Material and apparatus. Visual stimuli were displayed using
Opensesame v 3.0 on a Bestview S5 (luminosity: 50; contrast: 50)
60 Hz monitor mounted on a stereoscope mounted on a chin-rest.
Visual stimuli covered 6.5 £ 0.5 degrees of visual angle and 10 cm
in height and width. Original pictures (AM10NES, AM10HAS,
AFO01INES, AF01HAS) of facial expressions have been selected from
the Karolinska Directed Emotional Faces set (KDEF).2 A white 12-
pixel fixation point and 40-pixel black and white squares frame
were applied to the images to facilitate binocular fusion using
GIMP (version 2.8.10).> Monocular images contrast and luminance
features were controlled (Skerswetat et al., 2018) by matching
histograms by using Fiji (ImageJ 1.52¢)* and faces where misaligned
in opposite direction with respect to the fixation point by 4 pixels.

Procedure. Participants were seated on a comfortable chair
in a silent, temperature-controlled room. Before starting the
experiment, the visual apparatus was set, and participants
were trained. During the training, participants reported the
rivalry experience by using both joystick and speech to ensure
they undertood the task instructions. During the experiment,
participants were asked to focus on a fixation point placed in the
middle of the visual field. The experiment consisted of one session
of four blocks, with two blocks for “emotion rivalry” (happy vs.
neutral facial expression rivalry, Figure 1 left) and two blocks for
“gender rivalry” (male vs. female face gender rivalry, Figure 1
right). The order of these emotional expressions or gender rivalry
conditions was counterbalanced between subjects. In each block,
combinations of rivalry stimuli (i.e., 4 pairs; see Figure 2) were
randomly presented three times, for a total of 12 trials in each block
(for a total of 48 trials in the experiment). See Figure 2, which
shows all the possible combinations of rivalry stimuli shown in the
experiment.

Each stimulus was presented for 15 s, preceded by a 2-s fixation
point, followed by a black screen lasting 3 s, we avoided long
BR exposure to minimize mixed perception (Klink et al., 2010).
Participants were informed that, on each trial, they could see one
of two faces and that the appearance might change from one to the
other during the trial. Participants were asked to report their visual
experience in real-time by means of a joystick over the left-right

2 https://www.kdef.se/
3 https://www.gimp.org
4 https://fiji.sc
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FIGURE 1

Hypothetical time course of the formation and dissolution of two different contents, A and B.

axis range. The trial started with a central position of the joystick,
with the leftmost and rightmost positions corresponding to the
stimulus “clearly” seen according to the coding instruction. Coding
instructions were presented before the beginning of the block; the
order of the “left” and “right” joystick positions corresponding to
the coding of the “happy or male” and “neutral or female” faces was
counterbalanced across blocks. Joystick responses were recorded at
100 Hz sampling frequency. At the end of each block, a short break
was recommended to the participants to avoid any kind of visual
tiredness. At the end of the last block, valence and arousal of each
stimulus were measured respectively on a -3/ + 3 and 1/7 Likert
scales using custom keyboard keys. Valence and arousal evaluation
may be an important control to ensure that participants assigned
aan emotional meaning to happy faces when compared to neutral
faces (Hodges and Fox, 1965; Carter et al., 2007).

Data reduction

Preprocessing. Joystick positions were a continuous signal
ranging from -1 (ie. leftmost position) to 1 (i.e., rightmost
position), or vice-versa according to the counterbalance. All
trials were aligned, multiplying by -1 those of which the range
was from 1 to —1.

Postprocessing. We computed three measures from the data
time series: (1) the mean of predominance (MP) as a measure of
perceptual dominance. MP is a measure of the dominance between
the two stimuli in rivalry (happy vs. neutral expressions OR male
vs. female). MPs were computed by averaging the joystick signals
for each trial and each participant; (2) cumulative time (CT), as

Frontiers in Human Neuroscience

a measure of the BR stabilization (i.e., the sum of PSPs epochs).
Cumulative time (CT) was computed as the sum of periods of
stable perception (i.e. when the joystick position was 1/-1, that is,
velocity was equal to zero) for each percept separately for each
rivalry condition (happy and neutral for the emotion rivalry, and
male and female for gender rivalry). (3) Speediy and Speedout
as measures of the BR transitions. The speed of the joystick was
estimated by averaging the absolute velocity separately for each
episode of the formation (Speedin, Figure 3A green lines) and the
dissolution (SpeedouT, Figure 3A red lines) for each percept within
each rivalry condition (happy and neutral for the emotion rivalry,
and male and female for gender rivalry; see Figure 2).

Data analysis

Differences in stimuli rating for valence and arousal and
differences in rivalry conditions (emotion rivalry and gender
rivalry) for MPs were assessed in separate analyses of variance
(ANOVAs) and post hoc comparisons (paired t.test) since we
had no specific a priori predictions. All post hoc comparisons
were corrected for multiple comparisons (Bonferroni), to ensure
that the cumulative Type I error was below.05. We used R (R
Core Team, 2012) and lme4 (Bates et al., 2014) to perform a
linear mixed effects analysis of the relationship between rivalry
conditions (emotion or gender) and consciousness phases (Speedy
and Speedour) for cumulative time (CT). For all models, as
random effects, we had intercepts for subjects. Visual inspection
of residual plots did not reveal any obvious deviations from
homoscedasticity or normality. Model selection is based on the
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FIGURE 2

Rival conditions for expression and gender rivalries. Each row represents a pair of stimuli presented in rivalry. The four possible combinations of
stimulus and eye of presentation are presented in each column. In the expression rivalry (left column), the same identity is presented during a trial,
and the expressions are in competition. In the gender rivalry (right column), the same expression is presented during a trial, and the identities are in
competition. Face stimuli from the Karolinska Directed Emotional Faces can be freely used for non-commercial research purposes. We included

information about the KDEF images’ ID in the main text.

likelihood of different models’ comparison (see Open science
framework repository).> For CT models, as fixed effects, we entered
rivalry (i.e., emotion rivalry or gender rivalry) into the model.
P-values were obtained by ANOVA of the full models for emotion
blocks: CT~ rivalry + (1| subject) and null model for gender
CT~ 1 + (1| subject). For Speedry and Speedour models, as
fixed effects, we entered rivalry and phases (with interaction
term) into the model. P-values were obtained by ANOVA of

5 https://osf.io/2pzmg/
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the full models for emotion blocks: speed~ rivalry* phase + (1|
subject) and model 2 for gender block: speed~ phase + (1|
subject).

Results
Ratings

Evaluation of valence and arousal were performed on gender
and facial expression stimuli. Valence ratings differed according

frontiersin.org
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FIGURE 3

(A) Joystick time series from a real trial, which is one of 12 unique trials collected from one participant and serves as an example to illustrate how the
measures are applied to the data. The green segments represent SpeedIN, which is the period of joystick movement as it transitions into a new
perceptual state. The red segments represent SpeedOUT, which is the period of joystick movement as it exits from the dominant content. The blue
segments represent periods of stable perception (PSP), during which a single perceptual state is dominant and the joystick is stationary. Joystick
position and time are projected on the x and y axes, respectively. (B) Mean of predominance is the mean of all joystick position data points.

(C) Speed movements were extracted from trials by averaging the absolute velocity separately for the formation (SpeedIN) and the dissolution
(SpeedOUT) epochs and for each percept within each rivalry condition (happy and neutral for the emotion rivalry, and male and female for gender
rivalry). (D) Cumulative time (CT) was computed as the sum of PSPs (i.e. when the joystick position was 1/-1, that is velocity was equal to zero) for
each percept separately for each rivalry condition (happy and neutral for the emotion rivalry, and male and female for gender rivalry).

to a priori expectations, F(1, 38) = 323.92, p < 0.001, d = 5.84.
Neutral facial expressions were rated under zero (M = —2.11;
SD = 0.86; range = —3 to 3), which is more negative than
happy (M = 1.51; SD = 1.29; range = —3 to 3). Arousal
ratings also differed according to a priori expectations, F(1,
39) = 8045, p < 0.001, d = 2.91. The ratings were lower
for neutral expressions (M = 2.49; SD =
to 7) than for happy expressions (M =

1.66; range = 1
4.64, SD = 1.36;
range = 1 to 7). See Figure 4. Some participants reported
spontaneously that the female’s happy facial expression did not
appear genuine. No correlations were significant with MP or Speed
measures.

Mean of predominance (MP)

A significant effect was observed for MP as a function of the
rivalry condition (F(1,38) = 100.03 p < 0.001); interestingly, all
participants in the emotion rivalry showed an advantage for the
happy expression (vs. neutral expressions). MP for the emotion
rivalry in favor of happy faces (M = —0.38; SD = 0.19 s) was
significantly different from zero, #(39) = —12.76, p < 0.001.
MP for the gender rivalry (M = —0.028; SD = 0.17 s) was
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not significantly different from zero, #(39) = 0.967, p = 0.339
(see Figure 5).

Cumulative time (CT)

In emotion rivalry, a significant effect was observed for CT
as a function of the type of emotion (CTxappy Vs. CTNEUTRAL)
(F(1,635.54) = 407.072, p < 0.001, d = 1.6): CTyappy were longer
than CTNguTRAL H(35) = 11.362 p < 0.0001, d = 1.92). As the better
model for gender rivalry is the null model, no effects are considered
(see Figure 6).

Speedin and Speedour. In emotion rivalry, a significant
effect was observed for the transition (Speediy vs Speedour)
(F(1,7017.0) = 144.761 p < 0.001, d = 0.29): SpeedoyTt were faster
than Speedy (z = 12.03, p < 0.0001, d = 0.14). A significant effect
was observed for the rivalry (happy vs neutral) (F(1,7021) = 63.288
p < 0.001, d = 0.19): neutral were faster than happy (z = —7.955
p < 0.0001, d = —0.09). A significant interaction was found
between percepts in rivalry and the transition (F(1,7017.9) = 4.628
p = 0.031, n2 = 0.0006): Speedin for happy faces were slower
than Speedy for neutral faces (z = —4.267 p < 0.001, d = —0.05)
and Speedoyt for happy faces were slower than Speedour for
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FIGURE 4

Evaluation of stimuli arousal and valence. Valence and arousal of each stimulus were measured respectively on a -3/+3 and 1/7 scales. Each
participant is represented by one circle and one triangle; dark color intensity means that more than one participant gave the same evaluation.
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FIGURE 5

Rectangles, beans, and points represent confidence intervals, smoothed densities, and raw data, respectively. MP = O indicates no preference
between the two percepts in rivalry during the trial. MPs were computed by averaging the joystick signals for each trial and each participant. Face
stimuli from the Karolinska Directed Emotional Faces can be freely used for non-commercial research purposes. We included information about the

KDEF images’ ID in the main text.
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(A) Cumulative time in the emotion rivalry condition. (B) Cumulative time in gender rivalry condition. Rectangles, beans, and points represent
confidence intervals, smoothed densities, and participants’ mean data, respectively. *p<0.05, **p<0.01, ***p<0.001.
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(A) Main effect of phase and interactions for joystick speed in emotion rivalry. (B) Main effect of phase for joystick speed in gender rivalry.
Rectangles, beans, and points represent confidence intervals, smoothed densities within formation and dissolution, and participants’ mean data,

respectively. *p<0.05, **p<0.01, ***p<0.001.

neutral faces (z

—6.961 p < 0.001, d = —0.08). Speediy
for happy faces were slower than Speedour for happy faces
(z 8.06 p < 0.001, d
faces were faster than Speedoyr for neutral faces (z = 8.969
p <0.001,d=0.11).

In gender rivalry, a significant effect was observed for
the transition (Speedry vs Speedout) (F(1,7094.3) = 22.175

0.1) and Speed;y for neutral

Frontiers in Human Neuroscience

08

p < 0.001, d 0.11): Speedour were faster than Speedin
(z = 1.28 p = 0.039, d = 0.06) (see Figure 7). It is important
to note that, in some cases, such as in rivalry using faces,

the two competing images may merge into a stable perception,
eliminating binocular rivalry transitions (Klink et al, 2017).
In these cases, it would be impossible to compute speed
metrics.
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Questionnaires

In exploratory analyses, we tested if MP and Speed were
correlated (Pearson, two-sided correlations) with the TAS-20
and the IRI. No correlations were significant with the IRI
scores or TAS-20.

Discussion

The dynamics of consciousness (from formation to dissolution)
is rarely examined in consciousness research, and even when it
is considered, the studies have mostly focused on the phase of
formation of the conscious content. In contrast and complementary
to consciousness genesis, a few researchers have drawn attention
to the anti-genesis of consciousness, that is the phase in which
the content fades out from consciousness (Pun et al., 2012;
Aru and Bachmann, 2017). Aru and Bachmann (2017) have, for
example, proposed the possibility that asymmetrical inertia could
characterize the two phases of formation and dissolution of the
conscious content.

One limitation in investigating the entire dynamics of
consciousness is that not all paradigms allow such investigation.

The present work’s main objective was to gain information that
could allow approximating the temporal evolution of consciousness
hypothesized by Aru and Bachmann, in the specific context of face
perception. Here, we used a binocular rivalry task to examine the
time course of consciousness. In the first condition, the stimuli
placed in rivalry were two different facial expressions of the
same individual (neutral vs. happy); in the second condition, the
rivalrous stimuli were the faces of individuals of different gender
(female vs. male) but with the same expression.

We asked participants to map their conscious experience using
a joystick. The movements of the joystick were then processed
in such a way as to obtain some ad hoc variables that would
provide a proxy of the formation and dissolution phases of the
conscious content. In particular, the movements were analyzed
in terms of the speed of the transitions in binocular rivalry in
such a way as to have distinct measures for the formation phase
(Speedin, i.e. the joystick velocity for the formation of the dominant
percept) and for the dissolution phase (Speedour, i.e. the joystick
velocity for the dissolution of the dominant percept). Furthermore,
we computed some traditional metrics commonly examined in
binocular rivalry studies, namely mean of predominance (i.e. the
average of the joystick signals) and cumulative time (i.e. the sum
of the periods of stable perception). Importantly, both mean of
predominance and cumulative time measures replicated the effect
found with regard to happy expression in BR in which happy
percept dominates over neutral percept (Alpers and Gerdes, 2007;
Yoon et al., 2009).

The results supported Aru and Bachmann’s (2017) hypothesis
regarding the possible different inertia between the formation and
the dissolution of conscious content. Indeed, a general phase effect
was found in both rivalrous conditions (i.e., emotion and gender).
The formation phase was slower than the dissolution phase,
indicating an asymmetric inertia of formation and dissolution of
the conscious content with a slower inertia for the formation
phase than the dissolution phase. Furthermore, although in the
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case of the gender rivalry condition, only a general effect of the
phase was observed, with contents’ formation being slower than
dissolution, the results of the emotion rivalry condition highlighted
additional dynamics of the temporal evolution of consciousness.
One potential explanation® for the finding is that the decision
to judge a stimulus as no longer ambiguous may be easier,
as it only requires the detection of a single dissimilar feature
that violates the exclusive state. In contrast, for the formation
of an exclusive percept, many features and their configural
processing need to align across time, which may require additional
attentional resources and the engagement of different perceptual
and cognitive processes.

But, in this emotion condition, in addition to the general effect
of the phase reported above, differences in the time course were also
observed as a function of the specific facial expression, such that
faces with happy expressions were associated with lower velocity
indexes than neutral faces, suggesting that both their formation and
dissolution as contents of consciousness were slower than for faces
with a neutral expression.

To note, the attribution of the meaning to emotional facial
expressions requires the combination of multiple sources of
processing by visual, limbic, and sensorimotor areas (Carr et al.,
2003; Fox et al., 2009; Trautmann et al., 2009; Haxby and Giobbini,
2011; Furl et al., 2013; Johnston et al., 2013; Harris et al., 2014).
From this point of view, the number of involved channels/brain
regions could lead to differences in the inertia of the formation and
dissolution phases.

In light of our general research objective, we propose to annex
a third phase between the formation and the dissolution phases in
addition to the original phases proposed by Aru and Bachmann.
In fact, following the content’s formation and before it fades from
consciousness, the content is stabilized in consciousness for a while
(i.e., stabilization phase).

In January 2023, Skerswetat and Bex published an article
describing a new method called InFoRM (Indicate-Follow-Replay-
Me) to study perceptual multistability, specifically in the context
of binocular rivalry for Gabor patches with different orientations.
As highlighted in the Introduction, the current methods used to
assess multistability have limitations. InFoRM is a more advanced
method than the one proposed by us for researchers interested in
capturing all potential perceptual states and it offers a continuous
high-temporal resolution. In this sense, we invite readers interested
in implementing a method with these characteristics to refer
to the work of Skerswetat and Bex (2023). InFoRM has the
specific goal of mapping in detail not only the experience of
“exclusive” percepts but also the different possible experiences
of mixed percepts (piecemeal/superimposition; see Figure 1 on
p. 4 of Skerswetat and Bex, 2023), while we were interested in
mapping the subjective experience of accessing and exiting from
“exclusive” face percepts with particular characteristics (connoted
by a specific emotional expression or gender). Of note, faces
in binocular rivalry are much less prone to piecemeal rivalry
(where piecemeal rivalry is measurable in terms of low coherence
index; seem e.g., (Alais and Parker, 2006) than other, low-
level, stimuli (e.g., Gabor patches), likely due to the different
size of receptive fields of the high-level vs. early visual areas

6 We thank the reviewer for this interesting possible explanation.
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(Blake et al., 1992). Thus stimuli such as Gabor (used in the
experiment by Skerswetat and Bex, 2023) tend to be associated
with a lot of mixed/piecemeal rivalry; on the other hand,
high-level stimuli (such as faces) are characterized by a high
coherence index (i.e., stronger alternations from one face to
another, and very little piecemeal rivalry and superimposition).
For example, in one of their studies, Alais and Parker (2006)
reported a coherence index for faces (face 1 vs. face 2 in
rivalry) equal to 80%, therefore very high. Moreover, in our
study, we implemented further precautions to favor a high
coherence index: (a) the participants were accurately instructed
to map the experience of precise contents—rather than single
features possibly diagnostic of emotion or gender—using the
leftmost/rightmost joystick positions; (b) the face stimuli, both in
the condition of emotion rivalry and gender rivalry, were slightly
misaligned with respect to the fixation point to favor the rivalry
between faces rather than between individual features (i.e., mixed
percepts); (c) the face stimuli were relatively small in size (6.5° of
visual angle).

The
should be mentioned.

present study has some limitations  which

Inverted faces are often used as a control condition in
cognitive neuroscience and psychology experiments involving face
perception. The main reason for using inverted faces as a control
condition is to test whether the observed effects are specific to the
processing of upright faces or whether they are simply a result
of low-level visual features (such as luminance and contrast). We
have not included a control condition with inverted faces, so one
possibility is that the observed pattern of results may depend at least
partially on low-level features or both low and high- level features
(Yang et al,, 2007). Although we believe this is unlikely since we
have carefully calibrated the contrast and luminance of rivalrous
faces (see Method section) and counterbalanced stimuli colors,
positions and coding, future research should consider adding such
control condition with inverted faces.

Secondly, another potential limitation concerns the absence
of a replay condition. In the replay block, a physical replay of
the binocular rivalry is encoded by the participants to compare
their responses between the two visual experiences (replay vs.
binocular rivalry). This control allows controlling for participants’
accuracy and compliance with coding instructions. This replay
method has been implemented by Skerswetat and Bex (2023) and
we recommend its use. In the present study, due to time constraints,
we chose to counterbalance the joystick coding instructions to
control possible difference in joystick movements due to supination
and pronosupination movements.

Finally, we want to propose some feasible directions. Firstly,
future studies could include neural measures that can reassure
about the validity of the method we proposed here by examining
the relationship between the joystick velocity metrics and the trend
of neural indices associated with (faces’) consciousness (Doesburg
etal., 2005, 2009; Kim and Blake, 2005; Wilcke et al., 2009; Dehaene
and Changeux, 2011; Blake et al., 2014; Frissle et al., 2014; Gelbard-
Sagiv et al,, 2018; Cha and Blake, 2019; Herndndez-Lorca et al.,
2019). Secondly, one possible direction for future research is to
examine the possible effects of small eye movements on rivalry,
which is still debated in this field since the days of the controversy
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between Hering and von Helmholtz. The description of these eye
movements may advance our understanding of the mechanisms
underlying unstable perception and provide further insight into the
neural processes involved.

Thirdly, future investigations could explore the issue of whether
the three different phases of the consciousness temporal evolution
are related to each other, such that the inertia or duration of one
phase could predict the inertia or duration of another phase.

To conclude, the similarity between the temporal evolution of
consciousness hypothesized by Aru and Bachmann and the time
course detected through the joystick in this study is remarkable,
which is why we believe - with cautious optimism - that this
approach can allow researchers to map with a good approximation
the dynamics of the subjective experience of faces’ contents
in consciousness.
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