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Editorial on the Research Topic
Rising stars in: consciousness research 2021

The Rising Stars topic serves as a forum for new directions and emerging trends in
consciousness research, showcasing high-quality work of early-stage researchers. Compared
to platforms highlighting dominant paradigms and established viewpoints (Srinivasan et al,
2023), this Research Topic presents new independent ideas with promising scientific impact.
It highlights the diversity of research performed across the entire breadth of consciousness
science, including advances in theory, experiment, methodology and clinical practice.

The article by Oblak et al. report an exploratory phenomenological study on the
experience of individuals during task performance, as opposed to purely behavioral
assessments (reaction-times/accuracy). The authors used a working memory visuo-
spatial change detection task to explore experiences elicited by and accompanying task
performance. Implementing contemporary phenomenological and qualitative methodology,
they gathered subjective reports during the memory task. Qualitative reports revealed rich
experiential landscapes associated with task-performance, suggesting a distinction between
two broad classes of experience: phenomena at the front of consciousness and background
feelings. The former captured cognitive strategies and aspects of metacognition, whereas the
latter encapsulated difficult-to-detect aspects of experience that comprise the overall sense of
experience (bodily feelings, emotional atmosphere, mood). This study focused primarily on
background feelings of subjects and the nature of the elicited experience.

Bréchet’s article looks at how personal memories and bodily-cues influence our
sense of self. Bréchet explores the underlying characteristics of self-consciousness and its
relation to bodily signals and episodic memory. This article outlines recent behavioral
and neuroimaging evidence indicating that bodily cues play a fundamental role in
autobiographical memory. The author also discusses emerging concepts regarding the
current understanding of bodily-self and autobiographical-self, and their links to self-
consciousness. These ideas can further help bridge theoretical notions of self (Metzinger,
2004) to empirical underpinnings.

4 frontiersin.org
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The article by Dapor et al. investigates bodily states in relation
to consciousness. They reviewed the boundaries between the
physical and social world, and shed insights on the intersection
between those. This review focused on interactions between
sensory inputs and social cognition in visual perception mediated
by body indices, such as gait and posture. For instance, depending
on our arm’s length, height and capacity of movement, we create
our own image of the world based on a continuous compromise
between sensory inputs and expected behavior. The authors
propose that we use our bodies as natural “rulers” to measure the
physical and social world around us. This goes beyond approaches
that define perception as stimulus-centered, and emphasizes an
embodied agent-based perspective, which closely resonates with
paradigms of enactivism and predictive coding (Clark, 2013; Varela
etal., 2016).

Toward improving the quality of life of post-treatment
cancer patients, Grégoire et al. presented a study protocol for
administering complementary therapeutic approaches in addition
to standard cancer therapies. These included hypnosis, meditation
and self-induced cognitive trance. The authors detail the protocol
of a preference-based longitudinal controlled trial that assessed the
effectiveness of the stated interventions on the common symptom
cluster associated with oncological patients: cancer-related fatigue,
emotional distress, sleep, pain, and cognitive difficulties using
questionnaires and neurobiological measures.

Schmidts article shows how hypnosis elicits positive
feelings of safety for people undergoing substance abuse
therapy or those in highly stressful environments, such as
intensive care units. Patients tolerated non-invasive ventilation
much better when they got the suggestion to feel safe. The
effects of positive therapeutic suggestions delivered during
hypnosis even persist afterwards. Post-hypnotic suggestions are
associations between a certain emotional state and a trigger
that elicits this emotional state after hypnosis is over. Post-
hypnotic suggestions of safety were shown to be effective
weeks after therapy. Such studies underscore the potential
of manipulating non-standard states of consciousness for
realizing new clinical therapies applicable to a broad range
of diseases.

The article by Rabuffo et al. propose spontaneous neuronal
avalanches as correlates of access consciousness. This draws upon
the idea that the brain self-regulates around a critical point, at
the edge of a phase transition (Cocchi et al., 2017). This has also
been linked to optimal information processing and consciousness
(Werner, 2009; Shew et al, 2011; Arsiwalla and Verschure,
2016; Arsiwalla et al, 2017). Based on the observation that
spontaneous brain activity dynamically switches between epochs
of segregation and large-scale integration of information, the
authors hypothesize a brain-state dependence of conscious access,
whereby the presence of either segregated or integrated states
marks distinct modes of information processing. They propose a
test experiment to validate the hypothesis that conscious access
occurs in aperiodic cycles; namely, alternating windows where
new incoming information is collected but not experienced, to
punctuated short-lived integration events, where conscious access
to previously collected content occurs. In particular, they suggest
that integration events correspond to neuronal avalanches, which
are collective bursts of neuronal activity ubiquitously observed
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in electrophysiological recordings. If confirmed, this framework
could link the physics of spontaneous cortical dynamics to the
concept of ignition (Mashour et al., 2020) within the global
neuronal workspace theory, whereby conscious access correlates to
bursts of neuronal activity.

Kirkeby-Hinrup’s —article discusses the plausibility of
misrepresentation of conscious states in the context of higher-
order theories. The argument relies on the assumption that
conscious states are generated by processes in the brain. The
underlying idea is that if the brain generates conscious states
then misrepresentations can occur. The reason for this is that
brain states can be corrupted and, accordingly, a conscious state
that is at least partly caused by a corrupted brain state may be a
misrepresentation. Furthermore, given that corruption of neural
states is both possible and relatively frequent, the author argues
that it is plausible that occasionally such corruption may result
in misrepresentation.

The article by Lahav and Neemeh proposes that phenomenal
consciousness manifests as a relativistic, rather than an absolute
property. These authors contend that both the dualist and
illusionist positions are flawed because those tacitly assume
consciousness to be an absolute property that is observer-
independent. This work proposes a conceptual and a mathematical
argument for a relativistic theory of consciousness in which a
system either has or doesn’t have phenomenal consciousness
with respect to some observer. The authors argue that in the
frame of reference of the cognitive system, phenomenal properties
will be observable (first-person perspective) and in other frames
of reference it will not (third-person perspective). These two
cognitive frames of reference are both deemed correct, just as
the case of an observer claiming to be stationary when another
would conclude that the former has constant velocity. Assuming
consciousness is a relativistic phenomenon, neither observer’s
position is privileged. They both describe the same reality.
This partially relates to reflexive monism (Velmans, 2009). The
authors then seek to bridge the explanatory gap and address the
hard problem.

In summary, this Research Topic has brought together diverse
works addressing important issues in consciousness research such
as the phenomenology of experience, the empirical underpinnings
of the self, the role of sociality, the use of non-standard states
of consciousness for designing new clinical therapies, a possible
mechanism bridging cortical dynamics to access consciousness,
an argument on misrepresentation in the context of higher-
order theories, and a new hypothesis advocating observer-
dependence of phenomenological properties of consciousness.
Given the broad scope and rapid growth of the science of
consciousness, it is imperative that independent perspectives
different from conventional paradigms, are provided with a
suitable platform for dissemination. This Research Topic addresses
that need.
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Introduction: A symptom cluster is very common among oncological patients: cancer-
related fatigue (CRF), emotional distress, sleep difficulties, pain, and cognitive difficulties.
Clinical applications of interventions based on non-ordinary states of consciousness,
mostly hypnosis and meditation, are starting to be investigated in oncology settings. They
revealed encouraging results in terms of improvements of these symptoms. However,
these studies often focused on breast cancer patients, with methodological limitations
(e.g., small sample size, no control group, and no follow-up). Another non-ordinary state
of consciousness may also have therapeutic applications in oncology: self-induced
cognitive trance (SICT). It seems to differ from hypnosis and meditation, as it involves the
body more directly. Thus, investigating its clinical applications, along with hypnosis and
meditation interventions, could improve available therapeutic options in oncology. This
article details the study protocol of a preference-based longitudinal controlled superiority
trial aiming to assess the effectiveness of 3 group interventions (hypnosis, meditation,
and SICT) to improve oncological patients’ quality of life, and more specifically CRF,
emotional distress, sleep, pain, and cognitive difficulties (primary outcomes).

Methods and analysis: A power analysis required a total sample of 160 patients. Main
inclusion criteria are: cancer diagnosis, active treatments completed for less than a year,
no practice of hypnosis, meditation, or SICT, and presence of at least one of these four
symptoms: fatigue, sleep difficulties, depression, or anxiety. Each participant will choose
the intervention in which they want to participate (hypnosis, mindful self-compassion
meditation, SICT, or no intervention—control group). To test the effectiveness of the
interventions, data will be collected by questionnaires and neurobiological measures and
directly from the medical record at four time points: before inclusion in the study (baseline);
immediately after the intervention; and at 3- and 12-month follow-up. The longitudinal
data in each group will then be measured.
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Hypnosis, Meditation, and Trance in Oncology

Discussion: In addition to standard cancer therapies, there is a growing interest from
patients in complementary approaches, such as hypnosis, meditation, and SICT. The
results of this study will be useful to increase knowledge about short- and long-term
effectiveness of 3 group interventions for CRF, emotional distress, sleep, pain, and
cognitive difficulties in patients with different cancers.

Clinical Trial Registration: ClinicalTrials.gov/ (NCT04873661). Retrospectively
registered on the 29th of April 2021. url: https://clinicaltrials.gov/ct2/show/NCT04873661

Keywords: oncology, group intervention, hypnosis, meditation, self-induced cognitive trance, neurophysiology,

neurophenomenology

INTRODUCTION

The presence of one symptom cluster is particularly well-
documented among patients who suffer from cancer (Dodd
et al., 2010; Die Trill, 2013; Loh et al., 2018): cancer-related
fatigue (CREF), sleep difficulties, emotional distress, and pain.
Cognitive impairments are also frequently associated with this
symptom cluster (Pullens et al., 2010; Joly et al., 2011; Sanford
et al, 2014). A meta-analysis revealed that 52% of patients
report CRE this proportion ranging from 14 to 100% according
to the studies (Ma et al, 2020). CRF can be defined as “a
distressing persistent, subjective sense of physical, emotional,
and/or cognitive tiredness related to cancer or cancer treatment
that is not proportional to recent activity and interferes with
usual functioning” (Koh et al., 2019). CRF has a lot of social,
financial, and functional consequences (Jones et al, 2016;
Ma et al., 2020). Emotional distress, endured by a large proportion
of patients with cancer as well (Mehnert et al., 2018; Gotze
et al., 2020), can be defined as “a multifactorial, unpleasant
experience of a psychologic (ie., cognitive, behavioral, and
emotional), social, spiritual, and/or physical nature that may
interfere with the ability to cope effectively with cancer, its
physical symptoms, and its treatment” (Mitchell et al., 2011;
Riba et al., 2019). It negatively influences treatment adherence
(Lin et al, 2017) and results (Batty et al., 2017), as well as
patient’s general quality of life (Achimas-Cadariu et al., 2015;
Riba et al., 2019). Concerning sleep difficulties, their prevalence
among patients with cancer during or after their treatment
varies between 32 and 61% (Santoso et al., 2019; Schieber
et al., 2019; Hoang et al., 2020; Gonzalez et al., 2021) and is
approximately three times higher than in the general population
(Kwak et al., 2020). Cancer-related pain is reported by more
than 50% of patients, which severely impacts quality of life,

Abbreviations: ANOVA, Analysis of variance; BFI, Big Five Inventory; CERQ,
Cognitive Emotion Regulation Questionnaire; CEQ, Creative Experiences
Questionnaire; CHU, “Centre hospitalier universitaire” (University Hospital); CRE
Cancer-related fatigue; ECG, Electrocardiogram; EEG, Electroencephalogram; EMG,
Electromyogram; FACT-Cog, Functional Assessment of Cancer Therapy - Cognitive
Function; GDPR, General Data Protection Regulation; HADS, Hospital Anxiety
and Depression Scale; Hrs, hours; ISI, Insomnia Severity Index; MAC, Mental
adjustment to cancer; MCQ, Memory Characteristics Questionnaire; MEQ, Mystical
Experience Questionnaire; MFI, Multidimensional fatigue inventory; MPFI,
Multidimensional Psychological Flexibility Index; MSC, Mindful self-compassion;
SICT, Self-induced cognitive trance; VAS, Visual analogue scale.

adherence to treatment, satisfaction with care, and survival
(Neufeld et al., 2017). Finally, cognitive difficulties may be linked
to the disease itself, the treatments received or the patient
characteristics, and their prevalence can be up to 75% in some
kinds of cancers (Joly et al., 2011).

All these difficulties can last for years after treatment
completion and, despite their prevalence and severe impact,
they remain underdiagnosed and undertreated (Joly et al., 2011;
Die Trill, 2013; de Vries and Stiefel, 2014; Riba et al., 2019).
In oncology settings, there is a growing interest in complementary
approaches, such as “mind-body” interventions, to relieve these
symptoms in a non-pharmacological way. These interventions
aim to impact two interconnected levels: psychological and
physical (Sawni and Breuner, 2017), and they allow patients
to take back the control over their health and to regain hope
(Eliott et al., 2008). Indeed, complementary and alternative
medicine is estimated to be used by 43% of patients with
cancer (Horneber et al., 2012; John et al, 2016), and it is
starting to be studied scientifically, for instance with trials
investigating the benefits of hypnosis and meditation (Spiegel,
1985; Kim et al, 2013; Cramer et al., 2015; Carlson et al.,
2017; Grégoire et al., 2017, 2020a; Arring et al., 2019; Ngamkham
et al.,, 2019; Suh et al., 2021).

Hypnosis

Hypnosis can be defined as “a state of consciousness involving
focused attention and reduced peripheral awareness characterized
by an enhanced capacity for response to suggestion” (Elkins
et al, 2015). It is characterized by four main components:
absorption (in an imaginative experience), dissociation (from
the environment), suggestibility (to the suggestions made by
the therapist; Spiegel, 1991), and automaticity (non-voluntary
response relevant to the content of a communication intended
to be a suggestion; Weitzenhoffer, 2002). Hypnosis modulates
self-awareness and decreases environmental awareness (Demertzi
et al, 2011, 2015). At a neurophysiological level, it is associated
with increased power in the theta band and changes in gamma
activity (direction inconsistent among studies), which play a
critical role in the emotional limbic circuits (Vanhaudenhuyse
et al., 2020). Hypnosis also modifies the functional connectivity
in the default mode network (linked to self-awareness) and
in the external network (linked to the environmental awareness;
Vanhaudenhuyse et al., 2014), as well as the structural connectivity
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between brain areas, and the hemispheric asymmetry (Landry
et al, 2017). It also impacts cortical and subcortical areas
involved in pain modulation (Vanhaudenhuyse et al., 2014;
De Benedittis, 2021; Bicego et al., 2021c).

To summarize empirical findings about hypnosis mechanisms,
Jensen et al. proposed a biopsychosocial model of hypnosis
(Jensen et al, 2015). Three categories of factors explained
hypnotic responding: biological factors (activity in frontal and
anterior cingulate cortices, functional connectivity, structural
connectivity, hemisphere asymmetry, and theta band),
psychological factors (expectancies, hypnotizability, motivation,
and absorption), and social factors (relationship with the therapist
and hypnotic context). Several studies have demonstrated the
benefits of hypnosis, used alone or in combination with other
techniques, on different sides effects of cancer treatments, such
as CRE, emotional distress, sleep, pain, and cognitive difficulties
(Spiegel, 1985; Cramer et al., 2015; Carlson et al., 2017; Grégoire
et al., 2017, 2020a; Arring et al., 2019).

Meditation

Similarly to hypnosis, meditation is also considered a
non-ordinary state of consciousness. It can be defined as a
group of “states, processes, and practices that self-regulate the
body and mind, thereby affecting mental and physical events
by engaging a specific attentional set” (De Benedittis, 2015).
Its aim is to improve voluntary control over mental processes.
Different meditation practices exist, with similarities: a quiet
location with few distractions, a specific and comfortable posture
(sitting or lying down), a focus on attention, and an open
attitude of letting thoughts come and go without judgment
(Ospina et al, 2008). Phenomenological characteristics of
meditation vary according to the type of practice, but alteration
of sense of time, space and body representation, along with
modifications of emotions and physical sensations are commonly
reported (Brandmeyer et al., 2019). The neurophysiological
correlates of mediation also depend on the type of meditation
and thus are not yet clear (De Benedittis, 2015; Lomas, 2015;
Brandmeyer et al., 2019). However, a systematic review showed
that mindfulness-based meditation is associated with increased
alpha and theta power, while no consistent patterns were
observed in beta, delta, and gamma bandwidths. This
configuration is indicative of a state of relaxed alertness favoring
mental health (Lomas, 2015; Brandmeyer et al., 2019). Meditation
has also been shown to positively influence emotional distress,
pain, fatigue, and sleep difficulties in patients with cancer (Kim
et al.,, 2013; Carlson et al., 2017; Arring et al., 2019; Ngamkham
et al,, 2019; Suh et al.,, 2021). Our study will focus on mindful
self-compassion (MSC) meditation (Kotsou and Heeren, 2011;
Germer and Neff, 2013, 2019; Neft and Germer, 2013; Neff
et al, 2020), which involves a compassionate stance toward
oneself when encountering personal difficulties (i.e., self-kindness
over self-judgment, sense of common humanity instead of
isolation, and mindfulness rather than over-identification), and
has been shown to positively influence psychological wellbeing
(Kotsou and Leys, 2016; Kilig et al., 2021). This self-compassionate
frame of mind involves being gentle, supportive, accepting,
and understanding toward oneself (Germer and Neff, 2019).

Most of these studies about hypnosis and meditation suffer
from methodological limitations, the main one being their
focus on breast cancer patients only. However, other cancers
may have different negative physical and psychological effects.
For example, mortality rates vary according to the localization
of the tumor (Sung et al, 2021). Additionally, some cancers
imply specific adverse events [e.g., prostate cancers (impact
on sexuality, possible urinary incontinence) and head and neck
cancers (possible tracheotomy with impact on speech)], which
may have specific impact on the psychological adaptation to
the disease. In addition, most of these studies did not measure
the long-term effects of the intervention proposed.

In this study, our aim will be to include a large population
of patients with different cancer diagnoses and to rigorously
investigate the long-term effects of the interventions. We also
want to study another non-ordinary state of consciousness,
involving more directly the body: self-induced cognitive trance.

Self-Induced Cognitive Trance

The recent work on hypnosis and meditation has opened the
path to study other non-ordinary states of consciousness, such
as trance. Self-induced cognitive trance (SICT) is characterized
by lucid but narrowed awareness of the environment, hyper-
focused immersive experience of flow, enhanced inner imagery,
modified somatosensory processing, altered sense of self, and
an experience of spiritual travel (Csikszentmihalyi, 1990; Flor-
Henry et al., 2017; Grégoire et al, 2021). It is inherited from
Mongolian traditional shamanic practice, where is it used in
healing interventions (Flor-Henry et al., 2017; Grégoire et al.,
2021). However, little is known about the scientifically based
phenomenology and neural correlates of SICT. A few case studies
report that it is associated with subjective changes in time and
space perception, body awareness, thinking and emotional state,
with a dissociation and a modulation of perceptions from the
environment, as well as decreased pain perception, increased
strength, increased sense of happiness, visual imagery, and out-of-
body experience (Hove et al, 2016; Flor-Henry et al., 2017;
Kawai et al., 2017; Mainieri et al., 2017; Gosseries et al., 2020;
Huels et al., 2021). This could be put in parallel with some of
the characteristics of hypnosis already described (absorption,
dissociation, and modulation of pain, for examples;
Vanhaudenhuyse et al., 2014, 2020). Only a few studies used
neurophysiological measurements during different kinds of trance,
including SICT (Oohashi et al., 2002; Peres et al., 2012; Hove
et al, 2016; Flor-Henry et al, 2017; Gosseries et al., 2020),
and showed a temporary reconfiguration of brain network
architecture. However, results are quite contradictory, and studies
are mostly from small samples of trance experts with a lack
of well-controlled designs. Moreover, no study has evaluated
the clinical applications of SICT, even though it may have
potential therapeutic properties, like hypnosis and meditation.
Previous works on shamanic trance have reported positive
outcomes (e.g., decrease anxiety and increase wellbeing)
anecdotally, but not scientifically (Sidky, 2009; Mackinnon, 2012;
Grégoire et al,, 2021). Thus, investigating SICT’s phenomenological
and neurophysiological correlates, as well as its clinical applications,
and comparing them with hypnosis and meditation interventions
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seems particularly relevant as it will allow to better understand
these non-ordinary states of consciousness and improve available
complementary therapeutic options in oncology.

OBJECTIVES

This projects aims are threefold: (1) Evaluating the short- and
long-term clinical benefits of hypnosis, meditation, and SICT
in terms of CRE emotional distress, sleep difficulties, and pain
(primary outcomes), as well as other psychological variables
(e.g., cognitive functioning, adaptation to cancer, psychological
flexibility; secondary outcomes) in patients with cancer (through
questionnaires); (2) Measuring the evolution of (a)
phenomenological and (b) neurobiological correlates of hypnosis,
meditation, and SICT in these patients, to better understand
the effects of these interventions (through questionnaires and
neurobiological measures); (3) Confirming the biopsychosocial
model of hypnosis and investigating whether meditation and
SICT responsiveness are mediated by the same mechanisms as
hypnosis. This study will allow to strengthen the use of hypnosis
and meditation for all cancers and to assess the interest of
SICT as a new therapeutic complementary option.

METHODS AND ANALYSIS

Design
We designed a longitudinal controlled superiority trial (see
Figure 1) with 160 patients with cancer who will choose

between four conditions (see section “Recruitment” for sample
size calculation): hypnosis-based group intervention, MSC
meditation-based group intervention, SICT-based group
intervention, or a control group. This kind of design has been
chosen because patients who receive their preferred therapeutic
option seem to be more motivated and exhibit greater adherence
to the treatment (King et al, 2005; Preference Collaborative
Review Group, 2008; Sedgwick, 2013; Bicego et al., 2021a).
Indeed, preference-based trials are increasingly developed as
researchers often want to know if an intervention is effective
for the participants who choose it, rather than determining
the best treatment option irrespective of the participant’s choice
(Kowalski and Mrdjenovich, 2013). In addition, pragmatic trials
are also more and more developed and aim at assessing the
effects of interventions in real-life routine practice conditions,
rather than under optimal conditions. The results from a
pragmatic trial can be generalized and applied in routine
practice (Patsopoulos, 2011). Moreover, one of our previous
study with oncological patients showed that different intervention
groups, based on participants’ preferences, were similar at
baseline on the sociodemographic, medical, and clinical data
investigated (Grégoire et al., 2017). Participants will then know
in which group they belong and will be aware of the existence
of the other intervention groups.

The structure and intensity of each intervention will
be different (see Figure 1), because we want to optimize the
trainings in a manner that has been shown to be effective in
our practice with volunteers and patients (Grégoire et al., 2017,
2018b). More specifically, in the hypnosis-based intervention,
patients will participate in 8 weekly sessions (2h each) during

To ™ T2 T3
Week 1 Week 3
sieT Workshop 1 Workshop2 -
(2days) (2days)
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
HYPNOSIS Session Session Sesslon Session Sesslon Session Session Session
------------------- 1 2 4 6 7 8 -
(2hrs) (2hrs) @ nrs) (2hrs) @ nrs) (2hrs) (2hrs) (2hrs)
,’f
=
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week7 Week 8 W
Msc W
MEDITATION Session Sesslon Sesslon Sesslon Sesslon Intensive Sesslon Sesslon Session
.................. 1 practice 8 -
(2h45) (2n45) (2n45) (2n45) (2n45) (1/2 day) (2h45) (2n45) (2h45)
+ 2 months
CONTROL
Post +3
months
Pre-intervention Post- Post +12
intervention months
FIGURE 1 | Study design. SICT, self-induced cognitive trance; MSC, mindful self-compassion; hrs, hours.
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which they will benefit from guided hypnosis exercises and
learn how to implement self-hypnosis in their daily life. In
the MSC meditation-based intervention, patients will participate
in 8 weekly sessions (2h45 each) and half a day of intensive
practice, in which they will practice different meditation exercises.
In the SICT-based intervention, patients will participate in
2-day workshops, spaced by 2weeks, in which they will learn
how to induce SICT, with the use of different sound loops
(i.e., electronic designed sounds, voices, and noises). In the
three groups, exercises will mostly focus on self-compassion
as this component has been shown to be important in oncology
settings in previous studies (Grégoire et al., 2017, 2018b, 2020a).
At-home practice will also be encouraged between sessions
and will be assessed through weekly evaluations (see Table 1

for measurements used). Participants in the control group will
complete the questionnaires and undergo the neurobiological
examinations, but they will not attend any of the interventions.
They will only benefit from care as usual and have the possibility
to participate in one of the three group interventions after
the study completion if they want to. More information about
the content of each intervention is detailed in section
“Interventions”

Each participant from the three intervention groups will
be evaluated before the intervention (TO), right after the last
group session (T1), at 3months (T2) and 1 year (T3) post-
intervention. Participants in the control group will be evaluated
according to a similar schedule (see Figure 1 for study design,
and sections “Procedures” and “Assessments” for more

TABLE 1 | Measurements used in the study.

Between TO and T1
(during the group T1 T2 T3
intervention)

Screening TO

Medical data: diagnosis, time since the end of treatments, psychiatric and neurologic history

VAS: fatigue, distress, pain, sleep difficulties (/10)

No practice of hypnosis, meditation or SICT

Sociodemographic data: age, gender, religious beliefs, professional status, BFI-10

Medical data: time since diagnosis, cancer stage, treatment received

Weekly subjective evaluations (VAS fatigue, emotional distress, sleep difficulties, pain)

Diary of practice (frequency, details about some intense episodes, feelings, impressions, etc.) X

Hypnosis/meditation/SICT and imaginary experience:

e VAS (/10): expectations, motivation to experience hypnosis/meditation/SICT*

e Personal definition and a priori according to the chosen intervention (free text)*

e CEQ

Quality of life-related variables:
e Fatigue and sleep: MFI20 and ISI
e Emotional distress: HADS
e Pain: VAS (/10)
e Self-reported cognitive functioning: FACT-Cog v3

e Other psychological variables: MAC, CERQ, MPFI-24, Empowerment [7 VAS (/10)], major

life events

Neurophysiological and biological variables:

e EEG resting state

e EEG during hypnosis, meditation or SICT state*

e ECG, EMG, and respiration (effort and pressure)
e Core body temperature

e Tumor marker rates

> X
X X X X X
X X X X X

Questionnaires about the intervention:

e Free recall of a hypnosis/meditation/SICT/intense autobiographical episode (written,

according to the intervention)
e MCQ
e MEQ30
e Presence questionnaire
e VAS (/10): Quality of the relationship with the therapist*

BFl, Big Five Inventory; CEQ, Creative Experiences Questionnaire; CERQ, Cognitive Emotion Regulation Questionnaire; FACT-Cog, Functional Assessment of Cancer Therapy —
Cognitive Function; HADS, Hospital Anxiety and Depression Scale; ISI, Insomnia Severity Index; MAC, Mental Adjustment to Cancer Scale; MCQ-30, Memory Characteristics
Questionnaire; MEQ30, Revised Mystical Experience Questionnaire; MFI-20, Multidimensional Fatigue Inventory, MPFI-24, Multidimensional Psychological Flexibility Index; ECG,
electrocardiogram; EEG, electroencephalogram; EMG, electromyogram; VAS, Visual Analogue Scale. *Only for the participants in one of the 3 intervention groups.
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information on procedures and measurements). The first
intervention group (hypnosis) started in April 2021.

Eligibility

Inclusion criteria will be: to be at least 18 years old, no psychiatric
or neurological disorders, no current and regular practice of
hypnosis, meditation or trance, diagnosis of cancer (any
localization except brain tumors to avoid any effect on EEG
data or severe cognitive impairments that could prevent filling
the questionnaires adequately), and completion of active
treatments (surgery, chemotherapy, radiotherapy) for less than
a year. Interested patients will be screened for fatigue, emotional
distress, sleep difficulties, and pain (VAS score>4/10 for one
of these four symptoms for inclusion), based on recommendations
from our past studies (Grégoire et al., 2018a,b).

Recruitment

Participants will be recruited over a 2- to 3-year period, mainly
at the University Hospital of Liege (Belgium) but also in other
structures and through social medias. Potentially eligible
participants will be identified in various ways. First, different
health care professionals working with oncological patients
(e.g., oncologists, radiotherapists, psychologists, nurses) have
been informed of the study and asked to talk about it to their
patients who have completed their treatment. In the hospital,
interested patients will be advised to contact us by phone or
e-mail. Second, flyers and posters will be displayed in several
strategic areas in and outside the hospital (e.g., oncology,
radiotherapy, algology services waiting rooms, doctors’ office,
private consultations cabinet, other hospitals, health associations,
health professionals in Belgium or France), which allow other
health professionals and patients to be informed about our
study. Third, we will use social medias (e.g., personal and
professional Facebook accounts, Mewe) to inform as much
people as possible about our study.

The recruitment started in December 2020 and is ongoing.
Sample size has been determined by a power analysis allowing
a comparison between the four groups. The sample size
calculation was based on a repeated measures ANOVA
(“between factors”). Alpha was set at 0.05, power at 90%,
the standardized effect size at 0.3 and the expected correlation
between repeated measures at 0.6. These coeflicients were
successfully used in our previous studies (Grégoire et al.,
2017, 2020a). As there will be four groups and four
measurements times, a total of 116 patients will be needed
according to this analysis. Based on our previous experience
with a similar design, we expect a 20% drop-out rate, leading
to a sample of 140 patients (35 in each condition; Grégoire
et al., 2020a). As our group sessions will include approximately
10 persons, we will then aim at recruiting 40 participants
in each condition (i.e., four groups of 10 participants in
hypnosis, MSC meditation, and SICT groups and 40 participants
in the control group), for a final sample of 160 participants.
Participants will have the opportunity to choose the
intervention in which they want to participate. Most of the
participants already have a strong preference for one of the

three interventions when contacting us. However, each
interested person who fill the inclusion criteria will be asked
to watch a short video we made to explain the three
interventions and the aims of the study.! This allows every
participant to receive standardized information about the
study and to make or confirm their choice of intervention.
However, once 40 participants have been recruited in a
condition, it will not be possible for other interested persons
to be included in this condition. These persons will be proposed
to integrate the control group or another active condition.

Procedures

A written consent will be obtained from each participant at
the beginning of the study. The investigators will remain available
by phone or e-mail during the study duration to answer
any question.

Screening

During the first telephone contact with the interested participants,
they will be informed of the protocol and study design. If
interested, one of the two main investigators (CG or NM)
will ensure that participants meet all the inclusion criteria. If
eligible, they will have to watch the information video and
confirm their choice of intervention. Once a group is almost
complete (i.e., around 10 participants), the first evaluation (T0)
will be scheduled.

Measurement Points (TO, T1, T2, and T3)

Each of these four measurement points will be completed by
every participant and will consist of several questionnaires (at
TO0, T1, T2, and T3) and neurobiological measures (at TO, T1,
and T3; see Table 1). Questionnaires will be completed online
at home, on a secured website.” For those who do not have
a computer or are not comfortable using one, it will be possible
to make an appointment with one of the investigators to complete
the questionnaires with them. At each measurement point, the
risk of missing responses is very low, as the online questionnaires
are designed in a way that does not allow for missing answers.
The investigators will check before the first group session that
all participants have answered the questionnaires and remind
them if it is not done. For the participants who will complete
the questionnaires with one of the investigators, all answers
will be checked to minimize missing data.

The neurophysiological and biological measures will
be collected at the hospital (CHU of Liege), during a session
of £1h (see point 3.6.). Tumor marker rates will be collected
directly from the patients medical record or by asking them
to send us their last blood test result. All data will be anonymized:
a code will be attributed to each participant and used during
the entire study. Only the researchers involved in this study
will have access to the final datasets. Review of the trial process
and difficulties encountered are discussed regularly between
the researchers involved.

'https://www.youtube.com/watch?v=IRhs8jK-RCE
2www.alchemer.com
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Interventions

Hypnosis

This intervention will include eight 2h weekly sessions in
groups of approximately 10 participants. This protocol has
been developed and will be led by one of the authors (MEF),
who is an anesthesiologist and an international expert in
hypnosis. A large part of the first session will be devoted
to answering to the participants questions and giving
information about hypnosis. First exercises will be proposed
as introduction to hypnosis: a focused listening of different
musical records and some imagery exercises. The aim is for
the participants to notice their abilities to access mental
imagery and hypnosis. During the other sessions, a debriefing
of at-home practice will be proposed, along with different
hypnosis exercises. They will be repeated and discussed, and
participants will also attempt to induce hypnosis by themselves
during the last session. Table 2 summarizes the exercises
that will be done at each session. Between sessions, participants
will be encouraged to practice the different exercises at home
with the help of audio recordings of the hypnosis exercises.
This is essential to take full advantage of hypnosis without
the help of a therapist. A self-care approach will be fostered
during the intervention, more specifically during the debriefings
of the participants’ practice, if they encounter difficulties or
ruminations. Concrete strategies to deal with such difficulties
will be proposed by the therapist. The importance to take
time for themselves will be emphasized, as well as to allow
themselves to take a break from their routine and practice
hypnosis in their daily life to improve their wellbeing, in an
adaptation of our usual practice with oncological patients in
clinical and experimental settings (Charland-Verville et al.,
2017; Grégoire et al., 2018b, 2020a).

MSC Meditation

This intervention will include eight sessions of 2h45 in groups
of approximately 10 participants. It will be led by two of
the authors (VVN and SdR), recognized as experts in MSC
meditation. The intervention is based on the practice of MSC
meditation, already described above. At the beginning of the
first session, a presentation of the intervention will be proposed
along with explanations about meditation and answers to
participants’ questions. Each session will focus on a theme,
linked to self-compassion (see Table 2), and will be based
on formal practices (e.g., guided meditation), experiential
exercises, informal practices linked to the daily life and
theoretical information about compassion and emotions. Each
exercise will be debriefed in small or large groups, in order
to allow each participant to share their feelings, thoughts
and questions. Between each session, individual practice will
be encouraged and audio recordings of different exercises
will be given to the participants.” Between the fifth and the
sixth session, half a day of silent intensive practice will
be organized, during which all the exercises previously worked
on will be reviewed and deepened.

*https://soundcloud.com/emergences/sets/cycle-auto-compassion

Self-Induced Cognitive Trance

This intervention will include two 2-day workshops, spaced by
two weeks, in groups of approximately 10 participants. A part
of the first session will be devoted to explain what is SICT,
how it can be accessed and how the workshops will take place.
Possible questions among the participants will be discussed. To
induce SICT, different sound loops (i.e., electronic designed
sounds, voices, and noises, inspired by the ones produced during
traditional shamanic rituals) will be used. They were designed
and previously employed by one of the authors (CS), who is
the first Westerner to become an ugdan (female shaman in
Mongolia), and recognized as an international expert on SICT
(Sombrun, 2006, 2012). Different kinds of trances will be taught
during the workshops: trances with intention, during which
participants follow an intention [e.g., refocusing on oneself
(“anchor trance”), finding one’s place and being assertive (“territorial
trance”), reconnecting with one’s inner power (“power trance”)],
and trances without intention (“free trances’), during which
participants let themselves and their body get carried away by
the experience of trance. During each session, 4-5 SICT exercises
will be proposed (see Table 2). Typically, participants will lie
down and listen to one of the sound loops (+30min). The
access to SICT can manifest itself through various elements:
vocalizations or movements for examples. Every exercise will
be debriefed in group, and a focus on self-compassion will
be suggested during the workshops using specific intentions
(e.g., an intention to be gentle with oneself, set self-boundaries).
At the end of the two workshops, all participants will have
found a way to induce SICT without the help of the sound
loops. At-home practice will be encouraged during the two weeks
between the workshops and after them.

The three interventions will take place in Liége (hypnosis,
SICT) and Brussels (MSC meditation). During the entire study
duration, each participant will benefit from usual care, including
medical care, oncological revalidation, and individual
psychological help if necessary. Although no adverse event
has been reported in our previous studies on hypnosis with
patients with cancer or chronic pain (Grégoire et al.,, 2017,
2018b, 2020a; Bicego et al., 2021b) and clinical practice, it
could be possible that a patient feels uncomfortable during
the exercises. In this case, they will have the possibility to
stop the session and their participation in the study. The
therapist or the experimenter can also propose a meeting to
discuss their difficulties and, if necessary, suggest a meeting
with a psychologist or physician with whom we collaborate.
Any reason for drop-out will be consigned. Adherence to
the study is fostered by the facts that all participants are
volunteers and motivated to participate and that the assessments
can be mainly done at home and require only three travels
to the hospital during the whole study. Several reminders
will also be sent to the participants who forget to answer
the questionnaires in time and who did not ask to quit
the study.

Assessments
Table 1 summarizes the different parameters used at each
measurement point.
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TABLE 2 | Summary of the content of the sessions for each intervention.

Hypnosis

MSC meditation

Self-induced cognitive trance (SICT)

Explanations about hypnosis and
answers to questions.

Exercises based on focused listening of

Explanations about meditation and
answers to questions.

Explanations about SICT and answers to
questions.

SICT exercises using sound loops.

Session 1 musical records specially composed b Exercises based on the discovery of
ified . tE 'yt dp t Iy mindful self-compassion (soothing touch, Individual search of one or several
a certilied music therapist, and mental o e ompassion break). movements or sounds to induce SICT
Imagery. Workshop 1—Day 1 without listening to the sound loops.
’ ) o Debriefing of each exercise in group.
Discussion of self-care strategies in ! ) ) ]
. accordance to the difficulties Mmdfgl self—compa§3|on exerC|vses Focuslon tlhe transformatllve powelr of
Session 2 encountered by the participants. (affechonate .brea‘Fhm.g, grounding, SICT (i.e., impact on bodily sensations and
) ) ) mindfulness in daily life, present moment). somatosensory processes, on cognition
Soothing White Clouds exercises. and emotions).
Discussion of self-care strategies in . .
. accordance 1o the difficulties Benevglent love exercises (affectionate
Session 3 encountered by the participants. breathlng., love for a close one, self- SICT exercises using different sound loops
. compassion, and benevolent love). and individual movements or sounds.
Safe Place exercises.
Discussion of self-care strategies in . , . . Workshop 1—Day 2  Debriefing of each exercise in group.
‘ accordance to the difficulties D|scolvery of one’s compassmnatg voice Focus on the transformative power of
Session 4 encountered by the participants. exercises (self-compassion, security and SICT.
self-criticism, self-compassionate letter).
Garden of dreams exercises.
Discussion of self-care strategies in Importance of living intensely (giving and
Session 5 accordance to the difficulties receiving compassion, personal values and Debriefing of the 2-week individual
encountered by the participants. wishes, silver lining, compassionate practice.
Pain and Colors exercises. listening). SICT exercises using different sound loops
Between Half a day of silent intensive practice and individual movements or sounds.
sessions 5  / (review and deepening of all the exercises  \Workshop 2—Day 1 Debriefing of each exercise in group.
and 6 reviously worked on — -
p Y ) Consolidation of the participants’ self-
Discussion of self-care strategies in Dealing with difficult emotions [self- induction ability.
accordance to the difficulties i i
Session 6 en co[mtere d by the I ; r:cil ants compasgon, “acceptanon and man?gemgnt Focus on the interactions during SICT (i.e.,
Y p p . of emono.n‘s, soften, soothe, allow” (basic with the environment).
Glove Analgesia exercises. and specific to shame].
Discussion of self-care strategies in Exploratioln of difﬁ?“” relationlships . Debriefing of the 2-week individual
Session 7 accordance to the difficulties (compas?onate fr|erl1d, ;nfulﬂ\lved needs, Qi practice.
ession - gong, self-compassion break in
encountered by the participants. . . )
o . relationships, compassion with equanimity, SlCT e>§e‘r0|ses using different sound 100ps
Levitation exercises. dealing with compassion fatigue). and individual movements or sounds.
Workshop 2—Day 2 Debrie " h L
Discussion of self-care strategies in o ) eorieting of each exercise In group.
) accordance to the difficulties Embracmlg lie (self—compas&oh gnd Consolidation of the participants’ self-
Session 8 encountered by the participants. compassmn for others, gppremahon and induction ability.
. . gratitude, self-compassion bracelets). ) ) )
Stories and Metaphors exercises. Focus on the interactions during SICT.
Each - ) . .
) Debriefing of the previous session and at-home practice.
session

Questionnaires
Approximate duration of questionnaires completion is 40-50 min
at each measurement point.

General Information

Sociodemographic and medical data (gender, age, education level,
professional activity, spiritual believes, personal history of cancer

and treatment, possible recurrence during the study) will

be collected. The Big Five Inventory (short version—10 items;
Courtois et al., 2020) will also be administered. This questionnaire -
aims at rapidly assessing personality according to the 5 domains

of the original Big Five Inventory (extraversion, conscientiousness,
negative emotionality, open-mindedness, and agreeableness).

Physical and Psychological Functioning

- Visual Analogue Scales (VAS): Different VAS will assess the
participants’ emotional state (pain, empowerment, fatigue,
emotional distress, sleep difficulties). VAS will also be used

and 10.

during the duration of the group intervention to assess the
severity of fatigue, distress, sleep difficulties, and pain on a
weekly basis. Each score will be comprised between 0

Multidimensional Fatigue Inventory (MFI-20; Smets et al.,
1995): This 20-item scale is designed to measure fatigue on 5
different dimensions: general fatigue, physical fatigue, mental
fatigue, reduced motivation, and reduced activity.
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- Insomnia Severity Index (ISI; Savard et al., 2005): This 7-item
questionnaire investigates the sleep complaints and the
associated distress.

- Hospital Anxiety and Depression Scale (HADS; Zigmond and
Snaith, 1983): This 14-item scale measures anxiety (7 items)
and depression (7 items) and has been validated for people
with somatic illnesses.

- Mental Adjustment to Cancer Scale (MAC; Watson et al.,
1988): This questionnaire assesses the coping styles and
adjustment to cancer. It is divided into two sub-scales: positive
and negative adjustments.

- Cognitive Emotion Regulation Questionnaire (CERQ;
Garnefski et al, 2001): This multidimensional scale
investigates the cognitive emotion regulation strategies used
after experiencing negative events linked to the disease or
its treatments.

- Multidimensional Psychological Flexibility Index (MPFI-24;
Grégoire et al, 2020b): This 24-item scale assesses the
psychological flexibility and psychological inflexibility,
through 12 dimensions (6 linked to psychological flexibility:
acceptance, present moment awareness, self as context,
defusion, contact with values, committed actions; and 6 for
psychological inflexibility: experiential avoidance, lack of
present moment awareness, self as content, fusion, lack of
contact with values, inaction) and 2 total scores (psychological
flexibility and inflexibility).

- Life events: To assess whether the participants experienced any
major life event during or after the intervention, we will ask them
the following question (yes/no): “Did you experience any major
life event since the last time you completed these questionnaires
(wedding, birth, job loss, accident, health problem, etc.)”

Cognitive Functioning

- Functional Assessment of Cancer Therapy — Cognitive Function
(FACT-Cog v.3; Joly et al., 2012): This 20-item questionnaire
measures the participant’s subjective cognitive functioning
over the past week.

Questionnaires Linked to the Chosen Intervention
(Hypnosis, Meditation or SICT)

- VAS (/10) concerning the expectations and motivation to
participate in the intervention (T0), then concerning the
quality of the relationship with the therapist (T1-T3).

- Questions about the chosen intervention (free text): This will
aim at investigating the personal definition of hypnosis,
meditation, or SICT of participants, their beliefs and a priori
concerning the intervention they will participate in.

- Creative Experiences Questionnaire (CEQ; Merckelbach et al.,
2001): This 25-item (true/false) scale has been designed to
investigate the fantasy proneness. Questions are about, for
examples, imaginative friend or animal, belief in supernatural
beings, tendency to dream of fantasize, or out-of-
body experiences.

- Free recall of an intense hypnosis/meditation/SICT episode
(intense autobiographical episode for the participants in the

control group): This will be used to collect phenomenological
data about each non-ordinary state of consciousness involved
in the study. As patients in the control group will not
participate in any of the interventions, they will have to
describe an important autobiographical memory that
happened during the study (e.g., wedding, birth). The recall
of the episode will have to be as detailed as possible.

- Memory Characteristics Questionnaire (MCQ; Johnson et al.,
1988): This 16-item questionnaire is adapted from the original
questionnaire. It assesses a wide range of memory
characteristics (visual details, complexity, spatial, and
temporal information, feelings). Participants will be asked to
answer the questionnaire while thinking about one specific
memory (the one used in the free recall).

- Revised Mystical Experience Questionnaire (MEQ30; Maclean
et al., 2012): This 30-item scale is designed to assess the
mystical characteristics of a specific episode or memory (in
this study, a hypnosis, meditation, or SICT episode), across
four factors: mystical, positive mood, transcendence of time/
space, and ineffability.

- Presence questionnaire (Heck et al., 2021): This 12-item scale
has been initially designed to measure the feeling of presence
after the use of virtual reality. As the original questionnaire
was focused on the virtual environment specific to virtual
reality, we adapted it to a more general “suggested”
environment, such as in hypnosis, meditation, and SICT.
Questions are about the impression to have been present in
the environment, to have interacted with it, or to have felt the
presence of other people in it, for examples.

Neurophysiological and Biological Measures

We will record an electroencephalogram (EEG) resting state
(256 EGI, Geodesics) during 15min, combined (T1 and T3)
or not (TO) with an EEG during hypnosis, meditation, or
SICT state (15min). During each EEG, we will also record
an electrocardiogram (ECG) and an electromyogram (EMG),
and measure the breathing (effort and pressure, Polygraph Input
Box of EGI system) and body temperature. Tumor marker
rates (according to the patients diagnosis) will also be collected
in the patient’s medical record or based on their blood test results.

Data Coding and Storage

Most questionnaires will be completed electronically (on www.
alchemer.com) by the participants, through a secured link sent
by the experimenters. Data encoding will be done automatically
by Alchemer and will be regularly checked by the experimenters.
Final databases and manually coded data (e.g., from manually
completed questionnaires or directly collected from medical
records) will be stored on a protected server from the University,
protected by a password. Data coding and storage comply
with the General Data Protection Regulation (GDPR).

Statistical Analyses
Baseline (T0) demographic, medical, and psychological data
will be compared between groups to test for initial groups
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equivalency using inferential statistics, including ANOVAs and
chi-square tests. Normality of data will be checked using
Shapiro-Wilk test. Group-by time changes, and pre- and post-
assessment comparison of each variable within each group
will be assessed using repeated measures MANOVA followed
by post hoc comparisons, on the participants who completed
all the needed assessments points. Hierarchical linear regressions
will be conducted to investigate the factors associated with
the evolution of our main outcomes. All tests will be two-tailed,
and the alpha will be set at 0.05. For EEG data analysis,
MATLAB, EEGLAB, FieldTrip, Brainstorm, and in-house
MATLAB and Python modules will be used. EEG signal will
be preprocessed as in our previous works [downsampling,
epoching, filtering, removing noise (notably using ICA), channels
interpolation, re-referencing; Carriere et al., 2020; Thibaut et al.,
2021]. EEG markers will then be extracted: spectral (e.g., power
spectrum density), connectivity (e.g., weighted symmetrical
mutual information), complexity (e.g., permutation entropy;
Engemann et al., 2018). We will also apply graph theory
connectivity measures to further assess changes between brain
regions (Chennu et al, 2017; Carriere et al., 2020; Thibaut
et al., 2021). Results will be corrected for multiple comparisons
and considered significant at p<0.05. Statistical analyses will
be performed after all data have been collected for T2, then
for T3 and T4.

All participants will be informed by e-mail about the final
results of the study. Scientific publications and presentations
will also be planned.

DISCUSSION

Based on previous studies showing the benefits of different
mind-body interventions, such as hypnosis and meditation,
on cancer patients’ quality of life (Spiegel, 1985; Kim et al,
2013; Cramer et al., 2015; Carlson et al., 2017; Grégoire
et al., 2017, 2020a; Ngamkham et al., 2019; Suh et al., 2021),
and on the growing interest of these patients for such
interventions, we designed a longitudinal controlled study
assessing the benefits of three mind-body group interventions
based on non-ordinary states of consciousness: hypnosis,
MSC meditation, and SICT. Our aim is to investigate the
short- and long-term effects of these interventions on physical
and psychological symptoms of post-treatment oncological
patients and to investigate their phenomenological experiences,
their neurophysiological correlates, and their mechanisms of
action. Our wish is also to include a variety of cancer
diagnoses to address a major gap in the scientific literature:
the lack of data about the effects of psychosocial interventions
on cancers other than breast cancers.

Based on the existing scientific literature, our previous studies,
and preliminary data (not published), we made
several hypotheses:

1. Hypnosis, MSC meditation, and SICT will have positive
overall benefits on the quality of life of cancer patients,
with increased effects over time. More specifically, we expect

that the three interventions will have superior positive effects
on the patients quality of life than the control group.
We expect that these effects will be significant right after
the intervention (T1) and will stay stable or increase at
3- and 12-month follow-up (T2 and T3) due to continued
practice. Moderate difference might be observed between
the three intervention groups. For example, SICT could
impact more the body-related variables (e.g., pain and fatigue)
as it involves the body more directly (e.g., in the induction
process). We expect that a small improvement will be achieved
in the control group as well, but much weaker than in the
three intervention groups.

Phenomenological experiences will change over time and
will be intervention-dependent. We hypothesize that over
time and in the three intervention groups, phenomenology
will become more joyful and richer. As the phenomenology
of hypnosis, MSC meditation, and SICT has been very little
studied, we do not have any specific hypothesis concerning
the phenomenological differences between the three
interventions. Our analyses are exploratory. We however
expect that the phenomenology will change in each
intervention group between the different measurement times,
as the participants are expected to continue to practice
regularly after the intervention. We do not expect any major
evolution of the phenomenological experiences in the
control group.

Neurophysiological changes will be different between the
three intervention groups. We  hypothesize that
neurophysiological changes will vary according to the
intervention and that they will evolve over time, in response
to the continued practice of the participants after the intervention.
Previous studies showed increased theta power and changes
in gamma activity during hypnosis (Vanhaudenhuyse et al.,
2020) and increased alpha and theta power, during meditation
(Lomas, 2015; Brandmeyer et al., 2019). We hypothesize to
observe the same patterns in our study. We do not expect
any evolution of neurophysiology in the control group. We also
expect differences in neurophysiological correlates of resting
state, depending on patients’ clinical outcomes, especially long-
term ones. For example, we could expect slower activity if
patients are feeling less anxious.

We will be able to confirm, at least in part, the
biopsychosocial model of hypnosis, and MSC meditation
and SICT responsiveness mechanisms will be in part similar
to the ones implied in hypnosis responsiveness. We also
expect other potential factors (linked to body physiology:
temperature, ECG, EMG, breathing) to correlate with
hypnosis, MSC meditation, and/or SICT responsiveness.

Participants are not aware of the specific hypotheses of our
study. However, they have a general idea of the study aim,
as the flyers and posters used for the recruitment underlined
the fact that the purpose of each intervention is to improve
their quality of life.

There are some limitations of our study. First, only patients
who have finished their active treatments for less than a year
can participate in the study. It is possible that patients who
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finished their treatments longer ago, or who are still in
treatment, will be willing to participate. The same limitation
applies for most of our inclusion criteria: some patients with
brain tumor, or who are currently practicing hypnosis or
meditation for example, could be interested in the study, and
will not be able to participate. It is then possible that these
inclusion criteria will impact the recruitment process and
our results. However, they were chosen in order to minimize
the baseline differences in our sample. Another limitation is
linked to the profile of our participants. As our study takes
place in Belgium, our participants will mainly come from
Belgium or France or maybe French-speaking areas of other
bordering countries. This means that all our participants will
come from western and industrialized areas, which could
induce some similarities among them. Our three interventions
are also proposed in a group setting, which could discourage
some people to participate as they could be uncomfortable
in sharing their experience and thoughts with others. In
addition, the therapists involved in our study could also
be considered as a potential bias. Indeed, some of them are
recognized as international experts in their discipline, and
the fact that they will lead the group sessions is likely to
impact the recruitment process, with more patients wanting
to participate in their interventions. Finally, the design of
our study could be considered as a limitation. First, our
study will not be randomized, even though randomized-
controlled trials are generally considered the gold standard
for research aiming at assessing the effectiveness of an
intervention (Hariton and Locascio, 2018). This preference-
based design was chosen because we did not find it relevant
for a patient who wants to participate, for example, in the
hypnosis intervention to be obliged to participate in another
intervention. Indeed, patients who can chose their treatment
have more motivation and a greater adherence (King et al,
2005; Preference Collaborative Review Group, 2008; Sedgwick,
2013; Bicego et al., 2021a). We also chose this design based
on our clinical observations. After a generally long cancer
journey, where patients rarely had the opportunity to make
any choice and had to endure several intense treatments and
their side effects, it seemed important to us to allow them
to finally take back the control over their care and choose
the intervention they want to participate in. In addition,
preference-based and pragmatic trials are more and more
represented in scientific studies when the aim is to assess
the effectiveness of an intervention for the participants who
chose it, rather than determining the best treatment option
(Kowalski and Mrdjenovich, 2013), or to assess the effectiveness
of the intervention in real-life conditions (Patsopoulos, 2011).
Second, the designs of the three interventions are different
in terms of duration and frequency. As explained above,
we decided to use these designs because they have been
shown to be acceptable and effective in our practice with
volunteers and patients. As the main aim of this study is
not to investigate how each intervention allows an improvement
of the patients’ quality of life, using different intervention
designs seems understandable and acceptable. If our results
are conclusive, future research should continue to investigate

these three interventions and their mechanisms of action by
standardizing their designs.

In conclusion, this project is particularly original, timely
relevant and innovative. First, it will allow to adequately evaluate
the short- and long-term effects of the interventions to improve
the quality of life of a mixed population of patients who often
suffer from intense and debilitating long-lasting cancer-related
symptoms, along with behavioral, phenomenal and
neurophysiological changes. This could lead to an improvement
of mind-body interventions in oncology settings in the future,
along with a better understanding of hypnosis, meditation,
and SICT phenomena and their impact on quality of life.
We could also imagine proposing these mind-body interventions
to other clinical populations in the future (e.g., patients with
chronic pain). Second, combining phenomenology and
electrophysiology with rigorous methodology will be an asset
to dive deep into the cognitive and brain functions related to
hypnosis, meditation, and SICT, including their impact on
physical and psychological symptoms.
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Neuroscience Research Unit, Center of Functionally Integrative Neuroscience, Aarhus University, Aarhus, Denmark

| present an empirically based argument for the plausibility of misrepresentation as posited
by some higher-order theories of consciousness. The argument relies on the assumption
that conscious states are generated by processes in the brain. The underlying idea is that
if the brain generates conscious states then misrepresentation may occur. The reason for
this is that brain states can be corrupted and, accordingly, a conscious state that is at
least partly caused by a corrupted brain state may be a misrepresentation. Our body of
knowledge from cognitive and behavioral neuroscience lends support to the idea that
corruption of neural states is both possible and relatively frequent. If this is the case,
| argue, it is plausible that occasionally such corruption may result in misrepresentation.
| support this claim by arguing that the most prevalent theoretical alternative to the
occurrence of misrepresentation—the so-called no-consciousness reply —seems less
supported by our current knowledge in the domain of consciousness and cognition. This
way of arguing for misrepresentation is different from other empirically based arguments
in the debate because it is a meta-level argument resting on a general premise that most
participants in the debate can accept.

Keywords: higher-order theory, misrepresentation, consciousness, HOT theory, functionalism, materialism,
higher-order misrepresentation

INTRODUCTION

One of the central questions for a theory of consciousness is what accounts for the difference
between the mental states that are conscious, and those that are not. One group of theories
argues that what provides an individual with a conscious experience of a mental state pI is
the presence of another mental state p2 that has pl as its intentional object. Because p2 is
about another mental state, p2 is considered a higher-order state. Therefore, theories that
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explain consciousness in terms of higher-order states are called
higher-order theories.! Higher-order theories come in a wide
variety of forms (Rosenthal, 1997; Carruthers, 2003; Lau, 2007;
Gennaro, 2012; Coleman, 2015). One question that higher-
order theories face is the distinctive roles played by pl and
p2. For instance, is it possible that a higher-order state can
misrepresent what mental state an individual is in? This is
the question of misrepresentation. Those who endorse
misrepresentation argue that the presence of p2 is sufficient
to generate a conscious experience of pl regardless of whether
pl exists. Those who reject misrepresentation deny that a
higher-order state—in itself—is sufficient for the individual to
be in a conscious state.

In her seminal paper on misrepresentation, Neander (1998)
distinguished between two types of misrepresentation. In mild
misrepresentation, the higher-order state inaccurately represents
the first-order state that it is about. Mild misrepresentation can
be exemplified by a case where the individual has a first-order
visual representation of red but the higher-order state makes the
individual ~consciously ~experience seeing blue. In radical
misrepresentation, the individual has a conscious experience of
being in a state that she is not in. Radical misrepresentation occurs
when a higher-order state exists but the lower-order state, that
the higher-order state represents the individual as being in, does
not. David Rosenthal, a proponent of misrepresentation, has criticized
the distinction between mild and radical misrepresentation. Rosenthal
argues that the line between mild and radical misrepresentation
ultimately is arbitrary. Rosenthal (2004, p. 32) writes as:

“Suppose my higher-order awareness is of a state with the
property P, but the target is not P, but rather Q. We could
say that the higher-order awareness misrepresents the target,
but we could equally well say that it's an awareness of a state
that does not occur. The more dramatic the misrepresentation,
the greater the temptation to say the target is absent”

So, Rosenthal argues that to ask whether a higher-order
state is a mild or radical misrepresentation is misguided, because
there is no non-arbitrary way to decide whether a higher-order
thought (HOT) misrepresents its target or is about an absent
target. How we describe the situation seems to be a matter
of degree. If Rosenthal is right about this, it appears that the
distinction between mild and radical misrepresentation collapses
into radical misrepresentation.

Rosenthal holds that when misrepresentation occurs, the
individual consciously experiences whatever the occurring
higher-order thought represents her as experiencing. Rosenthal
thinks that the possibility of discrepancies between a higher-
order state and its target follows naturally from his theory,
and is not only possible, but also fully coherent and theoretically

"There are of course alternatives to the higher-order thought theories of
consciousness. Each of these accounts are characterized by the endorsement
of an alternative mechanism through which mental states are rendered conscious.
Some of these accounts, in particular first-order (or reflexive) theories (Kriegel,
2003a,b, 2007; Lamme, 2004), are held to preclude the possibility of
misrepresentation. Others, such as workspace (Baars, 1996, 1997, 2005; Mashour
et al,, 2020) and integration (Tononi, 2005; Tononi et al., 2016) theories, have
not—to the best of my knowledge—been explicitly considered in relation the
misrepresentation debate.

harmless (Rosenthal, 2011, 2012). Many other proponents of
HOT theory share this sentiment (e.g., Matey, 2006, 2011;
Weisberg, 2010, 2011; Pereplyotchik, 2013; Berger, 2014).

In this paper, I present an empirically based argument for
misrepresentation as posited by the higher-order theories of
consciousness. This way of arguing for misrepresentation follows
in the footsteps of earlier work in the debate by the advocates
of misrepresentation and their opponents. For instance, Lau and
Rosenthal (2011, p. 396) present empirical evidence from cognitive
neuroscience, they argue provides the higher-order view with
“substantial empirical plausibility” What is implied in this line of
thinking is that experimental and clinical findings carry evidential
weight in the theoretical domain. Similarly, Lau and Brown (2019)
take aim specifically at the issue of misrepresentation and present
empirical cases they interpret as the occurrence of misrepresentation.
They argue that the fact that empirical cases exist shows that
misrepresentation is not just a hypothetical conceptual problem,
but that a successful theory will need to explain these cases. They
conclude that in this respect the higher-order theory fares better
than its competitors. Not only proponents of higher-order theory
have argued on empirical grounds in the debate. In fact, leveraging
empirical evidence is becoming increasingly prevalent in debates
between competing theories of consciousness. For instance, Kozuch
(2014, p. 722) acknowledges that one virtue of the higher-order
theories is the amenability to empirical confirmation or
disconfirmation. Kozuch proceeds to argue that evidence from
lesions to the prefrontal cortex tells against the higher-order account.
Similarly, other participants in the debate (e.g., Beeckmans, 2007;
Malach, 2011; Sebastian, 2014) have leveraged empirically based
arguments against the higher-order theories. Finally, specifically
in relation to misrepresentation, principled (but not currently
feasible) ways of testing for this have been suggested (Kirkeby-
Hinrup, 2020). However, some empirically based arguments proposed
in support of misrepresentation recently also have had objections
leveraged against them (e.g., Kirkeby-Hinrup, 2014, 2016; Brinck
and Kirkeby-Hinrup, 2017).

The assumption that empirical data may arbitrate between
philosophical theories that are on equal footing on conceptual
grounds, ie., by providing a basis for an inference to the best
explanation is gaining traction within current debates on
consciousness, even in light of warnings about the work empirical
evidence can do for us in this regard (Hohwy, 2009; Fink, 2016;
Klein et al., 2020; Overgaard and Kirkeby-Hinrup, 2021). Be that
as it may, the assumption that empirical evidence has an important
role to play is shared by many philosophers of mind, who disagree
on almost everything else. For instance, Josh Weisberg (2013)
suggests that the right way to approach the study of consciousness
is through empirical data. Similarly, Brown (2012) suggests that
any theory of consciousness that is going to be physically realistic
must take into account the nature of the brain and its states.
The importance of empirical evidence in the debate is underscored
by Block (2007, p. 486), when he suggests that “the familiar default
‘method’ of inference to the best explanation, that is, the approach
of looking for the framework that makes the most sense of all
the data [...]” is the best way to examine the relation between
phenomenal consciousness and brain states. Recently, steps have
been taken to attempt carrying this out in practice
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(Kirkeby-Hinrup and Fazekas, 2021). In later work (Block, 2009,
p. 1120), further notes that “it is hard to avoid the impression
that the biology of the brain is what matters to consciousness—at
least the kind we have”

In the rest of this paper, I will make the case that misrepresentation
seems plausible given what we know about the brain. Unlike
some previously proposed empirical arguments (e.g., Lau and
Rosenthal, 2011; Lau and Brown, 2019), I do not take my starting
point in neither a particular theory of consciousness, nor on a
concrete empirical phenomenon. The argument I develop merely
relies on the assumption that conscious states are generated in,
and by, the brain. This assumption can be cashed out in different
ways depending on how one conceives of the mind-brain relationship
(see endnote iii). However, given that many theories of consciousness,
and in particular most higher-order theories, are in the business
of naturalizing the mind, they share this assumption. The underlying
idea of the argument is that if the brain generates conscious
states then misrepresentation may occur. The reason for this is
that brain states can be corrupted and, accordingly, a conscious
state that is at least partly caused by a corrupted brain state may
be a misrepresentation. Call this the argument from corruption
(AFC). The way the AFC argues for misrepresentation is different
from other approaches to misrepresentation: the AFC is a meta-
level argument resting on a general premise that most participants
in the debate can accept (that conscious states somehow rely on
brain activity). This means that the AFC does not take its starting
point in a particular theory of consciousness but instead appeals
to a view about the brain that is presumably shared by both
proponents and opponents of misrepresentation. In support of
this presumption, I gave examples above of a range of participants
in the debate who appear to share this view.

THE ARGUMENT FROM CORRUPTION

The AFC turns on a central assumption of those who are
engaged in the project of naturalizing the mind. The assumption
is that conscious states are generated in the brain, and
consciousness thus depends on the integrity of its neural
underpinnings. Given that this assumption is shared by most
who oppose and who endorse misrepresentation, the AFC can
proceed from common ground, thereby increasing the chance
of making progress in the debate.

From this starting point, the AFC proceeds with the following
question: If we think that conscious states are generated in
the brain and we know that the physical makeup of the brain
is susceptible to corruption, then why could corruption of the
physical makeup of the brain not result in misrepresentation?
Now obviously, as it stands, this question puts too much of
the burden of proof on opponents of misrepresentation. So,
the plausibility of the AFC will rely on an explication of the
way corruption may result in misrepresentation as envisioned
by the proponents of higher-order theory.? Doing this will

’One may, of course, have separate reasons for rejecting higher-order theory,
and while the argument presented here—if successful—deals with one objecting
to higher-order theory, it does not tell against competing theories of consciousness.

take a few steps, and as an initial move, it is useful to isolate
the two premises that form the basis of the question.

1. Conscious states are generated in the brain.
2. Brain states are susceptible to corruption.

For the AFC to be plausible, it is necessary to justify each of
these two premises. Regarding the first premise, this is usually
taken for granted in the debates between competing (empirical)
theories of consciousness. I will take this for granted here, but
further support for this stance can be found in the introduction,
as well as prominent publications (e.g., Doerig et al., 2020), and
the whole debate about the localization of the neural correlates
of consciousness (Lamme, 2003, 2004; Bor and Seth, 2012; Meuwese
et al, 2013; Frissle et al., 2014; Kozuch, 2014; Boly et al,, 2017;
Odegaard et al., 2017; Michel and Morales, 2020).

In the next two sections, I will defend the second premise and
provide two ways of conceiving of corruption at a general level
(the philosophically inclined also may consult this® lengthy endnote).

°For the philosophically inclined, here are two specified versions of the AFC
deploying different standpoints on the way conscious states depend on brain activity.
The positions most prevalent in current debates on consciousness are functionalism
and materialism. Let us begin by framing AFC in functionalist terms (AFC-F). AFC-F
P1) The neural matter of the brain is corruptible.

P2) When neural matter is corrupted, any functions that are instantiated in
it may malfunction.

P3) Conscious states are functional states of the brain.

C) Conscious states may malfunction.

It appears that the AFC-F is valid as it is presented here. In the main text,
I presented considerations in support of the first and second premises. The
third premise follows from a functionalist view of the mind-brain relationship.
Of course, the justification of the functionalist view may need independent
motivation, but because we are taking it for granted here, P3 appears to
be granted as well. Thus, it appears AFC is compatible with a functionalist
view of the mind-brain relationship. Moving on to the version of AFC framed
in materialist terms (AFC-M). Here is one way to do it:

AFC-M

P1) The neural matter of the brain is corruptible.

P2) When neural matter is corrupted, any states of the matter may be corrupted.
P3) Conscious states are (contingently) identical to brain states.

C) Conscious states may be corrupted.

Again, the argument appears valid. The first and second premises have been secured
in above. However, one might object that on AFC-M the second premise appears
too weak. The second premise appears too weak if one espouses a token-identity
theory. Token identity entails that the relevant states under consideration in AFC-M
are numerically identical to neural matter. If the mental states are numerically
identical to neural matter, then it is not the case that the mental states may
be corrupted. Rather, the objector will claim, any corruption of the neural matter
entails corruption of states of the matter. I think this objection is valid. However,
if the objection is correct, it only precipitates the strength of the AFC-M. For this
reason, we can be satisfied with the weaker formulation of the second premise.
The third premise merely reiterates the materialist standpoint. This might need
independent motivation, but its validity is taken for granted here. The upshot of
AFC-M is that it appears that corruption of the neural underpinnings of conscious
states directly entails corruption of the mental states. Therefore, it appears as though
the AFC has good footing if one adopts materialism.

Finally, one might notice that the conclusions of AFC-F and AFC-M differ.
The functionalist version concludes that conscious states may malfunction, while
the materialist version concludes that conscious states may be corrupted. Therefore,
one might ask whether both conclusions entail the possibility of misrepresentation.
However, the difference in wording merely reflects the terminology of the
framework, and the difference in wording therefore is inconsequential. The
terms “malfunction” and “corruption” describe the same underlying phenomenon,
viz. that something has gone awry in the neural machinery, which in turn
may or may not affect the conscious experience of the individual.
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With the two premises established, the central part of the question
remains as: Why would it be impossible for corruption of the
brain to result in misrepresentation? Readers familiar with the
philosophy of science will surely recognize the induction problem
lurking in the background here. Furthermore, asking opponents
of a view to prove a negative is not a viable option. For these
reasons, the crux of the AFC consists in pointing to the fact that
corruption of the neural underpinnings of consciousness often
results in a wide variety of surprising and counterintuitive phenomena.
Given the prevalence and variety of such phenomena, the question
then becomes whether we have any empirical reason to think
misrepresentation could not result from corruption. The reason
I accentuate empirical here is that some opponents of
misrepresentation have theoretical or conceptual reasons for rejecting
misrepresentation. Later (in The No-Consciousness Reply), I will
consider, and reject, one prominent such reason.

Are Brain States Corruptible?

In this section, I will briefly motivate the second premise of the
AFC that brain states can be corrupted. Given that the topic of
this text is the possibility of misrepresentation, the premise is in
need of two major specifications. First, because misrepresentation
requires that an individual is conscious of something, the kind
of corruption that is relevant to the argument here cannot be such
that it extinguishes consciousness. This means that cases of severe
brain trauma that leave the individual unconscious, in a coma,
or dead (although being clear cases of corruption of the physical
makeup or function of the brain) cannot be invoked here. Second,
the meaning of the term corruption must be clear. I here take
corruption to be any kind of event in—or state of—the brain
that results in abnormal processing, where this is defined in
opposition to neurotypical subjects or processing. Findings in the
fields of behavioral and cognitive neuroscience clearly support
the possibility of corruption. Indeed, these fields are concerned
with coupling observations of behavioral or cognitive performance
with their neural underpinnings, and in many cases, behavioral
and cognitive performance is abnormal (see, Gazzaniga et al,
2014 for an extensive review). Significant portions of the brain
sciences take their starting points in examinations of various forms
of abnormal cognitive or behavioral phenomena and investigate
their neural causes. I take this fact to be sufficient to show that
brain states are corruptible and sufficient to establish the second
premise in general. To boot, many of the arguments leveraged
in the debate between higher-order theories and the opponents
rely on varieties of lesions or otherwise corrupted neural processing
(e.g. the rare Charles Bonnet syndrome discussed in Lau and
Rosenthal, 2011). T submit that this shows that the second premise
is not controversial in the particular context of misrepresentation
either. Nevertheless, it is conducive to understanding the AFC to
get a more detailed view of the kind of corruption that may
be relevant. Therefore, I will next present two types of corruption
that appear relevant to the possibility of misrepresentation.

Two Types of Corruption
To determine whether corruption can lead to misrepresentation
we need to have a firmer grip on the notion of corruption

and how it may work. Below, I distinguish between two types
of corruption, based on considerations of how the brain processes
and transfers information. The first type of corruption relates
to the transfer of information across topographically distinct
areas of the brain. I will call it Corruption in Information
Transfer (CIT). CIT can be divided into two types.

The first type of CIT can be called external CIT. External
CIT suggests that when information is transferred between
distinct faculties something may go awry. What awry means
in this context is that the information carrying signal is
degraded or otherwise distorted in a way that affects the
information embedded therein (e.g., as a result of degraded
myelin sheaths or through the application of TMS). Even
on the micro scale (such as in the signals from one neural
ensemble to another), the transfer of information involves
signals traveling across actual physical distances. It is also
possible to envision external CIT occurring at the macro
level. For instance, visual signals travel from the retina
through the optic nerve to the visual cortex and beyond
through the ventral and dorsal streams. To illustrate external
CIT, imagine a messenger traveling with a bag of letters
from one town to another. At one point, part of the road
has been flooded and the bag of letters becomes wet, causing
the ink of the letters to smudge. When the messenger arrives
with the letters, their content has literally changed (how the
recipients of the letters interpret the corrupted content is a
separate question). In this analogy, the road is the neural
pathway across which information is transferred. The two
towns are the faculties between which information is
transferred, and the letters are the information.

The second type of CIT may occur when information is
transferred within a given faculty. When CIT is occurring in
the transfer within a faculty, I will call it internal CIT. Because
we know that many faculties (e.g., the visual system) are
distributed across distinct topographical locations of the brain,
information is often transferred internally within a faculty as
processing is carried out. For instance, if one conceives of the
visual system as comprising a faculty, it appears reasonable
to say that this faculty is topographically distributed. It is
distributed because visual input is processed in more than
one place (e.g., the striate cortex and prestriate cortex).
Furthermore, it is fairly well established that visual information
is (initially) transferred sequentially through distinct
topographical locations. At each stage in the sequence, the
input received is processed for particular properties. Thus, the
processing of, for example, spatial frequency and motion are
handled separately. One might object that we should view
each of these stages in the sequence as faculties on their own,
rather than grouping them together into a large visual faculty.
However, this is not an argument against CIT since on this
view each of the faculties that belong to the visual system
will still be distributed across several neural ensembles and
thus will be susceptible to internal CIT when information is
transferred among them.

For a useful analogy to illustrate internal CIT, imagine that
a large corporation has hired a consultant to produce a report
on some important issue. Once the report is received, it is
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passed through various departments of the company; each
department adds their perspective and comments on the issue
in question. The financial department adds some figures and
some calculations of expenses and expected revenue. The
marketing department produces an appendix concerning user
segments, merchandize, advertising platforms, and so forth.
Once the report has passed through all the relevant departments
of the corporation it reaches the boardroom, the members of
which will take some appropriate action based on the report.
One can imagine that, at some point in the process of being
shipped from one department to the next, a couple of pages
of the report containing crucial notes or calculations get lost
or become damaged. The upshot is that when the report finally
reaches the boardroom its contents have been corrupted and
the considerations of the board will be different than they
would have been if the report had been intact. Importantly,
the corruption of the report occurs between the departments,
in the transfer of information. In the analogy, the report from
the consultant is the information input to the faculty, the
different departments are the internal parts of the faculty that
process the input, and the boardroom is the output function
of the faculty.

One might object that this analogy is too simple. Perhaps
one finds it implausible that such an illustration maps into
very complex neural circuitry. Perhaps one would insist that,
for this analogy to be a reasonable description of neural
processing, more than one department should be working on
the report simultaneously. However, imagining a more complex
corporation, with several input/output sections, and parallel
processing, only increases the number of paths across which
information must be transferred. This means that the possibility
of corruption during transfer of information actually may
increase with the complexity of the corporation (faculty). It
worth noting that that parallel processing also may guard
against corruption by maintaining the information in separate
processing streams, which may decrease the impact of corruption
to one stream. However, it is not clear that this will preempt
the issues raised here, since it raises questions relating to how
to arbitrate between diverging streams that originally contained
the same information, possible corruption to such an arbitration
mechanism, and retains the issue for cases where multiple
processing streams do not obtain.

The second type of corruption one may envision is in the
processing of the information of a given faculty or neural
ensemble. Call this Process Corruption (PC). A range of cortical
areas appears to be highly specialized. An example of specialized
areas could be those comprising the visual system, where for
instance V4 handles specific properties of the visual signal
such as spatial frequency and orientation. When positing the
possibility of PC, one envisions that the procedural integrity
of faculties or neural ensembles may be corrupted. The result
is that the faculties process information in abnormal ways.
For a useful analogy to illustrate PC, we can imagine the
corporation described above. As before, the report represents
the information being transferred through different departments
of the corporation. However, in PC, the corruption does not
occur in the transfer from one department to another. To illustrate

PC, we instead imagine that one of the departments makes
a critical mistake. For instance, the financial department might
use an erroneous model to predict the development of the
market, or simply mistype numbers in the budget. Importantly,
it is the processing by a particular entity that corrupts the
information and yields the abnormal output.

One might wonder whether the possibility of PC pertains
only to the structural level (e.g., faculties) or whether it can
occur at lower levels as well (e.g., neural ensembles). Let us
consider the structural level first. In visual agnosia, individuals
fail to process some specific feature of visual input owing to
corruption of the relevant specialized faculty in their visual
system. The behavioral evidence and subjective reports from
patients in cases of visual agnosia clearly indicate that the
relevant feature is not processed normally. In many cases, the
behavioral evidence and subjective reports are corroborated
by neural imaging showing abnormalities in the relevant faculty.
From this, it appears there is reason to think that PC can
occur at least at the structural level.

Does it occur at lower levels as well? In response to this
question, there are at least two lines of reply. The first line
of reply asks whether, when PC occurs at the structural level,
it is always an entire structure that is corrupted, or only some
part of it. It does not seem that we need to posit that the
entire structure must be corrupted for it to yield abnormal
processing. Rather, it appears that corruption of some (perhaps
integral) part of the structure may be sufficient for the structure
to yield abnormal processing. If this is the case, then it appears
that we have obtained low-level PC for free, simply by showing
that structural PC is possible.

The second line of reply consists in switching the burden
of proof to those who might want to argue that low-level PC
cannot occur. Why, one may ask, should we not believe that
PC could occur at low levels of processing? It seems there
are reasons to think that it can (e.g., the first line of reply,
and possibly others such as the delicateness of biological matter),
but no obvious reasons to think that it cannot.

I do not purport that the two types of corruption considered
here are the only types of corruption that can occur. Corruption
might occur in ways not considered here. The purpose of the
examples given here is merely to describe two fairly basic and
uncontroversial types of corruption.

THE NO-CONSCIOUSNESS REPLY

If the AFC is convincing, this means that misrepresentation
is empirically plausible. The operative word here is “empirically”
Conceptually, most agree that misrepresentation is possible, at
least in so far as one endorses a representational theory of
consciousness, given that a representational relation does not
seem to entail the existence of what is represented (e.g., it is
possible to represent the easter bunny). At the theoretical level
however, several opponents of misrepresentation have denied
that misrepresentation in fact obtains. Importantly, the
motivations for this denial are theoretical rather than empirical.
In this section, I will evaluate the so-called “no-consciousness
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reply” (Gennaro, 2004, 2006; Wilberg, 2010) given that this
can be seen as reminiscent of an empirical claim. In brief,
the no-consciousness reply accepts that occasionally a higher-
order state may misrepresent its target first-order state but
claim that in those cases no conscious event will follow,
regardless of the cause of the misrepresentation. That is, if a
higher-order state misrepresents its target state, the individual
will not consciously experience being in the target state.

When applied to the AFC, the no-consciousness reply would
amount to accepting the premises but rejecting the conclusion.
In other words, proponents of the no-consciousness reply may
accept that consciousness relies on processes in the brain
(premise 1) and that brain processes are corruptible (premise
2) but reject that cases where misrepresentation occurs due
to corruption can yield conscious states. One way to do this
for proponents of the no-consciousness reply is to claim that
precisely the neural processes underlying consciousness are
functionally fragile, as it were. By “functionally fragile,” one
would mean that any corruption of the neural processes that
generate consciousness would result in no conscious states
being generated. Thus, the claim is that exactly the processes
underlying consciousness are, in fact, not corruptible, but only
can be destroyed. In its theoretical formulation, the
no-consciousness reply amounts to a stipulation, for instance
through the positing of a necessary intrinsic relation (in
Gennaros version between two proper parts of a complex
mental state). Because this stipulation turns on an intuition
that is not shared in the debate, its validity is problematic to
assess and no consensus has emerged. Therefore, given that
the claim is otherwise theoretically coherent and internally
consistent, it appears the only way to evaluate objectively the
functional fragility variant of the no-consciousness reply is to
consider the empirical support for it.

There are neural processes and faculties that neuroscience
suggests are empirically necessary for consciousness (Giacino et al.,
2014). In addition to the necessary processes, there also are
non-necessary processes involved in the production of consciousness
at a given time. The non-necessary processes matter because in
many cases these will modulate the contents of particular states
of consciousness, even while they are not necessary for being
conscious in the first place. Since misrepresentation is a matter
of contents of states, what I here call non-necessary processes
are highly relevant. For example, parts of the visual system may
be damaged without neither consciousness, nor visual perception
being extinguished completely, which goes to show that these
processes cannot be necessary for consciousness and/or visual
perception at the general level. Thus, non-necessary processes can
be corrupted severely without extinguishing consciousness. This
is supported by the fact that much of cognitive psychology and
cognitive neuroscience is devoted exactly to investigating the
symptoms of such corruption. An example of this is visual agnosia
resulting from carbon monoxide poisoning (Gazzaniga et al., 2014,
p. 225). The fact that certain processes involved in the generation
of consciousness can be corrupted may suggest that some necessary
processes might be corruptible as well. Inductive inference from
the fact that many non-necessary processes are corruptible can
be considered as support for this. Additionally, the fact that the

necessary processes are instantiated in or identical to (see endnote
i for this distinction) the same matter (viz. the brain) as the
non-necessary processes lends some credibility to this inference.

Importantly, the AFC does not claim that corruption
automatically generates misrepresentation. The claim here is
not that any corruption automatically causes misrepresentation.
If corruption is possible then it may destroy conscious states
in some cases, just as is claimed by the proponents of the
no-consciousness reply. In other cases, corruption may lead
to degraded or otherwise flawed conscious states. Indeed, the
list of the possible consequences of corruption may be very
long. The AFC, I submit, is a reason to think that
misrepresentation rightfully belongs on that list. The purpose
here only is to make plausible that in some cases, corruption
may result in misrepresentation. Given that there are at least
inductive reasons based on the vast body of work in cognitive
and behavioral neuroscience to think that corruption of both
necessary and contingent neural processes may occur without
extinguishing consciousness, the onus must be on the proponents
of the no-consciousness reply to provide empirical support
for their claim. Absent empirical reasons to think otherwise,
claiming that exactly the processes underlying conscious states
are functionally fragile appears ad-hoc.

CONCLUDING REMARKS

I have put forward the AFC to argue that misrepresentation
is empirically plausible. The AFC suggests that if corruption
of the neural underpinnings of the generation of conscious
states is possible, then occurrences of misrepresentation are
plausible. Upon considering whether the no-consciousness reply
could be leveraged as an objection to the AFC, I concluded
that there appears to be no empirically based reason to endorse
it. On the contrary, there is some inductive empirical support
for the idea that the neural underpinnings of consciousness
can be corrupted. If corruption is possible, this is reason to
think that occurrences of misrepresentation in fact obtain.
It is worth mentioning that in my treatment of the
no-consciousness reply, I mainly considered a version of the
AFC suggesting misrepresentation may occur as a result of
corruption of the necessary processes for generating
consciousness. In addition to this, there is a weaker version
of AFC positing that misrepresentation may occur as a result
of corruption in non-necessary processes. The idea behind
this weaker claim is that errors in early processing in the
non-necessary processes (e.g., submodules of visual system)
may propagate upstream and ultimately yield misrepresentation
once the resulting states become conscious. While the weaker
claim is certainly interesting, the purpose of the present text
has been merely to suggest the empirical viability of AFC
based on corruption of core processes involved in consciousness.
However, there is no provision in the debates that the occurrence
of misrepresentation must be the “fault” of the HOT or the
faculty that generates HOTs. What matters for misrepresentation
is that a HOT renders an individual conscious of being in
a state the individual is not in? For mild misrepresentation,
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it matters whether there is an “original” first-order state that
is misrepresented in some way, but this criterion can still
be satisfied by AFC. In the introduction, I showed that most
participants in the misrepresentation debate agree on the two
basic premises that consciousness relies on the brain and
that empirical evidence is pertinent to philosophical debates
on consciousness. In concordance with these views, it seems
the AFC has a role to play in our understanding
of misrepresentation.

Importantly, what the AFC seeks to establish is only that
misrepresentation is plausible. This is enough to put pressure on
proponents of the no-consciousness reply or theories who otherwise
object to misrepresentation. Some proponents of misrepresentation
additionally may endorse the stronger claim that the frequency
of misrepresentation is higher than the occasional malfunction.
How exactly an argument for this further claim might look is
not my concern here. Nevertheless, initially establishing the
empirical plausibility of misrepresentation is an important step
along the way to constructing such an argument.
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In recent decades, the scientific study of consciousness has significantly increased
our understanding of this elusive phenomenon. Yet, despite critical development in
our understanding of the functional side of consciousness, we still lack a fundamental
theory regarding its phenomenal aspect. There is an “explanatory gap” between our
scientific knowledge of functional consciousness and its “subjective,” phenomenal
aspects, referred to as the “hard problem” of consciousness. The phenomenal aspect
of consciousness is the first-person answer to “what it's like” question, and it has
thus far proved recalcitrant to direct scientific investigation. Naturalistic dualists argue
that it is composed of a primitive, private, non-reductive element of reality that is
independent from the functional and physical aspects of consciousness. lllusionists,
on the other hand, argue that it is merely a cognitive illusion, and that all that exists
are ultimately physical, non-phenomenal properties. We contend that both the dualist
and illusionist positions are flawed because they tacitly assume consciousness to be an
absolute property that doesn’t depend on the observer. We develop a conceptual and
a mathematical argument for a relativistic theory of consciousness in which a system
either has or doesn’t have phenomenal consciousness with respect to some observer.
Phenomenal consciousness is neither private nor delusional, just relativistic. In the frame
of reference of the cognitive system, it will be observable (first-person perspective) and
in other frame of reference it will not (third-person perspective). These two cognitive
frames of reference are both correct, just as in the case of an observer that claims to
be at rest while another will claim that the observer has constant velocity. Given that
consciousness is a relativistic phenomenon, neither observer position can be privileged,
as they both describe the same underlying reality. Based on relativistic phenomena in
physics we developed a mathematical formalization for consciousness which bridges
the explanatory gap and dissolves the hard problem. Given that the first-person
cognitive frame of reference also offers legitimate observations on consciousness,
we conclude by arguing that philosophers can usefully contribute to the science of
consciousness by collaborating with neuroscientists to explore the neural basis of
phenomenal structures.

Keywords: consciousness, phenomenology, qualia, relativity (physics), the hard problem of consciousness,
mathematical formulization of consciousness
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INTRODUCTION

The Hard Problem of Consciousness

As one of the most complex structures we know of nature,
the brain poses a great challenge to us in understanding how
higher functions like perception, cognition, and the self arise
from it. One of its most baffling abilities is its capacity for
conscious experience (van Gulick, 2014). Thomas Nagel (1974)
suggests a now widely accepted definition of consciousness: a
being is conscious just if there is “something that it is like” to
be that creature, i.e., some subjective way the world seems or
appears from the creature’s point of view. For example, if bats
are conscious, that means there is something it is like for a bat
to experience its world through its echolocational senses. On
the other hand, under deep sleep (with no dreams) humans are
unconscious because there is nothing it is like for humans to
experience their world in that state.

In the last several decades, consciousness has transformed
from an elusive metaphysical problem into an empirical research
topic. Nevertheless, it remains a puzzling and thorny issue for
science. At the heart of the problem lies the question of the brute
phenomena that we experience from a first-person perspective—
e.g., what it is like to feel redness, happiness, or a thought. These
qualitative states, or qualia, compose much of the phenomenal
side of consciousness. These qualia are arranged into spatial
and temporal patterns and formal structures in phenomenal
experience, called eidetic or transcendental structures'. For
example, while qualia pick out how a specific note sounds, eidetic
structures refer to the temporal form of the whole melody.
Hence, our inventory of the elusive properties of phenomenal
consciousness includes both qualia and eidetic structures.

One of the central aspects of phenomenal features is privacy.
It seems that my first-person feeling of happiness, for example,
cannot be measured from any other third-person perspective.
One can take indirect measurements of my heart rate or
even measure the activity in the brain networks that create
the representation of happiness in my mind, but these are
just markers of the feeling that I have, and not the feeling
itself (Block, 1995). From my first-person perspective, I don’t
feel the representation of happiness. I just feel happiness.
Philosophers refer to this feature of phenomenal consciousness
as “transparency”: we seem to directly perceive things, rather
than mental representations, even though mental representations
mediate experience. But this feeling cannot be directly measured
from the third-person perspective, and so is excluded from
scientific inquiry. Yet, let us say that we identify a certain
mental representation in a subject’s brain as “happiness.” What
justifies us in calling it “happiness” as opposed to “sadness?”
Perhaps it is correlated with certain physiological and behavioral
measures. But, ultimately, the buck stops somewhere: at a
subject’s phenomenological report otherwise, we cannot know
what this representation represents (Gallagher and Zahavi, 2020).

'The terms are nearly synonymous, but ‘transcendental’ means additionally that
one has performed the epochg. The epochg refers to a theoretical bracketing of the
ontological status of phenomena—i.e., bracketing the existence of the world. The
goal of the epochg is to not confuse external reality with the immanent features of
phenomenal consciousness. Since this is not a concern of ours here, we stick with
the term ‘eidetic.’ See Husserl (1925/2012).

If we categorize the representation as “happiness” but the subject
insists they are sad, we are probably mistaken, not the subject.
Phenomenal properties are seemingly private and, by some
accounts, even beyond any physical explanation. For being
physical means being public and measurable and is epistemically
inconsistent with privacy. Take an electron, for example. We
know it is physical because we can measure it with e.g., a
cathode ray tube. If electrons were something that only I could
perceive (ie., if they were private), then we would not include
them as physical parts of the scientific worldview. Affective
scientists, for example, measure aspects of feeling all the time,
like valence and arousal, but measuring these is not the same as
measuring the feeling of happiness itself. What affective scientists
measure are outcomes of the feeling, while the feeling itself
is private and not measurable by the scientists. To date, it is
not clear how to bridge the “explanatory gap” (Levine, 1983)
between “private” phenomenal features and public, measurable
features (e.g., neurocomputational structures), leaving us stuck
in the “hard problem” of consciousness (Chalmers, 1996). This
gap casts a shadow on the possibility for neuroscience to
solve the hard problem because all explanations will always
remain within a third-person perspective (e.g., neuronal firing
patterns and representations), leaving the first-person perspective
out of the reach of neuroscience. This situation divides
consciousness into two separate aspects, the functional aspect
and the phenomenal one (Block, 1995). The functional aspect
(‘functional consciousness’), is the objectively observable aspect
of consciousness (Franklin et al., 2016; Kanai et al., 2019). [In that
sense, its similar to Ned Block’s definition of access conscious,
but with less constraints. All phenomenal consciousness has a
functional aspect and vice versa, whereas for Block this strict
equivalence doesn’t hold (Block, 2011).] But the subjective aspect
(phenomenal consciousness) is not directly observable except on
the part of the person experiencing that conscious state. As we
saw above, because they are private, phenomenal properties are
distinct from any cognitive and functional property (which can be
publicly observable). Any theory of consciousness should explain
how to bridge this gap—How can functional, public, aspects give
rise to phenomenal, private aspects?

Nevertheless, in recent decades, consciousness has become
increasingly amenable to empirical investigation by focusing on
its functional aspect, finally enabling us to begin to understand
this enigmatic phenomenon. For example, we now have good
evidence that consciousness doesn’t occur in a single brain area.
Rather, it seems to be a global phenomenon in widespread areas
of the brain (Baars, 1988; Varela et al., 2001; Mashour et al., 2020).

In studying functional consciousness, we take consciousness
to be a form of information processing and manipulation of
representations, and we trace its functional or causal role within
the cognitive system. Widely successful theories, such as global
workspace theory (Baars, 1988; Dehaene, 2014; Franklin et al,,
2016), attention schema theory (Graziano, 2019), recurrent
processing theory (Lamme, 2006; Fahrenfort et al., 2007), and
integrated information theory (Tononi, 2008; Oizumi et al., 2014)
are virtually premised on this information processing account.
Despite our advances in the study of functional consciousness,
we still lack a convincing way to bridge the explanatory gap
to phenomenal consciousness. The questions, “Why does it feel
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like anything at all to process information?”, and “How can
this feeling be private?” still remain controversial. The hard
problem primarily remains a philosophical rather than scientific
question. Phenomenal consciousness must be the ultimate
reference point for any scientific theory of consciousness.
Ultimately, theories of consciousness as information processing,
i.e,, theories of functional consciousness, only approximate
full-blown consciousness by abstracting away its phenomenal
features. But they must ultimately refer to phenomenal features
in order to give a full explanation of consciousness. Otherwise,
there are no grounds for labeling them theories of consciousness,
rather than theories of cognition or global informational access.
Let’s take Integrated Information Theory (IIT), for example.
IIT claims to bridge between the phenomenal and functional
aspects of consciousness and to answer the question of what
qualia are (Tononi et al., 2016). According to II'T, consciousness is
the result of highly integrated information in the brain [which is
“the amount of information generated by a complex of elements,
above and beyond the information generated by its parts”
(Tononi, 2008)]. A mathematical formula can determine how
much integrated information, and thus how much consciousness,
is present in any specific system. This measure is referred to
as ¢, and if ¢ is higher than zero, the system is conscious.
In this situation, the system has a “maximally irreducible
conceptual structure” which is identical to its phenomenal
experience (Oizumi et al., 2014). These maximally irreducible
conceptual structures are composed of integrated information
states, and thus a quale is identical to a specific relation
between integrated information states. The problem is that
these maximally irreducible conceptual structures are physical
states and even though they can be very complex, they are still
public and observable from a third-person perspective, while
qualia are private and only perceptible from the first-person
perspective. How can there be an identity between opposite
properties like public and privacy properties? Yet, this is what
IIT suggests without any explanation about how to bridge this
contradiction. Let’s choose a conceptual structure such that it
is a quale of happiness according to IIT. However, it cannot
truly be the quale of happiness because, in principle, when we
measure it, we observe a physical process and not the qualitative
happiness itself (that’s why it’s not enough to measure the physical
process, and eventually we need to ask the participants what
they feel). Again, we remain stuck within the explanatory gap
and the hard problem. In other words, IIT hasn’t solved the
hard problem and hasn’t bridged the explanatory gap between
private and public properties (Mindt, 2017). In order to avoid
this problem, IIT needs to assume phenomenal consciousness
as a primitive element separated from other physical elements
like space and time. In that case, there is no gap to bridge
because now these maximally irreducible conceptual structures
are not qualia anymore. They are just physical structures that
have properties that correspond to the properties of phenomenal
consciousness, but that are not identical to them. In that sense,
IIT just shows correspondence between two separate kinds of
elements, phenomenal and physical. In the next paragraph we
will see that this kind of solution is exactly what Chalmers refers
to as ‘naturalistic dualism.” The problem with that is that instead

of understanding what phenomenal consciousness is and what
the relations are between the physical world and the phenomenal
world, it just assumes that phenomenal consciousness exists as a
separate basic element in the world, and it does not solve how
there can be any interaction between physical and phenomenal
elements (Carroll, 2021).

This is not an issue of only II'T, but a problem to all physicalist’s
theories. As David Chalmers (1995) has put it, “the structure and
dynamics of physical processes yield only more structure and
dynamics, so structures and functions are all we can expect these
processes to explain.” The structure and dynamics of information
tell us nothing of the story of how one gets from these public
structures and dynamics to our private phenomenal experience
(and how there can be an equality between these opposite
properties). This is known as the ‘structure and dynamics
argument’ (Alter, 2016; Chalmers, 2003; Mindt, 2017), stating
that structure and dynamics alone are not enough to account
for consciousness. This raises a concern about whether any
physicalist theory can solve the hard problem of consciousness.
In the next sections, however, we will show that physicalism is
broader than describing only structures and dynamics, and that
we can use this fact in order to solve the hard problem.

Views about the relation between phenomenal and
functional consciousness exist across a spectrum. On one
end, illusionists seek to erase the hard problem by referring only
to functional consciousness, taking phenomenal properties to
be cognitive illusions. On the other end, naturalistic dualists or
panpsychists seek to promote phenomenal consciousness
as a fundamental, non-material, and undecomposable
constituent of nature (Chalmers, 2017). The controversy
over phenomenal consciousness can be traced to one central
problem: naturalization. The project of naturalization involves
taking folk psychological concepts and subjecting them to
physical laws and empirical scrutiny (Hutto, 2007). Illusionists
take the current scientific approach to consciousness and argue
that this eliminates the messy problem with supposedly private,
immaterial qualia. According to them, functional consciousness
generates an illusion of special phenomenal properties, which
create the persistent “user illusion” (Dennett, 1991) of a first-
person perspective. Dualists start from the same problem of
naturalization, but take it that phenomenal consciousness is
simply not amenable to third-person scientific inquiry due to
its sui generis properties. What is needed, according to the
naturalistic dualist, is an expanded understanding of what
counts as “natural.” “Given that reductive explanation fails,
nonreductive explanation is the natural choice” (Chalmers,
2017, p. 359). Chalmers proposes that consciousness is a
fundamental property, something like the strong nuclear force
that is irreducible to other forces. A complete ontology of the
natural world simply must include phenomenal consciousness as
a basic, undecomposable constituent.

The Zombie Argument and the Paradox

of Phenomenal Judgment
Chalmers (1996) discusses the logical possibility of a zombie,
a being physically, cognitively, and behaviorally identical to
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a human, but lacking phenomenal consciousness altogether.
One would think that such a creature would be dull, like a
robot with basic automated responses, but this is not the case.
Because a zombie is physically identical to a human, it means
that it has the same cognitive system as us: a system that
gets inputs from the environment, processes them, and creates
behavior responses. In fact, there are no differences between the
human and the zombie’s cognitive dynamics, representations,
and responses. But, for the zombie, there is nothing that is
like to do all these processes. According to Chalmers (1996),
the zombie has phenomenal judgments. This concept is very
important for our argument, so let’s examine it a bit. Phenomenal
judgements are higher-order cognitive functions that humans
and zombies have in common. Humans are aware of their
experience and its contents and they can form judgments
about it (e.g., when we think ‘There is something red’), then,
usually, they are led to make claims about it. These various
judgments in the vicinity of consciousness are phenomenal
judgments. They are not phenomenal states themselves, but they
are about phenomenology. Phenomenal judgments are often
reflected in claims and reports about consciousness, but they
start as a mental process. Phenomenal judgments are themselves
cognitive acts that can be explained by functional aspects like the
manipulation of mental representations. That's why zombies also
have phenomenal judgements. We can think of a judgment as
what is left of a belief after any associated phenomenal property
is subtracted. As a result, phenomenal judgements are part of
the functional aspect of consciousness. As Chalmers puts it
(1996, p.174):

“Judgments can be understood as what I and my zombie twin have
in common. A zombie does not have any conscious experience,
but he claims that he does. My zombie twin judges that he
has conscious experience, and his judgments in this vicinity
correspond one-to-one to mine. He will have the same form, and
he will function in the same way in directing behavior as mine...
Alongside every conscious experience there is a content-bearing
cognitive state. It is roughly information that is accessible to the
cognitive system, available for verbal report, and so on.”

In other words, phenomenal judgments can be described
as the representations of a cognitive system that bear content
about phenomenology (which are not necessarily linguistic
representations. E.g., such representation can be a representation
of the color of the apple). In this paper, we will identify functional
consciousness with the creation of phenomenal judgments.

As a result of the zombie’s capacity to create phenomenal
judgements, we reach a peculiar situation: The zombie has
functional consciousness, i.e., all the physical and functional
conscious processes studied by scientists, such as global
informational access. But there would be nothing it is like to
have that global informational access and to be that zombie.
All that the zombie cognitive system requires is the capacity
to produce phenomenal judgments that it can later report.
For example, if you asked it if it sees a red rose in front
of it, using information processing, it might respond, “Yes,
I'm definitely conscious of seeing a red rose,” although it is
ultimately mistaken and there is truly nothing that is like for the

zombie to see that rose. In order to produce this phenomenal
judgment, despite having no phenomenal consciousness, the
zombie cognitive system needs representations and a central
system with direct access to important information enabling
it to generate behavioral responses. It needs direct access to
perceptual information, a concept of self to differentiate itself
from the world, an ability to access its own cognitive contents,
and the capacity to reflect. Such a cognitive system could
presumably reason about its own perceptions. It would report
that it sees the red rose, and that it has some property over
and above its structural and functional properties—phenomenal
consciousness. Of course, this report would be mistaken. It is a
paradoxical situation in which functional consciousness creates
phenomenal judgments without the intervention of phenomenal
consciousness—yet phenomenal judgments are purportedly
about phenomenal consciousness. This paradox of phenomenal
judgment (Chalmers, 1996) arises because of the independence of
phenomenal consciousness from physical processes. The hidden
assumption here is that consciousness is private. Consequently,
it is not possible to measure it. It seems that one aspect of
consciousness (physical, functional consciousness) can come
without the other (phenomenal consciousness). For example, in
[T there is a variant of the phenomenal judgement paradox.
According to IIT, there can be a cognitive system that will
manipulate information and infer that it has phenomenal
experience, that there is something that is like to be that
cognitive system, yet it doesn’t have any consciousness because
its neural network creates all these judgements in a feed-
forward way, meaning that ¢ = 0 in the system (Doerig et al.,
2019). Again, we see that even in IIT the functional part
of consciousness (phenomenal judgements) can come without
the phenomenal aspect of consciousness. This paradox arises
because in IIT consciousness and cognitive content are not
conditioned to correspond to each other. As a result, although the
cognitive system has phenomenal judgements about phenomenal
consciousness, still, it is just a zombie with no phenomenal
consciousness because ¢ = 0 in the system (this kind of a
zombie is termed functional zombie, see Oizumi et al.,, 2014;
Tononi et al., 2016).

In order to solve this paradox, we need to explain two aspects
of consciousness: How there could be natural phenomena that
are private and thus independent of physical processes (or how
come they seem private), and what the exact relationship between
cognitive content and phenomenal consciousness is.

The illusionist position is that phenomenal properties
are cognitive illusions generated by the brain. If a zombie
with developed cognitive abilities can mistakenlythink it has
phenomenal consciousness, how do we know that this is not the
case with ourselves, as well? For the illusionist, this is exactly the
predicament we are in, albeit we are zombies with a rich inner life
(Frankish, 2017)—whatever that means. The illusionist takes the
purported scientific intractability of phenomenal consciousness
to be evidence against phenomenal consciousness. “Illusionists
deny that experiences have phenomenal properties and focus on
explaining why they seem to have them” (Frankish, 2017, p. 18).
While this position might seem to be counterintuitive, it saves a
conservative understanding of physics and obviates any call for
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exotic properties of the universe, as Chalmers (2017) argues for.
As Graziano et al. (2020) state:

e

I know I have an experience because, Dude, I'm experiencing
it right now.” Every argument in favour of the literal reality of
subjective experience . .. boils down sooner or later to that logic.
But the logic is circular. It is literally, X is true because X is true.’
If that is not a machine stuck in a logic loop, we don’t know what
is” (Graziano et al., 2020, p. 8).

The problem, however, is that it's not clear what the claim
that phenomenal consciousness is an illusion means. What
exactly does “illusion” mean in this context? To be clear, the
illusionist is not denying that you see, e.g., a red rose in
front of you. You do “see” it, but it only seems like it has
phenomenal properties. You have non-phenomenal access to
the perceptual representation, sufficient to enable a phenomenal
judgment about that representation (e.g., “I see a red rose”).
This contention runs in the face of all our intuitions, but
the illusionist claims those intuitions are illusory. Frankish
(2017) states that these seeming-properties are quasi-phenomenal
properties, which are physical properties that give the illusion
of phenomenal properties. But are quasi-phenomenal properties
any less mysterious than phenomenal properties? How is it
that seeming to be phenomenally conscious is not just being
phenomenally conscious?

One way to address these problems and understand the
illusionist position is to understand them as agreeing with
Chalmers about phenomenal consciousness’s privacy, and that
zombies are logically possible. Then, the paradox of phenomenal
judgment already notes that just such a functionally conscious
cognitive system could produce phenomenal judgments without
having phenomenal consciousness. However, illusionists take
this to be evidence against phenomenal consciousness. A purely
physical system creates phenomenal judgments, therefore there
are nothing but purely physical processes involved (and
hence, no qualia). However, this position is problematic.
Only if phenomenal properties are private could there be
such a paradoxical situation of having phenomenal judgments
about phenomenal consciousness, yet without any phenomenal
consciousness. If we can argue against the privacy of phenomenal
properties, then we can escape the trap into which both the dualist
and illusionist fall.

We interpret the dualist and illusionist extremes as
unfortunate consequences of a mistaken view of naturalism. The
illusionist's commitment to naturalism leads them to exclude
supposedly non-natural properties like qualia. The scientific
dualist is also committed to naturalism, but takes it that the
current inventory of nature is simply incomplete and that there
must be a new, exotic fundamental property in the universe, that
of phenomenality.

The Relativistic Approach

A common thread connecting both extremes of dualism and
illusionism is that both assume that phenomenal consciousness
is an absolute phenomenon, wherein an object O evinces either
property P or "P. We will show that we need to abandon this
assumption. The relativistic principle in modern physics posits

a universe in which for many properties an object O evinces
either property P or ~ P with respect to some observer X. In such a
situation, there is no one answer to the question of whether object
O has property P or not. We propose a novel relativistic theory of
consciousness in which consciousness is not an absolute property
but a relative one. This approach eschews both extremes of
illusionism and dualism. The relativistic theory of consciousness
will show that phenomenal consciousness is neither an illusion
created by a “machine stuck in a logic loop” nor a unique
fundamental property of the universe. It will give a coherent
answer to the question of the (supposed) privacy of phenomenal
consciousness, will bridge the explanatory gap, and will provide a
solution to the hard problem based in relativistic physics. General
notions of this approach can be found in some dual aspect
monisms such as Max Velmans’ reflexive monism. According to
Velmans (2009, p. 298), “[i]ndividual conscious representations
are perspectival.” Here, however, we develop a physical theory
of consciousness as a relativistic phenomenon and formalize the
perspectival relations in light of the relativistic principle. To do
that, in the following section, we will develop more formally
the relativistic principle and introduce the equivalence principle
of consciousness.

In physics, relativity means that different observers from
different frames of reference will nevertheless measure the same
laws of nature. If, for example, one observer is in a closed room
in a building and the other observer is in a closed room in a
ship (one moving smoothly enough on calm water), then the
observer in the ship would not be able to tell whether the ship
is moving or stationary. Each will obtain the same results for any
experiment that tries to determine whether they are moving or
not. For both of them, the laws of nature will be the same, and
each will conclude that they are stationary. For example, if they
throw a ball toward the room’s ceiling, each will determine that
the ball will return directly into their hands (because the ship
moves with constant velocity and because of Newton’s First Law,
the ball will preserve the velocity of the ship while in the air,
and will propagate forward with the same pace as the ship. As
a result, it will fall directly into the observer’s hands). There will
be no difference in the results of each observer’s measurements,
trying to establish whether they are stationary or not. They will
conclude that they have the same laws of nature currently in
force, causing the same results. These results will be the results
of a stationaryobserver and thus both of them will conclude that
they are at rest. Because each of them will conclude that they are
the stationary one, they will not agree about one another’s status.
Each of them will conclude that the other is the one that moves
(common sense will tell the observer in the ship that they are
the one moving, but imagine an observer locked on the ship in
a room with no windows. Such an observer cannot observe the
outside world. This kind of observers will conclude that they are
stationary because velocity is relativistic).

To state that consciousness is a relativistic phenomenon is
to state that there are observers in different cognitive frames
of reference, yet they will nevertheless measure the same laws
of nature currently in force and the same phenomenon of
consciousness in their different frames. We will start with
an equivalence principle between a conscious agent, like a
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human being, and a zombie agent, like an advanced artificial
cognitive system. As a result of this equivalence, we will
show that if the relativistic principle is true, then zombies
are not possible. Instead, every purported zombie will actually
have phenomenal consciousness and any system with adequate
functional consciousness will exhibit phenomenal consciousness
from the first-person cognitive frame of reference. Others have
similarly claimed that zombies are physically impossible (Brown,
2010; Dennett, 1995; Frankish, 2007; Nagel, 2012), but our aim
here is to show why that is according to the relativistic principle.
As a result of this equivalence, observations of consciousness
fundamentally depend on the observer’s cognitive frame of
reference. The first-person cognitive frame of reference is the
perspective of the cognitive system itself (Solms, 2021). The
third-person cognitive frame of reference is the perspective of
any external observer of that cognitive system. Phenomenal
consciousness is only seemingly private because in order to
measure it one needs to be in the appropriate cognitive frame
of reference. It is not a simple transformation to change from
a third-person cognitive frame of reference to the first-person
frame, but in principle it can be done, and hence phenomenal
consciousness isn’t private anymore. We avoid the term
“first-person perspective” because of its occasional association
with immaterial views of consciousness; cognitive frames of
reference refer to physical systems capable of representing and
manipulating inputs. These systems have physical positions in
space and time and instantiate distinct dynamics.

In section “The Equivalence Principle of Consciousness:
Mathematical Description,” we will show that from its own
first-person cognitive frame of reference, the observer will
observe phenomenal consciousness, but any other observer in a
third-person cognitive frame of reference will observe only the
physical substrates that underlie qualia and eidetic structures.
The illusionist mistake is to argue that the third-person cognitive
frame of reference is the proper perspective. To be clear, the first-
person cognitive frame of reference is still a physical location
in space and time (it is not immaterial); it is just the position
and the dynamics of the cognitive system itself. As we will see,
this is the position from which phenomenal consciousness can
be observed. The principle of relativity tells us that there is
no privileged perspective in the universe. Rather, we will get
different measurements depending on the observer’s position.
Since consciousness is relativistic, we get different measurements
depending on whether the observer occupies or is external to
the cognitive system in question. Both the first-person and
third-person cognitive frames of reference describe the same
reality from two different points of view, and we cannot prefer
one point of view upon the other (Solms, 2021). The dualist
mistake is to argue that phenomenal consciousness is private.
For any relativistic phenomenon there is a formal transformation
between the observers of different frames of reference, meaning
that both frames can be accessible to every observer with the right
transformations. Consciousness as a relativistic phenomenon
also has such transformation rules. We will describe the
transformations between first-person (i.e., phenomenological)
and third-person (i.e., laboratory point of view) cognitive
frames of reference. There are several consequences of these

transformations. First, qualia and eidetic structures are not
private. Rather, they only appear private, because in order to
measure them one needs to be in the appropriate cognitive
frame of reference, i.e., within the perspective of the cognitive
system in question. We can use these transformations to answer
questions like, “What is it like to be someone else?” Because of
the transformations, results that we obtain from third-person
methodology should be isomorphic to first-person structures.
Isomorphism between two elements means that they have the
same mathematical form and there is a transformation between
them that preserves this form. Equality is when two objects are
exactly the same, and everything that is true about one object
is also true about the other. However, an isomorphism implies
that everything that is true about some properties of one object’s
structure is also true about the other. In section “The Equivalence
Principle of Consciousness: Mathematical Description,” we will
show that this is the case with measurements obtained from first-
person and third-person frames of reference. We will show that
this isomorphism is a direct result of the relativistic principle
and the notion that phenomenal judgements and phenomenal
structures are two sides of the same underlying reality. All that
separates them are different kinds of measurements (causing
different kinds of properties). An unintuitive consequence of
the relativistic theory is that the opposite is also true, and first-
person structures also bear formal equivalence to third-person
structures. We advocate for interdisciplinary work between
philosophers and cognitive neuroscientists in exploring this
consequence.

THE EQUIVALENCE PRINCIPLE OF
CONSCIOUSNESS

The Principle of Relativity and the

Equivalence Principle
Our task is to establish the equivalence principle of
consciousness, namely, that qualitative and quantitative
aspects of consciousness are formally equivalent. We start by
establishing the equivalence between conscious humans and
zombies, and then we expand that equivalence to all structures of
functional consciousness. We begin with a philosophical defense
of the equivalence principle and then develop a mathematical
formalization. We must first present the principle of relativity
and the equivalence principle in physics. Later, we will use
these examples to develop a new equivalence principle and a
new transformation for consciousness. To be more formal than
earlier, the principle of relativity is the requirement that the
equations describing the laws of physics have the same form
in all admissible frames of reference (Moller, 1952). In physics,
several relativistic phenomena are well-known, such as velocity
and time, and the equivalence principle between uniformly
accelerated system and a system under a uniform gravitational
field. Let’s examine two examples with the help of two observers,
Alice and Bob.

In the first example of a simple Galilean transformation, Alice
is standing on a train platform and measures the velocity of
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Bob, who is standing inside a moving train. Meanwhile, Bob
simultaneously measures his own velocity. As the train moves
with constant velocity, we know that the laws of nature are the
same for both Alice’s and Bob's frames of reference (and thus
that the equations describing the laws of physics have the same
form in both frames of reference; Einstein et al, 1923/1952,
p. 111). According to his measurements, Bob will conclude
that he’sstationary, and that Alice and her platform are moving.
However, Alice will respond that Bob is mistaken, and that she
is stationary while Bob and the train are moving. At some point,
Alice might say to Bob that he has an illusion that he is stationary
and that she is moving. After all, it is not commonsensical
that she, along with the platform and the whole world, are
moving. Still, although it doesn’t seem to make common sense,
in terms of physics all of Bob’s measurements will be consistent
with him being stationary and Alice being the one who moves.
In a relativistic universe, we cannot determine who is moving
and who is stationary because all experiment results are the
same whether the system is moving with constant velocity or
at rest. Befuddled, Bob might create an elaborate argument to
the effect that his measurement of being stationary is a private
measurement that Alice just can’t observe. But, of course, both
of their measurements are correct. The answer depends on the
frame of reference of the observer. Yet, both of them draw
mistaken conclusions from their correct measurements. Bob has
no illusions, and his measurements are not private. Velocity
is simply a relativistic phenomenon and there is no answer to
the question of what the velocity of any given body is without
reference to some observer. Their mistakes are derived from the
incorrect assumption that velocity is an absolute phenomenon.
As counterintuitive as it may seem, the relativity principle tells
us that Bob is not the one who is “really” moving. Alice’s
perspective is not some absolute, “correct” perspective that sets
the standard for measurement, although we may think that way
in our commonsense folk physics (Forshaw and Smith, 2014).
Alice is moving relative to Bob’s perspective, and Bob is moving
relative to Alice’s perspective. Furthermore, the fact that Alice
and Bob agree about all the results from their own measurements
means that these two frames of reference are physically equivalent
(i.e., they have the same laws of nature in force and cannot
be distinguished by any experiment). Because of this physical
equivalence, they will not agree about who is at rest and who is
moving.

Later, Einstein extended the relativity principle by creating
special relativity theory. The Galilean transformation showed that
there is a transformation between all frames of reference that
have constant velocity relative to each other (inertial frames).
Einstein extended this transformation and created the Lorentz
transformation, which describes more accurately the relativistic
principle. enabling us to move from measurements in one inertial
frame of reference to measurements in another inertial frame
of reference, even if their velocity is near the speed of light
(Einstein, 1905; Forshaw and Smith, 2014). According to the
transformation, each observer can change frames of reference
to any other inertial frame by changing the velocity of the
system. The transformation equation ensures that in each frame
well get the correct values that the system will measure. For

example, the observer will always measure that its own system
is at rest and that it is the origin of the axes. Indeed, this is
the outcome of the transformation equation for the observer’s
own system. Mathematically, a frame of reference consists of
an abstract coordinate system, and (in tensor formulation) we
denote each frame of reference by a different Greek letter (and
by adding a prime symbol), usually by x and v, which are
indexes for the elements of the vectors in each coordinate system.
The Lorentz transformation is denoted by A#". It is a matrix
that gets elements of a vector in one frame of reference (x*)
and gives back the elements of a vector in another frame of
reference (x"):

x' = A!Vl XK (1)

This equation coheres with the relativistic principle. That is, it
describes the laws of physics with the same form in all admissible
frames of reference. This form will stay the same regardless of
which frame we choose. It allows us to switch frames of reference
and get the measured result in one frame, depending only on the
other frame and the relative velocity between the two.

The second example comes from Albert Einstein’s (1907)
observation of the equivalence principle between a uniformly
accelerated system (like a rocket) and a system under a uniform
gravitational field (like the Earth). Here, Einstein extended the
relativity principle even more, not only to constant velocity
but also to acceleration and gravity (for local measurements
that measure the laws of nature near the observer). He started
with two different frames of reference that have the exact same
results from all measurements made in their frames of reference.
Then he used the relativity principle, concluding that because
they cannot be distinguished by any local experiment they are
equivalent and have the same laws of nature. Lastly, he concluded
that because of the equivalence, we can infer that phenomena
happening in one frame of reference will also happen in the
other. Now, assume that Alice is skydiving and is in freefall in
the Earth’s atmosphere, while Bob is floating in outer space inside
his spaceship. Although Alice is falling and Bob is stationary
in space, both will still obtain the same results of every local
experiment they might do. For example, and if they were to
release a ball from their hand, both of them will measure the ball
floating beside of them (in freefall, all bodies fall with the same
acceleration and appear to be stationary relative to one another—
this is why movies sometimes use airplanes in freefall to simulate
outer space). Although they are in different physical scenarios,
both will infer that they are floating at rest. Einstein concluded
that because they would measure the same results, there is an
equivalence between the two systems. In an equivalence state, we
cannot distinguish between the systems by any measurement, and
thus a system under either gravity or acceleration will have the
same laws of nature in force, described by the same equations
regardless of which frame it is.

Because of this equivalence, we can infer physical laws from
one system to the other. For example, from knowing about the
redshift effect of light in accelerated systems with no gravitational
force, Einstein predicted that there should be also a redshift
effect of light in the presence of a gravitational field as if it were
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an accelerated system. This phenomenon was later confirmed
(Pound and Rebka, 1960). According to Einstein (1911),

“By assuming this [the equivalence principle] to be so, we arrive
at a principle which. . has great heuristic importance. For by
theoretical consideration of processes which take place relative
to a system of reference with uniform acceleration, we obtain
information as to the behavior of processes in a homogeneous
gravitational field” (p. 899).

Next, we argue that phenomenal consciousness is a relativistic
physical phenomenon just like velocity. This allows us to dissolve
the hard problem by letting consciousness be relativistic instead
of absolute. Moreover, we develop a similar transformation
for phenomenal properties between first-person and third-
person perspectives. The transformation describes phenomenal
consciousness with the same form in all admissible cognitive
frames of reference and thus satisfying the relativistic principle.

The Equivalence Principle of

Consciousness: Conceptual Argument
Before we begin the argument, it is essential to elaborate on what
‘observer’ and ‘measurement’ mean when applying relativistic
physics to cognitive science. In relativity theory, an observer
is a frame of reference from which a set of physical objects
or events are being measured locally. In our case, let’s define
a ‘cognitive frame of reference’. This is the perspective of a
specific cognitive system from which a set of physical objects and
events are being measured. Cognitive frame of reference is being
determined by the dynamics of the cognitive system (for more
details, see section “The Equivalence Principle of Consciousness:
Mathematical Description”).

We use the term ‘measurement’ in as general a way as possible,
from a physical point of view, such that a measurement can
occur between two particles like an electron and a proton.
Measurement is an interaction that causes a result in the world.
The result is the measured property, and this measured property
is new information in the system. For example, when a cognitive
system measures an apple, it means that there is a physical
interaction between the cognitive system and the apple. As a
result, the cognitive system will recognize that this is an apple
(e.g., the interaction may be via light and the result of it will
be activation of retinal cells which eventually, after sufficient
interactions, will lead to the recognition of the apple). In the
case of cognitive systems, there are measurements of mental
states. This kind of measurement means that the cognitive
system interacts with a content-bearing cognitive state, like a
representation, using interactions between different parts of the
system. It is a strictly physical and public process (accessible for
everybody with the right tools). As a result of this definition,
the starting point of the argument is with measurements that
are non-controversial, i.e., measurements that are public. These
measurements include two types, measurements of behavioral
reports and measurements of neural representations (like the
phenomenal judgement-representations). For example, physical
interaction of light between an apple and a cognitive system
causes, in the end of a long process of interactions, the

activation of phenomenal judgement-representation of an apple
and possibly even a behavioral report (“I see an apple”).

Let us start from the naturalistic assumption that phenomenal
consciousness should have some kind of physical explanation.
The physicalism we assume includes matter, energy, forces, fields,
space, time, and so forth, and might include new elements
still undiscovered by physics. Panpsychism, naturalistic dualism,
and illusionism all fall under such a broad physicalism. (It
might be, for example, that physics hasn’t discovered yet that
there is a basic private phenomenal element in addition to the
observed known elements. If this element exists, it needs to be
part of the broad physicalism.) In addition, lets assume that
the principle of relativity holds, i.e., all physical laws in force
should be the same in different frames of reference, provided
these frames of references agree about all the results of their
measurements. Since we have accepted that consciousness is
physical (in the broad sense), we can obtain a new equivalence
principle for consciousness. Let’s assume two agents—Alice,
a conscious human being—and a zombie in the form of a
complex, artificial cognitive system that delusionally claims
to have phenomenal consciousness. Lets call this artificially
intelligent zombie “Artificial Learning Intelligent Conscious
Entity,” or ALICE. ALICE is a very sophisticated Al It has the
capacity to receive inputs from the environment, learn, represent,
store and retrieve representations, focus on relevant information,
and integrate information in such a manner that it can use
representations to achieve human-like cognitive capabilities.

ALICE has direct access to perceptual information and to
some of its own cognitive contents, a developed concept of
self, the capacity to reflect by creating representations of its
internal processes and higher-order representations, and can
create outputs and behavioral responses (it has a language system
and the ability to communicate). In fact, it was created to emulate
Alice. It has the same representations, memories, and dynamics
as Alice’s cognitive system and as a result, it has the same
behavioral responses as Alice. But ALICE is a zombie (we assume)
and doesn’t have phenomenal consciousness. On the other hand,
conscious Alice will agree with all of zombie ALICE’s phenomenal
judgments. After sufficient time to practice, ALICE will be able
to produce phenomenal judgments and reports nearly identical
to those of Alice. After enough representational manipulation,
ALICE can say, e.g., “I see a fresh little madeleine, it looks good
and now I want to eat it because it makes me happy.” It can also
reflect about the experience it just had and might say something
like, “T just had a tasty madeleine cake. It reminded me of my
childhood, like Proust. There’s nothing more I can add to describe
the taste, it’s ineffable.”

Alice and ALICE will agree about all measurements and
observations they can perform, whether it's a measurement of
their behavior and verbalizations, or even an “inner” observation
about their own judgments of their experience, thoughts and
feelings. They will not find any measurement that differs between
them, although Alice is conscious, and ALICE is not. For
example, they can use a Boolean operation (with yes/no output)
to compare their phenomenal judgments (e.g., do both agree that
they see a madeleine and that it’s tasty?). Now, let’s follow in
Einstein’s footsteps concerning the equivalence principle between
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a uniformly accelerated system and a system under a uniform
gravitational field. Alice and ALICE are two different observers,
and the fact that they obtain the same measurements agrees with
the conditions of the relativity principle. Accordingly, because
both of them completely agree upon all measurements, they
are governed by the same physical laws. More precisely, these
two observers are cognitive systems, each with its own cognitive
frame of reference. For the same input, both frames of reference
agree about the outcome of all their measurements, and thus
both currently have the same physical laws in force. As a result,
these two systems are equivalent to each other in all physical
aspects and we can infer physical laws from one system to the
other. According to the naturalistic assumption, phenomenal
consciousness is part of physics, so the equivalence between the
systems applies also to phenomenal structures. Consequently,
we can infer that if Alice has phenomenal properties, then
ALICE also must have them. Both Alice and ALICE must
have phenomenal consciousness! ALICE cannot be a zombie,
like we initially assumed, because their systems are physically
equivalent. This equivalence makes it impossible for us to speak
of the existence of absolute phenomenal properties in the human
frame of reference, just as the theory of relativity forbids us
to talk of the absolute velocity in a system. For, by knowing
that there is phenomenal consciousness in the human frame
of reference and by using the broad physicalist premise, we
conclude that there are physical laws that enable phenomenal
consciousness in the human frame of reference. Because of
the equivalence principle, we can infer that the same physical
laws will be present also in the supposed “zombie” cognitive
system’s frame of reference. The conclusion is that if there is
phenomenal consciousness in the human frame of reference, then
the “zombie” cognitive system’s frame of reference must also
harbor phenomenal consciousness.

We started from the premise that ALICE is a zombie and
concluded that it must have phenomenal consciousness. One
of our premises is wrong: either the broad physicalism, the
relativistic principle, or the existence of zombies. Most likely
the latter is the odd man out, because we can explain these
supposed “zombies” using a relativistic, physicalist framework.
As a result, although we started from a very broad notion of
physicalism and an assumption that the human has phenomenal
consciousness and the “zombie” cognitive system does not, the
relativity principle forces us to treat phenomenal structures
as relativistic. According to the relativity principle, there is no
absolute frame of reference; there are only different observers that
obtain different measurements. If the observers obtain the same
measurements, there cannot be anything else that influences
them. There is nothing over and above the observers (no
God’s-eye-view), and if they observe that they have phenomenal
properties, then they have phenomenal consciousness. Because
there is nothing over and above the observer, we can generalize
this result even further for every cognitive system that has
phenomenal judgments: Any two arbitrary cognitive observers
that create phenomenal judgment-representations also have
phenomenal consciousness. Zombies cannot exist (assuming
their cognitive systems create phenomenal judgments). In
other words, we obtain an equivalence between functional

consciousness (which creates phenomenal judgments) and
phenomenal consciousness. Notice that even if we start from
the naturalistic dualism of Chalmers and assume a broader
physics including phenomenal elements alongside other aspects
in the universe, the relativistic principle still forces this kind
of broad physics to have the same consequences, viz., that
zombies cannot exist and that there is an equivalence between
phenomenal judgement-representations and phenomenal
properties. (Formally, phenomenal judgement-representations
and phenomenal properties are isomorphic. They have the
same mathematical form and there is a transformation between
them that preserves this form. See section “The Equivalence
Principle of Consciousness: Mathematical Description”).
As a result, the relativistic principle undermines the dualist
approach altogether.

In the next section, we develop the mathematical proof
of the argument. The mathematical description elaborates
the fine details of the theory and reveals new insights.
Notice that a mathematical background is not necessary to
understand this section, as every step includes a comprehensive
explanation.

The Equivalence Principle of
Consciousness: Mathematical

Description

In this section we develop a mathematical description of
consciousness as a relativistic phenomenon. In the beginning
of the argument, we apply the relativistic principle only to
publicly-observable measurements. Then, we show that we can
also apply the relativistic principle to phenomenal properties
and structures. To that end, we use two different arguments.
Then, using the relativistic principle, we prove the equivalence
principle between a conscious human agent and a purported
“zombie.” Then, we expand that equivalence to all cognitive
frames of reference having functional consciousness (i.e., the
cause of phenomenal judgments). As a result, we prove that
phenomenal judgements are equal to phenomenal properties
in the cognitive frame of reference that generates them. Then,
we describe the difference between the first-person and third-
person perspectives and develop a transformation between
them and between measurements of any cognitive frames of
reference that have phenomenal consciousness. We show that this
transformation preserves the form of the equation regardless of
which frame we choose, and thus satisfies the relativity principle.
That is, it describes the laws of physics with the same form in all
admissible frames of reference.

The Three-Tier Information Processing Model for
Cognitive Systems

Let’s once more assume two agents, Alice, a conscious human
agent, and ALICE, a “zombie” artificial cognitive system (at least,
supposedly) with phenomenal judgments. These systems parallel
Chalmers’ thought experiment: ALICE is the cognitive duplicate
of Alice, but lacks (we suppose) phenomenal consciousness. In
order to develop a fully mathematical description, we need to
know the exact equations of the cognitive systems in question.
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Unfortunately, to date there is no complete mathematical
description of a human cognitive system, let alone an artificial
one that can mimic human cognition. Instead, we use a general,
simplified version, a mathematical toy model, to describe a
cognitive system that creates phenomenal judgments. We use a
three-tier information processing model that divides a cognitive
system (S) into three parts: sensation (T), perception (P),
and cognition (Dretske, 1978, 2003; Pageler, 2011). Sensation
picks up information from the world and transforms it, via
transduction, into neural signals for the brain. Later, perceptual
states are constructed via coding and representations until a
percept is created. The point at which cognitive processing
is thought to occur is when a percept is made available to
certain operations, such as recognition, recall, learning, or
rational inference (Kanizsa, 1985; Pylyshyn, 2003). Cognition has
many different operations, but our main interest is the module
that specializes in functional consciousness (and that creates
phenomenal judgments), which we label C. After recognition,
this functional consciousness module needs to integrate the input
and emotional information, the state of the system, the reaction
of the system to the input, and self-related information in order
to create representations of phenomenal judgments. We can
summarize this model with the following equation:

S=(T,P,C) (2)

where T is the sensation subsystem, P is the perception
subsystem, C is the functional consciousness subsystem of
cognition, which is ultimately responsible for phenomenal
judgments (were not considering other cognitive subsystems
here). Finally, S is the entire cognitive system as a whole. These
subsystems are a 3-tuple that form the cognitive system in a
sequential manner. From T to P and to C. The three-tier model
yields:

-

f, =T (%) 3)
B, = P(th) (4)
&, =C(py) > & =SG ®)

where X; is an input from the physical space outside the cognitive
system that interacts with the cognitive system at time t. The
input has physical properties, y; (E.g., temperature, position,
velocity, etc. j = 1,2,3... is an index of the properties). These
physical properties can be detected by the sensors of the sensation
subsystem (e.g., the input can be an apple and the cognitive
system interacts with it by a beam of light that reached its
retina at time ¢. Using photoreceptors in the retina, the sensation
subsystem can detect physical properties of the apple like its
color.) T is the sensation subsystem, and tj'ct are the outputs of
the subsystem, i = 1,2,3.. .n is an index for each sensory module

(ie., t)lc, is the output vector of the sensation subsystem for visual
information, t%t for auditory information, t;t for interoception

information etc.). Using the sensation subsystem, the cognitive
system picks up information from the world and transforms it

into neural patterns. Each pattern is a different possible state
in the state space of the cognitive system. In this state space
every degree of freedom (variable) of the dynamic of the system
is represented as an axis of a multidimensional space and each
point is a different state (e.g., the axes can represent firing rate,
membrane potential, position, etc.). After a learning period a
subset of these states is formed and being used by the sensation
subsystem to encode inputs. This is the state space of the
sensation subsysterzl, and it is part of the state space of the whole
cognitive system. t,‘;{ are vectors that point to such states in the
state space of the sensation subsystem. There is a correspondence
between the states tzt and the captured physical properties y;
(e.g., correspondence between the color of an apple and the
neural pattern that it causes in the system. light from a red apple
activates photoreceptors which create a neural pattern. In this
pattern, cones sensitive to red frciquencies will fire more.) P is
the perception subsystem. It gets tj"ct as inputs from the sensation
subsystem and returns output py,, the percept of the input X;.
The perception subsystem creates representations. These are gists
of important information about the input X; that the cognitive
system can use even when the input is absent. the percept py,
is a representation unifying information about the current input
from all sensory modules. To that end, the perception subsystem
using yet another subset of states from the state space. This is
the state space of the perception subsystem, and it is part of
the state space of the whole cognitive system. py, is a vector
that points to such a state in the state space of the perception
subsystem. There is a correspondence between the states and
the operations that can act on these states and between the
captured physical properties y; (e.g., one operation on states can
be addition of two states to get a third state in the state space
of the perception subsystem. In our toy model, this operation
can correspond to integration of different physical properties.
A red round shaped object, for example, can be a state that
is a summation of the red and round states in the state space
of the perception subsystem.) C is the functional consciousness
subsystem that creates phenomenal judgments (representations
that are not phenomenal states themselves, but they are about
phenomenology. see introduction for details). It gets percepts as
inputs from the perception subsystem and returns phenomenal
judgment representation, ¢y, as output. As before, the functional
consciousness subsystem using yet another subset of states from
the state space. ¢y, is a vector that points to such a state in
the state space of the functional consciousness subsystem. There
is a correspondence between the operations that can act on
these states in the functional consciousness subsystem state space
and between the captured physical properties y;. Combining
these equations with eq. 2, the conclusion is that the cognitive
system S, which uses the sensation, perception and functional
consciousness subsystem sequentially, has a state space that is
a combination of the three subsystems state spaces. It gets as
input, X; from the physical space, and returns as output, ¢y,,
the phenomenal judgment representation, from the state space
of the cognitive system. To sum, when Alice sees a red apple,
for example, her perception subsystem creates a representation
of sensory information, a unification of representations for

Frontiers in Psychology | www.frontiersin.org

May 2022 | Volume 12 | Article 704270


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Lahav and Neemeh

A Relativistic Theory of Consciousness

“red,” “round,” and possibly a smell and texture. This integrated
representation is her current percept. Later, the functional
consciousness subsystem will recognize the object as an “apple”
and will create an integrated representation of all relevant
information about this red apple. This phenomenal judgment
can be, for example, “good-looking, red, and roundish apple,’
which can later be reported. Such a cognitive system S needs to
integrate information from previous layers and from different
modules. It needs an attention module (W) that can change the
weights of representations and filter information to focus on
relevant information. It needs a long-term memory module (M)
to store and retrieve representations. It also needs an emotion
evaluation module (E), which assesses information and creates
preferences, rewards, and avoidances (e.g., does the input have
a positive or negative affective valence?). Other modules could
include an affordance module (A) that detects possibilities for
action in the environment according to the input, and a self-
module (I) that collects self-related information to create a
unified representation of the self. Lastly, the cognitive system
needs modules to create outputs and behavioral responses. In
particular, it has a language module (L) that creates lexical,
syntactic, and semantic representations and responses that the
functional consciousness subsystem (C) can use. Adding them to
Equations 4, 5, we obtain:

By, =P (th, B W, M) 6)

the perception subsystem P receives as variables the outputs of the
sensation subsystem tzt and uses the long-term memory module
M, the attention module W, and the evaluation module E to
create a percept ﬁx: of the input X,, a unified representation of
perception from all sensory modules. This yields:

¢, =C By B W. M AT 7)

the functional consciousness subsystem C receives as a variable
the output of the perception subsystem Z’x, and uses the long-
term memory module M, the attention module W, the evaluation
module E, the affordance module A and the self-module I to
create a phenomenal judgment Ex[ (a complex representation that
carries content about phenomenology) concerning the input X,.
We can also add the language module for the cognitive system, so
that S can understand and answer questions:

P =L (al, E W, M) )

where L is the language module, 4, is the input of the language
module, a low-level processed representation from the perception
subsystem (without loss of generality, let us assume it to be
auditory information. It can also be a low-level representation
of other sensory modules). The language module L gets a low-
level representation from the perception subsystem 4, and uses
the long-term memory module M, the attention module W,
and the evaluation module E to create several representations.
Semantic representations for words, syntactic representations,
and eventually sentence comprehension representation, p,. As
before, the language module using yet another subset of states

from the state space. p, is a vector that points to such a state in the
state space of the language module. The functional consciousness
subsystem C uses the output of the language module to perform
its tasks and create phenomenal judgments (answering a question
about a red apple, for example):

Now we add p, to Equation 7, which is the sentence
comprehension representation (a question, for example) as

another variable of C. The answer, Eplp , is sent to the language
P

module, this time creating a linguistic response:

b, =L (cplqpﬂ JE, W, M) (10)

where L is the language module and 71’1 is a vector of the
Xt

linguistic response. As before, the language module using yet
another subset of states from the state space. I, ~is a vector
L Xt

that points to such a state in the state space of the language
module. This state is a complex neural pattern caused by
motor neurons that innervate muscle fibers. The pattern causes
contraction patterns in the muscles to create a linguistic response.
The response is according to Cpl,pxt’ the phenomenal judgement

representation that captures both the question and the answer
of C. For example, suppose that Alice asks ALICE what she
sees, and ALICE sees a red apple. The visual information will
be transduced and processed in the perception subsystem until
a percept is created (equation 6). The language system creates a
representation of the question, p, = “what do you see?” (eq. 8) and
the functional consciousness subsystem uses the representation
of the question, p, and the percept of the apple, py,, as variables
to build a phenomenal judgement to answer the question, Epl,pxt

(eq. 9). Finally, the language module uses this representation to
produce a proper linguistic response, le = “I see an apple”
Xt

(eq. 10).

The Equivalence Principle of Consciousness

In parallel with Chalmers’ (1996) assumptions about zombies,
Alice and ALICE have equivalent cognitive systems. But Alice,
being human, also has phenomenal consciousness (without loss
of generality, let’s assume Alice has a quale Q,, about input X,.
We will not assume any inner structure for the quale). After we
establish the equations for the cognitive system, we can use them
to prove the equivalence principle for consciousness. Let’s start
with general considerations about cognitive frames of reference.
A cognitive frame of reference is determined by the dynamics of
a cognitive system (represented by Equations 1-10). Because the
equations create and use representations, the representations are
an inseparable part of the dynamics of a cognitive system. If two
cognitive systems have different dynamics and representations,
they are in different cognitive frames of reference. But if they have
the same dynamics and representations, then they are in the same
cognitive frame of reference. We will denote cognitive frames of
reference by x, and v.
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We started with the assumption that ALICE is a zombie.
Hence, ALICE will obtain the same behavioral reports (i.e., le )
Xt

and the same phenomenal judgments (cy,) as Alice, who also has
phenomenal consciousness (note that for this claim to be true,
we idealize the situation as if Alice and ALICE were standing
in the same spatial position. Hence, they will obtain the same
phenomenal judgments. We can neglect minor differences arising
from their different spatial positions, as long as they are standing
near each other). In fact, Alice and ALICE have the same exact
cognitive structure and dynamics (i.e., the same subsystems,
modules, dynamics, and representations). As a result, they are
in the same cognitive frame of reference and for each question
they will have the same responses and the same phenomenal
judgments. We can formalize it as such:

<Alice>" = A" <ALICE >" (11)

where v is Alice’s cognitive frame of reference, 1 is ALICE’s
cognitive frame of reference, and < > is a symbol for the set
of all results of measurements of a system (i.e., < Alice > means
the set of results of measurements conducted by Alice). A" is a
general transformation from the set of results of measurements
of frame x to the corresponding set of results of measurements
of frame v. Alice and ALICE can measure or observe both their
behavioral reports and their phenomenal judgments, and then
compare the results. They will discover that their results are the
same. For the same input, they will not find any measurement
about themselves to distinguish between them (again, the fact
that they stand in slightly different spatial positions can be
neglected because any reasonable cognitive system takes different
positions into account in order to build percepts correctly,
regardless of the system’s position. For example, the cognitive
system needs to recognize an apple regardless of the angle
between the apple and the system. Objects should be invariant
structures across changing conditions.) According to the
relativistic principle, because they obtain the same results about
themselves, they have the same physical laws currently in force
in their respective frames of reference. There is an equivalence
between the two systems, and we can infer physical laws and
phenomena from one system to the other. For example, we
know that

Ul =A"Ul

12
pl,xt pl‘xt ( )

There is a transformation from the unification of all linguistic
, to the unification of all linguistic

.t

responses of Alice, Ul;l

responses of ALICE, UY;;I (provided that both were asked the

same questions, p,). Let’s’ctonsider a specific linguistic response.
!

From Equation 11 we obtain:

. -
v,
I =A*"mt,

- (13)

where m#* is a specific measurement result of ALICE, m* e<
ALICE >.1,

transformation from the linguistic response of Alice that she will
measure (i.e., that she will observe about herself) in her cognitive

is a specific linguistic response of Alice. There is a

5 Xt

frame of reference to a specific measurement that ALICE will
obtain about herself in her frame of reference. Now we can ask,
what is the specific measurement in ALICE’s frame of reference?
Because of the relativistic principle we know that the frames of
reference of Alice and ALICE are equivalent, and hence we just
need to replace v with u:

71”,1 " (14)

WXt

7;1 — mH (15)
WXt

We use a special function known as the delta function, 6,
to transform from frame v to frame w. This function equals 0 if
v # u, and equals 1 if v = u. In other words, the only solution
that is different from 0 for Equation 14 is when v = u. Now we
can plugin 1 instead of 6 and substitute 4 for v on the left-hand

side of Equation 15, with the result that ALICE will measure 7;;] .
S Xt

Now we can plug the result of Equation 15 back in Equation 13,
which gives us a similar equation to Equation 12 for a specific
linguistic response. If we repeat this process for every linguistic
response of the two systems, we obtain Equation 12 (for details,
see Supplementary Note 1). Proceeding in this manner allows
us to infer physical laws and new phenomena from an observer
in one frame of reference to the observer in the other frame.
Next, we will use this process to infer the existence of qualia in
ALICE’s frame of reference (similar to what Einstein did with the
equivalence principle between uniform acceleration and uniform
gravitational field). The transformation term A%, is equal to the
delta function because of the relativistic principle. Because Alice
and ALICE obtain the same measurement results, they are in the
same cognitive frame of reference.

So far, we have applied the relativistic principle only to public
measurements like reports and phenomenal judgements. But we
know that Alice also observes quale Q,, in her frame of reference.
According to broad physicalism, phenomenal consciousness has
some kind of physical explanation (physical laws that govern
phenomenal consciousness) and as such it is part of physics
and part of the physical measurements that Alice can conduct
in her first-person frame of reference, v (even if it’s a unique,
private measurement). But for the relativistic principle to hold
true, all physical laws currently in force in both respective
frames of reference should be the same (including the physical
laws that enable qualia). Thus, because of our broad physicalist
assumption, we can obtain from Equation 11:

Q= AVH it (16)
where m* is yet another specific measurement result of ALICE
and Q};t is Alice’s quale about input x;. Just as before, there is
a general transformation between the quale that Alice measures
in her frame of reference to a specific measurement that ALICE
observes about herself in her own frame of reference. Because
of the relativistic principle and the equivalence between the two
frames of reference, all we need to do is replace v with x:

Q, = o (7)
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Q = m". (18)

We see that the relativistic principle yields that ALICE will
also measure a quale in her frame of reference (and thus zombies
cannot exist). We can plug Equation 18 back into Equation
16 and repeat this process for all Alice’s qualia. As a result,
Alice and ALICE will measure the same qualia about themselves
(just like they obtain the same behavioral response and the
same phenomenal judgments, assuming we can neglect the small
differences due to their differing spatial positions).

This proof leaves the possibility that even though zombies
cannot exist because of the relativistic principle, phenomenal
consciousness can still be private. To accommodate that, we
need to develop yet another mathematical argument, one that
is more detailed (eq. 19-35). In addition, the second argument
doesn’t use the assumption of broad physicalism (at least not
explicitly). Notice that until now we haven’t used the equations
of the cognitive systems. Let’s go back to Equation (13), for the
linguistic reports:

7 _ Rt
lplyx, =A lpl,xt (19)

From equation (10) about the linguistic module, we obtain:

n

v
L (Ep JE, W, M) =AML (zp JE, W, M) (20)
Lpx, Lpx,

We can obtain similar equations for the functional
consciousness sub-system (from Equation (9)):

z;l»Px, =C (ﬁl’ﬁxt’ E, W, M>A>I)V =

RCE b WA <R,

Px;

Now, consider a special case where Bob asks ALICE and
Alice a question about the experience they just had (for example,
P, = “What are you experiencing right now?”). In this case,
the cognitive system needs to check the phenomenal judgment
representation itself. As a result, the functional consciousness
subsystem will have the last phenomenal judgments as an input,
Cy,. Plugging it into Equation 9 gives:

ZPI,CXt =C @Z’EXI’E’ Wa Ma A, I) . (22)

The answer, CPz,cx[’ is yet another phenomenal judgment

representation concerning the previous phenomenal judgment
and the question. The linguistic module will use this
representation to create a linguistic response according to
Equation 10:

lpl’%t =1L (C‘D"fxf’ E, W, M) . (23)
The linguistic response can be, e.g., 7‘01 = “I'm experiencing
’Ext

happiness right now.” In this scenario we can write the same

transformation between ALICE and Alice for the functional
consciousness subsystem and the linguistic module as before:

¢ =C(Pn T E. W, M A1)
cx,
-~ - - # X -
= A"C(p. Cx,, E, W, M, A T) = AV c;;l’% (24)
- v ~
14 — = — AVU
le,cx, =L (cpl’% LE, W, M) =A
u
- _ ~qu
L (cp% LE, W, M) =A lPacx, (25)

For all these transformations in Equations 19-21, 24-25, we
can substitute the general transformation term, A", with a delta
function, because of the equivalence between Alice’s and ALICE’s
frames of reference (both have the same cognitive system and
measurements):

A= 26)
For example, Equations 24-25 will get the form:
c D.C v
c‘g% =C (P, ex» B, W, M, A1) =
S . »
OC (B B W, M AT =00, (7)
r v
> ¢ —_—
lplcx =L (CP x[’E’ W, M) =
14
R _ i
ot (Cp e 1 M) =, (28)

Now, lets switch to Alices frame of reference. From
Alices point of view, she has phenomenal consciousness. This
perspective is also a physical frame of reference. From her first-
person perspective, she experiences happiness (quale Qy,) and a
question, Q; = “What are you experiencing right now?” After the
question, she will have an experience of an answer to the question,
Qq,,q,,» and accordingly she will respond with YQlan[: “I'm
experiencing happiness right now.” Notice that from her first-
person frame of reference, she directly experiences her qualia
and uses the quale (e.g., of happiness) to answer the question (in
her head) and to articulate the answer as a linguistic report. We
can formulate an equation according to her first-person frame of
reference:

Tq,0, =F(Qa.e,)" (29)
where Qq,,q,, is the quale of the answer, YQIan, is the linguistic
response, and F is a general function mapping a quale to a vector
of the linguistic response. From Alice’s frame of reference, she
experiences herself trying to answer the question in her head
(QQI,QX,) and then responds accordingly dQlaQX:)' Her direct

experience is that her linguistic response, lq,q,, is a result of the
quale of her answer, Qq;, Q.
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We can now make use of the equivalence between Alice
and ALICE. First, notice that we can describe Alice’s linguistic
response according to her first-person perspective (Equation
29) and according to a third-person perspective (Equation 23).
Both descriptions refer to the same linguistic response, and thus
Ji Q= 7},17%. Plugging this result into Equation 29 gives us:

7 v
b, =F(Qaa,)" G0

According to Equation 28, because of the equivalence between
Alice’s and ALICE’s frames of reference for linguistic responses,
we can replace the left-hand side of Equation 30 with:

7 v
o l;I‘cx[ =F (QQlant) . (31)
Because of the delta function, we know that v = x4, and we can
substitute 4 with v on the right-hand side of Equation 31:
> u
l};l’cxt =F (Qleth) : (32)

We have thus completed the transformation to ALICE’s frame
of reference. ALICE, like Alice, must have qualia from her first-
person perspective, which she uses to create a linguistic response.
As a result of Equation 32, we notice again that the relativistic
principle yields that ALICE, as cognitive frame of reference u,
will also observe a quale in her frame of reference. This invalidates
Chalmers’ (1996) assumption that a zombie can be physically and
computationally isomorphic to a phenomenally conscious person
(which we assumed in the beginning by stating that ALICE was a
zombie). Notice that now we can use Equation 23 and substitute

—u

I Pre, in Equation 32 with:

u

L (Epl’%, E,W, M) — F(Qa.a,) (33)
There is an equivalence between the form of the right-hand side
of the equation and the form of the left-hand side of the equation
(in both sides there is a function that gets input). We can identify
the function F as the function of the linguistic module, F = L,
and the input of function F as the input of function L (notice
that the modules E,W, M are not the inputs of L, they are just
modules that the dynamics of the language module uses to create
the linguistic response according to the input Epl Lk
Ly

~u

cpl’% (34)

— O*

= Qo0
We here get an interesting result in ALICE’s frame of reference.
Not only will ALICE observe a quale just like Alice, but this
quale is exactly her complex integrated representation that bears
content about phenomenology (‘phenomenal judgement’). We
can identify between the inputs E;,‘l’cx! and le’er because in

conscious agents like humans there is a close relation between
the two. In fact, there is an isomorphism between them, and
we can do a one-to-one correspondence mapping between them.
As we saw, every quale will always be accompanied with a
corresponding phenomenal judgment and every phenomenal
judgment will always be accompanied with a corresponding

quale. This pair of quale and phenomenal judgment is unique
for each input X; and every time X; is present for the conscious
cognitive system, if one part of the pair is present then the
other part will be present as well. We saw that zombies
cannot exist because they must have qualia according to the
relativistic principle (eq. 32). We also saw that in the cognitive
frame of reference that uses phenomenal judgments there is an
equality between the functions that use qualia and phenomenal
judgments (eq. 33). The identity between the functions and the
isomorphism between qualia and phenomenal judgments are
enough to show that in the cognitive frame of reference that
uses phenomenal judgments there is an equality between qualia
and phenomenal judgments (eq. 34). We reach an equivalence
between phenomenal consciousness and phenomenal judgments
that were created by cognitive systems, and hence obtain an
equivalence between functional consciousness and phenomenal
consciousness. It is easy to show that if we use the equivalence
principle once again to move back to Alice’s frame of reference,
we will obtain the same result for her, as well. We developed
this equation from a special case of a quale zibout a quale
(the experience of an experience, for example, lg, o, = “I'm
experiencing happiness right now.”), but we can repeat the same
process for different cases of qualia, such as a quale of an arbitrary
input (seeing an apple for example), Qy,. Generally, from the
first-person perspective, a quale causes something to happen,
whether it will cause a linguistic response (like in Equation 29) or
the next associative thought. Because there is always an equivalent
phenomenal judgment representation that will do the same thing
in the cognitive system, we can always repeat a similar process
like we did here (Equations 29-34) with an adequate equation
similar to Equation 29 for the specific case. Furthermore, we can
use the identity in Equation 34 in these similar equations to prove
similar identities for different kinds of qualia (see Supplementary
Note 2 for details). The relativistic principle ensures that because
we cannot distinguish between the quale and the phenomenal
judgment representation that accompanies it, they are the same
thing. Consequently, we can generalize Equation 34:
¢ =Q, (35)
In the first-person frame of reference, there is an equality
between the quale and the phenomenal judgment-representation,
and hence the quale is a point in an appropriate state space
and can be represented as a vector. The first-person frame of
reference is the frame of the cognitive system measuring itself.
In other words, in its dynamics, the cognitive system uses its own
representations as inputs and outputs and they interact with each
other (like in our cognitive system model, Equations 1-10).

Conditions for Third- and First-Person Frames of
Reference

What happens when we move to different cognitive frames of
reference? Why can’t they directly measure the quale of the
other frame of reference? Why is there a difference between first-
person and third-person perspectives, if it's not because of some
phenomenal property of privacy? To answer these questions, let’s
expand the equations beyond the simple case of the equivalence
between a conscious human and a copy of the human’s cognitive
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system (a zombie-like system). We showed that in the simple
case of Alice and ALICE, not only are both cognitive systems
equivalent, but they are also in the same cognitive frame of
reference, v = u (that's why we could use the delta function).

Now, let’s examine two cognitive frames of reference that are
not a copy of each other: Alice and Bob. These two cognitive
systems developed separately and there is no reason to assume
that they learned to associate inputs with the same neural
patterns. Each associated different states as representations from
the state space according to its own personal developmental
history. As a result, Alice and Bob have no states in common
and the set of stats that Alice’s cognitive system uses is disjoint
with the set of states that Bob’s cognitive system uses. As
before, from her first-person frame of reference, Alice has an
experience of an apple (quale é;t). What will happen if Bob
tries to directly observe the quale of Alice in his cognitive frame
of reference? We can describe this process from his cognitive
frame of reference, . His perception, functional consciousness,
and linguistic subsystems (Equations 6-8) directly obtain Alice’s
quale:

P(Q.EW.M) =P(&.EW.M) =0 (36)
C(QE W, M AT =C&,EW,MAI =0

(37)

L(él:t’E’ W’M) _L(-);t’Ea W, M),“ :Q, (38)

where ¢ is the empty set. To measure Alice’s quale directly means
to use it directly in Bob’s cognitive frame of reference. Because
her quale is equal to a phenomenal judgment representation
(Equation 35), we substitute Q‘Qt with _é;t. But because Bob
and Alice are two different cognitive frames of reference, Bob's
cognitive system doesn’t recognize Alice’s representation, and we
get an empty set. As a result, Bob cannot directly measure Alice’s
quale. The only solution for Bob is to indirectly measure it using
his sensation subsystem (Equation 3).

What will Bob measure while using his sensation subsystem
to measure Alice’s quale? Recall that the sensation subsystem
measures physical properties, y; from outside of the cognitive
system, that can be detected by its sensors. According to eq. 35,
qualia, like phenomenal judgments, are neural patterns or states
of the state space of Alice’s cognitive system (that are being
measured directly in Alice’s cognitive frame of reference). every
degree of freedom (variable) of the dynamics of the system is
an axis of this space (e.g., the axes can be firing rate, membrane
potential, position of firing neurons, etc.). The axes form the basis
vectors of the state space, Zﬁzl &y =& + &+ ...éy where
>" &meansa summation over the basis vectorsand m=1,2,3. . .N
is an index that runs from 1 to N, according to the N-dimensions
of the state space. Each state can be written, in a unique way, as
Zﬁzl Oném, where oy ... ay are coefficients. These Numbers
are the coordinates of the axes (e.g., suppose that for the neural
representation of an apple there is a specific firing rate. This is
the coordinate o of the first axis €;, the axis of firing rates and
we will denote it by, a;€;.) These variables and coeflicients of the
dynamics of Alices cognitive system are the physical properties y;

that Bob’s sensation subsystem will measure in the case of Alice’s

quale/representation, y; = >V 1 mém (e.g. without losing
generality, let’s assume that Alice’s quale/phenomenal judgement
while seeing an apple will have a specific pattern of 3 variable:
firing rates, membrane potentials and position of firing neurons.
Each of them with a specific coefficient. Bob’s sensation subsystem

will measure these 3 properties with their specific coefficients.):

v\ K - H “H
T(Qr)" =T(&)" =ta, =t Sape (39)
where T# is Bob’s sensation subsystem, é;t is Alice’s quale,

o - u
v . . . .
cy, is Alices phenomenal judgment representation, t'q,, are

the outputs of the sensation subsystem of Bob about Alice’s
quale. > ay,é, are the Varlables and coefficients of Alice’s

quale/representation, and tZa ¢, are the outputs of the
sensation subsystem of Bob about the physical properties
of Alice’s quale. Bobs sensation subsystem is the only part
of the cognitive system that can measure Alice’s quale,
though indirectly. As before, we substitute her quale with
the corresponding representation. The sensation subsystem can
measure the physical properties of the representation and create
an output that Bobs cognitive frame of reference can utilize
(e.g., a visual sensation of a brain pattern). Only then will Bob’s
cognitive frame create its own percept, and eventually a quale
of this sensation. Notice that this quale is about the indirect
measurement of Alice’s quale, a brain pattern that Bob measured
from Alice’s brain:

O( () =

- C%amém = é,u Umém (40)

Notice the difference between Alice’s initial quale, Q‘;, and

Bobss final quale about her brain pattern, é’i o’ Interestingly,

even in the same cognitive frame of reference (of Alice,
for example), if we introduce to Alice’s sensation subsystem
one of Alice’s qualia, the sensation subsystem will still not
recognize it directly as a quale. Instead, the subsystem will
measure the physical properties corresponding to that quale,

yi= Zm 1 Wmén. For example, we can show Alice an activation
pattern going on in her brain as she reports seeing an apple.
Alice will not recognize this pattern as her representation
of seeing an apple and will instead see a visual image of
the brain pattern. This is because the sensation subsystem
still doesn’t use representations, let alone the representations
of higher cognitive subsystems like perception and cognition.
It just measures physical properties from outside of the
cognitive system:

T(Q) =T () ="tyae,

Only the parts of the cognitive system that use the phenomenal
judgment representation, ¢y, , will measure it directly (such as the
functional consciousness subsystem and the language module).
The relativistic principle ensures us that this direct measurement
of a phenomenal judgment representation is a quale (Equation
35). Any other cognitive frames of reference will just measure
the physical substance of the representation via the sensation

(41)
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subsystem. It seems that the reason we have such a distinct
difference between first-person and third-person perspectives is
due to the direct measurement of the phenomenal judgment
representation in the functional consciousness subsystem, and
the function of the sensation subsystem that specializes in
measuring bare physical properties and not representations. In
sum, the condition for the ability to measure a quale (viz., the
first-person frame of reference) is to have a subsystem that
uses the corresponding phenomenal judgment representation
(i.e., to measure directly phenomenal judgment. Because then
the functional consciousness subsystem uses the phenomenal
judgment in its dynamics and according to eq. 35, we can
substitute it with the appropriate quale):

C (&, E, W, M, A, ) = C(Qk,E, W,M,A,I)"

—u =, @)

Here, the functional consciousness subsystem, C#, uses
in its dynamics (directly measures) a phenomenal judgment
representation, ¢, and hence measures it directly to create a new
phenomenal judgment representation about it, EZ[- According
to the relativistic principle, these phenomenal judgments are

N

measured as qualia, QY Qp, - The condition to have a third-
t

person frame of reference is to activate the sensation subsystem
(39, 41):

S\ u -
T(Qu)" =1ty g6, (43)

Notice that the cognitive frame of reference that measured the
quale is irrelevant for the sensation subsystem. The output will
always be the same: sensations of the physical properties of the

quale/phenomenal judgement, fi % Ul

Transformation Between Cognitive Frames of
Reference and Between First- and Third-Person
Frames of Reference

Finally, according to the principle of relativity, all admissible
frames of reference measure the same laws of physics that
are currently in force, and hence the equations describing
the laws of physics have the same form in all admissible
frames of reference (like Equation 1, describing the Lorentz
transformation between all inertial frames of reference). As
a relativistic phenomenon, consciousness should also have a
similar transformation that preserves the same form of the
transformation equation for all admissible cognitive frames of
reference. Let’s develop this equation. The transformation should
take us from the measurements of one frame, u (Bob), to the
measurements of another frame, v (Alice). Regardless of the
measurements, the equation should look the same (for example,
if one of the measurements causes new terms to appear in the
equation, the form of the equation is no longer the same, and
thus the equation is not relativistic because we can distinguish
between the measurements according of their different terms. As
a result, the equivalence between the admissible cognitive frames
of reference has broken. We need to ensure that this is not the
case in our equation). Notice that, in contrast to the scenario of
Alice and ALICE, now the transformation has no constraints in

the form of a question that guides the observers. Instead, they
measure the same input, and the transformation should give the
answer for what the cognitive system in each frame of reference
measures. When we move from measurements of a quale in one
cognitive frame of reference, u, to measurements of a quale in
a second cognitive frame of reference, v, there are three cases
of what they can measure. The cognitive frames can measure a
third input (e.g., an apple), they can measure frame u, or they
can measure frame v. If they measure a third input, like an apple,
each of the frames will have its own quale about the apple, Q,,
Q’ft. If they measure the quale of frame y, then frame u measures
the quale égxr directly, while frame v will measure the physical

properties of the quale of frame u, QVZ apé,,> and vice versa if they
measure the quale of frame v.

We need to use another transformation term, A"#, for this
general scenario. It needs to give the correct measurements
for each case, while preserving the form of the transformation
equation. Because we lack the accurate equations of the
cognitive system and use general forms in the equations, the
transformation equation will also be in a general form:

;t = Al)ﬂ (Qgt) ’ (44)
where A"# is the transformation function from cognitive frame
4 to cognitive frame v, and é;t, (i)ﬁft are the qualia of input x; as
measured in frames v, y respectively.

In order to build A"#, for the transformation to operate
successfully, one key element is to check the physical properties,
y;j of the input. To that end we introduce the function mc
that checks if the physical properties y; of the input X; are the
physical properties of the representations that the functional
consciousness subsystem uses as outputs, ijzl Améy. In other
words, it checks whether the input is a state of the state space
of the functional consciousness subsystem C (i.e., phenomenal
judgments). If it does then m returns the state ijzl onén and
if the input is not part of the state space of C, then mc returns the
empty set @:

j
me (i) = D tmém <> C (&, E, W, M, A, T)
m=1
j
=C Zumém,E, W, M, A, I

m=1
= C (¢, E, W, M, A, )

else me(x;) = 0. (45)

If the input X; is a state of the state space of C then its a
phenomenal judgment, X = > _| tmé, = ¢z, where ¢z, is a
phenomenal judgment about some input %. In that case, mc
returns this state. Notice that because C can get phenomenal
judgments as inputs (see eq. 22 and 42) x; can be input of C and
thus can be measured directly by the functional consciousness
subsystem. If the input is not part of the state space of C, then
mc returns ¥. Now we can introduce the transformation function
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AVH:
S¥ (%¢)
C" (%)

me (i) = BV 0% =
C t)_ v t_(),

A" (G, 8) = *
(%, 8") mb. () £ DA% =1,

(46)

Where V is a symbol of the logic operation ‘or’ and A is a
symbol of the logic operation ‘and.” In order to carry out the
transformation from cognitive frame x to cognitive frame v,
the transformation function A"# gets as inputs the input x; and
cognitive system of frame v, S". A"# checks two conditions,
whether X; is a state of the state space of C" (the functional
consciousness subsystem of frame v), and whether X, is in 7,
the spatial position of cognitive system S" (as seen from its own
cognitive frame of reference, v). The spatial position of x; as seen
from cognitive frame of reference v, is 7},. Spatial positions 7,
7,, are part of the physical properties of the cognitive system of
frame v and the input (respectively). The transformation function
checks the first condition by plugging x; into my. (that checks
whether the input is a state of the state space of C in the cognitive
frame of reference v) and checks the second condition by using
a delta function, "' , that equals 1 if 7 =7y and 0 if 7}, # 7.
If X; is not a state in the space state of C”, then my. will return
the empty set. This means that the input X; cannot be measured
directly by the functional consciousness subsystem of frame v.
The same situation occurs if the delta function is equal to 0, it
means that X; is not in the cognitive system’s spatial position
and thus is not available for C” to use it and measure it directly.
As a result, X; is sent as an input to cognitive system S” for
an indirect measure. There, the sensation subsystem of frame v
gets X; as input. From there, the process will continue along the
hierarchy of the cognitive system to the perception subsystem
and the functional consciousness subsystem of frame v (see eq.
2, 5). If X; is a state in the state space of C", then m¢, will not
return the empty set. This means that the input can be measured
directly by the functional consciousness subsystem of frame v.
In addition, the second condition is being checked and if the
delta function is equal to 1, it means that the input is in the
spatial position of the cognitive system and thus available for C”.
As a result, if the two conditions are fulfilled, X; is sent as an
input directly to C”, the functional consciousness subsystem of
cognitive system S of frame v, to measure the input directly as
a quale. In sum, cognitive system S of frame v is in the third-
person perspective if either 5% = 0 or mg. (%) = ¥ because it
uses the sensation subsystem (condition for third-person frame
of reference is fulfilled, eq. 43) and cognitive system § of frame
v is in the first-person perspective only if both 80 =1 and me,
(X)#Y, because then it uses C* (x;) which measures directly the
phenomenal judgment (i.e., a quale. Condition for first-person
frame of reference is fulfilled, eq. 42).

Let’s check if Equation 46 gives the correct measurements
for each case of the transformation from frame u to v while
preserving the form of the transformation equation (Equation
44). We mentioned three cases: the cognitive frames can measure
a third input, (e.g., apple), they can measure frame u, or they
can measure frame v. In the first case, we start from a quale of
frame y about a third input like an apple, (i)ﬁft The transformation
function checks if the input x; is a state from the state space
of CV or is it inside the cognitive system S”. Because this is an

input from outside of the functional consciousness subsystem
and the cognitive system, X; (the apple) is not a state of the
subsystem and not in the spatial position of the cognitive
system, and hence the transformation function sends X; to S,
the cognitive system in frame v. As a result, " will use its
sensation, perception, and functional consciousness subsystems
to create its own quale of the apple, Q‘; The transformation
function succeeds in giving the correct output for the first case.
In the second case, frame y measures its own quale X; = éf{t

and thus in the transformation equation (eq. 44), Q% = ég )
¢

The transformation function checks if the input X; is a state
from the state space of C” and if it is part of the cognitive
system S”. Because this is again an input from outside of the
cognitive system and the functional consciousness subsystem
of frame v (its a quale from frame u), the transformation
function sends the input to S”. As a result, frame v will use its
sensation, perception, and functional consciousness subsystems
to create a quale of the physical properties of the quale from
frame u, and thus in the transformation equation (eq. 44)
#J‘ét = QVZamém' The transformation function succeeds in giving
the correct output for the second case as well. In the last
case, frame u measures a quale X; = (T);t of frame v. As a
result, frame u will measure the physical properties of the
quale from frame v, and thus in the transformation equation
(eq. 44), éfft = é” o’ The transformation function checks

if the input X; is a state from the state space of C' and if
its part of the cognitive system S”. This time, the answer is
positive for both conditions. Because this is an input from
within the functional consciousness subsystem of frame v, the
matching function of the subsystem my( will return something
other than the empty set and the delta function will be equal to
1. Consequently, the transformation function sends x; directly
to the functional consciousness subsystem of frame v [where,
C"(x) = C" (X amem) = C'(&z) = EE)_Q, see Equation 45]. As a
result, frame v will measure its own quale, and thus in the
transformation equation (eq. 44) Q‘ét = évat The transformation

function also succeeds in giving the correct output for the last
case. Notice that the transformation Equation 44 maintains the
same form regardless of the specific measurement case or which
cognitive frames of reference are involved. Hence, Equation 44
satisfies the relativity principle as desired.

All the preceding scenarios can give the impression that the
two conditions are redundant. They always seem to agree with
each other and so, one condition is enough to get the correct
transformation. But now let’s choose a special case where v =
u. Hence, the transformation function will be A"V (x;, ") =
A1 (x;, S*). There are two scenarios for this case. One scenario
is the identity transformation in which the transformation leaves
us in the same cognitive system that we started from (and thus
in the same cognitive frame of reference). According to Equation
46, A** gives the correct answer in this scenario, because we stay
in the same cognitive system all the time (same frame and same
spatial location). In other words, the transformation function
doesn’t change anything, A## =1 < A" = §"#. We can call
this the full symmetry scenario, because the two cognitive frames
are completely symmetric and we cannot distinguish between
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them (in other words, we started from a cognitive system and
come back after the transformation to the same system). The
transformation Equation 44 will be in this scenario,

QU = 8"(QL). (47)

The second scenario, however, is more complicated. Here we
have two cognitive systems but they are in the same cognitive
frame of reference. They have the same dynamics and thus the
same representations and the same qualia, but they remain two
discrete systems with different spatial positions. As a result, for
the same input both will have the same answer to every question
they might be asked. This is the scenario that we started from
when we developed the equivalence principle between ALICE
and Alice. It’s very special scenario where we have two cognitive
systems in different spatial positions but in the same cognitive
frame. Notice, however, that even though they are in the same
cognitive frame, because they have different spatial positions,
they cannot measure directly the representations of the other
system and thus they must use their sensation subsystem and
measure indirectly the quale of the other system (similar to
Equation 41 where the same cognitive system will still measure
the physical properties of its own quale due to the sensation
subsystem). In other words, although they are in the same
cognitive frame of reference, Alice will measure ALICE from a
third-person perspective and vice versa. Will Equation 46 give the
correct transformation from frame u (ALICE) to v (Alice) also in
this scenario?

For the first case, both Alice and ALICE measure a third input
like an apple. In this case, when we transfer from ALICE to Alice,
we will get an answer just like in the previous, full symmetric
scenario. Because the physical properties of the apple is from the
outside of the cognitive system S", the transformation function
will use the sensation, perception, and functional consciousness
subsystems of the system in frame v to create the appropriate
quale, Q‘ét But because both systems are in the same cognitive
frame, their qualia are the same and the quale of the input will
remain the same. As a result, the transformation gives us the
correct answer for this case,

Qyx = 3"(Qf ), (48)
where x;* is input from outside of both cognitive frames. ALICE
and Alice will measure the same quale about an input that is
outside of both their cognitive frames.

If ALICE (u) measures its own quale, éfft = égz,’ the

transformation function checks if the input x; = éft is a state
from the state space of C” and if its in the position of the
cognitive system S”. In this case, because u = v, X; is a state of the
functional consciousness subsystem of frame v as well (the state
Xt = ijzl 0, €, is the same state in both frames). But the other
condition fails because the systems are not in the same spatial
position, and X; comes from the position of the other cognitive
system, S*. As a result, mc” (/) # @, but 877" = 0. Because
only one condition is fulfilled for the first-person perspective
and not both, the transformation function will send x; to S" for
an indirect measure. From the sensation subsystem in frame v

until eventually creating a quale of the physical properties of
the quale from frame y, ﬁ;t = évzumém' The transformation
function succeeds in giving the correct answer also for this case. If
ALICE (u) tries to measure the quale of Alice (v) the result will be
a quale of the physical properties of Alice’s quale, é,’?r = é’i o’
The transformation function checks if the physical properties of
the input X; = > _| tué,y, is a state from the state space of C
and if it’s in the position of the cognitive system S” of frame
v (Alice). This time, the answer is positive for both conditions.
Because the input is also a state from the state space of the
functional consciousness subsystem of frame v and it is in the
position of ", the matching function of the subsystem > will
return something other than the empty set and the delta function
will be equal to 1. Consequently, the transformation function
sends X; directly to the functional consciousness subsystem of the
cognitive system in frame v. As a result, frame v will measure
its own quale, @’Ct = é‘éxt The transformation function also

succeeds in giving the correct output for the last case. Now we
see that the last two cases in the scenario of ALICE and Alice are
different than the full symmetry scenario. The different spatial
positions of the cognitive systems break the symmetry of the
identity transformation. Although the systems are in the same
cognitive frame, the different positions cause the transformation
to be different than ¢"#. The different spatial positions break the
symmetry because they cause the cognitive systems to use their
sensation subsystem to measure the quale of the other system. We
can call this scenario the broken symmetry scenario. As a result,
we can write the transformation Equation 44 for this scenario as:

=V

T Ve i 2
QXr(i* = §"EA o1y (thf*) N (49)
Which gives us -
> Vy Vr, Vy SV
Qe =A"" (thi*). (50)
Here X,** is an input of a state from the state space of C

either from frame v or u in the broken symmetry case. The
delta function is presented because both cognitive systems are
in the same frame, but A" "0 is still different than the identity
transformation because the symmetry of the cognitive systems
was broken by their different spatial positions, rg, ;, (for another
example of the importance of the spatial positions condition,
see Supplementary Note 3). Because of the broken symmetry
scenario, we define the first-person frame of reference slightly
differently than the definition of a cognitive frame of reference.
The first-person frame of reference is defined not only by the
dynamics of the cognitive system but also by its position. As
a result, Both Alice and ALICE will have the same answers to
the question of what is it like (because they are in the same
cognitive frame of reference), but because they are not in the
same spatial position, they are not in the same first-person frame
of reference. When one is measuring the dynamics of the other,
all they see is the physical patterns of the other cognitive system.
In other words, when one cognitive frame is in another spatial
position, it has to use its sensation subsystem and thus satisfy the
condition for the third-person frame of reference (eq. 43). Only if
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the two identical cognitive systems can be in the same position
can they share the same dynamics and use their functional
consciousness subsystem directly without the need to use the
sensation subsystem. Only then will they satisfy the condition of
the first-person frame of reference (eq. 42).

Now we also see that the general transformation, A%, that we
used for the equivalence principle in order to prove eq. 35 is a
special case of the transformation function we developed here,
AV#. In this case, the two cognitive frames of reference are the
same but have different spatial positions (e.g., Alice and ALICE),
and their input is constrained to be a question (the same question
for both cognitive frames of reference). Because both frames are
the same and because their input is the same question, we always
get a scenario like eq. 48 and thus, A" = "%,

The conclusion is that the transformation function A"# gives
the correct answers to all cases and scenarios while preserving
the form of the transformation equation (equation 44) as desired.
Equation 46 for A"# can be approximated by a simpler form:

AV (G 8") = (1= 8%) 8 G + 877 C' G (5D)

The first term is the condition to be in a third person
perspective because of the use of the sensation subsystem. Only
when 80 = 0 will this term be equal to 1. The second term is
the condition of being in the first-person perspective (because of
the use of the functional consciousness subsystem). Only when

870 = 1 will this term be equal to 1. This approximation checks
only if the spatial position of the input is the same as the spatial
position of the cognitive system and it gives the correct answers
to all scenarios. It transforms from the third-person frame of
reference to the first-person frame of reference and vice versa. But
it is only an approximation because it does not take into account
the matching function mc(%;) and so in the case of two cognitive
systems from the same cognitive frames of reference (like Alice
and ALICE) the approximation will neglect this information and
the result will be two different cognitive frames v, 4 instead of
just one.

In Supplementary Note 4, we show the
transformation function, from frame of reference v to frame
1 and that the transformation function and the inverse
transformation function cancel each other out (giving the
identity transformation), as expected.

inverse

DISCUSSION

Consciousness as a Relativistic

Phenomenon

As we saw, the assumption that the relativity principle also
includes measurements of cognitive systems forces us to treat
consciousness as a relativistic phenomenon. If the relativity
principle is true, then zombies are not nomologically possible
(see Equations 18, 32). In other words, they are not consistent
with the extant laws of nature (note that this is a different claim
from logical possibility). Recall that both naturalistic dualism
and illusionism can be understood to be opposing responses to

the same basic paradox of phenomenal judgment: phenomenal
judgments seem to not require phenomenal consciousness. This
opens the possibility for zombies. Chalmers (2017, 1996) takes
the threat of zombies to force us to accept that phenomenal
properties are an additional fundamental component of reality.
Ilusionists instead take us to be the zombies (Frankish, 2017;
Graziano et al., 2020). But we have demonstrated that zombies
are not nomologically possible in a relativistic universe. The
illusionist can, of course, point out that we have assumed that
Alice is phenomenally conscious, which they do not grant. While
this is an assumption (and not a controversial one for any but the
illusionist), what we point out is that the illusionist contention
that there are zombies, and that we are the zombies, is premised
on the paradox of phenomenal judgment. But we have eliminated
that paradox by eliminating the nomological possibility of
zombies. Therefore, we have eliminated the illusionist motivation
to deny that Alice is phenomenally conscious. While we can’t
prove that Alice is indeed phenomenally conscious, the illusionist
no longer has a reason (viz., the paradox of phenomenal
judgment) to doubt it.

As a result of the relativity principle, there is a formal
equivalence between functional consciousness (creating
phenomenal judgments) and phenomenal consciousness (qualia
and eidetic structures; see Equation 35). Ultimately, we are
returning to Nagel’s (1974) definition of consciousness: that
the creature is conscious if there is something that is like to
be this creature. If an observer has phenomenal judgments,
then the observer measures that there is something that it is
like to be that observer, and this observer is conscious. The
essence of the relativistic principle is that there is nothing
over and above the observer. Hence, in contrast to illusionism
and naturalistic dualism, there cannot be any third-person or
God’s-eye perspective telling us that some observer is delusional
and doesn’t really have consciousness.

Moreover, phenomenal properties are no longer absolute
determinations, but depend on the observer’s cognitive frame of
reference, just as in the case of constant velocity and the question
of who’s stationary and who’s moving. In a non-relativistic
universe, an object O evinces either property P or ~P. Properties
are absolute determinations. But in a relativistic universe, an
object O evinces either property P or P with respect to some
observer X. In the first-person cognitive frame of reference, quale
Q (for example) is observable, while any third-person cognitive
frame of reference observes ~Q, i.e., that there is no quale.

Cognitive frames of reference are defined by the dynamics
of the cognitive systems involved (according to the three-tier
information processing model, egs. 2-10). The first-person frame
of reference takes into account also the position of the dynamics
(eqgs. 49-50). The first-person frame of reference of Alice, for
example, is the position from within Alice’s cognitive system,
which is a physical position in space and time where the dynamics
of the system take place. This is the only situation that satisfies
the condition for the first-person frame of reference (eq. 42). For
that reason, the transformation function A"# (that transforms
between cognitive frames of reference and between first and
third frames of reference) takes into account not only whether
the input is recognizable by the cognitive system as one of its
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own representations, but also if the input is in the position
of the cognitive system (eq. 46). The third person frames of
reference are the positions of other cognitive systems, like Bob,
that measure Alice’s cognitive system. While Alice may observe
herself feeling happiness as she’s looking at a rose, Bob will
only measure patterns of neural activity. Recall the case of
constant velocity, wherein Alice claims to be at rest while Bob
is moving, while Bob claims that Alice is the one moving and
that he is stationary. From Alice’s perspective, she has qualia
and Bob only has patterns of neural activation, while from Bob’s
perspective Alice just has patterns of neural activation while
he has qualia. In other words, just as in the case of constant
velocity, Bob and Alice both measure that they are the stationary
ones, and hence will not agree on who is stationary and who
is moving, there is likewise a relativistic equivalence between
all cognitive systems that have phenomenal consciousness or
functional consciousness. Both Alice and Bob will measure that
they are the ones who have phenomenal consciousness while the
other has only neural patternsand hence will not agree on who
has phenomenal consciousness.

Alice and Bob will continue to argue over who is right. As
a result, Alice might be an illusionist and claim not only that
Bob is delusional about having qualia, but moreover that qualia
don’t exist at all. And, as a response, Bob might claim that
qualia are uniquely private and non-physical phenomena. But,
just as with the constant velocity case, their conclusions are
wrong because they don’t grasp the relativistic principle. The
illusionist mistake is to claim that the third-person perspective
is the only legitimate perspective. When Alice observes Bob's
neural firing, he supposedly should infer that all his “qualia”
really are just neural firing. Yet the first-person perspective is
also a physical arrangement of a cognitive system. It is the
cognitive system from its own observer perspective. Both frames
of reference are equivalent, there is no observer position that is
privileged, and it is impossible to privilege one observer cognitive
position over the other. Alice’s perspective is not some absolute,
“correct” perspective that sets the standard for measurement.
Bob doesn’t have phenomenal consciousness relative to Alice’s
perspective but does have phenomenal consciousness relative to
Bob’s perspective. In other words, Bob evinces ~Q with respect to
Alice, and Bob evinces Q with respect to Bob. This is not a logical
contradiction, but a statement of the relativity of properties.

On the other hand, qualia and eidetic structures are not
private and hence phenomenal consciousness is neither some
mysterious force beyond the realm of science nor an irreducible
element of reality. Rather, they appear to be private because
in order to measure them, one needs to be in the appropriate
frame of reference, viz., that of the cognitive system in question
(see Equations 42, 45). It is ultimately a question of causal
power. Only from this frame of reference is there causal
power for the representations in the dynamics of the system.
Only from the frame of reference of the cognitive system
are these neural patterns recognized as representations (eq.
45). These representations are the input and output of the
cognitive system (eq. 2-10); they are the ones that cause
the dynamics in this cognitive frame of reference. From
outside that observer reference frame, as in the position the

neuroscientist takes as a third-person observer, the same exact
phenomena appear as neural computations. This is because the
third-person perspective is constitutively outside of the dynamics
of representations of the cognitive system in question, and hence
these representations do not have any causal power over the
neuroscientist (Equations 36-38). According to the equivalence
principle, when Alice observes herself to be happy, it is because
her cognitive system can recognize and use the appropriate
phenomenal judgments, and these judgments are equivalent
to phenomenal consciousness (Equation 35), because there
is always an equivalent phenomenal judgment representation
for every phenomenal property, and we cannot distinguish
between them. These representations and their relations cause
the cognitive dynamical system to react with new representations
and instantiate new relationships between them. As a result, we
get a dynamical system that uses very specific representations
as variables and as outputs. Any other cognitive system, like
that of Bob, uses different representations and thus cannot
use the representations of Alice directly in its own dynamics
(Equations 36-38). The only possibility left for Bob is to process
Alice’s representations through his sensory system and build his
own representations. Consequently, we get a sharp difference
between the self-measurements of the cognitive system (first-
person perspective) and measurements from the outside the
cognitive system (third-person perspective), which are mediated
solely through the three-tier hierarchy—from the sensation
subsystem to the perception subsystem and on to the functional
consciousness subsystem (Equations 39, 40). Ultimately, the
reason for the sharp difference between first-person and third-
person frames of reference is because the sensation subsystem
can observe only the physical properties (y;) of inputs from
the outside of the cognitive system, while the functional
consciousness subsystem can only observe representations from
within the cognitive system (Equations 41-43). Even if the two
cognitive systems at hand are in the same cognitive frame of
reference (which mean that they have the same dynamics),
because they have different spatial positions where their dynamics
take place, they will not be in the same first-person frame of
reference. They will still need to use their sensation subsystem to
measure the other system (hence satisfying the condition of the
third-person frame of reference, eq. 43).

Phenomenal properties are not truly private. They seem
private because it is non-trivial to do the transformation to the
appropriate cognitive frame of reference. Nevertheless, this kind
of transformation is nomologically possible. We showed that,
as a result of the relativity principle, there is a transformation
between the qualia of all cognitive frames of reference (Equations
44, 46, 51). Using this transformation, we obtained an equation
that agrees with the relativistic principle (Equation 44). It
describes the laws of physics with the same form in all admissible
cognitive frames of reference. In other words, this form will
stay the same regardless of which cognitive frame we choose
(it doesn’t matter for the equation what the specific x4 and
v cognitive frames are). The equation enables us to move
from the phenomenal consciousness of one cognitive frame of
reference to the phenomenal consciousness of another frame and
from first-person frame of reference to third person frame of
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reference (and vice versa). According to the transformation, each
observer can change cognitive frames of reference to any other
frame by changing the dynamics of its cognitive system. The
transformation equation is built in such a way that ensures that
after we applied the transformation and moved from one frame
to the other, we will get the correct values of the measurements in
the new cognitive frame of reference. For example, the equation
ensures that the relations between first- and third-person frames
of reference are always satisfied. The observer will always measure
qualia and eidetic structures from within its own frame, and
brain patterns (or any other physical patterns that govern the
cognitive system) for all other frames. The only way to enter
the frame of reference of the cognitive system is to have the
dynamics of representations of that system, because they only
have the right kind of causal power from within that cognitive
system (they are the right “fuel” of the cognitive system - the
inputs and outputs of the system). Hence, third-person studies
will get different measurements than those taken from within
the system itself, unless a proper transformation were to change
the frame of reference of the third-person cognitive system to
have the exact dynamics of the cognitive system in question (see
Equations 36-38 for third-person frame, in contrast to Equations
42, 45 for the first-person frame). After such a transformation,
there would be an equivalence between the two systems and
they would observe the same conscious experience. Obviously,
no such transformation is currently technologically feasible,
but it is nomologically possible. Because of this transformation
that preserves the form of the measurements, phenomenal
structures (first-person perspective) and phenomenal judgement-
representations (third-person perspective) are equivalent and
isomorphic to each other. They are not equal, but they have
the same preserved mathematical form such that we can map
between them. All that separates them are different kinds of
measurements (causing different kinds of properties).

The Hard Problem Dissolves

The relativistic theory of consciousness dissolves the hard
problem. If there is no irreducibly private property of
phenomenal features, there is no need for adding new, exotic
elements to reality, nor is there a need to explain phenomenal
features away as illusory. There is also no explanatory gap,
because there is no need to explain how physical patterns
in the brain create private, irreducible properties. Because
consciousness is a relativistic phenomenon, physical patterns
(e.g., of neural representations) and phenomenal properties (e.g.,
qualia) are two sides of the same coin. Both are valid physical
descriptions of the same phenomenon from different frames
of reference. Although phenomenal properties supervene on
physical patterns (the representations that we called ‘phenomenal
judgements’), they are not created by the physical patterns.
Instead, phenomenal properties are the result of a special
measurement of these physical representations by the observer.
For this observer, these representations are the ones that cause
its own dynamics. Notice that according to the relativistic
theory of consciousness, the opposite is also true and physical
patterns (phenomenal judgements) supervene on phenomenal
properties. They are not created by phenomenal properties;
instead, physical representations are the result of a measurement

of these phenomenal properties by a different observer. For
this cognitive frame of reference, these phenomenal properties
have no causal power over its dynamics. Phenomenal and
physical aspects supervene on each other. There is a subtle
identity between them (i.e., they are equivalent). They are just
different perspectives of the same phenomenon from different
cognitive frames of reference. As a result, the relativistic theory
of consciousness is a physicalist theory, but not a reductive
theory, because there is no reduction of phenomenal properties
to brain patterns. For phenomenal properties we need a cognitive
system with the right kind of representations and the right
kind of measurement.

In the introduction, we raised a concern about whether any
physicalist theory can solve the hard problem of consciousness.
How can there be an identity between public properties like
structure and dynamics and between private qualia? The answer
is that we didn’t include relativity as a part of physicalism. The
relativistic theory of consciousness shows that phenomenal states
are not private and gives an explanation of why they are different
from other physical states. Different kinds of measurements
give rise to different properties. While our sensation subsystem
can only directly measure a physical substrate via measurement
devices like the retina, the perceptual and cognitive subsystems
directly measure only the roles and relations of representations
within their subsystems and cannot directly measure the physical
substrate serving as the referent of their representations (thats
why in the equations that describe the dynamics of the perceptual
and cognitive subsystems, the inputs are representations and
not the physical substrate of the representations, while in the
sensation system the inputs are the physical substrates themselves
like light or sound waves). From these different kinds of
measurements different kinds of properties arise.

Chalmers (1996, 2017) parses the zombie argument in terms
of the logical possibility of zombies. He would not deny that
zombies are inconsistent with the extant laws of nature, because
he speaks only about logical possibility in general. However, the
relativistic theory of consciousness carries ontological constraints
and conditions about the existence of consciousness in every
possible world. For example, the difference between first- and
third-person frames of reference arise because of the difference
between the kind of measurements that can be taken within
each frame of reference. There could be a possible world, not
governed by the known laws of nature, wherein the relativistic
principle is false. But then, there would be no different frames
of reference, and the different kinds of measurements would
yield the same result. In other words, there would be no first-
person and third-person frames of reference. In such a possible
world, we would be left with either the illusionist view, with no
consciousness at all (i.e., everybody is a zombie with just third-
person perspective), or we would be left with a Berkeleian idealist
world where there are only phenomenal properties (with shared
first-person perspective for everything). Consequently, according
to our relativistic theory of consciousness, there cannot be a
world that has both phenomenal consciousness and zombies.
This conclusion undermines the zombie argument. The main
goal of the zombie argument was to establish that phenomenal
properties cannot be explained reductively in terms of physics.
But the relativistic theory does just that, demonstrating that
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phenomenal consciousness and physics can be reconciled. There
might be a logical possibility of zombies, but in such possible
worlds, the physical mechanism that allows the transformation
to phenomenal properties (i.e., the relativistic principle) must
be absent and hence consciousness must be absent all together
as well (because all there is left in such a world is the physical
substance that constitutes the world). In sum, in non-relativistic
worlds without different frames of reference, we could have either
illusionism (only physical properties) or Berkeleian idealism
(only phenomenal properties). But in a relativistic world where
different frames of reference measure different properties, both
physical and phenomenal properties are possible for the same
entity.

Phenomenal consciousness is not private—all we need to do
to measure phenomenal properties is to change our perspective
by moving to the appropriate frame of reference, i.e., the frame
wherein the representations have causal power (i.e., the frame
that measures the representations directly). As a result, this frame
doesn’t measure them merely as physical patterns, but as what
they represent and stand for. For example, the representation
of an apple has some causal power in the system, according to
what has learned about apples. The representation will trigger,
for example, memories, emotions, and motor processes. For
the cognitive system, this is what it means to be an apple.
Thus, the physical properties of the representation are not
being directly measured, but rather only its role and relations
with other representations in the system. Consequently, this
representation will be measured by the system as an apple and
not as a representation of an apple. That is to say, because
there is nothing above and beyond the observer, and because
the cognitive system (the observer) measures this representation
according to what it does (the representation describes all
the functions, properties and relationships of an apple in the
system), this representation will be measured by the system as an
apple. (That’s why phenomenal consciousness is characterized by
transparency, i.e., we don’t perceive representations but directly
perceive things). This is a direct measure of the representation
itself. In the case of phenomenal judgments representations, these
new properties are being measured as phenomenal properties.
Specifically, when there is a cognitive frame of reference that
creates functional consciousness (phenomenal judgments), it
is sensible to assume that such a system will have a special
subsystem specializing in such complex representations (the
functional consciousness subsystem, C). It uses the complex
representations of functional consciousness for its dynamics (i.e.,
Cx, - phenomenal judgment representation, see eq. 5). As a
result, these representations have causal power in this frame of
reference. The relativity principle ensures us that because no
measurement can distinguish between phenomenal properties
and their corresponding phenomenal judgments, this cognitive
frame will measure these phenomenal judgments as qualia
and eidetic structures (Equation 35). In sum, according to the
relativistic theory of consciousness, for phenomenal structures
we need a cognitive system with the right kind of representations
and the right kind of measurement. Phenomenal structures are
the direct measurements of the complex representations that we
called phenomenal judgments.

The relativistic theory of consciousness suggests a solution
for the hard problem based in relativistic physics. There are still
several open questions that need to be addressed in the future. For
example, what are the necessary and sufficient conditions for a
cognitive frame of reference to have phenomenal consciousness?
And what empirical predictions does this theory yield? On the
philosophical side, there are also questions about the affinities and
differences between our view and dual aspect monisms such as
reflexive monism (Velmans, 2009). These are issues that we will
address looking forward.

The Formal Equivalence of Phenomenal

and Neurocomputational Structures

Since consciousness is relativistic, there is a formal equivalence
between first-person phenomenological structures and third-
person neurocomputational structures. Philosophers have asked
and puzzled over the question, “What is it like to be a bat?”
(Nagel, 1974). Nagel’s point is that physicalism is not sufficient
for explaining consciousness. Even if we describe the neural
processes involved in bat sonar, we will never get an intuitive or
imagistic sense of what it is like from the first-person perspective.
Yet years of philosophical arguments about the impossibility of
a complete scientific understanding of consciousness has only
stymied serious research, relegating consciousness to something
that is supposedly not measurable and hence not amenable to
scientific treatment (Holland, 2020).

By the relativistic theory of consciousness, the
neurocomputational structures are equivalent to the phenomenal
structures of what it is like to be a bat. This equivalence is not
a statement of the reductive physicalism that Nagel attacks.
We do not maintain that phenomenology can be reduced to
neural computation. Rather, we maintain that phenomenology
and neural computation are two different ways that the same
phenomenon appears based on the cognitive perspective of the
observer. That perspective is either from within the cognitive
system (the first-person perspective) or outside of the cognitive
system (the third-person perspective). This equivalence allows
us to use neurocomputational structure to derive phenomenal
structure. In other words, phenomenal consciousness can
be investigated by studying neurocomputational dynamics.
Certainly, the only way that the intuitive, imagistic aspects of
“what it is like” could be perceived is by actually taking the
cognitive frame of reference of the system in question. But
qualia and eidetic structures can be measured indirectly through
the neural phenomena they manifest from the third-person
cognitive frame of reference. Phenomenal consciousness is not
an immaterial and extra-scientific phenomenon, but one thats
amenable to the scientific method (for an example of a similar
approach, see Petitot, 2018).

Not only can neurocomputational structure help us discover
phenomenological structure. Furthermore, phenomenology
can also help us to discover neurocomputational structures
themselves. We are referring to neurophenomenology (Varela,
1999; Gallagher, 2003; Varela and Thompson, 2003; Petitmengin,
2006; Petitot, 2018; Gallagher and Zahavi, 2020). Rigorous
first-person philosophical inquiry into phenomenal structure can
help guide cognitive neuroscience research into consciousness
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by tracing the lineaments of what scientists ought to be looking
for. While descriptions of phenomenal consciousness are
often thought of as wispy and vague, there are precise ways
that phenomenological philosophy (and so-called “cognitive
phenomenology”) describes phenomenal consciousness that go
beyond naive, folk conceptions of experience.

For the illusionist, who understands phenomenal
consciousness to be a cognitive illusion of phenomenal
properties, “cognitive scientists should treat phenomenological
reports as fictions” (Frankish, 2017, p. 27). In the relativistic
perspective, however, phenomenological reports are not fictions.
Of course, there are serious methodological issues that make
data collection from the first-person perspective the purview
of philosophy rather than science (Husserl, 1925/2012). But
phenomenal reports are reports of what the system is like from
within its own cognitive frame of reference. These reports can
potentially help guide cognitive neuroscientific investigation.
Since consciousness is relativistic, phenomenal structure is
simply a different way of perceiving the same phenomenon
that the cognitive neuroscientist is examining from a different
observer perspective. Rather than denigrating the first-person
perspective, we believe the relativistic framework invites us
to take phenomenological philosophy seriously. We believe it
poses potentially rich possibilities for interdisciplinary work
on consciousness. No doubt, such interdisciplinary work
would be fraught with difficulties, but the phenomenological
philosopher looking at phenomenal consciousness and the
cognitive neuroscientist looking at functional consciousness are
both looking at the same thing from different observer positions.

Let’s get a clearer idea on what philosophers can contribute
to the empirical study of consciousness. Typically, first-person
experience is spoken of in terms of qualia, which often picks
out the content of phenomenal consciousness: what it is like
to see red (Jackson, 1982), or what it is like to be a bat and
have sonar (Nagel, 1974). But the tradition of phenomenological
philosophy, initiated by Edmund Husserl and continued by
Martin Heidegger and Maurice Merleau-Ponty, has long studied
first-person experience in terms of eidetic structures. An eidetic
structure refers to the “form” or “essence” (eidos) of a given
phenomenon in first-person experience, that is, its invariant
structure across time. Phenomenologists are interested not in
the qualia of greenness, but in the structural invariants that are
expressed in all phenomenal consciousness, such as intentionality
or the temporal structure of cognition and consciousness. We
will close this section by describing the eidetic structure of what
phenomenologists call time-consciousness (Husserl, 1917/1991;
Neemeh and Gallagher, 2020). We will hypothesize a way that
this eidetic structure may be realized as a neurocomputational
structure. This should be understood as an invitation for the
kind of interdisciplinary exploration between philosophers and
cognitive neuroscientists that we have advocated for.

The subjective experience of time has a formal eidetic
structure, what Husserl (1917/1991) calls time-consciousness.
While we usually imagine time to be a linear arrow,
phenomenologists contend that time-consciousness has a
far more complicated, looping structure (Neemeh and Gallagher,
2020). Take the perception of a melody. How can you perceive

a melody if, at any given point in time, you only hear a single
note being played? Don’t you simply perceive individual notes?
But a series of individual notes is not the same as hearing a
melody. The eidetic structure of melody perception involves
what phenomenologists call protention and retention. First
of all, the immediate present is never a simple, non-extended
slice of time. The present of experience is a “specious present”
(James, 1890/1983) that is temporally extended. When one
note is perceived in the immediate present, it recedes into the
immediate past. Yet it is still retained, in an attenuated form,
in consciousness (called “retention”). It is retained not as a
sensuously fulfilled object, but as a trailing shadow (Husserl,
1917/1991). Only the immediate now is fully sensuous. But if
past notes were not retained in this way in consciousness, we
would not have a conscious perception of a melody. We would
only hear individual notes. At the same time, melody perception
involves an anticipation (or protention) of the imminent note.
This is how we can perceive a wrong note: it doesn’t match up
with our anticipation, based on the previously given aspects of
the melody. The same principle holds when we hear a sentence.

In the relativistic view, first-person experience is no longer
ineluctably private. It is simply one specific cognitive frame
of reference, and when we switch perspectives, by the
appropriate transformation (eq. 44, 46, 51), to that of cognitive
neuroscience (third-person perspective), we ought to (ideally)
detect isomorphic structures that are not qualitative but rather
quantitative (assuming our phenomenological analysis is correct,
of course).

Given this formal equivalence (Equation 44), there is a
neurocomputational structure that is equivalent to the eidetic
structure of time-consciousness, or perhaps there are multiple
such neurocomputational structures for time-consciousness
in different sensory modalities. Cognitive neuroscientific
investigation can use this eidetic structure as a guide to inquiry.
For example, Varela (1999) suggests an account based in
phase locking, and Neemeh and Gallagher (2020) suggest a
Bayesian approach.

Philosophers have long studied phenomenal consciousness
and may have practiced insight into what structures to look
out for in functional consciousness. This is not to say that
philosophy is, or has ever pretended to be, a science. We advocate
for an interdisciplinary investigation of consciousness that takes
eidetic structures as the seeds of empirical hypotheses into neural
function (qualia, on the other hand, would likely not be very
productive of hypotheses. After all, how much is there to say
about redness?). This can open the cognitive neuroscience of
consciousness up to vistas of richer views of consciousness.

CONCLUSION

In sum, we propose a novel, relativistic theory of consciousness,
one that accounts for both the functional and phenomenal
features of consciousness, bridging the explanatory gap. Through
conceptual arguments and mathematical formalizations, we
propose that there is no need to expand the basic inventory
of nature (as dualists like Chalmers, 2017 argue), nor is there
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a need to explain away phenomenal features (as illusionists
argue). Phenomenal features are not truly private, since the
principle of relativity allows us to perform a transformation
from one cognitive frame of reference to another. We provided
a mathematic transformation between two idealized cognitive
systems taken from different cognitive frames of reference,
showing their relativistic equivalence. The privacy of phenomenal
features is only an illusion, based on our biological limitations
and the technological limitations of current science—basically,
we can’t yet actually perform such a transformation. But
our formalization is a proof of concept, showing that it
is theoretically feasible. Since phenomenal features are not
private, both the presence of zombies and the paradox of
phenomenal judgment fall away. The dualist infers from
these that phenomenal consciousness is a non-material extra
force or property of nature, while the illusionist infers that
phenomenal consciousness is merely an illusion created by
phenomenal judgments. But once the privacy issue, zombies,
and this paradox are neutralized, there is no longer any
strong motivation for the dualist and illusionist positions.
Phenomenal consciousness is neither private nor delusional,
just relativistic.

Not only does the relativistic theory of consciousness
legitimize the study of phenomenal features in science, but it
furthermore opens up many new questions and possibilities
for research. We noted that philosophers studying phenomenal
consciousness could play a legitimate role in the science
of consciousness, such as by theoretical contributions to
experiments seeking the neural basis of phenomenal and eidetic
structures.
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In experimental cognitive psychology, objects of inquiry are typically operationalized with
psychological tasks. When interpreting results from such tasks, we focus primarily on
behavioral measures such as reaction times and accuracy rather than experiences —
i.e., phenomenology — associated with the task, and posit that the tasks elicit
the desired cognitive phenomenon. Evaluating whether the tasks indeed elicit the
desired phenomenon can be facilitated by understanding the experience during task
performance. In this paper we explore the breadth of experiences that are elicited by
and accompany task performance using in-depth phenomenological and qualitative
methodology to gather subjective reports during the performance of a visuo-spatial
change detection task. Thirty-one participants (18 females) were asked to remember
either colors, orientations or positions of the presented stimuli and recall them after
a short delay. Qualitative reports revealed rich experiential landscapes associated
with the task-performance, suggesting a distinction between two broad classes of
experience: phenomena at the front of consciousness and background feelings. The
former includes cognitive strategies and aspects of metacognition, whereas the latter
include more difficult-to-detect aspects of experience that comprise the overall sense
of experience (e.g., bodily feelings, emotional atmosphere, mood). We focus primarily
on the background feelings, since strategies of task-performance to a large extent
map onto previously identified cognitive processes and discuss the methodological
implications of our findings.

Keywords: visuo-spatial working memory, empirical phenomenology, psychological task, constructivist grounded
theory, background feelings

INTRODUCTION

In experimental cognitive psychology, the objects of study are usually operationalized with
psychological tasks. Many readers have probably participated in studies with such tasks, sitting
in front of a computer screen with the typical light gray background, and waiting for stimuli to
appear. In well-established domains of research, these tasks are standardized so that they can be
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easily modified to answer specific research questions. When
interpreting the results of psychological tasks, we focus primarily
on behavioral measures such as reaction times and performance
accuracy rather than phenomenology. We assume that the
psychological tasks elicit the desired cognitive phenomenon (cf.
Morrison et al., 2019) and that we can infer underlying cognitive
mechanisms based on behavioral performance.

For example, when participants perform a working memory
task—where working memory is considered one of the most
important cognitive functions, encompassing many complex
cognitive operations (Baddeley and Hitch, 1974; Repovs and
Baddeley, 2006; Baddeley, 2010)—it is assumed that the
phenomenon that the task is intended to elicit (i.e., working
memory) is the primary content of participants’ conscious
awareness. Based on this assumption, behavioral data are
used to make inferences about the cognitive mechanisms of
working memory (for an overview of this type of reasoning, see
Caramazza, 1986; De Hollander et al., 2016; Coltheart, 2017).

If we are interested in measuring the target phenomena, we
need to examine the validity of the task: understood here in
the broadest sense as whether the task elicits the phenomenon
in question (Stone, 2019). Assessing validity and interpreting
behavioral data can be facilitated by understanding the
experience while performing the psychological task (cf. Jaspers,
1997). In cognitive science, phenomenology has traditionally
been used to study phenomena in naturalistic settings (e.g.,
Hurlburt, 1990; Gallagher et al,, 2015; Oblak, 2020). When
subjective reports are collected in laboratory settings, it is
typically done to ensure that the task is working as intended.
For example, Nelson et al. (2003) used a verbal change-detection
task in which they manipulated the frequency of stimuli to
elicit a familiarity-related conflict (e.g., a negative probe in
the current trial was positive in the preceding trial). At the
end of the experiment, a debriefing interview was used to
determine whether participants were aware of this manipulation.
More recently, however, in-depth phenomenological interviews
have also been used with experimental tasks to assess whether
the task elicits the desired phenomenology or to determine
what phenomenology is associated with the task in the first
place (for a theoretical overview, see Weger and Wagemann,
2015; Wagemann, 2021; for empirical examples, see Valenzuela-
Moguillansky et al., 2013; Hurlburt et al., 2016).

Studies that combine phenomenological —methods
and psychological tasks focus primarily on task-related
phenomenology. One aspect of task-related phenomenology that
has been explored most are cognitive strategies. Seghier and Price
(2018) propose that the same psychological tasks can be solved
using different cognitive strategies (for empirical examples, see
Coltheart et al., 1993; Tsukiura et al., 2005; Cummine et al.,
2013; Braga et al., 2017). In spatial navigation tasks, to remember
space, participants may rely on unitary encoding strategies (i.e.,
a single object is remembered based on cardinal directions),
binary encoding strategies (i.e., objects are remembered based
on the spatial relationships between them), or a combination
of both (Konig et al., 2017). Questionnaire surveys revealed
four cognitive styles that determine the strategy used to store
stimuli in a memory retrieval task: verbal, visual, spatial, and

image-based strategies (Miller et al., 2012); and two strategies
used in performing a spatial working memory task: an auditory
and a visuospatial strategy (Sanfratello et al., 2014). Furthermore,
eye-tracker data distinguish between categorical and detail-based
strategies when performing a spatial working memory task (Starc
et al., 2017). In memory tasks, subtle changes in strategy, such
as focusing on maintenance or retrieval, are associated with
behavioral differences in performance (Speer et al., 2003). The
use of different strategies in the same psychological task may
imply that the task does not elicit the desired phenomenon and
that the validity of the task may be in question (for discussions of
the relationship between phenomenology, behavior, and neural
dynamics, see Mcintyre, 1999; Mogensen and Overgaard, 2018).

To overcome this problem in the working memory domain,
researchers use a variety of approaches, including the use of
control tasks. For example, studies may be specifically interested
in visual working memory and therefore want to control for the
specific type of representation that participants are encoding.
The possibility that participants encode stimuli in auditory form
(i.e., by naming them in inner speech) rather than visual form
is commonly controlled using so-called distractor tasks (e.g.,
articulatory suppression), in which participants must—in parallel
with visual working memory task performance—continuously
repeat a specific verbal phrase that prevents them from encoding
and maintaining the target stimuli in auditory form (Barrouillet
etal., 2007).

In addition to the various strategies participants experience
when performing psychological tasks, psychological tasks
are typically accompanied by a variety of confounding
phenomenology, such as boredom (D’Angiulli and Smith
LeBeau, 2002), anxiety (Ikeda et al., 1996), mind-wandering
(Morrison et al., 2019), and task-related emotions (Laybourn
et al., 2022). While working memory has been studied from a
phenomenological perspective (Buchsbaum, 2013), to the best
of our knowledge, novel approaches in first-person research
(e.g., descriptive experience sampling, Hurlburt, 2011; micro-
phenomenological interview, Petitmengin, 2006; for reviews
of these methodological approaches, see Froese et al., 2011a,b;
Valenzuela-Moguillansky and Demsar, 2022) have not been
applied to this phenomenon. The full range of experiences that
can be elicited by working memory tasks is therefore unknown.

The aim of this paper is to contribute to the understanding
of working memory task performance by exploring the range
of experiences evoked by and accompanying task performance.
We consider such mapping of the space of experiences as a
first step that can then guide further, more detailed and focused
investigations of how the identified experiences may affect task
performance and its neural correlates. By using a qualitative
methodology to explore experiences during task performance,
we aim to address four challenges: (i) the unreliability of
current closed-form approaches (e.g., questionnaires, semi-
structured debriefing interviews); (ii) limiting the exploration
of confounding phenomena to a limited an incomplete set of
a priori categories; (iii) incomplete interpretations of quantitative
inferences in the absence of supporting qualitative findings; (iv)
understanding the source of noise in the data. We discuss these
aspects in more detail in the following paragraphs.
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First, although there are several studies that attempt to
understand differences in the strategies used in psychological
tasks in general and working memory tasks in particular (see
above), they usually rely on indirect measures. The existence of
different strategies is inferred from behavioral or physiological
data (e.g., Starc et al., 2017). Moreover, it is assumed that
cognitive styles and strategies are sufficiently understood, so
closed-form instruments (e.g., questionnaires) are often used to
collect data on them. In recent decades, phenomenology has
entered cognitive science (Varela et al., 1991; Flannagan, 1992;
Thompson, 2007). Notably, an in-depth and systematic look at
how individuals experience the world has been associated with a
wide-range reexamination of what are the objects of inquiry in
the sciences of the mind (for how phenomenology reexamined
diagnostic criteria in the RDoC framework in psychopathology,
for example, see Cuthbert and Insel, 2010). Such reexaminations
have proven to be especially problematic for the use of closed-
form questionnaires.

The second reason for choosing a qualitative methodology
is that the assumption that phenomena accompanying
psychological tasks are known may be invalid and needs
to be empirically assessed. As noted earlier, studies using
psychological tasks assume that participants experience only
task-related cognitions when engaged in the task. However, as
one study (Morrison et al., 2019) has shown, experiences during
task performance can be quite different from what researchers
intended—for a broader discussion of how the phenomenology
of interaction with complex systems cannot be known a priori
and requires further investigation, see theory-experience gap
in Froese et al. (2012). Of particular interest are aspects of
experience that are well known in the phenomenological
tradition—e.g., existential feelings (Ratcliffe, 2008), background
consciousness (Colombetti, 2011), and fringe awareness (James,
1890)—, but have not yet been explored in working memory
research (although for a similar approach, see Laybourn et al,
2022). In-depth interviews can identify and provide insights
into these and other aspects of experience that theory-driven
questionnaires may fail to capture.

The third reason for choosing a qualitative methodology
to investigate the experience during visuo-spatial working
memory task performance is related to the ongoing replication
crisis (Ioannidis, 2005). Recently, a new interpretation of the
replication crisis has been proposed: the so-called generalizability
crisis. Namely, the generalizability crisis stems in part from the
fact that statistical claims in research papers about phenomena
are incompatible with qualitative claims. It has been argued
that commonly, there is no link between statistically testable
experiments (presented in section “Materials and Methods”)
and the broader claims made about the phenomena of inquiry
(presented in section “Introduction” and “Discussion”), and that
this gap might be addressed with formal qualitative research
(Yarkoni, 2022). In his seminal monograph on descriptive
experience sampling, Hurlburt (2011, chapter 21) states that first-
person reports should not serve merely as the initial, exploratory
step in the study of a phenomenon. Rather, at each step of
theory-construction and conducting experimental research, we
should reevaluate whether we are still engaging with the target

phenomenology or whether we have begun to engage with
theoretical abstractions.

Finally, to understand and manage variability in behavioral
and neural data, it is important to have a comprehensive overview
of possible sources of "noise"— phenomena that accompany the
cognitive process of interest (Seghier and Price, 2018). Our final
aim, therefore, was to capture the breadth of experience during
the performance of a working memory task in order to build
a taxonomy of experience categories that can be used in future
studies (cf. Lutz et al., 2002; Hurlburt et al., 2016; Fernyhough
et al,, 2018). Importantly, our aim was not to examine inter-
subject variability along experimental dimensions, but rather to
examine the breadth of different experiences that participants
may have while performing the working memory task.

To date, only two studies have used modern approaches
to phenomenal data collection to incorporate the study of
experience into the analysis of task performance. First, it
has been shown that during performance of simple visual
tasks, different strategies accessible with subjective reports are
associated with different electrophysiological signatures (Lutz
et al, 2002). Second, elicited and spontaneously occurring
inner speech are associated not only with different but
also opposite patterns of neural activity recorded by fMRI
(Hurlburt et al., 2016; Fernyhough et al., 2018). To investigate
the experience during visuo-spatial working memory task
performance, we used an in-depth phenomenological and
qualitative methodology, in particular constructivist grounded
theory (Charmaz, 2004). This approach aims to outline in
detail the structure of a given phenomenon. Thus, it is
interested in describing the widest possible range of different
experiences associated with a phenomenon. To facilitate
detailed descriptions, constructivist grounded theory gathers
as diverse data as possible from as many different sources
as possible. Thus, we collected in-depth qualitative data from
a heterogeneous sample of participants with different ages,
educational backgrounds, and experience in mind sciences in
different visuo-spatial working memory tasks. The data collected
suggested a clear distinction between two broad classes of
experiences: phenomena at the forefront of consciousness and
background feelings. The former includes strategies and aspects
of metacognition related to task performance, whereas the latter
include descriptions of the overall impression of the experience
(e.g., bodily feelings, emotional atmosphere, mood). We present
all experiential categories induced in this study. However, because
task performance strategies largely correspond to task-related
cognitive processes identified in previous research, we focus
primarily on background feelings.

MATERIALS AND METHODS

A combination of a computerized behavioral task designed
to investigate visuo-spatial working memory and an in-depth
phenomenological interview was used to gather first-person data.
Participants were asked to attend four interview sessions. During
each session, participants were asked to solve multiple trials of
the visuo-spatial working memory task. At a random moment
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during task-performance, participants were prompted to report
on their experience. A phenomenological interview followed. The
interview investigated both how participants’ experience evolved
through time during the trial immediately before the prompt,
as well as what they experienced during each moment of the
trial. Additionally, behavioral data on their task-performance
(i.e., performance accuracy and reaction times) were gathered but
are not reported in this paper and will be presented elsewhere.

Audio recordings of the interviews were analyzed according
to the principles of constructivist grounded theory. Our
main analytical instrument was coding (i.e., assigning general
descriptive tags to sections of raw data). Three stages of coding
took place. First, codes were induced solely from the data. Second,
extant categories were compared to as-of-yet uncoded data,
while novel categories were induced. Third, all the categories
were fitted to the data. In line with principles of qualitative
research, data acquisition and analysis were conducted in parallel,
one informing the other. Then, relational coding was used to
establish logical relationships between individual experiential
categories constructed via coding. Finally, a codebook was
constructed, outlining both individual experiential categories,
and the relationships between them. In a subset of participants,
the resulting codebook was validated in additional interviews.

Figure 1 provides a schematic outline of the research design.
Each aspect of the research design is presented in detail in
subsequent subsections.

Participants

Thirty-one participants (18 females) aged between 20 and
50 years (M = 27.0, SD = 6.21; years of education: M = 16.52,
SD = 2.35) signed an informed consent to participate in
four 60-min study sessions in which they performed a visuo-
spatial working memory task. All participants had normal or
corrected-to-normal eyesight. Participants did not self-report any
neurological or psychiatric disorders. All but three participants
were right-handed. The sample size was determined based on
conceptual depth of the data (see section “Data Analysis”), and
by the expectation that it would match or exceed the sample
size in a typical working memory study (usually, between 20
and 30 participants, e.g., Bo and Seidler, 2009). 16 participants
were students of cognitive science at the University of Ljubljana.
Nine of them participated in the study as a part of their
coursework. Since their participation was therefore not strictly
speaking voluntary, they were given the option for their data
to not be used in the analysis. None of the participants opted
for having their data removed. To avoid the possibility of
gathering data that are biased by theoretical understanding
of either working memory or phenomenology, additional 15
participants who had no background in mind sciences were
recruited. While quantitative studies ask for samples to be
as homogenous as possible, the aims of grounded theory
differ and a varied and heterogenous sample is desirable so
as to account for as broad a range of dimensions associated
with the phenomenon of inquiry as possible (cf. Charmaz,
2004). The nine participants who were involved in the study
as a part of the course in first-person research received

course credits. For non-student participants no reward was
given in exchange.

Instruments

Visuo-Spatial Change Detection Task

The participants completed multiple trials of the visuo-spatial
change detection task, in which they were asked to memorize
orientations, colors or positions of the presented stimuli. The
timing structure of each trial is presented in Figure 2. Briefly,
in the remember color and remember orientation conditions,
four target stimuli were presented simultaneously for 2.0 s.
In the remember position, the target stimuli were presented
sequentially, each for the duration of 0.75 s. Following a
maintenance delay of 2.0 s, the probe stimuli were shown, and
the participants had to indicate by a button press whether there
was a change in the relevant property in any of the stimuli. Both
the accuracy and reaction times of the responses were recorded. If
the participant did not respond within 2.5 s, a null response was
recorded, and the participant proceeded to the next trial.

The visuo-spatial change detection task was presented on an
Acer Aspire 3 laptop (Intel Core i5 processor with 2.50 GHz
and 3 MB RAM) running Windows 10 Pro operating system.
The stimuli were presented on a 15.6-inch full LED screen with
1920 x 1080 resolution and 60 Hz refresh rate. The screen was
set to maximum brightness (224 cd/m2) when the task was being
performed. Participants sat approximately 75 cm away from the
center of the screen.

A custom script prepared in PsychoPy (Peirce, 2007) was
used to present the stimuli and collect responses. Stimuli in the
orientation condition were black keys (see Figure 2), 35 px (0.55°
visual angle) in length, with the main circle 19 px (0.3° visual
angle) in diameter and the line 7 px (0.11° visual angle) wide. The
orientation of each stimulus was randomly selected from eight
possible principal directions pointing toward 0, 45, 90, 135, 180,
225, 270, and 315°. Stimuli in the color condition were colored
circles, 35 px (0.55° visual angle) in diameter. The color of each
stimulus was randomly selected from eight easily distinguishable
color hues: red, dark blue, light blue, green, yellow, purple, and
white. In the position condition, the stimuli were black circles, 20
px (0.32° visual angle) in diameter.

Stimuli in all conditions were presented on a gray background
within an invisible square bounding box 520 px (8.14° visual
angle) in width positioned in the center of the screen. The
position of the orientation and color stimuli was fixed in
the vertices of the invisible square. The exact position of
the stimuli within the square varied randomly between trials,
with the requirement that the minimal distance between the
centers of each pair of objects be at least 4 times their
bounding radius.

The Phenomenological Interview

The automated change-detection task was designed to allow
pausing after any trial and allow for experiential sampling.
Specifically, between the seventh and the fifteenth trial,
the interviewer paused task execution after participants
responded to the probe stimuli. The interviewer then asked the
participants to stop performing the task and reflect on their
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FIGURE 2 | (A) Timing structure; (B) stimuli of the experiment.
experience. The interviewer guided them through the empirical The interview was designed to address the research
phenomenological interview in which participants’ subjective  question  (i.e, how  participants experience  solving
reports were gathered. the visuo-spatial working memory task). It integrated
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interviewing approaches from qualitative research-specifically,
constructivist grounded theory (Charmaz, 2004; Mills
et al, 2006a,b; Charmaz and Belgrave, 2007)-and extant
empirical phenomenological approaches, such as second-person
in-depth phenomenological inquiry (Korde$ and Klauser, 2016),
micro-phenomenological interview (Petitmengin, 2006), and
descriptive experience sampling (Hurlburt, 2011).

Constructivist grounded theory and second-person in-
depth phenomenological inquiry are both approaches that
consider the constructive role of both the researcher and
the participants in the process of knowledge-creation. The
methods require participants to be highly engaged with the
study. In turn, the interested position of the participants-
unlike some contemporary approaches to first-person research
(e.g., Petitmengin, 2006; Hurlburt, 2011)-allow the participants
to go beyond an open-ended style of interviewing. Focused
questions allowing for further theory-construction may be asked
(cf. Charmaz, 2004).

The descriptive experience sampling technique is based on
randomly sampling experiential episodes of individuals who are
trained to observe and report their experience. We modified the
typical descriptive experience sampling approach, which is based
on sampling experience in an ecological setting, by inducing the
target experience (i.e., solving a visuo-spatial working memory
task) in a laboratory setting.

Initially, the interviewer asked about the overall temporal
structure of the participants’ experience: what were the salient
events that took place in their awareness and what was their
temporal succession relative to the behavioral and functional
structure of the working memory task (i.e., presentation of the
target stimuli/encoding, delay/maintenance, probe stimuli/recall
and response). Then, the interviewer guided the participant
back to the earliest moment they reported on and gathered
its detailed description. The interviewer guided the participants
away from general statements, descriptions of their beliefs
about their experience, folk-psychological theories, and scientific
(psychological and phenomenological) concepts (Petitmengin
et al., 2019; Valenzuela-Moguillansky and Vasquez-Rosati, 2019).
When descriptions of all salient experiences were grounded
in bodily feelings, mental gestures, specific sensory modalities,
and/or attitudes, the interviewer guided the participants to the
next event. When the participant reported that there is nothing
more to add regarding the trial, they were invited to return to the
working memory task.

Audio recordings of the interviews were gathered using an
Olympus WS-852 digital voice recorder.

Procedure
Participants were asked to take part in four study sessions, each
lasting 60 min. The four sessions took place within 2 weeks'. Data

!First-person research is an evolving discipline in the context of cognitive
science. Ongoing discussions regarding the methodological recommendations and
guidelines are being conducted within the community. It is important to note
that the present study was conducted between April and November 2018. At such
time, a completely bottom-up approach was favored by the researchers in the
first-person research community (for an epistemological discussion on the role
of theory in first-person research, see Kordes, 2016). Thus, the data acquired in

were collected in an empty classroom with a table sectioned oft for
research purposes. During the task performance, the interviewer
sat behind the participants.

During the first session, after signing the consent form, the
participants were told how to perform the task. This included
instructions for the visuo-spatial change detection task, as well
as how to observe their experience. Prior to the beginning of
each session, the interviewer provided a verbal description of
both the working memory task and the interviewing protocol.
It was emphasized that the participants should set aside their
assumptions about the nature of their experience and cognition
and focus only on the events and processes that occur in
their awareness.

During each session, two task conditions were tested. One
condition was concluded at the 30-min mark of the session.
To avoid overwhelming participants with too many task
parameters, the stimuli with simultaneous presentation (color
and orientation) were presented at the first session. Within it,
half of the participants started with the color condition and half
with the orientation condition. Sequential presentation (position)
was introduced in the first part of the second session. In the next
session, conditions were randomized. When a new task condition
was introduced, the participants were given a sample trial. The
procedure was repeated until an hour elapsed.

A preliminary qualitative analysis of each session took place
within 24 h after the interview. These analyses informed what
follow-up questions were asked in subsequent interviews. In
other words, data acquisition and initial data analysis were
conducted in parallel. The process of parallel analysis allowed
us to focus on the salient aspects of experience during the
interview process itself and narrow our focus on the data directly
addressing our research question (cf. Charmaz, 2004; Flick, 2009;
Korde$ and Klauser, 2016).

Data Analysis
A total of 124 sessions were conducted across all the participants.
Allin all, we gathered 501 samples of experience (on average, 16.2
per participant). On average, participants received 4.0 prompts
per session. A handful of participants expressed a higher degree
of interest in exploring their experience. Sessions with them
consisted of fewer samples that were explored in more detail.
Based on current standards in first-person research (Hurlburt,
2011; Valenzuela-Moguillansky and Vasquez-Rosati, 2019), two
criteria for determining the validity of individual samples were
followed: (a) whether the participants focused their description
on a single trial; and (b) whether they described their lived
experience rather than theories, assumptions, or beliefs) (e.g.,
statements such as “I simply saved it in my working memory.”
or “I stored it in my brain.”). If a given sample did not reach
these criteria, we eliminated the sampled experience from the
analysis. Commonly, first sessions were eliminated entirely. 376

this study were not constrained by questionnaires inquiring into, for instance,
personality structure or the expression of mood disorders. Since examples of
studies constraining these different types of instruments were published in the
intervening years (Madeiros et al., 2021a) as well as discussions resolving the
relevant epistemological issues (Madeiros et al., 2021b; Oblak, 2021b), it is now
possible to put forward research design addressing these relationships.
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samples (133 for the color condition, 134 for the orientation
condition, and 109 for the position condition) of the experience
of solving the change-detection task were considered valid and
were analyzed further.

Analysis of the Interviews

Interview data were analyzed according to the principles of
constructivist grounded theory. The main analytical instrument
in constructivist grounded theory is coding; that is, the process
of assigning more general descriptive tags to sections of raw
data (see section “Coding”). Codes were grouped together based
on their descriptive similarities, resulting in many experiential
categories. The analysis yielded a large taxonomy of experiential
categories (Figure 3).

Coding

During the analysis, the samples from all participants and
across the three tasks were grouped together. Valid samples
were coded according to the principles of constructivist
grounded theory (Charmaz, 2004). Our goal was to determine
a system of classification that would fully describe the key
aspects of experience associated with the performance of a
change-detection task. Initially, our focus was on the explicit
ways of how individuals solve the change detection task -
what we can broadly refer to as "strategies." However, as
the data were coded inductively, other experiential categories
that will be in detail presented below emerged through the
process of analysis.

Following inductive coding, we employed relational coding,
i.e., we constructed meaningful relationships between individual
codes (Flick, 2009). Most importantly, we grouped them
into higher-order categories based on descriptive similarities.
Categories were constructed so that they remained stable
across all participants (i.e., both the participants who received
formal training in cognitive science and phenomenology, and
the participants naive to those fields). Considering the large
amount of phenomenal data acquired, we constructed a broad
taxonomy of experiences associated with solving a change
detection task (e.g., the most well-developed codes span five
levels of abstraction). It is important to note here that the
data we initially gathered were both broad and detailed (e.g.,
we gathered descriptions of how participants experienced
their mental space taking shape in their consciousness). In
relational coding, we narrowed our focus and constructed
experiential categories that are explicitly related to engaging
with a psychological task, and specifically, solving a visuo-
spatial working memory task. We omitted those aspects of
experience that are tangential to our research goal (e.g.,
experiencing the need to urinate). Finally, in relational coding,
we mapped some of the categories induced from the data
to extant concepts from psychological, phenomenological, and
neuroscientific literature.

As mentioned in the section “Procedure;,” throughout the
course of the study, data acquisition and analysis were performed
in parallel (Flick, 2009). Based on insights gained during the
analysis, we inquired about specific questions in more detail.
Further, we were able to check whether certain experiential

categories we had induced in earlier interviews were valid by
asking the participants about them in subsequent interviews
(Charmaz, 2004). This means that in parallel to the process of
data acquisition, provisional categories were constructed. The
validity of these categories was then checked against subjective
reports in subsequent interviews.

We observed a rich continuum of experiences associated with
solving the change-detection task. As such, the relational coding
yielded a complex taxonomy (Figure 3) of experiential states,
spanning five levels of coding (denoted with Roman numerals).
On the lowest level of coding (Level I), the categories refer to the
smallest degree of abstraction from the raw transcriptions of the
interview. As such, they are - for the most part - theoretically
unburdened. Moving upwards through the levels of coding, the
experiential categories are grouped together based on both their
structural (i.e., descriptive) similarities, as well as on working
memory literature. For example, we introduced differences in
coding that are based on working-memory processes (i.e., target
stimuli/encoding, delay/maintenance, and the presentation of the
probe stimuli/recall) that a particular aspect of experience is
associated with.

Construction of the Codebook

The taxonomy of experiential categories was organized in an
annotated codebook. Constructing a codebook (sometimes
referred to as the coding manual; Kalinowski et al., 2010) is
a standard procedure in qualitative research, and has been
productively used in empirical phenomenological studies as
well (e.g., Hurlburt and Heavey, 2006; Korde§ et al., 2019;
Schwartzman et al., 2020). Codebook is a text in which each
experiential category is described using (a) a name; (b) a
definition; (c) logical relationships with other categories (i.e.,
which categories are superordinate or subordinate to each
other; (d) representative examples; and (e) considerations
(in which specific differences between similar categories are
explicated and demonstrated with examples). The codebook
serves three purposes. First, it provides a way of organizing
the large amount of data acquired in the study. Second, it
serves as a criterion of validity (i.e, a valid taxonomy of
experiential categories yields a logically consistent codebook).
Finally, the codebook provides a quick way for independent
researchers to familiarize themselves with our coding
taxonomy. The codebook is made available in its entirety
in Supplementary Material C.

Determining the Validity of Coding

To ensure that we have reached conceptual depth (sometimes also
referred to as saturation; Saunders et al., 2018), which is the point
when we have gathered enough data for constructing a theory,
we used the annotated codebook approach (Nelson, 2017). This
approach supplements the codebook with a saturation grid
(hence annotated codebook). A saturation grid is a tabulation
of interviews listed along the horizontal (in our case, we
listed individual participants to make the large amount of data
tractable) and the codes listed along the vertical. The occurrence
of each new code is marked in the appropriate cells. When in
several subsequent interviews, no new codes can be induced from
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FIGURE 3 | Taxonomy of experiential categories.
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Disengaged performance
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TABLE 1 | Condensed saturation grid.

Code/Participant 1 2 3 4 5

14 15-31

New codes discovered 22 4 0 8 5

the raw data, we can claim that we have reached conceptual depth.
Table 1 represents a condensed saturation grid for our study.
We have reached saturation after completing the interviews

with Participant 14.

To ensure the validity of our coding process we further took

two measures: intercoder verification and consensual validation.
The former refers to checking whether two independent coders
reached the same types of codes on the same subset of data.
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To this effect, the codebook was agreed on by the two principal
coders, and the entirety of the gathered phenomenal data
was subsequently subjected to the same codebook. Consensual
validation refers to us checking with the participants themselves
whether they agree that our coding process accurately reflects
their experience. Consensual validation took the form of
additional interviews in which the participants were given the
experiential categories and asked to use them to report on their
experience according to those categories. Participants were also
given the opportunity to comment on whether the categories
do not match their experience. No large changes were made
by the participants except for remarking that the original name
for the category impression should be changed from the Latin
imprimatura to make it “less pretentious.” In total, five sessions
were conducted with participants who were perceived by the
researchers as most skilled in observing and reporting on
their experience.

Epistemological Commitments

Since qualitative research, specifically phenomenology, may
deviate from the positivist epistemology that is considered the
standard fare in psychological research, this subsection explores
the epistemological commitments that guided our study. Notably,
many subjective phenomena (e.g., mind-wandering, cognitive
strategies) that are commonly discussed in the literature, are
phenomenologically opaque, since they are not described from
the first-person perspective, but as third-person objects of inquiry
(e.g., how they are operationalized in experimental research
designs) (for a detailed discussion on this issue, see Varela et al.,
1991; Varela, 1996; Thompson, 2007; Kordes, 2016; Petitmengin,
2017).

Second, we adopt Hurlburt’s (2011) notion of
phenomenological data being radically non-subjective. By
this, it is meant that phenomenal data that are presented in
this study (a) refer to phenomena that are directly present to
participants’ consciousness (rather than general statements or
recollections); (b) do not include participants’ opinions and
generalized statements on their experience. Nonetheless, the
data are not objective because the only way to access them
is through interviewing the individuals who lived through a
certain experience.

Where our epistemology differs from Hurlburt’s notion of
radical non-subjectivity of phenomenal data is in the claim that
there is an objectively correct way of describing experience. As
noted above, we follow both the epistemology and methodology
of constructivist grounded theory approach (Charmaz, 2004),
which, broadly speaking, states that data are jointly constructed
by the researchers and participants through the interviewing
processes (Mills et al., 2006a,b). We attempted to increase the
objectivity of the phenomenal data by: (a) conducting multiple
interviewing sessions with the same participants; (b) gathering
a larger amount of data than is typical for a qualitative study;

21t is to be noted that at the time of conducting this study, no procedures tailor-
made for consensual validation of phenomenal data were available. The consensual
validation presented in this study amounted to a first stage of developing a
validation procedure for phenomenal data (for the development of the validation
procedure, see Oblak, 2021a).

and (c) engaging in the processes of consensual validation and
intercoder verification.

See, however, the Section “Limitations and Future Directions”
for how strategies and dispositions involved in working memory
task performance might be constrained for a more objective
understanding of the target phenomenology.

RESULTS

As mentioned in the Analysis section, we organized the
qualitative data in the so-called annotated codebook. The
experiential categories in the codebook span five levels of coding,
with lower levels representing the smallest degree of abstraction
from the raw data (i.e., amount to descriptions of experiential
events as reported by the participants), whereas higher levels of
coding refer to our attempts at organizing the data according to
both descriptive similarities between categories, as well as insights
from extant literature. The entire codebook is schematically
represented in Figure 3.

Atlevel V of coding - that is, the highest degree of abstraction
from the raw data — we differentiate between phenomena at the
front of consciousness and background feelings (cf. Colombetti,
2011). Phenomena at the front of consciousness refers to
whatever is most present in the forefront of a participant’s
experience in each moment. These aspects of experience are
readily available to conscious reflection even to participants who
are not trained in observing and reporting on their experience.
Conversely, background feelings describe overall, integrated, and
more subtle aspects of experience that were not explicitly brought
into the foreground of participants’ awareness but nonetheless
described how it was to be them when solving the visuo-spatial
working memory task.

Phenomena at the Front of

Consciousness

Phenomena at the front of consciousness consist of five broad
categories: encoding, maintaining, recalling, meta-cognition, and
mind-wandering. The categories encoding, maintaining, and
recalling refer to the experience of the individual stage of the
working memory task. Thus, these categories could broadly
be referred to as mnemonic strategies, in that, they refer to
the experience of attempting to solve the visuo-spatial working
memory task. Each of these three categories is further subdivided
into active (i.e., an aspect of experience perceived by participants
as something they do) and passive (i.e., an aspect of experience
perceived by participants as something that happens to them).

Active Encoding
Active encoding consists of (a) staring; (b) reducing complexity;
(c) motor planning; (d) searching; and (e) describing. Staring
refers to the experience of simply gazing at the target stimuli,
hoping that you will somehow remember them. Often, the
experience of staring is accompanied by the awareness that this
strategy is in vain.

Reducing complexity is an experiential category where
participants find the target stimuli to be too complex for them
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to be able to memorize them. For participants to be able to
engage with the task, they first must simplify the stimuli for
themselves. This is done in two ways, grouping, and omitting.
Grouping refers to participants finding a commonality in some
subset of stimuli (e.g., based on shape, color, common theme),
whereby they can reduce the number of stimuli that have to
be remembered. Conversely, omitting is an experiential category
where participants — because of the complexity of the stimuli -
consciously choose to remember only a subsection of stimuli,
hoping that it will be enough for them to be able to recognize
whether the probe stimuli are equal to or different from
the target stimuli.

Motor planning refers to an experiential category that
describes instances in which participants memorize the target
stimuli by memorizing how they looked over them with
their gaze. This category consists of three closely related but
experientially different aspects of experience. Pushing away is
the experience whereby individual stimuli feel as being weighed
in space and moving across them with one’s gaze is subjectively
experienced as going against the apparent resistance of the
stimuli. Moving the eyes is a strategy of memorizing the target
stimuli whereby participants pay attention and remember the
feeling in their eye muscles as they look over the stimuli. Finally,
path refers to memorizing the trajectory of the center of the
gaze (which may or may not be accompanied by the faint, bright
line following it).

Searching is an experiential category that describes active
encoding whereby participants attempt to discover a pattern
in the stimuli, however, they need not actually find the
pattern for this strategy to be successful. Finally, describing
refers to participants tagging the target stimuli with some
form of linguistic description, typically rendered in the form
of inner speech.

Passive Encoding

Passive encoding refers to a set of experiences of the target
stimuli whereby participants feel that memorization is an aspect
of experience that happens to them. Passive encoding consists of
three subcategories: (a) visual feeling; (b) recognizing a pattern;
and (c) acoustics. Visual feeling is the experience of the overall
visual atmosphere of the stimuli (e.g., blue, white, and black
stimuli feeling cold).

Recognizing a pattern is an experiential category that describes
the experience of some conceptual knowledge to describe the
stimuli being immediately available upon perceiving them.
Recognizing a pattern consists of three subcategories. First,
recognizing a symbol refers to an awareness that there is some
symbolic structure that can be readily related to the stimuli
(e.g., white, green, and red being memorized as the colors of
the Italian flag). Second, known abstract image refers to stimuli
being describable through some geometrical shape (e.g., dots in
the location condition outlining the shape of a star). Finally,
concrete image describes instances where the stimuli elicit a
mental image that incorporates some aspect of their appearance
(e.g., in location condition, dots arranged in the shape of a
rhombus might elicit a mental image of a kite under a blue sky).

The final category of passive encoding is acoustics. This
aspect of experience refers to participants being aware of
apparent sounds associated either with the appearance
of an individual stage of the task or individual stimuli.
Occasionally, this imaginary sound component may be sufficient
for successful memorization.

Active Maintaining

Active maintaining describes participants willfully attempting to
hold the target stimuli in their awareness during the delay period
of the visuo-spatial working memory task. Active maintaining
consists of three subcategories: (a) rehearsing; (b) imagining;
and (c) waiting.

Rehearsing is an experiential category that refers to
some aspect of experience being continuously repeated in a
participant’s awareness for them not to forget the target stimuli.
Rehearsing consists of two subcategories: rehearsing a verbal
description and rehearsing eye-movement (in which the method
of active memorizing of motor planning is rehearsed).

Imagining describes the experience of the target stimuli being
recreated in one’s imagination using mental imagery (i.e., the
target stimuli are maintained in the visual modality).

Finally, active maintaining consists of waiting. Interestingly,
waiting was experienced as something that was actively
performed by participants. It consists of two categories: void
and leaning forward. The former describes an awareness of the
absence of mental content. Participants are simply waiting for
something to happen. Conversely, leaning forward describes the
experience of performing a gesture toward the future moment
(e.g., by attempting to anticipate or predict the identity of
the probe stimuli).

Passive Maintaining
Passive maintaining is an experiential category that describes
instances where the target stimuli remain in participants’
awareness seemingly of their own accord. No explicit mental acts
are required for these aspects of experience. Passive maintaining
consists of two subcategories: (a) impression; and (b) afterimage.
Impression is an awareness of marked space left behind by the
disappearing target stimuli during the delay period. It is a spatial
feeling of something having been there. Conversely, afterimage is
a visual experience in the form of a rapidly deteriorating echo
of the target stimuli. Afterimage is typically the opposite (i.e.,
contrast) color to the stimuli.

Active Recalling
Active recalling is the experience of participants attempting to use
an explicit strategy to determine whether the probe stimuli are
equal to or different from the target stimuli. Three strategies of
active recalling were identified: (a) comparing; (b) guessing; and
(c) mixed recalling.

Comparing is an experience in which two explicit experiences
at the foreground of one’s consciousness are compared one
against the other: first, there is some explicitly present memory
of the target stimuli, and second, the visual presence of the probe
stimuli. Three common experiences of comparing were observed:
comparing with a mental image (i.e., a visually present memory
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of the target stimuli), applying eye-movements, and applying
verbal descriptions.

Guessing refers to participants not having an explicitly
present answer to the probe. Thus, they opt for picking an
answer at random.

Finally, mixed recalling refers to a highly specific experiential
dynamic during the probe stimuli. Namely, participants first
passively become aware of whether the probe stimuli are equal
to or different from the target stimuli (see below for passive
recalling). In absence of an explicit strategy, participants feel
unsure in their response. Thus, they use an additional explicit
strategy to make sure that their initial feeling is correct.

Passive Recalling

Passive recalling is an experiential category that describes
instances in which the knowledge about whether the probe
stimuli are equal to or different from target stimuli occurs to
the participants. Passive recalling contains two subcategories:
(a) appearance; and (b) hunch. The two subcategories differ
primarily in their location within one’s experiential field, and the
level of certainty. Appearance is an experiential category that
describes the answer being present immediately in the perception
of the probe stimuli. Appearance is accompanied by a sense of
absolute certainty that the answer is correct. Second, hunch is a
bodily felt likelihood regarding the answer to the probe stimuli
(cf. gut feeling). Unlike appearance, hunch is subject to doubt.

Meta-Cognition

During the performance of the visuo-spatial working memory
task, participants commonly reflect on their performance. We
coded such experiences as meta-cognition. Subcategories of
meta-cognition are divided along the lines of how saliently
they are present in participants’ awareness: (a) explicit; and (b)
implicit. Three explicit aspects of meta-cognitive phenomenology
were observed. First, commenting refers to an ongoing monolog
or a dialogue, rendered in inner speech, providing feedback on
what participants are doing and how well they are performing at
the visuo-spatial working memory task. Second, attention refers
to a sense of self-assuredness associated with the knowledge
that they are paying close attention to the task. Since they are
mindful of the task, the logic goes, it is unlikely that they missed
something. Finally, monitoring refers to participants assuming
a variety of observational perspectives of their experience of the
task, both to make sure that there are no experiences that slip past
them, and to be able to report on their experience.

The only implicit aspect of meta-cognitive phenomenology
is meta-cognitive feeling. This experience is closely related to
the experience of positive neutrality (described in detail below).
Meta-cognitive feeling refers to whether participants suddenly
become aware of some disturbance in their field of experience,
signifying that they have made a mistake.

Mind-Wandering

The final phenomenon at the front of consciousness refers
to mind-wandering. These are instances in which participants’
attention moves away from the task toward other objects and/or

mental activities, unrelated to the visuo-spatial working memory
task, that they construct for themselves.

It is important to emphasize that many phenomena at
the front of consciousness occur simultaneously or overlap
within a single experiential episode. Phenomena at the front
of consciousness are of particular interest to the theoretical
construct of working memory, specifically, what kind of cognitive
strategies, as accessible to conscious reflection, participants
deploy to successfully solve the task. A detailed description of the
categories and a quantitative analysis of experiential categories
will be presented elsewhere. In the remainder of this paper, we pay
particular attention to the second Level-V experiential category:
background feelings.

Background Feelings

During data acquisition and analysis, we observed a huge
variability in non-strategic experiences during the task-
performance. While aspects of experience related to strategic
performance of a visuo-spatial working memory task (outlined
above) were - in a manner of speaking - artificial (being tied
to specific stages of the working memory task), we observed
an aspect of experience that provides a much more holistic
description of how it feels to solve a visuo-spatial working
memory task. These aspects of experience represent the second
level-V category: Background feelings. Background feelings
constitute aspects of experience that are not placed in the focus
of participants’ awareness, but nonetheless play a major role in
the description of how it is to be someone in each moment. They
are represented by several subtle attentional modulations and
bodily feelings.

Notably, while phenomena at the front of consciousness are
easily accessible even to participants who are not trained in
observing one’s experience, background feelings are not as readily
apparent in conscious reflection. Background feelings include
the following level IV subcategories: (a) attentional dispositions,
(b) atmosphere of experience, and (c) attitude toward the
task. These aspects of experience will be explored in detail in
subsequent sections.

Attentional Dispositions

Attentional dispositions describe different attitudes we can take
within our attention toward a specific object of our awareness. In
turn, this attitude influences how we experience the object itself
(cf. Petitmengin et al., 2009; Kordes et al., 2019). In this study, we
observed five different experiential categories that we consider to
constitute attentional dispositions we may take toward a visual-
spatial working memory task: separation from the task, coupling
with the task, you toward the task, the task toward you, and
not on the task. Separation from the task refers to an attitude
of distance toward the change-detection task. Rather than being
experienced as something that the participant has a causal effect
over, the task is seen more as a video being passively observed. As
Participant 27 reports:

“I wasn’t really with the task. I was solving it and it was important
to me to solve it well, but I was also really aware of the room and
you sitting behind me [...] What happened was that there was this
sense of whole that was left over from the previous example, and
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then I didn’t know whether I'm comparing it to this example or
the one that came before.” (VR WM.1.27-04-O-01)

Conversely, coupling with the task is an experiential category
that describes a spatially felt connection between the participant
and the task at hand. This connection can be implicit and can
appear simply as a loss of awareness of the research setting,
the researcher, and the environment. Conversely, it can be very
apparent, experienced as a sense of an enclosed, private space
between the participant and the psychological task:

“It is a kind of bubble. My attention is concentrated here at the
front, at the task. This bubble is essentially a very pleasant kind of
attention. I really like this focus. And my surroundings disappear.
And I'm not aware of you either. There wasn’t even an awareness
of where I'm sitting. All that existed was this task. And I felt warm
about that. This warmth was for me and for the way I do the task.
It wasn’t warm like the sun, but like a warmth in my thoughts.”
(VR.WM.1.24-01-P-02)

Alternatively, participants can approach the task by
performing several mental gestures upon it (you toward
the task). This experience may be so strong that it appears as
a sense of direction moving from the participant toward the
task. Consider the following example where the performance of
mental gestures is explicitly reported on:

“The task seemed more difficult than before. Before, it was enough
for me to just have the impression of the image, whereas now I had
to keep more of my focus on the task. I had to push away the things
unrelated to the task. I performed movements with my gaze from
object to object. I was jumping across them.” (VR.WM.1.10-01-C-
06)

Participants may also assume the attentional disposition of
the task toward you. This experiential category refers to the
participants appreciating the stimuli such as they are, without
performing mental gestures upon it; that is, the category
constitutes a receptive attitude toward the task. Consider the
following report:

“I just let the dots happen [...] I trusted myself that I will be able
to know whether the next stimulus is correct or not. [...] It was as
if I shut the task down. I was looking at the [fixation cross] and it
was a little bit like meditating. I didn’t have to think of the dots or
anything.” (VR.-WM.1.15-02-P-04)

The final attentional disposition that we have observed within
this study is not on the task, which refers to situations where
participants attended to something other than the visual-spatial
working memory task. This attentional disposition, however, is
quite rare, as it was difficult to come across cases where the task
did not in any way enter participants’ awareness without the
research context breaking down (i.e., without them stopping to
solve the task).

Attitude Toward the Task

The second subcategory of background feelings are attitudes
toward the task. These are background feelings within which
the participants implicitly interpret the experimental paradigm
in one way or another. In this context, we use the term
“interpretation” to refer to what the participants make of

the whole research setting. Attitudes toward the task contain
three major ways of interpreting the change-detection task:
(a) difficulty, (b) attitude toward task-performance, and (c)
engagement with the task.

Difficulty is an attitude toward the task in which the
participants interpret the task either as easy or difficult.
Importantly, it is apparent that the difficulty of the task is not
a property of an observer-independent, objective world, but it
amounts to an attitude that participants take.

Attitude toward task-performance is an experiential category
that refers to whether the visuo-spatial working memory task is
appraised by participants as playful or task-like. Consider the
following example, when the task appears playful:

“The task seems more dynamic somehow. It was easier and more
fun. I didn’t know where the objects will appear and so there
was always a little surprise when they showed up. I didn’t have
an anticipatory feeling about where they will appear. It was fun.”
(VR.WM.1.06-02-P-01)

Conversely, consider the following example when the
experimental setup appears task-like:

“I began thinking about how I don’t like the exercise. The tails of
the objects bothered me. They caused these bad feelings inside of
me. These were more mental than bodily. It wasn’t as if I was in
pain or under stress. It was more of a preference. As if I didn’t have
these tails on the objects.” (VR.WM.1.25-03-O-02)

Engagement with the task is an experiential category that
describes the level of enthusiasm and zeal with which the
participants approach it. In other words, it is a question of
whether the participants approach the task as if it is important
and something they must do well, or whether they approach
it as something irrelevant, something that is simply there.
Engagement with the task can be subdivided into engaged
performance (where it is important to participants that they do
well on the task), and disengaged performance (where the task is
no longer at the center of their awareness). The former contains
the following subcategories: (a) competitive attitude; (b) vain
attitude; and (c) obligation. Disengaged performance contains
the following subcategories: (a) disregard; (b) unburdedness;
and (c) boredom.

The Atmosphere of Experience
The final subcategory of background feelings is the atmosphere
of experience. It is a background feeling that describes the
frame of the participant’s experience. It refers to those aspects
of experience that do not carry with them a specific content,
but rather color whatever is at the center of the participant’s
experience. It contains four subcategories: (a) Positive neutrality,
(b) fatigue, (c) informational chaos, and (d) faith in recognition.
Fatigue is an experiential category that is to be understood in the
trivial sense of the word - the experience of being tired.

Faith in recognition refers to an experience where despite not
having an explicit mnemonic strategy, the participants feel that
they will be able to successfully solve the change-detection task:
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“I'know I can do it. It’s just that I don’t know how exactly I know.
When I look at the memory stimulus, it just seems like I will be
able to remember it.” (VR WM.1.07-01-C-02)

Informational chaos is a particular atmosphere of experience
where the visual-spatial working memory task seems so complex
as to be impossible to solve. It seems impossible to memorize
the memory stimuli on account of how complex they seem.
Participants commonly experience this complexity as the absence
of any stable point at which to direct their attention to
start memorizing the stimulus. It is an exceedingly unpleasant
experience, and it is accompanied by feelings of anxiety and fear
(cf. Kordes, 2019). Over the course of the validation interview,
Participant 22 reported that whenever she was solving the
orientation condition, she was constantly anxious:

“The memory stimulus appeared on the screen, and I immediately
realized that I do not have the time to encompass the whole
image with my eyes, let alone memorize it. I was moving my eyes
around. I was panicking. I was trying to construct a memory, a
pattern that would be sensible enough to be memorable. When
the test stimulus actually happened, I had no explicit memory
representation. There was no sense of how familiar the second
stimulus was. So, I guessed the answer.” (VR WM.1.22-01-O-01)

Consider the further report from Participant 01 about the
negative feelings incurred by the task:

“It was terrible! I felt really unpleasant because I was fixated on
having to get all of them right. I can feel the tension in my body,
and I feel stressed. I have a feeling that this is how tasks are
supposed to be performed. This is not research. It’s an exam. It’s
something I have to get right. I know I have to get it right. This
was constantly in the front of my awareness. And it took a lot
of attention for me to be able to solve the task. I couldn’t find
any reference point that would help me remember it. I just waited
for [the stimulus] to happen and try to remember its impression
somehow. I was never sure about the answer. I always doubted the
answer.” (VR.WM.1.01-04-P-01)

The transcript of the interview does not do justice to the
participant’s distress. In research memos, we noted that her face
became flushed, she was visibly uncomfortable, and bordering on
tears. Participant 27 similarly reports:

“It seemed to me like it should be fun, but it isn’t. Now, it’s
stressful. I am using only about 20% to pay attention to it and
I kind of don’t care about it. I started to think about the task
and now it’s no longer as fun. And everything began going by so
quickly. And so, I started thinking, why should I even bother if
everything is going by so quickly. And then I ask myself, what's
wrong with me? Am I dumb? And so, I just refuse to answer.”
(VRWM.1.27-04-0-02)

One of the key aspects of informational chaos is the experience
of the lack of stability, that is, the sense that there is no part
of the visual experience that the participants could anchor their
attention to in order to start remembering. Participant 25 reports:

“I ran out of focus, but not because I was wrong with the previous
one. It was simply no longer clear what I have to do. I don’t
understand what is happening on the screen. I don’t know what
to do. It was really, really uncomfortable. This panic was much

worse than if T was just wrong. I almost started crying. I felt totally
powerless. I felt this tension that was rising from my chest to my
clavicles. I felt that I have an increased heart rate. I didn’t know
what to do. There was a confusion in my mind. I didn’t know what
to focus on. There was a lot of pondering, but actually, I didn’t
really have any thoughts. It was all mostly bodily experience. I
couldn’t stop it. I couldn’t make a decision about what to do. This
panic was the only thing I was really experiencing. I wasn’t solving
the task. I was just randomly clicking. Because I knew I had to.
And there was this idea of a record of everything that I don’t click
on.” (VR-WM.1.25-01-0-02)

She goes on:

“I began thinking about how I don’t like the exercise. The tails of
the objects bothered me. They caused these bad feelings inside of
me. These were more mental than bodily. It wasn’t as if I was in
pain or under stress. It was more of a preference. As if I didn’t have
these tails on the objects.” (VR WM.1.25-03-0-02)

Importantly, informational chaos is associated with
particular attitude toward the task, namely the sense
obligation. As Participant 22 reports:

of

“I had a feeling of a total lack of control. I knew that I could
not answer these questions. I randomly clicked. And when I
finally gave into it, I had no thoughts about it, even though it
encompassed the better part of my experience.” (VR WM.1.22-01-
0-01)

The performative dimension of informational chaos is
apparent: the participants are no longer solving the task, but
are rather clicking at random, because of an experience of
obligation. Rather than asking the researcher for the study to
end - which they are told is a possibility at the beginning of
the study - the participants continue to pretend to perform the
working memory task.

Positive neutrality is an atmosphere of experience in which
the participants are aware of the absence of any kind of
disturbance. It is the sense of the smooth running of events.
This smoothness; however, is not experienced positively in and
of itself: it is a noticeably neutral aspect of experience. Because
the participants are aware of nothing being wrong, this neutrality
is experienced as something good, as something mildly positive.
Positive neutrality may be brought into one’s awareness four
interrelated and connected ways: (a) Smoothness of performance;
(b) calmness; and (c) rhythm.

Smoothness of performance is an atmosphere of experience
in which the participants are aware of positive neutrality at their
own task performance. The task — and its performance - run
smoothly, without any interruptions. This smoothness in and of
itself is not pleasant. The absence of disturbances is the aspect of
experience that is perceived as positive. Consider the following:

“Everything was related to the rhythm. It created this flow. This
rhythm was silent, discrete, a staccato. I moved my eyes according
to where I was expecting the dot to appear. When it didn’t appear,
I got a sense of dissonance. It went outside of the rhythm. It’s a
very mental experience, yes, but it is not reasoning. It wasn’t as if
I said ‘Aha, it went out of rhythm, therefore, it does not fit.” It was
a more subtle feeling. Like an aha moment. The dot was not here,
so it must be there. When the dot was in an unexpected place,
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the rhythm broke down. And so did any image that I had in my
mind.” (VR.WM.1.19-02-P-02)

The experience of rhythm is, by and large, tied to the
appearance of stimuli themselves. This experiential category
refers to an embodied (and sometimes even auditory, when
accompanied by the experience of acoustics) element of
experience. Participants report that rhythm structures their time
and that task-performance in consequence becomes more relaxed
and predictable. Rhythm can be embodied and is commonly tied
to the feeling of heart rate. In a similar manner to the smoothness
of performance, rhythm can break down in the case of a mistake
or a disturbance in an experiential field. This leads to the tempo
stopping. Insofar as the disturbance does not occur, the rhythm
encompasses the final key press as well:

“A rhythm of performing the task established itself. At the end, I
answer completely automatically. If there’s a mismatch, this way
of solving the task stops.” (VR.WM.1.17-04-O-02)

Smoothness of performance is an experience that is
structurally like rhythm from the point of view that once it
is present, it appears as the default state of the experiential
landscape. Both aspects of experience may be cut short by a
disturbance. The difference is that smoothness of performance
is, by and large, unconscious. Rhythm, on the other hand, clearly
constitutes a presence. Consider the following example:

“I said to myself, ‘one, two, three, four.” This happened in the
same rhythm as the dots appeared in. these verbalizations were
sounds that happened in my own voice. The rhythm helped
me concentrate. It gave structure to my sense of time. It wasn’t
intended to be a dancing rhythm but it reminded me a lot about
dance where you have to count [...] 'm the author of these words. I
willfully produce them. When they first appeared, I didn’t willfully
create them. It wasn’t my strategy at first. But then I noticed
that ’'m doing it and that it feels good. What felt good was
the structure. I latched on to that and started actively doing it.”
(VR.WM.1.04-02-P-01)

Finally, calmness is an atmosphere of experience whereby
the participants feel pleasant in the absence of disturbances.
Calmness itself has no object. It describes the general way of
existing in a particular moment.

DISCUSSION

In the present study, we investigated the experience during
solving a visuo-spatial working memory task. We used the
change-detection task, a standard instrument for studying
working memory, and gathered first-person data with
a combination of experience sampling and an in-depth
phenomenological interview. This resulted in a large array of
data depicting the experience of participants solving the visuo-
spatial working memory task. During the study, we observed
that the experiential landscapes associated with visuo-spatial
working memory task-performance are extremely rich, both in
terms of mental acts that participants use to attempt to “solve”
the task, as well as in terms of depth of experience; that is,

overall experiential states accompanying (and often probably
determining) the task-performance.

Our qualitative analysis separated the gathered phenomenal
data into two major classes of experience. First, there is an
experiential dimension, coded as phenomena at the front of
consciousness. This category describes aspects of experience that
occupy the center of participants’ awareness and are readily
accessible to consciousness reflection even in absence of training
in how to observe and report on experience. Phenomena at the
front of consciousness consist of various strategies of solving the
visuo-spatial working memory task, together with meta-cognitive
experiences, and mind-wandering.

Second, during the analysis, an experiential dimension that is
harder to access in conscious reflection as it comprises the overall
sense of experience (e.g., bodily feelings, emotional atmosphere,
mood) was consistently detected. We coded this experiential
dimension as background feelings. Most of the present article,
including the discussion, is dedicated to background feelings. The
study of background feelings poses significant methodological
challenges, but - we suspect — could play an important
role in understanding and interpreting the results of visuo-
spatial working memory task-performance, as well as working
memory more broadly.

Comparison to Existing Ideas
In the present subsection, we tie the experiential categories
observed in this study with extant ideas from mind sciences.
The identified categories that belong to phenomena at the front
of consciousness map well onto extant constructs from the
domains of cognitive strategies, metacognition, and perception.
The broad distinction between active and passive experiential
categories fits the discussion on agency in philosophy of mind
(Gallagher, 2012). A number of categories were observed that
might be summarized as representational modalities (imagining,
motor planning, describing) that correspond with the basic types
of experiences identified via descriptive experience sampling
(inner seeing, inner speech, feeling) (Heavey and Hurlburt, 2006).
Reducing complexity can be linked to chunking (Miller, 1956).
The complex phenomenological dynamic seen during the delay
period (i.e., the present moment can be experienced as absence
of experience or an anticipation of the future) can be linked to
experimental results that suggest that encoding and recall are
more akin to different styles of solving the task than separate
memory mechanisms (Speer et al., 2003). Finally, the embodied
dimension of hunch suggests that it may be integrated into the
somatic marker hypothesis, a theory that suggests intuition is the
statistical awareness of the probability of some event, reflected in
the personal level as a specific array of bodily feelings (Damasio,
1996). A more detailed examination of phenomena at the front of
consciousness will be presented in a follow-up publication.
While phenomena at the front of consciousness amount to
well-known constructs within the sciences of the mind, until
recently, background feelings received little attention within
psychological literature (although see Tsuchiya and Koch, 2016;
de Haan, 2020). Yet, we believe that understanding this aspect of
experience may be as important as understanding the strategies
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participants use to solve a visuo-spatial working memory task for
disentangling working memory task performance.

By way of example, let us examine one of the categories that
we identified in this study: positive neutrality, a subcategory
of the background feeling atmosphere of experience. Positive
neutrality refers to a subtle awareness of an absence of change.
Participants report solving the visuo-spatial working memory
task guided by the awareness of an absence of disturbances (e.g.,
wrong answers). This lack of disturbances itself is felt as neutral.
However, since - in the context of visuo-spatial working memory
task performance - it signifies that the participants have not
detected any blunders, it is appraised as slightly positive. In such
cases, positive neutrality also reflects the repeating, rhythmic
pattern of trials occurring at a predictable rate. Only when
something goes wrong (e.g., the pace at which they are scanning
the stimuli, wrong answer, end of task, etc.) is this positive
neutrality disturbed.

These experiential dynamics mirrors the notion of surprise in
the so-called free energy principle theories of cognition (Friston,
2009, 2010). According to this theory, living organisms work to
minimize their internal disorder (entropy). They create a barrier
between themselves and the outside world, wherein inside of
this boundary, they maintain their own homeostasis (Kirchhoff
et al,, 2018; Demekas et al., 2020). A surprising event in this
framework, is an event that was not predicted by the organism
(Schwartenbeck et al., 2013). When applied to cognition, free
energy principle is related to predictive processing, the notion
that to minimize the computational complexity of incoming
sensory information, organisms predict the likeliest situation and
then only process surprising stimuli (i.e., stimuli that they were
unable to predict) (Seth et al., 2012; Seth, 2014; Clark, 2016).

The properties of some of the background feelings
(e.g., the feeling of positive neutrality) are remarkably like
phenomenological properties associated with or allowing for the
experience of surprise (Bitbol, 2019). Integrating these ideas with
our own, we posit that positive neutrality is the stable state of
successful prediction. When positive neutrality is disturbed, the
experiencing individual is prompted to acknowledge change.

Second, the phenomenon of attentional dispositions has been
commonly reported in empirical phenomenological literature.
Originally, it was reported in the study on how we experience
attending to sound (Petitmengin et al, 2009). In that study,
attentional dispositions refer to the changes in our experience
of the source of sound when we attend to it with different
attitudes (e.g., as a physical sensation in our ears, as a location
in space, as an acoustic experience with volume, pitch, and
timbre). The findings were corroborated in a study on the
experience of meditation (Korde$ et al, 2019). Specifically,
participants reported experiencing pain (e.g., in their legs or
back when meditating). Pain could then be attended to with
different attitudes, which, in turn, altered the intensity of
noxious sensations.

Some attentional dispositions bear resemblance to what Oblak
et al. (2021) refer to as affective resonance, a property of
objects present in one’s environment that they can jointly form
higher-order systems (see also Thompson, 2007; Kyselo and
Tschacher, 2014). This description corresponds to the disposition

of coupling with the task, where participants report feeling that
the task-performance is not something that they do themselves,
but they do it in concert with the computer. Conversely, the
disposition separation from the task is descriptively similar to
the phenomenological notion of detunement. Detunement refers
to an inability of accessing socially shared space in depression
(Fuchs, 2005, 2007), schizophrenia (Krueger and Aiken, 2016;
Silverstein et al., 2017), and anxiety (Trigg, 2017). It may be
that part of why individuals with specific psychopathologies
underperform on working memory tasks (Christopher and
MacDonald, 2005; Rose and Ebmeier, 2006; Forbes et al., 2009;
Moran, 2016) is because phenomenologically, the task are not
salient enough in their awareness for them to be able to
attentionally engage with them.

In line with Hurlburt et al’s (2016) findings, some insights,
associated with background feelings, indicate that the experience
of visuo-spatial working memory task-performance are quite
removed from day-to-day experiences. Participant 22, for
example, reports feelings (coded as informational chaos) that are
familiar to her only from other times when she was solving similar
psychological tasks:

“I remember solving a similar task for [one of the professors].
I was stuck in some lab, I was a little bit afraid, and on top
of that, there was this bombardment of stimuli that was totally
overwhelming. I really don’t recognize this feeling from situations
other than stuff like this.” (VR-WM.1.22-01-0-01)

Gathered phenomenal data raise questions about the validity
of studies operating under the assumption that psychological
tasks elicit only the target phenomenon without checking
participant’s experience of said task (cf. Hurlburt, 2011, Chapter
21). Our study has not gathered sufficient data to conclusively
reach this conclusion. Additional investigations of experience
underlying performance of visuo-spatial working memory tasks,
as well as more ecological (e.g., ethnographic) research of
day-to-day experience associated with visuo-spatial working
memory are needed. For example, recent qualitative studies into
the experience of working memory tasks have demonstrated
the presence of various emotional states (bearing similarities
to our experiential category informational chaos), primarily
dealing with the social expectations and that are associated with
performance accuracy (Laybourn et al., 2022). Thus, this study
points to some as of yet unanswered questions in the broader field
of working memory research.

Toward a Neurophenomenology of
Working Memory

Positive neutrality and attentional dispositions are not the
only example of an experiential category where we observed
background feelings playing an important (and perhaps essential)
role in task-performance. The entire group of experiential
categories we coded as the atmosphere of experience was -
according to subjective estimates of participants — important
when engaging with the visuo-spatial working memory task. Our
results seem to coincide with some recent ideas in cognitive
science indicating the importance of understanding the general,
background atmospheres. One of such ideas is the theory of
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overarching states of mind (Herz et al., 2020). It proposes that,
on the level of neural dynamics, we can observe integrated states
that coordinate all other aspects of cognition, such as perception,
emotions, thinking, as well as embodied behavior. It is not
unreasonable to hypothesize that such overarching states of mind
can be detected on the personal level of description as a specific
class of background feelings.

We hope to have shown that aspects of experience that are
not so easily identifiable form a significant part of an individual’s
experiential landscape. Detection of such aspects of experience
requires participants who, at the very least, are interested in
exploring their own experience, but preferably are also trained
in observing and reporting their experience.

Our results correspond to various observations by many
within the field of first-person research (Petitmengin, 2006;
Hurlburt, 2011; Kordes, 2016), thereby indicating the necessity of
re-examining the traditional roles of researcher and participant
(cf. Orne, 1962) in the domain of researching experience. Since
the participant is the only person with the access to experience
under investigation, then, her process or reflection constitutes the
principal instrument of inquiry. If this instrument is inadequate,
then, no subsequent step (e.g., interview, analysis, etc.), no
matter how refined, can improve the validity of a study. Thus,
it is necessary to consider the people whose experience we are
investigating not as passive subjects from whom data can be
objectively extracted, but rather as equal partners in the research
process — as co-researchers (cf. Korde$ and Klauser, 2016).

The acquired first-person data allow us to put forward a
conjecture. It may be that the aspects of experience detected
in this study (and coded as background feelings) determine
our behavior to a greater extent than the readily accessible
phenomena at the forefront of consciousness. It may be that a
larger part of visuo-spatial working memory task-performance
occurs below the threshold of conscious awareness (cf. Soto
et al,, 2011; Dutta et al., 2014; Soto and Silvanto, 2014). Explicit,
conscious attempts at taking control over the task-performance
(i.e., assuming a strategic attitude) may therefore only serve to
interfere with task-performance. In other words, attempts at
explicit performance stop subconscious task-performance (cf.
Lyubomirsky et al., 1999).

However, when talking about a large part of task-performance
taking place below the threshold of conscious awareness, we
are referring to an everyday, and, for the most part, inaccurate
awareness. Is it possible that a more precise insight into the
content of consciousness allows this threshold to be raised? What
if a more detailed reflection can be used to detect traces of
cognitive processes taking part in visuo-spatial working memory
task-performance? We believe that this is the case and that
these traces can be observed, but only by participants, skilled
enough to be able to access background feelings (cf. Petitmengin
et al, 2007). Thus, it is essential for the validity of studies
attempting to provide an in-depth account of first-person data
to use participants who are skilled and trained in observing and
reporting on their experience (cf. Miyahara et al., 2020).

In future research, we aim at replicating the study presented
in this paper, however, recruiting only participants trained
in observing and reporting on their experience. Additionally,
we hold that using trained participants may be beneficial

for future fMRI and neurophenomenological studies (cf. Lutz
et al, 2002; Fernyhough et al, 2018). As demonstrated by
Hurlburt et al. (2016), validity of studies assuming that the
experimental paradigm constructs the phenomenon of inquiry,
without verifying it on the level of experience, is questionable
(Hurlburt, 2011).

LIMITATIONS AND FUTURE DIRECTIONS

Although in addition to first-person reports we also collected
behavioral responses (i.e., performance accuracy and reaction
times), this paper omitted quantitative analyses of the data.
There are two reasons for this. First, as the aim of this
study - ie., exploring the breadth of experiences evoked by
and accompanying performance of a visuo-spatial working
memory task - was complex as it is, we wanted to avoid
addressing additional research questions related to behavioral
performance. For example, it would be interesting to explore
the relationship between the identified experiential categories,
behavioral measures (reaction times and performance accuracy)
and task modality, however, this aspect of the results will be
presented in the follow-up paper.

Second, the study followed the golden standard for estimating
when enough qualitative data were gathered (see section
“Determining the Validity of Coding”). However, despite
gathering a large amount of data for a qualitative study,
there are too few acquired samples to be able to draw any
statistical conclusions.

Future studies should be designed specifically to constrain
first-person data (i.e., reports on strategies and dispositions
involved in solving a visuo-spatial working memory task),
behavioral (performance accuracy and reaction times), and
psychometric measures (e.g., personality questionnaires,
clinical scales). Such a research design would necessitate a
development of a custom-made framework for reporting on the
phenomenology of solving a visuo-spatial working memory task
in real time. A precedence for such an approach can be seen
in the studies on the experience of inner speech. These began
with sampling of overall experience (Heavey and Hurlburt,
2006), moving on to detailed account of inner speech (Hurlburt
et al, 2013), before developing phenomenology-inspired
questionnaires (Alderson-Day et al., 2018) and neuroimaging
studies (Hurlburt et al., 2016).

CONCLUSION

In this paper, we presented an empirical phenomenological study
of what individuals experience during solving a visuo-spatial
working memory task (specifically, the change-detection task).
Using a combination of experience sampling and an in-depth
interview we gathered a large amount of experiential data. The
data were analyzed according to the principles of constructivist
grounded theory. The resulting experiential data demonstrate
the wealth of different experiences associated with solving a
working memory task. Some of them are easy-to-detect and could
be productively used to further approaches within experimental
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cognitive psychology. Others amount to overarching, integrated
states of consciousness within a given moment. These require
further neurophenomenological investigation, as well as
reconsidering the social dynamics between researchers and
participants. Gathered phenomenal data raise questions about
the validity of studies operating under the assumption that
psychological tasks elicit only the target phenomenon without
checking participant’s experience of said task.
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Our state of consciousness is crucial for our ability to follow suggestions. Suggestions
in turn are a powerful tool to induce positive emotional states. In my research, | suggest
positive feelings of safety during hypnosis. This is a positive emotional state of low
arousal and low anxiety. Both arousal and anxiety affect our decision-making. However,
when we feel safe due to hypnotic suggestions of safety, we do not act riskier. Instead,
EEG brain activity shows that monetary rewards get less important and delayed rewards
are less devalued compared to immediate rewards when we feel safe. These results
open promising perspectives for the use of hypnosis to reduce impulsive behavior, for
example, in substance abuse. Therapeutic suggestions of safety even work in highly
stressful environments like the intensive care unit. | showed that patients tolerate non-
invasive ventilation much better when they get the suggestion to feel safe. The effects
of positive therapeutic suggestions delivered during hypnosis even persist over time.
Post-hypnotic suggestions are associations between a certain emotional state and a
trigger that elicits this emotional state after hypnosis is over. | showed that post-hypnotic
suggestions of safety are effective weeks after the therapeutic session. Therefore, |
present a therapeutic technique that uses a special state of consciousness, hypnosis,
to induce positive emotional states. The effects of this technique are very strong and
long lasting. My goal is to provide scientific evidence for the use of hypnotherapeutic
techniques to increase the number of people who apply and profit from them.

Keywords: hypnosis, anxiety, arousal, decision-making, intensive care unit, delay discounting, risk behavior,
safety

HYPNOSIS AS A SPECIAL STATE OF CONSCIOUSNESS

Different states of consciousness are a normal part of our life. When we sleep, we are in a certain
state of consciousness. When we are in the middle of doing something that we really like, we can
also get into a very special state of consciousness called trance or flow. A trance or flow state of
consciousness enables effortless performance and is associated with positive feelings. Musicians
often perceive this state of consciousness as an optimal balance between their skills and the
challenge they are facing, an experience which is related to high performance and incompatible with
stage anxiety (Cohen and Bodner, 2019). Professional athletes experiencing flow report to have a
clear idea of their goals and get unambiguous feedback, which in turn predicts high satisfaction with
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life (Habe et al., 2019). High performance is often accompanied
by a trance state where it is possible to show your optimal
performance, because you are totally absorbed by the moment
and nothing else matters. It is a state of very intense focus on the
one thing that matters while ignoring all other irrelevant stimuli.
Some even use potentially distracting stimuli to get deeper into
their optimal state of performance, a technique described by one
of the most important pioneers in hypnosis, Milton Erickson
(1959).

When we elicit this trance state via a hypnosis induction, we
call it hypnosis. The current definition of hypnosis was stated
by the APA Division 30 in the year 2015. The division defines
hypnosis as follows: “A state of consciousness involving focused
attention and reduced peripheral awareness characterized by an
enhanced capacity for response to suggestion” (Elkins et al,
2015). Suggestions are contents that the hypnotist says. An
example for a suggestion is: “The longer you look at this point
in front of you, the heavier get your eyelids so that you want
to close them.” The hypnotized person can then accept this
suggestion and close his or her eyes. Following a suggestion
feels like an automatic process instead of a conscious decision.
It feels natural to follow the suggestion and close your eyes. The
ability to follow suggestions is dependent on the rapport between
the hypnotist and the hypnotized person, describing a positive
therapeutic relationship of trust and responsibility. Suggestibility
is usually measured with the Harvard Group Scale of Hypnotic
Susceptibility (HGSHS; Shor and Orne, 1963). This is a group
test consisting of a hypnosis induction and 12 suggestions.
Participants indicate on a questionnaire if they followed the
suggestions, resulting in a score from 0 for very low suggestibility
to 12 for very high suggestibility.

Hypnosis as a special state of consciousness has long been
fascinating scientists. Ivan Pavlov reported that some of his dogs
were in a trance-like state after his experimental procedures
of classical conditioning (Pavlov and Petrova, 1934). Hans
Jirgen Eysenck studied the differences between primary and
secondary suggestibility, which describes the ability to follow
suggestions (Eysenck and Furneaux, 1945). After the invention
of the electroencephalogram (EEG) in Jena (Berger, 1929), the
famous Berger effect was investigated with hypnosis. In Berger’s
original experimental setup, the participant was opening and
closing his eyes while Berger measured the participants EEG
alpha activity. Alpha activity was only visible in the EEG signal
when the participant’s eyes were closed and blocked when eyes
were open. In the hypnosis study, the participant was suggested
during hypnosis that he was blind or that he can see. When the
participant was suggested to be blind, EEG alpha activity was
visible, even though the eyes were open (Loomis et al., 1936).
This observation shows that sensory processes can be altered with
hypnotic suggestions.

BLOCKING SENSORY PERCEPTION
UNDER HYPNOSIS

In three separate EEG studies, I blocked sensory perception of
visual, pain, and auditory stimuli using hypnotic suggestions

of a wooden board in front of participants’ eyes, a cooling
and numbing glove on participants’ hands and earplugs in
participants’ ears, respectively (Figure 1; Schmidt et al., 2017b;
Franz et al., 2020, 2021). We used a sensory paradigm that is very
common in EEG research with frequent and rare stimuli, called
oddball paradigm. In the visual study, participants had to count
the rare stimuli on the screen, which were colored squares in my
study. Brain responses usually show a very clear response to the
rare to be attended stimuli in the so called P3 response. That is a
positive voltage change about 300 milliseconds after the stimulus
was presented. I had three groups of participants in this study,
selected according to their HGSHS suggestibility scores (Shor
and Orne, 1963). I had 20 low suggestible, 20 middle suggestible
and 20 high suggestible participants. All participants played the
oddball task twice in counterbalanced order. Once with hypnosis
and the suggestion that a wooden board is blocking their vision
(Figure 1A), once in a control condition without hypnosis. In
both conditions, participants saw the stimuli of the oddball task
on the screen, presented one at a time, and counted the rare
colored squares. While participants sat in the EEG chamber, I
checked that their eyes were open all the time. The results show
that participants were not able to correctly count the rare stimuli
in the hypnosis condition, while they showed almost perfect
counting performance in the control condition. Participants’
brain responses showed that the visual stimuli were still perceived
in the hypnosis condition, indicated by early event-related EEG
components. But the target P3 component was massively reduced
in the hypnosis condition. The smaller the P3 amplitude was, the
more reduced was participants’ counting performance and the
more vivid was their experience of the wooden board in front
of their eyes in the hypnosis condition. The effect was strongest
for high suggestible participants. The results show the neuronal
dissociation between perceiving the visual objects on the screen
and attending them in order to count them, reflected in early and
late event-related EEG signals. In a subsequent analysis, we found
that this effect was driven by a top-down modulation, reflected
in reduced directed information flow from parietal attentional
to frontal executive sources during processing of target stimuli
(Franz et al., 2021).

We obtained similar results in the two subsequent EEG studies
where I blocked pain and auditory processing with hypnotic
suggestions. In the pain study, I blocked participants’ pain
processing via the suggestion of a glove that keeps the stimulated
hand from feeling pain (Figure 1B) similar to the suggestion
by Rainville et al. (1997). In the auditory study, I blocked
participants’ auditory processing via the suggestion of earplugs
(Franz et al., 2020). In these studies, I included additional control
conditions of attention distraction and simulation of hypnosis. In
the auditory study, we used an auditory oddball paradigm where
participants are presented frequent and rare sounds. Participants
had to press a button when they heard the rare target sound.
In participants’ EEG, we focused again on the P3 component
to the rare target sounds. We found a significant reduction
in P3 amplitudes in the hypnosis condition compared to the
control condition. Participants also pressed the button to the
target sound significantly less often and perceived the sounds
as less loud in the hypnosis condition compared to the control

Frontiers in Psychology | www.frontiersin.org

June 2022 | Volume 13 | Article 917139


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Schmidt

Feeling Safe With Hypnosis

them from hearing the sounds.

FIGURE 1 | lllustration of the three EEG studies using hypnotic suggestions to block sensory processing. (A) Participants had to count rare visual stimuli on the
screen. In the hypnosis condition, they were suggested that a wooden board is blocking their vision on the screen, so they cannot see the visual stimuli. (B)
Participants received electrical pain stimuli on their hand. In the hypnosis condition, they were suggested that a cooling and numbing glove is covering their hand, so
they cannot feel the stimuli. (C) Participants had to press a button when they heard a rare sound. In the hypnosis condition, they were suggested that earplugs keep

condition (Franz et al., 2020). Taken together, the results of the
three sensory blockade studies reveal that hypnotic suggestions
are a powerful tool to modify sensory processes in the brain,
especially processes that are associated with attention control and
stimulus evaluation like the P3 amplitude.

HYPNOSIS, AROUSAL, AND
DECISION-MAKING

The state of hypnosis is not only characterized by an enhanced
ability to follow suggestions, but also by low arousal. When
you are in hypnosis, you are relaxed. Therefore, hypnosis was a
valuable tool for the development of systematic desensitization as
described by Wolpe et al. (1973). In his description of the first
standardized technique in psychotherapy, Wolpe uses hypnosis
to relax the patient before the patient imagines the objects or
situations that he or she is afraid of. The imagination of fear
stimuli can be as efficient as real fear stimuli, as revealed by
a recent fear conditioning study (Mueller et al., 2019). In this
study, participants imagined stepping into a thumbtack when
a certain visual stimulus appeared on the screen. Participants
developed a conditioned fear response like in previous fear
conditioning studies that used real instead of imagined stimuli.
The study by Mueller et al. (2019) provides further evidence
for the effectiveness of imagination. To reduce fear responses,
participants can use hypnosis to get relaxed and then imagine the
previously fear-eliciting stimulus. As Wolpe et al. (1973) report,
this is a very effective method to reduce anxiety.

Reducing participants” arousal typically affects their decision-
making behavior. I showed that participants who have generally
lower arousal, indicated by a low resting heart rate, acted riskier
in a risk game than participants with higher arousal (Schmidt
et al., 2013). When participants’ state arousal was increased after
riding the bike for 10 min on a bicycle home-trainer, they tended
to be less risky (Schmidt et al., 2013). Being aroused often goes
along with being anxious. I found that more anxious participants
acted less risky in a risk game and showed higher frontal midline
theta power than less anxious participants (Schmidt et al., 2018).
When participants wore a bike helmet, they showed lower frontal
midline theta power, but did not generally act riskier in a risk

game compared to participants without bike helmet (Schmidt
et al., 2019). These studies show that lower arousal is associated
with less anxiety and riskier behavior. Reducing arousal with
hypnosis might therefore also reduce anxiety and affect decision-
making.

FEELING SAFE WITH HYPNOSIS

One of the most prominent techniques in hypnotherapy is to
suggest participants that they are at a safe place. The need for
safety was stated as one of our most basic needs by Abraham
Maslow (1943). In his seminal publication that resulted in his
famous pyramid showing the hierarchy of needs, he states:
“Practically everything looks less important than safety (even
sometimes the physiological needs which being satisfied, are now
underestimated). A man, in this state, if it is extreme enough
and chronic enough, may be characterized as living almost for
safety alone” (Maslow, 1943). The safe place hypnosis technique
uses the suggestion that the hypnotized person is at his or her
personal safe place (Arntz, 2011). The hypnotized person is free
to choose his or her own imaginations, the hypnotist only offers
suggestions. One example would be: “Be curious what you can
see, hear and smell at your safe place. Feel the place in your body.
Where is this feeling most intense? Focus on this part of your
body and make the feeling grow even stronger. It radiates through
your whole body” (Schmidt et al., 2020).

I developed a standardized safe place suggestion and measured
brain responses and behavior of participants in a risk game.
For this study, I only invited highly suggestible participants that
were again pre-tested with the HGSHS (Shor and Orne, 1963).
Participants played a risk game twice in two conditions while
recording their EEG brain responses (Schmidt et al., 2020). In
the hypnosis and safety condition, I hypnotized participants and
suggested them to be at their own safe place. Then, they played
the risk game. In the control condition, participants played the
risk game without hypnosis. To understand the results of this
study, it is important to know that monetary rewards elicit a
P3 response. Higher monetary rewards are reflected in higher
P3 responses (Begleiter et al., 1983). The same is true for other
rewarding stimuli. For example, smokers respond with a strong
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FIGURE 2 | (A) lllustration of the procedure of the intensive care study. The psychologist asked the patient about his current emotional state. Then, a member of the
medical staff puts on the NIV breathing mask. During the ventilation session, the psychologist accompanies the patient with therapeutic suggestions of safety. The
vital sign monitor shows that breathing rate was reduced during safe place suggestions. (B) Results of ratings before and after NIV sessions accompanied with safe
place suggestions showing better mood, less arousal and anxiety, and a more positive evaluation of the NIV mask after the intervention.

P3 amplitude to images related to smoking compared to other
images. In my study, I used monetary rewards as incentives.
My results show that participants showed significantly lower P3
amplitudes to all monetary rewards, large or small, when they felt
safe in the hypnosis condition compared to the control condition.
Excitingly, similarly reduced P3 amplitudes were reported in
smokers who no longer smoke (Littel and Franken, 2007). While
smokers in the study had to be abstinent for a long time to stop
having strong P3 responses to the smoke pictures, in my study
only one hypnosis session with safety suggestion was sufficient.
Imagining a safe place may be a way to stop having strong
responses to reward stimuli. This could aid in the treatment of
addictive disorders. If people stop reacting strongly to stimulants
to which they are addicted, they will find it easier to give up
consuming these stimulants. Importantly, risk behavior did not
change when participants felt safe during hypnosis. Therefore,
there is no contraindication to use suggestions of safety in
patients suffering from addiction.

In a second paradigm, I investigated another phenomenon,
the devaluation of future rewards, also called delay discounting
(Schmidt and Holroyd, 2021). You are probably familiar with the
famous marshmallow task by Mischel et al. (1988). A preschool-
aged child is presented with the task of either eating one
marshmallow now or waiting to get two marshmallows. Children
who were able to wait for the second marshmallow showed better
social and academic performance later (Mischel et al., 1988).
Thus, the ability to wait for later rewards is desirable. In this

context, children’s decisions to wait for rewards also depends
on how much they trust their environment (Mahrer, 1956; Kidd
et al., 2013). I therefore hypothesized that individuals who feel
safe would be more willing to wait. In the delayed gratification
game that I used in my EEG study (Schmidt and Holroyd, 2021),
participants could win immediate monetary rewards and rewards
that were paid 6 months later. The EEG brain activity shows
more positive deflections after an immediate reward than after
a delayed reward. The difference between the deflection of the
EEG signal to immediate and delayed rewards is called reward
positivity. If this difference is large, our brain makes a strong
distinction between immediate and delayed rewards, and it is
difficult to wait. However, if this difference is small, we will find
it easier to wait. I found almost no difference between EEG brain
responses to immediate and delayed rewards in participants who
felt safe. In contrast, they showed strong EEG differences in
the control condition. When I compare the results of this study
with the results of an earlier study using the same paradigm
(Schmidt et al., 2017a), it becomes even clearer how exciting
these findings are. In the earlier study, I compared two groups
of participants. One group was low impulsive and high self-
controlled, and the other group was high impulsive and low
self-controlled. Participants in the low impulsivity group showed
a comparably small difference between immediate and delayed
rewards as did the participants in my current study (Schmidt and
Holroyd, 2021) when they felt safe during hypnosis. And this was
after a single hypnosis session with the suggestion of being at a
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safe place. It might therefore be possible to make participants less
impulsive and more controlled by suggesting them to be at a safe
place. This, in turn, could make it easier for them to wait for
future rewards. Forgoing immediate rewards in favor of future
rewards requires a high degree of self-control and confidence
that waiting will pay off. This skill is essential in coping with
individual problems such as substance addiction and obesity, as
well as global problems such as climate change and a pandemic.

After these encouraging results, I decided to link the feeling
of safety to a post-hypnotic trigger (Bohmer and Schmidt, 2022).
I wanted to investigate whether this could trigger the feeling of
being in a safe place in the long term without the need for another
therapeutic session. In order to establish a safety trigger, I used
a white sheet of paper on which participants under hypnosis
wrote the letter S for safety. I suggested the participants that the
feeling of safety was stored in the piece of paper. Every time they
looked at this piece of paper, folded it up and put it into their
pocket, the feeling of safety should automatically reappear. In
the EEG study, everything was similar to what I described earlier
(Schmidt et al., 2020; Schmidt and Holroyd, 2021), except that I
ended the hypnotic state before playing the risk game in the safety
condition. Participants were then given the S paper or a neutral
paper with the letter K for control on it. They again played the
risk game twice, once with the post-hypnotic suggestion of safety
and once with the neutral paper as the control condition. Again,
participants’ risk behavior did not differ in both conditions. We
analyzed the difference between the EEG brain responses to high
and low monetary rewards. A large difference here is an indicator
of strong reward sensitivity. The brain then responds strongly
to rewards. We found that participants’ EEG brain responses in
the safety condition made almost no difference between high
and low monetary rewards, while in the control condition they
made a very strong distinction between high and low rewards.
The reduced responsiveness for reward stimuli indicates a state of
satisfaction and satiation. Such a state is very helpful in treating
individuals who are otherwise very responsive to reward stimuli
such as individuals suffering from substance abuse. We also asked
participants weeks after the initial experimental session if the
post-hypnotic safety trigger still worked. Participants indicated
that the S piece of paper still elicited a feeling of safety, showing
the long-lasting effects of post-hypnotic suggestions.

FEELING SAFE IN THE INTENSIVE CARE
UNIT WITH HYPNOTIC SUGGESTIONS
OF SAFETY

To prove the effectiveness of a therapeutic suggestion, it is
important to show that it works in naturally occurring situations.
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CONCLUSION

In my studies I showed that the suggestion of a safe place
is very effective both in the EEG laboratory and in the
intensive care unit during challenging medical procedures.
The effects were particularly large in the intensive care unit,
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Influence Our Sense of Self

Lucie Bréchet2*

" Department of Basic Neurosciences, University of Geneva, Geneva, Switzerland, ? Department of Neurology, Harvard
Medical School, Boston, MA, United States

How do our bodies influence who we are? Recent research in cognitive neuroscience
has examined consciousness associated with the self and related multisensory
processing of bodily signals, the so-called bodily self-consciousness. A parallel line of
research has highlighted the concept of the autobiographical self and the associated
autonoetic consciousness, which enables us to mentally travel in time. The subjective
re-experiencing of past episodes is described as re-living them from within or outside
one’s body. In this brief perspective, | aim to explore the underlying characteristics of
self-consciousness and its relation to bodily signals and episodic memory. | will outline
some recent behavioral and neuroimaging evidence indicating that bodily cues play
a fundamental role in autobiographical memory. Finally, | will discuss these emerging
concepts regarding the current understanding of bodily-self, autobiographical-self, their
links to self-consciousness, and suggest directions for future research.

Keywords: bodily-self, autobiographical-self, out-of-body experiences, view-points, autonoetic consciousness,
fMRI, VR

INTRODUCTION

The conscious experience of self-related events is perceived as embodied, i.e., our physical body
is a central object in the world. We naturally experience and make sense of the world from an
inside viewpoint of our physical body (Mach, 1897), yet we can retrieve memories from both
within the body (i.e., own eyes/first-person perspective) or outside the body (i.e., observer/third-
person perspective) (Nigro and Neisser, 1983; Rubin and Umanath, 2015). An essential aspect of
consciousness is its link with a self, which is the subject of conscious experience. Self-consciousness
originates at different levels, from a simple (i.e., the minimal level of unconscious experience) to
a complex phenomenon (i.e., the core self and the autobiographical self) (Damasio, 1999). The
core consciousness occurs when the brain continuously builds a mental representation of the
minimal sense of self caused by an interaction with internal or external stimuli. This minimal sense
of self is centered on integrating multisensory, interoceptive and exteroceptive bodily processing
(e.g., vision, touch, proprioception, vestibular, and visceral signals) in the brain (Blanke et al.,
2015; Park and Blanke, 2019). Manipulating the experience of one’s own body experimentally
has been challenging. As James (1890), the pioneering psychologist and philosopher, pointed out
in the nineteenth century: “The body is always there.” However, the recent advances in virtual
reality technology enabled the experimental investigation of the global aspects of bodily self-
consciousness, including the self-identification, self-location, and first-person perspective (Ehrsson,
2007; Lenggenhager et al, 2007). The bodily-self, which is the most fundamental aspect of
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self-consciousness, may influence higher cognitive aspects of self-
representation, such as the autobiographical-self (Bergouignan
et al., 2014; Bréchet et al., 2019, 2020; Tacikowski et al., 2020;
Iriye and St. Jacques, 2021).

Conscious experiences, whether occurring from within or
outside the body, are not always bound to here and now. What
did you eat for breakfast yesterday? Where do you have to go
today? When is your meeting tomorrow? The human mind can
detach itself from the present moment and mentally travel to the
past or imagine the future (Schacter et al., 2012). As Antonio
Damasio (1999) defined, the autobiographical self represents a
mental state derived from retrieving self-relevant memories. No
scene captures the human ability to re-experience past events
better than the well-known Marcel Proust’s “madeleine moment.”
Struggling to remember details of his childhood, Marcel tastes
a petite madeleine soaked in lime-blossom tea, “and suddenly
the memory revealed itself. The taste was that of the little piece
of madeleine. . .had recalled nothing to my mind before I tasted
it. And all from my cup of tea.” Tulving (1985) associated the
subjective possibility to mentally travel in time with autonoetic
consciousness, i.e., the sense of self we experience when we
subjectively re-experience an event and mentally travel in time.
Mental time travel relies on episodic autobiographical memory,
which allows humans to mentally detach themselves from a
current self-location and consciously identify themselves at
another particular place and time (Hassabis et al., 2007; Schacter
et al., 2012; Zaman and Russell, 2021).

The relation between the self and episodic autobiographical
memory lies at the core of our understanding of consciousness.
One’s autobiographical memories and sense of self are closely
related. The self, i.e., the subjective feeling that defines us as
unique human beings, is a critical component of consciousness
(Damasio, 2003). Memory is necessary for everything we do
and provides continuity from one moment to another. Memory
creates our conscious sense of identity, which we construct based
on self-relevant past events. As James (1890) suggested: “I enter
a friends room and see on the wall a painting.” At first, I have the
strange, wondering consciousness, “surely I have seen that before,”
but when or how does not become clear. There only clings to
the picture a sort of penumbra of familiarity—when suddenly 1
exclaim: “I have it, it is a copy of part of one of the Fra Angelico
in the Florentine Academy—I recollect it there!”

BODILY-SELF INFLUENCES THE
AUTOBIOGRAPHICAL-SELF

Episodic autobiographical memory studies have been recently
conducted using new approaches to control memory encoding
and reflect accurate life-like testing outside the laboratory setting.
For example, St Jacques and Schacter (2013), Nielson et al.
(2015), and Vogel and Schwabe (2016) developed paradigms
in which participants encoded real-life events while wearing a
camera that automatically took photos. Still, these studies did not
integrate the natural occurrence of participants’ physical bodies
during memory retrieval. Perceiving one’s own physical body
as part of a visual scene, such as seeing ones hand pointing

at a painting during a museum tour or an animal in a zoo,
relies on a multisensory integration of proprioceptive, visual, and
tactile cues (Blanke et al., 2015). Subjective experiences create
a link between episodic autobiographical memory and bodily
self-consciousness, which suggests that the multisensory bodily
signals may also be relevant to the conscious re-experiencing of
self-relevant, past events.

Using virtual reality (VR) technology, Bergouignan et al.
(2014) tested the encoding of real-life events from within one’s
own body/first-person perspective compared to outside one’s
own body/third-person perspective. Interestingly, the results
showed episodic recollection deficits, specific to the events
encoded in the outside body condition, associated with a
diminished hippocampal activity (see Table 1). In a follow-
up study (Bergouignan et al., 2021), the authors showed that
encoding the real-life events from outside ones own body
led to more third-person perspective during the retrieval (see
Table 1). Recently, we tested whether the congruent multisensory
bodily cues, i.e., the presence or absence of one’s own physical
body seen from a first-person perspective, would impact
episodic autobiographical memory performance (Figure 1A).
We used VR technology to create well-controlled, real life-
like scenes into which participants, including their physical
bodies, were immersed during the initial stage of encoding
and later retrieval (Bréchet et al., 2019). We established that
the presence of ones own physical body during encoding
enhanced memory recognition and that this effect was body-
specific (see Table 1). In a follow-up study by Gauthier
et al. (2020), we demonstrated that seeing one’s own body
during encoding impacts the brain mechanisms responsible for
episodic autobiographical memory formation by modulating
the connectivity between the right hippocampal formation and
the neocortical regions involved in the process of multisensory
bodily signals and self-consciousness (see Table 1). In line
with the previous work, Tacikowski et al. (2020) created an
illusion of swapping participant’s own body with a friend’s
body and then asked participants to perform personality rating
and memory recognition tasks. The authors hypothesized
that the perception of ones own body (bodily-self) would
influence beliefs about one’s own personality (conceptual-self)
and that a coherent self-representation would lead to normal
memory encoding. Indeed, they found that the experience of
illusory ownership of a friend’s body changed participants’
beliefs about their own personality and made them more
similar to the friend’s personality. Interestingly, they further
showed that adjusting to the new bodily-self was beneficial
for memory encoding, while incoherence between the bodily-
self and conceptual-self leads to memory impairment (see
Table 1). The findings from these recent studies point out
that memory retrieval is impaired when (i) participants
encode events from outside their own bodies, (ii) the body
is absent during encoding, and (iii) ownership of one’s
own body is reduced during encoding. These novel insights
show that a coherent, multisensory representation of one’s
own body leads to hippocampal binding mechanisms that
are directed to the neocortical areas, which are involved in
episodic autobiographical memory (Bergouignan et al., 2014;
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TABLE 1 | Studies examining the relationship between bodily-self and autobiographical-self.

Publications

How the aspects of the bodily-self influence the autobiographical self?

Bergouignan et al. (2014)
Bergouignan et al. (2021)
Bréchet et al. (2018)
Bréchet et al. (2019)
Bréchet et al. (2020)
Gauthier et al. (2020)

Iriye and St Jacques (2020)

Out-of-body encoding causes episodic recollection deficits, associated with diminished hippocampal activity
Out-of-body encoding leads to more third-person perspective during recollection

Brain activity related to self-location and 1PP anatomically overlap with episodic ABMs

Seeing one;s own body during encoding enhances memory recognition

Body-related integration is important for recall of episodic ABMs and prevents the loss of past events

Seeing one’s own body during encoding modulates connectivity between hippocampus and neocortical regions
1 PP engages ABM retrieval network (i.e., hippocampus, anterior and posterior midline, frontal and posterior

cortices) more strongly than 3 PP

Marcotti and St Jacques (2018)

Penaud et al. (2022)
sense of remembering

Piolino et al. (2009)

St Jacques et al. (2017)
St Jacques et al. (2018)
Tacikowski et al. (2020)

Shifting visual perspective reduced the accuracy of subsequent memories
Familiarity and self-perspective improve recall and recognition of past events, their spatiotemporal context and

Re-experiencing past events through a feeling of self-awareness and 1 PP is are prone to fading over time
Shifting visual perspective during ABM retrieval reshapes the characteristics of memories

Remembering ABMs becomes more like imagination when shifting visual perspective

Self-concept can be updated by bodily-self changes; increase in self-coherence facilitates memory encoding

Gauthier et al., 2020; Iriye and St Jacques, 2020; Roehri et al,,
2022).

BODILY-SELF AND
AUTOBIOGRAPHICAL-SELF
REPRESENTATIONS ANATOMICALLY
OVERLAP

Until recently, it has been unknown whether bodily self-
consciousness and autobiographical memories, either episodic or
semantic, involve distinct or similar brain regions. We examined
whether experimental manipulation of the self-location and
first-person perspective aspects of bodily self-consciousness may
anatomically overlap with the activations related to the subjective
conscious experience of remembering self-relevant past events
(Bréchet et al., 2018). We included results from patients suffering
from out-of-body experiences with abnormal self-location and
first-person perspective, whose brain damage was localized in
the inferior parietal lobule (Ionta et al., 2011). Our systematic
meta-analysis of neuroimaging studies revealed an anatomical
overlap bilaterally in the angular gyrus, specific to bodily-self and
episodic autobiographical-self, while there was no overlap with
semantic autobiographical-self (see Figure 1B and Table 1). This
finding is supported by the emerging evidence from studies in
healthy participants that shows that the lateral parietal cortex
is critical for the subjective, conscious experience of retrieving
multisensory episodic memories (Bonnici et al, 2016, 2018;
Sestieri et al., 2017; Humphreys et al., 2021). Related to this,
recent series of papers (St Jacques et al., 2017, 2018; Marcotti and
St Jacques, 2018; Iriye and St Jacques, 2020) showed that shifting
visual perspective during retrieval shapes accuracy and subjective
vividness of memories, which activated the posterior parietal
cortex (see Table 1). Emerging evidence from patients with lateral
parietal lesions shows that damage to this brain region causes
reduced subjective confidence, vividness, and richness when
re-experiencing self-relevant memories (Simons et al, 2010;

Berryhill, 2012; Hower et al., 2014) as well as egocentric episodic
memory deficits (Russell et al., 2019). Recently, Penaud et al.
(2022) showed that familiarity and self-perspective (i.e., centered
on one’s own interaction with the environment) improved recall
of past events, their spatiotemporal context and one’s sense of
remembering (see Table 1).

BODILY-SELF RETROACTIVELY
STRENGTHENS
AUTOBIOGRAPHICAL-SELF

Many seemingly irrelevant everyday life events may become
significant only later (Kensinger, 2015). For example, that
stranger who asked for directions becomes more relevant after
realizing that your wallet is missing. Recently, two behavioral
studies showed how memory for neutral images could be
enhanced by future fearful (Dunsmoor et al., 2015) or rewarding
(Patil et al., 2017), conceptually related events. More precisely,
during the first stage of incidental encoding, the so-called
“pre-conditioning classification task,” two neutral categories of
images portraying animals and tools appeared to be of the same
relevance. During a second phase of the incidental encoding,
the so-called “conditioning classification task,” a prominent
event, either fear conditioning or reward motivation, became
purposefully associated with one of the two categories (animals
or tools). A memory recognition task revealed that participants
remembered better neutral images (for example, tools) associated
with fear or reward during the conditioning phase. They also
remembered better the conceptually related images (tools) from
the pre-conditioning phase.

Studies on mental self-projections (Arzy et al., 2008; Dafni-
Merom and Arzy, 2020) suggest that the experience of the self in
the present moment is also involved with the ability to remember
our past or imagine the future. Furthermore, this conscious self-
awareness (i.e., a mental state in which the content of one’s
consciousness refers to knowledge about oneself, for example,
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1 HOUR DELAY

L 1 1/ /L
/

I VR J 10 min l

familiarization

FIGURE 1 | (A) Study paradigm. First, participants incidentally learn the context of two different outside scenes (i.e., encoding session; 10 min). Participants were
immersed back into the scenes with 1-h delay and were asked to perform a recognition task and subjective confidence ratings for each presented scene (i.e.,
retrieval session; 30 min). Before the actual study, subjects were seated in a chair, they were asked to put on the HMD and noise-canceling headphones to avoid
external disturbances and familiarized themselves with the VR technology (10 min). (B) Visualization of the anatomical overlap between BSC fMRI analysis (i.e.,
self-location and first-person perspective) and EAM ALE analysis bilaterally in the parietal areas Label provided using the MRIcron. Within-cluster FEW-corrected

p < 0.05 with p < 0.001 (uncorrected) as the cluster forming threshold.

30 min

reflecting about one’s personality or identity) is intrinsically
connected to the multisensory bodily processes (Blanke et al.,
2015; Tacikowski et al., 2020). Therefore, we examined whether
the retroactive and selective effect could be (a) triggered by the
multisensory bodily signals, such as the presence or absence
of one’s own physical body and (b) generalized to naturalistic
scenes, such as inside rooms or outdoor scenes, into which the
participants would be immersed using VR technology (Bréchet
et al.,, 2020). We showed that the presence of one’s own body
can retroactively strengthen memory recognition and that this
retroactively enhancing effect became selectively associated with
a particular group of items (either from rooms or scenes) (see
Table 1).

SUMMARY AND FUTURE DIRECTIONS

The behavioral and neuroimaging evidence reviewed here
suggests that the fundamental aspects of self-consciousness,
the bodily-self and autobiographical-self, critically interact and
impact each other. We experience the world from an inside
viewpoint of a body and from a physical location of a body,
which we identify as our own. This sense of ownership that I
am the one who currently experiences the world around me
is also essential with respect to one’s past and future, therefore
playing a significant role in constructing an autobiographical self.

However, only a handful of recent studies (see Table 1) examined
the relationship between bodily-self and autobiographical-self
experimentally and showed that encoding events (i) from outside
one’s own body, (ii) when one’s body is absent, (iii) when the
sense of ownership of one’s body is reduced leads to impairment
of episodic autobiographical memories. On the other hand,
these studies also revealed the coherent multisensory bodily-
self representations have beneficial, strengthening effects on
autobiographical memory and may prevent memory loss.

Understanding the interactions between the core aspects
of self-consciousness, bodily-self, and autobiographical-self has
important clinical implications. Several studies have found that
memory decline in aging is associated with a lack of vivid
autobiographical memories and increased retrieval from a third-
person perspective (Piolino et al., 2006, 2009). Both normal aging
and Alzheimer’s disease in autobiographical memory are highly
related to the self (Martinelli and Piolino, 2009; Martinelli et al.,
2013). Alzheimer’s disease is a neurodegenerative, progressive
disorder that distorts the autobiographical-self, which is tightly
connected to the sense of agency (“I am the one who generates
experiences”) and ownership (“I am the one who undergoes
experiences”) in the world (Arzy and Schacter, 2019). Detecting
these early bodily-self signs, which are often overlooked in
Alzheimer’s disease, is of importance. One of the challenges for
future research will be to reinstate a coherent sense of self to
reduce autobiographical memory impairment.
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Several open questions arise from these recent studies and
their results. How can the neuroscientific methods ensure
that people selectively remember what’s significant to them in
real life rather than laboratory-based settings? How can we
ensure that only some memories are enhanced while others
are diminished? Would those mentioned above, experimental
studies tested in healthy young participants, modify the bodily-
self and autobiographical-self of Alzheimer’s patients in the
same way? Is this the first step toward “a memory pacemaker™?
More work is needed toward the long-term vision of restoring
memory function. And perhaps more philosophically: What is
more important: bodily-self or autobiographical-self? Quoting
the words of Wiesel (2012): “Illness may diminish me, but it
will not destroy me. The body is not eternal, but the idea of
the soul is. The brain will be buried, but memory will survive
it.”
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Decades of research have advanced our understanding of the biophysical
mechanisms underlying consciousness. However, an overarching framework
bridging between models of consciousness and the large-scale organization
of spontaneous brain activity is still missing. Based on the observation
that spontaneous brain activity dynamically switches between epochs of
segregation and large-scale integration of information, we hypothesize a
brain-state dependence of conscious access, whereby the presence of
either segregated or integrated states marks distinct modes of information
processing. We first review influential works on the neuronal correlates of
consciousness, spontaneous resting-state brain activity and dynamical system
theory. Then, we propose a test experiment to validate our hypothesis that
conscious access occurs in aperiodic cycles, alternating windows where
new incoming information is collected but not experienced, to punctuated
short-lived integration events, where conscious access to previously collected
content occurs. In particular, we suggest that the integration events
correspond to neuronal avalanches, which are collective bursts of neuronal
activity ubiquitously observed in electrophysiological recordings. If confirmed,
the proposed framework would link the physics of spontaneous cortical
dynamics, to the concept of ignition within the global neuronal workspace
theory, whereby conscious access manifest itself as a burst of neuronal activity.

KEYWORDS

consciousness, neuronal avalanches, criticality, conscious access, resting state,
spontaneous activity

1. Introduction

The origin of subjective lived experience, generally referred to as Consciousness,
poses some of the most fascinating scientific and philosophical questions (Nagel, 1974).
The advances of paradigms from the field of cognitive psychology, as well as theoretical
models from computational neuroscience, have been pushing for refined definitions of
Consciousness, and for a unified framework to understand and guide the interpretation
of accumulating experimental evidences (Wiese, 2020; Melloni et al., 2021; Signorelli
etal., 2021). A major distinction between “phenomenal” and “access” Consciousness was
proposed (Block, 2005). Phenomenal (P-)Consciousness refers to raw experience (qualia;
Chalmers, 1995). Access (A-)Consciousness refers to the availability of information for
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explicit reasoning and rational control. The latter definition
allowed precise dissection of brain activity upon sensory stimuli
that are accompanied by consciousness vs. stimuli that are not.
In particular, task-based neuroimaging experiments led to the
identification of robust neuronal correlates of A-Consciousness
(NCC; Dehaene and Changeux, 2011; Aru et al, 2012).
Generally speaking, event-related potentials (ERPs) display a
subliminal early response in sensory areas regardless of the
presence of Consciousness, then followed by characteristic
waves of activity whose magnitude marks the presence or
absence of perceptual awareness. For example, visual awareness
negativity observed 200 ms after a visual stimulus, and enhanced
P3 amplitude observed after 300 ms are often considered
candidate NCCs (Koivisto and Revonsuo, 20105 Salti et al., 2012;
Koivisto and Grassini, 2016). The Global Neuronal Workspace
(GNW) hypothesis describes the crossing of the subliminal
threshold and the consequent wave of activation as a “global
ignition” (Mashour et al., 2020), which is postulated to be
necessary for conscious access. These experiments elegantly
identified the correlates of the conscious experience elicited by
artificial stimuli. However, the required controlled experimental
settings are far from naturalistic scenarios, where external
and endogenous stimuli occur across multiple spatial and
temporal scales. Another way of studying consciousness is by
investigating the organizational principles of brain activity in
altered states of consciousness. Studying functional imaging in
such conditions led to the observation that the capability of
supporting consciousness goes along with increasingly complex
brain activities, which can be evaluated by using signal diversity
measures such as Lempel-Ziv complexity (Casali et al., 2013;
Schartner et al,, 2015; Arena et al., 2021). In fact, the degree
of complexity in brain signals provides a new mean to assess
the presence of consciousness in a clinical setting, regardless
of patient responsiveness (Sanders et al, 2012). The use of
complexity measures has been influenced by the Integrated
Information Theory (IIT; Oizumi et al, 2014; Tononi et al,
2016), which proposed the scalar quantity ® as a measure of the
quantity and quality of conscious experience, which concerns P-
consciousness. In fact, it is possible to interpret & as a measure of
information-processing complexity as well as dynamical systems
complexity (Mediano et al., 2022). From a neurodynamical point
of view, consciousness was associated to the brain being able to
spontaneously explore a rich dynamical repertoire of network
states, whereas unconscious states were associated to a less
complex network dynamics (Uhrig et al., 2018; Demertzi et al.,
2019). In fact, even at rest, when the brain is not involved in
any specific task, large-scale brain activity dynamically organizes
in communities of strongly correlated brain regions, or resting
state networks, as observed by dynamic Functional Connectivity
measures (Preti et al., 2017). Notably, resting state networks
do not evolve continuously, nor periodically, but rather in
aperiodic bursts of network co-fluctuations (Tagliazucchi et al.,
2012; Zamani Esfahlani et al., 2020; Rabuffo et al., 2021).
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Similarly, large scale brain activity is often described as
alternating segregated moments, in which regional activities
are prominently independent from each other, to integrated
moments when large-scale interaction occurs (Sporns, 2013;
Deco et al., 2015; Shine, 2019).

While the importance of such dynamic reconfiguration for
brain function is generally recognized (Lord et al., 2017), it is
not clear how the spontaneous switching between segregated
and integrated states relates to A- and P- Consciousness.
For example, let us suppose that a visual stimulus is flashed
to our retina. Does the presence of either brain state (i.e.,
segregated or integrated) affect the probability of such stimulus
to gain conscious access? In this work we propose that
information is collected predominantly during the segregated
state, and that part of such information gains conscious
access at the subsequent integrated state (see Section 4).
In particular, we identify a fine-grained correlate of A-
Consciousness corresponding to large-scale bursts of neuronal
activations, interpreted as integration events. In the next chapter
we associate these salient events to neuronal avalanches, as
understood in the context of “brain criticality” theory. We
review recent developments in Consciousness studies within this
framework, we draw postulates of our hypotheses and propose
experiments to test them.

2. Avalanches and consciousness

Consciousness should be understood within the physical
principles governing the brain (Cosmelli et al., 2007; Werner,
2007). A widely discussed hypothesis is that, likewise other
complex systems outside of equilibrium, the brain self regulates
around a critical point ie., at the edge of a second-order
phase transition (Cocchi et al, 2017; OByrne and Jerbi,
2022), a property that is known as Self-Organized Criticality
(SOC; Bak et al, 1987; Plenz et al, 2021). SOC offers an
attractive theoretical framework for the brain, since it predicts
the empirical evidences of optimal information processing
(Shew et al, 2011; Shew and Plenz, 2013), dynamical range
(Kinouchi and Copelli, 2006; Larremore et al, 2011), and
maximization of metastability (Tognoli and Kelso, 2014). It
was previously suggested that SOC could serve as a framework
for Consciousness as well (Werner, 2009; Carhart-Harris et al,,
2014; Tagliazucchi, 2017; Walter and Hinterberger, 2022). In
fact, criticality was linked to IIT as a necessary condition for
integration of information (Kim and Lee, 2019; Popiel et al,
2020), and it is compatible with predictions from the GNW
hypothesis (Tagliazucchi, 2017), among other frameworks. The
typical signature of SOC is the presence of neuronal avalanches,
corresponding to sudden chains of neuronal activations across
the brain. Neuronal avalanches are typically characterized by
their duration—up to a few hundreds milliseconds—and their
size i.e., the number of regions recruited. The distribution of the
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sizes of the avalanches follows a power-law, which indicates that
these events span several orders of magnitude. In fact, neuronal
avalanches can be consistently observed at the neuronal level
using local multielectrode arrays (Beggs and Plenz, 2003), as well
as at the whole-brain level using EEG (Palva et al., 2013), MEG
(Shriki et al., 2013), SEEG (Priesemann et al., 2013), and fMRI
(Tagliazucchi et al., 2012). It is to be noted that the outburst
of an avalanche corresponds to the strong co-fluctuation of
a set of brain regions, which promotes resting-state network
dynamics (Tagliazucchi et al., 2012; Zamani Esfahlani et al,
20205 Rabuffo et al, 2021), among other signal properties.
We propose that large neuronal avalanches support large-scale
integration and are a candidate NCC at a fine-grained temporal
scale. Accordingly, our hypotheses also apply in conditions such
as resting-state. In our framework conscious access to external
stimuli, would depend on the relative timing of the stimulus with
respect to the spontaneous background avalanche dynamics.

3. Localize consciousness

An open question is the location of the physical substrate
of a conscious experience. While it is generally accepted that
Consciousness involves a distributed process across the brain
regions, a major dichotomy lies in the anterior or posterior
localization (Boly et al., 2017; Odegaard et al, 2017). For
example, it was suggested that content-specific NCCs lay in
neuronal ensembles within a hot zone situated in posterior
cortical regions (Koch et al., 2016). Other evidences suggest
that the prefrontal cortex is fundamental for the ignition upon
(and therefore the conscious access to) visual inputs (Joglekar
et al., 2018; Van Vugt et al., 2018). How these studies explain
consciousness in absence of experimentally controlled stimuli
is still open to debate (Mashour, 2018). Furthermore, evoked
activation patterns underlying a conscious percept depend on
the nature of the stimulus e.g., visual vs. auditory (Eriksson
et al, 2007). Our proposal of linking A-Consciousness to
spontaneous neuronal avalanches allows to interpret these
results in the framework of resting-state activity. Functional
imaging at rest revealed that healthy brains are characterized by
a high-number of network reconfigurations (brain flexibility),
a property which is disrupted in neurodegenerative diseases
(Sorrentino et al., 2021a). In the context of dynamical systems
theory, brain flexibility derives from the multi-stability of the
dynamical repertoire (Golos et al., 2015), which has been
linked to cognition (Kelso, 2012). Being dynamical in nature,
avalanches recruit several modules in a flexible way, acting as a
physical manifestation of multi-stability. We propose that fine-
grained NCCs are coded into ever-changing patterns of network
activations, which manifest as neuronal avalanches. However,
we argue that a certain threshold size and/or topographic
boundary should exist for an avalanche in order to be relevant
for conscious access (see Section 5). Hence, the question of the

Frontiersin Psychology

87

10.3389/fpsyg.2022.1008407

localization of consciousness is reinterpreted from a network
perspective, whereby the role that individual regions play into
the spread and reconfiguration of neuronal avalanches is not
homogeneous. In fact, the probability of cascading along a
specific brain network resembles the structural connectome
(Sorrentino et al., 2021b), suggesting that avalanches follow
preferential pathways laid out by the neuronal projections. Thus,
the topological role of a region within the connectome will partly
define its relevance toward the spreading of perturbations on the
large-scale. This is in line with the fact that the effect of a lesion
on the large-scale dynamics correlate very poorly with the size of
the lesion, while the topological role of the lesion carries much
higher predictive power (Gratton et al., 2012).

4. Brain-state dependence of
consciousness

A recent study on monkeys suggested that conscious access
is state-dependent, whereby fluctuations in the behavioral and
neurophysiological markers before the visual stimulus were
related to variations in stimulus detection (Van Vugt etal., 2018).
Similarly, we expect a brain-state dependence of conscious
access, given that the presence or absence of an avalanche
mark qualitatively distinct states in the functional evolution of
brain dynamics. In fact, neuronal ensembles are not always in
communication, and windows of coherence are expected to be
necessary for information routing (Fries, 2005). In particular,
large-scale coordination displays the dynamic alternation of
regional segregation and integration (Friston, 2009; Sporns,
2013; Deco et al, 2015). The sequential recruitment of
neuronal ensembles during avalanches elicits characteristic
brain networks, and corresponds to periods of increased
functional connectivity. Thus, under the communication
through coherence hypothesis (Fries, 2005), we assume that
neuronal avalanches underlie periods of integration. As a first
conceptualization of our framework, based on the idea that
integration of information is a prerequisite for consciousness
(Tononi et al.,, 1998a), we posit that avalanches spreading across
the brain correspond to discrete conscious access events, where
previously acquired information is broadcast in the brain. On
the one hand, we argue that avalanche states are poor receptive
states, since the already-entrained populations are generally
less susceptible to external stimuli. On the other hand, if a
stimulus is received during an inter-avalanche interval, it has a
higher probability of triggering a new avalanche and of gaining
conscious access after a few hundreds milliseconds. We can
express these concepts in the language of dynamical systems
and manifolds. In this representation, the state of the system
can be thought of as a ball rolling over a surface (manifold),
whose wells (attractors) represent quasi-stable configurations
of the system (Figures 1A,B). The brain activity spends a large
amount of time in one attractor, and then quickly transitions to
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FIGURE 1

Conceptual framework. (A,B) The brain dynamics can be represented as a ball rolling on a landscape. During an inter-avalanche interval (state 1)
the system explores the high plateau and can be easily pushed into a well by a perturbation. Therefore, in state 1 the system is maximally
receptive to an incoming stimulus (green arrow), but not aware of it yet (marked by “X"). On the contrary, during an avalanche (state 2) the system
is falling into a well, and an external perturbation has less impact on the system (gray arrow). An avalanche is characterized by the simultaneous
fluctuation of several regions above a fixed threshold (marked by black bins). Therefore, state 2 supports the formation of a large-scale network
of highly co-activated brain regions. We interpret this as a moment of integration of information across regions, where conscious access to
previously collected information is achieved (marked as “!"). (C,D) Access to conscious processing occurs few hundred milliseconds after a
stimulus is sent (at time “zero”), and this event is generally marked by a late wave of activations (ignition). Let us suppose that in an experimental
setup a stimulus intensity is tuned such that perceptual awareness and the associated ignition occur in fifty percent of trials. We predict that if
the stimulus is sent during an inter-avalanche interval (C), the probability of gaining conscious access a few hundred milliseconds later is greater
than fifty percent. Accordingly, the probability drops below fifty percent if the stimulus coincides with a large avalanche (D).
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the next one. Over time, multiple attractors (i.e., "the landscape") percept). Summarizing, we suggest that the brain alternates
will have been visited. Hence, rather than stationary, the patterns receptive windows (inter-avalanche intervals), where incoming
of activity in the data will be metastable (Haken, 1991; Friston, information is collected, to punctuated short-lived integration
1997; Huys et al., 2014; Deco and Kringelbach, 2016; Roberts events (large avalanches), corresponding to conscious access to
et al., 2019; Shine et al., 2019). the previously collected information.

Neuronal avalanches correspond on the manifold to Finally, we propose a general experimental setting to test
moments in which the ball is (falling) into a well (and, these hypotheses. In task-based experiments it is possible to
as said, conscious access to previously collected stimuli is fine-tune the duration and intensity of a sensory stimulus
gained). In this situation it is harder for a new incoming (e.g., visual) to a target subject-specific probability of such
external perturbation (stimulus) to change the trajectory of the stimulus gaining conscious access. Our hypotheses predict an
system. On the contrary, when the ball is on the peak, the increased probability of missing the target if that is presented
system is more susceptible to external stimuli, which can easily during a large avalanche. This can be tested by simultaneously
push the ball into a new attractor (i.e., update the conscious recording the spontaneous avalanche state at the moment of
Frontiersin Psychology frontiersin.org
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the presentation of the stimulus (Figures 1C,D). However, given
the aperiodic occurrence of avalanches, it is challenging to time
the presentation of a stimulus to a specific brain state. To
overcome the problem, we propose to exploit an important
property of neuronal avalanches, namely the shape collapse
(Sethna et al., 2001). When an avalanche breaks out, regions
are gradually recruited until a maximum is reached, and then
the activity fades away equally gradually. This phenomenon
holds across orders of magnitude, which allows all avalanche
profiles to be collapsed into a parabolic shape by a fixed
scaling exponent, a property expected theoretically for a class
of universality of critical phenomena (Papanikolaou et al., 2011;
Laurson et al., 2013; Miller et al., 2019). This implies a short-
term form of predictability over the course of an avalanche.
In fact, once an avalanche reaches the maximum recruitment
after N steps, one can predict that it will persist for the next N
time steps, symmetrically collapsing in time, up to few hundred
milliseconds for the longest avalanches. This would provide a
time-window to synchronize the stimulus to the background
avalanche state. Importantly, such probability can be evaluated
in the absence of any task or behavior using a no-report
paradigm, such as Sergent et al. (2021).

5. Discussion

The brain activity is functionally dynamic and conscious
processes might depend on the spontaneous alternation of
integrated and segregated functional states. Neuronal avalanches
are ubiquitously observed in brain imaging recordings, in
association with expected features underpinning Consciousness,
such as complexity, flexibility and multistability. In this work, we
propose an overarching framework to link a number of empirical
findings related to consciousness and its neuronal correlates.
Our hypotheses remain highly hypothetical. However, we
propose an experimental design to test our framework. In
detail, we propose that a computational cycle for consciousness
consists of a subliminal phase, where the brain operates in
a segregated state and external stimuli are gathered, and an
integrated state manifesting as a neuronal avalanche, where the
previously acquired information can gain conscious access. In
our framework, conscious access manifest itself as large-scale
bursts of activation. Such bursts can be induced by external
stimuli (e.g., ignition), but are also empirically present in
spontaneous resting-state activity (e.g., neuronal avalanches).
Hence, our hypotheses ought to explain Consciousness also
in absence of a clear task e.g., when we are mind-wandering.
In general, in order to identify the necessary and sufficient
conditions for an avalanche to support Consciousness, it is
important to distinguish between neuronal avalanches generated
during conscious or unconscious states. In this context, the
topography of the networks recruited by an avalanche is
expected to be relevant. In fact, specific neuronal circuits

Frontiersin Psychology

89

10.3389/fpsyg.2022.1008407

supporting the emergence and fading of Consciousness have
been identified in the literature. As an example, the cortico-
cortical and thalamo-cortical loops are associated to both states
and contents of Consciousness (Dynamic Core hypothesis;
Edelman and Tononi, 2000). At the mesoscale, the pyramidal
neurons in layer 5 (L5p) in the cortex have been identified
as a key relay between the cortico-cortical and the thalamo-
cortical loops. As such, the involvement of L5p has been
hypothesized as a necessary condition for cortical processes
to support consciousness (Aru et al., 2019). Recent evidence
highlight changes in L5p activity during anesthesia, such
as increased low-frequency power (Bastos et al, 2021), and
selective synchronization (Bharioke et al., 2022). Supposedly,
these changes impair the dendritic-to-soma coupling (Aru
et al., 2020; Suzuki and Larkum, 2020), thereby disconnecting
the thalamo-cortical broadcasting system which would no
longer support consciousness. In the light of this evidence,
we hypothesize that a conscious state should be supported by
avalanches that contribute to the integration of these systems,
which is more likely for large-sized avalanches. However, we
do not exclude that access consciousness can be supported
by small avalanches, provided that they recruit the relevant
structures. Classical statistical measures related to neuronal
avalanches (e.g., power law distribution, branching ratio etc..),
often used as a signature of (or against) criticality, might not
be optimal to assess conscious vs. unconscious states as they
disregard both the topography and the temporal organization
of brain activity. The temporal factor is also crucial to the
emerge of consciousness, as a large body of research suggests
that Consciousness involves multiple characteristic timescales,
spanning from the perceptive threshold ( 15 — 50ms) to
the extension ( 100 — 500ms) and the retention ( 3 — 7s)
of content (see Singhal and Srinivasan, 2021 and references
within). While a number of frameworks describing the temporal
hierarchy of conscious perception have been proposed (e.g.,
Poppel, 1997; Varela, 1999; Poppel, 2004; Wanja, 2017), a
clear biophysical mechanism encompassing fast, intermediate
and slow temporal scales is still missing. To this regard,
neuronal avalanches offer a promising overarching framework
to explain the spontaneous emergence of this hierarchy of
timescales. In fact, the duration of neuronal avalanches is
rather short on average (tens of milliseconds; comparable
to the perceptive threshold) with respect to the duration
of TAI (hundreds of milliseconds; which is closer to the
extensional timescales). Furthermore, it was shown that the
dynamics of avalanches possesses a slower timescale in the
order of a few seconds (Rabuffo et al., 2021), which is
comparable to the retentional timescale. However, it must be
noted that a separation of timescales predicted by the SOC
framework is not clearly observed in experimental recordings
(Lombardi et al., 2012, 2021; Priesemann et al., 2014). It
was previously shown that large avalanches tend to couple
with longer preceding and following IAI (Lombardi et al,
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2016), which might be related to the proposed hypothesis
of information gathering during IAI and conscious access
during the following large avalanches (and also be of use to
design the experiments). It had been proposed that cognition
and perception might operate in discrete cycles (VanRullen
and Koch, 2003; Madl et al., 2011; VanRullen, 2016). The
identification of these cycles with recurrent neuronal avalanches
suggests that fast cognitive processes might be aperiodic, and
that the duration and intensity of a percept could be modulated
in time (Herzog et al., 2016), likewise the duration and size of
neuronal avalanches.

Arguably, one of the most used ontologies for the
description of neuronal activity in neuroscience refers to
neuronal oscillations (Buzsaki, 2006). In this framework,
transient neuronal synchronization events are considered as
a correlate of high-order cognitive processing (Tononi et al,
1998a,b; Rodriguez et al., 1999; Srinivasan et al, 1999;
Engel and Singer, 2001; Ward, 2003; Melloni et al., 2007).
In particular, synchronization of neuronal populations has
been proposed to mediate the merging of multiple local
processes into a single conscious experience (Singer, 2001).
Hence, a mechanistic framework for consciousness should
ideally portray both oscillations and avalanches. Recent works
has provided both theoretical and experimental evidence in
this direction, showing nested oscillations coexisting with
neuronal avalanches (Gireesh and Plenz, 2008). In the same
vein, it was shown in-silico that neuronal avalanches occur
at a critical (asynchronous-to-synchronous) phase transition,
where they coexist with incipient oscillations (Di Santo
et al, 2018). However, while SOC provides a candidate
framework for a unified theory of Consciousness (Melloni
et al, 2021), a critical state is not strictly required for
explaining the presence of spontaneous scale-free neuronal
avalanches (e.g., Buendia et al., 2020a, 2022). For example,
it was suggested that during deep sleep or under anesthesia,
the brain self-organizes at the edge of bistability (SOB, a
first order phase transition Buendia et al, 2020b), rather
than SOC (Priesemann et al., 2013). Furthermore, other
bursting phenomena such as EEG micro states (Britz et al,
2009; Michel and Koenig, 2018) and neuronal assemblies
(Papadimitriou et al., 2020) have been linked to cognition
and perception. Notably, the global ignition proposed by the
GNW hypothesis and observed when an external stimulus
gains conscious access, might be understood as an avalanche of
neuronal activations.

In conclusion, in this manuscript we propose a unifying
framework to link both spontaneous and induced conscious
access to neuronal avalanches. Neuronal avalanches are a solid
finding in large-scale human recordings, which allow to state
testable hypotheses and design the experiments accordingly.
The presence of ignition when a stimulus gains conscious
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access, as predicted by the GNW hypothesis, and the loss of
complexity in unconscious states, predicted by IIT, can both
be understood within the proposed framework. Importantly,
neuronal avalanches also offer a mathematically solid approach
to link the properties observed on the large-scale to hypothetical
microscopic mechanisms, which might offer a window to
approach consciousness in mechanistic terms.
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Fading boundaries between the
physical and the social world:
Insights and novel techniques
from the intersection of these
two fields

Cecilia Dapor, Irene Sperandio*' and Federica Meconi*'

Department of Psychology and Cognitive Science, University of Trento, Rovereto, Italy

This review focuses on the subtle interactions between sensory input and social
cognition in visual perception. We suggest that body indices, such as gait and
posture, can mediate such interactions. Recent trends in cognitive research
are trying to overcome approaches that define perception as stimulus-
centered and are pointing toward a more embodied agent-dependent
perspective. According to this view, perception is a constructive process in
which sensory inputs and motivational systems contribute to building an
image of the external world. A key notion emerging from new theories on
perception is that the body plays a critical role in shaping our perception.
Depending on our arm’s length, height and capacity of movement, we create
our own image of the world based on a continuous compromise between
sensory inputs and expected behavior. We use our bodies as natural “rulers”
to measure both the physical and the social world around us. We point out
the necessity of an integrative approach in cognitive research that takes into
account the interplay between social and perceptual dimensions. To this end,
we review long-established and novel techniques aimed at measuring bodily
states and movements, and their perception, with the assumption that only by
combining the study of visual perception and social cognition can we deepen
our understanding of both fields.

KEYWORDS

social cognition, visual perception, embodiment, body indexes, posture, empathy,
social body

1. General introduction

New insights on how traditional neuroscientific methodologies and instruments can
adapt to emerging models of social cognition and perception are long needed. The vast
majority of studies on perception so far have mainly concentrated on dissecting bottom-up
processes, such as feature categorization and grouping. However, higher cognition seems
to be rooted in our sensory representation of the world and to be modeled by our
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physicality. Therefore, we need research instruments able to tap
into the deep embedding of our cognition in bodily processes.
After all, the interface between the environment, whether physical
or social, and its perception at our end comes down to our body.

For instance, this article focuses on the subtle interactions
between sensory input and social cognition in visual perception
and proposes the body indices, such as gait and posture, as a
critical mediator of such interactions.

We structure our perspective in three sections: the first one
starts by exposing different approaches in perception studies and
by highlighting the deep interplay between top-down and
perceptual processes; the second one focuses on embodied
sensorial aspects of social cognition and its reliance on visuospatial
behavior mechanisms; the third one presents a selection of studies
in which bodily states (physiological, postural, and kinematical)
are analyzed in their role of conveying social information to
the viewer.

The key idea behind this work is that sociality is a part of -
and not apart from - our biological being: we have preconscious
dispositions toward perceiving social cues, namely other people’s
bodies and their expressions, and the way we perceive the (social)
environment is shaped by our own body and its expressions.
Accumulating evidence from different lines of research is
supporting this notion, revealing that our perceptual experience
is not a mere copy of the external appearances, but rather the
result of a compromise between physical environment’s layouts
and people’s social needs and expectations (e.g., Balcetis and
Dunning, 2009; Firestone and Scholl, 2016; Niedenthal and Wood,
2019; Sato et al., 2019; Valenti and Firestone, 2019; Sun et al., 2021).

Building upon compelling evidence showing an overlap
between spatial and social behavior in the perception of distances
(Henderson et al., 2006; Bar-Anan et al., 2007; Yamakawa et al.,
2009; Xiao and Bavel, 2012; Parkinson and Wheatley, 2013;
Takahashi et al., 2013; Hamilton et al., 2014; Schiano Lomoriello
et al., 2018; Sato et al., 2019; Kroczek et al., 2020), and on studies
on the preconscious and automatic processing of social visual
stimuli (Morris et al., 2001; Pegna et al., 2005; Tamietto and de
Gelder, 2008; de Gelder, 2009; de Gelder et al., 2010; Zhou et al.,
2019), we claim that in the process of understanding others, social
top-down and visual bottom-up processes join their forces to
prompt an adaptive response to the social stimulus. Moreover,
we will show that the exploration of our physical and social
surroundings is self-centered, or, more precisely, body-centered.
In other words, our body shape and appearance strongly affect the
way we move and conduct ourselves toward physical and social
entities (Yee et al., 2009; Linkenauger et al., 2010; van der Hoort
etal., 2011), revealing a fundamental role of our body in shaping
our perception and our sociality.

In short, the main claim of this review is that our body is a
critical mediator of the interplay between social cognition and
visual perception; the body is indeed our interface at the basis of our
interaction with the environment. We can trace the effects of this
mediation even in the rescaling effects that it exerts on our sight:
understanding the deep influence of our bodies and bodily
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processes on our visual perception is a crucial step to frame also its
role in shaping our attitude toward and interpretation of social
relationships. We observe other people’s postures and movements
in order to understand their emotions or intentions, and the
effective recognition of the others psychological state is
accompanied by the instinctive simulation of their expressions in
our own body. Theories of embodied cognition (Goldstone and
Barsalou, 1998; Niedenthal et al., 2005; Proffitt, 2006; Gallese, 2009)
claim that we use sensorimotor models originating from our
proprioception and body schema (see definition in Box 2) to infer
the psychological state of others. However, the literature often lacks
the specification of the exact bodily indexes observed and simulated
during social processes. We want to help fill this gap by presenting
and promoting novel techniques that integrate the study of social
cognition with physiological and visual measures, aiming at
incentivizing integrative and multimodal approaches. To sum up,
we strongly encourage the re-integration of the whole body in the
study of social behavior and visual perception, following Nakayama’s
claim that “vision science is going social” (Nakayama, 2011).

2. Reconstructing visual
perception

The concept of perception has evolved throughout history.
The last century has seen different theories succeeding one
another in an attempt of giving a systematic explanation of how
humans perceive the world surrounding them. Since the first
definitions of perceptual processes, a differentiation between early
sensory systems and higher cognitive processes has emerged.
Although a reciprocal influence between these different levels of
processing is well-established in the literature, an unsolved issue
concerns the stage at which these two levels start interacting. For
instance, traditional views assume a hierarchical structure in
which the external input is initially processed by sensory cortices
and it is only later ri-elaborated and interpreted by higher
cognition. In contrast, alternative approaches (e.g., New Look,
enactivism, ecological psychology, 4E approaches) argue for an
early intervention of motivational systems, which modulate our
perception by increasing the saliency of some objects on the basis
of our current needs or desires. Within this other theoretical
framework, perceptual processes have a constructive nature for
which external information is gathered and modeled for the
demands of our inner states (Balcetis and Dunning, 2006).

2.1. New look and other perspectives in
perception: Visual perception as a
constructive process

According to the New Look theory, perception is far from
being a neutral and objective representation of the external world.
Instead, what we see appears to be the result of a compromise
between autochthonous and behavioral determinants (Bruner and
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1947). While autochthonous refers to the

electrochemical signals generated by the sensory end organs,

Goodman,

behavioral includes learning and motivation, social needs and
attitudes, basic physiological needs, such as hunger and thirst.
These two determinants build a perceptual hypothesis that
undergoes a selection process driven by our needs or requirements.
Objects that comply with the selective criteria become “more
vivid, have greater clarity or greater brightness or greater apparent
size” (Bruner and Goodman, 1947). In a classic experiment,
Bruner and Goodman (1947) showed that a physical entity, like a
metal disk, invested of social value (e.g., a coin) is perceived as
having a bigger shape compared to the same form without any
utility (i.e., a simple metal disk). The authors postulated that the
greater the need for a socially valued object, the more marked the
reshaping of the perceived entity would be. In agreement with this
hypothesis, they demonstrated that poorer children were more
likely to perceive the coins as bigger, compared to an age-matched
group of more wealthy individuals (Bruner and Goodman, 1947).

Despite initial criticism, this theory has recently regained
attention thanks to scholars who have developed rigorous
methodological approaches and demonstrated how semantic
knowledge (e.g., stereotypes) can shape - at a very early stage — the
way we process sensory inputs (Otten et al., 2017).

Two additional influential theories that date back to the
second half of the last century and originated in opposition to
cognitivism, are the enactivism and ecological psychology. The
latter was pioneered by Gibson (2014) and has its foundations in
his perspective on visual perception. The most relevant point of
this framework is the concept of affordances (see Box 1), a notion
that has been exploited in different fields and transposed from the
physical environment of inanimate objects to the social
affordances offered by another person. Another fundamental
aspect of ecological psychology is the reintroduction of the body
as a reference point for our perceptions, and the concept of
perception as an act of information pickup. Gibson revolutionized
the whole field of visual perception, introducing new models
based on the way that our visual sensory system is built on the
idiosyncrasies of our body rather than the external stimulus.

While one can easily consider ecological psychology as a new
theory of perception, the redefinition of the organism-environment
relationship imposed by this theory has important implications for
cognition (Popova and Raczaszek-Leonardi, 2020). A more radical
elaboration of the centrality of our body in cognitive processes has
been put forward by the enactivist approach, largely founded on
the ideas of Varela et al. (1991). Similar to ecological psychology,
this theory strongly highlights the importance of the relationship
between agent and environment, with the assumption that
cognition and perception emerge together and are so closely
connected that they cannot be considered separately. The
objectivity of perception is deconstructed in favor of the
inevitability of the subjective state in the global landscape formed
by the individual immersed in its surroundings (Fuchs, 2020; Heft,
2020; de Pinedo Garcia, 2020; Popova and Raczaszek-Leonardi,
2020; Read and Szokolszky, 2020).
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This account of perception conforms also to the more and
more popular theory of predictive coding (PC), which has its
origin in the model of visual perception formulated by Rao and
Ballard (1999). The authors described visual perception not only
as a feedforward loop from lower-to higher-order visual cortical
areas, but also as a cycle of prediction and error-correction. The
new emerging ideas that followed this initial assertion, are based
on the inferential nature of the brain (Friston, 2018). In a nutshell,
the PC framework states that our neural networks constantly
predict sensorial aspects of the environment based on the
statistical regularities of the natural world. This prediction
generates a perceptive model which is confronted with the
incoming sensory inputs and corrected in case of mismatch (Rao
and Ballard, 1999; Friston and Kiebel, 2009). One can easily see
the parallelism with Bayesian modeling in statistics, for which an
hypothetical or aprioristic model of a certain phenomenon is
continuously updated on the basis of the newly collected data.
What the system, in this case the brain, should focus its energy on
is to minimize the prediction error (Friston and Kiebel, 2009;
Friston, 2018). This inferential view of our cognition and
sensorium, described also as Baesyan brain hypothesis, has gained
growing consensus and has become one of the most dominant
models in cognitive neuroscience. The PC approach has been
applied in multiple fields of science. A relevant example is its
application to explain interoceptive awareness or accuracy (Seth
etal, 2012; Ainley et al,, 2016). In the study of Ainley et al. (2016),
the sensitivity for internal bodily information is explained as the
ability to adapt a “prior” representation of the body state to the
effective interoceptive sensation, by continuously adjusting and
minimizing the prediction errors. If this predictive dynamics
holds true for interoceptive inputs as well and not only for what
we expect to perceive from the external environment, then the
model can be extended to partially explain our emotional
responses (Seth, 2013; Barrett and Satpute, 2019). In fact, emotions
can be seen as predictions of reactions to an event based on past
experiences that generated models of behavior. They can represent
the active inference of how to respond to a particular situation,
and be created from memory with the possibility of future
adjustments. In a more articulated manner, Seth (2013) integrates
the interoceptive predictive coding hypothesis in a coherent
understanding of emotional content as an “active top-down
inference of the causes of interoceptive signals” Interoception is
no longer considered as a one-directional collection of bodily
sensations from peripheral receptors to the central processor, but
rather as a process shaped by top-down inferences and influences
along with bottom-up error-correction processes. In summary,
the predictive coding account of emotions defines them as active
inferences on the causes of physiological changes, both at internal
and external representational levels (Seth, 2013; Barrett and
Satpute, 2019).

Again, the “strange inversion” brought about by this
theoretical account goes in the same direction as the other
frameworks described so far, which point out the inferential,
constructive, and active functioning of the perceiving organism,
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BOX 1 Definition of affordances.

The term was introduced by James Gibson, within its ecological
approach to the study of vision, and indicates the totality of actions
that an object allows to perform. The affordances of an object can
be defined as the potential actions elicited by the view of that object.
For example, seeing an apple suggests the actions of eating it,
grabbing it, or moving it. A chair "affords” being sat on, and so forth.

whilst leaving behind the idea of the brain “as a glorious stimulus-
response link” (Friston, 2018). Following this discussion, it is
probable that the “naive realism,” supported by traditional
approaches, whereby what we see, smell and feel is a faithful
representation of what is “out there,” will be progressively replaced
by a view of our visual system as grounded in action capabilities
and social influences (Proffitt and Linkenauger, 2013; Proffitt and
Baer, 2020). The current review aims at pushing cognitive research
into this direction, highlighting the deep influences that our inner
states and social needs exert on perceptual processing. In the
ensuing sections, we will argue that the visual salience of an object
is given by its affordances (see definition in Box 1) to satisfy our
physiological or social needs. In other words, we project on the
objects surrounding us different degrees of desiderability — based
on our bodily and psychological states - and perceive them
accordingly, inevitably bonding our perception to our
action possibilities.

2.2. Our metabolic energies influence
visual perception

Our action possibilities are delimited by the resources
we dispose of and the costs of the actions we want to undertake.
Using Proffitts words, “survival for any organism, including
people, is a matter of resource management” (Gross and Proffitt,
2013). Our brain calculates costs and opportunities associated
with every movement, and this constant evaluation is carried out
automatically and unconsciously, in that, if we had to be aware of
it, our executive functions would overload (Proffitt, 2006; Gross
and Proffitt, 2013).

First and foremost, our ability to perform an action depends
on our body characteristics: our body size determines what we can
reach as well as what we can see (Linkenauger and Proffitt, 2008;
Sugovic et al., 2016). The effect of our body mass on perceived
distance was assessed in an experiment of Sugovic et al. (2016) in
which normal weight, overweight, and obese individuals were
asked to estimate a same distance and report their beliefs
concerning their body size. They found that perceived distance
was mainly affected by physical body weight and that this effect
was independent from personal beliefs. Specifically, they found
that the heavier the person, the greater the estimation of distance
(Sugovic et al., 2016). Also, the physiological state of our body
plays a major role in what we can perform and how. Being tired,
or out of training, or carrying a weight, are all factors that can
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diminish our potential to perform actions (Proffitt, 2006;
Linkenauger and Proffitt, 2008; Proffitt and Baer, 2020). A
reduction of our action possibilities translates into an adjustment
of the environmental perception. In fact, it has been shown that
perceived distances increase when our energies are scarce and are
instead reduced when we are trained and performative (Zadra
et al., 2016; Proffitt and Baer, 2020). In the same fashion, Bhalla
and Proffitt (1999) showed that the steepness of a hill was
overestimated by participants who were asked to carry a backpack,
fatigued runners or those in low physical and health conditions
when compared to participants in their full forces (e.g., not
carrying a backpack or fit and in good health). A further example
on how sugar intake and fitness level affect visual estimates was
provided by Zadra et al. (2016). The authors asked participants to
judge distances after physical exercise. Prior to the physical
activity, half of the participants received a carbohydrate
supplement, whereas the other half received a placebo. They
observed that those who received the energizer rated the extent to
be shorter compared to the placebo group. They also found that
perceived distance correlated with other measures of fitness, such
as blood glucose, heart rate (HR), and caloric expenditure under
physical fatigue, further confirming the influence of bioenergetic
resources on perceptual processing (Zadra et al, 2016).
Interestingly, Changizi and Hall (2001) demonstrated that thirsty
people perceive ambiguous visual stimuli as more transparent
than non-thirsty subjects, and this may be due to the implicit
association of transparency with water.

2.3. Tools extend our action possibilities
modifying the perception of our
surroundings

Beside dimensions and fitness of our body, another factor that
can determine our potential to perform actions is the use of tools.
In fact, tools can extend our reach to extrapersonal space,
including farther objects in our area of manipulability. Objects
within our reach are automatically perceived as candidates for
potential actions and this implies different perceptual processings
(for a review, see Brockmole et al., 2013). Indeed, they are visually
scanned in a more attentive way and with a detail-oriented
processing style in order to enable appropriate action responses
compared to objects we cannot touch or immediately interact with
(Brockmole et al., 2013). Hence, holding a tool that increases the
area of our possible interaction with the surroundings immediately
modifies the visual perception of what would have been beyond
our reach. For example, when patients with hemispatial neglect (a
neuropsychological condition characterized by reduced awareness
of visual stimuli in one side of the visual field, not accompanied
by sensorial deficit) limited to the near space were provided with
a stick and asked to perform a line bisection task in the far space,
the neglect expanded to include the area reachable with the tool
(Berti and Frassinetti, 2000). This demonstrates that the artificial
extension of our reach remodels peripersonal space and the
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perception of far and near objects, suggesting once more that our
chance of interaction with the environment has deep effects on
how we perceive it.

2.4. Social baseline theory: Social
resources can directly alter our visual
perceptions

Not only metabolic energies weigh on the capacity to
undertake any action, but also they influence our social
relationships. Supportive social networks allow distributing the
efforts of any endeavor and protect the individual from potential
dangers. It has even been argued that receiving help from other
humans is a matter of survival and that the greatest human
strength are other humans (Oishi et al., 2013). Indeed, we are born
and raised within a social environment that provides for our basic
needs until we can take care of ourselves. Even then, we are for the
rest of our lives embedded in social networks (Gross and Proffitt,
2013). Interestingly, similarly to what has been observed for
metabolic resources, it has been demonstrated that social
resources, too, influence our perception of the environment.

The Social Baseline Theory (SBT), formulated by Beckes and
Coan (2011), describes interindividual differences in reacting to
social support. According to this theoretical account, social
support is considered as a default precondition of our actions and
determines the baseline from which we calculate the amount of
energy available (Beckes and Coan, 2011; Cole et al., 2013; Gross
and Proffitt, 2013). Nevertheless, investigations on the role of
social resources in perception have been largely neglected in the
literature, especially if compared to the wealth of evidence on the
role of physiological states (Gross and Proffitt, 2013). However,
accumulating evidence indicates that the presence of a significant
other acts as an empowering factor when facing difficulties or
specific tasks. For example, Doerrfeld et al. (2012) observed that
when participants were asked to lift a box they tended to judge its
weight as lighter if they knew they would receive help, compared
to when they knew they would lift the box without any help.
Schnall et al. (2008) replicated Profhitt’s study on slant perception
where slant estimates varied as a function of the physical and
health conditions of the observer (see subsection 2.2), but this
time the social support factor was also considered. Participants
could either be accompanied by a friend or imagine the presence
of another person (friendly or not). In both cases, social support
decreased the perception of the steepness of the hill. Other studies
have tried to shed light on the ways in which social inclusion or
exclusion impact our sensory systems. These studies revealed a
wide range of effects on visual perception. For instance, the feeling
of being understood is another factor that appears to influence
distance and steepness perception. In an experiment by Oishi et al.
(2013), participants were judged by an evaluator with a few
adjectives chosen from a list, from which the same participants
had previously picked a few words to describe themselves. In the
understanding condition, participants received the same
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judgments they also had chosen, while in the misunderstanding
condition the evaluator judged the participants with words that
largely differed from the participants’ self-assessment. After the
evaluation session, participants performed a slant estimation task
similar to the one used in Bhalla and Proffitt’s study (1999). Results
showed that feeling understood decreased the slope estimates
compared to the misunderstanding condition (Oishi et al., 2013).

To conclude, we can claim that vision assists our possibility of
action by modulating perceived size and distance of objects. Our
potential to perform actions, in turn, is determined by our
dispositional bioenergetic and social resources. Therefore, we see
the environment according to the dispositions of our bodily states
and of our social network.

Table 1 provides a summary of the studies cited in this section.

3. Perceiving the physical and the
social world

After having grounded our discussion in a constructive and
embodied perspective of visual perception, we can now focus on
its integration in models of social cognition. We will start by
drawing a parallel between the research approaches used in visual
perception and those used in social cognition. In both cases,
we will conclude that adopting a multimodal integrative
perspective can better represent the intertwined and complex
nature of these processes. We will then present the embodied
account of social cognition, which we believe to be the most
accurate explanation of how we understand one another. Finally,
we will provide empirical evidence for a common mechanism for
mapping social and physical distances, a further confirmation of
the tight link between social cognition and visuospatial perception
mediated by the processing of body indices.

3.1. A parallel between approaches in
perception and social cognition

The issue of how we represent objects and events in our mind
is and has always been a central theme in cognitive sciences and
for a long time these representations have been described as
symbolic and amodal. In the field of perception, for example, the
main assumption was that we construct abstract representations
of the external inputs through mechanisms of feature extrapolation
and categorization (Lindblom, 2020). Such a view takes inspiration
from Fodor’s modularity, according to which encapsulated
perceptual modules in the brain transmit the sensory information
to higher processing levels that manipulate them in the form of
symbolic representation (Fodor, 1983). The same form of
representation - amodal and disembodied - has also been used in
the study of social cognition. According to traditional accounts,
people process social information by means of categories,
schemata, feature lists, semantic networks, and so forth (Landau
et al., 2010). However, despite their clarity and linearity, these
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TABLE 1 Summary table of the studies cited in section 2.

S

Sun et al. (2021)

Sample

N=18(13
females, mean
age=22.9)

Stimuli

Target rectangles placed of the top

of different stimuli

Design

The different stimuli were selected to induce positive
(squirrel), negative (rats), or neutral (wooden blocks)
emotions. Participants were asked to rate distances from

and size of the targets

10.3389/fpsyg.2022.1028150

Results

Participants perceived the target object on top of the
toy rats (induced negative stimulus) significantly
closer and larger than the same target object resting
on top of the toy squirrels (induced positive
stimulus) suggesting that there is a perceptual bias

even within reachable personal space

Balcetis and

Dunning (2009)

Experiment 1:
N=63

Experiment 2:

N=43

Ambiguous figures

Experiment 1: Number-letter

figure, B/ 13.

Experiment 2: Seal-horse figure

Taste-testing of a desirable and a non-desirable beverage.
The choice of the beverage/food was based on seeing one
of the two possible interpretations of the ambiguous

stimulus

Participants’ desire to obtain the desirable reward
influenced their interpretation of the ambiguous

figure

Balcetis and

Dunning (2009)

Experiment 1:
N=90

Experiment 2a:
N=123

Experiment 2b:
N=89

Desirable objects

Experiment I: A bottle of water

Experiment 2a: A 100 dollar bill

Experiment 2b: A survey

containing self-relevant feedback

Experiment 1. Participants were given either a salty snack
or a glass of water and then were asked to estimate the

distance between them and a bottle of water

Experiment 2a. Participants were offered the chance of
winning a 100 dollar bill in a card game or only a candy

and then asked to estimate the distance from the bill

Experiment 2b. A survey on sense of humour was
ostensibly graded by the experimenter and participants
were given either positive or negative feedback and the
survey was then placed away from the person and asked

to judge how far away

Perceptions of distance depend in part on the
desirability of the perceived object—which depends,
in turn, on its capacity to satisfy a visceral or

intrapsychic need

Zadra et al.

(2016)

N =8 (3 females,
mean age 26.38)

‘Walkable distances

A host of physiological measures were recorded as
participants engaged in exercise on 2 occasions: once
while provided with a carbohydrate supplement and once
with a placebo. Distance estimates were made before and

after exercise on both occasions

The carbohydrate manipulation caused decreased
distance estimates relative to the placebo condition.
Individual differences in physiological measures
that are associated with physical fitness predicted
distance estimates both before and after the

experimental manipulations

Bruner and N =30 (mean Disk of different sizes. The disks The children were asked to estimate the size of the metal Coin size was overestimated, while the neutral disk

Goodman age=10) could either be neutral metal items | disk/coin by adjusting the diameter of a circle of light size estimates were closer to reality. The higher the

(1947) or coins of different value projected on a screen coin value, the bigger the overestimation. Poorer
children overestimated more than more wealthy
children the size of the coins

Changizi and N=74 Visual stimuli “definitely;,” Participants had to judge the stimulus as “transparent” or | The thirsty group showed a greater inclination to

Proffitt (1999)

N=130 (65

females)

Experiment 2.
N=40(20

females)

Experiment 3.
N=74(35

females)

Hall (2001) “ambiguously;” or “definitely not” “not transparent” in two conditions: after having eaten a judge as transparent the ambiguous stimuli
transparent bag of chips (thirsty group) or after having drunk water
(non-thirsty group)
Bhalla and Experiment 1. Slant of a hill Participants were asked to judge how steep the hill wasin | All the experiments demonstrated an effect of load,

three ways: verbally, visually, and haptically

Experiment 1. Participants performed the task in two

conditions: wearing a backpack and without it.

Experiment 2. Participants had to give slant estimates of a
hill before a long run (45 to 75min) and of another hill

after the run

Experiment 3. Different fitness measures were taken from
the participants (heart rate in different conditions and
body mass index) after or before asking them to judge the
slant of the hill

fatigue, or fitness on the slant estimates, but only for

verbal and visual assessments

Experiment 1. Wearing the backpack influenced the

slant estimate making the hill look steeper.

Experiment 2. The hill estimates were higher after

the exhausting run

Experiment 3. A higher level of fitness corresponded

to a lesser overestimation of the hill’s slant

Sugovic et al.

(2016)

N =66 (30 female,

mean age =24.4)

A cone presented on the sidewalk

(4 target distances)

After making four distance estimates, participants
completed a survey. Along with demographic questions,
the survey asked them to indicate their height, weight,

and an evaluative measure of body size

A person’s body weight influenced perceived
distance: Those who weighed more than others

perceived distances to be farther

Frontiers in Psychology

929

(Continued)

frontiersin.org


https://doi.org/10.3389/fpsyg.2022.1028150
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Dapor et al.

TABLE 1 (Continued)

10.3389/fpsyg.2022.1028150

Study Sample Stimuli Design Results
Studies involving social manipulation
Doerrfeld et al. N =43 (mean Box weight Participants were asked to judge the weight of a box filled | Participants in the joint condition judged the weight
(2012) age=22.5) with potatoes in two conditions: alone or with someone as lighter than in the solo condition
else
Harber et al. Experiment 1. Experiment 1. Distance estimates Experiment 1. Stimuli were either a live tarantula or a cat Resources moderate the perception of physical
(2011) N =107 (63% at 3 measurements points toy. Participants were primed with positive, negative or threats (dangerous animals, hazardous heights), and
female; mean neutral self-worth conditions are not limited to the implicit calculus of metabolic
age=20.8) costs (i.e., how much physical effort a situation
might demand, relative to one’s physical resources)
Experiment 2. Experiment 2. Height estimates Experiment 2. Participants were left free to hold on the
N=91(64.9% from the fourth floor of a building handrail or were denied this possibility by tying their
female; mean hands behind their back. Self-esteem was manipulated
age=20.18)
Coleetal. (2013) | N =48 (100% A male confederate Participants were shown a video of the male confederate Experimentally induced social signals of threat (but
females) in which he would appear threatening, disgusting or not disgust) led to perceived proximity
neutral. Then they were asked for distance estimates
Oishi et al. N =202 (112 Pain endurance (hand in icy Feelings of understanding or misunderstanding were Participants in the understanding condition were
(2013) female; water), slant perception, distance induced in the participants by judging them with a list of able to put their hands in icy water for a longer
undergraduate perception adjectives (positive or negative) period of time, perceived the target locations to
students) be closer, and perceived the same hill to be less
steep than those in the misunderstanding condition
Schnall et al. N =34 (19 female; Slant of a hill Participants judged the hill slant verbally, visually, and Participants with a friend, compared to those alone,
(2008) mean haptically in different conditions: alone or with a friend saw the hill as less steep. The longer participants
age=19.94years) knew their friends, the less steep they estimated the
hill to be, on both the verbal and visual measures

theories do not account for the multimodal nature of perceptual
and social experiences, in which high-and low-level cognitive
processes strongly interact (Zaki and Ochsner, 2012). More
recently, models in which perception and cognition behave as
coupled systems are gaining new ground. In the same way,
alternative paradigms of social cognition stemming from theories
of embodied cognition (Goldstone and Barsalou, 1998; Niedenthal
et al., 2005; Gallese, 2009) are challenging the idea of amodal
representations of the social information. We endorse the
adoption of multimodal and integrative models of both perception
and social cognition, confident that without acknowledging a
common basis for perceptual and conceptual processing of
physical and social events, our understanding of the brain and the
mind would remain incomplete.

3.2. An embodied account of social
cognition

Empathy is the ability to understand others’ inner state by
explicitly inferring it from available contextual information or by
internally simulating it (Zaki and Ochsner, 2012; Sessa et al., 2014;
Meconi et al., 2018). According to the embodied account of social
cognition, we understand other people’s mental state by
reproducing it in ourselves (e.g., Niedenthal et al., 2005). This is
achieved by internally mimicking the same sensorimotor patterns
observed in others, which recall specific psychological states
we experienced in association with that physical expression
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(Gallese, 2007, 2009). This has already been shown in a study by
Duclos et al. (1989) where participants were asked to mimic some
negative emotion expressions (fear, sadness, anger) by contracting
specific muscles. In a first experiment, the expressions were
limited to the face, while a second testing involved a full body
simulation. Participants were convinced that the study regarded
brain lateralization and that the muscles’ contraction was a
conflicting task, the function of which was to overload the
cognitive system. Finally, they had to report their feelings
throughout the experiments, choosing among different emotions
and rating their intensity. Although participants were naive to the
aims of the experiment, they reported higher intensity for the
emotions they were mimicking in that moment, both for facial
and full body expressions, giving strength to the idea that the
activation of specific sensorimotor schemas elicits those
embodied feelings.

The discovery of the mirror neurons is a fundamental step at
the basis of embodied social cognition because mirror neurons are
considered as one route to the development of our ability to
understand others’ actions. Human mirror neurons seem to
be widely spread across the brain with peaks of concentration in
the premotor and somatosensory cortices (Gallese, 2007; Fabbri-
Destro and Rizzolatti, 2008; Bastiaansen et al., 2009; Gallese, 2009;
Keysers et al.,, 2010; Mukamel et al., 2010). The peculiarity of these
neurons lies in the fact that they fire not only when we perform a
specific action, but also when we see that same action performed
by someone else. Traditionally, research on human mirror neurons
adopted fMRI investigations to identify which areas become more
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active during the observation of another person, and this has
allowed the mapping of the neural circuitries that exhibit
mirroring properties. Recently, Paradiso et al. (2021) reviewed the
scientific production across species to reveal which brain areas are
involved in empathic reaction. Empathy is the ability to resonate
with the others’ inner state and to explicitly understand it (often
referred to as affective and cognitive empathy, respectively).
Numerous studies on animal models showed converging results:
the anterior cingulate cortex and the amygdala resulted as the
main areas involved in empathy-related phenomena. The same
authors also reviewed the literature on the role of analgesics in
modulating prosocial behavior which shows that reducing pain
perception hinders the ability to empathize with the pain of
others. In fact, the most recent trends in research on empathy
focus on the mechanisms of empathy for pain (Riitgen et al., 2015,
2018; Lamm et al,, 2019). This new research direction sought to
provide mechanistic explanations to simulation models, by
selectively disrupting specific subprocesses - nociception in this
case - with different techniques (e.g., tDCS, analgesics) to verify
their involvement in cognitive processes, like empathy for pain
(Bonini et al., 2022; Maggio et al., 2022). The empathic experience
of others’ pain has been widely examined by Riitgen and Lamm,
who conducted several studies on the role of our own nociception
in the ability to recognize and understand others’ pain. In an fMRI
experiment of 2015, the researchers manipulated participants’
nociception (i.e., the encoding of noxious stimuli) by means of
placebo analgesia induced in half of the participants. FMRI data
was collected, while a painful electrical stimulation was delivered
either to the participant or to another person present in the
scanner room. Results showed reduced activation of the anterior
insular and midcingulate cortex, areas typically involved in
empathic responses for pain, in the group of participants in which
placebo analgesia was administered compared to the control
group in which participants did not receive any treatment. Along
with other evidence (Riitgen et al., 2015, 2018), these findings are
in line with those studies showing that incidental (Forkmann
etal, 2015) and voluntary (Fairhurst et al., 2012) reinstatement of
an autobiographical pain, involves the partial recruitment of the
brain areas that encoded nociceptive stimuli at the time of
memory formation. Indeed, memories of autobiographical
physical pain augment participants’ cognitive empathy for other
individuals depicted in similar physically painful situations
(Meconi et al., 2021).

Neuromodulation and lesion studies are also suited to
pinpoint the networks underlying mechanisms of embodied social
cognition. Such an example is the experiment of Lenzoni et al.
(2020), which demonstrated a causal relationship between body
expression and emotion recognition. Using a matching task of
faces and bodies, the authors measured social abilities in patients
with myotonic dystrophy, a neuromuscular disease which induces
strong sensorimotor limitations. The clinical population
performed significantly worse than the group of healthy controls,
demonstrating a causal role of visuomotor abilities in emotion
recognition. In a review by Keysers et al. (2018), neuromodulation
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BOX 2 Definitions of proprioception and body schema.

Proprioception is the capacity of perceiving and detecting the
position of our own body in space, as well as the state of activation of
our muscles, without the support of our sight. The collection of
combined signals from sensory receptors in the muscle, skin, and
joints, allows us to be aware of our limbs position and movements,
and it is - in this sense - a fundamental aspect of motor control. In
fact, proprioceptive information is integrated in our body schema,
which combines the peripheral inputs with central (brain) processes
in order to lead the execution of any action or movement. Body
schema has been defined as the body representation for action.
Indeed, it can extend to incorporate any tool we are holding allowing

the sophistication of human tool-use abilities

and lesion studies were presented as evidence for the fundamental
role of the primary somatosensory cortex and mirror neurons
network (parieto-premotor areas) in understanding and
predicting the actions of others, which is in turn connected with
the ability of recognizing their emotions.

The relevance of bodily states in our social judgments is also
rooted in our language. For example, feelings of affection and love
are usually described as warm, such as the experience of a hug,
while loneliness and social distance are typically associated with
cold attributes (e.g., “giving someone a cold shower,” “cold-
hearted”). [jzerman and Semin (2009) provided evidence for this
deep interdependence between language, perception and social
behavior. The authors prompted different temperature conditions
by asking their participants to rate the social proximity they felt
with a known person of their choice while they were holding cold
or hot beverages. As it turned out, the warm condition was
associated with greater social proximity, compared to the
condition of holding a cold beverage.

Taken as a whole, these findings suggest that bodily
experiences can play a preconscious and automatic role in shaping
explicit awareness and in leading our interaction with the world.
We can even state that without embodying our own and others’
psychological states, we are denied the possibility of understanding
them. Such a conclusion leads again to the necessity of adopting
an integrative approach for studying both perceptual and cognitive
mechanisms. In the next subsection, we provide more evidence
for the reliance of cognitive processes on perceptual ones, by
showing that we recruit the same neural networks dedicated to
visuospatial representations of distances to represent different
degrees of social proximity.

3.3. When the social meets the spatial:
Interpersonal distances

A large body of literature highlights that we use overlapping
systems for assessing social proximity and physical distances. For
instance, Bar-Anan et al. (2007) used a Stroop-like task in which
words indicating close or distant social affiliation (“us” or
“enemy”) were positioned in closer or farther perspectives.
Participants had to indicate if the item’s position on the screen was
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proximal or distal, independently from the meaning of the word.
It resulted that words were classified faster when the psychological
and the spatial distances were matching, compared to when the
two types of distance were incongruent. For example, when the
word “us” was written in a close-up position in the scenario,
the response time was shorter compared to the condition in which
the same word (indicating social proximity) was positioned in the
background of the scenario. The authors interpreted this finding
in terms of a common mechanism for the processing of spatial and
psychological distances (see definition in Box 3), which would
explain the slower response in the incoherent condition due to the
activation of incongruent representations on the same neural path.

Another important line of research supporting this view is the
one that investigates the interpersonal distance in social
interaction. It is commonly known that we adjust our position in
relation to our intimacy with the people around us (Hall, 1963;
Hall et al., 1968; Lenzoni et al., 2020). This effect has been named
and described in multiple ways. For instance, Teneggi et al. (2013)
defined peripersonal space as a multisensory-motor interface
between body and environment and showed that its shrinkage or
extension depended on the presence and interaction with others.
In this vein, Serino (2019) extensively reviewed the literature on
peripersonal space, highlighting the stretchable nature of this
multisensorial space and its role in mediating body-environment
the author claimed that this
physiological construct has the psychological consequence of

interactions. Furthermore,
defining the boundaries between ourselves and the external world,
enabling bodily self-location and consciousness (Serino et al.,
2013; Blanke et al., 2015; Noel et al., 2018). It is also suggested that
peripersonal space plays an important role in the body-body
interactions with other people.

To study precisely this body-body dynamics, Kroczek et al.
(2020) used Virtual Reality (VR) to manipulate interpersonal
distance in social interactions. Participants had to interact with
one of two virtual agents represented in the VR scenario. They
were instructed to approach them and start interacting as soon as
the agent would look up at them. The authors manipulated the
distance of interaction by delaying the moment in which the
virtual agent would notice the participant. They found that the
closer the participant had to get to the virtual agent in order to
be noticed, the “more arousing, less pleasant, and less natural” the
interaction was felt. Perception of close distances was also
accompanied with increased levels of skin conductance. These
results are consistent with the principles of Proxemics, whereby
personal space is organized in concentric areas that determine the
level of ease we feel being close to another person, i.e., we can
empathize with them, which is based on our level of intimacy with
that person (Schiano Lomoriello et al., 2018).

Proxemics is not the only discipline that has dealt with
concepts of personal distances. Construal Level Theory has also
attempted to explain the relationship between social, physical, and
temporal distances in terms of psychological dimensions. What is
meant by psychological dimension is the level of specificity or
abstraction, by which information is represented, that goes from
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a low-level (incidental and specific) representation of events near
us to a high-level (general and prototypical) representation of
farther events (Henderson et al., 2006; Trope and Liberman,
2010). The possibility of a shared mechanism for the perception
of these different dimensions of distances has been corroborated
by fMRI studies, showing activation of the same neural network
during the processing of social and physical distances. For
example, in an fMRI study, Yamakawa et al. (2009) investigated
the role of the parietal cortex in analytic representations of
egocentric mapping, which is employed for processing both
physical and social relationships. The authors asked participants
to perform two tasks. In the first task, participants had to evaluate
their physical distance to neutral objects displayed on a screen. In
the second task, participants were shown with two faces and had
to choose the one with which they felt more compatible.
Hemodynamic response was collected during both tasks and
revealed a common activation in the parietal cortex. The social
distance task was also linked with the activation of extended
regions dedicated to social cognition processes, such as the
fusiform gyri, the bilateral medial frontal cortices, the inferior
frontal cortices, the insular cortices, the left basal ganglia, and the
amygdala. Nevertheless, the overlap in the parietal cortex seems
to confirm a common neural substrate for the evaluation of spatial
and social distances, and indicates that this area is part of the
network dedicated to the processing of social stimuli.

It has been argued that the parietal cortex organizes complex
social information in a self-referred map of social distances, guiding
our spatial behavior toward others (Abraham et al., 2008; Yamazaki
etal., 2009; Parkinson and Wheatley, 2013). This supports the idea
that visuospatial perception and social cognition are interconnected
processes, subserved by a common substrate in the brain. The
reciprocal influence of these two kinds of distances is becoming
more and more evident in the literature. For example, Schiano
Lomoriello et al. (2018) have demonstrated that when people are
physically distant from us, we are less prone to empathize with
them. In other words, the feeling of social distance or proximity is
modulated by the physical distance between us and the other
person. The effects are visible also the other way around, in that
social inferences (e.g., categorization and stereotyping) can tweak
our perception of the physical world, as demonstrated by Xiao and
Bavel (2012) in their three studies on collective identity and identity
threat. The authors found that threatening social situations were
judged spatially closer than the non-threatening ones, reinforcing
the idea of how distance perception serves the function of adjusting
our behavior in relation to our social and physical environment. A
final remark is on the application of the rules of physical and social
distance not only to our egocentric perspective but also in the
interpretation of social scenes in which more agents are interacting.
The study of Zhou et al. (2019), among others, demonstrated that
closer interpersonal distances, more direct interpersonal angles and
more open postures, are all visual cues of ongoing interaction in a
group of people. This study along with other experiments on how
we interpret social scenes are described in greater detail in section
4.2 that is dedicated to the observation of multiple agents.
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BOX 3 Definition of psychological distance.

This concept was first proposed by Trope and Liberman in their
Construal Level Theory and was defined as the level of abstraction
used to represent a phenomenon based on its temporal distance.
Greater distance corresponds to greater abstraction. Now the theory
includes other three categories of psychological distance: spatial,
social, and hypothetical. As demonstrated also in this review, these
four dimensions are strongly and systemically correlated with each
other. Psychological distance is inevitably egocentric, the center is
the self in the present, and it serves as a measure of the value
attributed to the phenomenon of interest. Closer events/agents are
perceived as more important and more likely to be acted on

The studies revised in this third section confirm that our body
is the arena where we enact our own and other people’s feelings,
and the key to our complex social abilities. A summary of the
critical studies in support of this concept is presented in Table 2.
We can now finally explore in more detail how we use our vision
to understand others, by describing those body indexes, such as
posture and movement, that inform us on others’ psychological
state. This is the aim of the next section.

4. Reuniting visual perception and
social cognition: The social body
In neuroscientific research

Our interaction with others is substantially mediated by the
observation of their behavior. As we just described above,
we understand others’ inner states by embodying their posture
and expression, which elicit specific affective responses that
we cognitively interpret and recognize (see subsection 3.2 for the
embodied account of social cognition). In other words, it is by
observing and mirroring the bodies of others that we gain insight
of their inner states. The aim of this section is to provide the reader
with an overview of the most recent techniques and to inspire new
lines of research in visual social cognition. We report a summary
of the techniques we describe in Table 3. We will distinguish
between techniques that are used to examine posture, movement,
and gait of individuals, from those that are used to inspect
multiple agents interactions. We will end this methodological part
by reporting some evidence demonstrating the social function of
our vision, followed by a discussion on the importance of
reintegrating the whole body in the study of emotion processing
and social cognition.

4.1. Measures of posture, movement, and
gait

The social cues we extract from other people’s bodies are
linked to their posture, movement and gait. Our emotions find
expression not only by means of the facial muscles, but also in the
way we position our limbs, shoulders and spine. For example, the
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curvature of the shoulders reflects behaviors of either closure or
openness to the world, either avoidance or approaching attitude.
Kinematics is another source of relevant information, and can
be decomposed in different indexes: balance, movement and gait.
Although the reliability of these body measures in predicting
affective states is supported by an increasing number of studies,
the tools and assessment methods to measure them are limited or
underdeveloped in the empirical research. Here, we present a
variety of instruments that can be used to quantify posture
and movement.

4.1.1. Posture and gait

One of the most immediate and old ways of assessing gait
speed and its characteristics is by videorecording people walking
and analyzing photograms of the strides. A pioneer study was
conducted in the 80s by Sloman et al. (1982), in which the authors
assessed the gait in adults with depression using this method. The
analysis of mobility in this clinical population showed that
depression is associated with specific motor symptoms, such as
slower movements and worse balance compared to healthy
controls (Doumas et al., 2012; Belvederi Murri et al., 2020). The
use of electronic walkways can provide a more accurate measure
of the stride length and walking speed. Lemke et al. (2000) used a
combination of photogrammetry and electronic walkway and
confirmed the results found by Sloman proving a reduced stride
length in depressed patients. Another study on depression
(Hausdorff et al., 2004) adopted pressure-sensitive shoe insoles
to check for variability in swing time, which resulted higher in the
clinical population. To obtain indexes on the posture along with
the walking characteristics, the use of 3D motion capture systems
can give more detailed information about head, e.g., position and
movements, upper limbs swing, back curvature. For example,
studies on depressed patients have shown a correlation between
the severity of the depression and the thoracic curvature,
supporting the idea that a slumped position can be associated with
sadness and introversion (Belvederi Murri et al., 2020). The 3D
motion capture system was applied by Angelini et al. (2020) on
patients with multiple sclerosis. They identified diverse gait-based
biomarkers using inertial motion sensors with the goal of
improving the assessment of progressive multiple sclerosis (MS).
The authors examined 15 gait measures and reported longer steps
and stride duration, reduced regularity and higher instability in
the walk of people with MS, when compared to healthy controls.
The use of wearable sensors for the recording of the kinematics
enables the collection of data outside the lab, the identification of
a variety of gait parameters and the detection of biomarkers
specific to different clinical conditions.

4.1.2. Balance

Balance can be assessed by means of force platforms (also
known as stepping platforms) and in some cases the balance
exercise performed during the execution of a working memory
task can give information about how cognitive load can reduce
balance skills (Doumas et al., 2012; Belvederi Murri et al., 2020).
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TABLE 2 Summary table of the studies cited in section 3.

Stimuli

Design

10.3389/fpsyg.2022.1028150

Results and theoretical
implications

Evidences for social embodiment

Duclos et al. (1989)

N =74 (43 females,

undergraduate students)

Faces expressing sadness, anger,

fear and disgust

Participants were induced to adopt expressions
of fear, anger, disgust, and sadness by
contracting or relaxing specific face muscles
and then asked to rate their emotional state
after having performed a conflicting task,

designed to disguise the experiment’s goal

Although participants were naive to the aims
of the experiment, they reported the highest
rating of emotion in the condition in which
they were expressing that emotion, giving
strength to the idea that the activation of
specific sensorimotor schemas elicits those

embodied feelings

Riitgen et al. (2015)

N =102 (70 females, mean
age=25)

Painful stimulation delivered to the

participant or to another person

The researchers induced placebo analgesia
induced in half of the participants and tested
all participants’ pain perception and empathy.
fMRI activation and self-reported pain and

empathy ratings were collected

Compared to the control group, participants
with induced placebo analgesia showed
reduced first-hand pain perception and
reduced pain empathy, suggesting that pain
empathy might be grounded in our own pain

experiences

Lenzoni et al. (2020)

N =66 (42 patients with
myotonic dystrophy; 24
healthy controls)

FEAST-N, the subtest of the Facial
Emotion Matching test, and
BEAST-N, the subtest Body

Emotion Matching

Emotional recognition ability was assessed in
patients with myotonic dystrophy and

compared with healthy controls

‘The clinical population performed
significantly worse than the healthy controls,
demonstrating a causal role of visuomotor

abilities in emotion recognition

Jjzerman and Semin

(2009)

N=33in Exp. 1; 52 in Exp. 2

39in Exp. 3

Inclusion of Other in Self (I0S)

scale

Evidences for overlaps between social and physical space

Participants were asked to hold cold or hot
beverages and rate the social proximity they
felt with a known person of their choice using
the IOS scale

Participants judged the distance between
themselves and a known person as shorter
when they were asked to hold a warm
beverage, demonstrating an association
between warmth and feelings of social

proximity

Results and theoretical

implications

Bar-Anan et al.

(2007)

N =10 (6 females,

undergraduate students)

Different words defining close or
distant social affiliation depicted in

different locations in a scenario

Participants had to indicate if the position of
an item on the screen was proximal or distal,

independently of the meaning of the word

Words were classified faster when
psychological and spatial distances were
matching, compared to when the two types of

distances were incongruent

Kroczek et al. (2020)

N =36 (18 females, mean
age=21.75)

Virtual agents represented in a VR

scenario

Participants were instructed to approach the
agents in the VR and start interacting as soon
as the agent looked up at them. The
interpersonal distance was varied by
manipulating the distance at which agents
reacted to the participant’s approach. Arousal,
valence, and realism rates were collected after

each interaction, on a 1-100 points scale

Closer interpersonal distances were rated as
more arousing, less pleasant, and less natural

than longer distances

Yamakawa et al.

(2009)

N =24 (4 females, age
range = 19-34 years)

Two inanimate objects whose
relative physical positions could
be inferred by texture and lighting
cues (i.e., physical distance task).
Pictures of two faces (i.e., social

distance task)

In the physical distance task, participants had
to judge which object was closer to them. In
the social distance task, participants had to
choose which person they felt more compatible
with. fMRI data was acquired during both
tasks

Results showed that the parietal cortex was
activated in both tasks, suggesting a common
neural substrate for the estimation of physical

and social distances

Schiano Lomoriello

etal. (2018)

N =34 (23 females, mean
age=23)

Pictures of faces with neutral facial
expression, receiving either a
painful or a neutral stimulation. All
faces were presented in the upright
and inverted orientation and in two
physical sizes, small and big,
corresponding to a perceived far

and close social distance

The perceived physical distance from the
stimuli was manipulated through picture sizes.
Participants were asked to assess the
painfulness of the stimulation applied to each
face presented. EEG data was collected during

the task

ERPs modulations compatible with an
empathic reaction were observed only for the
group exposed to face stimuli appearing to
be at a close social distance from the
participants, i.e., big size pictures. This
reaction was absent in the group exposed to
smaller stimuli corresponding to face stimuli

perceived from a far social distance

Zhou et al. (2019)

N =148 in total across 7

experiments (mean age =20)

Virtual avatars placed at different
positions and with different face

directions

Participants had to report if the avatars in the

VR environment were interacting

Results showed that closer interpersonal
distances, more direct interpersonal angles
and more open postures, are all visual cues of

ongoing interaction in a group of people
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TABLE 3 Summary table of the techniques presented in sections “Measures of posture, movement, and gait”, “Measures of observed social

interactions”, and “ Measures of the observer”.

Measures of posture, movement, and gait”

Technique

Measures

Studies

D 3

Image adapted from https://commons.

wikimedia.org/wiki/File:Nachuo_sogi.svg

Stride and walk photogram analysis

Stride length and walking speed

Doumas et al. (2012); Sloman

etal. (1982)

Electronic walkway

Stride length and walking speed

Lemke et al. (2000)

Pressure-sensitive shoe insoles

Stride length and walking speed

Hausdorft et al. (2004)

3D motion capture system (inertial

motion sensors)

Diverse gait-based biomarkers

Belvederi Murri et al. (2020)

Wearable motion sensors

Gait parameters

Angelini et al. (2020)

Image adapted from https://commons.

wikimedia.org/wiki/File:AMTI_OPT464508_

force_plate.png

Force platform

Balance

Belvederi Murri et al. (2020)
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TABLE 3 (Continued)
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Point-light walker stimuli

Recognition of biological motion, also
when it expresses emotional
movements. Preference for detecting

social agents facing us

Edey et al. (2017); Han et al.
(2021); Miller and Saygin
(2013)

Measures of observed social interactions”

Technique

Measures

Studies

Image adapted from https://commons.

wikimedia.org/wiki/File:VRHeadset.png

Virtual reality

Observing or engaging in virtual social
interaction. Manipulation of body

schema

Kroczek et al. (2020); Yee et al.
(2009); Zhou et al. (2019)

Image adapted from https://pxhere.com/en/
photo/1327220

Inversion effect

Configurational representation of the

image in its typical display

Papeo and Abassi (2019);
Stekelenburg and Gelder
(2004)

T F:2

A A
%

Object-inferiority effect

Faster detection of an object when
represented outside a configurational

figure that typically contains it

Papeo (2020)

Videos of synchronous movement

Technique

Eye-tracker (eye movements and

pupillometry)

Observation of social coordination as

measure of social relationship

Measures of the observer
Measures

Eye position, eye movements, pupil

size. Saccades, fixation duration

Macpherson et al. (2020)

Studies

Kret et al. (2013)
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TABLE 3 (Continued)

Electromyography

Image adapted from https://www.flickr.com/

photos/sparkfun/8677911665

License CC-BY 4.0

. Visual illusions
0
o0

Ebbinghaus illusion.

Ebbinghaus illusion
Image adapted from https://www.google.com/
search?q=ebbinghaus%20illusion&tbm=isch&t
bs=il:cl&hl=en&sa=X&ved=0CAAQ1lvwEahcK
EwiYmtWH-M78AhUAAAAAHQAAAAAQA
w&biw=1548&bih=937#imgrc=SCJW-

hJdONjdXM

Binocular rivalry

Image adapted from https://commons.
wikimedia.org/wiki/File:Binocular_rivalry_
Experiment.png

License

Skewed goggles

Image adapted from https://picryl.com/media/

goggles-8b0197

Body-swap illusion

Image adapted with permission from

van der Hoort et al. (2011) License
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Muscle activity, micro-movements

Magnitude of the illusion

Perceptual dominance of one of two
stimuli competing to reach visual

awareness

Effects of magnification of objects

Influence of our body size on the
perception of our physical and social

environment

10.3389/fpsyg.2022.1028150

Kret et al. (2013)

Chouinard et al. (2018); King

etal. (2017)

Anderson et al. (2011)

Linkenauger et al. (2010)

van der Hoort et al. (2011)
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This dual task approach can be implemented also during other
movement assessments, as it is effective in detecting how cognitive
load influences motor skills in clinical populations.

4.1.3. Observing moving bodies: Point-light
walker stimuli

Obtaining gait and balance measurements can be exploited
also to study our social vision: Edey et al. (2017) investigated the
walking speed of participants and tested whether participants
used their own kinematics as a reference to judge the affective
states of point-light walker (PLW) stimuli. These visual stimuli
are animations composed solely of points that have been
previously attached to the joints of a moving person and
extrapolated by the video recording of the scene. Following the
idea that our own kinematics influences our perception of
emotional movements in others, the authors manipulated the
speed and posture of the artificial walker in order to elicit anger,
happiness or sadness. As expected, there was a modulatory effect
of the participant’s movements on the emotion recognition:
people judged less intensely emotions similar to their own
walking pace. In other words, participants who walked with
greater speed rated high-velocity emotions (e.g., anger) as less
intense relative to low-velocity emotions (e.g., sadness). This
finding is in agreement with the theories of embodied social
cognition reviewed above (see subsection 3.2). Point-light
stimuli in motion has been used also to investigate the detection
of biological motion in relation to measures of social cognition.
Using this approach, it has been shown that higher scores in
social cognition tests were linked to high accuracy in biological
motion detection (Miller and Saygin, 2013). Moreover, PLW
stimuli have been used to measure our promptness in seeing
social agents facing us compared to facing away based on the
perceived social relevance. The level of social relevance was
manipulated by changing distance, speed and size of the PLW,
based on the assumption that people perceived as nearer, faster
and bigger have more social relevance than those perceived as
farther, slower and smaller. Therefore, the likelihood of initiating
an interaction with them increases. PLW stimuli are particularly
suited to measure differences in seeing people facing toward us
or away thanks to their ambiguous in-depth orientation (Han
et al,, 2021). Findings from these studies show once again that
social factors have a clear impact on visual processes, further
supporting our hypothesis of a deep link between low-level
feature detection and high-level social cognition.

4.2. Measures of observed social
interactions

Beside the interface with a single person, our social life is
mainly constituted by crowded situations in which multiple agents
engage complex interactions with each other. A relatively new
branch of study is focusing on the perception of the relations
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between social entities and proposes that our interpretation of
social events draws upon a configurational recognition process.
Recent findings suggest a specific sensitivity of the visual system
for the spatial relationship between multiple social agents, such as
interpersonal distance and angle of a facing dyad (Papeo, 2020).
One of the requirements for a successful social interaction is,
indeed, a face-to-face position between the agents. This implies
that seeing two people facing each other makes us assume an
ongoing interaction (Zhou et al., 2019). Based on the data from
their experiments with virtual reality (VR), Zhou et al. (2019)
created a computational model of the social interaction field,
which they describe as the area surrounding each of us within
which we can start interacting with other people. Similarly, to a
gravitational field, the social interaction field can inform us on the
strength of the social interaction between two people based on
their physical distance and positions in space.

4.2.1. Facing dyads

We believe, akin to other authors (Papeo, 2020), that our visual
system is tuned for the recognition of social interactions around us,
allowing us a fast detection of social groups. The aggregation of
multiple elements (individuals) in a unitary piece of visual
information (group) can facilitate and fasten the representation of
the crowded scene we are observing (Zhou et al., 2019). By means
of the inversion effect described above, Papeo and Abassi (2019)
demonstrated that facing dyads are processed as unitary perceptual
objects. They found that the inversion effect was greater for the
facing dyads compared to non-facing ones. To recall the definition
of this phenomenon, a greater inversion effect implies greater
visual sensitivity, in this case supporting the hypothesis of a visual
attunement for interacting agents. It should be noted that the two
bodies inversion effect is not observed for non-human or for
human-object dyads. Another signature of this visual grouping is
the object-inferiority effect that has been observed in the visual
search through a crowd: the dyad as a whole is detected faster than
the single objects within it, but only when the agents are facing
each other (Papeo et al,, 2019).

4.2.2. Synchronicity as a measure of social
relation

We extract social information about an ongoing interaction
also from the observation of the agents’ movements. In this case,
it is the level of interpersonal coordination that informs us about
the cooperative or hostile tones of a social interaction. A higher
synchronization of the dyad’s movements signals coalition rather
than opposition (Macpherson et al., 2020).

Miles et al. (2009) used stick figures and sounds of footstep to
simulate two people walking together with different gait patterns
and found that when rhythms of walking synchrony were out of
phase, these were associated with a lower level of relationship. A
similar study showed that social factors, such as the skin-color, can
influence the perception of
(Macpherson et al., 2020).

synchronous movements
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4.3. Measures of the observer

After having presented numerous techniques suitable for
measuring body position and movement that can be observed in
one or multiple social agents, we want to offer an overview of
methodologies that can be used to analyze the observer’s behavior.

For a comprehensive approach in visual social cognition, it is
important to appropriately combine measures that quantify the
observed social cues with measures describing the observer’s state,
at a cognitive, visual and physiological level.

4.3.1. Eye-trackers and other physiological
indexes

Since we are concentrating on the visual aspects of social
cognition, studying the eye and the way we visually scan the social
scene is almost imperative. Although the most immediate way to
study gaze behavior is by means of eye-trackers, the range of
methodologies does not limit to this one. Other important
indicators of social cognition - ideally to be combined with the
gaze measurements - are those linked to the automatic mimicry
involved in the process of emotion recognition. In this case, the
focus is on the muscles and posture of the observer and the
mirroring reflexes can be recorded through the application of
sensible electrodes on expression muscles.

Kret et al. (2013) collected eye movements, pupil size, and
facial muscles activity, while participants were performing an
emotion discrimination task with full body and face stimuli. They
used full body images from the BEAST (Bodily Expressive Action
Stimulus Test, de Gelder and Van den Stock, 2011) database. The
database includes stimuli representing emotions in whole-body
figures, and in this experiment they were presented in association
with congruent or incongruent facial expressions. Eye movements
were recorded with a wearable eye-tracking device, and their
analysis revealed that participants looked longer at faces than at
bodies, and the same applied for happy versus angry/fearful
postures, with longer fixation duration for negative body
expressions compared to positive ones. Furthermore, negative
emotion expressions correlated with activity in the observers’
corrugator, and happy expressions with zygomaticus’ activation.
The corrugator showed more responsiveness for bodies compared
to faces, whilst a reversed pattern was observed for the
zygomaticus. These findings nicely dovetail with theories of
embodied social cognition, supporting the preconscious activation
of the expressive muscles matching the emotion observed. Other
implicit indexes of emotional response are detectable by
physiological measures, such as skin conductance and heart rate
variability (for reviews on emotion measures see: Mauss and
Robinson, 2009; Egger et al., 2019).

4.3.2. Measures of visual perception

Visual illusions can provide useful insights on the interplay
between high and low order processes in the perception of an
image. We will describe the application of this kind of tool in more
detail in the section dedicated to the clinical studies (subsection
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5). Assessment of visual awareness can be provided with dichoptic
stimulation (i.e., simultaneous presentation of different stimuli to
the two eyes), which provokes the phenomenon of binocular
rivalry, ie., the alternation in the perception of two different
images presented to each eye.

In an experiment by Anderson et al. (2011), a paradigm with
binocular rivalry was used to examine the influence of the
affective state of a perceiver on the visual awareness of the
stimulus presented. The potential of this technique lies in the fact
that the two visual inputs presented to the two visual hemispheres
compete for perceptual dominance; the selective criteria are
driven by top-down processes and this allows us to determine
how our internal state influences visual awareness. The authors
first manipulated the participants’ affective states by showing
them emotional images, and subsequently asked them to
perform the binocular rivalry tasks. These consisted of a neutral
stimulus (e.g., a house) presented in competition with a socially
relevant stimulus (facial expressions) and participants had to
report what they were seeing and for how long. Results
confirmed the hypothesis of the authors, for which the affective
state of the viewer biases the contents of visual awareness. In
fact, the social stimuli were always dominant in the image
perception, and this effect was maximized when participants
were asked to watch a set of stimuli inducing unpleasant
emotions. These findings show how binocular rivalry can
be used to explore the process of sensory selection behind our
conscious experience of the world and support the role of
top-down modulation on our visual perception.

4.3.3. Body schema manipulations and their
effects on personality

We would like to dedicate a short section also to some
methodologies used to investigate the influence of our body size
and appearance on our perception of the physical and social
environments. In an attempt to tackle this issue, previous research
has relied upon illusions, which were generated either by
magnifying or minimizing the objects in the visual field, or by
inducing the sensation of having a shrinked or gigantified body.
In a study, Linkenauger et al. (2010) observed the rescaling effects
induced by placing one’s own hand close to objects, whose size was
distorted by means of skewed goggles. The presence of a personal
body part canceled out the magnifying or minimizing effect of the
illusion. In another study, van der Hoort et al. (2011) generated a
deeper manipulation of the body schema, referred to as body-
swap illusion, by touching a part of the participants’ body and
showing them a video of the same tactile stimulation being
performed on a mannequin of different dimensions. Although the
retinal images remained identical, perceiving a different size of the
body changed the estimates of size and distance of objects present
in the scene (van der Hoort et al., 2011).

Lastly, virtual avatars can alter our self-representation. Yee
et al. (2009) had people interact in virtual environments with
avatars of different dimensions, and found that taller and attractive
avatars outperformed shorter avatars in the online game “World
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of Warcraft” The authors attributed the better performance to an
increased self-esteem and confidence linked to the height and
attractiveness of the characters, showing that an avatar’s
appearance can influence a user’s behavior in an online
environment. The effect was transposed also outside the virtual
environment: in a second experiment, a VR session in which
participants had either a tall or short avatar was followed by a
face-to-face interaction during which a negotiation task was
performed. It turned out that people that had embodied a tall
avatar were more likely to act unfairly to gain more profit and less
prone to accept transactions against their interests than
participants in short avatars. These studies reveal the potential of
VR as a promising technique not only for their observational
scope but also as promising intervention tools in clinical settings.

4.4. Our eyes at the service of emotion
recognition and social communication

The inextricable connection between vision and social
cognition has biological plausibility: the human eye (Schutt et al.,
2015). Our eyes seem to have evolved to serve the fine and
complex phenomenon of human communication and the
development of social skills through our gaze-following abilities.
These abilities are favored by certain characteristics specific to our
species: the white sclera of our eyes and the high contrast in eye
and facial skin coloration. Indeed, only in humans the outline of
the eyes and the position of the iris are so clearly visible, conveying
information on where the others are looking (Proffitt, 2006;
Tomasello et al., 2007). In a study by Tomasello et al. (2007), gaze-
following behavior was studied in both primates and infants. This
behavior is based on cues coming from head orientation or from
eyes direction. In this study, an experimenter sat in front of the ape
or the child to be tested and looked up at the ceiling in different
modalities: only with the eyes while keeping the head in a frontal
position, bending backward the neck and facing the ceiling with
the eye closed, or with face and eyes both looking up. Results
showed a preference in infants for eye direction cues independently
from the head orientation, while great apes relied mostly on head
direction cues, suggesting that humans are more attuned to the
eyes than our closest primate relatives (the great apes) are
(Tomasello et al., 2007). The unique features of the human eye
probably represent the key to mechanisms of shared attention
which are at the basis of the human propensity for cooperation
and coordination (Shepherd, 2010).

The dominance of the visual system in human communication
is evident also in the automatic and fast identification of faces and
bodies even in the most complex scenarios. As anticipated in
subsection 3.3, we are able to detect conspecifics and evaluate the
spatial relations between them in a very rapid and preconscious
way. The preconscious nature of emotion processing guided by
our vision has been investigated in different studies in which
patients with lesions to the primary visual cortex could still
perform task of emotion discrimination, without visual awareness
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of the stimulus (Morris et al., 2001; Pegna et al., 2005; Tamietto
and de Gelder, 2008; de Gelder, 2009). For instance, Pegna et al.
(2005) collected data from one patient who became cortically
blind as a consequence of two strokes that destroyed his visual
cortices bilaterally. Different visual discrimination tasks showed a
small capacity to discriminate emotional social stimuli (expressive
faces), whilst no sensitivity was observed for different kinds of
stimuli (e.g., neutral faces, animals). Similar results were obtained
by Morris et al. (2001) on a patient with right hemianopia due to
a left occipital lobe damage. Taken together, these findings suggest
a strong connection between visual inputs and subcortical
structures, aimed at providing an automatic discrimination of
salient, emotional stimuli.

In summary, the human eye does not serve solely vision, but
social communication and emotion processing as well (Proffitt,
2006). Once again, the distinction between cognitive and sensory
processes becomes even more blurred, reinforcing those models
that postulate early influences of our sociality on our
perceptual systems.

4.5. Expressive bodies, not just faces:
Reintegrating the whole body in the
study of visual social cognition

Just a decade ago, only less than 5% of the experimental
production had considered the inclusion of the whole body as
stimuli in their design (de Gelder, 2009). By now, the situation has
seen little changes: Witkower et al. (2021) argued also for the need
of further investigation on how bodies convey social information.
In their study on a culturally-isolated population of Nicaragua,
they have shown effective recognition of bodily basic expressions
of sadness, anger, and fear, in the members of this society,
providing evidence for the universality of these bodily displays.
Indeed, a growing body of evidence is testifying that body
expressions are recognized automatically and effectively, in the
same specialized manner that characterizes the innate
predisposition to face perception (for a review see, Quinn and
Macrae, 2011).

Behavioral and physiological data have proven that emotion
recognition relies considerably on the observation of body
expressions. For instance, Kret et al. (2013) presented participants
with ad-hoc images of body emotional postures associated with
congruent or incongruent facial expressions (fear or happiness).
Results revealed that the recognition of the emotion expressed by
the face was influenced by the emotion expressed by the body.
Response time increased with incongruent stimuli, while it
decreased when face and body were expressing the same feeling.
Stekelenburg and Gelder (2004) examined the electrophysiological
correlates of the inversion effect, a well-known phenomenon in
facial perception for which people take longer to recognize faces
presented upside-down compared to any other object presented
in the same fashion. The effect is explained by assuming a
configural representation for the identification of faces, which
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fastens their detection when they appear in the expected upright
position but slows it down when inverted. By using EEG, the
authors showed that the same ERP component, namely the N170,
was evoked both by faces and bodies presented upside down, but
not by pictures of inverted objects (e.g., shoes), suggesting a
configural coding of bodies’ images similar to the one underlying
face perception. Studies that investigated functional connectivity
between brain areas active during recognition of bodily
expressions (Peelen and Downing, 2005; van de Riet et al., 2009)
showed the activation of the same areas that typically respond to
face stimuli. These areas appeared to be only a part of the broader
network involved in body stimuli processing, which also includes
the supratemporal sulcus, the middle temporal/middle occipital
gyrus, the superior occipital gyrus and the parieto-occipital sulcus.

These dedicated mechanisms behind body perception support
the importance of recognizing bodily expressions in our
everyday life.

5. Insights from clinical studies

Finally, lesion and clinical studies are valuable in the
examination of causal relationships between social and perceptual
processes. Neuromuscular diseases, for instance, can provide
insights into the relation between emotion recognition in others
and impaired sensorimotor skills. Such an example is the study of
Lenzoni et al. (2020) on myotonic dystrophy described in section
3.2. Along with motor impairments, clinical categories in which
social deficits represent the major symptomatology can be studied
for investigating the connection between social cognition and
perceptual anomalies. Autism spectrum disorder and
schizophrenia offer the unique opportunity to examine possible
links between deficits in social abilities and altered visual
perception - that are typically observed in these disorders (Butler
et al.,, 2008; King et al., 2017; Robertson and Baron-Cohen, 2017;
Chung and Son, 2020).

In a review by King et al. (2017), perceptual abnormalities in
schizophrenia have been revised through the analysis of studies
on visual illusions and their effects on this clinical population.
Perceptual illusions are widely used in vision studies, in that they
allow to disentangle the mechanisms underlying visual processing.
For example, the Ebbinghaus illusion (for which a target item
looks smaller or bigger by effect of contextual cues) can be
modulated by the effects of prior knowledge and culture on visual
perception, which means that it is a distortion linked to top-down
processing of the visual inputs. From the literature reviewed in
King et al. (2017), it emerged that it is this kind of high-level
integration that seems to be systematically altered in people with
schizophrenia. In fact, they tend to show a reduced susceptibility
for high-level illusions, suggesting that abnormalities in visual
perception might depend on deficits in the cognitive/perceptual
communication at the basis of perceptual awareness. As the same
authors suggest, it would be helpful to study these processes not

only in isolation but also applying converging techniques to
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investigate the reciprocal links between higher and lower processes
with ecologically valid designs. In this way, it might be possible to
explore more in depth the connections between inferential
top-down aspects of visual perception and the ability of
recognizing social cues from observing other people.

In a similar fashion, different perceptual styles in autism were
examined in a study by Chouinard et al. (2018), in which sensory
integration was investigated again by means of visual illusions. In
this case, the Shepard illusion was tested in autistic and typically
developing individuals while their eye movements were recorded.
In contrast with the authors’ expectations, no difference was found
in saccades and scene exploration between the two groups,
although the clinical population experienced a weaker illusion
than the healthy controls. These results can be explained by
differences in high-level visual integration, instead of anomalies
in earlier stages of perception (e.g., spatial exploration, saccade
velocity and frequency). As for schizophrenia, the empirical data
suggest that top-down inferences might be reduced in people with
autism, bringing to higher objectivity in perceiving the world as it
really is, which in turn leads to a diminished sensitivity to visual
illusions. Once more, further research is needed in order to
establish the relationship between these perceptual anomalies and
deficits in higher order social cognition.

6. Conclusion and future
directions of research

Our review strives to encourage the application of multimodal
integrative approaches in cognitive, social and affective
neuroscience and to inspire further research aimed at discovering
the intertwined connection between social cognition and
visual perception.

We highlighted the tight relationship between visual perception
and social cognition. Specifically, we aimed at unveiling the role of
the body as the starting point for the construction of our
perception, also when it comes to social perception. Firstly,
we compared research modalities that can be adopted in the
exploration of these constructs, and remarked on the necessity of
moving from isolationist unimodal approaches to integrative
multimodal perspectives. Subsequently, we presented abundant
evidence for the rooting of social cognition in bodily expressions,
as defined by theories of embodied social cognition. Finally,
we described a common mechanism at the basis of specific aspects
of social cognition and spatial behavior: an overlapping neural
network for the perception of both physical and social distances. It
appears that we recruit networks dedicated to the processing of
physical distances to map our social environment, strengthening
the dependence of higher order social abilities on lower
representational systems closer to perceptual networks.

This visual-social interface is at play also in processes of
emotion recognition, as we rely on visual cues collected through
the scrutiny of the other’s body. Again, the body acts as a middle
ground where our vision and our social abilities can encounter.
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We also described some of the body features we observe to
assess the other’s state, and reviewed instruments and techniques
useful in quantifying these indexes for research applications.
We described different ways to measure posture, balance, and gait,
as meaningful indicators of emotional states. Also the interaction
among multiple agents was covered in the methodological section,
by providing examples of studies that examined interpersonal
distance and synchronization as a hint for understanding the
quality of the relationship. Finally, we described different ways to
analyze the observers body, such as the detection of micro-
movements underlying a first stage of emotional contagion, or the
visual exploration of the stimuli by means of eye-tracking devices.
The body is the key for any level of reciprocal understanding, and
combining the study of bodily expressions with the analysis of
visual behavior can be beneficial for the development of a detailed
model of social cognition.

6.1. Limitations

A major limitation of this review is that we were unable to
extensively cover the whole literature on the topics discussed here.
Due to space constraints, sometimes we failed to establish a
balance between sources supporting and those opposing a
particular view. In this paragraph, we would like to at least
introduce the reader to the ongoing debate on what we believe to
be one of the core themes of the review: the embodied account
of cognition.

Probably the main criticism against embodiment theories is
that they disregard any mental constructs of the perceived events.
In an interesting paper by Borg (2018), the main argument against
these theories relies on the absence of mental state attribution in
action understanding, as we predict or explain the behavior of
others by adopting what she refers to as a ‘smart behavior reading.

According to this model, action understanding depends
directly on non-mentalistic interactive embodied practices (e.g.,
sensitivity to physical context and bodily motions) rather than on
our ability to understand and interact with others. As such, the
smart behavior reading account does not take into consideration
the individuality of the observed person and all the information
we might have about their personality, or life circumstances,
which would enable us to predict completely different outcomes
of their actions. Hence, the slow, controlled and demanding
characteristics required by a mentalistic interpretation of other
people’s behavior are ‘deflated’ by the embodied accounts of social
cognition in favor of a fast, effortless and automatic behavior
reading. Nonetheless, we also believe that mental state attribution
cannot be completely disregarded by models of action
understanding without generating gaps/errors in interpretation,
and only an integrative approach which combines both smart
behavior tracking and mental state attribution would enable
successful action prediction.

Another critique of the embodied accounts comes from studies
by Mahon and Caramazza (2008) and Caramazza et al. (2014).
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Specifically, these authors argue against the explanation of previous
electrophysiological research only in light of an embodied view of
action understanding processes. The authors claim that the
empirical evidence provided by neuroimaging research can
be equally used in support of disembodied views of conceptual
representations or at least they do not necessarily discard them.
Motor and sensory activation during action representation can
be seen as part of a cascade process that propagates through
qualitatively different levels of processing. Nevertheless, Caramazza
et al, also acknowledge the authenticity of sensory-motor
activation during action observation or evocation, and propose
instead a middle-ground theory that combines together the
abstract and symbolic levels of some concepts with the more
embodied instantiation of online conceptual processing (Mahon

and Caramazza, 2008; Caramazza et al., 2014).

6.2. Future directions

This review is not the first nor the only one that points out the
importance of the body in shaping cognitive processes (see for
example, Harris et al., 2015). Nonetheless, it strives to have both
theoretical and practical implications. The summary of different
methodologies and instruments measuring body indexes and
psychological responses can be a useful source of information for
researchers interested in conducting studies using the paradigms
described here.

For instance, physiological measures may be included in
studies of visual perception to explore whether the awareness of
the body to external visual stimuli precedes their conscious
appraisal or vice versa, deepening our understanding of implicit
and explicit processing of emotional stimuli. Moreover,
recentering clinical investigations on the body indices could
be particularly relevant in those syndromes characterized both by
deficits in social cognition and visual perception, such as autism
or schizophrenia. Critically, in these syndromes verbal
communication can be severely impaired or hardly accessible.
Future studies may investigate the use of the body for patterns of
interactions with the external world (e.g., postures, gait) as a way
to access these clinical conditions. For example, the numerous
studies on synchronization as an indirect measure of relational
quality could inspirate group or couple exercises aimed at eliciting
cooperative behavior.

A clearer understanding of the interplay between visual
perception and social cognition might also help the development
of novel clinical treatments or cognitive training that takes into
account perceptual alterations in order to improve social abilities.
For instance, differences in visual processing in individuals with
autism (e.g., less semantic-oriented, more detail-oriented) have
been identified in the literature and linked to altered abilities in
social cognition, such as emotion recognition. A novel training
approach might aim at reinforcing global visual processing and
this in turn might lead to an improvement in emotion recognition
in this population.
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Again, systematic investigations of physiological measures
linked to the observation of others’ bodies may represent a turning
point in the study of empathy and reciprocal understanding of
others’ inner states. These investigations may represent an
innovative way to assess empathy implicitly whilst overcoming
issues associated with self-reported measures both in health
participants and patients.

Finally, we hope that this review will further strengthen
multi-level and multi-approach explanations of cognitive
processes that attempt to promote the integration of
embodiment theories with more traditional cognitivist
approaches. We believe that these trends are already present
in the literature, and that they will lead to a comprehensive
framework and an integrated perspective on perception and
cognition in the years to come.

In summary, we highlighted how the visual perception of our
social and physical environments is mediated by bodily processes
and expressions. The body is behind any possible interaction with
our surroundings and our conspecifics. Observing other people’s
bodies informs us on their psychological state and allows
emotional sharing and understanding. Our body determines the
way we look at the world surrounding us.
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