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Association for the Scientific Study of
Consciousness

* The Association for the Scientific Study of Consciousness (ASSC) is an
American non-profit organization for professional membership that aims to
encourage research on consciousness in cognitive science, neuroscience,
philosophy, and other relevant disciplines. The association aims to advance
research about the nature, function, and underlying mechanisms of
consciousness.

* Since 1997, the ASSC has organized annual conferences to promote
interaction and spread knowledge of scientific and philosophical advances
in the field of consciousness research.

https://en.wikipedia.org/wiki/Association_for_the_Scientific_Study_of_Consciousness
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ASSC27

 Massive Turnout and Abstract Submissions
e Unprecedented Attendance:

* This year, the ASSC Conference has drawn a remarkable crowd of
approximately 770 attendees, marking one of the largest gatherings
in the event's history.

* Abstracts (~500 accepted):

e With nearly 600 abstracts submitted, the conference showcases a
diverse range of research in the field of consciousness science and
philosophy.

* 5 Keynotes, 9 Tutorials & 6 Symposia
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ASSC Since 1997:
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Conference Schedule

July 2 (Tue)

Time Program Place 19:00 21:00 Conference Dinner Hall Hooh, Hotel New Ohtani
Fukutake Learning Theater (Fukutake Hall)
9:00 12:00 Morning Tutorials Ito Hall, Gallery 1, Seminar Room, Conference Room Ju ly 5 (Frl)

(Ito International Research Center)

Time Program Place

12:00 13:00 Lunch Break

Fukutake Learning Theater (Fukutake Hall)

13:00 16:00 Afternoon Tutorials Ito Hall, Gallery 1, Seminar Room, Conference Room
(Ito International Research Center)

11:00 13:00 Symposia Ito Hall (Ito International Research Center), Yasuda Auditorium
16:20 18:35 13:00 14:00 Lunch Break
Fukutake Learning Theater (Fukutake Hall)
19:00  21:00 Welcome Reception Totenko Ueno Main Shop 14:00  16:00 Concurrent Talks Ito Hall, Gallery 1, Seminar Room, Conference Room
(Ito International Research Center)
July 3 (Wed)

16:00 17:00

17:30 18:30

Time Program

After Party TBD

11:00 13:00 Symposia Ito Hall (Ito International Research Center), Yasuda Auditorium
13:00 14:00 Lunch Break/Mentor Lunch (Gallery 1)

Fukutake Learning Theater (Fukutake Hall)
14:00 16:00 Concurrent Talks Ito Hall, Gallery 1, Seminar Room, Conference Room

(Ito International Research Center)

Keynote Speakers

Fukutake Learning Theater (Fukutake Hall)

17:00 19:00 Concurrent Talks Ito Hall, Gallery 1, Seminar Room, Conference Room

(Ito International Research Center) July 2 Evening July 2 Evening July 3 Morning July 4 Morning July 5 Morning
19:15 20:00 Mem orial Event Honoring Daniel Dennett Ito Hall (Ito International Research Center)
21:30 Student Social Event GRACE BALI Uenokoen-mae

July 4 (Thu)

Time Program Place
9:00 10:00
10:00 11:00
11:00 13:00 Symposia Ito Hall (Ito International Research Center), Yasuda Auditorium
13:00 14:00 Lunch Break/Career Panel (Fukutake Leaming Theater) . .
Fukutake Learning Theater (Fukutake Hall) GhlSlalne Jun Tani Sa rah Ga rfinkel Susanna Yu kie
14:00 15:30 Concurrent Talks Ito Hall, Gallery 1, Seminar Room, Conference Room .
(Ito International Research Center) Dehaene' Sche"enberg Nagal
15:30  16:30 Lambertz

Fukutake Learning Theater (Fukutake Hall)
16:30 18:00 Concurrent Talks Ito Hall, Gallery 1, Seminar Room, Conference Room

(o Internatinnal Research Center)
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Assessing conscmusness in mfants (1)

Ghislaine
Dehaene-
Lambertz

Assessing consciousness in infants

G Dehaene-Lambertz
au.Cerveau Neurospin, Paris-Saclay

de ’TEnfant
Robert-Debré
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Assessing consciousness in infants (3)

From 3 trimester to 6 T e e TRl a
months infants (29 wGA, Term, "
3 months, and 6 months)

]
w
o
937
g

naissance 2 4 & 8
age (années)

MATURATIONAL CHANGES OF GLUCOSE
CONSUMPTION

Maturation is

o heterogeneous across the
Conceplion Birth N — o o [
[t | 5 s =) brain, with high-level
wﬂs : it 3 months old 8 months old o [
Neuronar;ﬂlgra;’ion Chugani & al, 1987 reglons de Veloplng
e . ;
Srapeer Structural MR " particularly slowly until
| Axon growth 2 " d I
. EESEe e o
! Oligodendrogenesis 2 5 '5 a O es Cen C e
s eoh s |
Myelination of white matter fibers 2
| ST b lE
Synaplic pruning (
12 week-old %~ j v
Leroy & al, J of Neurosc, 2011 Mean maturation
(o) Lebenberg et al, Neuroimage, 2019 during the first trimester
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Assessing consciousness in infants (5)

Functional connectivity is similar and network-selective across ages

Sylvester et al & Smyser, Cereb. cortex, 2023

Similar Topography of Positive Functional Connectivity in Neonates and

Adults _ . .
Neonates in Neonates in Neonates in

Top Quartile MI AU |65 Quartile MI AU |10p Quartile M

Adults

DMN DAN

NG

D &P
2 O
@ D

Ve

FPN VAN
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Assessmg consciousness in infants (9)

EEG: a powerful tool to study perceptual
awareness notably the entrance into the
global workspace

Del Cul, et al, PLOS Biology 2007; Gaillard et al., PLOS Biology, 2009

Two stages are clearly visible in
electrophysiology

1) Early accumulation of evidence
(linear, in relation with the
stimulus features)

0 100 200 300 400 500 0 100 200 300 400 500 2) Late ignition WhiCh Correlates With
——— | subjective perception (non-linear,
. [ometee conscious)

— 50 ms at threshold

— 33ms } o
gt {ares subliminal
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Assessing consciousness in infants (10)

@ ERP are slower in infants due to brain immaturity
/

Two stages are observed in the infant brain as in
adults

Del Cul, et al, PLOS Biology 2007; Gaillard et al., PLOS Biology, 2009

» Early components (N290 P400) are in line with the
& \\ /~ 3-mo-old StimUIUS

» A Late Slow Wave, which presents a non-linear profile
parallel to the behavioral performances

i.e. an on-off response similar to what is observed in
adults when they report seeing a stimulus.

»but at a much later latency (1000 ms vs 300 ms in
adults), that might be due to a slow access to the global
workspace (immaturity of the fronto-parietal areas)

Infant N290

Adult N170
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Understanding Structural Basis for Autonomy of
Consciousness: A Synthetic Neurorobotics Study (1)

Jun Tani

vl I W
ﬁ--- -
-_.._.... =
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Understanding Structural Basis for Autonomy of
Consciousness: A Synthetic Neurorobotics Study (3)

My Study

Embodied cognition

Brain Synthetic robotics
embodied experiments

Top-down
Dynamic interaction

Bottom-up

Environment / others

Correspondence to

Emergent
phenomena

- Neuroscience
==) Psychology

Phenomenological
Consciousness

!

Phenomenology g

Concrete (meeeee—————)  Engagement with the World

Non-physical Enaction, Ambiguity, Groundlessness
Irreducible/transcendent Clark, Seth, Hohwy, Di-Paolo, Froese

Nagel, Chalmers, Block, Tononi (IIT) O’Regan & Noe, Gallagher, lkegami
Functionalism

Neuroscience

Dehaene, Koch, Tsuchiya, Kanai
Baars, Dennett,

Hakwan, Fleming, Cleeremans (HOT, Metacognition)
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Understanding Structural Basis for Autonomy of

Consciousness: A Synthetic Neurorobotics Study (4)
@

oo HE RN CY T H O Y

EEBOXERNFHF

oo B E B A

Mobile Robot Navigation Task (rani, 1997,1998)

* There are 5 landmarks in the workspace.

» The robot incrementally learns to predict the next landmarks it will

: encounter, along with their visual images, directions, and timings.
“History of Mind: Creation and Disappearance”

by Kazeto Shimonishi (2022) Top-down prediction of what, where, and when.

Only in Japanese... Monitor predictability
RNN & o
Corner landmark3 = Arbitration between top-down
\ N co“\e,\\

Colored & bottom-up interaction
landmark 2

ow e

'“g:wm Where & When
Softmax

- What
’ Hopfield net

Corner I/andmark1

N - -
Corner landmark?2

Colored landmark 1

Bottom-up sensation of visual image and odometer.
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Understanding Structural Basis for Autonomy of
Consciousness: A Synthetic Neurorobotics Study (8)

The Structure of Consciousness (Tani, 1998)

neural

prediction error

activation state

Unconscious!

Conscious!
Unpredictable!!

LA

106

Predictable
1 \\( /
. AN
0 15 30 45 ep
event steps

1.0

87

learning times .-~

Emergent Structure

( Intermittent transitions \

Unconscious Conscious! Unconscious
Predictable Unpredlctable” Predictable

\

time
—_—

%

Intermittent transition between unconscious/conscious
phases emerges by means of the indeterminacy developed.

Y

Structure of consciousness

“Alternation of flights and perchings in a bird’s life* (william James)
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Understanding Structural Basis for Autonomy of Consciousness: A

Synthetic Neurorobotics Study (10)

Neurorobotic Study Using RNN Models Based on

Predictive-Coding and Active Inference
(Tani & Nolfi, 1998; Tani, 2003; Yamashita & Tani, 2008; Nishimoto & Tani, 2009; Arie et al., 2009)

Lli'l = ity - Z W,
= Ut .t
1 rir 1 J lj j

a, = sigmoid (u,)

The mind state is changed

Intermediate

Minimize
Twisted!!

Clarify mechanisms by
analyzing phenomena

The world state is changed

Body + Env.

AZA -15-

However, the RNN is deterministic...

Probabilistic modeling approach
Formal probabilistic models are necessary.

II

Deterministic dynamic sys approach
Probabilistic sequences can be
embedded in deterministic chaos

Can we bridge the gap between the two?

U
Free Energy Principle (Karl Friston)!!

Phenomenological origin of probability?



Understanding Structural Basis for Autonomy of
Consciousness: A Synthetic Neurorobotics Study (5)

X

= Visual sensation The results: time-development of the system
during successive learning while exploring
Predicted image -
Predicted travel vector g 05
to next landmark é

1.0
2 / »/
205 P g S N \
12 o e ] : P
EE | \ X N ./
0.0 \ | . . L L=
7 tamingimes. > ¢/ 6&
learning times, .-~ . :
Unpredictable phase
et et ef TN
&5
X [Ca
c2 c2 2

Period 5 Chaos

Spontaneous shifts between predictable & unpredictable phases.
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Understanding Structural Basis for Autonomy of
Consciousness: A Synthetic Neurorobotics Study (6)

The results: time-development of the system
during successive learning while exploring

-

gos_hAMJU£AAMJHAmAhAA Another tna
So 0 5 3 45 60 75 90 105 10
event steps S 5
a0 5
- / / (8 ' § 05
% Aad TN N D S
52 e e e 1) . N S
oo A\ & > 0 - h ANANA
SN T S Rt I sg 0 15 30 45 60 75 90 10
- * Unpredictable phase event steps
1.0 ,
: — o Period 5
c1l! cif aff \ - % //
) ) :x-:hwwd;w
c2 c2 c2 8
Period 5 Chaos 0.0 §
Ieaer tlmes/
Spontaneous shifts between predictable & unpredictable phases.

Chaos
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Understanding Structural Basis for Autonomy of
Consciousness: A Synthetic Neurorobotics Study (7)

Why did it happen?

+ Circular causality developed in the enactment loop.

— Sometimes prediction goes wrong.

g — Because of the conflict between the top-down prediction and bottom-up ] Unconscious! Conscious!
% sensation, perception could take longer time. The Structure of Consciousness (Tani, 1998) Predictable Unpredictable!!
T — Prolonged perception for an attended visual landmark could make wall- 5 \
§ following unstable. - \_'4_ _J
o — Instability of maneuvering could cause the next landmark to be overlooked. Non-conflictive/conflictive s os
— Learning of wrong landmark sequence. g ' N\ A
a 0 A’\MA/\ M|
H H 106
* Indeterminacy develops because of the circular =) R . N
causality g0
— Two types of vector flows coe>.(|s.t: N _Eosl - ~L.
» One for convergence by minimizing the error. g2 PSS e
» The other for divergence due to circular causality by enactment. e 00 L / L1 LI

— Unsteady phase and steady phase iterate intermittently. Y I;arninggtimes,,?""/a /5 6 7

Heidegger (Being and Time, Section 15)
* When everything goes smoothly and automatically in hammering,
the carpenter, hammer, and nail constitutes wholeness. =) Unconscious

* When something goes wrong with carpenter's hammering, then
the independent existence of the subject (carpenter) and the

object (hammer) is noticed. m) Conscious about “self” and “objects”
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Understanding Structural Basis for Autonomy of Consciousness:
Synthetic Neurorobotics Study (11)

Introduction of PV-
RNN as a Variational
Recurrent Neural
Network Model Using
the Free Energy
Principle

(Ahmadi & Tani, 2019)

Predictive-Coding-Inspired Variational Bayes RNN (PV-RNN)
(Ahmadi & Tani, 2019) Ahmadreza Ahmadi

Min. free energy

T Max. Accuracy term Complexity term

F = Egytzuaieen [~[0PoxCeeldo)] + w - KL[aoZelxeDIPo 2 (Zelde )] |
t=1 f Approx. posterior Prior
Meta-prior

Prediction, inference, and learning of PV-RNN

Sequential gauSS|an prior Postenor update

(Chung et al., 2017) Vi
) . Mln |n
Time-varying Gaussian /]\ /R /,l\~ =

distribution
= KL-Div, f_ —KL-Div.—— KLDIV ‘

Probabilistic 2P ‘ D W p
2 = p 22 ‘_zz/w\l’w

latent variable “* / ,
Deterministic / /

latent variable > d, 3 = d;

1 i
Prediction x X =
(Prop.&Vision)‘ fl [ < ' v
4

The setting of w affects development of the
internal rep. in learning.

/=‘Zg |

v o v
e, Min 32¢ Min e3¢ Min
Observation
(Prop. & Vision) | %1 X2 X3

Time step
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Understanding Structural Basis for Autonomy of Consciousness: A

Synthetic Neurorobotics Study (12)

Online inference of the past & N Update the
“prediction of the future ow future for goal-
' ' : directed
update update update p|annlng & the

Slow dynamics L3 UG~Z31 a =z -0 % 2
past for
/ // /\ /\ perception

0——’d3 ”d dg D 3
1
update update updat
3 P
Intermediate L2 UG ~7-z )/ | & :Z 2 g —Zz L ‘25
dynamics T / \

ﬂzz ——-d“__.dzs

0——’d2' ’dz

update update updat | 5
Fast dynamics L1 UG 2y &= || 45 ~Z13 I ' 21y s
s W n /- \ \
0‘—‘dw _'_'dﬂz -—-uff-l—-’dlf dI,E

ey e} ef |
a; = sigmoid (u,) Py P, vp3 !
Inference for the past  Prediction by habituation
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[H,g | . » .
. . ok . vps Visuo-proprioceptive
. dt —Ujp + % W lﬂ’l ‘H ]{P3 : 175’4 *.'Ps prop p

Now
|
update u pdate update

P LD q /p\~ q\
) ?@Q Eﬁséf §36/—536 237

update update update
40D ~ q

@ /Wé D=
laia
v

Ups VPe vp7

v v &
Goal

Goal-directed planning

1
g 1
1
1

4




Understanding Structural Basis for Autonomy of Consciousness: A
Synthetic Neurorobotics Study (13)

Predictive-Coding-Inspired Variational Bayes RNN (PV-RNN)

(Ahmadi & Tani, 2019)
Min. free energy
T Max. Accuracy term Complexity term
F = qu®(21t|xtT) [ lTng x(xtldt)] tw- KL[%(Zt|xt |Pgz(Z¢|de- 1)]]

t=1 f Approx. posterior Prior
Meta-prior

\

How does w affect development of the

internal representation in learning?
A simple experiment:

Time step
Learning with “ ; Prior & 4
Probabilistic FSM < \/ \ / / \
ﬂ// ﬂ// ﬂ[/ E[/ H/] E Deterministic di 7 d, > d,
Wy ——> d, T g, T ¢T<:2% frfegiegiey l l l l
l l l l l X1 x X X4
e Lol R R LR
Q @ @ Training sequence m: ffzt m: @\i se: w:
— 1 0 1 1 0 o
30%
. Training with a large w and a small w.
Target P-FSM to be learned Training with a large w and a small w.
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Understanding Structural Basis for Autonomy of Consciousness: A
Synthetic Neurorobotics Study (14)

Different Structures Self-Organized Depending on W through Learning

Test generation after training 20% ) (Ahmadi & Tani, 2019)
with different values of w 9@9 B(®2) ==& By (e 1) [V Gt 1, 2)] + 0 00K [ (22|l 1 90.0) | P (il 1))
0 - =1 Min. Reconstruction error Min. KL div. between posterior and prior
Deterministic dynamics Meta-Prior

(positive Lyapunov exp.)

b'e Fluctuated
Out | | spatio-temporal
o 2 0o 2000 patterns
"y v
1 1 E § B E B t 2 ¢ o <
o) o R » . ‘égé OO
)
Pnoro— AIVTUELELELER ARLIELE SRR S0 ) § d’/
............ B otec i oeotlootoshostostiess oAV BV " VE/RVRY S 27
20005 20010 20015 20020 20025 20030 20035 2004 20005 20010 20015 20020 20025 20030 20035 20040 Q@ o/
Prior (2 1 .’ | " .’ '. {/ “ | 7 .' .. .' . Deterministic Stochastic process
Vavavas |
DetermInIStIC d‘1 dZ ——* d3 : ‘:.’m‘e 7.'-11r|. :r.tm ‘:m:‘n :.r":r.A .‘".’Wv .:’n.s ;r",»m
l l l $ timesteps
= = —
Rl X2 X3 i..
W=0.025 (small ‘ ‘
v v ' v (small) , : x > M MN M{ l{ ‘dl' “Wr\ M\
Noise
Large Small
< L >
High-precision prior (small &) Low precision-prior (large «)
Deterministic Probabilistic
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Understanding Structural Basis for Autonomy of Consciousness: A

Synthetic Neurorobotics Study (15)

Which aspects in humans’ embodied cognition can be When one robot trained with tighter

accounted by this w-dependent structural
development shown in PV-RNN?

Robot-Robot Imitative interaction
(Wirkuttis & Tani, 2021)

AUTOMATION LETTERS, VOL. 6, NO. 3, JULY 2021

Leading or Following? Dyadic Robot Imitative
Interaction Using the Active Inference Framework

Nadine Wirkuttis and Jun Tani

A1 K -23-

regulation and another trained with
looser regulation interact, the latter
tends to lead the interaction by
exerting stronger action intention,
while the former tends to follow by
adapting to its observations. The study
confirms that the dyadic imitative
interaction becomes successful by
achieving a high synchronization rate
when a leader and a follower are
determined by developing action
intentions with strong belief and weak
belief, respectively.



Understanding Structural Basis for Autonomy of Consciousness: A

Synthetic Neurorobotics Study (16)

Synchronized Imitative interaction
(Wirkuttis & Tani, 2021) . . _ p
Generating own action while inferring that of the counterpart

Robot 1 80% Robot 2 20%
Conflictive!!
\——408 MB
\ 4 ) Approx. posterior \ 4 ) Approx. posterior
Prior update Prior update
r v 2 s v \
r v \ r v \
- W g
Proprioception Joint angles
o . . ) Joint angles
Pre-trainingifativh irdeoaatih different w Controller
Controller ‘
<+ S
Movementl Vision *Error_ Vision €| Body kinematics
— Y
Body kinematics » Vision =» &= Vision

Error
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Understanding Structural Basis for Autonomy of Consciousness: A
Synthetic Neurorobotics Study (17)

How does w affect Strong Prior w=3.4 Fluctuated Weak Prior w=0.005
the nature of orior Posterior ) ""‘ZIiZ?"‘” bosterior
s»*‘ %,
dyadic sense S \ orior sense
i nt e ra Cti O n S ? Detﬁ:‘r:(')”s's'“c Stochastic process
LEt’S IOOk at a High precision »%4 Low precision >
] 1 Noise °1* = WMWWW J"ﬂ“‘“ﬂ%MNM'W
robot simulation L:arge . e

experiment!! Leader - Follower
f f 5 ~ Now

F

Xy

2N Al A A
| [ sss sss 9

JNYIRY
.

<

e &

>
8

2,

Predlctlon Postdiction by ER

Postdiction by ER Predlctlon

)

Dominate
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Understanding Structural Basis for Autonomy of Consciousness: A
Synthetic Neurorobotics Study (22)

Adapting w Depending on Situations

i _ prior -
prior posterior posterior

s The boundary between the =1 [ sonse
sense
M /\ subjective /\

mind and the external world
Mind become ambiguous.

Mind Env. Extends into mind

Adaptation of w AnaIQgOL’J’s to “the ambiguity Adaptation of
of minds
Strong High w by Merleau-Ponty g, Low w
top-down & Varela bottom-up 1

Mind extends into environment

Environment Environment
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Understanding Structural Basis for Autonomy of Consciousness: A
Synthetic Neurorobotics Study (23)

Phenomenological Consciousness (Tani & White, 2020)

. Optimize Z (latent variables
This effort for P ( )

T ) Combinatorial search for an
minimizing F through K7 Nz optimal Z for minimizing F
iterative search brings 2
consciousness 9

©
<))
c
6
- J
Image
Mn. Efor
Target

Free energy

Sensation in the past (perception) landscape
Goal states to be achieved in the future (action planning)
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Dimensions of Interoception and Conscious Experience (1) by

Sarah Garfinkel R

. ’%‘ﬁ‘a’t}gggﬂﬂgﬁ(i NEEFR[ETEL TIKNEBERONEMES M A FIVICHREINBLICL
Crne o
- NRBRELIE. IR BEANZBDO I FIV2RRENL., ##FRL. S92 J0TATHD. B
gt*l{gﬂxc‘:ﬁf =L ANIVCETEN BB HRAE DR S 0O—BE—BDOYvE > ) Z2ig it ?56@&
- ASEREE KOEESOME. ENSZRBENTIEE. RS IRTFv—RE, SEIFRME
FEqIAE(LﬁtjéLtb\tgéo
- ABE T RROTRICE DS, CNSOBBEMEORTH, I8, 158, Rt A,
okl [BENDS XS ERBEIRCEDOIDITEIRMICRZEZ K(EINMNDWCEFIRT B,
» BRAASAE - BSRTE/LIEE. Haery ik
BE. FOARIEILOME T 18
BANZZXLDZEZAEMEIRFEIRICE
1%L/tm5o
« COIOREEREDEVDAREL, ENH
SaaAERIC N (F IR EZIRAR T DL,
Hﬂ%d)/éfé‘Eﬁ‘ik’)nb‘é?ﬁ%’lih‘%éo

Clinical & Affective
Neuroscience

[ gy
Em-Body ‘s Za
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Dimensions of Interoception and Conscious Experience (2) by
Sarah Garfinkel

Interception

* refers to the process by which the nervous system senses, interprets, and
integrates signals originating from within the body, providing a moment-by-
moment mapping of the body's internal landscape across conscious and
unconscious levels (Khalsa et al., 2018).

o LI, HRZNMEANSFEINBZESZRRENL. FIRL. a9 J0tANDIE
THD., BELANIEEEHLANI EZRERTT 25 4ANERORSEOBEE CEDYYE
H7aigfitdd (Khalsa et al., 2018 )
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Dimensions of Interoception and Conscious Experience (3) by

Sarah Garfinkel

SEREORTT, NFERE DT
EREFEUT I CE. LFOBRNEF
N3, (FR)FHFRCLBIKODFEDTD
xKIH, RKIVEESDsRSEEE. Kl

MHIES ORTEGHARSZER, [TEIT AN oo e s

CEoTHENDBN DA B DIEHS,
NEEOEE, R, BECET5E

sl DLUVEEGERRMEZORIE. B

ke (Fl : BE) HATENAIE
(5l : IERES) O—E&/RI XTERH
HRARFER. ARERXEADT
= (B HAZENLESEOHEITE
RIER)  BLUOAREREDIFE
(5 : AIBSNDBREL) THD,

Suksasilp & Garfinkel 2022

Attribution of interoceptive sensations

Attention to interoceptive sensations

Interoceptive insight

Self-report and beliefs

Preconscious impact of
afferent signals
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Dimensions of Interoception and Conscious Experience (4) by
Sarah Garfinkel

ENEDEHN . EBREIEENS
& (PIC) LRIBBERE (AIC)
([CHHNFET, PICIIREK (THAL)
HMORIOEADZZFED, —/RIK
HREEY (sI) EHEEEFLTL
%. BERRBANTIE. PICGAZEIB
IRz AICICIZBTUE T . AICIERIFRIA
& (AcC) .| @ik (Amy) |
HIZERIZE (PFC) . BLUIRE e oroneaic
BIZERZE (OFC) &EXTF[m)(lHES OFC Dri;;?:grft;irzxrtex — v @
B, MEEMIRRYNT—IRTEZR Ay ampaan o (TN
L/_C(/\éo AIC  Anterior Insular Cortex Vi

PIV  Posterior Insular Cortex
Quadt, Critchley & Garfinkel 2018 THAL Thalamus

Sl Somatosensory Cortex |
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Dimensions of Interoception and Conscious Experience

Sarah Garfinkel

AFEDRM(CH I DR A7 >4 — LR RS OIS

;\(

o BB

Cld. RS~ (A) BLUNEREERE (B) A

RSN TWS, INEREIEIZEFEDRED (L)

ME&E (C) .

HLUFREEE (D) (X, MR OICEDEHIIRCT IR
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Dimensions of Interoception and Conscious Experience (6) by
Sarah Garfinkel

Three distinct dimensions of interoception, as initially proposed by Garfinkel and
Critchley (2013), and further refined in Garfinkel et al., 2015
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Modulation of the human nociceptive flexion reflex across the cardiac cycle ewarse

al., 2001

BIE : COMRFRE. 36 ADERRBEFEM AZRIC, ([LEIRAPROENIRTE TSI
DERENZE YR %GD%E%E’HE?‘%—ET@N@%F- &t (NFR) (5 X2E%RAH.
OB/, BTSRRI RS (S X227 HSNCT B,

5iE  SMEGOERX (ECG) (DR?EZb\b300ms4§ (R+300ms) HLU600msiE
(R+600ms) M2DDERBHI(Z>Y T, ’—WIJ,%&%RURO CNUCED, (OEIEAD

UNHBHAEILSREADIZVVEEMIU Tz NFREMEIX. BYMZJTORER (EMG) &
FNATE I DL TRESINT,

5 : NFREJME: R+300msT(ER+600ms(CLEEATNFREMEN B RIS UFBEAD
A MMLREAL DB RS EMEWCEDTREN T,

f&J%&ﬁﬁE#ﬁ R &eaRE DX EIEMIZ. R+300msER+600msDE TR ER

A4 K -36-



Dimensions of Interoception and Conscious Experience (10)
by Sarah Garfinkel

ZE SR EZSAFRIE: INERAICHF2EARME R (CLPEIREZSE
RIZD . ERRSZ RIS T e REEENT,
X)) SO0 JLw)I A 52 88: UNFEERICH T BANFRIGEIORAMN & HRAx/NOL D

Ly AR IEH SR HMmZEZ NG I AL (CKBagEEN =mLEE BN S,
fasm @ COMATFRE. OAERRICHEIREARTE SR EENZ ENHYE B RS [ (CF2

E%25232t% R0, NOLILyI A sh S MECEETDIRBET (KR
]) ZHAI 3 — R THIolEe e FLTUL\D,

A4 K -37-



Dimensions of Interoception and Conscious Experience (11)

by Sarah Garfinkel

Preconscious impact of cardiac signals
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What the Heart Forgets: Cardiac Timing Influences Memory for Words and Is
Modulated by Metacognition and Interoceptive Sensitivity
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by Sa ra h Ga rfi n kel Garfinkel et al., 2013 Psychophysiology
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Effects of stress on pain in females using a mobile health app in the Russia-Ukraine conflict
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Interoceptive pathways to understand and treat mental health conditions
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Predictive Processing: A Unified Theory of Human Brain
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Hypo-prior and reduced sensory noise
[Brock, 2012]
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Influences of Altered Predictions
[Philippsen & Nagai, IEEE TCDS 2022]
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Reduction of Stigma Through Experiences of ASD’s Perception

[Tsujita, Homma, Kumagaya & Nagai, PLoS ONE 2023]

¢ TJo promote mutual understanding between people with and without AD

o reduce sodal stigma by experienang ASD simulators
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DiverSity in Visual HaIIUCinations [Suzuki et al., Front Hum Neurosci 2024]
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Low reality & depending on input stimuli
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CREST “Cognitive Feeling” (Period: 2021.10-2027.03) CREST
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