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Cognitive Mirroring:
Assisting people with developmental disorders from first-person view
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Impairment and Disability Defined from First-person View
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Traditional approach (Third—person view) Our approach (First-person view)

RIREX
Environ-
sdmental cause

FEEOA -9

HEERES
Impairment

BRR7R
B PIEAE

HRfEE

ocial dlsablllty \ i

S
.... \ BENEE \
' \ 4’5\' Disability «

%EBE.:. Y 1’7 ICX T BARZIEER 38.6%

AHY - FWB =& DIHEK 6.2%
(H24EXXBlE, H27FERER - ESE)

- HETOEE )
bt

[WHO, 1980]



M T7—U2T B (BE) #EFOBMRNERE

Cognltlve Mirroring: Understanding Human Cognition and its Disability
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* Intelligent systems that make human cognitive processes observable like mirrors
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Predictive Coding: Principle of Human Cognition
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* The brain tries to minimize the prediction error e(t+1) by updating the predictor and/or acting on the

environment.
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(Modified from [Blakemore et al., 1999])
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Developmental Disorders Caused by Atypicality in Minimization of Prediction Error
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* Atypical tolerance for prediction error produces different internal models in ASD from those in TD

EHFEEE BELHRRE ASD#E B\ /BRI ERE
Typlcally-developlng individuals Individuals with ASD

Proper tolerance for prediction error Atypical tolerance for prediction error

Sensorimotor signals

(larger tolerance = hyposensitivity)
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Two Types of Cognitive Mirroring Systems
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* Robots that learn to estimate individual * Wearable systems that simulate atypical perception
characteristics of human cognition as parameter in ASD based on predictive coding

modifications in predictive coding models
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Emotion Estimation Based on Multimodal Predictive Learning

*Eyk&'f:l? JL l:l }E'fm ITeAN Y I\ |7 - 7 [Srivastava and Salakhutdinoy, 2012] 755 = L) CEZE,{%%@
Wﬁm%dﬁﬂ XM EBENDHETE

c DY aL—Y 3 >ZEFBLUIBEEIEN

* Emotion estimation through spatial prediction of sensory signals using multimodal deep belief network
* Emotion imitation through mental simulation

Emotion

Predictor
(multimodal DBN)

Visual Visual Auditory

(facial expression) (hand movement) (speech)

[Horii, Nagai, & Asada, 201 6]
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Emotional States Acquired in Predictor and Individual Differences

Person A

O Happiness [ Neutral <> Anger /\ Sadness

Person B

2"d principal component

|t principal component

[Horii, Nagai, & Asada, 201 6]
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Atypical Visual Perception in ASD
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* Brightness = High contrast and intensity

— Larger pupil size

— Reduced construction in pupillary light reflex

CBE - BBREOEL > WERD /1 X
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* Change in motion and sound = Dotted noise

— Cortical spreading depression in visual cortex, hyper-
metabolism in lingual gyrus
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Atypical Perception Caused by Imbalance between Prediction and Spontaneous Activities
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Atypical Perception Caused by Imbalance between Prediction and Spontaneous Activities
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. Stronger neural noise which compensates weaker prediction causes phantom noise in ASD’s perception

ﬁﬁgiﬂéﬂ% Stochastic resonance
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[Simonotto et al., 1997]
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Public Workshop of ASD Simulators
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* To experience first-person’s difficulties using ASD simulators

* To reduce stigma of ASD based on better understanding of ASD
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Future Society Created by CREST “Cognitive Mirroring”
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Research goals

* Self understanding and social sharing of
cognitive mechanisms using cognitive
mirroring systems
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* Better understanding of and assistance
for developmental disorders
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