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当事者視点からの障害理解
Impairment and Disability Defined from First-person View

従来の認識（周囲の視点）
Traditional approach (Third–person view)

本研究の目指す理解（当事者視点）
Our approach (First-person view)

社会性障害
Social disability

機能障害
Impairment
身体的な
構造や機能

環境要因
Environ-

mental cause
周囲の人・物

能力障害
Disability
社会での活動

[WHO, 1980]

発達障害リスク児に対する未支援率 38.6%
知的・精神障害者の就労率 6.2%
（H24年文科省，H27年内閣府・厚労省）



認知ミラーリング：認知（障害）機序の構成的理解
Cognitive Mirroring: Understanding Human Cognition and its Disability

• 人間の認知機能を鏡のように映し出し観測可能にする知的情報処理技術 [長井, 2018]

• Intelligent systems that make human cognitive processes observable like mirrors

人間の認知機能 観測困難 & 定性的
Human cognition  Unobservable & qualitative

=

計算モデル
Computational 
models

人工システムの認知機能 観測可能 & 定量的
System’s cognition  Observable & quantitative

感覚
Perception

運動
Action

内部状態
Internal state



予測符号化理論：認知機能の基本原理 [Friston et al., 2006; Friston, 2010; Clark, 2013] 

Predictive Coding: Principle of Human Cognition

• 脳は予測誤差 e(t+1)を最小化するように予測器を学習したり，環境に働きかける．
• The brain tries to minimize the prediction error e(t+1) by updating the predictor and/or acting on the 

environment.

(Modified from [Blakemore et al., 1999])

予測誤差 e(t+1) = s(t+1) − ŝ(t+1)
Prediction error

感覚信号 s(t)
Sensory state

運動指令 a(t)
Motor command

感覚フィードバック s(t+1)
Sensory feedback

感覚・運動器
Sensorimotor system

予測した感覚信号 ŝ(t+1)
Predicted sensory state

予測した運動信号 â(t+1)
Predicted motor signal遠心性コピー

Efference copy 予測器
Predictor



予測誤差最小化における非定型性と発達障害 [Nagai & Asada, 2015; Nagai, 2016]

Developmental Disorders Caused by Atypicality in Minimization of Prediction Error

• 予測誤差に対する非定型な感度が自閉スペクトラム症（ASD）者の過敏／鈍麻な
内部モデルを生成

• Atypical tolerance for prediction error produces different internal models in ASD from those in TD

定型発達者 適度な許容誤差
Typically-developing individuals
Proper tolerance for prediction error

ASD者 過小／過大な許容誤差
Individuals with ASD
Atypical tolerance for prediction error

(smaller tolerance à hypersensitivity)

(larger tolerance à hyposensitivity)

Sensorimotor signals



2種類の認知ミラーリングシステム
Two Types of Cognitive Mirroring Systems

• 相互作用を通して人間の認知機能を学
習・推定するロボット
–予測符号化モデルのパラメータ変動によ
る人間の認知特性の評価

• Robots that learn to estimate individual 
characteristics of human cognition as parameter 
modifications in predictive coding models

• 人間の認知機能（特に知覚）を構成的
に再現する装着型システム
–予測符号化に基づく非定型な知覚特性の
発生機序の解明

• Wearable systems that simulate atypical perception 
in ASD based on predictive coding



(NHK, 2016.08.23)

人の情動状態を学習・推定するロボット
Robot that Learns to Estimate Emotional States of Humans



複数感覚信号の予測学習に基づく他者情動の推定
Emotion Estimation Based on Multimodal Predictive Learning

• 複数信号統合型深層信念ネットワーク [Srivastava and Salakhutdinov, 2012]を用いた感覚信号の
空間的予測学習による他者情動の推定

• 心的シミュレーションを利用した情動模倣
• Emotion estimation through spatial prediction of sensory signals using multimodal deep belief network
• Emotion imitation through mental simulation

Emotion recognition

Emotion expression

Emotion

Visual
(facial expression)

Visual
(hand movement)

Auditory
(speech)

Predictor
(multimodal DBN)

[Horii, Nagai, & Asada, 2016]



獲得された情動空間とそこに現れた個性
Emotional States Acquired in Predictor and Individual Differences
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Person A

Person B

High arousal

Low arousal

[Horii, Nagai, & Asada, 2016]



ASDの視覚過敏・鈍麻を再現するシミュレータ
Simulator of Atypical Visual Perception in ASD

(NHK, 2017.05.21)



ASDの視覚過敏・鈍麻の主な症状 [Qin et al., 2014; 長井ら, 2015]

Atypical Visual Perception in ASD

• 輝度àコントラスト強調・高輝度化
–瞳孔サイズの拡大 [Anderson & Colombo, 2009]

–瞳孔収縮率の低下 [Daluwatte et al., 2013]

• Brightness à High contrast and intensity
– Larger pupil size

– Reduced construction in pupillary light reflex

• 動き・音強度の変化à砂嵐状のノイズ
–皮質拡延性抑制 [Hadjikhani et al., 2001]や舌状回
周辺での代謝亢進 [Schankin et al., 2014]との相関

• Change in motion and sound à Dotted noise
– Cortical spreading depression in visual cortex, hyper-

metabolism in lingual gyrus

ASD’s vision

Original

ASD’s vision

Original



予測と自発活動の不均衡による非定型知覚の発生 [Hsieh, Nagai, & Asada, 2017]
Atypical Perception Caused by Imbalance between Prediction and Spontaneous Activities

トップダウン予測
Top-down prediction

自発活動
Spontaneous neural activity

感覚
Sensation

知覚
Perception



予測と自発活動の不均衡による非定型知覚の発生 [Hsieh, Nagai, & Asada, 2017]
Atypical Perception Caused by Imbalance between Prediction and Spontaneous Activities

• ASD者の弱い予測機能による信号知覚の困難とそれを補償する過剰な神経ノイズ
による砂嵐状ノイズの発生

• Stronger neural noise which compensates weaker prediction causes phantom noise in ASD’s perception

確率共鳴 Stochastic resonance

[Simonotto et al., 1997]
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Stochastic resonance can be used as a measuring tool to quantify the ability of the human brain to

interpret noise contaminated visual patterns. Here we report the results of a psychophysics experiment
which show that the brain can consistently and quantitatively interpret detail in a stationary image
obscured with time varying noise and that both the noise intensity and its temporal characteristics
strongly determine the perceived image quality. [S0031-9007(97)02344-2]

PACS numbers: 87.10.+e, 05.40.+j

Internal noise has long been associated with the ner-
vous system [1–7], thus prompting speculations that it
may serve a useful role in neural computation [2–4,8],
or signal averaging by summation across a population
of neurons in parallel [9,10]. Though tantalizing, this
idea remains undemonstrated in any biological experi-
ment. What has been shown is that external noise added
to a weak signal can enhance its detectability by the pe-
ripheral nervous systems of crayfish [11], crickets [12],
rats [13], and humans [14,15] including possible medical
applications [14,16], and within membranes [17] by the
process of stochastic resonance (SR) [18–20]. Excepting
a recent experiment which demonstrated SR in the human
tactile system [21], the results of these works were ob-
tained by computer analysis of neural recordings. But
how does a complex organ such as a brain analyze similar
weak and noisy signals?
SR has shown in several experiments that external noise

added to a weak environmental signal can enhance the in-
formation content of evoked responses in the peripheral
nervous system [11–16]. In these experiments, record-
ings of temporal sequences of neural action potentials
were made and analyzed by computer for the signal-to-
noise ratio [11,14–16], Shannon information rate, and
the transinformation [12] or stimulus-response coherence
or action potential timing precision [13]. Though noise
enhanced information in the peripheral nervous system
was demonstrated in all experiments, the question remains
whether animals, including man, can make use of the en-
hancement. Specifically, could the computers previously
used for signal and noise analysis in the physiological
experiments be replaced by the human brain in a psycho-
physics experiment, and if so, would the results be com-
parable? We show here that the results are comparable,
accurate, and repeatable and that the process is more effi-
cient for a stationary image with time varying noise than
for the same image with static noise.
Our experiment works with the human visual system

[22–25] and derives from the simplest paradigm of
SR: the nondynamical or threshold theory [26,27]. As
shown in Fig. 1(a), the necessary components are a

threshold, a subthreshold signal, and additive noise. The
system is assumed capable of transmitting single bits of
information, each of which marks a threshold crossing,
as shown by the pulse train above. Figure 1(b) is a
visual realization, where the subthreshold “signal” is an
image digitized on a gray scale and depressed beneath

FIG. 1. (a) The threshold paradigm of SR. A subthreshold
signal is shown by the sine wave plus Gaussian noise whose
mean lies D below the threshold (horizontal line). Each
positive going threshold crossing is marked by a standard pulse
as shown above, the temporal sequence of which transmits the
only information available about the signal through the system.
(b) Visual images composed of a single signal—the picture of
Big Ben—digitized on a 1 to 256 gray scale with a spatial
resolution of 256 by 256 pixels. A random number j, from a
Gaussian distribution with zero mean and standard deviation s,
is added to the original gray value I , in every pixel. Thus
the noise in each pixel is incoherent with that in all other
pixels though the standard deviation is the same for all. The
resulting image is then threshold filtered according to the rule:
if I 1 j , D, the gray value in that pixel is replaced with 256
(white), otherwise with 1 (black), in this example. The pictures
shown were made for D ≠ 30 and for s ≠ 10, 90, and 300 on
the gray scale (left to right).
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トップダウン予測
Top-down prediction

自発活動
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一般向けASD視覚体験ワークショップ [鈴木ら, 2017; 辻田ら, 2017]

Public Workshop of ASD Simulators

• ASD視覚体験シミュレータを用いたASD当事者の困難さ体験
• 発達障害の正しい理解に基づくスティグマ低減
• To experience first-person’s difficulties using ASD simulators
• To reduce stigma of ASD based on better understanding of ASD

講義 当事者
の語り

プレ
アン
ケート

ポスト
アン
ケート

シミュ
レータ
体験

座談会



CREST「認知ミラーリング」が目指す社会
Future Society Created by CREST “Cognitive Mirroring”

達成目標
• 認知ミラーリングによる認知機能の自己
理解と社会的共有

• 発達障害の正しい理解と当事者視点から
の支援の実現

Research goals
• Self understanding and social sharing of 

cognitive mechanisms using cognitive 
mirroring systems

• Better understanding of and assistance 
for developmental disorders

2 Anesthesiology Research and Practice

tingling pain in the upper limb. From the beginning of the
perception of the pain in his upper limb, he felt illusory
perceptions of fingers touching his face although he did
not perceive pain or any other sensory deficits in the face.
He had been treated several times for the pain through left
brachial plexus blockades and cervical epidural blockades,
with no success. His neuropathic pain decreased slightly
when taking pregabalin and with the application of cervical
spinal cord stimulation (SCS), but it remained severe. He
did not have any pain or trigger areas in the face getting
caries of the teeth. He once underwent a dental treatment for
his left mandibular molar tooth. When local anesthesia was
applied around the left mandibular molar tooth (3 mL, 0.5%
lidocaine), he felt the enlargement of that region, which was
followed by an immediate disappearance of his neuropathic
pain. At that time, the illusory finger sensations in the
face disappeared. Approximately 2 hours after the dental
treatment, the neuropathic pain returned and gradually
increased to predental treatment levels. A nonsteroidal anti-
inflammatory drug, loxoprofen, completely ameliorated the
dental pain but was not effective against the neuropathic
pain. Since then, the patient had 3 dental treatments, and
local anesthesia around the left molar tooth consistently
ameliorated his neuropathic pain. Analgesic effects consis-
tently lasted for several hours following the administration
of the local anesthesia. His neuropathic pain was able to
be mildly controlled by a combination of pregabalin, SCS,
and local anesthesia around the left molar tooth although
the molar tooth had completely improved. The use of oral
local anesthesia for breakthrough neuropathic pain had been
especially effective.

We obtained the patient’s consent to report his progress,
in accordance with the Declaration of Helsinki.

3. Discussion

Under conditions of neuropathic pain, particularly for
deafferentation pain following massive nerve injury, such
as postamputation phantom limb pain, postbrachial plexus
injury pain, or postspinal cord injury pain, cerebral somato-
topic reorganization in the sensorimotor cortices of the brain
is observed. Following deafferentation of an upper limb by
nerve injury, the somatotopic region corresponding to the
upper limb in the sensorimotor cortices shrinks, and the
somatotopic region responding to the facial region, which is
located next to the upper limb, expands (Figure 1(a)) [2, 3].
The degree of shrinkage of the upper limb representation
correlated linearly with the severity of the neuropathic pain
[4]. Further, expansion of the somatotopic representation
of the affected body part correlated with pain alleviation
through neurorehabilitation techniques [5–7]. Therefore,
somatotopic reorganization in the sensorimotor cortices
closely relates to pathophysiological mechanisms underlying
neuropathic pain and its alleviation.

Concerning the somatotopic reorganization of the face
and hand regions, the overlapping of these regions can
sometimes induce the following illusion in patients with a
deafferentation of a hand: touching the face creates obvious
referred sensation of fingers in the face as if the fingers

(a)

(b)

Figure 1: Topographical somatotopic reorganization in the sen-
sorimotor cortices following deafferentation by a brachial plexus
avulsion injury (a) and normalization of the reorganization by
application of local anesthesia in the mouth (b).

are embedded in the face [8]. We consider one possibility
that the analgesic effects of the oral local anesthesia in
our case were derived from the neural plasticity in the
sensorimotor cortices because our patient perceived a similar
illusory sensation of fingers in the face. Deafferentation by
local anesthesia, as well as that by nerve injury, shrinks the
somatotopic representation of the exposed body part and
simultaneously expands the nearby somatotopic representa-
tion in the sensorimotor cortices, and these are not associated
with subcortical changes [9, 10]. On the basis of this notion,
we speculated that, in our case, local anesthesia in the mouth
shrank the mouth/face representation and subsequently
expanded the somatotopic representation of the hand/upper

2 Anesthesiology Research and Practice

tingling pain in the upper limb. From the beginning of the
perception of the pain in his upper limb, he felt illusory
perceptions of fingers touching his face although he did
not perceive pain or any other sensory deficits in the face.
He had been treated several times for the pain through left
brachial plexus blockades and cervical epidural blockades,
with no success. His neuropathic pain decreased slightly
when taking pregabalin and with the application of cervical
spinal cord stimulation (SCS), but it remained severe. He
did not have any pain or trigger areas in the face getting
caries of the teeth. He once underwent a dental treatment for
his left mandibular molar tooth. When local anesthesia was
applied around the left mandibular molar tooth (3 mL, 0.5%
lidocaine), he felt the enlargement of that region, which was
followed by an immediate disappearance of his neuropathic
pain. At that time, the illusory finger sensations in the
face disappeared. Approximately 2 hours after the dental
treatment, the neuropathic pain returned and gradually
increased to predental treatment levels. A nonsteroidal anti-
inflammatory drug, loxoprofen, completely ameliorated the
dental pain but was not effective against the neuropathic
pain. Since then, the patient had 3 dental treatments, and
local anesthesia around the left molar tooth consistently
ameliorated his neuropathic pain. Analgesic effects consis-
tently lasted for several hours following the administration
of the local anesthesia. His neuropathic pain was able to
be mildly controlled by a combination of pregabalin, SCS,
and local anesthesia around the left molar tooth although
the molar tooth had completely improved. The use of oral
local anesthesia for breakthrough neuropathic pain had been
especially effective.

We obtained the patient’s consent to report his progress,
in accordance with the Declaration of Helsinki.

3. Discussion

Under conditions of neuropathic pain, particularly for
deafferentation pain following massive nerve injury, such
as postamputation phantom limb pain, postbrachial plexus
injury pain, or postspinal cord injury pain, cerebral somato-
topic reorganization in the sensorimotor cortices of the brain
is observed. Following deafferentation of an upper limb by
nerve injury, the somatotopic region corresponding to the
upper limb in the sensorimotor cortices shrinks, and the
somatotopic region responding to the facial region, which is
located next to the upper limb, expands (Figure 1(a)) [2, 3].
The degree of shrinkage of the upper limb representation
correlated linearly with the severity of the neuropathic pain
[4]. Further, expansion of the somatotopic representation
of the affected body part correlated with pain alleviation
through neurorehabilitation techniques [5–7]. Therefore,
somatotopic reorganization in the sensorimotor cortices
closely relates to pathophysiological mechanisms underlying
neuropathic pain and its alleviation.

Concerning the somatotopic reorganization of the face
and hand regions, the overlapping of these regions can
sometimes induce the following illusion in patients with a
deafferentation of a hand: touching the face creates obvious
referred sensation of fingers in the face as if the fingers

(a)

(b)

Figure 1: Topographical somatotopic reorganization in the sen-
sorimotor cortices following deafferentation by a brachial plexus
avulsion injury (a) and normalization of the reorganization by
application of local anesthesia in the mouth (b).

are embedded in the face [8]. We consider one possibility
that the analgesic effects of the oral local anesthesia in
our case were derived from the neural plasticity in the
sensorimotor cortices because our patient perceived a similar
illusory sensation of fingers in the face. Deafferentation by
local anesthesia, as well as that by nerve injury, shrinks the
somatotopic representation of the exposed body part and
simultaneously expands the nearby somatotopic representa-
tion in the sensorimotor cortices, and these are not associated
with subcortical changes [9, 10]. On the basis of this notion,
we speculated that, in our case, local anesthesia in the mouth
shrank the mouth/face representation and subsequently
expanded the somatotopic representation of the hand/upper

発達障害当事者視点からの
認知（障害）原理の提案

多様な認知過程を再現・検証する
神経回路モデルの開発

認知機能を観測・評価可能にする
認知ミラーリングシステムの開発

認知原理仮説
データ解釈

発達障害者の認知特性を
活かした学習・就労支援

山下祐一＠NCNP 計算モデル

長井志江＠NICT 認知ミラーリング

計算モデル
仮説検証

当事者研究熊谷晋一郎＠東大

障害者支援熊谷＠東大・LITALICO
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