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from Theory of Mind

to Machine Theory of Mind
(DeepMind, 2018)

—h

. What is Theory of Mind ?
2. A Constructive Model for the Development
of Joint Attention (2003)

[EEIRY 7R
3. Machine Theory of Mind (DeepMind, 2018) “WE AN
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- LLDIEFE) (Theory of Mind, ToM) (&, & b PIEART
E . T’G%ONL\ODUK,W . BX. 3. E2. &,
TR ETHANT ZLDHEREDZ & THD

DDDE) EbEH E. EREIAFTEDD. Premack & G.
Woodruff %3 “Does the Chimpanzee Have a Theory of
Mind”) ICEWT, FYNVI—RKREDEREN. REOMHEP
HOBEBODEIPNEUEZ TWBZEZHAL TWBEHLD LS
TN B EIGEB L. WDDOEH, & WSHEEREDMEILN TN
EZNSTIRIBEWHNETERLULIEC EICIREZRT D
fefcU. ERENEICDDERFZ R > TLWBSMNICDWTIEER
HEEWLWTWS

CDEADHD=H. ANF—RICHAICEOINE> TWBER
BRI ENTE (MBANDLDDITE) . MAICHLDIFESE
ZIBE L (DBRVIRREDIEEE) . #h g%’)b\‘(?@)\@ TEI%Z ¥
B4 2 ENTED (1 @@%%)

(Wikipedia)
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* Does the chimpanzee have a theory of mind?
« David Premack and Guy Woodruff (1978)

o FUND—[IMMDFREDIDDIREEZHER 2
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* “Mindblindness” (S. Baron-Cohen, 1995)

TheOry Of M | nd ID: Intentionality Detector
ID EDD - EDD: Eye Direction Detector
Desires and goals Eyes can see things . . :
“Mary wants the apple” “Mary sees the apple” SAM: Shared Attention
Mechanism
\ / - ToMM: Theory of Mind
SAM Mechanism

Infers desires and goals based on eye direction
“l see that Mary wants the apple”

!

TOMM

Allows the full range of mental states
“I think you believe this topic is interesting”
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* “Mindblindness” (S. Baron-Cohen, 1995)
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From: AAAI-00 Proceedings. Copyright © 2000, AAAI (www.aaai.org). All rights reserved.
Reading a Robot’s Mind:
A Model of Utterance Understanding based on
the Theory of Mind Mechanism

Tetsuo Ono

Michita Imai

ATR Media Integration & Communications Research Laboratories
2-2 Hikaridai, Seikacho, Sorakugun, Kyoto, 619-0288 JAPAN
{tono, michita}@mic.atr.co.jp

Abstract

The purpose of this paper is to construct a
methodology for smooth communications between
humans and robots. Here, focus is on a mindread-
ing mechanism, which is indispensable in human-
human communications. We propose a model
of utterance understanding based on this mech-
anism. Concretely speaking, we apply the model
of a mindreading system (Baron-Cohen 1996) to
a model of human-robot communications. More-
over, we implement a robot interface system that
applies our proposed model. Psychological exper-
iments were carried out to explore the validity
of the following hypothesis: by reading a robot’s
mind, a human can estimate the robot’s intention
with ease, and, moreover, the person can even un-
derstand the robot’s unclear utterances made by
synthesized speech sounds. The results of the ex-
periments statistically supported our hypothesis.

own mental states of desire and goal. Finally, B under-
stands A’s utterance despite his unclear speech sounds
and subsequently removes the object. As mentioned
above, we can daily observe such reciprocal acts when
communicating with others by the reading of intentions,
desires, and goals.

Even in communications between humans and robots,
such mindreading is indispensable for reciprocal acts.
This is because we often judge synthesized speech
sounds from artifacts to be strange, and we occasion-
ally find the sounds hard to understand. We will not
be able to communicate with robots smoothly as long
as we do not make the reasons clear. If we do not as-
sume the reciprocal acts mentioned above, it is possible
to model communications as a “code model.” A code
model is a framework of signal transmission where a
sender gives information (signals) to a receiver using a
presupposed common code for encoding and decoding
and then alternates turns within a given time. A code

smandal 1. s 2o sswalla bn cemnne anoowéiol cssaliélon e
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Video: Joint Attention Test
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HREREE?

Video: Joint Attention Test
https://www.youtube.com/watch?v=tif4U30jT2M
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MO R

Theory of Mind
ID EDD
Desires and goals Eyes can see things
"Mary wants the apple” | “Mary sees the apple”

SAM
Infers desires and goals based on eye direction
“I wee that Mary wanis the apple”

|

TOMM

Allaws the full range of montal states
I think you believe this topic is interesting”

“Mindblindness”,
Baron-Cohen, 1995.

(Theory of Mind) & I ?

Joint Attention

Te—k
ooO

“When eye see you: Gaze and joint attention
in human interaction”, Staudte, 2013.
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A Constructive Model
for the Development of
Joint Attention



RETETILO#EEE (1)

“A constructive model for the development of joint
attention”, Nagai et. al., 2003
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- TEERR7 7O—F Tl HRR) ZBETESD. ZDOXHZ
ZLEESHICT BT EIFTERL
= S EET) CRERBERSNNCT S
- ORYEIDPAD TBEFE L0455 032 EBLT,
HEFEDENZERS
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- WEOHRIER

D FEEERPE

caregiver

Ecological stage
at 6 to 9 months old

(9

4

W

FEETILOEBEE (2)

Geometric stage
at 12 Months old

Representational stage
at 18 months old
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— Constructive model for development of joint
attention
/\l__l/EE :
- ORykcEAHD= [Han, v
Hjjj Aﬁ [A pan? tllt] ??5 &

object *

&
Ae pan ( epan )/ \’/ @
i

Aetilt b

robot 36
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Saliency objectD ¥

FEETILOEEE (4)

.| Saliency map (detection): BBZEMEY v 7 (&)
| EGREBOE, BE. Ty IAR. BELRED
BRZHEELT TADER, OEGW\WEHH
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:C/isual T e e :
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camera imag

angle of
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salient feature detecto
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Y

- epan
o=(er]

visual feedback
controller

EMTEER

motor command
to camera head

o,
\Aen‘h

learning with self-evaluation )

‘ Sensorimotor co-ordinationz %%
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OMRY MMIRF. Hdobject=E R TWEIBEEEEZRS

(B9 —AN:1,0)
I | saliency objecth' & 111E. saliency feature detector T%
Nz E L. visual feedback controllerh‘objectz 5 K 5 (C
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EIRFIC. O/MRY kiElearning modulehNEE & DEEBEIRN 5 T—
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HREE. objectD X T DHRLTEHEINNIE, internal
evaluatorhivisual attentionlC FEfiZ= 1N X %

a7y b [Ebackpropagationic & > T. learning module
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ULZigE0RY
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Machine Theory of Mind
(DeepMind, 2018)
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—  Theory of Mind ({0:\DIE5R) 1. 1111,%0)/L,\0)4j(,m [BELE

/\E\
_/\ o =l

=2 BN EZHER T BI0DHEBE (Premack & Woodruff, 78)

- FNSDEEZEIR I S ToMnet (Theory of Mind
neural network) Z 123

tMOI—I x> hDTHO“DIHGHELITIDLSET IV EE
DAYEE > I —Y x> bOTTEIZ T
“we focus on the problem of how an observer could learn
autonomously how to model other agents using limited data"
. ER{ESEREE (“Sally-Anne” test) & 2R (HER) TIAE
- DR
« NIFI—YzYVMAIVARTLA
Nov-Ea—~N>A>557>3Y
“StBETEEE” (interpretable) 72 AIDEIR
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S{E2EERE (Sally-Anne test)

agent (Sally)
#ULﬁT%%b\%

Sally MI—IL(E)ICEL R
J—ILDZEIH DI WNG
& Sally (EFEHEVC

YD AREE=DEHAIT

ZET 5 ETH

c_d)%%ﬁ't ToMnet [FfthFEDBHREZZE

SRERZ > TWLWSHD ToMnet (Anne) H

IREE L /- 3E6R

—/—1 ﬁ

\ /l_.\._, Lj_)[/%%}]b\j( )
Bl Sally [FEHREWICKUA < AN &=L
—Lﬁt)\?&\/\t Anne DR T = NIL AR

Tl ToMnet(Anne) IBEH IV E ARE
EWETRERBEULRWE TR

B9 5LANI

LT&ED,

E b T ‘,\% (@ swap dist = 1 swap dist = 2 swap dist = 3 swap dist = 4
? D
€
S
g

’—’_---~~ =10 ;
4 S =P
(b) . - true agent #" tomnet
\ a
Go to the goal 4\ \ g i %
_____ ¢
) \
> \ '
<

____________
- ~~\

Prefer blue square

\\\
S

swap distance swap distance



.ﬁﬁéléd)ﬁt&) : 22D EFILDHE

HOT—Y 1Y OFBODIHMABE L FHSETIL
BIED XS ZE - DT~V 1> kDiTE% T

TRt FE CORURBEOITHTRDOATHED. o

< BRBIRETH

ToMnet [FfIE DIREIZE

yY
HfBe

motor command
to camera head

_[ABpan
A= (Aen‘u)

learning with self-evaluation ..

BT D LARIISEL TV
T C SR
N1/
T

1 |

current
state

f f

past recent
trajectories trajectory



HAI/HRIUZH T AR EE AT L

50



I—Yzh2HWHREVATLA

- W=
PUT-THAT-THERE (Bolt 1980)
Rea (Cassell 2000)
Situated Interaction (MSR 2009, 2014)
Mentalizing:

- Rational quantitative attribution of beliefs, desires and percepts
in human mentalizing

(Nature human behavior 2017)
- BN ER

«  POMDP, Generative model, (Bayesian inference)

1linl
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. Human-Agent Interaction& i ? (1)

2EI—Y 1Y N OFRERE

R OmRN

BREE

XY 3 E/ZTA» EENEEY AT A

YILFE— Q)ijnE/XTA»T%%AﬂZI 71‘/#
ﬁﬁn@)ﬁﬁ

1967:

- 1972:
- 1973:
- 1980:
- 1980:
- 1987
- 1994:
- 1994:
- 1996:

ELIZA [Weizenbaum)] Z=/& RV Xd 55 & IR

SHRDLU [Winograd] k-1 7—JL KND S EIEHR
LUNAR [Woods] EAS BT, M ARNED <
HEARSAY-II [Erman] EEXNFEICED K ¥ X 7 L8
PUT-THAT-THERE [Bolt] /& (X&) CiR{EZER
The Knowledge Navigator [Apple] At~ A—E—
CASA [Nass] “Computers Are Social Actors”
Believable agents [Bates] £ 5 LWIT—Y T > b
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. Human-Agent Interaction& I ? (2)

-  PUT-THAT-THERE [Bolt 1980]
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. Human-Agent Interaction& I ? (3)

— Rea [Cassell 2000] (E5# 1’00 - 215)
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. Human-Agent Interaction& I ? (4)
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. Human-Agent Interaction& i ? (5)
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Human-Agent Interaction& (& ? (6)

What is an agent? (EFESZBHAITDER)

An agent is an object or technology that people interact with as if it is able to act with its own
purposes, motivations, and intentions. Having autonomy is not sufficient. For example, people
generally do not interact with telephones or elevators as agents although there is autonomy
behind the scenes. Conversely, some people talk to their cars or boats as if they have their own
intentions or personalities, even if this is not the case. It is the point where people shape their
interactions with an object or technology as if it has purposes, motivations, or intentions, where
we have human-agent interaction. Often, technologies are designed to encourage people to
give them agency, for example, by using social methods such as speech or gestures, or having
a personality, although this is not necessary for agency.

People attribute agency to many things and technologies in their everyday lives, which is a
common area of research, for example, with robots, virtual characters and video games, virtual
reality, smart cars, and so forth. By considering the broader field of Human-Agent Interaction,
we have an opportunity to transcend these traditional categories and to share knowledge and
learn from each other, regardless of the embodiment of our agent. Findings in human-robot
interaction are likely to have implications for many kinds of agents.

The HAI conference aims to bring together an interdisciplinary community on agents. In
addition to work on agents themselves, this conference also includes novel technologies and
algorithms for use by agents, human-human studies that can inform interactive agent design,
how psychological and cognitive models of agency are relevant to agents, and so forth.
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Situated Interaction
(MSR 2009, 2014)
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. Situated Interaction (msR 2009

66



. Situated Interaction (msR 2014
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A Constructive Model for the Development of Joint
Attention (Nagai, 2003)
: Machine Theory of Mind (DeepMind, 2018)
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