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Human-Agent Interaction (HAI)
(Human-Robot Interaction (HRI))
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Mentalizing:

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

(Nature human behavior 2017)
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POMDP, Generative model, (Bayesian inference)
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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




. Situated Interaction (msR 2014

22



Mentalizing

Rational quantitative attribution of beliefs,
desires and percepts in human mentalizing
(Nature human behavior 2017)
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# =

Social cognition depends on our capacity for ‘mentalizing’, or
explaining an agent’s behaviour in terms of their mental states.

The development and neural substrates of mentalizing are well-
studied, but its computational basis is only beginning to be probed.
Here we present a model of core mentalizing computations: inferring
jointly an actor’s beliefs, desires and percepts from how they move in
the local spatial environment. Our Bayesian theory of mind (BToM)
model is based on probabilistically inverting artificial-intelligence
approaches to rational planning and state estimation, ...

BToM formalizes this schema as a generative model for action
based on solving a partially observable Markov decision process,
and formalizes mentalizing as Bayesian inference about unobserved
variables (beliefs, desires, percepts) in this generative model,
conditioned on observed actions.
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POMDP, Bayesian inference,
Generative model
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Mentalizing (3)
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POMDP (Partially Observable
Markov Decision Process)
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XTE&H{E (3): POMDP[1]

— #h &R ILOTRE 1183E (partially observable
Markov decision process, POMDP)
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XIE&{E (3): POMDP[S5]
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XIE&H{E (3): POMDP[6]
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XIE&H{E (3): POMDP[7]
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XIE&H{E (3): POMDP[9]
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X EEElfE (3): POMDP[10]

— B &R ILOTRE 8 3E (partially observable

Markov decision process, POMDP)
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Human-Agent Interaction (HAI)
( Human-Robot Interaction (HRI) )
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. I_:/“Is/:/_wnﬁéu or ii’c-’:b!! (1)

— “Amazon Echo”
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— VITA Virtual Interactive Training Agent

Virtual Interactive Training Agent (VITA) is a virtual reality
job interview practice system for building competence and
reducing anxiety in young adults with Autism Spectrum
Disorder (ASD) and other developmental disabilities. It was
developed by the USC Institute for Creative Technologies
(ICT), in partnership with the Dan Marino Foundation
(DMF).

Combining DMF expertise on ASD and ICT virtual human
technology, VITA provides the opportunity for ASD users
to repetitively practice job interviewing in a safe simulated
virtual reality environment. Various scenarios have been
created that simulate real life job interview situations.
Video recording of the user’s interaction allows a
vocational expert and the user to visually review and
analyze the user’s performance.

Learn more at:
http://www.ict.usc.edu/prototypes/vita/
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. I—9x—D“®5” or “I5aL” (3)

— “VITA” (overview)
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. I—9x2—D“®3” or “IaL” (4)

- “SimSensei” (cases of guidance)
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. IT—9x0—D"“H3” or “I5L” (6)

. I_:/\‘I\/‘:/_@n%%u or nfd:bu%{zF@?
MBOHEEIXELESHTERLGEWVHN?

Amazon Echo or VITA or Keepon?

—RBICEBZRCE LB ELESH?

Amazon Echo or VITA or Keepon?




Embodied Conversational Agents (ECA)
DIBEAE
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ECADIBESE (1)

- AR T—Y
. F—FFTUF¥
. AROYTNENYN—D 7y TEEE
: J—I)NAR—XAKN -7 7O0—F
- FPETSE

Research

design and evaluation
Development

modeling and content management

Conversation environment

Autonomous conversational agent

affective computing / theory of mind

) active objects
dialogue management

Internal Knowledge and background
representations . models
interpretation generation
sound computer signal
processing vision/graphics processing
speech visual haptic and other modalities

Users or their avatars




ECADEESE (2)

- NEOEHE

Task

Discourse analysis

T

Syntax and semantic analysis

T

Intended
meaning

Discourse planning

l

Sentence generation

/

Utterances
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ECADEESE (3)
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ECADIBESE (4)

R A Y 77

—*F5F

y y

»

Sensors

Perception

tention Intention
generation ) selection Focus and
Goals Intentions > . ]
A Coping
A
Personality
thresholds
\ i
Energy
Autobiographic Integrity
> e Modulati Y
memory Affiliation R odu atlng
T Certainty R Effectors .
Competence 7'y
PSI Acti
] v ction
Emotional .
ctate - Appraisal
Thresholds

—»1 Properties

Relations

Knowledge base

-\ Reactive layer

Appraisal

Action tendencies

[Lim 2010]
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ECADIEESE (5)
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ECADEBESE (6)

— Script vs Mark-up Language

Script

|

— —

Mark-up J_
Language

Interpreter |—————  animation
Action | | Actlnon
Planner Realizer
Knowledge Constraints
base

animation
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ECADEESE (7)

: Knock knock.

: Who's there?

: Banana.

: Banana who?

: Knock knock.

: Who's there?

: Banana.

: Banana who?

: Knock knock.

: Who's there?

: Orange.

: Orange who?

: Orange you glad | didn’t say banana.
: Ha ha very funny, Nancy.

-

Artificial Intelligence Mark-up Language (AIML)

<category>

<pattern>KNOCK KNOCK</pattern>
<template>Who is there?</template>
</category>

<category>

<pattern>*</pattern>

<that>WHO IS THERE</that>
<template><person/> who?</template>
</category>

<category>

<pattern>*</pattern>

<that>* WHO</that>
<template>Ha ha very funny, <get
name="name"/>.</template>
</category>

In AIML the syntax <that>...</that> encloses a pattern that
matches the robot’s previous utterance.

66



ECADEESE (8)

— Microsoft Agent

Agentl.Characters.Load "Genie", “http:..”
Set Genie = Agentl.Characters("Genie")
Set Robby = Agent1.Characters ("Robby")
Genie.Show

Genie.Play “Greet”

Genie.Speak "Hello!”

Robby.Show

Robby.MoveTo 100,200

Robby.Play "GestureRight"

Robby.Hide

Genie.Hide
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ECADEESE (9)

- ANBITI—I12hDINTA—%1L

left_back_up
left_up HumanoidRoot
left_front_up \
up ' ) 47 left_back \ __ skullbase
’ ‘| left \
left_front2 r_shoulder |_shoulder
+ Y left_front r_elbow — |_elbow
Lleft_back_down
/' left_down r_wrist —— |_wrist
left_front_down r_hip I_hip
r_knee —— |_knee
r_ankle I_ankle
A
sacroiliac
(b) Combination of the (c) Typical joints for humanoid

directions for left arm

—— Shoulder: Front

Elbow: Front

= Elbow: Front

down

(a) Direction reference for humanoid

(d) Elbow joint in different situations
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ECADEESE (10)

Behvior Markup Language (BML)

Synchronization

& i3 & k. & e ¢ 2 i &
A\ |\ |\ |\ |
*J dl N S| S| ‘
Start Ready  Stroke-start Stroke Stroke-end Relax

L J L J

Pre-strok'e-hold Post-strgke-hold

The seven synch points

i
J
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ECADIEESE (11)

— BML behavior elements

BML Element Description

<head> Movement of the head independent of eyes. Type include nodding, shaking, tossing and
orienting to a given angle.

<torso> Movement of the orientation and shape of the spine and shoulder.

<face> Movement of facial muscles to form certain expressions. Types include eyebrow, eyelid and
larger expressive mouth movements.

<gaze> Coordinated movement of the eyes, neck and head direction, indicating where the character
is looking.

<body> Full body movement, generally independent of the other behaviors. Types include overall
orientation, position and posture.

<legs> Movements of the body elements downward from the hip: pelvis, hip, legs including knee,
toes and ankle.

<gesture> Coordinated movement with arms and hands, including pointing, reaching, emphasizing
(beating), depicting and signaling.

<speech> Verbal and paraverbal behavior, including the words to be spoken (for example by a speech

<lips>

synthesizer), prosody information and special paralinguistic behaviors (for example filled
pauses).

This element is used for controlling lip shapes including the visualization of phonemes.
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ECADEESE (12)

— BML notation (1)

<wait> can align a behavior with a condition or an event

Example 1

<bml>
<gesture id="“gl” type=“point” target=“objectl”/>
<body i1d=“bl” posture=“sit”/>
<wait 1id=“wl” condition=“gl:end AND bl:end”/>
<gaze target=“object2” start="“wl:end”/>

</bml>

gl: point

bl: sit

wl: wait

gaze

v
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ECADEESE (13)

— BML notation (2)

<wait> can align a behavior with a condition or an event

Example 2

<bml>
<speech id=“sl1” type=“text/plain”>
First sentence
<speech/>
<event start=“sl:end” emit=“ACT1l_COMPLETE” />
</bml>

<bml>
<wait id="“wl” event=“ACT COMPLETE” duration=“5.0"/>
<speech type=“text/plain” start=“wl:end”>
Second sentence
</speech>
</bml>

s1: speech: First sentence

S —

5 seconds

wl: wait

s2: speech: Second sentence

>
~

Waits for the “ACT1_COMPLETE” event t
for maximally 5.0 seconds and speaks

the second sentence. [Kopp 2006]
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ECADEESE (14)

Timing holds

Example 3

BML notation (3)

<speech id="s1”> <sync id=“1”/>This or <sync id=“2”/>that.</speech>

<gesture id=%“d2” type=“DEICTIC” ...

<gesture id=%“dl” type=“DEICTIC” ...

stroke=%“sl:2"” />

stroke=“sl:1” relax="d2:ready” />

s1: speech: This or that
1 2
stroke
d2: DEICTIC
ready
stroke relax
d1: DEICTIC

Vv
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ECADEESE (15)

— Generating natural gestures

Online processing

Offline processing
A

Gesture Animation

profiles lexicon

Generation ?
Gesture
i . .
I:px:t . script Animation
EEEEE—— . —
€ Engine
Input Gesture G-unit G-unit
Preproc. creation creation planning
Animated
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ECADEESSE (16)

ECAD A A
I—HEUT 4

FE AEeME (learnability). ECIE U3 & (memorability).

FEWBSF DR & (ease of use)
HER 4 (efficiency)
T 5 —REHEE (frequency of errors)

J1—HHE

wEfE (satisfaction). Bd45 (engagement). B
(helpfulness). B7AS - {§&% (naturalness and
believability). SR (trust). FIE Y X7 QR4
(perceived task difficulty), 37X U & (likeability)

75



KD



