DEVELOPMENTAL ROBOTICS

Language Learning, Trust and Theory of Mind

Angelo Cangelosi

University of Manchester

The
WIRWOISIZNINA  Alan Turing
1324 Institute

The University of Manchester



Robots, Language & Cognition

How can we design robots that

are capable of using language
to communicate with humans and

other robots?

What can cognitive scientists
learn from robot experiments on
embodied language learning?







Talking to Robots

Computers and robots can be easily
pre-programmed to memorise a dictionary,
but cannot understand the language they use

Siri. =
Your wish is
its command.

ile Edit Options Buffers
I am the psychotherapist.
you are finished talking,

Hello world
How do vou do? What bring
I have a terrible pain in

Maybe you should consult a



http://www.manifestation.com/neurotoys/eliza.php3

“"Merry-Go-Round” of .-
Amodal Symbol Systems .
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Force: Energy or strength
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Energy: Strength of force Strength: The power to resist force
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Example of self-referential, amodal network of word definitions in
Webster’s Dictionary (Roy 2005) = Chinese Room (Searle 1980)



Chinese Room Thought Experiment
(Searle 1980)

N
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Searle, J.(1980), "Minds, Brains and Programs", Behavioral and Brain Sciences 3 (3): 417-457
Harnad, S (2005), "Searle's Chinese Room Argument", Encyclopedia of Philosophy, Macmillan
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Learning & Development

Robots can be easily pre-programmed to
memorise a dictionary, but cannot fully
understand the language they use

v Children are slow, but efficient at learning a
language (vocabulary spurt) (Tomasello 2008)

v' Children use their body for situated interaction
(Smith & Samuelson 2010)

v' The brain integrates language and
sensorimotor knowledge (Pulvermueller 2003)

v' Children develop Theory of Mind (ToM) for
social interaction
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DEVELOPMENTAL ROBOTICS

From Babies to Robots

Angelo Cangelosi
and Matthew Schlesinger

lllj The MIT Press
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Abstract

The latest developments in artificial intelligence (Al) and machine learning, and the
parallel advances in robotics, have contributed recently to a shift in the scientific
approach to modeling human intelligence. These innovations, accompanied by the new
emphasis on embodied and grounded cognition in Al and psychology, have led to the
establishment of the field of developmental robotics. This field features an

’l”ﬂ"l(';{:rl" 2 Ee- ¢ interdisciplinary approach, built on collaboration between cognitive robotics and child

BEE ‘¥ psychology, to the autonomous design of behavioral and cognitive capabilities in artificial
Friwing v

vl b Ay e b ! . = M cognitive agents, such as robots, which is inspired by developmental principles and
: mechanisms observed in children. In this article, we illustrate the benefits of this

approach by presenting a case study of a baby robot with a focus on the role of
embodiment during early word learning, as well as an overview of several developmental
robotics model of perceptual, social, and language development.



Embodied Language Learning



Developmental Psychology
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Developmental Robotics
of Language Acquisition

e Cognitive architecture for cumulative learning

- 5+ Experiments: first words, mutual exclusivity, U-learning,
word order, trust ...

— Collaboration with BabyLabs: Smith (Indiana), Horst
(Sussex), Floccia/Cattani (Plymouth), Twomey (Manchester),
Antonelli (Milan Cattolica)
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“Universal Phonetic Discrimination” “Perceptual Reorganization”  “Vocabulary Spurt” “Language Production




Posture Affects Word Learning

Smith & Samuelson (2010); Morse, Cangelosi, Smith et al. (2015)
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Where's the
MODI ?




iCub’s Modi Experiment
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iCub Modi’ : Predictions

e 6 robot/baby
Experiments

e Model prediction

Changes in posture (e.qg.

from sitting to standing)
will remove task
interference effect
despite the target
location remaining
consistent.
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H Child Data
Robot Data



Mutual Exclusivity

e Mutual exclusivity (Horst et al. 2010)
— Effects of competitors
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Open-Ended Cumulative Learning

Morse & Cangelosi (2016) Cognitive Science



Learning Abstract Words
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Learning Abstract Words
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Finger counting Gesture and counting Abstract words:
Use, Make

De la Cruz et al. (2014) Rucinski et al. (2012) Stramandinoli et al (2016)



Finger Counting: Model

e Robot counting its fingers

e Learning architecture (deep neural networks)
- Finger and number words

e Training
1. Finger sequence only

2. Number sequence only
3. Finger & Number sequences
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Trust in HRI

Theory of Mind and Intention
Reading



Trust for Human-Machine @
Interaction

e Cognitive architecture for trust in humans and machines
— Robot’s trust of other agents (humans, robots)
— Human’s trust of autonomous robot

e Inspiration from developmental psychology experiments on
Theory of Mind (ToM) and Trust

— Bayesian model for belief and ToM

e HRI experiments on social and anthropomorphic factors in
trust

Who was unreliable?




Trust for @
Human-Robot Interaction

e Price judgement game

e Investment game

Zanatto et al. 2016, 2019, 2020



Development of ToM
(Theory of Mind)

o Wimmer & Perner (1983). "Beliefs about beliefs: Representation and
constraining function of wrong beliefs in young children's understanding of
deception”. Cognition

This is Sally.

QG&

SaIIy -Anne test
Sally puts an object into a location x

« In her absence, Anne moves the
object to location v.

 Ann returns

« Child asked where Anne believes the
object is

Results — deception detection:

« None of the 3-4-years old children
« 86% of 6-9-years old children

Anne takes the marble out of the basket and puts it into the box.

Now Sally comes back. She wants to play with her marble.

Wher IISIIyI ok for her marble?




Bayesian ToM Trust Model

e Bayesian Network (BN): Separate BN for reliable (R) and
unreliable (U) speaker

e The action of the child is a consequence of her internal belief
Xc and the informant’s action Yy orYy.

Belief (unreliable) @

Blf(lld)

(child)

é

e Children collect statistical information for tracking the
reliability of agents (MLE Maximum Likelihood Estimation

for the setting of BN parameters).
Patacchiola & Cangelosi (2016, 2020)



iICub Trust and Language

Patacchiola & Cangelosi (2020) /IEEE trans Cybern



Trust in Human-Robot Interaction

Hellosinformer number O, please look at me

Vinanzi, Cangelosi et al. (2018) Phil. Trans. Royal Society B



MANCE

Intention Reading

The University of Manchester
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Honda Research Institute

Mindreading for Robots

Predicting Intentions via Dynamical Clustering of Human Postures

S. Vinanzi, C. Goerick, A. Cangelosi



Take Home Message

e Developmental approaches
— Embodiment cues in development

— Multiple developmental phenomena
— Close match with empirical data

— ToM and Intention reading

e Open challenges
- Open-ended learning and larger lexicons

— Explanatory Al for Trustworthy Robots
— Brain models of social/language development

— Robot companion and personal robotics
applications




CoRo Lab @ UoM




