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RoboticsLab Palermo (Since 1997)
• Social Robotics 

• Robot Consciousness 

• Affective Robotics 

• BCI Controlled Robots 

• Robot Imitation Learning 

• SW Engineering and Robotics 

• Robot and Music



Motivations

• Artefacts like us: consciousness, emotion and affect, experience, imagination, creativity! 
(Robotics)  

• Studying natural systems with robot models (Cognitive Science)  

• Proficient machines (Intelligent Control)

R. Sanz, I. Lopez & J. Bermejo-Alonso: A Rationale and Vision for Machine Consciousness in Complex Controllers,  
in:  A. Chella, R. Manzotti (eds.),  Artificial Consciousness, Imprint Academic, 2007.







Disclaimer

• We are still a very long way from being able to use our knowledge to build a conscious 
machine. Yet we can already take the first step in that long journey.

C. Koch, G. Tononi: Can Machines Be Conscious? IEEE Spectrum, June, pp. 47-51, 2008.  



Robot Consciousness:  
a brief history



Nemes: Cybernetic Machines

• Published in Budapest in 1962 - 1967 

• Translated and published in English in 1970 

• Gordon and Breach, Science Publishers, New 
York, NY





Angel: How to Build a Conscious Machine

• Published in 1989, by Westview Press, Boulder, 
CO 

• Angel proposes a sort of “agent” system 

• Engineer’s project parallels Philosopher's project



Aleksander: Brighton ICANN 1992

• Modern view of robot consciousness 

• “The hunting season of machine consciousness is 
open”



2001 Cold Spring Harbour Meeting: 
Can a machine be conscious

we know of no fundamental law or principle operating in this universe that forbids the 
existence of subjective feelings in artefacts designed or evolved by humans. 

 
(C. Koch, concluding comments in final report)



This article appeared in a journal published by Elsevier. The attached

copy is furnished to the author for internal non-commercial research

and education use, including for instruction at the authors institution

and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or

licensing copies, or posting to personal, institutional or third party

websites are prohibited.

In most cases authors are permitted to post their version of the

article (e.g. in Word or Tex form) to their personal website or

institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are

encouraged to visit:

http://www.elsevier.com/copyright

06.08

CLICK HERE 
TO ACCESS 
THE JUNE 
ISSUE OF

T H E  M A G A Z I N E  O F  T E C H N O L O G Y  I N S I D E R S

A SPECIAL REPORT

THE RAPTURE OF THE GEEKS
SEPARATING SCIENCE 
FROM FICTION IN 
THE TECHNOLOGICAL 
SINGULARITY

WILL SUPERSMART 
MACHINES LET 
US LIVE FOREVER 
OR RENDER 
US OBSOLETE?

Contents  |  Zoom in  |  Zoom out  For navigation instructions please click here   Search Issue  |  Next Page

Contents  |  Zoom in  |  Zoom out  For navigation instructions please click here   Search Issue  |  Next Page

ISSN: 1793-8340

Volume 1 · Number 1 · June 2009

Editor-in-Chief

Antonio Chella
University of Palermo, Italy

Vol. 1 N
o. 1 (June 2009) pp. 1–179

International Journal of M
A

C
H

IN
E C

O
N

SC
IO

U
SN

ESS

MICA(P) No: 210/01/2009

International Journal of

MACHINE
CONSCIOUSNESS



Consciousness and the Computational Mind

• The elements of the conscious awareness are 
caused by/supported by/projected from 
information and processes of the computational 
mind that: 

• are active 

• have other privileged properties

Brain_state1 Machine_state1

Experience

Computational
state1

R. Jackendoff: Consciousness and the Computational Mind, MIT Press, Bradford Book, 1987 



Strong vs. weak Robot Consciousness

• Strong Robot Consciousness: design and construction of conscious robot  

• Computational identity 

• Weak Robot Consciousness: design and construction of robots that simulates consciousness or 
cognitive processes usually correlated with consciousness   

• “Robot zombie”



Axioms for minimal consciousness  
in robots 

I. Aleksander & B. Dunmall: Axioms and Tests for the Presence of Minimal Consciousness in Agents,  
Journal of Consciousness Studies, 10, 4-5, pp.7-18, 2003 

I. Aleksander: The World in My Mind, My Mind in the World, Imprint Academic, 2005



• Let A be a generic robot in the world S. For A to be conscious of S: 

• Depiction: A has perceptual states that depict parts of S (I feel that I am a part of, but separate from an 
“out there” world) 

• Imagination: A has internal imagination states that recall parts of S or fabricate S-like sensations (I feel 
that my perception of the world mingles with feelings of past experience) 

• Attention: A is capable of selecting which parts of S to depict or what to imagine (My experience of the 
world is selective and purposeful)


• Planning: A has means of control over imaginational state sequences to plan actions (I am thinking 
ahead all the time in trying to decide what to do next) 

• Emotion: A has additional affective states that evaluate planned actions and determine the ensuing 
action (I have feelings, emotions and moods that determine what I do)



Perception
(Axs. 1,3)

Action
(Ax. 4)

Emotion
(Ax. 5)

Awareness area

From world
and body

To world

Memory
(Axs. 2,3,4)

Kernel architecture 

(1) Depiction; (2) Imagination; (3) Attention; (4) Planning; (5) Emotion.



Computational models for Robot Consciousness

• Consciousness as Information Integration 

• Consciousness as Internal Model 

• Consciousness as Introspection/Monitoring



Introspection/Monitoring  
models for Robot Consciousness



• Hierarchy of modules in the computational minds 

• Low level modules related with reactive input-
outputs 

• High level modules related with deliberative 
planning, reasoning, ... 

• Monitor modules

Level 1

Level 2

Monitor

Introspection/Monitoring models



• Recursion of modules in the computational mind 

• Level n comprises level (n-1) 

• Introspection, self reflection modules

Introspection/Monitoring models

Level n

Level n-1

Level 1



• The evolution of a state of affairs is modeled by a sequence of situations 
S0, S1 ... Sn 

• The world changes when an (instantaneous) action a is performed  

• A new situation Si is the result of the application of action a to the old situation  
Si-1: Si = Result(a,Si-1) 

• Propositions change their truth value according to situation:  
Holds(p, Si)

Mental Situation Calculus

McCarthy, J. (1995), Making Robots Conscious of their Mental States, 
 http://www-formal.stanford.edu/jmc/consciousness.html 

http://www-formal.stanford.edu/jmc/consciousness.html


Mental Situation Calculus

• Introspective reasoning 

• Propositions are of mental nature 

• A robot may reason about its own mental states 

• Situation calculus describes the evolution of robot mental states: knowledge, abilities, 
intentions, past history, ... 

• Introspection as problem solving by considering evolutions of mental states and not just 
evolution of the external word



Introspective knowledge

• Holds(Know(p), Si) 

• Holds(Know(Not(Know(p))), Si) 

• Holds(Know(Not(Know(Telephone(Mike)))), Si) 

• The robot may search for Mike’s telephone number in the phone book



Examples of mental actions

• Holds(Knows(p), Result(Learn(p), Si)) 

• Occurs(Learn(p), Si) → Holds(F(Know(p), Si) 

• After the learning action occurs, the robot will know p in the future 

• Occurs(Forget(p), Si) → Holds(F(Not(Know(p))), Si) 

• Occurs(foo, Si) → Occurs(Forget(p), Si)  

• Forget is a side effect of some event foo



More examples

• Occurs(Decide-to-do(a), Si) →  
                Holds(Intend-to-do(a), Si) 

• The robot decides to do a. Therefore it generates the intention to do a. 

• Occurs(See(o), Si) → Holds(F(Knows(DidSee(o))), Si) 

• The robot has seen object o.



FOL

• A system for “mechanized” formal reasoning 

• Simulation structure: the interpretation model 

• Association of analogue representation to the 
symbolic formalism 

Logic

Facts

Simulation
structure

FOL

R.W. Weyhrauch: Prolegomena to a theory of mechanized formal reasoning. Artificial Intelligence 1980;13(1/2):133—70. 
R.W. Weyhrauch: Building Conscious Artifacts, in: G. Trautteur (ed.) Consciousness: Distinction and Reflection,  

Bibliopolis, Napoli, 1995, pp. 18-41 



FOL

• Exploiting meta-level representations  

• Reflection about the system itself and its own 
capabilities

Meta logic

Meta
factsLogic

Facts

Simulation
structure

FOL

FOL



Self-model

• Normal access: information about the world  

• Introspective access: information about the robot 
itself 

• Self-model: S=M 

• Robot with a model of itself 

• Phenomenal consciousness
Normal access

Introspective access

D.V. McDermott: Mind and Mechanism, MIT Press, Bradford Books, 2001 



Layers of reflection

• Reactions: instintive reflexes 

• Deliberation: prediction, explanation, planning, ... 

• Reflection: assessment of the adopted deliberative 
techniques 

• Self-reflection: critics of deficiencies and 
weaknesses in own knowledge and methods 

• Self-consciousness: what others may think of own 
abilities and performances

M. Minsky: The Emotion Machine, Simon & Schuster, 2006

Instinctive reactions

Learned reactions

Deliberative thinking

Reflexive thinking

Self-reflexive thinking

Self-conscious thinking



HCogAff

Environment

Reactive 
processes

Deliberative 
processes

Metamanagement

Motives

Personae

LTM

Alarms

Perception
hierarchy

Action
hierarchy

Adapted from: A. Sloman and Ron Chrisley: Virtual Machines and Consciousness,  
Journal of Consciousness Studies, 10, no. 4-5, pp. 133-172, 2003.



Information Integration Theory - IIT

G. Tononi: An Information Integration Theory of Consciousness, BMC Neuroscience, 5-42, 2004 
D. Balduzzi, G. Tononi: Integrated Information in Discrete Dynamical Systems: Motivation and Theoretical Framework. 

PLoS Comput Biol 4(6), 2008 
G. Tononi: Consciousness as Integrated Information: A Provisional Manifesto, Biol. Bull. 215: 216–242, 2008



Information Integration: Tononi

• Conscious experience is differentiated: the potential repertoire of different conscious 
states is huge 

• Conscious experience is integrated: every conscious state is experienced as a single entity 

• The substrate of conscious experience must be an integrated entity able to differentiate among 
an enormously big repertoire of different states



Information

• Galileo and a photodiode in front of a flashing screen 

• The same answers! 

• But…  Galileo is able to discriminate among a huge number of states 

• How much information is generated: Entropy



Integration

• Galileo, a photodiode and a camera in front of a TV screen 

• Camera: an immense number of states! 

• The camera is a collection of a huge numbers of photodiodes… 

• Information is not integrated!



Effective Information EI

• S subdivided into two parts A and B 

• Perturbation of A: max entropy to A outputs 

• EI(A→B): measurements of all the possible 
responses of B from A 

• EI is not symmetric: reverse the procedure for 
EI(B→A) 

S
A B



Information Integration

• The system S can integrate information only if A 
and B are higly dependent subsets 

• High values of EI(A↔B): strong connections 
between A and B 

• Low values of EI(A↔B): low or no connections 
between A and B

S
A B

S
A B



Φ: Measure for Information Integration

• The bipartition of S for which EI(A↔B) reaches 
a minimum 

• MIP: Minimum information partition 

• Φ(S) is the value of EI(A↔B) for MIP 

• Complex: a subset of S with Φ>0 not included in 
larger subsets with higher Φ

S



Φ and Robot Consciousness
• A conscious complex is a complex with high Φ(S) 

• Consciousness is not an all-or-none but graded by Φ(S) 

• Any physical system have subjective experience to the extent that it is capable to integrate 
information 

• It could be possible in principle to build a conscious robot by endowing it with a complex of 
high Φ(S) 

• A conscious vision machine should be able to differentiate the key features of a scene from the 
immense range of possible scenes and to integrate them in a detailed description of the scene 
itself



Early attempts of implementations in robots

• Gamez measured the Φ(S) of a neural network implementing some of the functionalities of 
SIMNOS, a robot system 

• Aleksander and Gamez proposed methods for implementing suitable neural netwoks with high 
values of Φ(S) 

• Edlund et al. analyzed the correlation of measures of information integration and fitness during 
the simulated evolution of simple robots

D. Gamez: Information integration based predictions about the conscious states of a spiking neural network, Consciousness and Cognition 19, pp. 294–310, 2010 
I. Aleksander, D. Gamez: Iconic Training and Effective Information: Evaluating Meaning in Discrete Neural Networks, in: Proc. AAAI Fall Symposium on BICA - II, 2009. 

Edlund JA, Chaumont N, Hintze A, Koch C, Tononi G, et al. (2011) Integrated Information Increases with Fitness in the Evolution of Animats. PLoS Comput Biol 7(10): e1002236.  



Global Workspace Theory

B.J. Baars: A Cognitive Theory of Consciousness, Cambridge University Press, 1988. 
B.J. Baars: In The Theater of Consciousness. Oxford University Press, 1987. 



Global Workspace Theory
• The brain is a collection of unconscious 

specialized processors 

• Consciousness is serial with limited capacity 

• Consciousness is associated with a global 
workspace whose contents broadcast to many 
processors 

• Contexts shape conscious contents 

• Contexts may work together to constraint 
conscious events 

• Motives and emotions are parts of goal contexts 

• Self is the most general unifying context

Global Workspace



Several unconscious processors compete for access to GW to recruit more 
processors

Global Workspace



The winner processor gain GW, i.e., consciousness and 
broadcast to other recruited processors



Context allows for a coalition of processors to shape the content of 
consciousness

Context1



Self is the deepest level of context: the basic intentions and 
expectations we have towards the world, ourself and each others



Implementations

• LIDA (Franklin et al.) 

• Shanahan’s Cognitive Architecture 

• Dehaene’s Neuronal Workspace Model 

• CERA – CRANIUM (Arrabales et al.)



LIDA

Perception

Episodic
memory

Declarative 
memory

Attention

Global Workspace

Worispace

Procedural memory

Action 
selecion

S. Franklin: IDA A Conscious Artifact?, Journal of Consciousness Studies, 10, 4-5, 47-66, 2003 
B.J. Baars & S. Franklin: Consciousness is Computational: The LIDA Model of Global Workspace Theory,  

International Journal of Machine Consciousness, 1, 1, pp. 23-32, 2009 



Action Selection

Perception

Episodic
memory

Declarative 
memory

Attention

Global Workspace

Worispace

Procedural memory

Action 
selecion



Learning

Perception

Episodic
memory

Declarative 
memory

Attention

Global Workspace

Worispace

Procedural memory

Action 
selecion



Internal models



Internal models

• An intelligent agent has an internal model of itself and of the external world 

• Capability to simulate the external environment and the body actions  

• Generation of expectations  

• “Small scale model” of external reality (Craik) 

• “Popperian” creatures (Dennett)

K. Craik: The Nature of Explanation. Cambridge University Press 1943. 
D. Dennett: Darwin's Dangerous Idea. Simon & Schuster 1996.



• Because simulation of behaviour and perception will be accompanied by internally generated 
sensory input resembling perceptions of the external world, it will inevitably be accompanied 
by the experience of an inner world (Hesslow) 

• Indeed, being conscious is simply what it is like being a representation of the world 
(Blackmore) 

• We propose that the IAM in a fully implemented system [...] may be conscious, and that its 
cognitive contents will reflect those of human consciousness  (Holland)

G. Hesslow: Conscious Thought as Simulation of Behaviour and Perception, Trends in Cognitive Sciences, 6, pp. 242–7, 2002. 
S. Blackmore: What it’s like to be a mental model, in Research in Parapsychology 1985 Ed. D.Weiner and D.Radin, Metuchen, N.J., Scarecrow, 163-164, 1986. 
O. Holland, R. Knight, & R. Newcombe: A Robot-Based Approach to Machine Consciousness, in: A. Chella, R. Manzotti (eds.): Artificial Consciousness, Imprint 

Academic, 2007 



Robot and the environment

Agent World



Robot with internal model of itself and of the 
environment

Agent World



Internal model hypothesis

Agent World





General Framework



EcceRobot

  
O. Holland, R. Goodman: Robots With Internal Models, Journal of Consciousness Studies, 10, No. 4–5, pp. 77–109, 2003 

O. Holland, R. Knight, & R. Newcombe: A Robot-Based Approach to Machine Consciousness, in: A. Chella, R. Manzotti (eds.): Artificial Consciousness, Imprint Academic, 2007 
O. Holland: A Strongly Embodied Approach to Machine Consciousness, Journal of Consciousness Studies, 14,. 7, 97–110, 2007

http://eccerobot.org






Starfish

J. Bongard, V. Zykov, H. Lipson: Resilient Machines Through Continuous Self-Modeling, Science, 314, 1118-1121, 2006





Internal model and GWT

Sensory cortex Motor cortex/
basal ganglia

World

Association 
cortex a

Association 
cortex b/

basal ganglia Amygdala

M. Shanahan: A Cognitive Architecture That Combines Internal Simulation With a Global Workspace,  
Consciousness and Cognition,  15, pp. 433-449, 2006 



Cicerobot

A. Chella, M. Frixione, S. Gaglio: A cognitive architecture for robot self-consciousness,  
Artificial Intelligence in Medicine  44, 147—154, 2008 

A. Chella, I. Macaluso: The perception loop in CiceRobot, a museum guide robot, Neurocomputing 72 760–766, 2009 
A. Chella, S. Gaglio: In Search of Computational Correlates of Artificial Qualia, in: Proc. AGI 2009, Atlantis Press







A Cognitive Architecture for Robot  
Self-Consciousness



The cognitive architecture



The Subconceptual Area

• Low level processing of data coming from sensors. 

• Information is not yet organized in terms of conceptual structures and categories. 

• Extraction of the 3-D model



The Linguistic area

• Hybrid formalism in the KR tradition 

• Terminological component 
• terminological language: semantic networks (SINets)  
• concept descriptions (general knowledge) 

• Assertional component 
• assertional language: ground atoms 
• information about specific scene



Terminological component



The Conceptual Area

• A Conceptual Space CS (Gärdenfors, 2000)  is a 
metric space whose dimensions are related to 
sensory based quantities (Color, pitch, spatial 
coordinates, etc.). 

• Dimensions do not depend on any specific 
linguistic description. 

• The conceptual primitive is a point in CS.



The Conceptual Area

Symbolic
Conceptual

Sub-
conceptual

higher-level
domains

sensory
domains

fruit
domain

animal
domainshape

domain

soundspacetaste

receptors gustatory visual tactile auditory

color phonemes

words

Conceptual schemas

speech







The Static CS

• A point in CS is a superquadric 

• An object is a composition of superquadrics 



Mapping between Conceptual  
and Linguistic Areas

Cylinder-shaped(#k1)
Box-shaped(#k2)
Hammer (Hammer#1)
has-part(Hammer#1,#k1)
has-part(Hammer#1,#k2)



Generation of assertions: focus of attention

• It is driven by the focus of attention  

• Implementation: NNs 

• two modalities: 
• associative expectations 
• linguistic expectations 

• associative expectations are learned by NNs 
• Hebbian mechanism 

• linguistic expectations are driven by linguistic KB



Linguistic expectations

A priori knowledge of the object shape

Cylinder-shaped(#k1)
Box-shaped(#k2)
Hammer (Hammer#1)
has-part(Hammer#1,#k1)
has-part(Hammer#1,#k2)



Associative expectations

Free associations among previously seen objects

Hammer (Hammer#1)
Box (Box#1)
Next-to(l#1)
Has-part(l#1,Hammer#1)
Has-part(l#1,Box#1)



System at work

Cylinder-shaped(#k1)
Box-shaped(#k2)
Hammer (Hammer#1)
has-handle(Hammer#1,#k1)
has-head(Hammer#1,#k2)
Ball-shaped(#k3)
Ball(Ball#1)
has-part(Ball#1,#k3)
Ellipsoid-shaped(#k4)
Mouse(Mouse#1)
has-part(Mouse#1,#k4)



Consciousness, Theory of Mind and Self-
Consciousness: Meeting of Minds

M. Warglien & P. Gärdenfors: Semantics, conceptual spaces, and the meeting of minds, 
Synthese (2013) 190:2165–2193 



A Computational Model of Self-Consciousness 
and Theory of Mind

• Neurological and psychological findings related with the intertwining relationships between self-
consciousness and theory of mind (Leslie 1987, Frith and Happè 1999, Happè 2003)  

• Social aspects of consciousness and theory of mind (Graziano and Kastner, 2011).  

• Human communication as a meeting of minds (Warglien and Gärdenfors 2011).



Robotics Background

• Robot architectures with a sense of self and with a theory of mind: Hart and Scassellati 
(2015), Chella et al. (2008), Chella and Manzotti (2009), Bongard et al. (2006), Suzuki et 
al. (2005), Bringsjord (2015). 

• Long and Kelley (2010): importance of the development of conscious robots in social and in 
military applications. 

• As far as we know, no robotics studies at state of the art have looked at the simultaneous and 
integrated implementation of aspects of robot self-consciousness and theory of mind



Robot TOM: Understanding the Other Mind

A. Chella, H. Dindo, I. Infantino, I. Macaluso: A posture sequence learning system for an anthropomorphic robotic hand, Robotics and Autonomous Systems, 47, 143-152, 2004 
I. Infantino,, A. Chella, H. Dindo, I. Macaluso: A Cognitive Architecture for Robotic Hand Posture Learning, IEEE Trans. Systems, Man and Cybernetics Part C, 35, 42-52, 2005 

A. Chella, H. Dindo, I. Infantino: A  Cognitive  Framework  for  Imitation Learning, Robotics and Autonomous Systems, 54, 403-408, 2006



Robot Self-Consciousness: Understanding its 
Own Mind

• A second order perception at time t describes  
the perception of the conceptual space of the 
agent at time t-d. 

• The agent perceives itself and its environment



Cicerobot



Higher Order Perceptions

• The robot self is generated and supported by the CS dynamics, in the sense 
that the system generates dynamically first-order, second-order and higher-
order perceptions during its operations, and this mechanism of generation 
of higher-order perceptions is responsible for the robot of self-
consciousness. 



A Robot Prototype

• To design and implement a 
prototype of the integrated 
computational model of self-
consciousness and theory of mind 
on a Pepper humanoid robot 
platform.



• Static Scene Analysis 

• Chella A, Frixione M, Gaglio S (1997) A cognitive architecture for artificial vision. Artificial Intelligence 
89:73–111 

• Chella A, Frixione M, Gaglio S (1998) An architecture for autonomous agents exploiting conceptual 
representations. Robotics and Autonomous Systems 25(3-4):231–240 

• Dynamic Scene Analysis 

•  Chella A, Frixione M, Gaglio S (2000) Understanding dynamic scenes. Artificial Intelligence 123:89–132 

• Action Understanding 

• Chella A, Gaglio S, Pirrone R (2001) Conceptual representations of actions for autonomous robots. 
Robotics and Autonomous Systems 34:251–263 

• I. Infantino,, A. Chella, H. Dindo, I. Macaluso: A Cognitive Architecture for Robotic Hand Posture 
Learning, IEEE Trans. Systems, Man and Cybernetics Part C, 35, 42-52, 2005 

• A. Chella, H. Dindo, I. Infantino, I. Macaluso: A posture sequence learning system for an anthropomorphic 
robotic hand, Robotics and Autonomous Systems, 47, 143-152, 2004



• Social Robotics 

• A. Chella, H. Dindo, I. Infantino: A  Cognitive  Framework  for  Imitation Learning, 
Robotics and Autonomous Systems, 54, 403-408, 2006 

• Symbol Grounding 

• Chella A, Frixione M, Gaglio S (2003) Anchoring symbols to conceptual spaces: the case 
of dynamic scenarios. Robotics and Autonomous Systems 43(2-3):175–188 

• Robot Self-Consciousness 

• Chella A, Frixione M, Gaglio S (2008) A cognitive architecture for robot self-
consciousness. Artificial Intelligence in Medicine 44:147–154 

• Synthetic Phenomenology 

• Chella, A. and Gaglio, S. (2012). Synthetic Phenomenology and High-Dimensional Buffer 
Hypothesis, International Journal of Machine Consciousness, 4 (2): 353 - 365.





Thank you for your 
conscious attention!

antonio.chella@unipa.it 

Doodle by Jorge Cham creator of PhD Comics

Building a conscious robot is a grand scientific and technological

challenge. Debates about the possibility of conscious robots and the

related positive outcomes and hazards for human beings are today

no more confined to philosophical circles. Robot consciousness is a

research field aimed to a unified view of approaches as cognitive

robotics, epigenetic and a!ective robotics, situated and embodied

robotics, developmental robotics, anticipatory systems, biomimetic

robotics. Scholars agree that a conscious robot would completely

change the current views on technology: it would not be an

“intelligent companion” but a complete novel kind of artifact.

Notably, many neuroscientists involved in the study of

consciousness do not exclude this possibility. Moreover, facing the

problem of consciousness in robots may be a major move on the

study of consciousness in humans and animals.

The Frontiers Research Topic on consciousness in humanoid robots

concerns the theoretical studies, the models and the case studies of

consciousness in humanoid robots. Topics related to this argument

are:

- the needs of a body for robot consciousness;

- robot self-consciousness;

- the capability of a robot to reason about itself, its body and skills;

- the episodic memory in a robot, i.e., the ability to take into

account its operational life;

- design strategies versus developmental approaches in assessing

consciousness in a robot;

- robot architectures candidates for consciousness;

- symbolic versus neural networks representations in robot

consciousness;

- consciousness, theory of mind and emotions in a humanoid robot;

- measurements and assessments of consciousness and self-

consciousness in a robot;

- ethical and trust issues in a conscious humanoid robot.

Keywords: Robot Consciousness, Robot Awareness, Machine

Consciousness, Artificial Consciousness, Autonomic Robotics

Antonio Chella

University of
Palermo
Palermo, Italy

Angelo Cangelosi

Plymouth University
Plymouth, United
Kingdom

Giorgio Metta

Fondazione Istituto
Italiano di
Technologia
Genoa, Italy

Selmer Bringsjord

Rensselaer
Polytechnic Institute
USA

9,349 views  141 publications

56,542 views  32 publications

13,506 views  95 publications

3,503 views  1 publications

29 September 2017 Manuscript

About Submit Journals Research Topics 72 My frontiers

Search for articles, people, events and more. Antonio Chella

!

Research Topic

Consciousness in Humanoid
Robots

  

1 5 0 2 11

Manage topic Submit an abstract Submit a manuscript

1  0

Like Comment

1,824
VIEWS

About this Research Topic Topic Editors

Following!

Following!

Following!

Submission Deadlines

Overview Articles Authors Impact Comments
59

mailto:antonio.chella@unipa.it



