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1. Introduction

Existing technologies 
- ICT’s
- Robotics
- Automated cognition = Cognitics

Future considered goals
- Child Development Analysis
- Socially Intelligent Processing of Atypical Interactive Situations
- Socially Assistive Robotics for Children

Plan
- High tech for human development 
. Robotics - are we looking for human clones or for functional machines?
- Cognition and cognitics
- Service to children and  adolescents 
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2. High tech for human development
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- High-tech for human 
development is here
[e. g. 1-6]

- Make new cognitive
proposals 
operational in robots 
(re. [9]).

[5, 6]

[4]

A., 2.5 yrs - C.D.

[7]

[8]
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3. Robotics -
2 views  1 of 4

Th e ima g e c an no t be  di sp lay ed . Y o ur  co m pu te r m ay  n ot  h av e e no u gh  m em o ry  to  o pe n t he  im ag e , o r t he  im ag e ma y  ha ve  b ee n co rru p te d.  R es tar t y ou r co m pu te r, an d the n  op e n t he  fi le ag ain . If th e r ed  x  st ill ap pe ar s, yo u m ay  h av e t o de let e the  im a ge  a nd  th en i ns ert  it  ag ai n.

Evolution of Robotics

NEED for 
useful 

machinesHumans’ 
DREAM of 
replicating 
themselves Industrial 

Robotics

Field 
Robotics

Personal 
Robotics
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Spatial 
Applications

Medical 
Applications

Humanoid 
Robotics

Service 
Robotics
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?
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Re.
B.Siciliano [11]
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3. Robotics -
2 views   2 of 4

Cognitive sciences and 
thinking machines
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Machines

Humans Bionics, 
Cyborg

Android 
Humanoid

:  
« Robots »

« Lobotomized »

Manipulators
Mechanical limbs
Automata

Machines

Humans

Cognition Mechatronics

Biology

[10]

Implementation…
«enaction»

Implementation…
«situated» …in the

real-world

Cognition



Piaget for Cognitics [8]3. Robotics -
2 views   3 of 4

Piaget for Cognitics
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3. Robotics -
2 views   4 of 4

Piaget for Cognitics

 

 

 

Ø Robotics and AI:
- Robocup (soccer) and Robocup@Home 

(domestic help, [13])
- Examples of HEIG-VD contributions

[14] in latter context
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4. Cognition and Cognitics (1 de 12)
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Definitions and metrics
Content:
Ø « Classical » notions

Ø Logarithm
Ø Model (2000 years and more; revisited)
Ø Information (50 years and more; revisited)

Ø MCS (Model for cognitive sciences) theory
Ø Complexity
Ø Knowledge
Ø Expertise
Ø Learning
Ø Intelligence
Ø Scalability
Ø Dynamics

[9]
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Definitions and metrics
Logarithm: re. counting the digits!  Ex. : 6-figure salary .

Number Log10 : dit Log2 : bit
1 0 0

2 0.3 1

3 0.5 1.6

4 0.6 2

8 0.9 3

10 1 3.3

100 2 6.6

1000 3 10.0

1000000 6 19.9
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Definitions and metrics    

Ø Model (2000 years and more; revisited)

Ø Information (50 years and more; revisited)

Ø MCS (Model for cognitive sciences) theory

Ø Complexity

Ø Knowledge

Ø Expertise

Ø Learning

Ø Intelligence

Ø Scalability

Ø Dynamics

 

  

Simple representation of 

reality

Revisited:

- 0+ relative complexity
- goal specific, possibly 

good
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Definitions and metrics

Ø Information (50 years and more)

 

 

Q = log2
1
p

æ 

è 
ç 
ö 

ø 
÷  bit 

 

Information is conveyed by messages, which allow 
cognitive agents to form and update their opinion
(model) relating to some subset of reality (domain)

Revisited:
- time dependant
- subjective
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Definitions and metrics

Probabilité, p Probabilité, p 1/p Log10 : dit Log2 : bit
1 1 1 0 0

1/2 0.5 2 0.3 1

1/3 0.33 3 0.5 1.6

1/4 0.25 4 0.6 2

1/8 0.125 8 0.9 3

1/10 0.1 10 1 3.3

1/100 0.01 100 2 6.6

1/1000 0.001 1000 3 10.0

1/1000000 0.000001 1000000 6 19.9
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Definitions and metrics

Ø MCS (Model for cognitive 
sciences) theory
Ø Complexity
Ø Knowledge
Ø Expertise
Ø Learning
Ø Intelligence
Ø Scalability - from thinking 

to group behavior 
Ø Dynamic behavior

Complexity is the property to 
require a lot of information for 
an exhaustive description. 
Quantitatively, complexity is the 
amount of required information 
for this description. The 
measurement unit is therefore 
the same as for information 
(the bit)
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Definitions and metrics

Ø MCS (Model for cognitive sciences) theory
Ø Complexity
Ø Knowledge
Ø Expertise
Ø Learning
Ø Intelligence
Ø Scalability - from thinking 

to group behavior 
Ø Dynamic behavior

Knowledge makes systems 
capable to generate the 
relevant information. 

 

K = log2 nout × 2
nin +1( )  lin
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Definitions and metrics

Ø MCS (Model for cognitive sciences) theory
Ø Complexity
Ø Knowledge
Ø Expertise
Ø Learning
Ø Intelligence
Ø Scalability - from thinking 

to group behavior 
Ø Dynamic behavior

Expertise is the property of a 
cognitive system to quickly
deliver relevant information. 

 lin/s

 

E = K × f

Where f is the cognitive speed, in 1/s
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Definitions and metrics

Ø MCS (Model for cognitive sciences) theory
Ø Complexity
Ø Knowledge
Ø Expertise
Ø Learning
Ø Intelligence
Ø Scalability - from thinking 

to group behavior 
Ø Dynamic behavior

Learning is the ability of a CS 
to raise its level of expertise
over time (t), or more generally 
speaking, with experience (r). 

lin/s

 

L = E(t1)- E(t0 )
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Definitions and metrics

Ø MCS (Model for cognitive sciences) theory
Ø Complexity
Ø Knowledge
Ø Expertise
Ø Learning
Ø Intelligence
Ø Scalability - from thinking 

to group behavior 
Ø Dynamic behavior

Intelligence is the 
capacity to learn

lin/s2

 

iI t =
L
RT

 

iI i =
L
Ri

 

lin
s × bit
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Definitions and metrics

Ø Scalability - from thinking 
to group behavior 

Individual cognitive agents (blue, 
brown) may coordinate each other, and 
thus may collectivety form a group . For 
this purpose, a common culture (C, 
green), in reference to some common 
domain of interest (D, yellow) and some 
communication media are required 
among agents (R: receive; T: transmit). At 
a metalevel, the individual members may 
be considered as merging, to yield a new 
individual (the group) with its own 
collective model (C).
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Definitions and metrics

Ø Dynamic behavior - compensation for disturbances and stability; 
hierarchies and autonomy 

For successive control, the 
agility of a cognitive agent must 
be large relatively to the one of 
the target system

Ar=t/T
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5. Service to children and  
adolescents

Cognitive evaluation
- Classical methods (e. g. Dawba) « Plus »
- Direct testing (e. g. Piaget)

Eliza typed chatbox with multiple aspects
- domestic and personal development ontologies 
- ludic worlds and games

Interaction in the real-world (incl. Robots)
- « simpler » systems (re. kinematics) yet unique 

- for motions and transport capabilities, 
- as support for emotions,
- and for multisense stimulation and synaesthesia

- robots as functional machines
- humanoids and androids, as mediators

Possible integration of several domains
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A large spectrum of possible modes: 



5. Service to children and  
adolescents
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Dawba [14,15] :
e.g. 1 page 

questionnaire:
Ni≈10*1.6 bit
No≈TBD

 

Ex. of other possible tools:
- Reynell Developmental 

Language Scales
- Wechsler Preschool and 

Primary Scale of Intelligence
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Piaget  :

Various (classical) 
ways to estimate
information
quantities
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Piaget and MCS :
Original way to 

estimate cognition 
quantities
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Piaget  :

Integrated 
estimation of 
cognitive 
properties

Ex.: Learning to 
reach 5 target 
centers
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Eliza typed 
chatbox 

- domestic and 

- personal 
development

ontologies 

[17]
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Standards 
and 
domestic 
ontology 
(Robocup
@Home 
2012):
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Interaction in the real-world (incl. Robots)
- « simpler » systems (re. kinematics) yet 
unique 

- for motions and transport 
capabilities, 

- as support for emotions,
- and for multisense stimulation and 

synaesthesia
- robots as functional machines
- humanoids and androids, as mediators

[18]
[14]

[8]
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Festiv. 2012 :

Interaction in the 
real-world (incl. 
Robots)
- …
- robots as 
functional
machines
- humanoids and 
androids, as 
mediators

[19]



5. Service to children and  
adolescents

3523/07/2012 J.-D. Dessimoz et al., HESSO.HEIG-VD, SSP-IACAPAP Conference 2012

Festiv. 2011 :Interaction in the real-world (incl. Robots)
- …
- humanoids and androids, as mediators
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JPO 2011 :

Interaction in the real-world (incl. Robots)
- …
- humanoids and androids, as mediators
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Festival de Robotique, 5 May 
2012, (EPFL) :

Interaction in the real-world (incl. Robots)
- …
- humanoids and androids, as mediators
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Concept validation
Robot Group, 3-D correlation of 
2-D maps (ex. of conscience), 
graphic programming and Piaget
communication for NAO
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Interactive 
controls and 
autonomous 
actions

[20] [21]
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• Possible benefits in three domains: 

• Experimental validation of new formal concepts in 
cognition, 

• Understanding of children nature, and directions for new 
standards in personal and social development

• Possibility to sense and act in the real-world, allowing for 
multisensory communication and conviviality

• Robot and intelligent system assistance in correcting
and/or coping with some disorders
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6. Conclusion
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• Consider ICT, robots and cognitics for the benefit of children and adolescents
• High tech has already proven useful for human development
• Robots have long been considered in 2 very different ways: towards human clones 

or towards more elaborated functional machines. We favor the second.
• The MCS theory of cognition is useful, providing formal definitions and 

quantitative assessment means for human and machine-based cognition, with
continuity between macro-scale (society of individuals) and micro-scale (brain as a 
set of subunits). 

• Our “Piaget” environment is mature for programming and developing real-world 
cooperating robots and cognitics. In particular, it has been demonstrated for 
various domestic applications, in world-level benchmarks. 

• New potential benefits are at hand, in particular for children and adolescents:
• Measuring cognitive and cooperating capabilities in children
• Gradually, like in constructivism, defining a standard for personal and social 

development. 
• Simultaneously, making the new cognitive proposals operational in robots 

(cognitics). 
• Helping children and adolescents develop by robotic assistance in the real 

world, correcting, and/or coping with, selected disorders. 42
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