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2. Kant’s famous example B 137/138

3. Introduction, Functional Structure
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… help neuroscience in the mind-system identification task …
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Marco C. Bettoni

"A Psychological Basis for
Human Information Processing: 

Mental Operations between
Receptors and Effectors in the
Approach of Silvio Ceccato". 

Research Report 
120 pages, 

Institute for Methods and
Structures, 

Zürich/Basel, 
Mai 1985

VII. Internationaler Kant-Kongress
Universität Mainz, 1990
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http://www.weknow.ch/marco/A1991/Bonn/Bettoni_1990_KAM_ext.pdf

Sektion Künstliche Intelligenz

Cybernetics Applied to Kant's 
Architecture of Mind

A System Model and its implications for 
Knowledge Representation in the Brain 

and in the Computer

Marco Bettoni
29.3.1990

Special thanks to

Prof. Dr. Thomas M. Seebohm
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VI. Kant-Tagung – Svetlogorsk 1993
Russische Kant-Gesellschaft

Sektion 4: Logische Kantforschung

Kants 'Kritische Teleologie' 
und ihre Anwendung

in der Künstlichen Intelligenz
Teil 1

Marco Bettoni

22.9.1993
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IX. Internat. Kant-Kongress, 
Humboldt Universität, Berlin, 2000
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Section 18 - Kant und die Folgen

Learning from Kant 
How To Construct 

Robots 
Suggestions for 

an Engineering Approach to the 
Analytic of Concepts

Marco Bettoni
26.3.2000

http://www.weknow.ch/aqm/berlin2000/Talk000326.html 
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Kant’s Famous Example & Rudisill’s Pantomimics
CpR B 137/138 & Kant-Studien 87, 2, 132-148

� To know anything in space (for instance, a 
line) I must draw it, and thus synthetically 
bring into being a determinate connection of 
the given manifold, so that the unity of this act 
is at the same time the unity of consciousness.

� Um aber irgend etwas im Raume zu erkennen, z.B. eine Linie, 

muß ich sie ziehen, und also eine bestimmte Verbindung des 

gegebenen Mannigfaltigen synthetisch zu Stande bringen, so, 

daß die Einheit dieser Handlung zugleich die Einheit des 

Bewußtseins (im Begriffe einer Linie) ist.

7M. Bettoni, 19.10. 2012

Idea for the picture from: 
• Rudisill, Philip McPherson (1996), Circles in the Air. Pantomimics and the 

Transcendental Object = X. Kant-Studien. Band 87, Heft 2, Seiten 132–148.

Introduction

� My education & work: engineering, management
� But research interest: abstract concepts (cognition)
� Faculty of operating with abstract concepts: 

� In the mind

� In the machine

� Realize in the machine the mechanisms of the mind
� Functional approach to cognition:

� Study mental functions independently from their biological 
basis

� Applications:
� Analyse the biological implementation

� Design an artificial implementation

8
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Functional Structure

� Neueropsychology - Aleksandr R. Luria (1976, 1980)

� The analysis of the cerebral basis of any mental process 
must be preceded by an analysis of its «functional structure»

� Machine design theory - Vladimir Hubka (1982)

� The design of an artificial system must be preceded by the 
development of its “functional structure”

� Computer science – Wolfgang K. Giloi (1981)

� information structure + control structure = functional structure 
of a software system

9M. Bettoni, 19.10. 2012

Functional structure of a tea machine
V. Hubka, 1983

10
M. Bettoni, 19.10. 2012
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The Critique of Pure Reason: An Architecture of Mind?

� Functional structure � architecture

� Abstract concepts � pure concepts of reason

� «The architectonic of pure reason» - B860

� Letter to Markus Herz, 24. Nov. 1776

� Read as a description of an architecture of the mind

11M. Bettoni, 19.10. 2012

Otfried Höffe’s short comment

� «interesting, but wrong in its interpretation of Kant’s system 

concept, is Bettoni’s application of cybernetics to Kant’s 

Architectonic”

� in: Höffe, O. (2003) Kants Kritik der Reinen Vernunft. Die 
Grundlegung der Modernen Philosophie. München, C. H. 
Beck. Footnote 48, page 303.

12M. Bettoni, 19.10. 2012
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Method of Substitution

� Approach to the Kantian text: «technical» 
� Looking for mechanisms, dynamics
� Aim: model of mental mechanisms
� Method:

1. Choose a frame, an explicit point of view: cybernetics; 
obtain relevant terms

2. Substitute original terms by cybernetic terms in few, 
selected sentences

3. Evaluate: viability, inner coherence; 
if not satisfied: repeat step 1 and 2

4. Apply the evaluated substitutions in other parts of the text;
then repeat step 3.

13

Cybernetics

� “the entire field of control and communication theory, 
whether in the machine or in the animal.” - Norbert 
Wiener, 1948

� "The art of creating equilibrium in a world of 
constraints and possibilities.“ - Ernst von Glasersfeld

� http://www.asc-cybernetics.org/foundations/definitions.htm

� My definition:
� the science that considers dynamic systems in terms of 

OPERATIONS & CONTROL and aims at enabling artificial 
systems to perform like organisms at 3 levels: physical, 
biological and mental.

14M. Bettoni, 19.10. 2012
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Cybernetic Approach

1. Tecnica Operativa
2. Information Processing System
3. Qualitative Approach
4. New Biology
5. Assimilation & accomodation
6. Viability
7. Autopoiesis & self organization
8. Operators, operations, operands
9. Operational sequences
10.Architecture view + process view = system

15M. Bettoni, 19.10. 2012

Silvio Ceccato (1914-1997)

� cognitive science pioneer 
(linguistics, philosophy, cybernetics)

� Criticizes:
� knowing as „duplication of the percept“

� consequence: knowing, abstraction, concept, 
information, representation, point, number, truth, 
etc. used as „non-reducible metaphors“

� consequence: scepticism and dogmatism (reality)

� http://www.methodologia.it/
16M. Bettoni, 19.10. 2012
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Silvio Ceccato’s Approach

TECNICA OPERATIVA (1947, Entretiens de Zürich)

� „consider any mental content (percepts, images, 
concepts, thoughts, words, etc.) as a result of
operations“

CONSAPEVOLEZZA OPERATIVA

� „which mental operations do we perform in order to
conceive a situation in the way we conceive it ?“

17M. Bettoni, 19.10. 2012

System Model

� First, rough prototype
� Qualitative
� Text used:

� Critique of Pure Reason, 1787

� Sections:
� Transcendental Aesthetic (B33 – B73)

� Transcendental Analytic: Introduction (B74 - B88)

� Transcendental Analytic: Analytic of Concepts (B90 – B169)

18M. Bettoni, 19.10. 2012
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19M. Bettoni, 19.10. 2012

20M. Bettoni, 19.10. 2012
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Broad Architecture of Mind

21

Mannigfaltige der Erscheinungen
� All sources of disturbances

Gemüt
� Main functional unit
� Collects all functional subunits

Functional subunits
• What Kant calls «Vermögen» (faculty)
• Part-whole realtions
• Connections 

Substitutions for the broad architecture 1/4

22M. Bettoni, 19.10. 2012
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Substitutions for the broad architecture 2/4

23M. Bettoni, 19.10. 2012

Substitutions for the broad architecture 3/4

24M. Bettoni, 19.10. 2012
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Substitutions for the broad architecture 4/4

25M. Bettoni, 19.10. 2012

Architecture of SINNLICHKEIT and VERSTAND

26

• Box = «Vermögen», «Kraft»
• Module = what is involved in 

«Handlungen»
• Static module: operands
• Dynamic module: operations
• Vertical bars: channels for operands
• Arrows: flow of operands
• Black arrows: flow of empirical op.
• White arrows: flow of pure operands

SINNLICHKEIT (sensibility)

VERSTAND (understanding)

VORSTELLUNGEN (mental constructs)
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Substitutions for the detailed architecture

27M. Bettoni, 19.10. 2012

Substitutions for the detailed architecture

28M. Bettoni, 19.10. 2012
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Substitutions for the detailed architecture

29M. Bettoni, 19.10. 2012

Substitutions for the detailed architecture

30M. Bettoni, 19.10. 2012
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Substitutions for the detailed architecture

31M. Bettoni, 19.10. 2012

Substitutions for the detailed architecture

32M. Bettoni, 19.10. 2012
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Substitutions for the detailed architecture

33M. Bettoni, 19.10. 2012

System Dynamics: Example

� «Wenn aber gleich unsere Erkenntnis mit der 
Erfahrung anhebt, so entspringt sie darum doch nicht 
eben alle aus der Erfahrung» B1

� Mapping in the system model:

� Any operational sequence starts with operations performed 
on external disturbances

� But it does not follow that the whole operational sequence is 
all composed by that kind of operations

34M. Bettoni, 19.10. 2012
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Conclusions

� Central problem of Artificial Intelligence:
� Knowledge representation

� Dogmatic AI approaches
� In the Kantian sense

� Do not investigate mechanisms and operations of the mind

� Need for progress in AI 
� investigation of our pure mental mechanisms

� Knowledge as a dynamic structure

� Operations are what represent knowledge in the brain

35M. Bettoni, 19.10. 2012
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Thank you for your attention!

Source of picture: http://www.allmystery.de/themen/rs20559-357#beitrag246899054
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