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Prototyping & Industrie 4.0

Von der Idee zur erfolgreichen Marktumsetzung
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Smartlab (I)

Lasercutter
3D-Drucker

Mini
CNCFräse

Elektronik-
Arbeitsplatz
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Smartlab (II)

Free place option

Biologische
Luftreinigung

Maschinentypologien
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Overview

Interdisciplinarity as an Approach of Unifying Science
1. Methodology
2. Praxis

• Practical Technical Education and Children Philosopy
• Generalized Montessori Principle
• Tulip Mathematics

3. Conclusion and Outlook
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(1) General Methodology of Interdisciplinarity

5th Main 
Sentence of
Thermo-
dynamics*

*[HeB18b]
Fig. 1: Interdisciplinary methodology and theoretic framework of evolution
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(1) Evolutionary Extension of Thermodynamics (1)

4th Main Sentence of Thermodynamics:

Energy Forms have different orders:
more ordered Energy Forms can more

broadly be used

Fig. 2: 4th Main Sentence of Thermodynamics* 

*[HeB18b]
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(1) Evolutionary Extension of Thermodynamics

5th Main Sentence of Thermodynamics:

Increased Structured Application of Energy
Ordering Process itself (can) increase Order
more ordered Energy Forms are built from

less ordered Forms successively

S(dEi+1)↵i < S(dEi)↵i i: 1…n
Fig. 3: 5th Main Sentence of Thermodynamics* 

*[HeB18b]
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(1) Markov Chains

Markov Chain*: Each state has a certain
probability to transit to a next state

All natural processes can be regarded as Markov
Chains

 Order can be regarded as long term connection
 long in space
 long in time

 long term trajectory

* see also  [WuG00]
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(1) Implications

 Education  leads to democratisation

Democracy can lead to higher order
and empowerment of children

 Interdisciplinarity leads to democratisation
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(1) Semantic Density

Several information channels are
representing the same information

differently
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(1) Natural vs. Artificial Perception

Bildquelle: https://svgsilh.com/de/image/2518989.html 17.11.2018

[FeS17]

https://svgsilh.com/de/image/2518989.html
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(2) Application 1 – Technical Education - Generalized
Montessori Principle – Hypocycloid-Learning Material

[FeS17]

Kreises
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(2) Application 1 – Mathematical Modeling

[FeS17]
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(2) Application 1 – Productionprocess (MAKING)

[FeS17]
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(2) Application 1 – Product

[FeS17]
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(2) Application 1 – Possible Results of Learnings

[FeS17]
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(2) Application 1 – Testphase

[FeS17]
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(2) Application 1 – School Test

[FeS17]
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(2) Application 1 – Childrens Results 1

[FeS17]
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(2) Application 1 – Childrens Results 2

[FeS17]
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(2) Application 1 – Practical Learning Process

[FeS17]
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(2) Application 2 - Generalized Montessori Principle
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(2) Application 2 - Generalized Montessori Principle

THEORETIC FRAMEWORK:
 (0) Framework of System-Theory [LuJ08], 
Perception theory, Montessori Pedagogic
[MoM67] , [MoM07] , 5th Main Sentence
Thermodynamics [HeB18b], Information Theory
 (1) Sensory Perception channels „speak“ 
with each other (translation)
 (2) New rules can be observerd by practical

implementation (using senses)
 (3) Compression of information by means of

generalization rules semantic density
forming

*Figure according to [HeB18a]

*
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• Example:  789*789

(2) Application 3 - Tulip Mathematics
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(2) Application 3 - Tulip Mathematics
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(2) Application 3 - Tulip Mathematics
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(2) Application 3 - Tulip Mathematics
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(2) Application 3 - Tulip Mathematics
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(2) Application 3 - Tulip Mathematics
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(2) Application 3 - Tulip Mathematics
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(2) Application 3 - Tulip Mathematics
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(2) Application 3 - Tulip Mathematics
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(2) Application 3 - Tulip Mathematics
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(2) Application 3 - Tulip Mathematics
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(2) Application 3 - Tulip Mathematics
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(2) Application 3 -Small 1x1 – with diamonds (rhombi)
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(3) Conclusions from Generalized Montessori Principle
applied to Tulip Mathematics

It is possible to use kinesthetic movement of parts
 The same process (multiplication) can be equivalently represented

by the same number size
 The order of the process is a long term trajectory intermediate 

results are stored in an (room time) order.
 This leads to better learning (more information in the environment

available)
 There takes place an information density increase
• „interdisciplinarity“ between „hand“ and „eye“ is by means of

„material and order“ -> biocybernetic feedback cycle
• Interdisciplinarity is

possible by means of
number containers
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(3) Conclusion

„Making“ is a way to
connect the biocybernetics feedbackcycle

better to humans,
learning is enhanced and
practical implementation of „compression of

information“ takes place. 
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(3) Outlook: Tulip-Calculator I
Manual Set of precutted numbers

Guideline of
Calculations

Number of
Containers 
for Ordering

Storage Bag 
for Tulip
Calculator
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(3) Outlook: Tulip Calculator II

\end{center}
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Summary

Interdisciplinarity as an Approach of Unifying 
Science:

1. Methodology
2. Praxis

• Practical Technical Education and 
Children Philosophy 

• Generalized Montessori Principle
• Tulip Mathematics

3. Conclusion and Outlook
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Thank you cordially for attention!

PS.: The presentation can later also be found at: 
http://www.dr-heiden.com/Vortraege.htm

FH-Prof. Mag. DI Dr. Bernhard Heiden
Professor for

Production Engineering
b.heiden@fh-kaernten.at

http://www.dr-heiden.com/Vortraege.htm
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