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1 Preliminaries
Analogies: mathematics | chess
A new generation of mathematics SW
Learning chess by SW is exhaustive & fun !

2 Educational questions
Can we DO math without formality ?
How much formality needs to be taught ?
At which age which level of formality ?

3 The new SW generation can cover all mathematics,
it works on mechanised formal logic
and improves insight and confidence in mathematics.
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Analogies: mathematics | chess

Elements
characters, e.g. . . . 64 fields, black and white
26 letters, 10 numbers . . . 6 different kinds of figures
∀ ∃ ∧ ∨ . . . + − · / . . . 2 colours for figures

Rules
for arranging characters for moves of each figure
in definitions, proofs, . . . changing between colours . . .

Compositionality
to complex proofs . . . to arbitrary games
to extensive calculations to sophisticated strategies
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Features of new generation:

1 check user input automatically, flexibly and reliably:
Input establishes a proof situation (for automated proving)
with respect to the logical context
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eMath by R.J.Back, Finland

Structured derivation editor with erroneous step marked.
See E-Math Project http://emath.eu/



Chess – Math

Walther
Neuper

Preliminaries
math – chess

new generation

chess interaction

Questions
formality - math

formality - learning

formality - age

Conclusion

Features of new generation:

1 check user input automatically, flexibly and reliably:
Input establishes a proof situation (for automated proving)
with respect to the logical context

2 propose a next step if learners get stuck:
limited search space (e.g. geometry) and/or
Lucas-Interpretation allow next-step-guidance.

3

• 2

•
•

2



Chess – Math

Walther
Neuper

Preliminaries
math – chess

new generation

chess interaction

Questions
formality - math

formality - learning

formality - age

Conclusion

Features of new generation:

1 check user input automatically, flexibly and reliably:
Input establishes a proof situation (for automated proving)
with respect to the logical context

2 propose a next step if learners get stuck:
limited search space (e.g. geometry) and/or
Lucas-Interpretation allow next-step-guidance.

3

• 2

•
•

2



Chess – Math

Walther
Neuper

Preliminaries
math – chess

new generation

chess interaction

Questions
formality - math

formality - learning

formality - age

Conclusion

Features of new generation:

1 check user input automatically, flexibly and reliably:
Input establishes a proof situation (for automated proving)
with respect to the logical context

2 propose a next step if learners get stuck:
limited search space (e.g. geometry) and/or
Lucas-Interpretation allow next-step-guidance.

3

• 2

•
•

2



Chess – Math

Walther
Neuper

Preliminaries
math – chess

new generation

chess interaction

Questions
formality - math

formality - learning

formality - age

Conclusion

GCLC by P.Janicic, Serbia

GeoGebra’s “academic relative”, see
prove {identical O_1 O_2} at bottom left.
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Learning chess by SW

Demo: interactive chess software (SW)

showing possibilities of learning

featured in an upcoming SW generation based on
Computer Theorem Proving technology.
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DO math without formality ?

Chess: without rules (moves for knight etc) one cannot play.

Math: the rule “cancel products only ” 2·���(x+1)
3·���(x+1) =

2
3 (and

�
��@
@@

2+x
3+x )

. . . does it sufficie for 2·�x+1
3·�x+1

= 3
4 ???

70% of STEM students cannot reliably apply rules.

•
•
•
•
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• for standardised application of math
• not for inventive application of math
• not for creating new math knowledge.

DOing math requires reliable formal operation !
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How much formality taught ?

Chess: learn rules (moves etc) such than one can play.

Math: PISA’s competence model . . .
1 Communication: “. . . recognizing a problem situation . . . ”

2 Mathematising: “. . . transform to a strictly mathematical form . . . ”

3 Representation: “. . . using a variety of representations . . . ”

4 Reasoning: “. . . logically rooted thought processes . . . ”

5 Strategies for solving problems: “. . . critical control processes . . . ”

6 Using symbolic, formal and technical language and operations “. . . ”

7 Using mathematical tools: “. . . that may assist math activity . . . ”

. . . is this portion of formality sufficient for STEM ?

STEM students need a formal base to trust math !
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3 The new SW generation can cover all mathematics,
it works on mechanised formal logic
and improves insight and confidence in mathematics.
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Interest in formality/abstraction arises individually !
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We have found:

DOing math requires reliable formal operation

human intuition ←→ mechanisation of thinking
creativity ←→ logical rigor

STEM students need a formal base to trust math

common sense ←→ syntax, formal logic
insight ←→ tear to pieces

Interest in formality/abstraction arises individually

individual maturity ←→ curriculum
application of math ←→ pure abstraction

The new SW generation can cover all mathematics,
it works on mechanised formal logic

and improves insight and confidence in mathematics.
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