The Impact of Computer Science
on Mathematics Education
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Interactive Geometry
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Easy, isn‘t it?

No.



Demo



Easy, isn‘t it?

It‘'s ev@lbworse.



Demo



Solution:
Not easy, but nice.



What we want

Continuity Principle by Poncelet |

» “A relation known to hold with
sufficient generality for a given
figure also holds for all other
figures that may be derived
from it by continuous variation”

Victor Poncelet

Small changes in input lead to
small changes in output




What we have to do

» Work with complex homogeneous
coordinates

Do analytic continuations on a
Riemann surface

Bernhard Riemann
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Underlying algorithm

» Use “close-to” tracing algorithm
.‘.\

» Avoid singularities by 0.g.0-®

complex detours ><><><



Underlying algorithm

» Use “close-to” tracing algorithm




Consequences

» All dependent elements behave continuously
(in fact analytically]

» WWe have a notion of geometric theorem
» We can check theorems numerically

» Everything works “as expected”
(for mathematicians, which is
not what most people expect)

Felix Klein
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Functions and Roots

» von-Staudt-Constructions: add & multiply
(field structure in Projective Geometry]

» Euclid: find square root

» we can construct \/;




Similar: Oriented Areas

» Talk of Thomas Banchoff

» Absolute value function is not analytic

» If we need a notion of "Theorem" we better
avoid it

» If we allowed it, we could construct

Ix| {1f0r x>0

X -1 for x<O



. ] OO
Similar: Angles & Distances

» Unified way of measuring:
Cayley-Klein Geometries— *

» Real understanding necessary ... :
» "Normal way" is a special case




Dall es mehrere Winkelbegriffe gibt, ist
schon fruher zur Sprache gekommen.
Manche Didaktiker wollen uns davon
uberzeugen, dald nur einer der richtige sel.
Ordnungsliebe ist lobenswert, aber sie
sollte nicht so weit gehen, dall man
wichtige Begriffe verbietet, well sie nicht ins
System passen.

Mathematik als padagogische Aufgabe,
Hans Freudenthal, Klett 1973



It was mentioned earlier that there are
several notions of angle. Some
educationists want to convince us that only
one of them is the correct one.

Tidiness is wonderful, but it should not be
exaggerated If this leads to banning
important notions just because they don't
fit into the system.

Mathematik als padagogische Aufgabe,
Hans Freudenthal, Klett 1973
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Die geschichtliche Entwicklung bis

Concepts & Processes = =&

Einleitung:

Erstes Auftreten der hy i
Funktion: Reihe, Differentialgleichung,

» Change
In every meaning of the word!

Wonderful Example:

Hyperbolization of Ornaments

(von Gagern & Richter-Gebert)
» http://Iwww.combinatorics.org/Volume_16/PDF/v16i2r12.pdf

needs Hypergeometric Functions (Klein!]
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145]
Concepts & Processes _ 60[85] .,

.25 35|50 |-
» Change 10115 20 ] 30

In every meaning of the word!

On every level (variation, metavariation, ...)
» Create

On all levels!

Patterns / Ornaments / Structures /...

Collections of Interesting Things
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Indra's Pearls

» http://icinderella.del/indra

» http://mathe-vital.de

A wiki-based collection of high-quality OERs
(Open Educational Resources] that
complement lectures and books
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http://cinderella.de/indra
http://mathe-vital.de
http://mathe-vital.de

Wikis <o Ol
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- ) WiIKIPEDIA

» Everybody knows Wikipedia Dic feie Enzyhlopadic

» All learning activities seem to end up in
Wikipedia - good or bad?

» Web 2.0: Everybody can join- not really...

» New Paradigm: "Open"

» Necessary for us:
Editorial work and recognition of authors



Madipedia.de ,é:M

German initiative in mathematics
education accepting modern learning

Madipedia will become the central point of information
about mathematics education research:

» Catalog of Ph.D. theses

» Persons in Mathematics Education

» Overview over Conferences and Projects
» Encyclopedia

> ..



Madipedia.de

Goal: Easy access to all information in math
education for better research of everybody!

Currently in beta-testing and fine-tuning of concepts & software.

‘ . 2 Kortenkamp eigene einstellung:

gsliste eigene beitrdge  abmelden
seite | | diskussion bearbeiten | [ versionen/autoren | [ I6schen | [ verschieben | [ schitzen beobachten

Hauptseite

GDM

Achtung: Die Madipedia lduft im Moment noch nicht. Inhalte hier sind nur testweise eingepflegt und vermutlich Quatsch

Madlpedla Die Madipedia soll zum zentralen Nachschlagewerk fiir die Mathematikdidaktik in Deutschland werden.

| navigation Inhalte

= Hauptseite

[Bearbeiten]

= Verzeichnis mathematikdidaktischer Dissertationen
= Personen in der Mathematikdidaktik

= Mathematikdidaktische Forschungsprojekte

= Konferenzen

= Madipedia-Portal
= Aktuelle Ereignisse
= Letzte Anderungen
= Zufalige Seite

= Hife = Institutionen (Universitaten, Hochschulen, Forschungsinstitute)
= Enzyklopadie

suche . N
[ = Zeitschriften (in Planung)
(seite ) (Suchen ) Markiere Version
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Klein-Wiki (Madipedia.org?]

» Should be orthogonal to the book's topi€s
» High-Quality and reviewed content

» Citation-save source

» Authors are visible and recognized

» Interactive content

» Editorial board needed

» Mathe-Vital.de as a basis?



How to create content

» Formalisation through programming
» Banchoff: "some students wrote some code"
» There are very powerful and easy tools




Built into Cinderella: CindyScript

Functional Programming Language:
» non-typed, list-supporting

numbers = 1..100; i = 0;

odd numbers = apply(numbers,2*#+1);

» definitions
divisors(x) := select(1l..x,mod(x,#)==0);
prime(p) := (length(divisors(p))==2);

» loops, drawing, ...

odd primes = select(odd numbers, prime(#));
forall(odd primes, draw([i,#]); i=i+1);



Teaching?

» Is it really necessary to have a programming
language inside a teaching tool?




Teaching?

» Is it really necessary to have a programming
language inside a teaching tool?

WABIL=(1A-8,214,-8,2)2

Yes: Because
there is more
than points, lines
and circles in life!




Mathematical Processes

» Change & Analyze
» Create & Design
» Decide & Compare
Discrete & Algorithmic Mathematics
Graph Theory
Connections to all fields
Example: Linear Algebra & shortest paths
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Cheap GPS. (from: xkcd.com)

http://mathe-vital.de http://kortenkamps.net

http://cinderella.de http://madipedia.de
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My HOBBY: EXTRAFOLATING

AG YOU CAN SEE, BY LATE
NEXT MONTH YOU'LL HAVE
OVER FOUR DOZEN HUSBANDS,
Y, BETTERGET A
BULK RATE ON
WEDDING CAKE.




Moore's Law

(Wrong, but more spectacular version])

Computing power doubles every 18 months.

Or: Every two years everything becomes

twice as good



Harddisk
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On a log scale it's correct
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