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From proof to experiment and back to proof

Herbst (2002)

• The era of text : Replicating
proofs (1800-1850)

• The era of originals: Crafting
proofs

• The era of exercise: 
Learning to do proofs

Herbst (2002)

• The era of exploration: 
(geometry becomes
experimental)

• The era of automated proof: 
(computer does the proof)

• “… geometry is to be
acquired as it was
developed by the text.”

• Proofs in paragraph form.

• To know geometry = To be
able to replicate the proof
of a theorem.

CADGME, 2014, Halle Zlatan Magajna
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From proof to experiment and back to proof

Herbst (2002)

• The era of text : Replicating
proofs

• The era of originals: 
Crafting proofs (1850-2000)

• The era of exercise: 
Learning to do proofs

Herbst (2002)

• The era of exploration: 
(geometry becomes
experimental)

• The era of automated proof: 
(computer does the proof)

• Diagrams and hypothetical
constructions become
standard in textbooks.

• Proofs are simplified, 
broken into parts, students
are engaged in working up 
some parts.

CADGME, 2014, Halle Zlatan Magajna

From proof to experiment and back to proof

Herbst (2002)

• The era of text : Replicating
proofs

• The era of originals: Crafting
proofs

• The era of exercise: 
Learning to do proofs
(1900-1950)

Herbst (2002)

• The era of exploration: 
(geometry becomes
experimental)

• The era of automated proof: 
(computer does the proof)

• Textbook explain proving
methods and strategies.

• Textbooks contain proof-
type exercises. The intent
was to practice proving (not 
develop new ideas). 

• In school context the role of
the proof broadened from
verification to developing
reasoning. 

• The two-column methods
was developed. 

CADGME, 2014, Halle Zlatan Magajna
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A “mathematician’s” view

CADGME, 2014, Halle

In this matter my experience with the senses has been as 

with a ship: for when they had carried me where I was 

going, and I had dismissed them, and was as if placed on 

dry land, and had begun to turn these matters over in 

thought, I was, for a long time, unsteady of foot. 

Wherefore it seems to me that one could sooner swim 

on dry land than perceive geometrical truths by the 

senses, although in learning the rudiments they are of 

some use.

Aurelius Augustinus, Soliloquia (Book 1/4.9)

Zlatan Magajna

A student’s view to proofs

CADGME, 2014, Halle

How do you consider theorems and proofs when you learn mathematics at 

home?

I skip them. Essentially, I skip them. For me a theorem is not important. 

It is not important for me why something is that much long - I do what 

the exercise requires me to do. The theorems are not relevant to me. 

Except if we have to memorize them in case the teacher questions them, 

otherwise not. 

Occasionally your teacher proves some theorem. Are proofs important?

No, they are not.

Do you write proofs in your notebook?

Yes, I do. But it makes no sense to learn about them or consider them in 

any way.

Zlatan Magajna
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Motivation for proving

The need for a proof?

• The genetic approach
(Jahnke, 2007)

• Surprise, contradiction, 

uncertainity

(Hadas,Herschowitz,Schwartz, 

2000)

• Believing, argumenting the

opposite

• In geometry pupils relate

‘exactness’ to measurement

results.

• ‘Proofs do not replace

measurements but make 

them more intelligent.’

CADGME, 2014, Halle Zlatan Magajna
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• The genetic approach
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CADGME, 2014, Halle

n Interior

angles

Exterior

angles

3 180

4 360 360

5 540

6 720

n ?

Zlatan Magajna
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Motivation for proving

The need for a proof?

• The genetic approach
(Jahnke, 2007)

• Surprise, contradiction, 

uncertainity

(Hadas,Herschowitz,Schwartz, 

2000)

• Believing, argumenting the

opposite

CADGME, 2014, Halle Zlatan Magajna

Why are proofs important in school

geometry?  (Hanna, 2000)

• verification 

• explanation

• systematisation

• discovery

• communication 

• construction of an 

empirical theory

• exploration of the 

meaning of a 

definition 

• incorporation of a fact 

into a new framework

CADGME, 2014, Halle Zlatan Magajna
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When a proof is a proof? (Raman, 2003)

Proof that demonstrates

– public aspect

– often procedural, formal

– computer prover

Proof that explains

– private aspect

– often heuristic

– often reduced to the

‘key’ idea

CADGME, 2014, Halle Zlatan Magajna

A very simple proof

CADGME, 2014, Halle Zlatan Magajna
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From observation to hypotheses

Data

Rebutall

Claim

Backing

Warrant

Qualifier

Toulmin’s model of argumentation

CADGME, 2014, Halle Zlatan Magajna

From observation to hypotheses

Data

Rebutall

Claim

Backing

Warrant

Qualifier

Toulmin’s model of argumentation

CADGME, 2014, Halle

Dynamic geometry

Theorem provers

OK 

Geometry

Zlatan Magajna
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Automated observation

• Equilateral triangle.

• The line EF bisects the
segment CD

CADGME, 2014, Halle Zlatan Magajna

CADGME, 2014, Halle

isosceles triangles multiple intersections similar triangles 

x
2
 + x⋅⋅⋅⋅y + y

2
 = z

2
 1/x + 1/y = 1/z tangency 

 

Zlatan Magajna
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Automated observation

• Equilateral triangle.

• The line EF bisects the

segment CD

• Let A1, B1, C1 be the

circumcentres of triangles

ADF, DBE, and FEC.

CADGME, 2014, Halle Zlatan Magajna

OK Geometry

• A tool for hypothesis production (with

automated warrant and rebutall)

• Aim: Promote the ability to do syntethic

proofs.

• Student should learn that one thing is to 

observe something, another thing is to know

that something is true, still another thing is to 

know why something is true.

CADGME, 2014, Halle Zlatan Magajna
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OK Geometry Simple

• Import a dynamic construction

(Cabri, GeoGebra, Cinderella, 

Sketchometry)

• Analyse

dynamic

construction-

generate hypotheses

CADGME, 2014, Halle Zlatan Magajna
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CADGME, 2014, Halle Zlatan Magajna

9-point circle

CADGME, 2014, Halle Zlatan Magajna
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Proof and hyper-proof
(Hanna, Sidoli, 2007)

CADGME, 2014, Halle Zlatan Magajna

CADGME, 2014, Halle Zlatan Magajna
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CADGME, 2014, Halle Zlatan Magajna

A “mirrored” triangle

CADGME, 2014, Halle Zlatan Magajna

In a given triangle ABC a point

D is mirrored over the

sidelines BC, CA, AB. The

mirror images of D are E, F, 

and G respectively.

Is it possible to position D so 

that E, F, and G are collinear?

Is it possible to position D so 

that E, F, and G form an

equilateral triangle?
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“Mirrored” triangle - Producing

hypotsheses with OK Geometry
E,F,G are collinear if D lies on the
circumcirle of the triangle ABC. 

EFG is an equilateral triangle if D is 
the 1st isodynamic point of ABC

CADGME, 2014, Halle Zlatan Magajna

“Mirrored” triangle – hypotheses about centres

of the original and “mirrored” triangle

Meaning in DEF Meaning in ABC Ok

X1:     INCENTER X4: ORTHOCENTER y

X2:     CENTROID X6: SYMMEDIAN POINT y

X3:     CIRCUMCENTER X1: INCENTER y

X4:     ORTHOCENTER X3: CIRCUMCENTER y

X5:    NINE POINT CENTRE no solution

X6:     SYMMEDIAN POINT exists y on line X2,X1341 (?)

X7:     GERGONNE POINT exists y on line X154, X5638 (?)

X8:     NAGEL POINT exists y on conic (X8,X27)   (?)

on conic (X10,X25) (?)

on line X557,X5242 (?)

CADGME, 2014, Halle Zlatan Magajna
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“Mirrored” triangle – hypotheses about the

original and “mirrored” triangle

The “mirrored” triangle 

EFG and the orthic

triangle of ABC are 

perspective. 

CADGME, 2014, Halle Zlatan Magajna

OK Geometry
(Beta version)

You can download it from

http://www.z-maga.si

(click on OK Geometry)

CADGME, 2014, Halle Zlatan Magajna


