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Symmetry in School

Symmetry is a general concept and phenomenon appearing in very different forms in all branches of mathe-
matics and beyond. Often, one studies symmetries for the purpose of understanding and solving a particular
problem. Thus symmetry is used as a tool and not only as on object. However, the usual treatment in
school often misses to emphasise two fundamental aspects of symmetry: its versatility and its power in
problem-solving situations.

Symmetry in Calculus

Excerpts from the school book series Elemente der Mathematik [2, 3] which support our former claim:

• Iconic definition on the level of drawings of graphs
of functions

• No explanation/proof for the relation between the
symbolic and iconic representation

• No scope for pupils to investigate consequences of
this definition

• The exercise involves the iconic representation of
functions but pattern recognition skills on the sym-
bolic level suffice to solve it

• The exercise has the potential to foster deeper con-
ceptual understanding

• Argumentation is not needed

Fundamental Ideas in Mathematics Education

are characterised by Schreiber in [6] by three properties:

Weite (engl. range)
What is its logical generality?

Fülle (engl. richness)
What is its significance and use?

Sinn (engl. meaningfulness)
What is its meaning for everyday thinking?

The best aspects of modern
mathematics is its emphasis on a
few basic ideas such symmetry,
continuity and linearity which have
very wide applications. This should
be reflected in teaching whenever
possible.

M.F. Atyiah [1]

Symmetry as a Tool

A few examples where symmetry can be used as a tool to solve problems:

• The Ladder-Box-Problem: A ladder 7 meters long leans against a wall, reaching over the top of a box
that is 1 meter on each side. The box is against the wall. Assume the wall is perpendicular to the
floor. What is the maximum height on the wall that the ladder can reach? The side view is:

• Integral calculus : Solve the integral
π
2∫

0

sin2 x dx

without using integration by parts.

• Determine the point X on the line such that |AX|+ |XB| is minimal.

A
B

• Construct a rectangular rabbit warren which is bounded by a river on one side such that the length of
the fence is 10m. Under which assumptions on a and b is its area maximal?

River

a a

b

• A ladybug is sitting on the middle of an edge of a cube and wants to walk to another point on the cube
which is furthest from its current position. Where should the ladybug go?

X

Methodical Background

In this project we follow a mixture of different research approaches and theories including for example:

Developmental Research aims at the development of a teaching concept led by an educational problem

• Both theoretical and empirical knowledge guide this process

• This research reacts to unexpected practical and conceptual problems by means of educational con-
siderations

• Availability of mathematical knowledge does not lead automatically to interesting and authentic math-
ematical teaching

Action Research/Intervention Teachers develop their own teaching practive by applying appropriate
research methods in order to improve their teaching in a sustained manner

Communities of Practice [7] General learning theory by Lave & Wenger which among others assumes...

... that learning is a life long process and belongs to the human nature as much as for example eating or
sleeping

... that learning is rather a social act than it is an individual process

Activity Theory [5] Descriptive framework which relates individual subjects and social reality:

• Human beings can never directly interact with their environment

• Tools are artefacts that are shaped by long historical and cultural processes

• Object ↔ Tool, Internalisation ↔ Externalisation, Operationalisation ↔ Conceptualisation

This research method can be illustrated in the developmental cycle:

Problem

Analysis

Diagnose

Plan

Implementation

Evaluation

DiagnoseIntervention Knowledge

This contrasts the hypothetico-deductive method, one of the standard methods in natural sciences:

Reality

Observation

Induction

Deduction

Verification

Evaluation

Induction ; HypothesisDeduction ; Predictions

Outline of the Project

In September 2015 we organise a teacher training in cooperation with the Hausdorff Center for Mathe-
matics. This training consists of three talks given by mathematicians and different workshops. The goal is
to consider interesting and substantial situations involving symmetry which can be taken as a starting point
for further development. This will be supported by the internet platform math-il.de which was specially
designed for this kind of research. Its way of proceeding is pictured in the following diagram:

This platform was established in 2009 on the initiative of Rainer Kaenders [4].

In which ways can we, collaboratively with teachers, develop and implement a teaching prac-
tice that imparts basic ideas of higher mathematics by taking the example of symmetry?
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