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milg (M unichlnternet Project fat earningQuantum Mechanics) is an in-service-teacher
training which uses the Internet as a medium to guide and support a learning abocetske
basic ideas of quantum mechanics. An essential part of this cetinsenformation about actual
topics of physical research. “milg” also offers teaching nlgeand hints for teaching quantum
mechanics at school. In this article the structure and the cewteimilg” will be presented and
the first trends in the evaluation results of this kind of in-sert@aeher-training will be
indicated.

“milg” [1] is an example of a new method of teacher advancedria via the Internet it
is possible to take part in a in-service-teacher traininghwdontents can be comfortably worked
on at home, at any time and by a not restricted number ofipartis. Therefore potential long
and expensive journeys to the venue and restrictions by thedimiteber of participants do not
arise. Further advantages are that multi-media based eldikejsplets, simulation programs,
Interactive Screen Experiments (ISE) and small video filars lme integrated immediately,
because they are available at any time for use in school besides othewteaat@rials.

A discussion about quantum mechanics at school is unavoidable, becdbsemeantime
quantum physics is a steady and important component in the teachirigarning curricula.
This, however, is more difficult than the discussion on other branclpéysits: the underlying
theory is very mathematical and abstract and, hence, theneadrally not enough clear
representations and explanations. Within the scope of studies at ityigersry formalistic
knowledge at a mathematical high level is acquired, which senasly as background
knowledge for the implementation at school. Furthermore quantum physics is stifleat of
actual research and cannot be considered as a closed branch of.ph@ie and more
experiments in this context are opening new application possibagits example the quantum
teleportation, the quantum computer and — combined with this — also the quayptmgraphy.

These points are good reasons for a well-founded discussion about quansicsa phy
schools. The Munich draft [1], [2] has been originated on the basislErgapers (e.g. [3]) on
learning difficulties, the problems of interpretation and itsaaliinalysis of teaching processing
in the field of quantum mechanics. In this draft the conceptual underggaofiiquantum
mechanics is particularly ostensible. For this reason two maisésare especially important:

. guantum mechanics is fundamental different from classical physics
and
. the accentuation on the interpretation questions of the quantum mechanics.

Since there is a general need for detailed background knowledge aoasgad materials
concerning the standard subjects as well as for the ranges of applafaguantum physics at
school, the Munich draft is offered besides additional working madgemd further information
in form of an Internet-based in-service-teacher training.
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The offered thirteen sections are divided into a qualitative bagi¢seations 1 — 7), within the
conceptual understanding of quantum physics is ostensible and a dgwanétivanced unit
(sections 8 — 13), within the mathematical formalism of the quamteahanics is introduced on
a simple mathematical basis. The single sections consigtatlaing text, which is available as a
PDF-document for printing, the on-line sides, which are formed in support of the teteotiing
and integrated applets and simulation programs as well as additiatealals[l- and@-links).
Thell-links are containing teaching materials and hints for teachingfauagphysics at school
and the@®-links are providing background information and mathemlade@vations on the single
subjects of the sections. Since the contents on the single on-lBseaidain clearly structured,
the additional information is offered on linked sides. This leads éimethe small, manageable
sections and reduces the “lost in hyperspace”-phenomenon. A possibisigg demand is
thereby avoided and also extensive learning modules.
The offered simulation programs (e.g. double-slit experiment, patamizfilter, Mach-Zehnder
interferometer) can be used immediately in school and allowmdepéendent activity with
guantum phenomena. Just because the experiments in connection with quardics) guriey
partially not practicable for school (on the one hand the equipmetnat schools is not
sufficient and on the other hand the experiments can only be perfonnggdat labs with
adequate equipment), the computer simulations can support the learning process.
Besides the contents of the Munich teaching draft represergain subjects of the actual
physical research and further didactical information are offered.
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It is planned to complement the special subjects in “milq” withcpor example quantum
cryptography and superconductivity.

To receive a certification about the participation in the in-seft@acher training “milq”,

a questionnaire at the end of the sections shown in figure 1 haBlledo@ and sent back. The
average time needed to edit a single section is between 3@mand one hour; this means that
this kind of training is comparable to a two-day teacher advanced training.

For this — as far as we know — new way of teacher training isiggguestionnaires and
interviews are at the moment used to evaluate the project.ibufarthe advantages concerning
the free choice of time and place are the main reasons fexc¢bBent acceptance of this kind of
teacher training which is shown in the first results of the etialuaNevertheless, traditional
training courses should be integrated in this Internet-based tezd¥esnced training about
technical and special didactical contents, because in the newgraim@ participants work
isolated: important social components are getting lost. Communicatidnexchange —
particularly about implementation in school — about the offered discuisium does not take
place, because such a type of communication is felt to be too impersonal.
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