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Abstract 
milq (Munich Internet Project for Learning Quantum Mechanics) is an in-service-teacher 
training which uses the Internet to guide and support a learning process about the basic ideas 
of quantum mechanics. Information on actual topics of physics research is an essential part of 
the course. “milq” offers teaching material and hints for teaching quantum physics at school, 
too. In this article the structure and the contents of “milq” will be presented and the first 
results in the evaluation of this kind of in-service-teacher training will be demonstrated. 
 
Introduction 
“milq” [1] is an example of a new method of teacher advanced training. Via the Internet it is 
possible to take part in an in-service-teacher training. Its contents can be comfortably worked 
on at home and at any time. Furthermore, it does not require a restricted number of 
participants. The significant advantage of the program is the possible integration of multi-
media based elements like applets, simulation programs, Interactive Screen Experiments 
(ISE) and small video films. They are available at any time for use in school along side other 
teaching materials. 
 
Proceedings 
The Munich draft [1], [2] has been originated on the basis of earlier papers (e.g. [3]) on 
learning difficulties, the problems of interpretation and its critical analysis of teaching 
processing in the field of quantum mechanics. In this draft the conceptual understanding of 
quantum mechanics is particularly ostensible. Two points are of special interest: 
 
• stressing the fundamental differences between classical physics and quantum 

mechanics, 
• accentuating the interpretation questions of quantum mechanics. 
 
Since there is a general need for detailed background information and processed material 
concerning the standard subjects as well as for the ranges of application of quantum physics at 
school, the Munich draft is offered besides additional working materials and further 
information in form of an Internet-based in-service-teacher training. 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Survey of milq 
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The draft offers thirteen sections which are divided into two parts. The first part (sections 1-7) 
concentrates on the conceptual understanding of quantum physics; the second (sections 8-13) 
introduces the mathematical formalism of the quantum mechanics on a simple mathematical 
basis. Each section consists of a teaching text, which is available as a PDF-document for 
printing, the on-line sides, which are formed in support of the teaching text and integrated 
applets and simulation programs as well as additional material (- and -links). The -links 
contain teaching material as well as hints for teaching quantum physics at school. The -links 
are providing background information and mathematical derivations about the single subjects 
of the sections. The simulation program (e.g. double-slit experiment, polarization filter, 
Mach-Zehnder interferometer) can be used in school immediately. Its usefulness lies in the 
advancement of the students’ discrete learning activity with quantum phenomena. Computer 
simulations can support the learning process because the experiments in connection with 
quantum physics are partially not practicable for school (on the one hand the equipment at 
some schools is not sufficient and on the other hand the experiments can only be performed in 
great labs with adequate equipment). 
Besides the contents of the Munich teaching draft representations on subjects of the actual 
physical research and further didactical information are offered. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Survey of additional subjects 

 
 
Outlook 
In the future the special subjects in “milq” will be completed with topics like quantum 
cryptography, the EPR Paradox and Bell’s Inequality principle, superconductivity and 
astrophysics. Furthermore it is planned to develop a concept for teaching quantum physics in 
secondary school.  
For this – as far as we know – new way of teacher training in physics “milq” will be 
evaluated. The evaluation will consist of analysing log-files, questionnaires and interviews. 
The first results are the following: 
In the period from February to December (17.12.2005) a regular use of the project can be 
observed. It should be noticed that during vacation time (April, August) the program was less 
used, but nevertheless a number of visits can be noted. Therefore, it seems obvious that the 
program is more in use during school time. 
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Figure 3: Log-file analysis 

 
 
The log-file analysis was being processed by the program “webalizer”. In this context the 
following three terms have to be explained [based on 4]: 

• “pages” are those URLs that would be considered the actual page being requested, and 
not all of the individual items that make it up (such as graphics and audio clips).  

• “visits” occur when some remote site makes a request for a page on your server for the 
first time. As long as the same site keeps making requests within a given timeout 
period, they will all be considered part of the same visit. If the site makes a request to 
your server, and the length of time since the last request is greater than the specified 
timeout period (default is 30 minutes), a new visit is started and counted, and the 
sequence repeats. Thus the number of users is not equivalent to the actual number of 
visits. 

• “sites” is the number of unique IP addresses/hostnames that made requests to the 
server. Care should be taken when using this metric for anything other than that. Many 
users can appear to come from a single site, and they can also appear to come from 
many IP addresses so it should be used simply as a rough approximation as to the 
number of visitors to your server. 

 
Concerning the evaluation, the consideration of the average value of pages and visits and their 
relation to each other on a daily level as well as the total counts on a monthly level is of 
special interest. Additionally, it is interesting to look at the average value of sites on a 
monthly level.  
On average, between 267 and 447 visits per day and 1331 and 2528 pages have been 
registered. By way of looking at the relation pages/visits the quotient gives information about 
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the number of the used websites per visit. The more pages per visit are counted the more 
intensive is the use of the visitor. Concerning the given period, the values of this quotient lie 
in the area between 5 and 6. The same consideration of the total values for the monthly results 
samples between 3818 and 11636 visits and 19130 and 62425 pages. However, the relation 
pages/visits values approximately 5/1 and 6/1. The values for the sites give information about 
the approach of the visitors: they lie between 1831 and 5832 per month. The values of the 
comparable visits are higher because several visits can be registered for one site. What the 
data demonstrates is an obviously high acceptance of the project as well as a high rate of 
engagement.  
Nevertheless, the number of the feedbacks as questionnaires at the end of each section is 
relatively small. The given questionnaires indicate information about the quality of the offered 
contents and material, the pros and cons of such kind of in-service-teacher training, the 
usability of the project, etc. Some results shall be demonstrated. It is important to note that the 
results base on different numbers of participants. However, the results resemble, even if 
questions are being asked at different sections. 
The contents as well as the structure as well as the work benefit of the Munich draft 
concerning each single section have been valued very positive. The advantage of the program 
lies in the possibility to offer additional material like simulations and - and -links. Being 
asked about the usability of the simulations in the school context the participants valued their 
profit extremely positive.   
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Figure 4: Results: simulations 

 
Correspondingly the same tendency can be observed in the field of the - and -links  
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Figure 5: Results: - and -links  
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as well as in the field of the Java-Applets. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 6: Results: Java-Applets 

 
Being asked about the advantages and disadvantages of such a kind of in-service-teacher 
training the participants answered as follows. Concerning the time management the 
participants laid significant emphasis on the advantage of free choice of time. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 7: Results: free choice of time 

 
It is furthermost the free choice of time as well as the other topics already mentioned above 
that have been stated in an open question manner. Additionally the following statements 
mirror the reaction to the program: As an important advantage the users emphasized the 
independent work modus as well as the possibility to work with the subjects in a singular, 
unique way. That means that every single person is able to choose his own main focus which 
leads to the significant advantage of effectively concentrated work with the subjects. 
Furthermore this new learning platform implies a higher level of motivation to deal with the 
topics of quantum mechanics. Also the local independence and the possibility of having free 
access to the material were mentioned as significant advantages of this kind of in-service-
teacher training. However, as weaker points the users missed the social interaction 
(discussions, opinion transfer, etc.) as well as the chance to ask questions instantly – which 
can be understood as the most important advantages of a regular teacher training. Therefore 
the majority of the users came to the result that the given internet based in-service-teacher 
training “milq” should be combined with elements of a regular kind of teacher training. That 
means that the visitors preferred additional meetings to debate didactical and physical themes 
as well as a concluding conference at the end of the training.  



 6 

At this level of research we know about 16 users who have worked with the complete 
program as they have returned every single questionnaire at the end of each section. These 
users have been and will be interviewed in a deeper way to gain more information about work 
and acceptance of such kind of in-service-teacher training. 
 
Conclusion 
First, a high level of acceptance of the program can be observed. In particular, the advantages 
concerning the free choice of time and place are some reasons for the excellent acceptance of 
this kind of teacher training which is shown in the first results of the evaluation. Nevertheless, 
traditional training courses should be integrated in this Internet-based teacher advanced 
training about technical and special didactical contents, because in the new training the 
participants work isolated and important social components are getting lost.  
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