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Introduction 
Considering the science education system of the EU we can state that there is a remarkable 

decline in young people’s interest in science studies. For the future of Europe it is crucial to 
develop the education of natural sciences, according to the Rocard Report. 

Physics is regarded as a very difficult and intricate subject that students learn discontentedly. 
Teaching Physics and other Science subjects with the traditional methods are unpopular and 
unintelligible, and considered unnecessary for most students. Learning Physics can be a difficult 
task and students can get discouraged, but this situation needs to be improved. 

There is an obvious need to prepare young people for the future that will require profound 
scientific knowledge and an understanding of technology and environment. The scholastic 
natural scientific project can answer these purposes. We have been applying the method 
successfully at our school for more than a decade. In my thesis I introduce the project method 
that can be used in the national school system. This method is suitable for attracting the attention 
of students to any science topics; we can develop students’ skills and competences. 

We can make the traditional lessons more colourful with different project tasks. The well-
planned project tasks augment students’ knowledge in the particular topic and make students 
more motivated in learning that particular subject. The project method can be used on regular 
lessons, although due to the limited time only some small projects can be carried out to make 
students fancy the subject. In my opinion, the project method is to be used on any 
extracurricular lessons, elective courses. We have tried several project types, according to my 
experience the most effective tasks were carried out in pairs or groups with the teacher’s 
guidance. 

On the grounds of my experience I reckon that practically every branch of science can apply 
projects. As I have been teaching in primary and grammar school, I am particularly interested in 
how we could utilize the advantages of project method in primary and secondary education. 
The natural scientific project works that can be used in education all have similar goals; namely 
enhancing the students’ activity in the given field. In my dissertation I presented some school 
project works related to different fields of Physics. The project works were tried and tested and 
can help students to understand the science subjects in an interdisciplinary sense. The aim of our 
project was, while students enlarged their knowledge about Physics, on the one hand they 
developed their applied information technological (IT) and Mathematical skills, while on the 
other, their cooperative skills were improved as well. 

The processes of work were carried out in extracurricular physics lessons in project work. 
The students worked partly under my direction, partly in independent groups. I paid particularly 
attention on pressing them gradually, but the atmosphere of these project classes was more 
relaxed than of a normal lesson. During the cascading projects students learnt how to make 
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quality work without any pressure. The success of the joint work developed the self motivation 
of the students. 

Basically we used cheap apparatus that can be found in every school. These experiments can 
be easily implemented to teach the physics. Most physics experiments in secondary school 
laboratory are impeded because of the lack of equipments and time; thus laboratory practices 
involving low-cost setups that are easy to assemble need to be developed. In my dissertation I 
showed examples to this principle. The low cost of the experimental apparatus we used makes it 
suitable for implementation in schools with limited resources. 

In recent years I carried out project works in which other science subjects were engaged 
besides Physics. In my dissertation I presented the general features of SZAVFIT projects which 
are optional integrated science projects in Physics. 

Objectives and the methods of investigation 
I present research, measurement, examination and modelling projects which show examples 

for the possible integrated interconnection of science subjects. I carried out researches related to 
the methodology of teaching Physics: I studied the pedagogical effects of the project tasks done 
by students. In the dissertation I presented that the students’ competences and knowledge 
developed due to the doing projects. 

In my dissertation I show the details of the planning and execution of projects in which 
secondary school students made systematic observations. In the course of the projects students 
elaborated unknown topics which are not part of the curriculum or only partly appear in it. My 
aim with the project work was to improve the students’ approach to science. 

Thermoacoustics is a less known scientific area. In our thermoacoustic project we use 
different size Rijke tubes heated by gas or by electric current. Thermoacoustic oscillations play 
important roles in various technical applications; for instance, in jet or rocket motors. The Rijke 
tube is a resonator cavity with natural or forced mean flow and a concentrated heat source 
(generally a heated grid); it is a convenient thermodynamic system for studying the physics of 
thermoacoustic phenomena and thermoacoustic instabilities. 

The behaviour of the Rijke tube has not been studied in details at secondary school level. 
I presented that we examined the Rijke tube with secondary school students and also elucidated 
the phenomena. The data acquisition system (A/D converter) is a simple personal computer 
sound card and the analyzer program is free software; thus the set-up is inexpensive and easy to 
build. 
The aims of my work are presented in the dissertation as follows: 

 I set myself the target to determine an average energy consumption of a household and to 
make a computer programme on the basis of the measurements that demonstrate the 
energetic description of an average household. 
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 My aim was to create a computer programme with the students to present the phase 
transition-like features at school. In this programme, we can study the process of phase 
transition with the help of colour changing chameleons. There are several programmes to 
introduce phase transition; my aim was to create a computer programme which presents 
the phase transition in a playful environment. The programme, which was created jointly 
by me and the students, moves the imagination of them and helps them to understand the 
idea of phase transition. 

 My aim was to determine how the main parameters of the Rijke tube influence the 
unstable state of thermoacoustic system. My goal was to determine this phenomenon and 
answer this question and to deliver accurate experimental results for the transition from 
stability to unstable state. I gave an understandable explanation for the examined 
phenomena. The explanation of the thermoacoustic processes were based on experimental 
observations in school project. 

 My goal was to analyze the effects of project works on students. My aim was to prove the 
reason and the benefit of project works in pedagogical aspect. I examined the medium and 
long term performance of students in project works. 

 I examined the attitude of students towards project works with the help of questionnaires. 
I was interested mainly how these project works affected the students’ attitude to science 
subjects. My aim was to show that project method is well-suited for motivating students. 

Theses 
1. Energy project 

The project method is a suitable tool to examine the role of renewable and non-
renewable energy sources. With the help of our secondary school students I have carried 
out a project in which we collected the most important pieces of information about the 
features of the energy sector, we also examined the roles of energy sources, and modelled a 
possible way to use the renewable energy sources for residential purpose (a house with 
solar panels and wind turbines). 

In this project we investigated the roles, the advantages, the disadvantages and the utilization 
of the renewable and non-renewable energy sources. Its aim was to collect the most important 
pieces of information in this topic, especially those ones which are excluded or rarely mentioned 
in the secondary school curriculum. The project consisted of three major parts: we dealt with the 
features of the energetics, examined the roles of energy sources and we made a computer 
simulation to model the use of renewable energy sources by the public. The topics of 
environmental physics help the students to form and deepen scientific ideas about nature. 
Besides their knowledge of Physics, they could deepen their knowledge in statistics and IT. 
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I showed that secondary school students are open-minded to learn about renewables. 
Our ‘Renewable energy sources: stand-alone house with hybrid wind-solar power generator’ 
project has been carried out in three stages. For the first stage the daily energy consumption of 
an average house was investigated. Energy consumption of electric home appliances and energy 
consumption of air conditioner and heating energy was monitored separately. During the 
project, which lasted for 2 years, the students measured the daily energy consumption of their 
households. The energy consumption of the electric appliances was monitored; the natural gas 
consumption was monitored by gas meter; the wood and coal burned in furnaces were measured 
in weighing-machines (scales). The electrical energy consumption of the air conditioner was 
monitored (estimated) separately from the electric home appliances. The data was gathered by 
the students then we counted the averaged values on a daily basis. The wind speed and the 
sunlight were also monitored. (Before doing the project, most of the students could not even 
estimate the order of the energy consumption of their own home. During the project they learnt 
to collect, work up and analyze data in the long run.) 

For the second stage a mathematical model for an off-grid house with hybrid wind-solar 
power generator and accumulator system was developed. For the third stage a computer 
simulation program was developed, based on the mathematical model and the data collected by 
the students. This programme enabled the simulation of the energetic system of an off-grid 
house. Discrete energy balance equations were given to determine the necessary capacity of the 
energy storage unit. The feasibility of the model was also analyzed. 

In a separate part of the project we examined energetically the effects of the spring and 
autumn time change. We draw the conclusion based on the data of national energy consumption 
that statistically there is a decline in the electric energy consumption due to the time change. 
According to different model calculations the annual national electric energy saved by the time 
change is rounded to 100 GWh. We could determine the value of the electric energy savings by 
relatively simple estimations. By the calculations I could persuade the sceptical students, that 
changing the time has energetic benefits and I showed them that even without direct calculations 
its quantity can be estimated. 
Related publications: [1], [2], [3], [4] 

2. Colourful chameleons project 
The notions and features connected to phase transition can be presented with a 

computer game in which the collective behaviour of chameleons that live in a terrarium 
and move and change their colours according to certain rules can be studied. This 
programme was developed with the help of students who were interested in Physics and IT 
at extracurricular Physics lessons. 

To present the phase transition at school, I came up with the idea of a chameleon game. 
The simulation was about imaginary chameleons which live in terrarium and can change their 
colour in certain cases. The chameleons behave according to predetermined, simple physical 
rules and they are able to simulate the phase transition of the system. 
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I accomplished more tasks in which the chameleons simulated the system phase shift in 
simple ways. Similarly behaving systems can occur in real life. In this task the students’ 
physical knowledge, modelling and programming skills grew. With the simulation of the 
chameleons’ behaviour, students were able to get acquainted by such physical terms that occur 
in systems made of many individuals/parts (e.g. control parameter, critical value). 

The complex systems consist of many interacting parts. The investigations of phases change 
in cooperative systems provided a great opportunity to involve modern physics into the physic 
teaching process for grammar school students. The modern topics of physics can help raising the 
interest of the students and motivating them to learn the subject. I gained the active participation 
of the students by embedding the examination of a complex physical process into the 
development of computer game. During the project students could live through the excitement 
of the development of a computer games and the surprising physical behaviour of the system. 
In my dissertation it was demonstrated a model that can be motivating tool for students to gain 
introductory knowledge about phases change via interactive simulations. The model can help 
students to understand some cooperative behaviour of complex systems in Physics, Chemistry, 
and Biology. 
Related publication: [5] 

3. Thermoacoustic processes: the examination of the Rijke tube 
The Rijke tube, which is appropriate for showing the thermoacoustic phenomenon, can 

be examined in secondary school project task. The effects of the changing of its parameters 
can be determined with simple testing tools, and its function can be understood 
quantitatively with theoretical methods on secondary school level. 

Thermoacoustics is not part of the Physics curriculum. In my dissertation I showed that 
students are able to work up a topic which points beyond the secondary school curriculum. 
I collected, transformed, and developed experiments which can be carried out with cheap 
equipments which can be found in every school. These experiments help teachers of physics to 
perform students' experiments with simple equipments. These can be useful for fellow teachers 
to present optional experiments. The experiments collected and transformed by me can be 
modified to fit for students from secondary school to university. With the examination of Rijke 
tubes the development of complex thermoacoustic phenomena can be understood. 

Our thermoacoustic project work has been carried out with three primary intentions. My first 
aim was to investigate the behaviour of Rijke tubes with grammar school students. 
(The behaviour of Rijke tubes was examined by several researchers, but these studies were far 
beyond the expected knowledge of a secondary school student.) 

In order to achieve the goals we first used gas heated Rijke tubes, later electrically heated 
Rijke tubes. We experimentally demonstrated that regarding the main parameters of 
thermoacoustic system (the geometric data of the Rijke tube, the position of the pipe, the 
transmissivity of the réseau, the position of the mesh, the mass airflow rate and the heating 
power) there are a minimum and a maximum threshold value for the given parameter. 
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We found that for each tube for each parameter there is a minimum threshold value below 
which no self-sustained acoustic oscillations may be possible, and there is a maximum threshold 
value for the given parameter above which the excitation is eliminated. I ascertained according 
to our experiments that there is also an inferior and a superior threshold value of the foregoing 
parameters. I gave an explanation for the threshold effects in thermoacoustic system. 

In the next phase of our experiment we applied a Rijke tube heated by electric current. 
On the basis of the data we got that the acoustic oscillation of the tube is determined not only by 
its geometric parameters, but also the position of the pipe (horizontal or vertical), the position of 
the mesh, the heating power on the mesh, the temperature of the mesh, the mass airflow rate in 
the tube, the duration of the heating, and the transmissivity of the réseau. 

The thermoacoustic processes in real systems are usually very complex therefore I 
simplified them for the students. At first I modelled the convection in a vertical Rijke tube; the 
students participated in the elaboration of the model. 

For simplicity we assumed that there was not a whirl in the flow and the flow is steady. 
In this model we used the simplified boundary layer theory for viscosity (Prandtl‘s theory), 
according which the friction effects only in a boundary layer, it is a thin region near the solid 
surface, but we neglected the viscosity in the middle of the tube. In our simplified model we 
have seen that the airflow speed, the temperature of air and the density of air in the Rijke tube 
neither in ‘downside’ (below the grid), nor in the ‘upside’ (above the grid) changes. But flowing 
air through the heated grid there is a change in velocity and temperature and density, too. 
We got that the temperature of air and the airflow speed are increasing at the grid; the density of 
gas is decreasing at the heated grid. These values were determined by the model and then 
compared with the data measured by the students. 

In the final part of the thermoacoustic project we examined the behaviour of a vertical Rijke 
tube. Working with the students, I determined what the minimum heating power is that induces 
excited state at certain values of the mass airflow rate (threshold limit). The technical literature 
calls it critical power. (The critical power is the minimal value of power, above which the 
thermoacoustic system becomes unstable. This can be found from the balance of thermoacoustic 
energy addition and losses.) We used Matveev’s method in which the different system 
parameters can be changed independently and thus their roles can be studied irrespectively of 
the others. The method to determine the stability-instability boundary (i.e. to get the critical 
power) was based on Matveev’s idea. Under the critical power the system is in a steady state, 
while at higher power thermoacoustic oscillation appears and the tube emits sound. 
The stability-instability boundaries have been determined for different grid locations. 

The heat transition in the Rijke tube was examined in a simplified way. I used a computer 
algorithm based on Matveev’s model to determine the stability-instability boundaries of the 
Rijke tube. We carried out a numerical computer simulation to model the thermoacoustic 
process at different ranges of operation. We used spreadsheet software for the simulation. 
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This method enables the determination of critical power of the Rijke tube with a relatively 
simple, widely used spreadsheet programme. I made the measurements, the simulations and the 
comparisons of the results with the students. The theoretical predictions of model are 
acceptable; the relative errors are about 20-50%. 
Related publications: [6], [7], [8] 

4. Examination of the possibilities of integration in science subjects 
I have revealed that the complex, integrated education of science subjects has 

motivating effect on students in Physics education process. I worked out plans for different 
topics in which I used the method to organize the curriculum around a given topic which is 
a new approach in teaching physics in our country compared to the traditionally accepted 
and widely used methods. I proved that organizing the science material in such topics 
enables the integration of weaker students in the learning process. 

In the Hungarian educational system the science subjects (physics, chemistry, biology and in 
the wider sense geography and IT) appear as an individual discipline. Personally, I support the 
system of teaching these subjects separately. Nevertheless, I find it really important to present 
the relations and interconnections between disciplines; I used the integrated project approach in 
this sense. In my view, integrated science projects can help students get a better understanding 
of the behaviour of the nature in the introductory and final part of their science education. 
With integrated science projects we can make the exhausting learning process more exciting. 

I have chosen comprehensive, integrated and interactive topics which are suitable for 
revealing and presenting significant, basic scientific (primarily physical, information 
technological and mathematical) knowledge that bridge the connection of individual subjects. 
During the projects I introduced the specialized literature of the particular topic. I showed that 
most researches have antecedents and to study them is the part of the academic work. 
I demonstrated how to continue the process of science learning based on previously discovered 
true knowledge. 

Besides experiments and computer simulations that modelled simple and more complex 
processes, we have collected science historical facts and curiosities. I presented how physics can 
be completed over the compulsory material with knowledge that more students can find 
interesting. A well-chosen project task can help in the motivation of students who are more 
interested in humanities. 

I have revealed what the benefits of the extended integration of IT are to other science 
subjects including Physics. I showed that integrated teaching and learning of Physics and IT has 
mutual benefits; IT creates a novel opportunity for the transmission of knowledge in teaching 
process. I have proven through many examples (e.g. computer modelling, simulation, game 
innovation) that the proper use of information technology can also motivate students in learning 
Physics. I presented that computer modelling approximates students to understand physical 
processes. 
Related publications: [5], [9], [10], [11] 
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5 The application of the project method and the examination of its effects 
The project method in science subjects can be successfully used in case of primary and 

secondary school students; it helps students to develop a positive attitude towards science 
subjects. These project tasks are suitable to motivate students to learn science subjects. 
The science projects help to boost the students’ knowledge and to develop their skills and 
competence. 

I studied students’ educational performance during and after the execution of the projects to 
find out to what extent their work improved due to their participation in the project. To be 
objective, I analyzed the students’ results by statistical methods. (I examined how the attendance 
of our students in the projects affected their schoolwork at the end of Free Integrated Scientific 
School Projects Related to Physics.) I have shown that those who attended the projects on the 
medium and long run have improved their performance of Physics and IT, and they have 
performed in tests more equally. The students attending in the project works obtained a better 
performance in Physics and in Information Technology compared to their previous performance. 
On the basis of my long term follow up investigations I found that integrated science projects 
are suitable for improving students' performance in various science subjects (e.g. Physics and 
IT). 

I have been examining the effects of participation in project work on the attitude of students 
towards scientific project works with the help of questionnaires. First of all, I wanted to know in 
reference with science subjects how project work had affected their stance to the subject. 
Therefore I made the students fill in questionnaires regarding all the projects done at school 
during the years. Analyzing the answers it became obvious that students welcomed the different 
projects and they felt the purpose and the usefulness of their work. All the project exercises 
affected the attitude of the students in a positive way; the greatest improvement could be 
observed in integrated science project works. 

I showed that our scholastic natural scientific projects can be a sufficient ground to start a 
knowledge-building process based on co-operation. I presented that project works, where 
students can learn from each other and from the teachers too, might be helpful. I presented some 
characteristics of the project method in the science studies. The students learnt how to work in 
groups and improved their communicative skills due to the science project tasks. 
Related publications: [12], [13] 

The use of results 
The science projects that are presented in my dissertation are not part of the secondary school 

curriculum or only partly appear in it. Based on my experience, students fancy working on 
topics outside the regular curriculum. During the projects we did a plenty of experiments, took 
several measurements and made computer models and simulations. 
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I have tried all the experiments collected and improved by me in real teaching environment. 

The experiments can be carried out by simple everyday equipments. I presented them the 

interested students, parents and fellow teachers every year (for example on open days at school, 

university lectures, and further educational courses). I have presented the possible usages of 

project method to fellow teachers of physics at teacher training conferences which I have helped 

the wide spread of this method in teaching science subjects. 

As the lead teacher of the science subjects’ panel at our school I presented the potential 

usages of project methods for my colleagues then I actively participated in the realization of 

them, therefore I helped to spread this method in the teaching of science subjects. 

These kinds of projects can be rather useful for fellow teachers as they help in making the 

learning and teaching of science subjects more interesting, with their usage the presentation of 

the knowledge can be varied. It enables the diverse improvement of students’ competence. 

In the course of the projects I examined the applicability and efficiency of them on the 

medium- and long-term performance of the participants. I presented that the student project 

work can be used efficiently in teaching Physics. The project tasks that I developed and carried 

out with the students helped them to enhance their knowledge in Physics and adopt a physical 

way of thinking. 

I find it a very important result of my one and half decade long project developments that 

most of the students who participated in the projects continued their studies after the final exam 

in taking science or technical courses and some of them learnt medicine. On the basis of their 

accounts our projects played a role in their choice of Physics or IT as an optional subject at the 

final exam and later as their occupation. 

Applying the project method on extracurricular science lessons we prepare students for a 

successful further education. They can utilize the knowledge and skills acquired here in the 

course of their college or university studies, therefore they will have to face with less learning 

problems. The research based science school projects that they carried out with my guidance are 

suitable to examine a chosen research topic in-depth. The measurements, modelling, simulations 

and presentations help students to be successful in learning science subjects in long term. 

The feedback of teachers and students reinforces my view that project method is suitable for 

teaching some topics in science subjects both partly and totally. Any optional topics prepared 

properly can be a good basis of an integrated science project. I have found the development of 

teaching methods based on project work useful and necessary. In the future I would like to 

elaborate more topics and materials with the help of project method. The results that were 

attained with the students in our projects (Free Integrated Scientific School Projects Related to 

Physics) encourage me to further study the topic. 



 11 

Publications related to theses 
[1] Beke, T. (2014) Az óraátállítás hatásainak vizsgálata. Fizikai Szemle, 64 (11), 388–392. 
[2] Beke, T. (2014) Megújuló energiaforrások vizsgálata iskolai projektfeladatban. Módszertani 
Közlemények, 54 (3), 56–74. 
[3] Beke, T. (2015) A nap- és a szélenergia lakossági felhasználási lehetőségeinek modellezése 
iskolai projektfeladatban. Fizikai Szemle, 65 (7-8), 263–269. 
[4] Beke, T. (2016) A simple model for the energy supply of a stand-alone house using a hybrid 
wind–solar power system. European Journal of Physics, 37 (1) 015804. 1–19. 
[5] Beke, T. (2015) Színes kaméleonok fázisátalakulása. Fizikai Szemle, 65 (1), 18–23. 
[6] Beke, T. (2010) Termoakusztikus iskolai projektfeladat Rijke-csővel. in: Fizikatanítás 
Tartalmasan és Érdekesen (szerk. Juhász András és Tél Tamás), ELTE, Fizika Doktori Iskola, 
Budapest, 453–460. 
[7] Beke, T. (2014) Termoakusztikus hanghatás vizsgálata Rijke-cső segítségével. Fizikai 
Szemle, 64 (7-8), 256–261. 
[8] Beke, T. (2012) Heat transfer in a thermoacoustic process. European Journal of Physics, 33 
(6), 1487–1503. 
[9] Beke, T. (2013) A gépjárművek meghajtási lehetőségeinek vizsgálata iskolai 
projektfeladatban. Módszertani Közlemények, 53 (2), 39–52. 
[10] Beke, T. (2014) Közlekedéshez kapcsolódó iskolai projektfeladat. Módszertani 
Közlemények, 54 (1), 12–24. 
[11] Beke, T. (2015) Kerékpár mozgási jellemzőinek meghatározása iskolai projektfeladatban. 
Fizikai Szemle, 65 (10), 344–348. 
[12] Beke, T. (2014) A projektmódszer alkalmazása a fizika és az informatika tanításában. 
Módszertani Közlemények, 54 (4), 13–26. 
[13] Beke, T. (2016) Az iskolai projektmunka hatásainak kérdőíves vizsgálata. Módszertani 
Közlemények, 56 (Accepted for publication.) 

Other publications 
[14] Beke, T. (2013) Moduláris elvű gépjármű tervezése iskolai projektfeladatban. Módszertani 
Közlemények, 53 (3), 42–52. 
[15] Beke, T. (2011) Termoakusztikai érdekességek. Fizikai Szemle, 61 (5), 165–169. 
[16] Beke, T. (2011) A projektmunka hatásai a természettudományos tantárgyak tanulásában. 
Iskolakultúra, 11 (4–5), 3–21. 
[17] Beke, T. (2011) Rijke-type thermoacoustic oscillations. European Journal of Physics, 32 
(2), 305–327. 
[18] Beke, T. (2010) Thermoacoustic school project work with an electrically heated Rijke tube. 
Physics Education, 45 (5), 516–528. 
[19] Beke, T. (2010) Elektromosan fűtött Rijke-cső termoakusztikus modellje. Fizikai Szemle, 
60 (9), 305–311. 



 12 

[20] Beke, T. (2010) Modelling of thermoacoustic phenomena in an electrically heated Rijke 
tube. European Journal of Physics, 31 (6), 1331–1344. 
[21] Beke, T. (2009) Termoakusztikus jelenségek vizsgálata iskolai projektfeladatban. A fizika 
tanítása, 17 (4), 7–14. 
[22] Beke, T. (2009) Termoakusztikus projektfeladat Rijke-cső vizsgálatára. Fizikai Szemle, 59 
(7–8), 253–257. 
[23] Beke, T. (2009) Observation of thermoacoustic phenomena in a school project. Physics 
Education, 44 (5), 536–548. 
[24] Beke, T. (2009) Thermoacoustic school project. Acta Didactica Napocensia, 2 (2), 9–24. 
[25] Beke, T. (2009) Professional scientific blog. Acta Didactica Napocensia, 2 (1), 49–58. 
[26] Beke, T. (2009) Application of the table manager program in the physics education. Acta 
Didactica Napocensia, 2 (3), 61–74. 
[27] Beke, T. (2009) Az atomenergia szerepe hazánk energiaellátásában. A fizika tanítása, 17 
(2), 18–24. 
[28] Beke, T. (2008) Lézerek alkalmazása az orvostudományban. A fizika tanítása, 16 (2), 14–
19. 
[29] Beke, T. (2008) Az orvosi és a kozmetológiai gyakorlatban használt lézerek és kezelési 
módszerek. A fizika tanítása, 16 (3), 3–10. 
[30] Beke, T. (2008) A szeméttengeren innen, az üveghegyen túl. A fizika tanítása, 16 (4), 7–13. 
[31] Beke, T. (2008) Iskolanővérek Kalocsán. Neveléstörténet, 5 (1-2), 72–102. 


