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I. Introduction 
 
 
 
 

According to my experience most of the problems in teaching physics originates from a 

very short teaching time. It is almost impossible to teach something well and in detail if time is 

tight and the syllabus is long. Concepts that were taught in detail and in depth ten years ago, can 

only be discussed superficially nowadays, which results in a weak foundation, onto which it is 

very difficult to build. 

 Lack of time affects experiments very badly as well: some experiments that are too 

complicated or time consuming will just simply be left out, because one can’t afford to sacrifice 

precious teaching time to something too long. 

However, experimenting is an essential part of physics, therefore the main aim of my 

doctoral work was to design and create computer based experiments that provide a new method 

in teaching different topics. 

A computer based experiment should be used in physics education only if it gives 

something more than a traditional one. Use of computers can sometimes simplify and therefore 

quicken traditional experiments, but it is even better if ICT based experiments help in teaching 

concepts that could not be based on experiments and therefore were only taught theoretically 

previously.  

In my doctoral research I wanted to make sure that my experiments would be available to 

all physics teachers, therefore I used only software that could be downloaded free. One group of 

software (Audacity, LabCamera) can be used to record and digitalize data, making the 

experimental results easier to be analysed. The other group (Dynamic Solver, Fizika) can be 

used to create and run simulations for situations that cannot be demonstrated or analysed using 

traditional equipment. In my research I wanted to find out if these programs and the methods 

based on them give effective help for students in learning physics. 

 

 

 

 

  



II. Theses  
 
 

1. Investigating phenomena connected to sound waves through computer based 

experiments, using software Audacity [1] 

   

Most of the basic experiments of sound waves can be investigated visually in secondary 

school using an oscilloscope. Oscilloscopes are expensive and therefore rare instruments in 

schools, whose handling is quite complicated, therefore they are not an ideal choice for lab 

experiments. There are concepts and phenomena in the topic of sound waves, such as tone 

(which is explained by the different proportion of higher harmonics), that cannot be 

demonstrated or measured using traditional laboratory equipment. 

Through my experiments based on Audacity I wanted to resolve these problems. The 

greatest advantage of the program is that it can record and save sounds, making it possible for 

students and teachers to analyse them later. Connecting acoustic and visual information helps 

students understand the investigated phenomenon better and deeper.  

a) I showed that - due to its high sampling rate - Audacity can be used to carry out basic 

experiments in the topic of sound waves. I designed qualitative as well as quantitative 

experiments, which helped my students understand basic concepts and phenomena 

better. Using musical instruments made these measurements even more enjoyable. 

Saving data in the program makes it possible to analyse results later, which makes 

the experiments instructive and enjoyable.  

I find that my students enjoy experiments much more if they can be part of it, 

therefore I don’t use Audacity’s sound generator option for sound experiments, but use the 

talent of my students in musical instruments instead. A significant number of students in 

Karinthy Frigyes Gimnázium play some instrument, so there are at least 3-5 students in 

each group, who would bring in their instruments (guitar, flute, violin) happily to my 

physics class, and help me in my demonstration, making the whole class feel being 

included in the experiments. 

I demonstrated the phenomenon of beat (with the help of Audacity) using a guitar 

and measured the ratio of frequencies of open and closed pipes using the head of a 

recorder. In case of teaching tone of sound, it was impossible to back the theoretical 

explanation by experiments using oscilloscope or any other traditional equipment, 

therefore I designed an experiment using Audacity, where the presence of higher 

harmonics can be demonstrated and even compared in case of different instruments.  

 



Beside the basic experiments there are also more complicated measurements where 

Audacity can be used effectively.  

 

b) I designed a computer based quantitative experiment for the topic of Doppler effect. 

This experiment can either be used on the lesson or can be carried out in the frame of 

project work. The investigation helps not only to demonstrate the change in 

frequencies (higher or lower sounds), but allows students to measure these 

frequencies and use the data to determine the speed of a moving source. 

In the experiment designed for the measurement of Doppler effect, the sound of a 

passing car’s horn was recorded in the frame of project work. Students then worked in 

small groups to determine the frequency of sound in case of the approaching and receding 

car using Audacity’s spectrum analyser function. I showed that the frequency of the 

standing source (f0) is the harmonic mean of the two measured frequencies, and students 

used this information to calculate the speed of the car. Since the speed of the car was kept 

at a previously agreed value (60km/h), the measurement was a confirmation of the 

formulae of Doppler effect. The novelty of this experiment lies in the fact that it can be 

used to measure a phenomenon, for which only qualitative experiments existed so far. 

 

c) I designed a laboratory experiment for the investigation of the sound produced by 

blowing over a bottle, and used it successfully in extracurricular activities with 

talented students. The phenomenon was first modelled theoretically, and then a 

measurement was carried out to check the formula suggested by our theoretical 

model. The fact that our measurements coincided with our theoretical expectations 

verified the validity of our model.  

Investigation of the sound produced by blowing over a bottle proved to be a 

successful experiment. Although the phenomenon is well known to all students, its 

explanation is not trivial. The theoretical model that can be understood by talented students 

in secondary school leads to a formula that can be checked with a simple measurement. 

This gives a good example of how a formula might be proved right (or wrong) with the 

help of graph-analysis. This method is a typical way of discovering new phenomena in 

physics, therefore it is important that students should be familiar with it and apply it from a 

very early stage.  

 

 

 



 

2. Investigating phenomena of electricity using the „Universal logger” function of software 

WebCam [2, 5] 

 

I showed that software WebCam Laboratory (or lately called LabCamera) can be used to 

record data in numerous traditional experiments through its function called Universal 

logger. Since data is recorded by the computer, it can also be analysed later in the frame of 

group work or even as individual homework. I also used the program to investigate 

complicated phenomena successfully, thus showed that the software can be used with 

talented students as well.   

 In numerous experiments of electricity quantities are measured as a function of time. 

Measurements are usually carried out using traditional instruments like digital multimeters or 

oscilloscopes, which means that data is recorded manually. These experiments are usually time 

consuming, therefore they can only be used as extracurricular activities. Interfaces would be an 

obvious choice for digitalizing these experiments, but I aimed to design experiments using only 

free software, that were available to anyone. 

 Software LabCamera helps to redesign these laborious experiments into computer based 

measuremets without any expense, using the instruments already present in the school’s physics 

prep room. The data shown by analogue instruments is identified by the program and is 

converted and recorded into digital data, which can be analysed later using computer programs 

(e.g. Excel).  

During my doctoral research I used this method to redesign experiments that investigate 

the time dependence of different quantities. I created experiments in the topic of transients and 

for battery characteristics. In addition to this I also showed that the phase shift between current 

and voltage in case of elements of an A.C. circuit (resistance, capacitor, inductor) can also be 

investigated using this software. 

 

3. Teaching chaos theory in secondary school through the example of a ball moving in a 

complicated bowl using Dynamic Solver simulations [3] 
 
 

Teaching basic concepts of chaos theory or investigating chaotic motions is not included in the 

physics syllabus. However, according to my experience, this is the topic that interests students 

very much, because this is a popular part of physics, which comes up quite often in scientific 

(or pseudoscientific) films or articles. 

I showed that the investigation of the motion of a ball moving in a complicated bowl is 

suitable for teaching basic concepts of chaos in secondary school, in the frame of an 

extracurricular activity for talented students.  



 

a) I designed a method for teaching three basic characteristics (irregular motion, 

unpredictability, fractal structure in phase space) of chaotic motions using 

software Dynamic Solver. Through this method students discovered these 

characteristics by themselves through group work.  

The enthusiasm of my students as well as my own experience acquired in the 

doctoral program drove me to teach the basic concepts of chaos theory in extracurricular 

activities in my school. The best way to learn about chaos is to discover it through 

experiments, therefore my students got acquainted with concepts such as quasiperiodic and 

periodic motion, unpredictability or fractal structure through the use of Dynamic Solver. 

One of the biggest benefits of teaching chaos is that it makes students get used to 

applying probability approach, therefore it prepares them to accept quantum physics much 

easier.  

 

b) I wrote a teaching material for secondary school physics teachers to make them able to 

learn how to handle software Dynamic Solver in a quick and effective way. I 

concentrated on the explanation of parts that are needed for the simulation of the 

movement of the ball discussed in the previous point.  

The teaching material is based on my experience on teaching chaos in 

extracurricular activities and is aimed to save colleagues from having to read through a 180 

page manual in order to be able to use the program on their lessons.  

 

4. Teaching reference frames using simulation software Fizika [5, 6] 

 
 

One of the most problematic parts of teaching kinematics is the topic of reference frames. The 

concept of reference frame is abstract, but it is essential that students should understand it, 

because it is the basis of analysing motion graphs. Teaching reference frames is made difficult 

by the fact that it cannot be based on experiments, and there are certain misconceptions that 

restrain students from understanding it.  

I used software Fizika to show a possible way to solve these problems and help the teaching 

of reference frames become more effective.  

 

a) I created a set of simulations that help students work through the topic of standing 

and uniformly moving reference frames step by step.  



The set of simulations is based on the advantageous characteristic of the program that it 

allows the visualization of motion and the graphs of motion appear at the same time. This 

way students can discover the role of reference systems themselves through simulations. The 

first few simulations start with standing reference frames in which the role of the origin can 

be investigated, then the effect of observing motions from moving reference frames is 

investigated through the graphs of motions. 

 

b) I demonstrated that software Fizika can be used to teach the concept of relative speed 

through the investigation of moving reference frames. The program was used effectively 

and successfully in case of some typical problems, where the solution of the given 

problem can be simplified by changing into a moving reference frame. This can be 

demonstrated in the program by analysing the graphs of motions of these situations 

from different reference frames. 

 Relative speed is an important concept in our everyday life (e.g. in case of overtaking). 

Traditional ways of teaching relative speed are usually based on only theory and some 

everyday life experience, but these methods are not really effective. It is much more 

expressive to analyse graphs with the help of the program and deduce the concept of relative 

speed from these experiences. Observing motions from moving reference frames is a typical 

trick in solving challenging problems that might seem complicated in standing reference 

frames. This can be demonstrated with the help of the motion graphs, therefore the program 

proves to be useful in nurturing talented students as well.  

 

 

5. Evaluating Educational Researches [4, 7] 
 
 

 I took an active part (as organizer) in the educational research carried out in 2014-2015 

by ELTE and Intellisense Ltd. The aim of this research was to test the use of software Fizika 

in secondary school physics teaching as a possible new method for teaching kinematics. In 

the educational research we worked with 163 students, 83 of which were in the experimental 

and 80 of which were in the reference group.  

I designed an end of topic test, whose main task was to make us able to compare the 

results of experimental and control groups. The test was constructed so that we could 

measure the knowledge of students in some traditionally difficult problems (such as the 

relationship between graphs, average speed or graphs of projectile motion). The 



evaluation of results showed that simulation software Fizika helps students understand 

graphs better and also improves their creativity in solving problems. 

I included both easy and hard, traditional and novel problems in the test. The positive 

result of our research exceeded our expectations, since students in the experimental groups did 

better in all types of problems. The difference between the two groups (experimental and 

reference) was most significant in graphical problems and difficult exercises requiring 

creativity.  

The educational research carried out a year later (in the academic year 2015-2016) 

ended with a similar positive result. 

These results made us come to the conclusion that software Fizika makes teaching 

kinematics more effective and also help students improve their creativity.  

 

6. Critical points in dynamics – teaching some difficult topics of dynamics using 

software Fizika [5] 

 

The positive results of our educational researches (explained in thesis 5) inspired me to find 

other topics where software Fizika might be helpful in teaching difficult concepts. Since the 

program can be used to draw forces (or resolve them into components), I thought that it could 

be used to make the teaching of problematic parts of dynamics easier.  

I created simulations to help the teaching of some problematic concepts or laws of 

dynamics (adding forces, calculating normal force, friction, dynamics of uniform 

circular motion). These teaching materials can be categorized into two groups. One part 

of the simulations help average or struggling students by enlightening basic concepts, 

the other part of the simulations help higher level student to solve advanced problems 

and develop a deeper understanding of concepts in an interactive way.  

 I designed and created simulations for the teaching of normal force, friction and the net 

force in a uniform circular motion. The fact that the program can draw forces transformed 

even the simplest situations into an interactive experiment, where students could investigate 

how different parameters affect the forces in question. Discovering the forces in such an 

interactive way was an effective method for teaching dynamics. 

 In case of talented students, simulations that investigate forces acting on an inclined 

plane or other difficult situations proved to be useful to check and confirm theoretical results.  

  



III. Importance and future use of results 
 
 

The experiments and methods presented in the theses were always first tested on my 

students. Most of these experiments were used in the lessons, but some were tried out in the 

frame of extracurricular activities as group work or project work. My general experience is that 

students enjoyed computer based measurements and appreciated being an active part of our 

discoveries. 

The educational research (explained in thesis 5) was carried out only to give some 

feedback about the use of software Fizika. We though that the program helps students develop a 

deeper understanding of graphs and concepts of kinematics. The results were definitely positive 

and this made us widen the scope of our research into the field of dynamics as well. We also 

decided to carry out large sample educational researches to test the effectiveness of using this 

software. 

As part of the MTA-ELTE Content-Pedagogy Research Group, I have been working on 

further simulations and teaching materials for the educational research carried out in the 

academic year 2017-2018. This experiment tested the effectiveness of using Fizika in the topic 

of dynamics – currently we are working on gathering and analysing the data from this research. 

Our plan for the near future is to continue this large scale research in the field of mechanics by 

identifying critical points and then designing simulations that help the effective teaching of these 

topics. 

In order to help teachers, who took part in these researches, we organized teacher 

trainings on the use of software LabCamera and Fizika. I hope that my experiments and 

simulations will reach the community of physics teachers and help them teach difficult concepts 

in an enjoyable way and also give some ideas in the field of talent nurturing. 
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