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Abstract: Modern technology offers a wide range of instruments that 

can be used in education. The purpose of this paper is to present a 
possible application of the Praat speech analyser software in Physics 
education. Praat is a free software used by linguists, psychologists, 

medical researchers, engineers and other experts worldwide that work in 
the field of speech research. Since Praat can easily visualize various 
aspects of speech, and provides measurement functions for acoustic 

parameters, it offers itself for educational purposes as well. This paper 
presents and discusses some sound visualization and measurement 

examples that a Physics teacher can use in teaching about sounds and 
waves. 
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A growing body of literature on information and communication 
technology (ICT) in education discusses possible uses and benefits of 
computer use in the classroom. Based on previous findings, Fu (2013) says 
that ICT 

 assists students in accessing digital information efficiently and 
effectively 

 supports student-centered and self-directed learning 
 produces a creative learning environment 
 promotes collaborative learning in a distance-learning environment 
 offers more opportunities to develop critical (higher-order) thinking 

skills 
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 improves teaching and learning quality 
 supports teaching by facilitating access to course content.  

 
 These benefits can be achieved by a wide spectrum of methods and 
instruments. A collection of case studies by the experts of the Rhodes 
University represents some well-known examples, such as:  

 various ways of communication, such as podcasting (Flemming, 
2016),  

 virtual connection with industry experts (Upfold, 2016), or using 
Skype (Srinivas, 2016) 

 social media use (Flemming, 2016; Todd, 2016),  
 use of video (Tabensky, 2016; Chinyamakobvu, 2016) 
 generating knowledge bases (Gambiza, 2016; Snowball, 2016;  

de Vos, 2016)  
 collaboration (Wessels, 2016; Hunt, 2016) 
 flipped classroom. 

 
 Software created for educational purposes can be grouped in several 
ways. Niederhauser and Stoddart (2001) identified two major groups: 
Skill-based transmission software and Open-ended constructivist software. 
While programs belonging to the first group help students internalize basic 
facts and skills by introducing content, presenting stimuli, allow for 
repletion and practice and monitor student progress, those belonging to 
the second group provide a microworld environment and/or productivity 
tools to support learning. Another grouping suggests that they can be used 
either as a substitute or a supplement to traditional instruction (Bulman & 
Fairlie, 2016).  
 One key concept in using ICT for teaching is constructivism, which, 
among other factors, implies active participation of the learner. Several 
authors provide pedagogical techniques that they employ to promote 
student involvement in teaching a variety of subjects. Razmov and 
Anderson (2006) used a Classroom Presenter system and tablet PCs on 
student desks. The instructor projected slides with questions and each 
student answered on their own tablet PCs. The instructor promptly saw the 
submissions and had a chance to selectively show them to the whole class. 
For the application of this technique, the authors identified several 
pedagogical goals such as creating an atmosphere for engagement, 
expression of diverse opinions, student feedback for the instructor, 
feedback on student ideas, and active and collaborative learning.  
 Berenguel and his colleagues (2016) used a variety of software programs 
for teaching robotics. First, they used the “Mobile Robot Interactive Tool” 
to help students understand the basics of robots navigation, and another 
tool to teach the concept of slip-in off-road mobile robots. Second, they 
used MATLAB and SIMULINK to solve kinematic problems. Third, the 
Blackboard Learning Management System was employed to handle all 
materials, and to support communication between the students. Finally, 
they also used a number of robot platforms that they used in lab session. 
The use of these interactive tools had a very positive impact on the success 
of the learning process.  
 For History teaching, Bih Ni (2012) highlights the possibility of 
simulations and multimedia tutorials, but also identified a number of 
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methods of research and development in a classroom environment, 
including tutorials, exploration, finding shared materials, or collaboration. 
Another interesting example is the use of Windows Movie Maker as the 
authors believe that creation of a movie helps learners better understand 
historical concepts and events (Bih Ni & Abdullah, 2015) 
 In music teaching, however, teachers use only a limited number of 
hardware and software resources in the classroom. A recent survey 
revealed that 34% of Australian classroom music teachers most frequently 
use Youtube. 45% of them occasionally use educational websites, 43% 
subject specific websites, and 39% use other resources (Eyles, 2018).  
 Although student feedback about ICT use in classrooms is usually very 
positive (Berenguel et al., 2016) research results suggest that teachers do 
not always take full advantage of using ICT in the classroom. Hus (2011) 
asked primary school teachers of Environmental Studies about their use of 
interactive materials. While in most of the cases they used web pages, CDs 
or DVDs, or computer programs, they revealed a number of factors that 
hinder ICT use. Those factors did not only include deficient equipment or 
overcrowded classrooms, but also lack of time for preparation or lack of 
knowledge.  

 
Using ICT in teaching Physics 
 
ICT-based methods can be used effectively in science teaching. While a 
traditional way of teaching means transferring knowledge, implying that 
students merely see the physical world, a constructivist approach would 
imply a more active participation in the experiments, even intervening and 
reasoning (Hennessy et al., 2007), and ICT instruments offer a great 
potential for this. 
 Barak and his colleagues (2011) identified four teaching strategies that 
encourage constructivist learning, and these strategies can be applied 
when designing experiments:  

• visualization strategy, using visual representations to make the 
abstract more concrete and clarify scientific principles and concepts 

• problem-solving strategy, which presents the students open and 
complex problems to solve, preferably from the students’ daily life 

• inquiry strategy, which provides students with activities that 
develop knowledge and understanding in the way scientists learn 
about the world 

• reflective strategy, which encourages students to evaluate their 
own performance during or after the experience.  

 
 Other groupings of pedagogical principles that help constructivist 
learning implement were provided by Hennessy and his colleagues (2007) 
for applications of ICT in science teaching, based on previous literature.  

o predict, observe and explain 
o tell, explore and check 
o analyse, explore, plan, implement, verify 
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 Thought experiments are also useful in the context of understanding 
physical phenomena, since they may help students build conceptual 
constructs. Together with hand-on experiments, which involve the sensory 
experiences, and verbal and pictorial representations, the conceptual and 
the physical experiences are linked, which is a sensory based perspective of 
constructivism (Reiner et al., 2004).  
 In agreement with this all, Habibi and Habibi (2014) summarized the 
advantages of using ICT in teaching Physics as follows: they can help 
students understand physical laws through forming hypotheses, testing, 
isolating and manipulating parameters. ICT also employs a variety of 
representations (such as animations, pictures, graphs etc.), which, in 
addition to helping students understand underlying concepts, relations 
and processes, are beneficial especially in cases when it is difficult to 
experience a phenomenon in the classroom, or complex, dangerous, 
money or time-consuming lab settings are required, or the phenomenon 
simply happens too fast. Methods that thus require the active participation 
of the students result in better achievements. Hussain and his colleagues 
(2011) used the scientific inquiry method in three experimental groups and 
lectures in one group. Students who were taught by the inquiry method 
outperformed those who only received lectures. In a research by 
Ouardaoui and his colleagues (2012) students who received ICT-based 
teaching also outperformed those who were taught in a traditional way.  
 This philosophy is reflected in other research papers that discuss 
experiences of teaching a variety of topics in sciences. Vavougios and 
Karakasidis (2008) used a combination of simulations and laboratory 
exercises in teaching oscillations. The students used a software to model 
the oscillation phenomena and were able to alter parameters and initial 
conditions, thus, they were actively engaged in the learning process. The 
effectiveness of teaching, especially that of evaluation was also reported to 
be higher by Setiawan and his colleagues (2016), when they used 
microcontrollers and Visual Studio for measuring viscosity of fluids. In 
addition to the measurements being more accurate, the authors 
highlighted the students’ development in the cognitive, affective and 
psychomotor domains. Moraru and his colleagues (2011) presented the use 
of educational software for teaching oscillations, music, fluid mechanics 
and special relativity. By the application of these, students worked 
independently, while they could read, discover, solve reasoning exercises 
in an interactive way. ICT supported learning also increases the intrinsic 
motivation of students, like the participants in a research by Ramma and 
his colleagues (2017), who used web-based lessons on measurement and 
motion. It is no wonder therefore that Briones (2018) found a significant 
correlation between the ICT proficiency score of the teachers and the 
performance level of students in Physics.  
 While some research results suggest that large part of Physics teachers 
are proficient in using ICT (Briones, 2018) this does not necessarily mean 
that all teachers use modern approaches to teaching. Ferreira and his 
colleagues (2013) analysed experienced Chemistry and Physics teachers’ 
approaches to use ICT. The five groups of teachers that participated in 
their research developed methods for teaching and were categorized as 
using constructivist, traditional or mixed approaches. The constructivist 
groups employed simulations or videos and interactive exercises and 
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typically placed problem situations, urged students to raise hypotheses and 
pursued to confirm or reject the hypotheses. One group of teachers clearly 
used a traditional approach as the visual aids they used were simply for 
transferring knowledge where students showed a cognitive passivity. 
Finally, the mixed group used mainly traditional approaches, but were 
open to apply innovations. These results are in line with the findings of 
Siorenta and Jomoyiannis (2008), who also identified three groups of 
Physics teachers, i.e. the “traditional”, “non-traditional”, and “undecided” 
ones. In another study by Barak and his colleagues (2011), most of the 
participating teachers identified themselves as “guides” or “motivators”, 
and only a few of them were “innovators”, who are ready to apply new 
methods and integrate advanced technologies. Most of them used the 
visualization and problem-based learning, while only a few used inquiry-
based and one applied reflective learning. Suduc and his colleagues (2011) 
reported that 60% of their participants used ICT only for showing 
PowerPoint presentations, 23% allowed students for autonomous work, 
7% used Internet, and 10% used other activities. Maharaj-Sharma and his 
colleagues (2017) also found PowerPoint presentations as the most 
frequently used ICT-based tool for teaching sciences, while animations and 
hands-on activities were the least used ICT-based instructional 
technologies. It is therefore crucial to examine what obstacles and 
limitations teachers face in their use of ICT-based instruments. The 
findings of one research suggest that physics teachers rarely receive ICT 
training and what they learn there do not meet their specific needs (Mahdi 
et al., 2014). Other challenges met by the teachers include poor or no 
Internet connection, lack of technical support, lack of time to plan and 
prepare lessons using ICT, and unavailability of ICT tools and software 
(Briones, 2018).  
 Based on the literature discussed, the main purpose of this study is to 
present ideas for teaching waves and sound. While sound waves can be 
measured easily by using ICT instruments, they also provide a unique 
sensory experience and it is believed that the ideas presented here can be 
motivating for students who study Physics.  

 
Use of Praat in teaching Physics 

The Praat software 
 
Praat is a free software developed by Paul Boersma and David Weenik of 
the University of Amsterdam (Boersma & Weenik, 2019). Its main 
functions include speech analysis, annotating speech, synthesizing and 
manipulating speech. Praat also offers graphical capabilities and a 
scripting language (Boersma, 2001). In the past 25 years it has become 
popular among professionals representing a wide range of fields, such as 
linguistics, medicine, engineering or psychology and were used for 
research papers published in high standard scientific journals such as 
Scientific Reports (Baus et al., 2019). Praat can be downloaded from 
http//praat.org and is available for a variety of platforms. In this paper we 
do not include instructions for using Praat, however, a number of manuals 
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or tutorial videos are available on the internet, such as van Lieshout 
(2003).  

 
Use of Praat in teaching Physics 
 
For the purpose of the present paper, we selected the Waves and Sound 
chapter of a Hungarian Physics textbook (Halász et al., 2017) to identify 
topics where Praat could be used. Pages 31-54 include chapters on waves 
and sound, and pages 45-52 discuss sounds.  
 These examples were tested in three groups of first-year students of the 
Electronic Music Media Art BA programme (University of Pécs, Faculty of 
Music and Visual Arts, Hungary), in a course on Phonetics. 

 
Example 1 
 
On page 46, the textbook says that an oscilloscope is capable of visualizing 
sound waves. Although this is correct, there is no mention about any 
software, or even mobile application that has the same capability. 
Therefore, the potential of demonstrating various sound waves by ICT 
instruments is not exploited.  
 Praat can display any kind of sound wave in a more accurate way than 
the illustration in the textbook. In this context the purpose of displaying 
sound waves is purely to show the visual differences between them. Since 
Praat can play sound waves, at this stage students will be able to associate 
different sound qualities and visual forms. At later stages, complexity of a 
wave will be further discussed.  
 On pages 47 and 48, the textbook says that a tuning fork has a pure 
sound, whose graphical representation is a sine wave. The sine wave as 
Praat displays it looks like as follows (Figure 2):  
 

Figure 1. Visual representation of the sound of a violin 
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Figure 2. Visual representation of the sound of a tuning fork 

 

 
Example 2 
 
Since Praat is not only capable of displaying sound waves but can be used 
for analysing them too, simple measurements can also be carried out. On 
page 32, the textbook discusses the concept of frequency and explains the 
formula 

�1�   � =
1

�
 

 
where T is the period in seconds and f is the frequency. In Praat, period 
can be measured by selecting one cycle of the wave. As Figure 3 shows, one 
cycle lasted for 0,002272 s.  
 

Figure 3. Period of one cycle 

 
 
 Using formula (1), one can conclude that the frequency of this tuning 
fork is 440.14 Hz. It must be mentioned though that slight deviations of 1-
2 Hz may occur and several measurements would be required to obtain 
reliable results.  

 



Practice and Theory in Systems of Education, Volume 14 Number 3 2019 

137 

Example 3 
 
In a similar way, the frequency of more complex waves can also be 
calculated. Using the same sound file as in Example 1, the period of one 
cycle turns out to be 0,002266 s (Fig 4). 
 

Figure 4. Period of one cycle of a violin string 

 
 
 This gives 441.3 Hz, which is the same frequency as what we had in 
Example 2, i.e. the frequency of the A string of the violin.  

 
Example 4 
 
On page 48, the textbook discusses the concept of overtones. While the 
basic idea of fundamental frequency and overtones is presented here, their 
most important properties, i.e. the overtones (harmonics) being sine waves 
and their frequencies are numerical integer multiples of the fundamental 
frequency, is completely missing (Fourier’s law). However, this would be 
crucial for understanding the differences in sound qualities of different 
sound sources. An illustration similar to Figure 5 would be useful for 
understanding how complex waves are composed.  
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Figure 5. A complex (square) wave (top), the fundamental frequency (middle) and 
two overtones (Gregg et al., 2008) 

 
 
 Although Figure 5 is a proper visualization of the complex wave and its 
components, there is a more practical way to illustrate it. The columns in a 
harmonic spectrum (Figure 6). represent the fundamental frequency and 
the harmonics. The height of the columns shows their intensity, which can 
be an absolute value, or relative to that of the fundamental. Figure 6 also 
demonstrates that the frequency values of the harmonics equal to the 
whole number multiples of that of the fundamental frequency.  
 

Figure 6. A harmonic spectrum of a complex wave 
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 Having understood that, the harmonic structures of the previously 
analysed sound waves can be easily interpreted when visualized in Praat. 
Fig 7. shows the harmonic spectrum of the tuning fork sound.  
 

Figure 7. A harmonic spectrum of a tuning fork sound 

 
 
 The fundamental frequency of the tuning fork is 440.52 Hz. However, 
two overtones are also visible (at 882 and 1323 Hz), which suggest that the 
sound of the tuning fork is very close to being a pure sine wave but it is 
not. Also, if the measurement is repeated at different locations of the 
sound, slightly different results may be obtained because the vibration of 
the tuning fork is not ideal, i.e. irregularities in amplitude and frequency 
occur.  
 If the teacher wants to present the spectrum of a pure sine wave, Praat 
can generate such pure tones and other types of sounds as well. Fig 8. 
demonstrates the spectrum of a pure sine wave.  
 

Figure 8. The harmonic spectrum of a pure sine wave 

 
 
 This software generated wave can be regarded as ideal, therefore only 
one component, the fundamental frequency is visible in its spectrum. It 
can be predicted that the spectrum of a complex wave will include a 
number of harmonics. Figure 9 shows the harmonic spectrum of the violin 
sound (Example 3).  
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Figure 9. The harmonic spectrum of the A string of a violin 

 
 
 Since this is the sound of the A string, the fundamental frequency of this 
sound is 440 Hz again. However, a number of harmonics can be observed 
here. The frequencies of these harmonics will be around 880, 1320, 1760 
Hz and so on, which demonstrates that the frequencies of the harmonics 
are the integer multiples of that of the fundamental frequency.  

 
Example 5 
 
The textbook does not make a mention of human speech organs and 
speech production, although sounds produced by the speech organs would 
be very easy and motivating to measure. One example, which is close to a 
sine wave, is whistling. Figure 10 shows the oscillogram of whistling.  
 

Figure 10. The oscillogram of whistling 

 
 
 It is easy to observe that the waveform of whistling is almost like a sine 
wave, however, there are irregularities in the amplitude as the peaks are 
not at a constant value. If we measure the period of one cycle, we get a 
value around 0.0009 s in this case. Using formula (1), the frequency of this 
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whistling, measured on one cycle, is 1111.11 Hz. When we display the 
harmonic spectrum of this sound sample, we get Figure 11.  
 

Figure 11. The harmonic spectrum of whistling 

 
 
 Although whistling is heard as a regular sound, due to the 
imperfections, its harmonic spectrum seems more complex than expected. 
It is easy to identify the fundamental frequency (1101.85 Hz) and the 
harmonics (2202 Hz, 3297 Hz). But again, due to the fact that whistling is 
not an ideal sound, like the tuning fork, other frequencies also occur (even 
below the fundamental frequency), therefore the spectrum is not limited 
only to the fundamental frequency and its harmonics.  

 
Example 6 
 
Other interesting experiments can be carried out with voice recordings. 
The simplest form of measurements is an analysis of the waveform of the 
voice the same way it was discussed with the previous experiments. Since 
the individual speech sounds have very different and complex acoustic 
properties, it is recommended to use vowels. Figure 12 demonstrates the 
waveform of a female speaker’s voice when she pronounced the vowel [a].  
 

Figure 12. Waveform of a female speaker’s voice (vowel [a]). 
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 If we apply formula (1), we will get that the speaker’s fundamental 
frequency was 222.91 Hz. Now, based on everyday experiences, one may 
predict that a male speaker’s fundamental frequency will be lower. When 
the same vowel was pronounced by a male speaker, the following 
oscillogram was resulted (Figure 13).  
 

Figure 13. Waveform of a male speaker’s voice (vowel [a]). 

 
 
 The period time is 0.008157 s, therefore the speaker’s fundamental 
frequency is 122.59 Hz, based on this cycle. It can be therefore concluded 
that based on these speech samples, the difference between the 
fundamental frequencies of these two speakers is 100 Hz. These frequency 
values may be very different at different locations of the speech sample, 
since speech usually has its own melody. It should be noted that for 
research other, more reliable methods are used for measuring 
fundamental frequency, but the method applied here is satisfactory for 
demonstrating the phenomena.  
 Having examined the fundamental frequencies and waveforms of the 
female and male voice recordings, one may make predictions about their 
harmonic structures.  
 

Figure 14. Spectrum of a female speaker’s voice (vowel [a]) 
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Figure 15. Spectrum of a male speaker’s voice (vowel [a]) 

 
 
 A mere visual inspection of Figure 14 and 15 would suggest that the 
harmonics in the male speaker’s voice are more dense due to the lower 
fundamental frequency. This statement can be confirmed by measuring 
the frequencies of the individual harmonics.  

 
Example 7 
 
On page 47, the textbook demonstrates several types of waves. Although 
the terms “periodic”, “quasi-periodic” and “aperiodic” are avoided, one can 
easily see that the illustrations are mainly periodic and aperiodic waves. In 
the previous examples we mostly used quasi-periodic and periodic waves. 
Praat can, of course, display aperiodic waves as well, but in this case, we 
carry out no measurements. Any kind of noise can be used for this 
demonstration. In Figure 16 we use the consonant [s], pronounced by a 
female speaker.  

 
Figure 16. Example of an aperiodic wave (consonant [s]) 
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The teacher’s role 
 
In designing and conducting an experiment in the classroom, the teacher 
has a complex role. In addition to identifying the didactical goals of the 
lesson, and selecting appropriate methods, teacher decides in what 
organizational structure the experiments will be carried out. Dorrio and 
his colleagues (2011) suggested several organizational structures for 
experimenting. One is interactive demonstration, in which the teacher 
gives detailed explanation of the experiment beforehand, and learners are 
challenged to make predictions about the expected results. After the 
experiment the learners discuss what has happened and the teacher 
moderates the ensuing debate. This method is in line with the principles of 
constructivist learning as Hennessy and his colleagues (2007) stated, i.e. 
predict, observe and explain. Another organizational structure is problem-
based learning mini-project, in which, with teacher supervision, students 
in small groups construct a model, measure, make hypotheses, estimate, 
discuss and suggest. 
 When implementing experiments with Praat, both organizational forms 
have the potential to stimulate students ask and analyse questions like: 
What happens to the harmonic structure if an instrument plays a lower or 
a higher note? What is the lowest and a highest frequency that a man can 
produce? Can a woman and a man speak at the same fundamental 
frequency?  
 These examples were tested in groups of first-year university students, 
in a course on Phonetics. The preliminary experiences confirm that the use 
of Praat helps them understand basic concepts of Physics studied during 
the course. Experiences have also revealed some other aspects of using 
Praat for teaching:  

 the teacher has to be a confident user of Praat and should have a 
knowledge of it deeper than what is actually required for the 
experiments 

 although Praat is capable of recording sound, the teacher should 
collect a variety of different sound samples, including the same 
sound sources with different fundamental frequencies so it will be 
possible to demonstrate visual differences between different sounds 

 the teacher should take into consideration that autonomous work of 
students, either in small groups, pairs, or individually, may be 
excessively time-consuming. This may be because the students have 
to learn to use the software, they may need help with opening, 
displaying etc. sound files, and they may have individual ideas that 
they want to test.  

 
Conclusions 
 
The purpose of this paper was to discuss the advantages of ICT use in 
teaching sciences, and to present ideas to include the Praat speech 
analyser software in teaching waves and sound. These examples, 
implemented flexibly in a classroom, can be used by the application of 
three of the four teaching strategies identified by Barak and his colleagues 
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(2011). First, visualization is a central strategy in these experiments, and 
the advantage of the experiments is that the graphical representations are 
linked with acoustic stimuli. Second, after a thorough preparation, the 
inquiry strategy can also be applied, when individual students or small 
groups do the experiments themselves. Third, the application of the 
reflective strategy can also applied during or after the experiment. The 
problem-solving strategy, however, may not be appropriate, since solution 
of problems based on the acoustic analysis of speech would require a 
deeper knowledge of acoustics or phonetics and significantly more time. 
One possible example is finding out why two sounds are consonant or 
dissonant. Other, even more complex but interesting problems are those 
that forensic experts work on. If a distorted speech recording is available, 
can one identify the gender of the speaker? Is it possible to identify what 
speech sounds were pronounced even if they cannot be heard clearly?  
 We believe that the examples presented here, used in a way that 
supports constructive learning, may contribute to the students’ motivation 
and better understanding of Physics or other subjects where waves and 
sound are taught. Praat has many other functions that were not discussed 
here, such as sound synthesis, but once a teacher understands its functions 
and achieves skills to use it, he or she may develop further ideas to make 
learning Physics even more exciting and motivating.  

 
References 
 
Barak, M., Nissim, Y., & Ben-Zvi, D. (2011). Aptness between Teaching Roles and 

Teaching Strategies in ICT-Integrated Science Lessons. Interdisciplinary 
Journal of E-Learning and Learning Objects, 7, 305-322. 

Baus, C., McAleer, P., Marcoux, K., Belin, P., & Costa, A. (2019). Forming social 
impressions from voices in native and foreign languages. Scientific Reports, 9 
(414). Retrieved from https://www.nature.com/articles/s41598-018-36518-6 
[22.02.2019]. 

Berenguel, M., Rodríguez, F., Moreno, J. C., Guzmán, J. L., & González, R. 
(2016). Tools and Methodologies for Teaching Robotics in Computer Science & 
Engineering Studies. Computer Applications in Engineering Education, 24 
(2), 202-214. DOI: https://doi.org/10.1002/cae.21698 

Bih Ni, L. (2012). ICT Use In Teaching and Learning of History. IRACST - 
International Journal of Computer Networks and Wireless Communications, 
2 (4), 428-433. 

Bih Ni, L., & Abdullah, S. (2015). The Movie Maker: History Teaching For 
Teachers. IRACST - International Journal of Research in Management & 
Technology, 5 (3), 284-288. 

Boersma, P. (2001). PRAAT, a system for doing phonetics by computer. Glot 
International, 5 (9-10), 341-347. 

Boersma, P., & Weenink, D. (2019). Praat: doing phonetics by computer. 
[Computer program]. Version 6.0.48. Retrieved from http://www.praat.org/ 
[17.02.2019]. 

Briones, C. B. (2018). Teachers’ competency on the use of ICT in teaching physics 
in the junior high school. In 4th International Research Conference on Higher 
Education (pp. 177-204). DOI: https://doi.org/10.18502/kss.v3i6.2380 

Bulman, G., & Fairlie, R. W. (2016). Technology and Education: Computers, 
Software, and the Internet. Cambridge, MA: National Bureau of Economic 
Research. 



Practice and Theory in Systems of Education, Volume 14 Number 3 2019 

146 

Chinyamakobvu, M. (2016). Using video lectures to build statistical research 
skills. In Tshuma, N. (Ed.), Teaching and Learning with Technology: 
Reframing traditional understandings and practices (pp. 27-28). Makhanda, 
South-Africa: Rhodes University. 

Dorrio, J. B. V., Blanco-García, J., & Costa, M. (2011). Hands-on physics 
experiments for classroom. In Costa, M. F., Dorrio, B. V., & Divjak, S. (Eds.), 
Proceedings of the 8th International Conference on Hands-on Science. Focus 
on multimedia (p. 85-91). Vigo: Copissauro Repro. 

Eyles, A.-M. (2018). Teachers’ Perspectives about Implementing ICT in Music 
Education. Australian Journal of Teacher Education, 43 (5), 110-131. 

Ferreira, C., Baptista, M., & Arroio, A. (2013). Integrating visualizations in 
science teaching: Teachers’ difficulties and pedagogical approaches. Problems 
of Education in the 21th Century, 57, 48-60. DOI: 
https://doi.org/10.33225/pec/13.57.48 

Flemming, T. (2016). Podcasting to improve students’ reading of academic texts. 
In Tshuma, N. (Ed.), Teaching and Learning with Technology: Reframing 
traditional understandings and practices (pp. 7-8). Makhanda, South-Africa: 
Rhodes University. 

Fu, J. S. (2013). ICT in Education: A Critical Literature Review and Its 
Implications. International Journal of Education and Development using 
Information and Communication Technology, 9 (1), 112-125. 

Gambiza, J. (2016). Self-directed knowledge creation using glossaries. In 
Tshuma, N. (Ed.), Teaching and Learning with Technology: Reframing 
traditional understandings and practices (pp. 9-10). Makhanda, South-
Africa: Rhodes University. 

Gregg, R. E., Zhou, S. H., Lindauer, J. M., & Giuliano, K. (2008). What is inside 
the electrocardiograph? Journal of Electrocardiology, 41 (1), 8-14. 

Habibi, Z., & Habibi, A. (2014). The effect on information technology in teaching 
physics courses. The Eurasia Proceedings of Educational & Social Sciences,  
1, 391-396. 

Halász, T., Jurisits, J., & Szűcs, J. (2017). Fizika 11. Rezgések és hullámok. 
Modern fizika. Szeged: Mozaik. 

Hennessy, S., Wishart, J., Whitelock, D., Deaney, R., Brawn, R., la Velle, L., 
McFarlane, A., Ruthven, K., & Winterbotton, M. (2007). Pedagogical 
approaches for technology-integrated science teaching. Computers & 
Education, 48 (1), 137-152. DOI: 
https://doi.org/10.1016/j.compedu.2006.02.004 

Hunt, S. (2016). Collaborative peer feedback. In N. Tshuma (Ed.), Teaching and 
Learning with Technology: Reframing traditional understandings and 
practices (pp. 35-36). Makhanda, South-Africa: Rhodes University. 

Hus, V. (2011). The use of ICT in the environmental studies subject. Procedia - 
Social and Behavioral Sciences, 15, 3855-3860. DOI: 
https://doi.org/10.1016/j.sbspro.2011.04.385 

Hussain, A., Azeem, M., & Shakoor, A. (2011). Physics Teaching Methods: 
Scientific Inquiry Vs Traditional Lecture. International Journal of Humanities 
and Social Science, 1 (19), 269-276. 

van Lieshout, P. (2003). Praat - Short Tutorial. Retrieved from 
https://web.stanford.edu/dept/linguistics/corpora/material/PRAAT_worksh
op_manual_v421.pdf [24.02.2019]. 

Mahdi, K., Chekour, M., Laafou, M., Al Idriss, R. J., & Madrane, M. (2014). The 
generalization of using the ICT in the work of the physics teachers in Moroccan 
schools: Obstacle of training courses and solutions. International Journal of 
Innovation and Applied Studies, 9 (2), 829-834. 

Maharaj-Sharma, R., Sharma, A., & Sharma, A. (2017). Using ICT-based 
Instructional Technologies to Teach Science: Perspectives from teachers in 



Practice and Theory in Systems of Education, Volume 14 Number 3 2019 

147 

Trinidad and Tobago. Australian Journal of Teacher Education,  
42 (10), 23-35. 

Moraru, S., Stoica, I., & Popescu, F. F. (2011). Educational software applied in 
teaching and assessing Physics in high schools. Romanian Reports in Physics, 
63 (2), 577-586. 

Niederhauser, D. S., & Stoddart, T. (2001). Teachers’ instructional perspectives 
and use of educational software. Teaching and Teacher Education,  
17 (1), 15-31. 

Ouardaoui, A., Legrouri, A., Darhmaoui, H., & Loudiyi, K. (2012). ICT integration 
into Chemistry-Physics classes in moddle schools through a particiaptiry pilot 
project approach. Procedia - Social and Behavioral Sciences, 55, 232-238. 

Razmov, V., & Anderson, R. (2006). Pedagogical Techniques Supported by the 
Use of Student Devices in Teaching Software Engineering. In Proceedings of 
the 37th SIGCSE Technical Symposium on Computer Science Education  
(pp. 344-348). New York, NY: ACM. DOI: 
https://doi.org/10.1145/1121341.1121449 

Ramma, Y., Bholoa, A., Watts, M., & Nadal, P. S. (2017). Teaching and learning 
physics using technology: Making a case for the affective domain. Education 
Inquiry, 9 (2), 210-236. DOI: 
https://doi.org/10.1080/20004508.2017.1343606 

Reiner, M., & Gilbert, J. K. (2004.). The symbiotic roles of empirical 
experimentation and thought experimentation in the learning of physics. 
International Journal of Science Education, 26 (15), 1819-1834. 

Setiawan, H. S., Agustin, E. R., & Wahyuni, S. (2016). Physics experiment and 
evaluation method based microcontroller atmega and Microsoft Visual Studio. 
International Journal of Learning and Teaching, 2 (2), 111-116. 

Siorenta, A., & Jimoyiannis, A. (2008). Physics instruction in secondary schools: 
An investigation of teachers’ beliefs towards physics laboratory and ICT. 
Research in Science & Technological Education, 26 (2), 185-202. 

Srinivas, S. (2016). Using Skype to connect students with international change 
agents. In Tshuma, N. (Ed.), Teaching and Learning with Technology: 
Reframing traditional understandings and practices (pp. 31-32). Makhanda, 
South-Africa: Rhodes University. 

Snowball, J. (2016). Using student-generated content to improve participation in 
a large class. In Tshuma, N. (Ed.), Teaching and Learning with Technology: 
Reframing traditional understandings and practices (pp. 19-20). Makhanda, 
South-Africa: Rhodes University. 

Suduc, A.-M., Bizoi, M., Gorghiu, G., & Gorghiu, L. M. (2011). Information and 
communication technologies in science education. Procedia - Social and 
Behavioral Sciences, 15, 1076-1080. 

Tabensky, P. (2016). Using videos for deep engagement. In Tshuma, N. (Ed.), 
Teaching and Learning with Technology: Reframing traditional 
understandings and practices (pp. 15-16). Makhanda, South-Africa: Rhodes 
University. 

Todd, A. (2016). Encouraging participation through social media. In Tshuma, N. 
(Ed.), Teaching and Learning with Technology: Reframing traditional 
understandings and practices (pp. 21-22). Makhanda, South-Africa: Rhodes 
University. 

Upfold, C. (2016). Connecting virtually with industry experts. In Tshuma, N. 
(Ed.), Teaching and Learning with Technology: Reframing traditional 
understandings and practices (pp. 11-12). Makhanda, South-Africa: Rhodes 
University. 

Vavougios, D., & Karakasidis, T. E. (2008). Application of ICT Technology in 
Physics Education: Teaching and Learning Elementary Oscillations with the 
Aid of Simulation Software. International Journal of Emerging Technologies 
in Learning, 3 (2), 53-58. 



Practice and Theory in Systems of Education, Volume 14 Number 3 2019 

148 

de Vos, M. (2016). Using questionnaires to grow a body of knowledge. In Tshuma, 
N. (Ed.), Teaching and Teacher Education: An International Journal of 
Research and Studies (pp. 39-40). Makhanda, South-Africa: Rhodes 
University. 

Wessels, P. (2016). Encouraging collaboration through online reading groups. In 
Tshuma, N. (Ed.), Teaching and Learning with Technology: Reframing 
traditional understandings and practices (pp. 17-18). Makhanda, South-
Africa: Rhodes University. 


