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Abstract

This study aimed to determine science teacher candidates' understanding of the wave concept under the headings
of the essential characteristics of waves and their place and importance in daily life. The research was carried out
with 53 science teacher candidates studying in the first grade in the education faculty of a state university in Turkey
in the 2021-2022 academic year. The research used a criterion sampling method to determine teacher candidates.
It also employed the case study method, one of the qualitative research methods. To determine the opinions of
teacher candidates on the wave concept, researchers developed data collection tools containing ten open-ended
guestions. The questions in the form, a data collection tool in this study, were prepared to include conceptual,
transactional, and relational categories. Three questions were conceptual, four were transactional, and three were
relational. Evaluating the study's findings in general terms, we can conclude that the candidates knew the concepts
related to the wave. Still, they were not successful in explaining the wave concept, classifying them according to
physical characteristics, and indicating the characteristics of wave types.

Keywords: Wave Concept, Conceptual Understanding, Science Teacher Candidates

1. Introduction

Although concept teaching is one of the crucial goals in science teaching, many studies reveal that many students
fail to understand basic scientific concepts in depth. Understanding and developing students' conceptual
understanding has been a fundamental goal in science education in recent years (Nieminen et al., 2012). However,
many students often fail to understand science concepts in depth, making it difficult for students to apply what
they have learned.

One of the critical problems encountered in concept teaching is students' misconceptions. Misconceptions can be
interpreted as misunderstandings incompatible with the scientific explanation of natural events or phenomena that
occur in the real world (Modell et al., 2005). Students' experiences with physical events may lead to incorrectly
biased ideas or misconceptions about physical concepts (Neidorf et al., 2020). Misconceptions often have a
negative impact on students' science learning in later years because they produce a result that prevents the learning
of a scientifically accepted concept. In addition, misconceptions have a cumulative effect on students, ranging
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from primary education to the point where they have a certain level of expertise (Chen et al., 2019; Potvin & Cyr,
2017).

According to Bao & Koenig (2019), science education aims to develop high-level reasoning skills and promote
deep conceptual understanding in the twenty-first century. For this purpose, many models and definitions have
been created to examine and define students' conceptual information status and development. As a result of the
examination of some studies on modelling, students' information structures have shown that learning depends on
the context. It has also been concluded that students with poor conceptual understanding often have information
structures associated with isolated conceptual structures that cannot establish similarities and contrasts between
contexts (Bao & Koenig, 2019).

Gaining conceptual understanding, thinking, and problem-solving skills are the expected results in 21st-century
science learning (Resbiantoro et al., 2022). The OECD Future of Education and Skills 2030 project defines
information as " covering facts, concepts, ideas and theories about certain aspects of the world".In the OECD
Learning Framework 2030, a product of the same project, four different types of information are mentioned:
discipline, interdisciplinary, epistemic and procedural. Interdisciplinary information can help students transfer
information from one discipline to another. Thanks to it, students can learn to convey critical concepts or big ideas
across different disciplines (Harlen, 2010). However, when students do not understand the concept, their ability to
apply it to a new situation or discipline decreases considerably. Key concepts or big ideas are included in every
subject, but they can be recognized as "meta-concepts™ or "macro-concepts™ on different subjects (Erickson et al.,
2017). According to Day & Goldstone (2012), students should recognize structural or conceptual similarities to
transfer their previous information to the new situation. However, studies on this subject show that students are
unsuccessful (OECD Future of Education and Skills 2030 project).

As a result of the integration of twenty-first-century skills into the Physics Education Research (PER) literature, a
broadly defined set of education and research goals has been proposed for future PER studies. One of these
proposals is discipline-specific deep learning. Also, some popular frameworks are conceptual understanding,
problem-solving, information structure, deep learning and information integration. The other is discipline-based
ideas, intersecting concepts and practices. What is meant by intersecting concepts here is to develop transferable
scientific reasoning skills (Bao & Koenig, 2019).

The wave concept and Its Significance

The wave concept is one of the essential and basic concepts of science. Because it includes a wide range of physics
subjects such as acoustics, optics, quantum mechanics and electromagnetic waves, in other words, this
comprehensive field within physics contributes to a better understanding of physics (Aykutlu et al., 2022).
Understanding vibration and wave concepts, as in other physics subjects, requires not only students' basic
understanding of information but also complex thinking to understand the characteristics and types of waves
(Furgani et al., 2018). In this respect, an in-depth understanding of mechanical waves is crucial (Xie et al., 2021).
Teaching about wave structure and function is a critical element of science programs, and Next Generation Science
Standards (NGSS) are supported by Applications in Waves and Information Transfer Technologies. To support
students in learning these ideas, teachers often aim to develop wave chart models that define different aspects of
students' wave structure (Enderle et al., 2021).

According to Xie etal. (2021), the propagation of a mechanical wave is the collective movement of a multiparticle
system defined as the environment, which is new to most students and difficult to conceptualize. In teaching wave
behaviour, many new concepts, such as speed and energy, go beyond particle-based identification, such as
wavelength, period, frequency, and amplitude, and are used to describe particle-like objects. As a result, it can be
difficult for students to understand the nature of waves and their difference from particle-like objects.

Today, interdisciplinary concept teaching or concept-based teaching is gaining importance. The wave concept is
a concept that has an interdisciplinary characteristic, and we frequently encounter it in our daily life. On the other
hand, the research revealed many deficiencies related to understanding the wave concept and its essential
characteristics at all levels. Wiyantara et al. (2021) conducted descriptive research to determine the perceptions
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and representation levels of secondary school students regarding wave concepts. The results of the research show
that there are many students with a deficiency of information and misconceptions. Tumanggor et al. (2020), in
their research with 35 physics education students and aimed to determine the misconceptions of teacher candidates
about mechanical waves, stated that the biggest misconception they detected was about the general characteristics
such as waves represented by the graph and wave frequency, wave source and environment. According to the
results of the Mechanical Waves Conceptual Survey (MWCS), designed to evaluate the level of understanding of
four main subjects such as propagation, superposition, reflection, and standing waves, Barniol & Zavala (2016)
conducted a study with 541 university students. They concluded that students had more difficulty in propagation
and standing waves and especially in the subtitle of sound. They had less difficulty in superposition and reflection.
Taglidere (2021) investigated the individual and relative effectiveness of two conceptual change practices on the
conceptual understanding of science teacher candidates and their misconceptions of mechanical waves. He
consequently showed that conceptual change texts enriched with concept cartoons might be more effective in
increasing students' conceptual understanding levels and reducing misconceptions about mechanical waves. In
their study with 13 teacher candidates, Aykutlu et al. (2021) aimed to determine the candidates’ conceptual
understanding regarding the standing wave concept. As a result of the research, it was determined that there were
problems in teacher candidates' conceptual understanding of the standing wave concept and that they also had
incomplete information and unscientific opinions. Glilgicek et al. (2018) designed three experiments and
experimental instructions to determine the effect of different laboratory approaches on the understanding of wave
concepts of physics teacher candidates. When they evaluated the pre-test and post-test results and the interview
results with students after the applications, they stated that their applications did not yield convincing results.
Kigukodzer (2010), in his study with science teachers candidates, aimed to describe the conceptual understandings
of teacher candidates about the primary events and concepts of wave physics, the creation, spread and initiative of
mechanical waves, and to identify misconceptions. The study determined that teacher candidates had
misconceptions about mechanical waves' basic phenomena and concepts.

The wave concept and related subjects are given in detail in the 10th and 11th grades in the high school program
in Turkey. The wave concept is critical because it has an interdisciplinary character and is a concept we frequently
encounter daily. Research on the subject reveals the existence of many deficiencies related to understanding the
wave concept and its essential characteristics in each level of students since it is impossible to go further without
understanding the wave concept and its characteristics. Most studies have focused on mechanical waves, such as
the propagation of waves, standing waves, sound, water and spring waves. This study, unlike others, aimed to
understand what the wave concept is, to know the essential characteristics of waves and to determine the
understanding of the wave concept in our lives and its importance.

The research problem in line with the purpose is "What are the understandings of science teacher candidates about
the wave concept?".

Sub-problems are as follows:

1. What is the level of science teacher candidates' understanding of the wave concept?

2. What is the level of science teacher candidates' understanding of general wave concepts?

3. What is the level of science teacher candidates' understanding of wave types?

4. What is the level of science teacher candidates' understanding of the importance of waves?

2. Method

The research employed the case study method, one of the qualitative research methods. Case studies focus on the
selected situation or problem to examine the subject investigated in detail (Creswell, 2014).

2.1 Participants

The research was conducted with 53 science teacher candidates studying in the Science Teaching Department of
the Faculty of Education of a state university in Turkey in the 2021-2022 academic year. Forty-one of the
candidates who participated in the research were females, and 12 were males. The research used a criterion
sampling method to determine teacher candidates. For this purpose, the fact that teacher candidates took the
Physics course in the 10th and 11th grades of high school was determined as a criterion.
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2.2 Instruments and Procedures

A data collection tool was developed based on high school physics course achievements, relevant literature review
and expert opinions To determine the teacher candidates' understanding of the wave concept. Moreover, a pilot
application was conducted with three teacher candidates who had taken the Physics | course in the science teaching
program to determine the intelligibility of the questions. The developed data collection tool contained 10 questions
about the waves unit taught in the course. The questions were prepared to include conceptual, transactional, and
relational categories (Durukan, 2019). Questions 1 to 3 in the data collection form were conceptual, 4, 5, 6 and 7
were operational, and 8, 9 and 10 were relational. Data collection forms were given to teacher candidates during
the course, and they were expected to answer within two lesson hours. The questions given to teacher candidates
through data collection forms are shown below:

1- What is a vibration movement? Give an example of a vibration movement.

2- Explain the wave concept, and write down all the characteristics you know about the wave concept and
the related concepts.

3- What does wave movement mean?

4- Draw a wave image to show all the characteristics you know of the shape.

5- How are waves classified according to their physical characteristics?

6- What are the wave types? Write down the examples you know of these types.

7- Write the characteristics of the wave types and give examples.

8- Explain whether waves matter in our daily lives.

9- Write down the wave examples you may encounter in your daily life.

10- Give examples by specifying the beneficial and harmful characteristics of the waves.

2.3 Data Analysis

Content analysis was applied to the data obtained from the teacher candidates through written forms. Then the
codes, categories and themes that emerged from the students' expressions in the written forms were determined
separately by two researchers. After this stage, the researchers came together and evaluated the results. The
reliability of the findings was determined as 81% consistency using Miles & Huberman's (2002) method, and the
states where there was a difference between the researchers were re-evaluated, and the final state was reached.
The results were presented in tables by bringing them together within the framework of themes. The volunteer
teacher candidates in the study were informed about the purpose of the study and acted under research ethics. The
participants were coded as S1, S2... to protect the confidentiality of the candidates.

3. Results

As the first sub-problem in the study, two questions were asked to the science teacher candidates to determine
their level of understanding of the wave concept. Within the scope of the first question, they were asked to define
the vibration movement and give examples of it. Four main themes emerged from the answers of teacher candidates
regarding this question. The most frequently mentioned themes were "periodic oscillation movement around the
equilibrium point™ with (f=25) and "movement caused by the contact of particles in a material environment™ with
(f=13). Other themes were listed as (f=6) "movement caused by waves" and (f=3) "movement formed when force
is applied". Figure 1 shows the resulting themes.
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Vibration movement

Movement when force is applied

Wave movement

Movement caused by contact of
particles in a material environment
Periodic oscillation movement

around the equilibrium point

o

5 10 15 20 25 30

Figure 1: Themes for defining vibration movement

Examples of student statements for the first question are given below.

S11 "It is the event of mobilizing the object with the mechanical effects applied by the atoms that make up a
substance. Trembling movement of drums, drums, etc. while playing".

S15 "Vibration is constantly moving between two points in a certain period. For instance: movement of the
pendulum of the pendulum clocks".

S20 "It is the movement formed by the union of force with the material environment".

S39 "It is the periodical movement of something. Guitar wire can be given as an example ".

The first part of the second question about the same sub-problem asked for an explanation of the wave concept,
and the second part asked about the characteristics of the wave concept were asked in the second part. While 27
teacher candidates could not answer this question, four themes for the wave concept emerged from the answers of
26 teacher candidates. These themes were defined as movement caused by vibration (f=16), movement caused by
matter interaction (f=5), periodical movement (f=3), and mechanical deformation (f=2). Regarding the
characteristics of the wave concept, ten themes emerged. These themes were defined as period (f=19), frequency
(f=19), wavelength (f=18), amplitude (f=15), speed (f=12), peak (f=6), wave pit (f=6), energy(f=1). On the other
hand, some students wrote down characteristics unrelated to the wave concept (f=9). Figure 2 and Figure 3 explain
the themes obtained.

Wave concept

Mechanical deformation [}

Periodic movement ||

Movement caused by substance interaction ||| [ I

Movement caused by vibration - |

0 2 4 6 8 10 12 14 16 18

Figure 2: Themes for explaining the wave concept
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Wave movement

Wave intensity [l
Repeated movement [ NNNRNRNRNEBEE
Wave characteristics || N R NG
R
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Figure 3: Themes for the characteristics of the wave concept

Examples of teaher candidates' statements regarding the second question are given below.

Examples of explaining the wave concept:

S10 "Wave is the movement that occurs due to vibrations".

S23 "The shape formed in the environment changes while the energy transferred to the environment by the
vibration movement is transferred from one place to another".

S25 "It is the spread of the energy generated from the vibration movement from one point to another. Wave is the
energy transfer".

S42 "It is the movement of an item collectively due to other factors".

S51 "The wave consists of vibration movements".

Examples of characteristics of the wave concept:

S12 "Wavelength, frequency, period, wave source and environment".

S13 "Wave peak and pit, amplitude, wavelength, source".

Questions 3 and 4 were asked to investigate the level of science teacher candidates' understanding of general wave
concepts as the second sub-problem of the study. The third question asked to define the wave movement, and
conclusively four themes emerged, which were determined as propagation movement in a flexible environment
(f=17), wave characteristics (f= 9), repeated movement (f= 8), and wave intensity (f=2). Seventeen students did
not respond to this question. Figure 4 summarizes the themes and categories obtained for question 3.

Wave movement

Wave intensity [N
Repeated movement I
Wave characteristics | I INERNERIIINNE
S T I & Xl

environment
0 2 4 6 8 10 12 14 16 18

Figure 4: Themes for defining wave movement

Examples of teacher candidates' expressions of wave movement are given below.

S11"Mechanical shapes formed from the force we apply to the material from the inside or outside are called wave
movements".

S24 "It is the vibration movement emitted in space or material environment".

S26 "It is the progress of the wave by travelling".

S34 "It is the movement that occurs due to regular advances in repetitive movements".

S36 "Movement from a source and formed in specific periods is called wave movement "

S32 "It is the movement in environments such as air and water".
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In the fourth question, the candidates were asked to draw a wave picture and show the characteristics they knew
about it. Three categories emerged when the answers of the candidates who drew shapes were examined. For this
question, there were only 2 drawings in which all the characteristics were shown correctly. There were also 28
drawings in which all characteristics were not shown, and 21 were incorrectly made drawings. Apart from this,
two candidates made drawings. Figure 5 summarizes the themes and categories obtained for question 4.

Drawing a wave image

Correct drawing with all characteristics [Jij

Incorrect or incomplete drawing and I

characteristics
Drawing without all characteristics | N N NN
0 5 10 15 20 25 30

Figure 5: Categories for characteristics representation by drawing a wave image

Examples of characteristics representation by drawing a wave image:

S17
L iy

cblggan,
gidaed!

5 Culor NOAS)
S24
|5 o

210¢ oy
QM
Oalga boyu: M e
S48
:‘;wul e pj dlllglx tﬂ\m Glelllltle.rl gdsterlniz?
=5 > Sap ke

Within the scope of the third sub-problem of the study, questions 5, 6, and 7 were asked to investigate the level of
science teacher candidates' understanding and wave types. In the fifth question, it was asked to classify the waves
according to their physical characteristics. When the answers were examined, it was seen that classifications were
made according to the vibration direction (f=33), the direction and the energy they carry (f= 3), and the energy
they carry (f=1). Still, there were also unclassified responses (f= 5). The sixth question asked about wave types
and their examples. In the examination of the answers obtained, three themes emerged: electromagnetic (f= 44),
mechanical (f= 40) and mechanical and electromagnetic (f= 3) wave examples. Under this question, 6 students
gave unclassified examples. The seventh question asked about the characteristics of wave types. While there were
only 2 complete answers in which the characteristics of wave types were given correctly, other answers were
determined as mechanical and electromagnetic wave characteristics (f= 11), mechanical wave characteristics (f=
3), and electromagnetic wave characteristics (f= 3). Figures 6, 7, and 8 show the themes obtained for questions 5,
6, and 7.
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Classification of waves

According to the energy they carry Nl
According to the direction and the.. Jlll
Unclassified I
According to vibration direction I
0 5 10 15 20 25 30 35

Figure 6: Themes for classifying waves according to their physical characteristics

Examples of teacher candidates' statements regarding questions 5, 6, and 7 are given below.

Examples of classification of waves according to their physical characteristics:

S6 "Transverse waves, longitudinal waves".

S10 "Water, spring waves, Em waves".

S44 "Classified according to vibration direction (transverse, longitudinal) and energy (mechanical and
electromagnetic)".

Wave Types and Examples

Mechanical and Em wave [l
Unclassified I
Examples of mechanical waves [
Examples of Em waves I
0 10 20 30 40 50

Figure 7: Themes for wave types and examples

Examples of wave types and examples

S19 "Sound, water and absorption wave".

S26 "Electromagnetic waves (radio, ultraviolet, x-ray, microwave) and mechanical waves (earthquake, water,
spring, sound)".

S41 "Transverse waves(water wave), Longitudinal waves (Radio waves)".

S46 "Sound, earthquake, water wave".

Characteristics of Wave Types

The environment in which the wave occurs 1l
Complete answer

Characteristics of Em waves
Characteristics of Mechnical waves
Characteristics of Mechnical and Em waves
Incorrect answer

o

2 4 6 8 10 12 14

Figure 8: Themes for the characteristics of wave types

Examples of characteristics of wave types:
S8 "Water wave speed decreases while passing from deep to shallow environment".
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S29 "Waves that need the environment for the spread of mechanical waves, electromagnetic waves, waves that
spread without the need for the environment".
S51 "Waves in the MRI device may cause diseases in our body".

Within the scope of the fourth sub-problem of the study, questions 8, 9 and 10 were asked to investigate the level
of science teacher candidates' understanding of the importance of waves. The eighth question asked about the
importance of waves in our daily lives. In the examination of the answers were examined,6 themes emerged: their
importance in communication (f=26), health services (f= 16), technology (f= 13), energy acquisition (f= 3), use
in technological tools (f=1) and vision (f = 1). The ninth question asked examples of the waves encountered in
daily life. In examining the answers obtained, statements like mechanical wave samples (f= 47) and
electromagnetic wave samples (f= 42) were obtained. The tenth question, the last question, asked about the
beneficial and harmful characteristics of the waves. Beneficial electromagnetic wave characteristics (f= 22) were
determined as beneficial mechanical wave characteristics (f= 21), while harmful electromagnetic wave
characteristics (f= 34) and harmful mechanical characteristics (f=19). Figures 9, 10, and 11 show the themes
obtained for questions 8, 9, and 10.

The importance of waves in daily life

Effect on vision W
Use in technological tools W
Its importance in obtaining energy .
Its importance in technology I
Its importance in health care  IEEEEEEEE——
Its importance in communicating I

0 5 10 15 20 25

Figure 9: Themes for the importance of waves in daily life

Examples of waves you encounter in daily life

Em wave |
Mechanical wave |

38 40 42 44 46

Figure 10: Themes for wave examples encountered in daily life

Beneficial and harmful characteristics of the wave

Harmful mechanical characteristics I
Harmful Em characteristics I
Beneficial mechanical characteristics I
Beneficial Em characteristics

0 5 10 15 20 25 30 35

Figure 11: Themes for the beneficial and harmful characteristics of wa

Examples of teacher candidates' statements regarding questions 8, 9, and 10 are given below.

S5 "We obtain energy through waves".

S10 "Waves allow energy to be transported from one place to another, a beneficial characteristic".

S20 "Waves are frequently encountered in technological devices in the health field. In this respect, it is crucial."
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S37 "Waves are important in our daily life because they spread as sound waves in our communication. Em waves
are also important in medicine and chemistry".

S48 "Earthquake waves are essential in our daily life".

S29 "We can give examples of radio waves, microwave, topwater, arc, earthquake and infrared waves to the waves
we encounter daily".

S30 "X-rays and gamma rays from Em waves are harmful to human health. The sound wave is vital in the diagnosis
of diseases using ultrasound devices. "

S51"In our daily life, we encounter sound, light and water waves".

4. Discussion

The research questions were prepared to include conceptual, transactional, and relational categories (Durukan,
2019). Questions 1 and 3 in the data collection form were conceptual. The answers to these questions were
evaluated as correct, incomplete, unscientific or no. Examples of correct answers to conceptual questions included
S15(vibration), S23(wave), S24(wave movement), incomplete category S39(vibration), S51 (wave), S36(wave
movement). The students mostly gave meaningless answers to conceptual questions, as seen in the examples of
S20 (vibration) and S42 (wave), and S11(wave movement). These three concepts were related to each other. For
example, wave and wave movement concepts cannot be understood without the vibration concept. Many students
defined the wave concept as just a vibration or rising and falling movement inspired by the water or sound waves
we often encounter daily. They could not use characteristics such as "Flexible environment”, "Energy transferred
to the Flexible environment", and "Shape change created in the environment while this energy is transmitted from
one point to another" in their definition. Some of the students gave examples instead of conceptual explanations.
In addition, they wrote the concepts of frequency, period, wavelength and amplitude related to the wave. The
results of the study conducted with students at all levels on the wave concept revealed the difficulty of creating
basic concepts related to waves and various misconceptions were determined (Wiyantara et al., 2021; Tumanggor
etal., 2020; Admoko et al., 2019; Caleon & Subramaniam, 2013; Kennedy & de Bruyn, 2011; Kigukdzer, 2010;
Sengoren et al., 2009).

Another remarkable situation is that all candidates tried defining mechanical waves. No student defined or
explained the Em wave. Although there were mechanical and Em waves in the textbooks, the concept of the
mechanical wave mostly came to the mind of the students.

Questions four, five, six, and seven were transactional, and the answers to these questions were evaluated as
correct, incomplete, unscientific or no. As seen from the data in Figure 5, only two candidates could draw correctly
(S17 and S24), whereas most candidates (such as S48) either made incomplete or incorrect drawings. Some
candidates drew pictures of water waves, and some drew pictures of wave interference or wave diffraction patterns.
This situation revealed an idea of the fundamental wave pattern in the candidates' minds. Besides, they had some
deficiencies, such as the representation of the wave and the basic magnitudes of the wave. In their study with
physics teacher candidates, Tumanggor et al. (2020) determined that the waves and wave movement represented
by the graph were in their general characteristics as the biggest mistake, and then stated that they had
misconceptions about wave frequency, wave source and environment characteristics, respectively. Enderle et al.
(2021) stated that teachers relied on the effect of using the graphic models of the wave by using digital resources
or simulations to understand different aspects of the wave structure of the students. They also stated that such
practices would contribute to students' design skills (drawing waves) and using scientific models.

The fifth research question asked candidates to classify the waves according to their physical characteristics. Only
three candidates could perform the classification correctly, for example, as in S44. Most of the candidates stated
only one characteristic, such as direction. Few candidates answered according to their energy or by giving
examples (S6, S10).

The sixth question asked about wave types and their examples. Only three students classified the waves as Em and
mechanical waves and gave correct examples (S26). Most students did not make a classification and answered by
giving almost equal mechanical wave or Em wave examples (S19, S46). A few students responded by stating
transverse and longitudinal waves (T41).
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In the seventh question, students were asked to write the characteristics of the wave types they gave as examples.
Only three students stated that the environment was needed to spread mechanical waves and that the environment
was not needed for spreading Em waves (529). Many students only gave examples or incorrect answers (S51, S8).
In general, the percentage of correct answers was relatively low in the operational questions of the candidates
(Figure 6-8).

Questions 8, 9, and 10 aimed to explain the importance of waves, the examples we encounter daily, and their
beneficial and harmful characteristics. All the candidates stated that it was essential and expressed it as
communication, health and technology in order of importance. They gave more examples of mechanical waves
from our daily lives. While issues such as communication, technology, health, and energy acquisition come to the
forefront among the beneficial characteristics of waves, frequently stated ones were tsunami and earthquake waves
in mechanical waves as harmful ones that may be caused by Em waves (gamma and x-rays) (such as their effect
on human DNA, causing cancer). As a result of the examination of the explanations and examples made by the
candidates, it can be said that they were more successful in the relational dimension depending on their daily life
experiences.

According to the findings obtained, we can conclude that the candidates were far from giving a scientific
explanation for the wave concept. In the 10th-grade physics lesson curriculum, the wave concept is considered
mechanical waves, and subjects related to mechanical wave examples are included in detail as a separate section.
Em waves are included in the physical classification of waves, but the formation mechanism is not included, and
explanations are made by giving examples. Nevertheless, in the research, students had difficulty explaining the
wave concept, which can be accepted as scientific. Besides, in the 11th-grade physics lesson curriculum, Em waves
are discussed in detail in the wave mechanics unit and explained by giving examples. On the other hand, no student
mentioned the definition or formation mechanism of the Em wave. They were satisfied only with giving examples.
It may have been caused by deficiencies in understanding the formation of Em waves and their abstract nature.

Similar results have been obtained in studies conducted with all levels about waves. Wesono et al. (2018) stated
that students tend to perceive physics as a problematic issue, mainly because of the abstract nature of the wave
concept. Tongchai et al. (2009), on the other hand, stated that understanding the wave, which is a concept taught
at the high school level for the first time, plays a vital role in physics, even if many subjects are not understood.
Tumanggor et al. (2020) stated that misconceptions about mechanical waves and related concepts were
determined, and special attention should be paid to eliminate them.

As a result, students need to understand what the wave concept is. Therefore, considering the existing
misconceptions and deficiencies, reviewing the existing strategies to produce and use appropriate technological
applications will be beneficial.
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