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Abstract. Vibrations and waves are essential topics in science subjects at junior 

high school. Understanding the basic concepts of vibration and waves is crucial 

to understanding natural phenomena. This study aims to explore junior high 

school student's performance in understanding the concepts of vibration and 

waves and identify factors that contribute to students' concept understanding. The 

research method uses quantitative methods to collect and analyze data. Quantita-

tive methods are used to obtain numerical and objective data, thus allowing re-

searchers to measure and identify the level of understanding of student concepts 

more measurably. The analysis results, in general, have indicated that student 

performance in understanding introduction to vibrations and waves is in the low 

category. Most students have difficulty understanding this material, which is re-

flected in their low performance in understanding the concepts of vibrations, 

waves, sound waves, and applications in everyday life. Based on the research 

findings, efforts are needed to improve students' performance in understanding 

the concepts of vibration and waves. The recommendation is to use a more inter-

active learning approach that can stimulate students' problem-solving imagina-

tion. 

Keywords: performance, natural science, junior high school, education, prob-

lem-solving. 

1 Introduction 

  

© The Author(s) 2024
M. Salimi et al. (eds.), Proceedings of the 7th International Conference on Learning Innovation and Quality
Education (ICLIQE 2023), Advances in Social Science, Education and Humanities Research 873,
https://doi.org/10.2991/978-2-38476-301-6_74

Understanding the concept of vibration and waves is one of the crucial aspects of 

science subjects [1]–[3] at the junior high school level. This concept is essential for 

understanding natural phenomena [4], [5] such as sound, light, and earthquakes. For 

this reason, exploring the concept of understanding the performance of junior high 

school students on vibrations and waves is very relevant and significant to improve 

the quality of the physics learning process. 

Learning about vibrations and waves at the junior high school level is a relevant 

and essential foundation for understanding more complex physics concepts at higher 
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education levels [3], [5]–[8]. However, the difficulty level of the material and the 

complexity of the concept can be a challenge for students to understand the concept. 

Previous research related to the exploration of junior high school students' concept 

understanding on the topic of vibrations and waves has been conducted by several 

previous researchers to understand students' level of understanding of the material. 

Previous research was conducted by [9] at the university level in China. The results of 

the study [9] found that most students were only able to achieve intermediate level 

knowledge and did not have a deep conceptual understanding of wave propagation. In 

addition, research was conducted by [1] on 239 students at the secondary school level 

in Uganda. The study's results [1] found that using the problem-based learning model 

was more effective in improving students' understanding of propagation, reflection, 

and standing waves than using the usual or traditional teaching model. 

Exploratory research on junior high school students' concept understanding 

performance on the topic of vibrations and waves conducted in this study has several 

differences with previous studies, such as: (1) this study uses a test set in the form of 

reasoned multiple choice, where this use allows the exploration results to be more 

comprehensive and in-depth. (2) this research was conducted in the regional context 

of East Lampung Regency, Lampung Province, Indonesia. This difference in context 

may affect the research results and the appropriateness of the findings to a particular 

situation. Therefore, the exploratory research of junior high school students' concept 

of understanding performance on vibration and waves in this study can provide 

unique contributions and relevant information for the world of education. The 

findings from this study can provide new insights, add to our understanding of the 

challenges and opportunities in physics learning, and guide the development of more 

effective and efficient learning strategies to improve students' understanding of the 

topic of vibrations and waves. 

The study aimed to investigate and explore the concept mastery performance of 

junior high school students on vibration and waves. In this study, we will analyze 

various aspects, including students' understanding of the basic concepts of vibration 

and waves, their proper use of physics terms, and their ability to apply them in real-

world situations. This performance analysis is expected to identify areas of difficulty 

for students and factors that influence their understanding of this topic. In addition, 

this article will also provide recommendations and effective learning strategies to 

improve students' concept understanding on the topic of vibration and waves. 

2 Method 

This study used a cross-sectional research design. This design allows researchers to 

collect data at one specific point in time from a representative sample of students on 

vibrations and waves [10]. This quantitative research method provides data that can 

be objectively measured and produces relevant [11] and reliable information about the 

performance of junior high school students' concept understanding on the topic of 

vibrations and waves. Accordingly, researchers can significantly contribute to a deep-
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er understanding of the material and develop more effective learning strategies in 

improving student understanding of vibration and wave topics. 

The population of this study was all junior high school students studying vibration 

and wave material in East Lampung district, Lampung Province. The total population 

of junior high school students in this research area was 500 students. A sample of 146 

students was selected randomly to represent the variation of student characteristics in 

the population. 

The measurement tool used in this study was a questionnaire in the form of a con-

cept understanding test. This questionnaire was designed based on the essential vibra-

tion and wave materials competencies determined in the school curriculum. The 

knowledge test consists of open-ended multiple-choice questions. The selection of the 

open-ended multiple-choice test form is to allow students to explain the answers in 

more depth. 

Data on the performance of students' responses were acquired using test methodol-

ogies, and the scores were split into four categories on a four-category polytomous 

scale. The number of categories chosen is determined by the guiding guidelines em-

ployed, from which one of the provisions of each category can be selected, as repre-

sents in Error! Reference source not found..  

Table 1. The Performance of Students' Responses on The Politomus Scale 

Category Description 

Category 1 
Students in this category choose the wrong answer and tend to give 

irrational reasons. 

Category 2 
Students in this category answer items correctly and tend to give 

irrational reasons. 

Category 3 
Students in this category choose the wrong answer and provide 

logical reasons based on scientific evidence. 

Category 4 
Students in this category answer items correctly and provide logical 

reasons based on scientific evidence. 

 

Exploration of junior high school students' concept understanding of vibration and 

waves, the concepts tested include several main aspects, namely the concepts of 

vibration, waves, sound waves, and applications of vibration and waves in everyday 

life. The testing of these concepts is presented in matrix form in Error! Reference 

source not found.. Testing on vibration and waves aims to get a more comprehensive 

picture of junior high school students' concept understanding of vibration and waves.  
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Table 2. Matrix of Performance Test of Introduction to Vibrations and Waves 

Concept Aspect Indicator  Items 

Vibration 
Analyze 

Distinguish the concepts of frequency and period of 

vibration 
1 

Analyze 
Organize the easiest strategy in determining the period of 

vibration 
2 

Evaluate Assess the characteristics of the vibration 3 

Wave Analyze Analyze the quantities of the waves 7 

Evaluate 
Assess the correct statements about amplitude, wavelength, 

and frequency 
4 

Evaluate 
Assess the correct statements about amplitude, wavelength, 

and frequency 
8;9 

Create Design a graph of the results of wave observations 5;6 

Sound Analyze Analyze the characteristics of sound waves 10;13 

Create Propose a hypothesis based on the concept of sound waves 14;12 

Create Design a graph of the results of sound wave observations 15 

Application 
Analyze  

Distinguishing the concept of fast propagation in various 

mediums 
16 

Evaluate Assess wave concept in life 11 

Evaluate Examine the processes that occur in hearing 18 

Create Provides a point of view of the concept of waves in life 17 

Data analysis of junior high school students' concept of understanding performance 

on vibrations and waves with a qualitative approach involves collecting descriptive 

and in-depth data about students' perceptions of the material. The results of the data 

analysis were interpreted in depth to understand the level of concept understanding of 

junior high school students on the topic of vibrations and waves using the equation 

presented in Error! Reference source not found.. 

Table 3. The scale of Performance of Students’ 

Equation Example Range for 2 item Category 

1,8i iM SD  + 
 

6,8 
 Higher 

0,6 1,8i i i iM SD M SD+    + 
 

5,6 6,8 
 High 

0,6 0,6i i i iM SD M SD−    + 

 

4,4 5,6 
 Medium 

1,8 0,6i i i iM SD M SD−    − 

 

3,2 4,4 
 Low 

1,8i iM SD  − 
 

3,2 
 Lower 

The measurement tool used in the exploration of junior high school students' 

concept of understanding performance on the topic of vibrations and waves has been 

validated by experts [12]. The validation test was conducted to ensure that the 

measurement tool is valid and can accurately measure the level of understanding of 

students' concepts related to vibration and wave material. The validation test stage 

begins by collecting measurement tools designed by researchers based on the 

curriculum's essential competencies and learning indicators on vibration and wave 
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materials. This measurement tool is then arranged in the form of questions covering 

various aspects of vibration and waves. 

The reliability test was conducted to ensure that the measurement tool used can 

produce consistent and reliable results in measuring students' level of concept 

understanding. The reliability of the test device was evaluated using the Quebec User 

Evaluation of Satisfaction with Assistive Technology (QUEST) program, which is 

one of the commonly used methods for calculating test reliability [13], [14]. 

The measurement tool used in the research to explore the performance of junior 

high school students' conceptual understanding of vibrations and waves has gone 

through a reliability test using the Quest program. The reliability result of 0.87 shows 

that the measurement tool has a high level of consistency in measuring students' 

concept understanding of vibrations and waves. As a guide, test reliability is 

considered good and acceptable if the value is above 0.70 [13], [14]. Therefore, the 

reliability result of 0.87 indicates that this test device has a more than adequate level 

of reliability and can be relied upon in measuring students' concept understanding on 

the topic of vibrations and waves. 

3 Results and Discussion 

The results of student understanding performance of introduction to vibrations and 

waves are presented in Error! Reference source not found..  

Table 4. Results of Performance Analysis of Students' Understanding of Introduction to Vibra-

tion and Waves 

Topic Aspect  𝜃 Category 

Vibration 
Analyze 2,979 Lower 

Evaluate 3,034 High 

Wave 

Analyze 3,144 High 

Evaluate 2,886 Lower 

Create 2,986 Lower 

Sound 
Analyze 2,908 Lower 

Create 2,908 Lower 

Application 

Analyze 2,500 Medium 

Evaluate 3,021 Lower 

Create 2,925 High 

The results generally show that student performance in understanding introduction 

to vibrations and waves is in the low category. This finding is consistent with [1], [15] 

findings that the ability of junior high school students to understand and master 

science material, especially on the topic of vibrations and waves, which is still in the 

low category is an issue that needs serious attention.  

Three items were used to assess students' grasp of vibration. Figure 1A represents 

the results of the examination of students' understanding performance, and Figure 1B 

represents an example of one of the items, the concept of vibration. Students in this 

category choose the wrong answer and provide logical reasons based on scientific 
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evidence. This category shows that most students’ have understood the basic concepts 

of vibration, but some weaknesses or misunderstandings still need to be corrected.  

 

Fig. 1. Performance of Student Understanding Concept Vibration of (A) Percentage of Scores 

for Each Category on the Concept Vibration, and (B) Example item Number 1 in Concept 

Vibration. 

An example of a question item used to measure students' understanding 

performance on the concept of vibration is presented in Figure 1B. Item number 1 

asks students’ to observe the table of experimental results and then analyze the results 

found. The basic concept used to answer this item uses the equation for the 

relationship between period and vibration frequency, which is presented in equation 

(1). 

 
1

T
f

=  (1) 

The interpretation of equation (1) is that the period is inversely proportional to the 

vibration frequency. Thus, when the vibration period increases, the vibration 

frequency will decrease. Likewise, if the vibration period decreases, the vibration 

frequency will increase or get bigger.  

Students’ in Category 3 have generally been able to master the basic concepts of 

vibration. They can explain what vibration is, how vibration occurs, and the factors 

that affect vibration. However, students’ have difficulty understanding more complex 

vibration concepts or applying more complex mathematical equations related to 

vibration based on observations. An example of students' understanding of 

performance on the topic of vibration is presented in Figure 2. 
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Fig. 2. Example of Student Answers to Concept Vibration 

Student A's understanding performance (Figure 2A) of the vibration concept, 

where this learner has understood the concepts of amplitude, frequency, and period of 

vibration. However, they were unable to choose the correct answer. While student B 

(Figure 2B), this learner cannot give reasons correctly and tends to give a simple 

answer.  

The findings of students’ comprehension performance on the topic of vibration 

show that students’ face difficulties in understanding the topic of vibration. Lack of 

practice in thinking abstractly and visualizing vibration and wave concepts in 

different scenarios can limit students' ability to create creative applications. This 

finding is consistent with [16], [17] findings that some students’ have difficulty 

understanding concepts related to vibration, be it mechanical vibration, harmonic 

vibration, or vibration in sound waves. 

However, students’ may have difficulty understanding the concept of complex vi-

brations or applying more complex mathematical equations related to vibrations, such 

as reading the observation table and then relating it to mathematical equations. This 

result is consistent with [18], [19] The results mentioned some aspects of vibrations, 

such as simple harmonic vibrations, involve mathematical concepts, so that students’ 

who lack confidence in mathematics or have not understood these mathematical con-

cepts may experience difficulties in understanding mathematical relationships with 

vibration phenomena. 

Students' low performance in understanding this concept may affect their 

understanding of physical science as a whole and the potential to pursue future fields 

of science and technology. This result is consistent with [9], [20], [21] the results 

mentioned that low-performing students may not fully understand the basic concepts 

of vibration and waves, such as vibration, transverse and longitudinal waves, frequen-

cy, period, and amplitude. This lack of understanding of basic concepts can hinder 

understanding further topics related to vibrations and waves [2], [3], [6], [7]. 

The taxonomy used in the exploration of Students' Performance of Introduction to 

Vibrations and Waves is Bloom's revised taxonomy. Bloom's taxonomy is a 

framework used in education to describe students' level of thinking and cognition 

[22]. This taxonomy has six levels: remembering, understanding, applying, analyzing, 

(A) 

Student A 

English (EN): Answer D, because string length impacts vibration period and fre-

quency 

 

(B) 

Student B 

EN: Answer A, because the number of vibrations is the same 
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evaluating, and creating [22]. The revised Bloom's Taxonomy used in this study is 

specifically on analyzing, evaluating, and creating. 

The student's performance results on analyzing the topic of vibrations and waves 

are still in the low category. This finding is consistent with [23] findings that some 

students do not understand the basic concepts of vibrations and waves well. A study 

[7] highlighted that some junior high school students struggle to analyze the 

properties of waves, frequency, amplitude, and period. Students' lack of 

understanding of vibration and wave topics may hinder their ability to analyze wave 

phenomena more complexly. 

The results of the student's performance evaluating the topic of vibrations and 

waves are still in the low category. The low level of evaluation indicates that students 

have difficulty applying their knowledge and understanding to analyze and assess 

situations involving vibrations and waves. This finding is consistent with the [24] 

findings that some students are poorly trained in using critical thinking skills to 

evaluate vibration and wave phenomena. Evaluation often involves the ability to 

analyze and connect information from multiple sources, as well as assessing the 

correctness and relevance of applied physics concepts. 

The results of students' performance in creating on the topic of vibrations and 

waves are still in the low category. This finding is consistent with [25] findings that 

students often lack training in using creative thinking skills to create new solutions or 

identify applications of vibration and wave concepts in unusual contexts. Creating in 

the physics context requires thinking out of the box and considering innovative ap-

proaches. A study [16] found that some junior high school students struggle to create 

new understandings or apply vibration and wave concepts to generate creative 

solutions to complex situations.  

4 Conclusion 

The analysis results generally show that student performance in understanding 

introduction to vibrations and waves is in the low category. Most students have 

difficulties such as: (1) distinguishing the concepts of frequency and period of 

vibration; (2) assessing the correct statements about amplitude, wavelength, and 

frequency; (3) assessing the correct statements about amplitude, wavelength, and 

frequency; (4) analyze the characteristics of sound waves; (5) propose a hypothesis 

based on the concept of sound waves; (6) design a graph of the results of sound wave 

observations; (7) assess wave concepts in life; and (7) examine the processes that 

occur in hearing.  

Based on the research findings, efforts are needed to improve student performance 

in understanding the concepts of vibration and waves. The recommendation is to use a 

more interactive learning approach that can stimulate students' problem-solving 

imagination. Educators can stimulate the imagination through the use of visual media 

and experiments, as well as providing opportunities for students to discuss and ask 

questions. In addition, the role of the teacher in guiding and encouraging student 

participation in learning is also very important. 
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The results of this study can provide valuable insights into developing more 

effective and relevant learning strategies to improve students' understanding of 

vibration and wave materials. In addition, this study can also contribute to improving 

our understanding of the overall level of concept understanding of junior high school 

students on the topic of vibrations and waves in the physics curriculum. 
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which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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