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 This study aims to improve students' understanding of 1-dimensional 

kinematics concepts through a multi-representation approach. A total of 42 

physics teacher candidates participated in this study, which used a one-group 
pretest-posttest experimental design. The instrument used was 18 multiple-

choice questions that included various concept representations, such as 

mathematical, graphical, tabular, pictorial, and verbal. The results showed a 

significant increase in students' concept understanding after the application 
of multi-representation learning. The pretest mean score was 44.44, which 

increased to 89.81 on the posttest, with an n-gain of 0.81 (high category). 

The paired sample t-test showed a significant difference between the pretest 
and post-test (Sig. 2-tailed = 0.000). The multi-representation approach 

allows students to understand concepts from various points of view, helps 

reduce misconceptions, and supports various learning styles. However, this 

study has limitations in the design of feedback and formative assessment, 
which are important to improve in future research to strengthen the 

effectiveness of learning. 
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1. INTRODUCTION 

Physics learning has a vital role in shaping our understanding of the physical world that we face 

daily. As one of the basic branches of science, physics helps explain natural phenomena with principles that 

can be applied in various fields of life. One of the crucial basic topics in physics is 1-dimensional Kinematics 

[1]–[4], which studies the motion of objects in a straight line. Understanding kinematics is very important 

because it is the foundation for understanding other more complex physics concepts [5]. In physics learning, 

concept understanding is a very important aspect [6]–[9]. Concept understanding refers to the ability of 

students to understand the deep meaning of a topic, not just memorizing formulas or problem solving steps. 

Students who have good concept understanding are able to explain physics phenomena in their own words, as 

well as being able to connect theory with real applications. This is key in mastering physics, especially in 

fundamental topics such as 1-dimensional Kinematics. 

1-dimensional Kinematics is one of the important concepts in physics that students must master 

from the beginning. An understanding of position, velocity, acceleration, and the relationship between these 

variables is necessary to analyze various motion phenomena in everyday life. Mastering 1-dimensional 

kinematics will help students understand more advanced physics concepts, such as dynamics, energy, and 

momentum. However, in reality, many students have difficulty understanding the concept of 1-dimensional 
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Kinematics [10]–[14]. This lack of understanding is often reflected in unsatisfactory learning outcomes and 

difficulties in applying the concepts that have been learned. Errors in understanding the relationship between 

kinematics variables, such as difficulty distinguishing between velocity and acceleration, are some examples 

of problems that often arise. 

One of the causes of low understanding of the concept of 1-dimensional Kinematics is a learning 

approach that does not involve multi-representation. Multi-representation involves using different ways to 

explain concepts, such as graphs, diagrams, mathematical equations, and verbal descriptions [6], [15]–[18]. 

When learning is too focused on one form of representation, for example, relying solely on mathematical 

equations without linking them to visualizations, students will find it challenging to build a more holistic 

understanding of kinematics concepts. Therefore, this research will apply multi-representation in learning 1-

dimensional Kinematics to improve students' concept understanding. 

 

2. METHOD 

This research uses a quantitative method with an experimental design, namely one-group pretest-

posttest design. This design involves measuring students' concept understanding before and after the 

implementation of learning with a multi-representation approach to see the differences that occur after the 

treatment is given. The research was conducted on 42 physics teacher candidate students who had completed 

the Basic Physics I course. The subjects consisted of 33 female students and 9 male students. This research 

was conducted in the Department of Physics at one of the universities in East Java, Indonesia. 

The instruments used in this study were 18 multiple-choice questions designed to test students' 

understanding of the concepts of position, displacement and distance traveled, speed and velocity, and 

acceleration. The questions were presented in various representations, including mathematical, graphical, 

tabular, pictorial, and verbal representations, to measure students' multi-representation skills. 

Data analysis was conducted using descriptive statistics, paired sample t-test to see the difference 

between pretest and posttest, and calculation of n-gain value to measure the improvement of understanding. 

The n-gain category is based on the provisions of low if 〈g〉 G 0.25, lower–medium if 0.25 ≤ 〈g〉 G 0.45, 

upper–medium if 0.45 ≤ 〈g〉 G 0.65, and high if 〈g〉 ≥ 0.65 by Sutopo & Waldrip [19]. 

 

3. RESULTS AND DISCUSSION 

The results of this study are based on the concept understanding scores obtained on the test. 

Descriptive analysis data of students' conceptual understanding scores as shown in Table 1. 

 

Table 1. Descriptive analysis data of students' concept understanding scores 

 
N Minimum Maximum Mean Std. Deviation Skewness 

Statistic Statistic Statistic Statistic Statistic Statistic Std. Error 

Pretest 42 16.67 77.78 44.44 11.31 .601 .365 

Post-test 42 77.78 100.00 89.81 7.04 .276 .365 

Valid N (listwise) 42       

 

Based on the descriptive analysis in Table 1, it can be seen that there is a significant increase in 

students' concept understanding on the topic of 1-dimensional Kinematics after the implementation of 

learning with a multi-representation approach. In the pretest score, the number of students (N) involved was 

42 people, with a minimum score of 16.67 and a maximum score of 77.78. The mean of the pretest score was 

44.44, with a standard deviation of 11.31, indicating considerable variation in concept understanding before 

learning. The skewness for the pretest data was 0.601 with a standard error of 0.365, indicating a slightly 

skewed distribution of scores to the right or more students scoring low. After implementing the multi-

representation approach, the post-test scores showed a significant increase. The minimum score on the 

posttest was 77.78, while the maximum score reached 100. The average posttest score increased to 89.81 

with a smaller standard deviation of 7.04, indicating that students' concept understanding was more evenly 

distributed after the learning. The skewness of the post-test data was 0.276, with a standard error of 0.365, 

indicating that the distribution of scores was closer to normal. Supported by the results of the normality test 

that we have done, it is obtained that the sig. > 0.05. These results indicate that the pretest and post-test data 

are normally distributed. The results of the normality test are shown in Table 2. 
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Table 2. Normality Test Result 

 
Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Pretest .191 42 .001 .924 42 .008 

Post-test .202 42 .000 .865 42 .000 

a. Lilliefors Significance Correction 

 

Furthermore, since the data was normally distributed, to see the significance of the difference in 

concept understanding scores between the pretest and post-test, we used the paired sample t test. The test 

results are shown in Table 3. 

 

Table 3. Paired Samples T Test Result 

 

Paired Differences 

t df Sig. (2-tailed) 
Mean Std. Deviation 

Std. Error 

Mean 

95% Confidence Interval of 

the Difference 

Lower Upper 

Pair 1 Pretest - Posttest -45.37 8.22 1.27 -47.93 -42.81 35.75 41 .000 

 

Based on the results of the paired sample t-test in the Table, the mean difference between the pretest 

and post-test scores is -45.37, with a standard deviation of 8.22 and a standard error of the mean of 1.27. The 

95% confidence interval of this mean difference is between -47.93 and -42.81, which indicates that the 

difference between the pretest and posttest scores is within that range with a 95% confidence level. The result 

of the t-value is 35.75 with 41 degrees of freedom (df). The significance value (Sig. 2-tailed) is 0.000, which 

is smaller than 0.05. This shows a significant difference between the pretest and posttest scores of 

understanding the concept of 1-dimensional Kinematics. Thus, it can be concluded that implementing 

learning with a multi-representation approach significantly improves students' concept understanding on the 

topic of 1-dimensional Kinematics. And then, based on the calculation results, the n-gain is 0.81. These 

results indicate that the increased students' understanding of the concept of 1-dimensional kinematics has 

increased in the high category. 

Learning with a multi-representation approach is proven to improve understanding of 1-dimensional 

Kinematics concepts because this approach involves multiple ways of presenting information and concepts 

[20]. In physics, particularly in 1-dimensional kinematics, concepts such as position, displacement, velocity, 

speed, and acceleration often require a deep understanding and the ability to connect different forms of 

representation, such as graphs, mathematical equations, drawings, and verbal descriptions. A multi-

representation approach allows students to see a concept from multiple perspectives [21] – [23], helping them 

build a more comprehensive understanding. For example, mathematical representations provide a clear 

numerical foundation, while graphs help students visualize how variables change over time. Tables and 

pictures provide a more concrete and intuitive picture, while verbal descriptions help students relate concepts 

to real situations. 

By viewing the same concept through multiple formats, students more easily understand the 

relationship between concepts, such as the difference between speed and velocity or how changes in position 

relate to acceleration. This reduces the possibility of misconceptions that often arise when students are only 

given one type of representation, for example, mathematical equations alone without supporting 

visualizations. In this study, the significant increase in posttest scores indicates that the multi-representation 

approach allows students to assimilate and integrate information more effectively [24], which ultimately 

improves their concept understanding. In addition, multi-representation also supports various learning styles. 

Some students may understand concepts more easily through graphical visualization, while others are more 

likely to understand through the manipulation of mathematical symbols. This approach provides flexibility in 

learning and makes the material more accessible to different types of learners, ultimately contributing to 

improved overall understanding. 

Although this study significantly improved students' concept understanding, it also has limitations. 

One of the limitations of this study is that feedback and formative assessment have not been optimally 

designed during the learning process. In fact, these two elements are very important in improving students' 

concept understanding more effectively. Good feedback provides students with information about their 

mistakes and helps them improve their understanding. Meanwhile, formative assessment allows teachers to 

continuously monitor students' progress and adjust learning strategies according to students' needs. For future 

research, it is important to design a more systematic feedback and formative assessment mechanism. By 

involving formative assessment in a structured way, students will be more involved in the process of 

reflection on their own learning, which has the potential to improve understanding and retention of concepts 

sustainably. 
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4. CONCLUSION 

The results of this study indicate that learning with a multi-representation approach significantly 

improves students' concept understanding on the topic of 1-dimensional Kinematics. Based on descriptive 

analysis, there was a significant increase in concept understanding scores after learning, with a pretest 

average score of 44.44, which increased to 89.81 in the post-test. Paired sample t-test showed a significant 

difference between the pretest and post-test scores (Sig. 2-tailed = 0.000), with an n-gain increase of 0.81, 

which is included in the high category. 

The multi-representation approach allows students to understand concepts from various points of 

view through different representations, such as graphs, mathematical equations, drawings, and verbal 

descriptions. This helps reduce misconceptions and supports various learning styles, thus strengthening the 

understanding of 1-dimensional Kinematics concepts. Although this study showed positive results, 

limitations related to the less than optimal design of feedback and formative assessment during learning need 

to be considered for future research, to further improve learning effectiveness and sustainable concept 

understanding. 

 

ACKNOWLEDGEMENTS 

The authors would like to thank the university for giving permission and full support so that this 

research can be carried out properly. In addition, our highest appreciation also goes to the students who have 

been willing to participate and follow the entire series of this research with full commitment. Without the 

participation and support of all parties, this research would not be able to run smoothly. 

 

REFERENCES 
[1] S. Ceuppens, L. Bollen, J. Deprez, W. Dehaene, and M. D. Cock, "9th grade students’ understanding and strategies when solving 

x (t) problems in 1D kinematics and y (x) problems in mathematics," Physical Review Physics Education Research, vol. 15, no. 1 

pp. 010101, 2019. 

[2] A. Lichtenberger, C. Wagner, S. I. Hofer, E. Stern, and A. Vaterlaus, "Validation and structural analysis of the kinematics concept 

test," Physical Review Physics Education Research, vol. 13, no. 1, pp. 010115, 2017. 

[3] M. R. A. Taqwa, A. Suyudi, and R. Faizah, "Integration of motion diagram based module to improve students’ conceptual 

understanding of 1 dimentional kinematics," In Journal of Physics: Conference Series, vol. 2309, no. 1, pp. 012062. IOP 

Publishing, 2022. 

[4] A. Lichtenberger, A. Vaterlaus, and C. Wagner, "Analysis of student concept knowledge in kinematics." In Proceedings of the 

ESERA the 2013th E-Book Conference: Teaching and Coherence in Learning Science Education Research for Evidence Based, 

Part, vol. 11, pp. 38-50, 2014. 

[5] L. C. McDermott, "Research on conceptual understanding in mechanics," Physics today, vol. 37, no. 7, pp. 24-32, 1984. 

[6] M. R. A. Taqwa, A. Zainuddin, and C. Riantoni, "Multi representation approach to increase the students’ conceptual 

understanding of work and energy," In Journal of Physics: Conference Series, vol. 1567, no. 3, pp. 032090. IOP Publishing, 2020. 

[7] I. T. Koponen, , and L. Huttunen, "Concept development in learning physics: The case of electric current and voltage revisited," 

Science & Education, vol. 22, pp. 2227-2254, 2013. 

[8] M. R. A. Taqwa, M. M. M. Yusof, I. N. P., and A. Misbakhussuduri, "Computer-assisted recitation program: A focused study on 

students’ conceptual understanding on force and motion," Momentum: Physics Education Journal, vol. 7, no. 1, 57-65, 2023. 

[9] M. R. A. Taqwa, and T. Taurusi, "Improving conceptual understanding on temperature and heat through modeling instruction," In 

Journal of Physics: Conference Series, vol. 1918, no. 5, pp. 052054. IOP Publishing, 2021. 

[10] M. R. A. Taqwa, and L. Rivaldo, "Kinematics Conceptual Understanding: Interpretation of Position Equations as A Function of 

Time," Jurnal Pendidikan Sains Universitas Negeri Malang, vol. 6, no. 4 pp. 478018, 2018. 

[11] M. I. Shodiqin, and M. R. A. Taqwa, "Identification of student difficulties in understanding kinematics: focus of study on the 

topic of acceleration," In Journal of Physics: Conference Series, vol. 1918, no. 2, pp. 022016. IOP Publishing, 2021. 

[12] M. R. A. Taqwa, and N. Nadhor, "Pemahaman konsep kinematika mahasiswa calon guru fisika: ditinjau dari level pemahaman 

dan teori resource," PENDIPA Journal of Science Education, vol. 4, no. 3, pp. 82-90, 2020. 

[13] T. A. Romansyah, and M. R. A. Taqwa, "Konsistensi Representasi dalam Menyelesaikan Kasus Jarak Tempuh." Radiasi: Jurnal 

Berkala Pendidikan Fisika, vol. 14, no. 2, pp. 87-98, 2021. 

[14] A. D. Febryanti, and M. R. A. Taqwa, "Development of A Web-Based Recitation Program with Multiple Representations on 

Kinematics Material," Jurnal Geliga Sains: Jurnal Pendidikan Fisika, vol. 9, no. 1, pp.1, 2021. 

[15] A. R. Adha, and M. R. A. Taqwa, "Analysis of Consistency in Students' Understanding of Multi-Representations in the Context of 

Determining One-Dimensional Kinematics Distance," Jurnal Ilmiah Pendidikan Fisika, vol. 8, no. 1, pp. 58-67, 2024. 

[16] M. Post, and S. Prediger, "Teaching practices for unfolding information and connecting multiple representations: the case of 

conditional probability information," Mathematics Education Research Journal, vol. 36, no. 1, pp. 97-129, 2024. 

[17] M. R. A. Taqwa, and H. F. Rahim, "Students’ conceptual understanding on vector topic in visual and mathematical representation: 

a comparative study," In Journal of Physics: Conference Series, vol. 2309, no. 1, pp. 012060. IOP Publishing, 2022.  

[18] P. B. Kohl, and N. D. Finkelstein, "Patterns of multiple representation use by experts and novices during physics problem 

solving," Physical Review Special Topics—Physics Education Research, vol. 4, no. 1, pp. 010111, 2008. 

[19] Sutopo, and B. Waldrip, "Impact of A Representational Approach on Students’ Reasoning and Conceptual Understanding in 

Learning Mechanics," International Journal of Science and Mathematics Education, vol. 12, pp. 741-765, 2014. 



Univ Edu J of Teaching and Learning E-ISSN: 3047-8235  

 

  

Multi-Representation Approach in Improving … (Aminuddin) 

45 

[20] M. R. A. Taqwa, A. Suyudi, F. Sulman, and R. Faizah, "Kinematics students’ conceptual understanding in mathematical and 

visual representations: Is it different?," In AIP Conference Proceedings, vol. 2569, no. 1. AIP Publishing, 2023. 

[21] R. Ekawati, A. Setiawan, A. R. Wulan, and D. Rusdiana, "The use of classroom assessment based on multi-representation ability 

in Mechanics concept," In Journal of Physics: Conference Series, vol. 1157, no. 3, p. 032061. IOP Publishing, 2019. 

[22] J. Siswanto, E. Susantini, and B. Jatmiko, "Multi-representation based on scientific investigation for enhancing students’ 

representation skills," In Journal of Physics: Conference Series, vol. 983, no. 1, p. 012034. IOP Publishing, 2018. 

[23] B. A. Danday, and S. L. C. Monterola, "Effects of Microteaching Multiple-Representation Physics Lesson Study on Pre-Service 

Teachers' Critical Thinking," Journal of Baltic Science Education, vol. 18, no. 5, pp. 692-707, 2019. 

[24] S. Üstün, and K. Karatekin, "The Effect of Use of Multiple Representations in Social Sciences Class on The Students' Academic 

Success and Attitudes To The Social Studies Course," European Journal of Education Studies, vol. 9, no. 9, 2022. 

 


