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Abstract. This research aims to describe technology implementation in physics 

learning with multiple-representation-oriented. Technology is limited to using 

the Learning Management System (LMS) and GeoGebra. Learning is carried out 

in two phases; in the first phase, students are allowed to study independently 

through LMS and complete tests; in the second phase, students are accompanied 

by a facilitator to discuss topics, solve problem findings, and are given the task 

of creating a video tutorial project to solve multiple-representation based 

problems with the help of technology and ends with a test. Topics are limited to 

vectors and kinematics. Implementing technology in multiple-representation-

oriented learning provides good results on the quality of learning from the aspect 

of learning outcomes. More than the material presented in various presentations 

is needed to stimulate students in representing concepts. The role of lecturers in 

providing reinforcement and motivation is still needed in the learning process. 

Multiple-representation-based project assignments can help students achieve the 

specified learning achievement indicators. 

Keywords: Physics Learning, multiple-representation, Technology, Vector, 

Kinematics. 
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1 Introduction 

Physics is a subject that cannot be separated from mathematical concepts and equa-

tions. Mathematical equations are a form of presentation of the language of physics. 

In learning, facilitators often use mathematical presentations to convey knowledge to 

students. Physics can be in verbal, mathematical, physical, and visual language [1]. 

[2] further revealed that in science (physics), concepts can be represented in various 

presentations (multiple representations) such as text, diagrams, analogies, models, 

equations, mathematical symbols, and computer simulations. Solving physics prob-

lems requires using verbal, pictorial, diagrammatic, and mathematical representations 

to translate a problem into its underlying mathematical components [3]. 

Dominant use of mathematical language will provide good results, assuming stu-

dents also understand the laws and language of physics. However, different conditions 

are often found where students' mathematical language mastery still needs improve-

ment [4–7]. Students' understanding of the function of physical equations and mathe-
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matical symbols still needs to be better understood. Forcing mathematical language 

tends to lead students to a system of memorizing equations. Not a few students con-

vey that mathematical equations in physics are called formulas, and this seems inflex-

ible. Tests are given to students to work on physics problems, and they write equa-

tions and solve them. Even though they can solve it, they cannot describe the event 

referred to in the problem. 

These various research results reinforce that students must improve their multiple-

representation abilities. Multi-representation can be improved through experimental 

activities, representing concepts using mathematical language, graphs, pictures on 

whiteboards, textbooks, and/or utilizing technological advances such as simulations. 

Multi-representation-oriented physics learning can be done by presenting physics 

concepts in various representations and discussing them with students. Before dis-

cussing a problem, students must be able to describe the physical events that occur 

and then transform them into mathematical language, and/or they can represent them 

with different representations, for example, mathematically and graphically. Increas-

ing students' representation abilities will have an impact on improving their learning 

outcomes. 

Currently, developing technology supports the representation of physics concepts, 

from familiar software used in offices [8–11] to other Windows-based software [12–

17] websites [18–24] and Android [25]. The software includes Modellus, Electronics 

Workbench, Electrics Circuit Studio, GeoGebra website, and PhET. This potential is 

an opportunity for facilitators to integrate technology into the implementation of their 

learning. 

Multiple-representation is an option for physics students to improve their under-

standing of physics concepts. Physics educators have carried out multiple-

representation-based physics learning, focusing on increasing understanding of con-

cepts and multi-representation-based assessments. This research focuses on applying 

multiple representation strategies in implementing technology-assisted learning and 

its impact on the quality of learning.  

2 Method 

This descriptive research describes the implementation of learning using a technolo-

gy-assisted multi-representation strategy. Learning resources have been provided in 

the Learning Management System (LMS) in various forms of presentation (books, 

facilitator explanation videos, simulation use videos). Students can also conduct inde-

pendent discussions and respond to trigger questions from facilitators, independent 

discussions, and tests. In the first phase, students can study independently through the 

LMS and complete tests. In the second phase, students are accompanied by a facilita-

tor to discuss topics and problem findings. They are tasked with creating a video tuto-

rial project to solve multiple-representation-based problems with the help of technol-

ogy. Topics are limited to vectors and kinematics (position, distance, displacement, 

and magnitude of displacement). There is material about Velocity and speed in the 

LMS material, but it was not studied in this research. The software used is GeoGebra 
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with the consideration that it has had an impact on increasing understanding of vector 

and kinematics concepts [18]. 

3 Results and Discussion 

3.1 First Phase (vector) 

In the first phase of vector material, students are asked to study independently the 

vector material in the LMS. Students can learn the material in PDF form, explain the 

lecturer in video form, and watch a video simulation using GeoGebra software for 

vector algebra (see Fig. 1). 

 
 

Fig. 1. Vector material presented in multiple presentations. 

3.2 Second Phase (vector) 

In the second phase, the lecturer reinforced the topic of kinematics and gave assign-

ments to students to solve vector addition problems using the drawing method using 

GeoGebra software and mathematical methods. Students are asked to analyze and 

synthesize the two results and then present them. The presentation was done by ask-

ing student groups to explain the two methods and recording them, then uploading 

them to social media. The link is uploaded to the LMS and/or WhatsApp group to get 

a response from lecturers and colleagues immediately. The results of student explana-

tion videos with various presentations on solving vector algebra problems show that 

students can represent vector algebra concepts by writing (1) vector symbols, (2) solv-

ing using mathematical methods, (4) explaining verbally, (3) and drawing methods. 

3.3 First Phase (Kinematics) 

Like the first phase of vector material, in the first phase of kinematics material, stu-

dents are asked to independently study the kinematics material in the LMS (see Fig. 

2). Students can learn the material in PDF form, explanations from lecturers in video 
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form, and watch video simulations using GeoGebra software to explain the concepts 

of position, distance, displacement, and magnitude of displacement. 

 

Fig. 2. Kinematics material presented in multiple presentations. 

3.4 Second Phase (Kinematics) 

In the second phase of the kinematics material, the lecturer reinforces the topic of 

kinematics and provides the opportunity to discuss problems related to position, dis-

tance, displacement, and magnitude of displacement. Then, students are given the task 

of explaining verbally and providing images using GeoGebra software related to the 

concept. The next step is the same as the second phase, which was described in the 

vector material. In the second phase of kinematics material, students can verbally and 

visually represent the concepts of position, distance, displacement, and magnitude of 

displacement (pictures). In each phase, students take tests to measure their learning 

outcomes—the results of average learning outcomes (see Fig. 3). 

 

 

Fig. 3. Average average learning outcomes Phase I and II. 

Fig, 3 shows differences in the learning outcomes of phase I and II students. In 

phase I, students are directed to study independently. Based on Fig. 3, the phase I 

score has stayed within the minimum standard (less equals 70). More than the materi-

al presented in various presentations is needed to stimulate students in representing 

concepts. Asynchronous discussion forums are also not utilized optimally for discus-
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sions with colleagues and lecturers. Student learning styles ideally determine students' 

cognitive processes in understanding the material [26]. Learning resources that pre-

sent visual reading/written information help students with a visual learning style, and 

audio-visuals have also been accommodated with material presented in video form. 

The kinesthetic learning style has the potential not to be facilitated, considering that 

there is a chance that students will not try GeoGebra software as a substitute for prac-

tical activities. In phase I, more than visual and audio-visual presentations were need-

ed to help students understand the material. These results are supported by research 

[27], which states a weak relationship between learning styles and students' physics 

learning outcomes. Of course, different results are likely to emerge if the kinesthetic 

learning style is accommodated. The research results [28] provide information that 

learning styles significantly contribute to learning outcomes. Multiple presentations of 

concepts that are understood independently have the potential to cause cognitive con-

flict. Excessive cognitive conflict can also cause anxiety in students [29]. 

In phase II, giving project assignments and having a facilitator (lecturer) who pro-

vides reinforcement and motivation can change the value of learning outcomes. Lec-

turers provide reinforcement of material that students understand and stimulate stu-

dents to be motivated to solve problems. This argument is supported by research [30], 

which shows that learning styles influence learning outcomes through learning moti-

vation. Making products in groups has weaknesses in its application. The potential for 

one or two students in one group not to be active in project creation is still possible. 

During the implementation, students were not identified who were not active in work-

ing on the project. The video project products produced by students provide infor-

mation that students can represent physics concepts with various representations. 

Verbal representations can be observed when students explain solving project prob-

lems, pictorial/graphic representations can be observed when students use GeoGebra 

software to solve vector and kinematics problems, and mathematical representations 

can be observed when students solve mathematical equations. The kinesthetic learn-

ing style is accommodated in phase II. 

One indicator of improving the quality of learning is student learning outcomes. 

However, it should be emphasized that learning time is also another indicator. Learn-

ing with phase I and II models takes quite a long time. This information can certainly 

be used as a basis that more than presenting information in various presentations, 

asynchronous discussions, and tests is needed to stimulate students to learn inde-

pendently. Not a few students also have good initial knowledge, so it isn't easy to 

understand the material presented. Learning style and educational background (voca-

tional and non-vocational schools) also determine the initial abilities possessed by 

students. The role of the facilitator (lecturer) in learning is important in conditions 

like this. Phase I and II modifications (made into 1 phase) are recommended for future 

research. Identification of student learning styles is considered for subsequent re-

search.  
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4 Conclusion 

Based on the explanation above, information can be obtained that implementing tech-

nology in multiple- representation-oriented learning provides good results for the 

quality of learning from the aspect of learning outcomes. The material presented in 

various presentations is not enough to stimulate students in representing concepts; the 

role of lecturers in providing reinforcement and motivation is still needed in the learn-

ing process. Technology support as a substitute for experimental activities can poten-

tially improve student learning outcomes. Multiple-representation-based project as-

signments by activating verbal representation (explaining the steps to complete the 

project), visual representation (drawing position, distance, displacement and magni-

tude of displacement, vector operations), and mathematical representation (solving 

vector operations mathematically) can help students in achieving the specified learn-

ing achievement indicators. Technology implementation (use of LMS and GeoGebra 

Software) can stimulate students to activate their motoric aspects. 

References 

1.  Handhika, J., Cari, C., A. Suparmi: Students’ representation about Newton law: 

consequences of “zero intuition.” J. Phys. Conf. Ser. 795, 1–4 (2017). 

https://doi.org/10.1088/1742-6596/755/1/011001 

2.  Treagust, D.: The Importance of Multiple Representations for Teaching and Learning 

Science. Educ. Res. Highlights Math. Sci. Technol. 2018. 215–223 (2018) 

3.  Bego, C.R., Chastain, R.J., Pyles, L.M., Decaro, M.S.: Multiple representations in 

physics: Deliberate practice does not improve exam scores. Proc. - Front. Educ. Conf. 

FIE. 2018-Octob, 1–7 (2019). https://doi.org/10.1109/FIE.2018.8658730 

4.  Taqwa, M.R.A., Rivaldo, L.: Kinematics Conceptual Understanding: Interpretation of 

Position Equations as A Function of Time. J. Pendidik. Sains. 6, 120–127 (2018) 

5.  Handhika, J., Istiantara, D.T., Astuti, S.W.: Using graphical presentation to reveals the 

student’s conception of kinematics. J. Phys. Conf. Ser. 1321, (2019). 

https://doi.org/10.1088/1742-6596/1321/3/032064 

6.  Sutopo, Hidayah, N., Wisodo, H., Haryoto, D.: Improving students’ understanding of 

kinematics concepts through multi-representational learning. AIP Conf. Proc. 2215, 

(2020). https://doi.org/10.1063/5.0004063 

7.  Shodiqin, M.I., Taqwa, M.R.A.: Identification of student difficulties in understanding 

kinematics: Focus of study on the topic of acceleration. J. Phys. Conf. Ser. 1918, 6–11 

(2021). https://doi.org/10.1088/1742-6596/1918/2/022016 

8.  Astuti, I.A.D., Bhakti, Y.B.: The Effect of the Microsoft Excel based Interactive Learning 

Media on the Physics Problem Solving. Indones. Rev. Phys. 1, 7 (2018). 

https://doi.org/10.12928/irip.v1i1.243 

9.  Subramaniyan, A.L.: Teaching basic physics through excel spread sheets. Lat. Am. J. 

Phsyics Educ. 7, 489–492 (2013) 

10.  Severn, J., Zhou, Y., Smith, S.J., Webb, L.: Teaching physics using Microsoft Excel 

Kinematic Labs with Mobile Devices: Working with spreadsheets J M Kinser Use of 

740             J. Handhika



spreadsheets for demonstrating the solutions of simple differential equations Data 

analysis and graphing in an introductory physics labo. (2017) 

11.  Ibrahim, D.: Using the excel spreadsheet in teaching science subjects. Procedia - Soc. 

Behav. Sci. 1, 309–312 (2009). https://doi.org/10.1016/j.sbspro.2009.01.058 

12.  Hasanah, M., Sulisworo, D.: Design TPACK Strategy with Modellus Software for 

Simulation Based on The Guided Inquiry on The Wave Concept. J. Ilm. Pendidik. Fis. 6, 

99 (2022). https://doi.org/10.20527/jipf.v6i1.4086 

13.  Jonny, H.P., Rajagukguk, D., Rajagukguk, J.: Computational Modelling Based on 

Modellus to Improve Students’ Critical Thinking on Mechanical Energy. J. Phys. Conf. 

Ser. 1428, (2020). https://doi.org/10.1088/1742-6596/1428/1/012042 

14.  Mafudi, I., Handhika, J.: Virtual Laboratory: Using Electronic Workbench as Alternative 

Learning Physics in Covid-19 Mass Pandemic. Impuls. J. Res. Innov. Phys. Educ. 1, 42–

49 (2021). https://doi.org/10.14421/impulse.2021.11-05 

15.  Neves, R.G.M., Neves, M.C., Teodoro, V.D.: Modellus: Interactive computational 

modelling to improve teaching of physics in the geosciences. Comput. Geosci. 56, 119–

126 (2013). https://doi.org/10.1016/j.cageo.2013.03.010 

16.  Teodoro, V.D.: Playing newtonian games with modellus. Phys. Educ. 39, 421–428 

(2004). https://doi.org/10.1088/0031-9120/39/5/005 

17.  Wahyuni, H., Ashari, A., Alhakim, Y.: Development Media Teaching of Physics by LMS 

Moodle with Modellus to Improve Students’ Analysis Ability. Berk. Ilm. Pendidik. Fis. 

11, 61 (2023). https://doi.org/10.20527/bipf.v11i1.15130 

18.  Handhika, J., Sasono, M.: Using of geogebra software to improve understanding of vector 

and kinematic concepts in online physics course. J. Pendidik. Fis. dan Keilmuan. 7, 1 

(2021). https://doi.org/10.25273/jpfk.v7i1.8619 

19.  Halim, A., Hamid, A., Zainuddin, Nurulwati, Herman, Irwandi: Application of GeoGebra 

media in teaching the concept of particle kinematics in 1D and 2D. AIP Conf. Proc. 2331, 

(2021). https://doi.org/10.1063/5.0041624 

20.  Solvang, L., Haglund, J.: How can GeoGebra support physics education in upper-

secondary school - A review. Phys. Educ. 56, (2021). https://doi.org/10.1088/1361-

6552/ac03fb 

21.  Haryadi, R., Pujiastuti, H.: PhET simulation software-based learning to improve science 

process skills. J. Phys. Conf. Ser. 1521, (2020). https://doi.org/10.1088/1742-

6596/1521/2/022017 

22.  Wieman, C.E., Adams, W.K., Loeblein, P., Perkins, K.K.: Teaching Physics Using PhET 

Simulations. Phys. Teach. 48, 225–227 (2010). https://doi.org/10.1119/1.3361987 

23.  Uwambajimana, S., Minani, E.: Impact of Using Physics Education Technology (PhET) 

Simulations on Improving Students’ Performance in Electrostatics. Jriiejournal.Com. 7, 

22–30 (2023) 

24.  Susilawati, A., Yusrizal, Y., Halim, A., Syukri, M., Khaldun, I., Susanna, S.: Effect of 

Using Physics Education Technology (PhET) Simulation Media to Enhance Students’ 

Motivation and Problem-Solving Skills in Learning Physics. J. Penelit. Pendidik. IPA. 8, 

1157–1167 (2022). https://doi.org/10.29303/jppipa.v8i3.1571 

25.  Hasanah, N., Bunawan, W.: Virtual Preview Module Development With a Skill Approach 

Application Assisted Science Proces Selectric Circuit Studio (Ecstudio) of Dynamic 

Electrical Matter. IPER (Indonesian Phys. Educ. Res. 2, 41–52 (2021). 

Implementation of Technology in Physics Learning             741



https://doi.org/10.24114/iper.v2i1.30083 

26.  Li, J., Han, S. hyun, Fu, S.: Exploring the relationship between students’ learning styles 

and learning outcome in engineering laboratory education. J. Furth. High. Educ. 43, 

1064–1078 (2019). https://doi.org/10.1080/0309877X.2018.1449818 

27.  Fatmawati, F., Khaeruddin, K., Haris, A., Palloan, P., Usman, U.: Relationship Between 

Learning Styles and Physics Learning Outcomes of Class X Science Students. J. 

Pendidik. Fis. 10, 237–247 (2022). https://doi.org/10.26618/jpf.v10i3.8987 

28.  Halim, A., Wahyuni, A., Susanna, Elisa, Hamid, A., Irwandi: Correlation between 

Learning style and achievement in Physics Learning. J. Phys. Conf. Ser. 1940, (2021). 

https://doi.org/10.1088/1742-6596/1940/1/012115 

29.  Handhika, J., Cari, C., Suparmi, A., Sunarno, W.: Using word-pictorial presentation 

model to simplify understanding concept test of Newton’s law. J. Phys. Conf. Ser. 795, 

(2017). https://doi.org/10.1088/1742-6596/755/1/011001 

30.  Pratama, G.P., Pinayani, A.: Effect of Learning Style on Learning Outcomes with 

Mediator Variable Learning Motivation. KnE Soc. Sci. 3, 808 (2019). 

https://doi.org/10.18502/kss.v3i11.4052 

 

 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
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.

742             J. Handhika

http://creativecommons.org/licenses/by-nc/4.0/

	Implementation of Technology in Physics Learning: Multiple-representation-oriented

