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Abstract

This research aims to improve understanding of vector and kinematics concepts with
Geogebra software in online learning (online using e-Learning UNIPMA (e-LMA). The method
used in this research is a descriptive conducted on four students who took fundamental physics
for the 2019/2020 academic year. The research steps are described as follows 1) creating a
profile and analyzing understanding of vector concepts and kinematics before implementing e-
LMA, (2) describing the learning process through e-LMA, (3) creating a profile, and analyze
students' understanding of vector concepts and kinematics after the implementation of e-LMA. E-
LMA-assisted learning by integrating materials and assignments with GeoGebra software can
improve understanding of vector and kinematic concepts.
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Penggunaan software geogebra untuk meningkatkan pemahaman konsep vektor dan
kinematika Pada Pembelajaran Fisika Secara Online
Abstract

Penelitian ini bertujuan untuk meningkatkan pemahaman konsep vektor dan kinematika
dengan software Geogebrefifida pembelajaran daring (dalam jaringan menggunakan e-Learning
UNIPMA (e-LMA). Metode yang digunakan dalam penelitian ini adalah penelitian deskriptif yang
dilakukan pada mahasiswa 4 mahasiswa yang mengambil fisika dasar tahun akademik
2019/2020 sejumlah 4 mahasiswa. Langkah-langkah penelitian dijelaskan sebagai berikut 1)
membuat profil dan menganalisis pemahaman konsep vektor dan kinematika sebelum
menerapkan e-LMA, (2) mendeskripsikan proses pembelajaran melalui e-LMA, (3) membuat
profil, dan menganalisis pemahaman konsep vektor siswa dan kinematika setelah implementasi
e-LMA. Pembelajaran berbantuan e-LMA dengan mengintegrasikan materi dan tugas dengan
software GeoGebra dapat meningkatkan pemahaman konsep vektor dan kinematika.
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Introduction

In physics courses, there are study materials: vector analysis (Barniol & Zavala,
2014) and kinematics. These two topics are closely related to each other. Physics
consists of vector and scalar quantities. Kinematics material also discusses the
magnitude of distance, displacement, velocity, and speed. In addition to kinematics,
vector material is also related to other physics materials that form the basis for
advanced physics learning(Bollen et al., 2017; Nguyen & Meltzer, 2003).

Vector material is difficult for students to complete because they do not
understand the language of mathematics (Muhsina et al., 2015). Previous research
provides information that students have difficulty distinguishing between distance
and displacement, speed and velocity (J Handhika et al., 2018; Handhika et al., 2017;
Handhika et al., 2019; Jeffry Handhika et al., 2018). Students are also wrong in
adding two-dimensional vectors (Heckler & Scaife, 2015; Sirait & Oktavianty, 2017).
They cannot describe and decompose vectors into their components and equate dot
and cross operations. Another reason is that the material presented by the facilitator
is not given sequentially (Muhsina et al., 2015). They partially learn the concept of
vectors and impact students' misconceptions about the concepts of kinematics and
force (Liu & Fang, 2016).

The results of interviews with students who have taken fundamental physics
courses provide information that errors in solving vector operations are because
learning at the previous level tends to ignore vectors and then equate two quantities
(vectors and scalars) in solving problems. This result is supported by research that
reveals that some students ignore the vector direction(Fauzi et al., 2017). The
solutions are implemented, among others, by applying a learning model that can
stimulate students to evaluate the concept by providing cognitive conflict (Handhika
et al., 2015; Handhika et al., 2014). The use of media developed by (Mueanploy,
2015; Nikmah et al., 2019).

Models and media can improve understanding of vector concepts, but real
media takes a long time both in implementation and manufacture. An effective and
efficient media is needed to teach vector and kinematics concepts. The development
of information and communication technology in the digital era provides these
facilities through hardware and software. Software that can use is Maple and
GeoGebra. In mathematics, Geogebra software can use to introducing mathematical
operations. For example (Ponce Campuzano et al., 2019) uses this software to
dynamically describe the main concepts in Vector Calculus (Ibibo & Tubona, 2019),
teach geometry concepts, and improve mathematics learning outcomes (Zulnaidi et
al., 2020). Not only in learning mathematics but also for learning physics (Marciuc et
al., 2016) on motion material in a uniform gravitational field and concretizing abstract
physics concepts (Yiksel & Cildir, 2015).

This article describes how to improve understanding of vector concepts and
kinematics with GeoGebra software through e-LMA (electronic learning at PGRI
Madiun University). Geogebra software is free software provided by the
https:/f'www.geogebra.org page. This software can explain vector operations using
drawing methods more easily, quickly, precisely, and accurately. For more details,
consider the following example of adding three vectors using the Geogabra software
Figure 1 below:
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Figure 1. Magnitude Two Vector Using GeoGebra

In Figure 1, the GeoGebra software can determine quickly and accurately the
resultant vectors # and v Using the image method. The resultant of two vectors are
represented in vector (E} and the vector magnitude is 7.62. GeoGebra software
can quickly solve the results of the three vectors by drawing methods. In kinematics
have a vector quantity so that the explanation of kinematics material can also be
integrated with this software.

Previous research only used Geogebra software to improve students'
understanding of physics concepts and mathematical abilities (Marciuc et al., 2016;
Oktaria et al., 2016; Yiksel & Cildir, 2015). Not yet specifically reviewing content and
integration with e-learning. In this research, Geogebra software integrated with
UNIPMA e-learning (e-LMA). This gives students the freedom to study material and
use the software anytime and anywhere, interaction between students and lecturers
during synchronous and asynchronous discussions to reveal their understanding of
kinematics material, assign tasks using software and provide direct feedback to
students.

Methods

The method used in this research is descriptive by describing the learning
process carried out through e-LMA. The kinematics concept is limited to position,
distance, displacement, the magnitude of displacement, velocity, and acceleration.
The descriptive research conducted on four students who took fundamental physics
for the 2019/2020 academic year. Data collection techniques through
documentation, tests, and interviews. The following research steps (Figure 2):

Profilling and Analyzing

Before Learning Procces

Description of the Learning
Procces

Profilling and Analyzing After
Learning Procces

Figure 2. Research Steps
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Explanation of Figure 2 is as follows: 1) create a profile and analyze the
understanding of vector and kinematic concepts before implementing e-LMA, (2)
describe the leaming process through e-LMA, (3) create a profile and analyze the
understanding of vector and kinematic concepts after e-LMA implementation. The
research conducted on four students who took fundamental physics for the
2019/2020 academic year. The test instrument used in this study consisted of 4 items
in descriptions that experts had validated. - Data analysis is expressed as a
percentage of the results of understanding.

RESULTS AND DISCUSSION
The results of the research presented include (1) a profile of understanding
vector concepts and kinematics before the implementation of e-LMA, (2) an overview
of the learning process through e-LMA, (3) a profile of understanding vector concepts
and kinematics after the implementation of e-LMA. The results of this research
describe as follows:
1. Profile and analysis of understanding of vector concepts and kinematics
before implementing e-LMA
Before the implementation of e-LMA, students still did not understand the
concept of vector and kinematics well. The concept of vector quantities is not well
understood. Problems related to vector addition with the image method are not
solved, cannot distinguish cross and dot multiplication. The concepts of position,
distance, displacement, and magnitude of displacement, velocity, acceleration
are not well understood. The initial profile of understanding of each student d
(denoted by 1,2,3.4) is present in table 1 below:
Table 1 Students' initial understanding of the concepts of Vector and Kinematics

Concepts Score Mean Understanding
1 2 3 4 (%) Consept *
(%)
Vector solving with 11 13 9 8 1025 34,20
mathematical and

graphic methods

Dot and cross product 10 2 10 2 6.00 30.00
Position, distance, 6 6 4 6 5.50 18.33
displacement,

magnitude of

displacement

Instantaneous and 5 5 2 5 425 42.50

average velocity

* Understanding Concept Category:
Low : ¥<50

Medium : (50 <% < 75)

High: x > 75

The understanding concept for all component vectors is in the low
category (less than 50%). These results provide information about students'
understanding of vector concepts and kinematics is still low. The results of
interviews with students show that they only memorize equations, then apply
them to the same problem or solve the same problem. Students also revealed
that they have the same conception, namely distance, magnitude of
displacement, and displacement, velocity, and velocity are also the same. The
omission of vector symbols is one of the contributing factors. (Fig.3).
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Figure 3. Student Response: Ighoring Vector Symbol

In Figure 3, it can see that students ignore vector symbols in determining
displacement so that an error occurs when determining velocity. Understanding the
concept of vectors needs to be emphasized to students. Figure 4 shows that students
equate the concepts of displacement and distance.

Figure 4. Student Response: Equating the Concepts of Displacement and Distance.

The results of interviews with students obtained information that distance
and displacement were difficult to distinguish according to their understanding.
They understand this prejudice since they were in junior high school. After going
through various learning experiences, students get the right results even
though, at first, some steps are not quite right. In Figure 5, students have
difficulty in completing cross and dot multiplication.

Figure 5a Student Response: Dot and Cross Operations |
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Figure Sb Student Response: Dot and Cross Operations |l

In Figure 5a, students cannot complete cross multiplication, assuming
that the completion of vector multiplication is the same as algebraic
multiplication in general. In contrast, in Figure 5b, students experience errors
in completing algebraic addition. Student responses in Figure 5b can be
achieved by strengthening students' ability to solve mathematical equations.
Student responses in Figure 5a show that strengthening the concept of
vectors is very important in addition to solving mathematical algebra. These
results support previous research (Handhika et al., 2017; Jeffry Handhika et
al., 2018). Students also do not understand the relationship between vector
material and kinematics. Students do not know the concept of vectors used
to analyze kinematics. Ignoring vector symbols impacts students' errors in
identifying position, distance, displacement, and the magnitude of the
displacement.

Students need to strengthen the language of mathematics and vector
material before studying advanced physics material, such as kinematics and
dynamics. Muhsina et al. (2015) recommend that material arrangement is
very important, especially content about vectors. Other physics concepts can
be understood if you have mastered the vector concept (Ritonga, 2014);
strengthening vector material is important. Giving vector concepts with
various representations through GeoGebra software is the right way to
strengthen vector concepts.

2. Description of the Learning Process through e-LMA

In e-LMA learning, the first activity is to synthesize and analyze various
sources of the concepts. Instructions on the analysis and synthesis of concepts
have been present. Students upload the results of the analysis and synthesis
into the LMS system. The resulis of the analysis and synthesis by students
provide an overview of the initial conceptions possessed by students as the
basis for lecturers in providing unit questions in discussion forums. Then the
activity continued by analyzing the material presented in various forms of
presentation (text, video, simulation).

In this activity, students are invited to analyze and synthesize material
from textbooks and videos, then synthesize the results of simulations that are
carried out independently). The results of the activities are presented in an
online discussion. The next step is to synergize students' arguments to get the
right knowledge. To solve the problem in step (1) e-LMA is equipped with an
explanation from the lecturer in the form of PowerPoint and video presentations.
This task also includes the use of GeoGebra in solving vector and kinematics
problems (Figure 6). An online discussion forum is also available (Figure 7). By
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using e-LMA students are expected to be able to obtain information anytime
and anywhere.

R Visktice prosisi

Figure 7. Discussion on eLMA

The material presented in the form of power points and videos about using
GeoGebra software helps students complete vector algebra operations. In
addition, students know the concepts of position, distance, displacement, and
the magnitude of displacement in mathematical presentations. Discussions can
occur between lecturers and students, as well as students and lecturers (figure
7). Students can ask questions, and other friends provide feedback.

Learning through e-LMA begins by providing information related to
university contracts and leaming outcomes. Lecture contracts are discussed
through online forums. In this application, offline lecture contracts are discussed
because many students still do not understand the use of e-LMA. After
reviewing the lecture contract and studying learning achievements, students
are asked to consider the material in the e-LMA, which is presented in the form
of power points, and solve the problems presented in the discussion forum.
Video material is also presented. With the material presented in the form of
videos, students can review the content presented repeatedly and not be limited
by time. A student also revealed that they could take notes without fear of being
left behind due to time constraints. During face-to-face learning, students were
given the task of solving three resultant vector problems through e-LMA. (3)
Profile and analysis of the understanding of vector concepts and kinematics
after the application of e-LMA.

Understanding of vector concepts and kinematics after application can be
seen in table 2.

Using of geogebra software to improve understanding ...
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Table 2. Final Profile Students Understanding Vector and Kinematics Concept

Concepts Score Mean Understanding
1 2 3 4 (%) Consept *
(o)

Vector solving with mathematical
and graphic methods ® 025 0 2430 8167
Dot and cross product 20 15 10 10 13.75 4583
Position, distance, displacement, 20 15 15 25 1875 62.50
magnitude of displacement - - ’ o
Instantaneous  and average
velocity

* Understanding Consept Category:
Low: <50

Medium: (50 < x < 75)

High: X > 75

10 8 8 5 7.5 7750

Based on table 2, it can see that the percentage of students' abilities has
increased in each component—the amount of increase in each component in

table 3.
Table 3 N-Gain Category

Konsep Initial Final Percentage

Score Score (Category)
Vector solving with 34,20 81,67 72%
mathematical and  graphic (High)
methods
Dot and cross product 30,00 45,83 23%

(Low)

Position, distance, 18,33 62,50 54%
displacement, magnitude of (Low)
displacement
Instantaneous and  average 42,50 77,50 60%
velocity (High)

Based on table 3, all concept components have increased. The highest
increase is in vector addition operations, while the lowest increase is in dot and
cross multiplication. The problem of learning physics that becomes a challenge
is mathematical debate, including vector algebra problems (Chiu, 2016;
Harwanto, 2019). In dot and cross vector operations, the students' mistakes
discussed are how certain parts are interchanged and have not used the
concept of cross and dot multiplication correctly. The students' prior knowledge
also issues this requirement. It is not easy to change the concept of students
who have been equating dot and cross-multiplication operations. The results
Zavala and Barniol (2010) provide information about students who have
difficulty differentiating cross-product results and calculating vector quantities.
Students also consider dot multiplication between two vectors the same as
scalar multiplication (Susiharti & Ismet, 2017). Students also do not understand
the physical meaning of the cross product (Bollen et al., 2017).

It is not easy to change students' conceptions of equating vector
quantities with scalars. Vector solutions using mathematical and graphic
methods have increased in the high category. This condition is because
students can analyze and synthesize the resultant of two and three vectors,
both mathematically and graphically. Vector solving with GeoGebra helps
students evaluate mathematical solutions..
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The use of Geogebra makes students interested in trying to create
problems and solve them independently. Kim et al. (2021) revealed that graphic
presentations could reduce barriers to learning and practicing vector problem
solving and make students interested and motivated to manipulate vector
problems. The use of GeoGebra software has helped students understand the
concept of vectors. GeoGebra helps students facilitate abstract material into
concrete in the form of visualization (Ylksel & Cildir, 2015).

e-LMA is a UNIPMA e-Leaming developed from the UNIPMA e-portfolio,
which was modified by giving users the freedom to develop materials in various
formats. e-LMA is also given pedagogical strengthening by providing analysis
and synthesis activities at each stage. A physics researcher or facilitator has
developed the Learning Management System. The location of the novelty is in
the pedagogic and instructional elements in presenting learning. The LMS e-
learning developed by (Wijayanti et al., 2017) focuses on the quality of LMS
products. Research (Kurniawan et al.; Mulhayatiah et al., 2019) develops e-
learning and e-modules by displaying videos and simulations; Research
(Krasnova & Shurygin, 2020) uses blended learning and LMS for physics
teachers and makes learning more effective. Recommendations from various
studies need to strength related to pedagogical elements. By using eLMA,
these conditions can realize.

The e-LMA, integrated with GeoGebra, has novelties related to
pedagogical content, not only interactive materials and questions. Before
learning takes place, students are direct to analyze and synthesize from various
sources by uploading review assignments and then analyzing in various
presentations (videos, textbooks, and simulations). At the material analysis
stage, students evaluate concepts in videos and textbooks by performing
simulations with GeoGebra software independently. Learning using e-LMA can
be done through blended learning. Based on interviews with students after a
joint discussion regarding the problems they solve, students quickly find errors
in working on the questions. In research (Saputra et al., 2019), students had
difficulties solving problems with different representations. These problems can
resolve by presenting different representations of material, accompanied by
analysis and synthesis of information sources and simulations.

Students revealed that they often get confused in completing cross and
dot multiplication in certain parts because of doubts (forgetting). These results
are in accordance with research(Barniol & Zavala, 2016). This information
reinforces that the concept of dot and cross-multiplication has not been
meaningful. The media presented has not been able to foster cognitive conflicts
that can stimulate students to have a deeper knowledge of vector operations.

It is recommended to give discussion questions with a larger proportion
to strengthen the differentiation of dot and cross-multiplication operations,
thereby causing cognitive conflicts by asking students to correct their answers.
The presentation of vectors in the form of graphics provides a visual appeal that
can make students have an emotional connection with the information
conveyed. It will be remembered and understood, which is related to the human
factor, where information can be easily recognized and stored in long-term
memory (Adi & Ariesta, 2019).

Using of geogebra software to improve understanding ...
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CONCLUSION

Based on the discussion and analysis, it can conclude that e-LMA assisted
learning by integrating materials and tasks with GeoGebra software can improve
understanding of vector concepts and kinematics. Vector addition operations with
graphical and mathematical methods have increased because they use graphic and
algebraic methods. Students can synthesize results with graphs so that if an error
occurs, they can make corrections directly. GeoGebra software also makes it easy
for students to complete vector addition operations in a relatively fast time compared
to manual drawing on paper.

The concepts of position, distance, displacement, and magnitude of
displacement and the concepts of instantaneous and average velocity have
increased in the medium category. Geogebra software on e-LMA also makes it easier
for students to distinguish the concepts of position, position vector, distance,
displacement, and the magnitude of displacement. In the dot and cross product,
students experience an increase in the low category. Learning in e-LMA does not yet
contain content that can trigger cognitive conflicts; The indication can see from the
students' doubts in solving problems, reversed in completing dot and cross
multiplication.
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