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Visualization of physical phenomena through modeling and virtual
experiment help students to understand the physics concepts. The concept of
momentum is quite challenging to explain without the help of virtual
experiments. This study aimed to analyze students' independent learning after
conducting the learning process on the concept of momentum using Tracker
software as a virtual experimental model. This study was quasi-experimental
with the purposive sampling technique to determine the control class and the
experimental class. There were 42 students involved in this research. The
control class was treated by actual experiments on learning, while the
experimental class used the Tracker software as a virtual experiment model.
The instrument used was questionnaires given at the end of learning to
measure students’ learning independence. The data were analyzed by using
the descriptive statistics method. Learning independence in the control class
obtained 51.31% in the medium category, and the experimental class obtained
60.95% in the medium category. Although the average achievement was not
significantly different, the aspects of responsibility, motivation, and self-
evaluation of the experimental class were better than that of the control class.

© 2021 Physics Education Department, UIN Raden Intan Lampung, Indonesia.

INTRODUCTION

Active learning can be interpreted as a
learning process that requires students to be
independent  in learning. Learning
independence is very important to foster
essential aspects of learning achievement.
(Ambarsari, et al., 2013). One of the learning
methods is the interactive learning method.
This method is very appropriate to facilitate
students to be more active (Sharma et al.,
2010). Rubgay (2018) states that teachers
must carry out exciting and innovative
learning activities to create good teaching.
By implementing the interactive learning
method, the learning activities will be more
meaningful, enhancing students'
opportunities to be actively involved in the

learning process. An activity that students
can carry out to increase their learning
activity is problem-solving. It can train
students to think creatively. According to
Rohmah and Sutiarso (2017), the problem-
solving based-learning develops students'
skills in solving problems effectively.
Creativity in thinking can produce students
who can find solutions to ideas and
approaches to a problem they see (Pichailuk
& Luksaneeyanawin, 2015).

Physics learning activities will be more
meaningful if equipped with appropriate
experimental activities (Anissofira et al.,
2017). Learning in the laboratory can help
students understand physics's fundamental
concepts in real terms (Chiriacescu, 2020).
According to Semerci and Aydin (2018), the
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use of technology in learning is an effort to
make it easier for students to learn.
Therefore, we need media that can help
students obtain more accurate data when
doing experiments.

Kholida and Latief (2018) discover that
the phenomenon of momentum can be
displayed and represented in the form of
values and graphs through video analysis.
Hasibuan et al., (2018) state that learning
media’'s effectiveness can help students
understand concepts while learning quickly.
One of the media that can help students to
experiment is Tracker. Tracker is an Open
Source Physics (OSP) Java framework in
video analysis (Wee et al., 2015). The device
can display real and representative physics
symptoms, both in the form of data and
graphics. It functions as software of Video-
Based Learning (VBL) (Sartika et al., 2019).
By employing the tracker software, the
investigation of the kinematics parameter
will be more accurate (Prima et al., 2016).
Through video analysis, data of the object
motions can be interpreted by reviewing the
relationship between position, speed (v), and
time (t) (Kinchin, 2012). Rodrigues and
Carvalho (2014) conduct an experimental
activity using the Tracker. It is pretty easy
and can be carried out individually by
students. Sundayana (2016) states that
students can be initiative and work separately
through tracker software in terms of
determining learning objectives, learning
methods, and learning outcomes. This
activity is addressed as students’ learning
independence. According to Bartholomew
(2017), learning independence can improve
students’ ability to find out what they need
when they study. According to Farahdina
(2014), to determine the students' learning
independence, indicators are needed.
Students' learning independence covers eight
indicators: 1) having the learning initiative;
2) can diagnose learning needs; 3) can settle
the target and goals of learning; 4) monitor,
organize, and control the learning activities;
5) consider adversity as a challenge; 6) utilize
and find relevant sources; 7) choose and

apply the learning strategy; and 8) evaluate
the process, learning result, and self-efficacy.

Technology-based learning as a learning
medium is proven to increase students’
learning independence (Arista & Kuswanto,
2018). Learning independence can give
students the freedom to explore themselves
and hone their ability to learn independently
without coercion or orders from others
(Mulyono et al., 2018). Self-evaluation is
essential in the learning process. It is
intended to measure the understanding of the
individual in learning (Adams et al., 2012).
Independent learning can also be interpreted
as self-regulated learning (SRL), which is a
skill that helps students in mastering
emotions, cognition, and behavior during the
learning process (Halem, 2020). Learning
independence can be seen  from
understanding learning using the media or
other methods (Sulisworo & Sutadi, 2017).

Fadholi et al., (2018), in their research,
revealed that the collision video analysis
using Tracker software could obtain
parameter values that are fitted with the
theory. Therefore, the tracker software can be
used for analysis activities on other videos
related to motions. On the other hand, virtual
laboratory-based media in learning physics
on the momentum material towards students’
learning outcomes increased in the attitude
competency (Agustriani et al., 2018).
However, from several studies related to
momentum, only attitude competence can be
improved where the students are more
enthusiastic in learning physics. Besides
attitude  competence,  students  must
understand the concept of momentum as
well. When learning using the Tracker
software, they are still in groups to learn
independently. Therefore, this study was
conducted to analyze the students’ learning
independence after completing the learning
process on the concept of momentum using
the Tracker software as a virtual
experimental model.
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METHODS
In this research, the quasi-experimental
design was employed with pretest and

posttest control group design. In this design,
there were three main activities, as shown in
Figure 1.

1) Interview, observation, preparing learning tools

Initial preparation

Program
Implementation

2) Providing research instruments and conducting limit trial and
expert judgment for the validity and reliability of the
instruments

1) Conducting a pretest and postest in initial mapping
understanding of the concept for the control and experiment
groups

2) Implementation of a virtual experiment learning model by

Measurement and
Analysis

Analyzing data of student experiment results as well as their
concepts understanding

Figure 1. Research Procedure

The research design has a control group
but cannot function fully to control external
variables that can influence the conduct of
the experiment, and the sample is not chosen
randomly.

The population in this research was all
tenth-grade MIPA students of Islamic High
School Al-Azhar 14 Semarang in the 2
semester. The sample used was MIPA-1
students as the experimental class treated by
virtual experimental model and MIPA-2
students the control class treated by real
experimental model. Both classes were
determined using the purposive sampling
technique. Each class consisted of 21
students.

The instrument used in this research was a
questionnaire with five Likert scales of
learning independence. The students’
independence was seen based on the results
of the questionnaire. This questionnaire
contained 25 statements consisting of six
aspects of students’ independence (Saefullah,
2013; Farahdina, 2014). Those six aspects
are not dependent on others, confidence,
initiative, responsibility, motivation, and
self-evaluation.  Learning independence

indicators proposed by Sharma et al., (2010)
were simplified into six indicators: (1) do not
depend on other people; (2) confidence, (3)
initiative; (4) responsibility; (5) motivation;
(6) self-evaluation.

In Astalini's research (2019), a Likert
scale consists of 5 choices. The rating
categories based on the Likert scale are
presented in Table 1.

Table 1. The Rating Categories on the Likert

Scale
No Score Item Description
1 5 Strongly agree
2 4 Agree
3 3 Hesitate
4 2 Disagree
5 1 Strongly disagree

The response scores were calculated using
the following equation (1).

Np =%x100% (1)

Np% is the expected percentage score, n is the
total score obtained, N is the maximum
scores.

After obtaining the percentage of
respondents' answers, the interpretation was



22

given from the research results (Kamelta,
2013). The criteria for evaluating the learning
independence questionnaire are presented in
Table 2.

Table 2. The Criteria for Evaluating Learning

Independence
Interval (%) Criteria
0,0< x<20,0 Very low
20,0< x<40,0 Low
40,0<x<60,0 Medium
60,0 < x<80,0 High
80,0 <x <100 Very high

RESULTS AND DISCUSSION
This research compares students' learning
independence after applying the experiment

model to the control class and the
experimental class. The control class
experiments in real terms while the

experimental class performs experiments
using the virtual experiment model assisted
by Tracker.

The research began by providing
simulations of how to use tracker software in
the experimental class. Questions and
answers were performed related to learning
independence, such as learning goals and
readiness to learn. While doing experiments,
students were given an introduction to the
concept of linear momentum. They used
tracker software to prove the law of
conservation of momentum and drawn
graphs of collisions in resilient and non-
resilient modes.

Tracker
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Students were divided into four groups, in
which two groups did the elastic collision
experiment, and the other two groups did the
inelastic ~ collision  experiment.  The
investigation is done by using the dynamics
train tool. There were two dynamics trains
(dynamics train A and dynamic train B) that
have equal masses move each other in
opposite directions until they collide.

On inelastic collisions, the dynamics train
A hit the motionless dynamic train B.
Students were asked to determine the time
before and after the crash using a stopwatch
and the distance to calculate the speed of each
dynamics train before and after the collision.
The gain speed can be used as the
determinant for resistance coefficients to
prove the type of collision, including elastic
collision or inelastic collision. Furthermore,
from the results of the experiments, they
could prove the law of conservation of
momentum.

Students were asked to analyze the data
using tracker software to determine the
elastic (Figure 1) and inelastic (Figure 2)
collision videos in the experimental class.
Students are divided into groups similar to
the control class. There are four groups doing
experiments, three groups analyze elastic
collision videos, and two groups analyze
inelastic collisions.
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Figure 1. The Elastic Collisions on Tracker
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Figure 2. The Inelastic Collisions on Tracker
The results of data analysis were obtained Table 3. The Data Velocity on Elastic Collisions
from the Tr_aCker and proceSS_Ed with Excel. NUM  Vbeforecollision VaA-VB Vaftercollision Va-
While tracking, students obtained the result Ve
of video analysis consisting of quantitative : 0V2A09 0V2808 YT, ovao 5 \2/(838 T,
data and g_raphs. The dgtg are velocity (Table 5 0209 -0388 -0.597 -0.209 0388 0597
3) and resistance coefficient (Table 4). 3 0.397 -0.387 -0.784 -0.397 0.322 0.719
Table 4. The Data Velocity on Inelastic Collision
Num Vbeforecollision Va-VB Vaftercollision Va-VB
VA VB Va VB
1 0.749 0 -0.749 0.375 0.375 0
2 0.633 0 -0.633 0.372 0.372 0
3 0.679 0 -0.679 0.377 0.377 0

The next step is analyzed in Excel, where
students determine the coefficient of
resistance and prove the law of conservation

of momentum from the results of the Tracker
analysis. The data display on Tracker can be
seen in Table 5 and Table 6.

Table 5. Display of The Data Resistance Coefficient on Elastic Collisions

Num Cexperiment Caverage €experiment = Caverage (Eexperiment - ‘:-‘average)2
1 1 0.972363946 - 0.027636054 0.000763752
2 1 -1 1
3 0.917091837 -0.917091837 0.841057437
Z (eexperiment - (:»‘alverage)2 0.613940396
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Table 6. The Data Resistance Coefficient on Inelastic Collisions

Num Cexperiment Caverage Cexperiment = Caverage (eexperiment - e::lverage)2
1 0 0 0 0
2 0 0 0
3 0 0 0
> (€experiment - eaverage)2 0

The data display both elastic and inelastic
collisions are corresponding with the concept
of momentum. In this research, students
concluded that the linear momentum of a
particle or object, which can be modeled as a
particle with mass m and moving with
velocity, is defined as the product of mass
and velocity. Linear momentum is a vector
quantity because it is a scalar quantity m and
vector quantity v.

Based on Newton's Second Law, we can
connect the linear momentum with the
resultant forces acting on the particle (Eq. 2).
This shows that the rate of momentum in a
particle is equal to the amount of force acting
on a particle.

Eq. 2 was used in situations where the
velocity vector changes by time changing. It
can also be used for phenomena where the
mass changes after the collision. Besides,
additional revision as a device analysis
appears if we apply it for two or more
component systems. This generates eternal

momentum for the system being developed.
dv

2F=ma=m5 (2

In the Tracker application, we get results
in the form of graphs and values. The graph
that we observe is a graph of velocity against
time. The chart can be understood easily with
the help of a Tracker. In addition to the
graphs in the table, we can also quickly
determine the value of velocity and
momentum before the collision, during the
crash, and after the crash. This is very helpful
for students; therefore, students can learn
independently.

In the end, students will get results and
conclusions. After the learning process is
carried out, the questionnaire sheet was given
to students to know the effect of the virtual
experiment model on learning independence.

All  students should fill out the
questionnaire sheet containing 25 statements,
both the experimental class and the control
class, at the end of the meeting to test the
percentage score. For the questionnaire of
student  learning  independence, the
researcher used a Likert scale.

Table 7 shows the result analysis of
student learning independence based on
student independence on control and
experiment class.

Table 7. Analysis of Students Learning Independence Questionnaire on Control and Experiment Class

Control Class

Independence Aspects

Experiment Class

Percentage value

Percentage value (%) Criteria (%) Criteria

Not depend on others 46.03 Less 56.19 Medium

Confidence 50.00 Medium 60.95 Medium

Initiative 50.85 Medium 57.90 Medium
Responsible 49.14 Medium 61.33 High
Motivation 51.42 Medium 63.61 High
Self-evaluation 62.53 High 65.71 High
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Based on Table 7, there are four indicators
with medium criteria and one indicator with
high criteria. Four indicators with criteria do
not depend on others, confidence, initiative,
responsibility, and motivation. At the same
time, the indicator in the high criteria is self-
evaluation. Therefore, it can be concluded
that the learning class has sufficient learning
independence. Analysis of student learning
independence based on a questionnaire in the
experimental class also can be seen in Table
7. It shows that there are three indicators with
medium criteria and three indicators with
high criteria. Three indicators with medium
criteria are not dependent on others,
confidence, and initiative. At the same time,
indicators in the high criteria are
responsibility,  motivation, and self-
evaluation. Responsibility aspects obtained a
percentage of independence of 61.33% with
high criteria. This aspect consists of 5
statements. Almost the same as the control
class, their sense of responsibility is still
considered insufficient when viewed from
the resolution of the problems they face. This
can be seen when using the Tracker, and their
results are still not correct. They did not try
to solve it themselves but directly asked the
researchers. However, students were able to
take responsibility for taking notes and
reading the material being taught. As seen
from the number of students who answered
agreed and strongly agreed with the
statement, there were ten students. Aspects of
motivation, the percentage of independence
IS 63.61% with high criteria. This aspect
consists of 5 statements. Student motivation
can be assessed because, in the student's
information, there is a willingness to try to
achieve the physics score target that has been
set by himself. Twelve students choose to
agree on this. Besides, students have enough
motivation to set their minimum target score
obtained each time a physics test. In
statement number 19, eight students agreed
and strongly agreed, even though the others
still answered doubtfully. Aspects of self-
evaluation obtained a percentage of
independence of 65.71% with high criteria.

This aspect consists of 3 statements. Student
self-evaluation in the controller class is
considered to have reached high criteria. This
can be seen from the aspect statement, which
states that when answering physics questions
and the answer is wrong, students review the
answers to fear that something is less
thorough. Out of 21 students, 12 students
agreed. However, to follow up on this, after
the research, the results of the students'
posttest tests should be distributed, and
students who still answered incorrectly could
do an evaluation.

In general, student learning independence
in the experimental class is better than in the
control class. The experimental class
obtained an average of 60.95% with
moderate criteria, while the control class was
51.31% with moderate criteria. However,
both are still in the moderate criteria.

Based on the research that has been done,
the independence of students who learn to
use Tracker media is better than students who
use ordinary experiments. This is shown in
the study results that there are three criteria
for independent learning in the experimental
class:  responsible,  motivated,  self-
evaluation, which gets a high percentage of
the control class. This is also in line with
Trocaru's (2020) research. The activity of
analyzing experimental videos can motivate
students to learn and find physical events in
real life. Besides, it is also mentioned by
research based on research conducted by
Ediansyah (2019) the use of PBL as long as
learning outcomes are at a good level of
learning independence, on the results of
research and Bernard (2019) independent
learning through VBA assisted mathematics
learning media for excel games has
increased. This is shown by students being
more active and responsive when learning.
At the time of learning, experiment with the
help of Tracker, on average, students have
shown aspects that are not dependent on
other  people. Students can learn
independently because they get help from the
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Tracker media during the experiment.
Kesuma (2020) also states that the Self-
Regulated Learning (SRL) Model can
improve students' SRL skKills, especially
students who are still dependent on others.

Learning through interactive multimedia
invites students’ interest to know, where
students' motivation to learn includes the six
aspects of learning independence used by
researchers.

CONCLUSION AND SUGGESTION

Based on the research results, the
independence of student learning in the
experimental class is better than the class that
is not given treatment. It can be said that
using a Tracker application more helpful for
student  learning.  Student  learning
independence was shown from the results
based on the questionnaire. In the control
class, five aspects get the medium-level
independence criteria. It can be concluded
that the students’ learning independence in
the experimental class at AL-AZHAR 14
High School is better than that of the control
class. In taking video recordings to be
analyzed using the Tracker, a layout and
background that highlights the function
image are required. The camera layout and
lighting settings significantly affect the
quality of the video. They impact students'
understanding of the symptoms observed
from the results of the tracker analysis.
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