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Abstract

Experiment or laboratory-work is an essential part of physics and other science
subjects. However, due to COVID-19 pandemic, face-to-face classes must be
transformed to remote classes. Access to the laboratory becomes very limited during
the remote class. We have to utilize technology to substitute hands-on activity in
laboratory based-course. In this paper, we propose implementing modeling activity by
using Tracker in the online Advanced Physics Experiment course. The course is
mandatory at the Department of Physics Education in an Indonesian private university.
The study shows that 20 out of 21 participants have shown an increase in graph
interpretation skills. Although the activity could not facilitate students' practicing
hands-on skills, this activity can encourage students to practice other science process
skill aspects. Moreover, according to the survey, students feel more motivated to learn
physics online after exposed to the modeling activity.

Keywords: modeling, physics experiment, graph interpretation, learning motivation,
online course.

Introduction

Distance learning has transformed significantly as digital technology develops
tremendously. The main problem of distance learning in the past is the lack of
interaction between teachers and students. However, with more accessible internet
and advance communication technology, that main obstacle can be reduced
significantly. Still, distance learning has a significant problem, especially for a science
course. The problem is mainly related to bringing laboratory work or experiments in
distance learning (Aththibby, Kuswanto, & Mundilarto, 2021).

Laboratory work is an indispensable part of science courses; it facilitates students to
inquire, think critically, and practice generating scientific information. Previous
studies also show that students' attitudes toward science improve when students are



involved in laboratory work. Moreover, it is essential to reveal a meaningful
understanding of science concepts (Sadoglu, Durukan, Sadoglu, & Determining,
2018).

COVID-19 pandemic, which started in early 2020, has affected the education system
around the world. The schools are forced to close to minimize the spread of the virus.
Hence, students and teachers are forced to convert the face-to-face course to remote
mode with online learning. In a short period, teachers need to design the online course.
For Physics Education Department, the challenge is transforming practical-based
courses into online learning. The practical-based course usually is done in a
laboratory and requires hands-on activity, but direct access to laboratory is impossible
in online learning. Even though it cannot replace hands-on activity, some technologies
can be implemented as alternatives (Aththibby et al., 2021; Campari et al., 2021; Pols,
2020).

In this work, we explain the alternative of using Tracker as a video modeling software
that students can use for taking data from experiment video, analyzing the data, and
helping them in modeling. Instead of students do a hands-on experiment in the lab, the
teacher record the experiment and give the video to students. The students then
observe the physical phenomena in the video and take quantitative data by using
Tracker (Brown & Cox, 2009). Tracker has been widely used in the physics education
community to enhance face-to-face physics courses (Castaneda, 2019; Trocaru, Berlic,
Miron, & Barna, 2020; Yusuf, 2016). The learning activity implemented in this work
is based on modeling. Modeling-based learning encourages students to construct a
scientific model or solve particular problems like a real scientist (Cascarosa &
Gimeno, 2020). Even though this online activity may not facilitate competencies
related to practical things such as using apparatus and laboratory safety, it can also
stimulate students to develop other competencies such as data skills and
communication skills.

In particular, we investigate how the modeling activity using Tracker affects one
aspect of data skill, i.e., graph interpretation skills. A graph is one of the data
representations that is widely used in various fields. To anticipate future career paths,
students need to get used to interpreting graphs (Ergiil, 2018).

Literature Review
Model and Modeling in Physics Learning

Model in physics is a simplified version of a part of the targeted physical world.
Based on the representation method, models can be categorized into six types, i.e.
concrete models, verbal models, visual models, mathematical models, action models,
and a mix of those models (Buckley & Boulter, 2000).

Modeling is a process that scientist uses to construct a scientific model or solve
particular problems. Although modeling is initially coming from a process usually
done by scientists, it is also adapted in the science learning process (Wang, Jou, Lv, &
Huang, 2018). Students can go through the modeling process to develop scientific
knowledge. The principle of modeling in learning science is constructing a mental
model to understand a phenomenon and using the cognitive model to solve a problem.



There are several learning cycles proposed based on modeling. Hestenes stated that
the physics modeling process comprises 3 main parts, i.e., modeling, model analysis,
and model validation (Hestenes, 1997). Halloun also developed a learning cycle based
on the modeling process; the learning cycle consists of exploration, model adduction,
model formulation, model deployment, and paradigmatic synthesis (Halloun, 2007).
Meanwhile, Brew proposed five steps: introduction and representation, coordination
of representation, application, abstraction and generalization, and continued
incremental development (Brewe, 2008). In another study, modeling-based flipped
learning has been developed. Flipped learning stages consist of exploration, model
adduction, model formulation, and model deployment (Wang et al., 2018). Several
studies have indicated the positive impact of model-based learning. The
implementation of model-based learning in school can reduce alternative conceptions,
clarify disagreement between intuition and physics phenomenon, improve
argumentation skill, connect theory and experimental data, improve problem-solving
strategies, mediate a new concept with prior knowledge or other disciplines, and help
student in understanding the image of nature (Cascarosa & Gimeno, 2020)

Graph Interpretation skill

One of the critical competence in the twenty-first century is working with data,
including data analysis (Glazer, 2015). Practicing data analysis is often done in
physics class, but data analysis skills are used in various real-life applications.
Constructing and interpreting visual data presentation in the form of a graph is
included in data analysis skills. In physics, a graph is also a powerful model
representation to present the behavior of physical phenomena (Stefanel, 2019). It is
also able to reduce the cognitive load and promote cognitive thinking (Pospiech,
2019). Prompt students in interpreting graphs will be useful not only to understand
physical concepts but also to train crucial data skills for the future workforce.

E-learning in Physics and Its Challenges

Distance learning has been existing for a long time ago. Following internet and
computer technology growth, distance learning has become more facilitated. The
concept of electronic-learning or E-learning emerges as the internet becomes more
accessible around the world. Nowadays, there is a various e-learning platform that
teachers and students can use. The frequency of direct interaction between teacher and
students during distance learning was very low in the past. However, with the current
communication technology, such as online meeting applications, direct interaction
between teacher and students in distance learning become easier (Pratama, Nor,
Azman, Kassymova, & Shakizat, 2020).

A learning management system (LMS) also facilitates e-learning well. With LMS,
such as Moodle, a teacher can construct interactive and effective material, discussion,
and assessment. E-learning is not only used for fully distance learning courses.
Teachers can combine a regular face-to-face meeting with e-learning. The
combination brought out the concept of blended learning and flipped learning.
Shurygin & Sabirova (2017) implement blended learning in teaching physics by using
LMS Moodle. It has several positive impacts, such as allowing personalization in
education process and motivating students to work independently (Shurygin &
Sabirova, 2017).

COVID-19 pandemic forces school closure to minimize human physical contact.
Education institutions must change face-to-face classes to remote classes. Some
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teachers and students have experienced E-learning before; the sudden change has
become troublesome for some courses. There is a considerable impact for a practical
course such as a physics experiment course. When a hands-on experiment in the
laboratory is hard to conduct, teachers need to find other alternative learning methods.
Computer and mobile technologies give some alternative activities. It involves
computer simulation (Bayrak, 2008; Develaki, 2017; Habibi, Jumadi, & Mundilarto,
2020; Pratidhina, Pujianto, & Sumardi, 2019), simple experiment project with easy to
get tools (including smartphone sensor) (Arribas, Escobar, & Suarez, 2015; Pili &
Violanda, 2018), pre-recorded video demonstration, live demonstration (Kestin,
Miller, Mccarty, Callaghan, & Deslauriers, 2020) and remote laboratory (Hoyer &
Girwidz, 2018).

Tracker as a Video modeling tool in physics teaching

Tracker is one of the helpful video modeling tools in physics teaching. It is computer
software developed on the Open Source Physics Java code library. Hence, students
and teachers can download and use it for free. Tracker provides various features to
analyze physics experimental data that has been recorded in a video file. In Tracker,
users can track the position, velocity, and acceleration of a particular moving object
(Brown, 2020). Moreover, Tracker also has an RGB line profile feature that can be
used to analyze spectra (Pratidhina, Wandaru, & Kuswanto, 2020; Rodrigues,
Marques, & Sime, 2016). This feature helps get a light intensity distribution graph in
light diffraction, interference, or polarization experiment. Some papers have described
how to use Tracker in modeling and understanding physics topics in high school and
undergraduate levels, such as harmonic motion (Kinchin, 2016), free fall (Wee, Tan,
& Leong, 2015), projectile motion (Wee, Chew, Goh, Tan, & Lee, 2012), rotational
dynamic (Eadkhong, Rajsadorn, Jannual, & Danworaphong, 2012), electricity and
magnetism (Aguilar-Marin, Chaves-Bacilio, & Jauregui-Rosas, 2018), refraction
(Urek, Ozdemir, & Coramik, 2021), and reflection (Rodrigues & Carvalho, 2014). In
previous studies, implementing Tracker as a pedagogy tool has shown several
advantages, such as improving learning motivation (Wee et al., 2015), increasing
conceptual understanding (Amaliah, Darmadi, & Saehana, 2020), and developing
conceptual thinking (Hockicko, Kristak, & Miroslav, 2015).

Research Methods
Research Design

This study was intended to investigate the effectiveness and students' view of
modeling-based learning activity using Tracker in an undergraduate online physics
experiment. The one-group pre-and post-test design was used in the study. Pre- and
post-test were given before and after students were exposed to the Tracker assisted
modeling activity.

Research Participant

The research was conducted at Physics Education Department in Widya Mandala
Catholic University Surabaya, Indonesia. We asked all undergraduate students there
who take the Advance Physics Experiment course 2020 to participate in the learning
activity. In total, 21 students participate. They consist of 7 male and 14 female



students. All students join an online course with a laptop and have considerably good
internet access.



Instrument

Instruments used in this research are pre-test, post-test and questionnaire. Pre- and
post-test are used to investigate how the learning activity affects graph interpretation
skills. There are five questions related to graph interpretation skills given in the
pre-and post-test; students need to complete them within 20 minutes. To get the
students' feedback on the learning activity, they were asked to fill Likert scale
questionnaire.

Data Analysis

To describe the comparison between pre-and post-test, we use normalized gain, (g)
as an indicator. The formula to calculate normalized-gain is given in equation (1). The
criteria of normalized-gain are shown in Table 1.

_ Y%post — %pre
{9) =700 —%%pre @

where %post is the pre-test score in percentage, %pre is the pre-test score in
percentage. We calculate both individual normalized-gain and class average
normalized-gain.

Table 1. Criteria of the normalized-gain score (Hake, 1998)

Normalized Gain, (g) Criteria
(g) =0.7 High
03 >(g)>0.7 Medium
(9)<0.3 Low

Result and Discussion
Learning Activity

The participants involved in this study were students who took Advanced Physics
Experiment class. This course is mandatory in the Physics Education major. Before
students take this course, they took Physics II. The theory of diffraction had been
studied in Physics II. Therefore, students who participated in this study had a prior
theoretical model of single-slit diffraction. The learning process involved synchronous
and asynchronous sessions. The synchronous session was conducted by using Zoom.
Meanwhile, asynchronous sessions used the Moodle platform. The learning phases are
explained in Table 2.



Table 2. The Learning Activity Phases

Phase

Description

Platform

1.Pre-test

The pre-test was given to students online before they
participate in the modeling activity.

Moodle

2.Introduction
to Tracker

This phase was conducted asynchronously and
synchronously. Before synchronous class, students
watched a video explaining how to install and use
Tracker to analyze physics experiments. All students had
installed Tracker on their computer before the first
synchronous class.

Moodle and
Zoom

3.Orientation

In the orientation, the lecturer introduced students to the
experimental set-up of diffraction with a single slit. The
lecturer demonstrated how to do the experiment, and
students were asked to observe the diffraction pattern
results in the experiment. Students were also asked to
hypothesize how the variation of slit width, screen-slit
distance, and light wavelength affects the diffraction
pattern.

Zoom

4.Exploration

To test the hypothesis, students need to do an
investigation. In normal laboratory work, students will do
hands-on experiments directly. However, in this online
course, instead of students doing a hands-on experiment,
the lecturer gave a recorded video about the diffraction
experiment with a single slit. The video showed the
diffraction pattern when the slit width, screen-slit
distance, and light wavelength were varied. Students had
to import the video to Tracker and then plot the
diffraction pattern's intensity distribution with the Line
Profile feature in Tracker (see Figures 1 and 2).

Moodle

5.Model
adduction

Students are asked to identify the difference of intensity
distribution in diffraction pattern, when the slit width,
scree-slit distance and wavelength are varied. They can
discuss it in group via Moodle forum.

Moodle

6.Model
formulation

After discussing their observation and analysis results,
students were asked to make theoretical modeling of
diffraction with a single slit. Students also had to relate
the experimental result and the light intensity equation
yield in the modeling process. To help students connect
the theoretical equation and experimental result, they
could use Excel to plot the light intensity at each point.

Moodle

7.Reflection

Finally, students reflected on the activities that they had
done. They evaluated the limitation of the activity and
gave their idea of how to improve the experimental result.
After the whole process, students needed to make a report
and submit it.

Moodle

8.Post-test

After submitting their task, students did a post-test. The
post-test consisted of the same question as the pre-test.
Students had to complete it within 20 minutes. After
finished the post-test, students were asked to fill a
questioner that asks their views on the use of Tracker in
the online Advanced Physics Experiment course.

Moodle
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Figure 1. Students performed an investigation of diffraction phenomena by using
Tracker.
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Figure 2. Analysis feature in Tracker can help students to look at the details of the
experimental result and perform modeling

Effect of the Learning Activity

In general, this study has shown that using Tracker in modeling activity improves
students' graph interpretation skills. Table 3 shows the comparison between pre-and
post-test scores. The normalized gain score is calculated according to Eq 1 to compare
the pre-and post-test. There is only one student's score that decreases. The other 20
students improved their post-test scores with various normalized-gain. Thirteen
students obtain a high normalized-gain, five students receive medium normalized-gain,
and one student receives low normalized-gain. The class average of pre-and post-test



is shown in Table 4. Based on the average score, the average normalized-gain is
calculated to be 0.74, categorized as a high normalized-gain.

Table 3. Comparison between individual pre-test and post-test score

s Final
Student FmaSlcl(’)Il"i-teSt Ensiztest. | Tudivedyal Criteria
(max=100) Score (9)
(max=100)

S1 0.00 60.00 0.60 medium
S2 60.00 100.00 1.00 high
S3 40.00 60.00 0.33 medium
S4 0.00 100.00 1.00 high
S5 20.00 80.00 0.75 high
S6 40.00 20.00 -0.33 decrease
S7 40.00 100.00 1.00 high
S8 20.00 100.00 1.00 high
S9 40.00 100.00 1.00 high
S10 40.00 100.00 1.00 high
S11 0.00 20.00 0.20 low
S12 20.00 60.00 0.50 medium
S13 0.00 100.00 1.00 high
S14 40.00 100.00 1.00 high
S15 0.00 40.00 0.40 medium
S16 40.00 100.00 1.00 high
S17 20.00 80.00 0.75 high
S18 20.00 100.00 1.00 high
S19 40.00 100.00 1.00 high
S20 20.00 60.00 0.50 medium
S21 0.00 100.00 1.00 high

Table 4. Comparison between class average pre-test and post-test score

Average final Average final post-test| Average Criteria
pre-test core core (9)
23.81 80.00 0.74 High

There are 5 questions in the pre-and post-test. All of the questions have indicators
related to interpreting graphs. The average scores of each question are given in Table
5. Although students had learned the theory of diffraction in the previous course, the
pre-test score is still low. It indicates that students were still not fluent in interpreting
graph. In general, the average score of each question in post-test improves. Based on
the calculated normalized-gain, score on Q1 and Q3 moderately improve, while
scores on Q2, Q4, and Q5 highly improve.



Table 5. Comparison between the average class score of each question on the pre-and
post-test score

Pre-test Post-test
Question Indicators Average Average (9) Criteria
(max=100) | (max=100)
Student can predict the light
intensit attern/graph  in .
Ql single yslit pdiffractgirorf) for 9:3 1.4 Rhiogh | menson
certain experimental set-up
Student can guess
experimental set-up in single .
Qe slit diffraction based on the o 8.0 R.5 High
intensity graph interpretation
Student can predict the light
intensity pattern/graph when
Q3 the experiment parameter (slit 38.1 81.0 0.69 | medium
width) in single slit diffraction
is changed
Student can predict the light
intensity pattern/ graph when
the experiment arameter .
Q4 (distancep between pslit and 238 85.7 0.81 high
screen) in single slit
diffraction is changed
Student can interpret the light
Q5 wavelength used in the 286 31.0 073 high
experiment based on the ’ ’ ’ &
intensity graph

Students' View on the Learning Activity

Besides the test about graph interpretation skills, five Likert scale questionnaires were
given to students. Out of 21 participants, 15 participants filled and submitted the
questionnaires appropriately. The survey aims to collect the students' views on the
modeling activity using Tracker in the learning process. The summary of the survey is
presented in Table 6. The questionnaire's overall mean score is 4.1, which can be
interpreted as high (Ibrahim, Bakar, Asimiran, Mohamed, & Zakaria, 2015).

Based on the survey, 80% of students agreed that modeling activity using Tracker in
the Advance Physics Experiment course gave them more opportunity to learn than
just observing live demonstrations and analyzing data provided by the lecturer. 93.3%
of students also agreed that they could learn data analysis techniques in physics
experiments. 93.3% of students thought Tracker and Excel, which were used during
the learning activity, helped them interpret experimental results. It is in line with the
improvement of graph interpretation skills.

Before this study was conducted, in the online Advanced Physics Experiment course,
the lecturer usually did a live demonstration via zoom every week. Students had to
make an experiment report based on the lecturer's data. The modeling activity using
Tracker was something new for students. According to the survey, 73.3% of students
stated that it is easy to understand how to use Tracker. Some of the students may think
that it is quite difficult because it is something new for them. However, it has positive
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effects on students' motivation; 80% of students stated that the activity improves the
online physics course motivations and 86.7% of students wanted to explore more
physics phenomena with Tracker.

Table 6. Students' View on Modeling Activity using Tracker

Strongly Don't Strongly Meiisi
No. Statements disagree | Disagree | know Agree agree
(1) @ 3) @ 5 | o
1 The introduction given
in the experiment video
gives a clear explanation 1 0 1 3 10 44
about (6.7%) (0%) (6.7%) | (20%) | (66.7%) ’
Fraunhofer-Diffraction
experimental set-up
2 Compare to observing
live demonstration and
analyze a set of data
given by the lecturer, 0 1 2 4 8 43
experiment video (0%) (6.7%) | (13.3%) | (26.7%) | (53.3%) ’
analysis activity using
Tracker gives me more
opportunity in learning
3 I have an opportunity in
learning analysis
technique in physics 0 1 0 5 9 45
experiment through an (0%) (6.7%) 0%) | (33.3%)| (60%) ’
activity using Tracker
and Excel
4 Analysis using Tracker
and Excel help me to 0 1 0 7 7 43
interpret the (0%) (6.7%) (0%) | (46.7%) | (46.7%) ’
experimental result
I want xplore mor
’ phyiicz:f;he‘)ngn?e u(;ire\g ! ¢ ! . 4 4
Trockes doftoire (6.7%) (0%) (6.7%) | (60%) | (26.7%)
6 The learning activity
using Tracker improves 1 0 2 8 4 39
my motivation in (6.7%) (0%) (13.3%) | (53.3%) | (26.7%) ’
learning physics online
7 Understanding how to 0 1 3 9 2 38
use Tracker is easy (0%) (6.7%) (20%) (60%) | (13.3%) )
8 Activity using Tracker
teatital, | 3 A I IR ISR T P
models and (6.7%) (0%) (6.7%) | (60%) | (26.7%)
experimental results.
9 Activity using Tracker
helps me to interpret the 1 0 1 7 6 4.1
physical meaning of a (6.7%) (0%) (6.7%) | (46.7%) | (40%) ’
graph representation.
Overall mean score 4.1
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Conclusion

Teaching physics and other science courses during the COVID-19 pandemic is
challenging, especially when we need to transform face-to-face laboratory-based
courses into online courses. Besides, maintaining students' learning motivation during
the online course is also not an easy task. Hence, educators need to implement
innovative learning activities during the online course. In this study, we have shown
Tracker-assisted modeling activity in the undergraduate Advanced Physics
Experiment course. The study shows that the learning activity effectively improves
students' data skills especially related to graph interpretation; the normalized-gain is
0.74, which can be categorized as high. This skill is important for preparing the future
workforce. Moreover, students also stated that they are more motivated to learn
physics online and have more opportunities to learn during the modeling activity by
using Tracker. In the future study, Tracker-assisted modeling-activity can also be
combined with simple experiment project that can be conducted at home.
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Abstract

Experiment or laboratory-work is an essential part of physics and other science subjects. However,
due to COVID-19 pandemic, face-to-face classes must be transformed to remote classes. Hence,
access to thelaboratory becomes very limited during theremote class. Technology has to be utilized
to substitute hands-on activity in laboratory based-course. Other than that, maintaining students’
motivation in remote class is also challenging. In this paper, we propose implementing modeling
activity by using Tracker in the online Advanced Physics Experiment course. We examine the
effectiveness of Tracker-assisted modeling activity in improving graph interpretation skills on the
topics of Fraunhofer-Diffraction. The study shows that 20 out of 21 participants have shown an
increase in graph interpretation skills. The average normalized gain is 0.74, which can be seen as a
high improvement. Although the activity could not facilitate students' practicing hands-on skills,
this activity can encourage students to practice other science process skill aspects. Moreover,
according to the survey, students feel more motivated to learn physics online after exposed to the
modeling activity.

Keywords: Modeling, Physics experiment, Graph interpretation, Learning motivation, Online course.

Contribution of this paper to the literature

1. Introduction

Distance learning has transformed significantly as digital technology develops tremendously. The main problem
of distance learning in the past is the lack of interaction between teachers and students. However, with more
accessible internet and advance communication technology, that main obstacle can be reduced significantly. Still,
distance learning has a significant problem, especially for a science course. The problem is mainly related to bringing
laboratory work or experiments in distance learning (Aththibby, Kuswanto, & Mundilarto, 2021).

Laboratory work is an indispensable part of science courses; it facilitates students to inquire, think critically, and
practice generating scientific information. Previous studies also show that students'attitudes toward scienceimprove
when students are involved in laboratory work. Moreover, it is essential to reveal a meaningful understanding of
science concepts (Sadoglu & Durukan, 2018).

COVID-19 pandemic, which started in early 2020, has affected the education system around the world. The
schools are forced to close to minimize the spread of the virus. Hence, students and teachers are forced to convert
the face-to-face course to remote mode with online learning. In a short period, teachers need to design the online
course. For Physics Education Department, the challenge is transforming practical-based courses into online
learning. The practical-based course usually is done in a laboratory and requires hands-on activity, but direct access
to laboratory is impossible in online learning. Even though it cannot replace hands-on activity, some technologies
can be implemented as alternatives (Aththibby et al, 2021; Campari et al., 2021; Pols, 2020).

In this work, we explain the alternative of using Tracker as a video modeling software that students can use for
taking data from experiment video, analyzing thedata, and helping them in modeling. Instead of students doa hands-
on experimentin the lab, the teacher record the experimentand give the video to students. The students then observe
the physical phenomena in the video and take quantitative data by using Tracker (Brown. & Cox, 2009). Tracker has
been widely used in the physics education community to enhance face-to-face physics courses (Castaneda, 20 19; Eddy,
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2016; Trocaru, Berlic, Miron, & Barna, 2020). The learning activity implemented in this work is based on modeling.
Modeling-based learning encourages students to construct a scientific model or solve particular problems like a real
scientist (Cascarosa., Sdnchez-Azqueta, Gimeno, & Aldea, 2020). Even though this online activity may not facilitate
competencies related to practical things such as using apparatus and laboratory safety, it can also stimulate students
to develop other competencies such as data skills and communication skills.

In particular, we investigate how the modeling activity using Tracker affects one aspect of data skill, i.e., graph
interpretation skills. A graph is one of the data representations thatis widely used in various fields. To anticipate
future career paths, students need to get used to interpreting graphs (Ergiil, 2018).

2. Literature Review
2.1. Model and Modeling in Physics Learning

Model in physics is a simplified version of a part of the targeted physical world. Based on the representation
method, models can be categorized into six types, i.e. concrete models, verbal models, visual models, mathematical
models, action models, and a mix of those models (Buckley & Boulter, 2000).

Modeling is a process that scientist uses to construct a scientific model or solve particular problems. Although
modelingisinitially coming from a process usually done by scientists, itis also adapted in the sciencelearning process
(Wang, Jou, Lv, & Huang, 2018). Students can go through the modeling process to develop scientific knowledge.
The principle of modeling in learning science is constructing a mental model to understand a phenomenon and using
the cognitive model to solve a problem.

Thereare several learning cycles proposed based onmodeling. Hestenes stated that the physics modeling process
comprises 3 main parts, i.e., modeling, model analysis, and model validation (Hestenes, 1997). Halloun (2007) also
developed a learning cycle based on the modeling process; thelearning cycle consists of exploration, model adduction,
model formulation, model deployment, and paradigmatic synthesis (Halloun, 2007). Meanwhile, Brew proposed five
steps: introduction and representation, coordination of representation, application, abstraction and generalization,
and continued incremental development (Brewe, 2008). In another study, modeling-based flipped learning has been
developed. Flipped learning stages consist of exploration, model adduction, model formulation, and model
deployment (Wang et al,, 2018). Several studies have indicated the positive impact of model-based learning. The
implementation of model-based learning in school can reduce alternative conceptions, clarify disagreement between
intuition and physics phenomenon, improve argumentation skill, connect theory and experimental data, improve
problem-solving strategies, mediate a new concept with prior knowledge or other disciplines, and help student in
understanding the image of nature (Cascarosa. et al., 2020).

2.2. Graph Interpretation Skill

One of the critical competence in the twenty-first century is working with data, including data analysis (Glazer,
2015). Practicing data analysis is often done in physics class, but data analysis skills are used in various real-life
applications. Constructing andinterpreting visual datapresentation in theform of a graphisincluded in data analysis
skills. In physics, a graph is also a powerful model representation to present the behavior of physical phenomena
(Stefanel, 2019). Itis also able to reduce the cognitive load and promote cognitive thinking (Pospiech, 2019). Prompt
students in interpreting graphs will be useful not only to understand physical concepts but also to train crucial data
skills for the future workforce.

2.3. E-Learning in Physics and Its Challenges

Distance learning has been existing for a long time ago. Following internet and computer technology growth,
distance learning has become more facilitated. The concept of electronic-learning or E-learning emerges as the
internet becomes more accessible around the world. Nowadays, there is a various e-learning platform that teachers
and students can use. The frequency of direct interaction between teacher and students during distance learning was
very low in the past. However, with the current communication technology, such as online meeting applications,
direct interaction between teacher and students in distance learning become easier (Pratama, Azman, Kassymova, &
Duisenbayeva, 2020).

A learning management system (LMS) also facilitates e-learning well. With LMS, such as Moodle, a teacher can
construct interactive and effective material, discussion, and assessment. E-learning is not only used for fully distance
learning courses. Teachers can combine a regular face-to-face meeting with e-learning. The combination brought
out the concept of blended learning and flipped learning. Shurygin and Sabirova (2017) implement blended learning
in teaching physics by using LMS Moodle. It has several positive impacts, such as allowing personalization in
education process and motivating students to work independently (Shurygin & Sabirova, 2017).

COVID-19 pandemic forces school closure to minimize human physical contact. Education institutions must
change face-to-face classes to remote classes. Some teachers and students have experienced E-learning before; the
sudden change has become troublesome for some courses. There is a considerable impact for a practical course such
as a physics experiment course. When a hands-on experiment in the laboratory is hard to conduct, teachers need to
find other alternative learning methods. Computer and mobile technologies give some alternative activities. It
involves computer simulation (Bayrak, 2008; Develaki, 2017; Habibi, Jumadi, & Mundilarto, 2020; Pratidhina,
Pujianto, & Sumardi, 2019) simple experiment project with easy to get tools (including smartphone sensor) (Arribas,
Escobar, & Suarez, 2015; Pili & Violanda, 2018), pre-recorded video demonstration, live demonstration (Kestin,
Miller, Mccarty, Callaghan, & Deslauriers, 2020) and remote laboratory (Hoyer & Girwidz, 2018).

2.4. Tracker as a Video Modeling Tool in Physics Teaching

Tracker is one of the helpful video modeling tools in physics teaching. It is computer software developed on the
Open Source Physics Java code library. Hence, students and teachers can download and use it for free. Tracker
provides various features to analyze physics experimental data that has been recorded in a video file. In Tracker,
users can track the position, velocity, and acceleration of a particular moving object (Brown, 2020). Moreover,
Tracker also has an RGBline profile feature that can be used to analyze spectra (Pratidhina., Dwandaru, & Kuswanto,
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2020; Rodrigues, Marques, & Sime, 2016). This feature helps get a light intensity distribution graph in light
diffraction, interference, or polarization experiment. Some papers have described how to use Tracker in modeling
and understanding physics topicsin high school and undergraduate levels, such as harmonic motion (Kinchin, 2016)
free fall (Wee, Tan, & Leong, 2015) projectile motion (Wee., Chew, Goh, Tan, & Lee, 2012) rotational dynamic
(Eadkhong, Rajsadorn, Jannual, & Danworaphong, 2012) electricity and magnetism (Aguilar-Marin, Chaves-Bacilio,
& Jauregui-Rosas, 2018) refraction (Urek, Ozdemir, & Coramik, 2021 ) and reflection(Rodrigues. & Carvalho, 2014).
In previous studies, implementing Tracker as a pedagogy tool has shown several advantages, such as improving
learning motivation sreasing conceptual understanding (Amaliah, Darmadi, & Sachana,
2020) and developing conceptual thinking (Hockicko, Kristik, & Miroslav, 20135).

3. Research Methods
3.1. Research Design

This study was intended to investigate the effectiveness and students' view of modeling-based learning activity
using Tracker in an undergraduate online physics experiment. The one-group pre-and post-test design was used in
the study. Pre- and post-test were given before and after students were exposed to the Tracker assisted modeling
activity.

3.2. Research Participant

The research was conducted at Physics Education Department in Widya Mandala Catholic University Surabaya,
Indonesia. We asked all undergraduate students there who take the Advance Physics Experiment course 2020 to
participate in the learning activity. In total, 21 students participate. They consist of 7 male and 14 female students.
All students join an online course with a laptop and have considerably good internet access.

3.8. Instrument

Instruments used in this research are pre-test, post-test and questionnaire. Pre- and post-test are used to
investigate how the learning activity affects graph interpretation skills. There are five questions related to graph
interpretation skills given in the pre-and post-test; students need to complete them within 20 minutes. To get the
students' feedback on the learning activity, they were asked to fill Likert scale questionnaire.

3.4 Data Analysis
To describe the comparison between pre-and post-test, we use normalized gain, {(g) as an indicator. The formula
to calculate normalized-gain is given in Equation 1. The criteria of normalized-gain are shown in Table 1.
)= %post — Y%pre 1
(9)= 100 — %pre O
where %post is the pre-test score in percentage, %pre is the pre-test score in percentage. We calculate both
individual normalized-gain and class average normalized-gain.

Table-1. Criteria of the normalized-gain score (Hake, 1998)

Normalized Gain, (g) Criteria
(g) >0.7 High
= Medium

Lo

4. Result and Discussion
t.1. Learning Activity

The participantsinvolved in this study werestudents who Advanced Physics Experiment class. This
course is mandatory in the Physics Education major. Before students take this course, they took Physics I1. The
theory of diffraction had been studied in Physics I1. Therefore, students who participated in this stud y had a prior
theoretical model of single-slit diffraction. The learning process involved synchronous and asynchronous sessions.
The synchronous session was conducted by using Zoom. Meanwhile, asynchronous sessions used the Moodle
platform. The learning phases are explained in Table 2.

Table-2. The learning activity phases.

Phase Description Platform
1.Pre-test The pre-test was given to students online before they participate in the modeling [ Moodle
activity.
2.Introduction | This phase was conducted asynchronously and synchronously. Before synchronous | Moodle and
to Tracker class, students watched a video explaining how to install and use Tracker to analyze | Zoom
physics experiments. All students had installed Tracker on their computer before the

first synchronous class.
3.Orientation In the orientation, the lecturer introduced students to the experimental set-up of | Zoom
diffraction with a single slit. The lecturer demonstrated how to do the experiment, and
students were asked to observe the diffraction pattern results in the experiment.
Students were also asked to hypothesize how the variation of slit width, screen-slit
distance, and light wavelength affects the diffraction pattern.

4.Exploration | To test the hypothesis, students need to do an investigation. In normal laboratory work, | Moodle
students will do hands-on experiments directly. However, in this online course, instead
of students doing a hands-on experiment, the lecturer gave a recorded video about the
diffraction experiment with a single slit. The video showed the diffraction pattern when
the slit width, screen-slit distance, and light wavelength were varied. Students had to

© 2021 by the authors; licensee Asian Online Jowrnal P




Journal of Education and e-Learning Research, 2021,

import the video to Tracker and then plot the diffraction pattern'sintensity distribution
with the Line Profile feature in Tracker (see Figures 1 and 2).

5.Model Students are asked to identity the difference of intensity distribution in diffraction | Moodle
adduction pattern, when the slit width, sereen=slit distance and wavelength are varied. They can
discuss it in group via Moodle forum.
6.Model After discussing their observation and analysis results, students were asked to make | Moodle

formulation theoretical modeling of diffraction with a single slit. Students also had to relate the
experimental result and the light intensity equation yield in the modeling process. To
help students connect the theoretical equation and experimental result, they could use
Excel to plot the light intensity at each point.

7.Reflection Finally, students reflected on the activities that they had done. They evaluated the | Moodle
limitation of the activity and gave their idea of how to improve the experimental result.
After the whole process, students needed to make a report and submit it.

8. Post-test After submitting their task, studentsdid a post-test. The post-test consisted of the same | Moodle
question as the pre-test. Students had to complete it within 20 minutes. After finished
the post-test, students were asked to fill a questioner that asks their views on the use of
Tracker in the online Advanced Physics Experiment course.
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1.2. Effect of the Learning Activity
In general, this study has shown thatusing Trackerin modeling activity improves
skills. Table 3 shows the comparison between pre-and post-test scores. The normalized gain score is calculated
according to Equation 1 to compare the pre-and post-test. Thereis only one student's score that decreases. The other

tudents' graph interpretation
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20 students improved their post-test scores with various normalized-gain. Thirteen students obtain a high
normalized-gain, five students receive medium normalized-gain, and one student receives low normalized-gain. The
class average of pre-and post-test is shown in Table 4. Based on the average score, the average normalized-gain is

calculated to be 0.74, categorized as a high normalized-gain.

Table-3. Comparison between individual pre-test and post-test score

Student Final  Pre-test  Score| Final Post-test| Individual Citerta
(max=100) Score (max=100) (g)
S1 0.00 60.00 0.60 medium
Se 60.00 100.00 1.00 high
S3 40.00 60.00 0.33 medium
S+ 0.00 100.00 1.00 high
S5 20.00 80.00 0.75 high
S6 40.00 20.00 -0.33 decrease
S7 +0.00 100.00 1.00 high
S8 20.00 100.00 1.00 high
S9 40.00 100.00 1.00 high
S10 40.00 100.00 1.00 high
S11 0.00 20.00 0.20 low
S12 20.00 60.00 0.50 medium
S138 0.00 100.00 1.00 high
Si4 40.00 100.00 1.00 high
S15 0.00 40.00 0.40 medium
S16 40.00 100.00 1.00 high
S17 20.00 80.00 0.75 high
S18 20.00 100.00 1.00 high
S19 1+0.00 100.00 1.00 high
S20 20.00 60.00 0.50 medium
S21 0.00 100.00 1.00 high
Table-+. Comparison between class average pre-test and post-test score
Average final pre-test core Average final post-test core Average (g) Criteria
23.81 80.00 0.74 High

There are 5 questions in the pre-and post-test. All of the questions have indicators related to interpreting graphs.

The average scores of each question are given in Table 5. Although students had learned the theory of diffraction in
the previous course, the pre-test score is still low. It indicates that students were still not fluent in interpreting graph.
In general, the average score of each question in post-test improves. Based on the calculated normalized-gain, score
on Q1 and Q3 moderately improve, while scores on Q2, Q4, and Q5 highly improve.

Table-5. Comparison between the average class score of each question on the pre-and post-test score

Pre-test Post-test
Question | Indicators Average Average (g) Criteria
(max=100) | (max=100)
Student can predict the light intensity
Q1 pattern/graph in single slit diffraction for certain | 9.5 1.4 0.68 medium
experimental set-up
Student can guess experimental set-up in single
Q2 slit diffraction based on the intensity graph | 19.0 81.0 0.76 high
interpretation
Student can predict the light intensity
Qs pattern/graph when the experiment parameter | 38.1 81.0 0.69 medium
(slit width) in single slit diffraction is changed
Student can predict the light intensity pattem/
graph when the experiment parameter (distance i :
Q4 babia 2 SRl amenaall - X 85.7 0.81 high
etween slit and screen) in single slit diffraction is
changed
05 S(udcnr-can_'mterprf‘f the light_\\'a\'cv!cngrll) used 28.6 e o high
in the experiment based on the intensity graph

+.3. Students' View on the Learning Activ

v

Besides the test about graph interpretation skills, five Likert scale questionnaires were given to students. Out of
21 participants, 15 participants filled and submitted the questionnaires appropriately. The survey aims to collect the

students' views on the modeling activity using Tracker in the learning proc

s. The summary of the survey is

presented in Table 6. The questionnaire's overall mean score is 4.1, which can be interpreted as high (Ibrahim &

Bakar, 2015).
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Based on the survey, 80% of students agreed that modeling activity using Tracker in the Advance Physics
Experiment course gave them more opportunity to learn than just observing live demonstrations and analyzing data
provided by the lecturer. 93.3% of students also agreed that they could learn data analysis techniques in physics
experiments. 93.3% of students thought Tracker and Excel, which were used during the learning activity, helped
them interpret experimental results. It is in line with the improvement of graph interpretation skills.

Before this study was conducted, in the online Advanced Physics Experiment course, the lecturer usually did a
live demonstration via zoom every week. Students had to make an experiment report based on the lecturer's data.
The modeling activity using Tracker was something new for students. According to the survey, 73.3% of students
stated that it is easy to understand how to use Tracker. Some of the students may think that it is quite difficult
becauseit is something new for them. However, it has positiveeffects on students' motivation; 80% of students stated
that the activity improves the online physics course motivations and 86.7% of students wanted to explore more
physics phenomena with Tracker.

Table-6. Students' view on modeling activity using tracker

Strongly Don't Strongly

% 5 Mean

No. | Statements disagree Disagree | know Agree agree P

(1) (2 8) (4) (%)

1 The introduction given in the experiment
video gives a clear explanation about | 1 0 1 3 10 5
Fraunhofer-Diffraction experimental set- | (6.7%) (0%) (6.7%) (20%) (66.7%) :
up

2 Compare to observing live demonstration
and analyze a set of data given by the & ; & . 3
lm'fu_rcr. experiment \'?duo analysis (0%) (6.7%) (15.3%) | (26.7%) | (53.5%) 4.3
activity using Tracker gives me more
opportunity in learning

3 I have an opportunity in learning analysis o | o 5 5
tcvhnlf]lfu in ;)lry’fl:‘s experiment through (0%) 6.7%) (0%) (33.3%) | (60%) 4.5
an activity using Tracker and Excel

4 Analysis using Tracker and Excel help me | 0 1 0 7 7 s
to interpret the experimental result (0%) (6.7%) (0%) (46.7%) | (46.7%) B

5 I want to explore more physical phenome | 1 0 1 9 4 N
using Tracker software (6.7%) (0%) (6.7%) (60%) (26.7%)

6 The learning activity using Tracker i 6 & 8 ¢
improves my motivation in learning (6.7%) (©%) (13.3%) | (53.3%) | (26.7%) 3.9
physics online

7 Understanding how to use Tracker is [0 1 3 9 2 58
eas 0% 6.7% 20% 60%, 13.3% N

Y (

8 Activity using Tracker and Excel helps me ) o y 5 7

to connect theoretical models and 4 o 4.0
: 5.7 % 5.7% 0% 26.7%

experimental results. (6:7.%) 0%) (6:7%) (60%) {26:75)

9 Activity using Tracker helps me to i @ i = e
interpret the physical meaning of a graph : 4.1

SR MR 6 O 2 BTN | (6.7%) (0%) (6.7%) | (46.7%) | (10%)

representation.

Overall mean score 4.1

5. Conclusion

Teaching physics and other science courses during the COVID-19 pandemic is challenging, especially when we
need to transform face-to-face laboratory-based courses into online courses. Besides, maintaining students' learning
motivation during the online course is also not an easy task. Hence, educators need to implement innovative learning
activities during the online course. In this study, we have shown Tracker-assisted modeling activity in the
undergraduate Advanced Physics Experiment course. The study shows that thelearning activity effectively improves
students' data skills especially related to graph interpretation; the normalized -gain is 0.74, which can be categorized
as high. This skill is important for preparing the future workforce. Moreover, students also stated that they are more
motivated to learn physics online and have more opportunities to learn during the modeling activity by using
Tracker. In the future study, Tracker-assisted modeling-activity can also be combined with simple experiment
project that can be conducted at home.
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Abstract

Experiment or laboratory -work is an essential part of physics and other science sshjeetscour:
However, due to the COVID-19 pandemic, face-to-face classes smuse-hehave had to be transformed
te-into_remote (‘lasscs Hﬁw«ﬂn use; laboratory access te-the—laberatory—beeomeshas become
ed-¢h R—dmology | bc unllzcd to substitute for | hand:
on activity in laboralury—baacd cours han—that A ing students’
mnmaunn in-during remote classcs is also challe gmg In ulm  paper, we propese-report on the

ion_of deli by—using Tracker in the—our_online
.»\d\ ancc(l Physics l-.\pcnnwnt mursc We examine (hc effectiveness of Tracker-assisted modeling
activity in improving students” graph interpretation skills on the tepiestopic of Fraunhofer-
Diffraction. The study-results shews-show that 20 out of 21 participants heveshewndemonstrated
an increase in graph interpretation skills. The average normalized gain is 0.7+, which can be seen
as a high_degree of improvement. Although the activity eoutd-did not faetitate-allow students_to
yractice’ praetiergs-hands-on skills, this activity can encourage students to practice other science-
related . ills—#speets. Moreover, according to the survey, students feel more
motivated to learn pl\ s online after being exposed to the modeling activity.

Keywords: Modcling, Physics Graphi Learning motivation, Online course.
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Contribution of this paper to the literature

This study contributes to_the existing literature on modeling theory in physics education,
learning through technology, and online learning. This paper explains the implementation of a
modeling approach in an undergraduate online laboratcry-based physics course. Tracker is used
to facilitate the modeling preecess—of a physics phenomenon in an online class. The finding
findings of this study confirm that the Tracker-assisted modeling activity ean-preveimproves
students' graph interpretation skilk-skills and their learning motivation in an online class.

1. Introduction

As digital technology has developed reu)idl\‘ dDistance learning has‘ undvry'nnc a ignitican[
tr ormatior b signifh by dhivital techined 1 In_the past, tFhe main
problem of distance learning H-the-pastiswas the lack ofmterdt on het\veen teachers dl'ld students. However, with
mere—the growing accessibility of the nem«rl-ﬂ-e—mtcn net and advanee—advanced _communication
teehnelogytechnologies, that main—obstacle can for the most part be overcome.
StilHowever, distance learning has-a-signitieant-problemstill poses signif ant challenges especially for a-science
eeursecourses. In this case, Fthe problem is mainly related to bringing-the incorporation of laboratory work er-and
experiments in distance learning (Aththibby, Kuswanto, & Mundilarto, 2021).

Laboratory work is an indispensable part of science courses; it faetitates—encourages students to inquire
independently, think critically, and practice generating scientific information. Previous studies alse-shewhave also
demonstrated that students' attitudes toward science improve when students—are—imvelvedthey take part in
lahoratmy work. Moreover, it is an essential component for the creation of te-reveal-a meaningful understanding of
setepee-scientific concepts (Sadoglu & Durukan, 2018).

The COVID-19 pandemic, which started in early 2020, has affected %hecducanon system-systems around the
world. FhesSchools are-have been forced to close to minimize the spread of the virus. Hence, students and teachers
forced to (-GH-\-(:‘{-(—('I-K'A(I‘I bt their face-to-face eotse-cou into a suitablete—remeote- mode with-for
remote online learning. e Teachers need-tehave been required to design the-online eewrsecourses
in a very short period of time. For the Physl(s Education Department, the main challenge #s-has been to tr: orm
meeHﬂmf—pracncal based courses into online lcarnmg The practical-based eeurse—courses are usually s
deneconducted in a laboratory and resires—rec uuu hands-on activity, but direct access to_a laboratory is
impossible in the case of online learning. However, Even-although #-they cannot completely replace hands-on
activity, seme-certain technologies can be 1mplemented as alternatives (Aththibby et al., 2021; Campari et al., 2021;
Pols, 2020).

In this mkpd per, we explatn-the-atternativeexplore the solution of using the video modeling software Tracker
able as—a—vieh e et ‘ludcnts w—tse—for—takingto collect data from the video of an

to
experiment—vides, analynm the data, and hely hem— lelingcreate models. Instead of students de

conducting a hands-on experiment in the lab, the teacher reeerd—records | ecords_the experiment and give—the—video
toprovides the students_with a video. The students then observe the physical phenomena in the video and take
collect quantitative data by-using Tracker (Brown & Cox, 2009). Over the past years. Tracker has been widely used
in the physics education community to enhance face-to-face physics courses (Castaneda, 2019; Eddy, 2016; Trocaru,
Berlic, Miron, & Barna, 2020). The learning activity #mplemented-investigated in this sverk—study is based on
modeling. Modeling-based learning encourages students to construct a scientific model or solve_a particular
preblems—problem like a real scientist (Cascarosa, Sinchez-Azqueta, Gimeno, & Aldea, 2020). £ven—Although
theugh-this online activity may not facilitate_practical laboratory competencies, related—to-praetieal-things-such as
correctly using apparatus and-or _laboratory safety, on the other hand it can alse-stimulate students to develop
other competencies, such as data skills and communication skills.

: rSpecifically, this study explores —we—investigate—how the—practicing modelmg activity usmg
Tracker affects one mpﬂ—t—ﬁl—pmt cular data skill — k-es-graph lnterpretatmn—wkrl—k A-graphGraphs are method of
} -the-data represer ion that is widely used in various fields. To anticipate their future career

pathﬂ, students Reed—k»—ge{—med—m must become proficient at interpreting graphs (Ergiil, 2018).

are-have b

2. Literature Review
2.1. Models and Modeling in Physics Learning

Medel—In physics, a_model is a simplified version of a part of the targeted physical world. Based on the
representation method, models can be categorized into six types: —e—concrete models, verbal models, visual
models, mathematical models, action models, and a mix of those models (Buckley & Boulter, 2000).

Modellng is a-the process thatseientistusesscienti e to construct a sclentmc model or solve partieutar
i particular problem. Although modeling i et weth—d byoriginated as a
process carried out by scientists, it s-adse-has also been a(lapted ﬂ-}-d a part nt the cience learmng process (Wang,
Jou, Lv, & Huang, 2018). Students can ge—ﬂ%euﬁfhn\o the process of modeling preeess-to develop their scientific
knowledge. The principle of modeling in learnmg science is eenstraeting-based on the construction of a mental
model to understand a phenomenon and_then using the-this cognitive model to solve a problem.

sSeveral learning cycles propesed—based on modeling_have been proposed. Hestenes stated

thatdescribed the physics modeling process eemprises-as comprised of -three main parts: —-e--modeling, model
analysis, and model validation (Hestenes, 1997). Halloun (2007) alse-developed a learning cycle based on the
modeling process, consisting—theJearning—eyek ssists of exploration, model adduction, model formulation,
model deployment, and paradigmatic synthesis (Halloun, 2007). Meanwhile, Brew proposed five steps_of modeling:
introduction and representations; coordination of representations; application;; abstraction and generalization;: and

2

© 2021 by the authurs licensee Asian Online Journal Publishing Group



Journal of Education and e-Learning Research, 2021, x(x): xx-xx

continued incremental development (Brewe, 2008). fs-aAnother study_developed the strategy of; modeling-based
flipped learning-has-been-developed. The ¥flipped learning stages consist of exploration, model adduction, model
formulation, and model deployment (Wang et al., 2018). Several studies have dieated-demonstrated the positive
#mpaet-impacts of model-based learning. The implementation of model-based learning in sehoet-schools can reduce
alternative conceptions, clarify disagreementdisagreements between intuition and physics phenemenenphenomena,
improve students’ argumentation skitlskills, connect theory and experimental data, improve problem-solving
strategies, mediate-integratea new esneept-concepts with prior knowledge or other disciplines, and help studentin

wnderstandingstudents to understand the image of nature (Cascarosa et al., 2020).

2.2. Graph Interpretation Skill

One of the critical esmpetenee-competences in the twenty-first century is working with data, including data
analysis (Glazer, 2015). Praetieing—dData analysis is often dene—practiced in physics class, but—although data
analysis skills are used in various real-life applications. Constructing and interpreting visual data presentation in
the form of a graph is ieluded—inamong the data analysis skills. In physics, a graph is-alsecan also serve as a
powerful model representation to present-describe the behavior of physical phenomena (Stefanel, 2019). F-is-also
abte—teThey can reduce the cognitive load and promote cognitive thinking (Pospiech, 2019). PremptIf students i
are trained in interpreting graphs, it will be useful not only to snderstand-their understanding of physical concepts
but will also contribute atse-to the future workforce's tratn-crucial data skills-for-thefuture-workioree.

3. E-Learning in Physics and Its ( /hl//l‘ll”l‘\

Distance learning has e | S gocxisted for some time. Following developments in
internet and comp technology-grewth, dl:tancc lcarmng has become mere-increasingly facilitated. As the
internet _has become more accessible around t]n- \\ml(l tFhe concept of electronic-learning or 4~o—learmng

shas emerged-as—the-internett b bt -l Nowadays, there is a various-wide

var 1Lly o( e-learning platform-platforms that-for teachers and students ean-to use. In the past, Fthe frequency of
direct interaction between teacherteachers and students was very low during distance learning-was-verytow-in-the
past. However, with the current communication teehnelogytechnologics, such as online meeting applications,
direct interaction between teacher-teachers and students #-during distance learning_has become easier (Pratama,
Azman, Kassymova, & Duisenbayeva, 2020).

A learning management system (LMS) also faetitates- e-learning-wel. With an LMS, such as
Moodle, a teacher can eenstrretdesign and organize interactive and eﬁcctl\e material, discussion, and assessment.
E-learning is not only used for_courses that are entirely based on fuby-distance learning-eetses. Tcachels can
combine a-regular face-to-face meeting—classroom teaching with e-learning. Fhe-This combination h
ewtled to the eeneept-concepts of blended learning and flipped learning. Shurygin and Sabirova (2017) -d
implementation of #mplement-blended learning in physics teaching ss-bythrough the use of the using-LMS
Moodle. F-hasThey found several positive impacts, such as allowing personalization #-of the education process and
motivating students to work independently (Shurygin & Sabirova, 2017).

The COVID-19 pandemic ferees—has forced school eleswre—closures to minimize human physical contact.
Edueation—Educational institutions sst-have had to ehangeredesign face-to-face classes te—as remote classes.
Although Ssome teachers and students have experienced ek-learning before: the sudden change has beeome
wroublesomebeen challenging for some courses. There is-has been a considerable impact fer-a-on practical eourse
courses, such as-# physics experiment eettrsecourses. When a-hands-on experiment-experiments in the laboratory s
hard—to-eonduetare no longer an option, teachers need to find ether-alternative learning methods. Computer and
mobile technologies give—provide some alternative activities. HThese invelves—include computer simulations
(Bayrak, 2008; Dev elak , 2017; Habibi, Jumadi, & Mundilarto, 2020; Pratidhina, Pujianto, & Sumardi, 2019) simple
experiment-experimental prejeet-projects with easreadily y—te—getavailable tools (|m1udmg smartphone sensors)
(Arribas, Escobar, & Suarez, 2015; Pili & Violanda, 2018), pre-recorded video demﬂn‘rmmmhmnnm.mons ]wc
demenstration-demonstrations (Kestin, Miller, Mccarty, Callaghan, & Deslauriers, 2020) and remote
laboratories (Hoyer & Girwidz, 2018).

2.4. Tracker as a Video Modeling Tool in Physics Teaching

Tracker is ene-of-the-helpfida useful video modeling teels-tool in physics teaching. F-is-eemputerThe software
was_developed on the Open—SewreeOpen-Source Physics Java code library. Hence, students and teachers can
download and use it for free. Tracker provides various features to-amalyzefor analyzing physies-experimental data
that has been recorded in a video file. In Tracker, users can track the position, velocity, and acceleration of a
partiesta-moving object (Brown, 2020). Moreover, Tracker also has an RGB line profile feature that can be used to
analyze spectra (Pratidhina, Dwandaru, & Kuswanto, 2020; Rodrigues, Marques, & Sime, 2016). This feature helps
get—to generate a light mtenslty distribution graph in light diffraction, interference, or polarization
experimentexperiments.  Seme—Various papers have described how to use Tracker #—for modeling and
understanding physics topics in high school and undergraduate levelscourses, sueh-asincluding harmonic motion
(Kinchin, 2016) free fall (Wee, Tan, & Leong, 2015) projectile motion (Wee, Chew, Goh, Tan, & Lee, 2012)
rotational dynamic -(Eadkhong, Rajsadorn, Jannual, & Danworaphong, 2012) electricity and magnetism (Aguilar-
Marin, Chaves-Bacilio, & Jauregui-Rosas, 2018) refraction (Gl'ek, Ozdemir, & Coramik, 2021) and
reflection(Rodrigues. & Carvalho, 2014). In previous studies, #splementing-the implementation of Tracker as a
pedagogy tool has shews-revealed several advantages, such as improving learning motivation (Wee et al., 2015)
increasing conceptual understanding (Amaliah, Darmadi, & Saehana, 2020) and developing conceptual thinking
(Hockicko, Kristik, & Miroslav, 2015).

3. Research Methods
3.1. Research Design
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This stndy it led—to-investigateinvestigated the effectiveness and students' iew—opinion of modeling-
based learning aetivity—activities using Tracker #-to study an undergraduate online physics experiment. Fhe-A
one-group pre-_and post-test design was used in the study. Pre- and post-teststest were giver-administered before
and after students were exposed to the Tracker—assisted modeling activity.

3.2. Research Participants

The research was conducted at_the Physics Education Department #-of Widya Mandala Catholic University
Surabaya, Indonesia. We asked all undergraduate students there—who—take—thetaking the Advanced Physics
Experiment course_in ~2020 to participate in the learning activity. In total, 21 students partieipateparticipated.
The) eonsistconsisted of 7 male and 14 female students. All students jotsas-participated in the online course with
using a laptop and have-had eensiderably-geedreasonably reliable internet access.

3.3. Instrument

The ifnstruments used in this research are pre-test, post-test and questionnaire. The Ppre- and post-test are
used to investigate how the learning activity affects graph interpretation skills. The pre-and post-test consist of
“Fhere-are-five questions related to graph interpretation skills-given—in-the-pr Lpost—test; students need—toare
given 20 minutes to complete them-within-20-minutes. To get thc students' feedback on the learning activity, they
were asked to fillin a Likert scale questionnaire.

3.4 Data Analysis

To describe the comparison between the pre- and post-test, we use normalized gain, (g) as an indicator. The
formula to calculate normalized -gain is givern-provided in Equation 1. The criteria of the normalized-_gain score
are shown in Table 1.

_ %post — Y%pre i
(9 =100 —pre O

where %post is the postpre-test score in percentage, %pre is the pre-test score in percentage. We-ealerdatebBoth
individual normalized- gain and class average normalized- gain are calculated.

Table-1. Criteria of the normalized- gain score (Hake, 1998)

Normalized Gain, (g) Criteria
(g) =207 High
0.7>(g)=03 Medium
(9) <03 Low

Source: Criteria adopted from Hake (1995).

4. Result and Discussion
t.1. Learning Activity

The participants involved in this study were students whe—svere-taking an Advanced Physics Experiment class.
This course is mandatory in the Physics Education major. Before students take this course, they toek—complete the
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Physics II,in which they study—F the theory of diffraction-had-beer—studied-nPhysiesH. Therefore, the
stu(lents who participated in this study had a prmr theoretical model of slngl&s]lt diffraction. The lear ning process
involved synchronous and asynchronous sessions. The synchronous session was conducted by—using Zoom.
Meanwhile, the asynchronous sessions used the Moodle platform. The learning phases are explained-outlined in
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Table 2.

Table-2. The learning activity phases.
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Phase Description Platform
1. Pre-test The pre-test was given to students online before they partieipate-participated in the | Moodle
modeling activity.

Formatted: English (United States)

Formatted: English (United States)

2. Introduction | This phase was conducted_both, asynchronously and synchronously. Before the | Moodle —and
to Tracker synchronous class, students watched a video explaining how to install and use Tracker | Zoom
to analyze phys

cs experiments. All students had #astabled-Tracker installed on their
computer before the first synchronous class.
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it §
3.Orientation | In the orientation, the lecturer introduced students to the experimental set-up of | Zoom
diffraction with a single slit. The lecturer demonstrated how to de—conduct, the
experiment, and students were asked to observe the resulting diffraction pattern
restibts—in-the-experiment. Students were also asked to hypothesize how the-variation
of slit width, screen-slit distance, and light wavelength affeets—would affect_the
diffraction pattern.

4. Exploration | To test their, hypothesis, students need to do an investigation. In normal laboratory | Moodle
work, students sitk-would, do hands-on experiments directly. However, in this online
course, instead of students-doing-a hands-on experiment, the lecturer gave-provided, a
recorded video abeut-of the diffraction experiment with a single slit. The video showed
the diffraction pattern when the slit width, screen-slit distance, and light wavelength
were varied. Students had to import the video to Tracker and then plot the diffraction
pattern's intensity distribution with the Line Profile feature in Tracker (see Figures 1

and 2).
5. Model Students are—were, asked to identify the difference of intensity distribution in the | Moodle
adduction diffraction pattern; when the slit width, screen-slit distance and wavelength are-were,

varied. They eas-could discuss it in greup-groups via-using Moodle forum.
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had to relate—incorporate the experimental results and the light intensity equation
yield in the modeling process. To help students connect the theoretical equation s
ith the experimental result, they could use Excel to plot the light intensity at each

\ Formatted: English (United States)

\ Formatted: English (United States)
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point.

7. Reflection Finally, students reflected on the activities that they had denecarried out, They | Moodle
4 ) Y crried oul Y

evaluated the limitations, of the activity and gave their ideas, of how to improve the

experimental result. After the whole process, students needed-were asked, to make

write and submit a report-and-submitit.
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8. Post-test After submitting their task, students did a post-test. The post-test consisted of the | Moodle
same grestion-questions,as the pre-test. Students had to complete it within 20 minutes.

After finished—{ the post-test, students were d to fill

questionnaire, that asking their views on the use of Tracker in the online Advanced

Physics Experiment course.
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Learning Actrvity
rall, the results of this study has—shewnshow that using Tracker #+-to carry out a modeling
activity improves students' graph interpretation skills. Table 3 shows the comparison between pre-_and post-test
scores. The normalized gain score is calculated according to Equation 1 and is used to compare the pre-_and post-
test. Fhereds-oOnly one student's score that-decreases. The other 20 students improved their post-test scores with
various normalized_-gains. Thirteen students ebtain—obtained a high normalized_-gain, five students receive
achieved a medium normalized -gain, and one student reeeives-achieved a low normalized -gain. The class average
et-for the pre-_and post-test is shown in Table 4. Based on the average score, the average normalized -gain is

calculated +o-beas 0.74,
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Table-8. Comparison between individual pre-test and post-test sesrescores
Student Final Pre-test  Score| Final Post-test| Individual Criteria
(max=100) Score (max=100) (9)
S1 0.00 60.00 0.60 medium
Se 60.00 100.00 1.00 high
S3 40.00 60.00 0.33 medium
S4 0.00 100.00 1.00 high
S5 20.00 80.00 0.75 high
S6 10.00 20.00 -0.38 decrease
S7 40.00 100.00 1.00 high
S8 20.00 100.00 1.00 high
S9 10.00 100.00 1.00 high
S10 10.00 100.00 1.00 high
S11 0.00 20.00 low
S12 20.00 60.00 0.50 medium
S13 0.00 100.00 1.00 high
S14 40.00 100.00 1.00 high
S15 0.00 40.00 0.40 medium
S16 40.00 100.00 1.00 high
S17 20.00 80.00 0.75 high
S18 20.00 100.00 1.00 high
S19 40.00 100.00 1.00 high
S20 20.00 60.00 0.50 medium
S21 0.00 100.00 1.00 high
Table-4. Comparison between class average pre-test and post-test seerescores.
Average final pre-test core |Average final post-test core |Avtrage {g) lCri(eria
23.81 [s0.00 Jo.74 High
Fher 5 tiops——the The pre-_and post-test_consisted of five questions. All ef-the questions have
uded m(h(‘amrﬁ related to interpreting graphs. The average scores ef-for each question are given-presented in

able 5. Although students had learned the theory of diffraction in the-a previous course, the pre-test score is still
low. #This indicates that students were sti-not_yet fent-proficient in interpreting graphgraphs. In general, the
average score of-for each question_improves in the p the post-test-mproves. Bdsed on the calculated normalized_-gain,

seere-the scores for en-Q1 and Q3 moderately improve, while scores es-for Q2, Q4, and Q5 highly—g ly improve.
Table-3. Comparison between the average class score effor each question on the pre- and post-test-seere.
Pre-test Post-test
Question | Indicators Average Average (9) Criteria

(max=100) | (max=100)

Student can predict the light intensity
Q1 pattern/graph in single slit diffraction —for a | 9. 714 0.68 medium
certain experimental set-up

Student can guess the experimental set-up in
Q2 single slit diffraction based on the intensity | 19.0 81.0 0.76 high
graph interpretation

Student can predict the light intensity
Q3 pattern/graph when the experiment parameter | $8.1 81.0 0.69 medium
(slit width) in single slit diffraction is changed
Student can predict the light intensity pattern/
istance

aph when the experiment parameter (d .
o graf ; lptiiandy ter (distance | oy o 85.7 0.81 high
between slit and screen) in single slit diffraction
is changed
Student can interpret the light wavelength used 5
P 8! & 28.6 81.0 0.78 high

in the experiment based on the intensity graph

+.8. Students' Views on the Learning Activity
Besides-In addition to the test abewtof their graph interpretation skills, a_questionnaire of five Likert scale
questions were-was given to students. Out—eOf the 21 participants, 15 pdltl(lpdnt\ filled in_and
submlttcd thc questionnaires appropriately. The survey aims to collect thc Gtudcnts views on using - the
a_modeling activity using—Fracker-in the learning process. The ults of the
questionnaire are summarized in Table 6. The questionnaire's overall mean score is 4.1, which can be interpreted as

high (Ibrahim & Bakar, 2015).

Based on the survey, 80% of students agreed that modeling activity using Tracker in the Advance Physics
xperiment course gave them sere—a greater opportunity to learn than just—by simply observing live

6
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demonstrations and analyzing data provided by the lecturer. 93.8% of students also agreed that they could learn
data analysis techniques #-through physics experiments. 93.3% of students thought Tracker and Excel, which
were used during the learning activity, helped them interpret the experimental results. +eisT It in line
with the improvement efin graph interpretation skills.

Betore this study was conducted, #-the online Advanced Physics Experiment course_generally consisted of; the
lecturer wsually—eid, a live demonstration via Zzoom every week. Students then had to make—write an
experiment report based on the lecturer's data. The modeling activity using Tracker was something new forto the
students. According to the survey, 73.3% of students stated-thatitistelt that it was easy to understand how to us
Tracker. Some of the students may #hink—thatitis-have found it quite difficult because it is-was semething-new for
to_them. However, it has-did show positive effects on students' motivation; 80% of students stated that the activity
#mpreves-improved their motivation for the online physics course, metivations-and 86.7% of students wanted to
explore more physics phenomena swith-using Tracker.

Table-6. Students' views on modeling activity using Teracker

Strongly Don't Strongly M.
A < ean
No. | Statements disagree | Disagree | know Agree agree T
(1) (2) (3) (#) (%)
1 The introduction given in the experiment
video gives—provides a clear explanation | 1 0 1 3 10 i
abett—of _the Fraunhofer-Diffraction | (6.7%) (0%) (6.7%) (20%) (66.7%) i
experimental set-up
2 Ceompare—Compared to observing_a live
demonstration and analyzinge a set of
data given—provided by the lecturer, the | 0 1 2 * 8 is
experiment video analysis activity v (0%) (6.7%) (13.8%) | (26.7%) | (53.3%) h
Tracker gives—gave me mere—a greater
nppm mnn) in-for learning
3 I __the opportunity s
learn analysis techniques # | 0 1 0 5 9 45
experiments through an | (0%) (6.7%) (0%) (383.8%) | (60%) b
d(tl\m using Tracker and Excel
4 using Tracker and Excel helped | 0 1 0 7 7 43
me to interpret the experimental result (o"n) (6.7%) 0%) (46.7%) | (46.7%) -
5 I want to explore more physical 0 1 9 + 5
phenomena using Tracker software ((‘ 7%) (0%) (6.7%) ((i()%) (26.7%)
6 The learning activity using Tracker 1 o > 4
;-)H-r)H—)'\-tW— m )I\U\ ed my motivation #-to (6.7%) (©%) (15.5%) (JS %) | (26.7%) 3.9
carning physics online
i Understanding how to use Tracker is | 0 1 3 9 2 38
easy (0%) (6.7%) (20%) (60%) (18.8%) %
S The Aactivity using Tracker and Excel 1 o " ° 4
helpeds me to connect theoretical models (6.7%) (©%) (6.7%) (60%) (26.7%) 4.0
and-with experimental results-
9 The Aactivity using Tracker helpeds me 1 n ; - =
to 111[E|‘|)rf‘t the _physlcal meaning of a (6.7%) (%) (6.7%) (+6.7%) | (40%) 4.1
graph representation.
Overall mean score 4.1

5. Conclusion

It has been challenging to teach Feaeking-physics and other science courses during the COVID-19 pandemic-s
ehallenging, especially when we—need—to—transtorm—face-to-face labor. dtory—l)d\ed courses have had to be
transfor: m((l into online courses. BesidesIn addition, maintaining students' learning motivation during the-an online
course is #lse-not an easy task. Hence, when teaching online. educators need to implement innovative learning
activities-during-the-online-eourse. In this study, we have shewn-demonstrated Tracker-assisted modeling activity,
as implemented in the undergraduate Advanced Physics Experiment course. The study-results show shews-that the
learning activity eftectively improves students' data skills, especially those related to graph interpretation; the
normalized_-gain is 0.74, which can be categorized as high. This skill is important for preparing the future
workforce. Moreover, students also stated that, using Tracker, they are-were more motivated to learn physics

online and have-had more opportunities to learn during the modeling activity-by—tsine—Frackes. In the-a future
study, Tracker-assisted modeling -activity ess-might also be combined with simple experiment project that eas

students can conduct be-eendteted-at home.
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Abstract
Experiment or laboratory work is an essential part of physics and other science courses. However,
due to the COVID-19 pandemic, face-to-face classes have had to be transformed into remote
classes. Because laboratory access has become very limited, technology must be utilized to
substitute for hands-on activity in laboratory-based courses. Additionally, maintaining students’
motivation during remote classes is also challenging. In this paper, we report on the
implementation of modeling activities using Tracker in our online Advanced Physics Experiment
course. We examine the effectiveness of Tracker-assisted modeling activity in improving students’
graph interpretation skills on the topic of Fraunhofer-Diffraction. The results show that 20 out of
21 participants demonstrated an increase in graph interpretation skills. The average normalized
gain is 0.74, which can be seen as a high degree of improvement. Although the activity did not
allow students to practice hands-on skills, this activity can encourage students to practice other
science-related skills. Moreover, according to the survey, students feel more motivated to learn

physics online after being exposed to the modeling activity.
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Contribution of this paper to the literature

This study contributes to the existing literature on modeling theory in physics education,
learning through technology, and online learning. This paper explains the implementation of a
modeling approach in an undergraduate online laboratory-based physics course. Tracker is used
to facilitate the modeling of a physics phenomenon in an online class. The findings of this study
confirm that the Tracker-assisted modeling activity improves students' graph interpretation
skills and their learning motivation in an online class.

1. Introduction

As digital technology has developed rapidly, distance learning has undergone a significant transformation. In
the past, the main problem of distance learning was the lack of interaction between teachers and students.
However, with the growing accessibility of the internet and advanced communication technologies, that obstacle
can for the most part be overcome. However, distance learning still poses significant challenges, especially for
science courses. In this case, the problem is mainly related to the incorporation of laboratory work and experiments
in distance learning (Aththibby, Kuswanto, & Mundilarto, 2021).

Laboratory work is an indispensable part of science courses; it encourages students to inquire independently,
think critically, and practice generating scientific information. Previous studies have also demonstrated that
students' attitudes toward science improve when they take part in laboratory work. Moreover, it is an essential
component for the creation of a meaningful understanding of scientific concepts (Sadoglu & Durukan, 2018).

The COVID-19 pandemic, which started in early 2020, has affected education systems around the world.
Schools have been forced to close to minimize the spread of the virus. Hence, students and teachers have been
forced to adapt their face-to-face courses into a suitable mode for remote online learning. Teachers have been
required to design online courses in a very short period of time. For the Physics Education Department, the main
challenge has been to transform practical-based courses into online learning. The practical-based courses are
usually conducted in a laboratory and require hands-on activity, but direct access to a laboratory is impossible in
the case of online learning. However, although they cannot completely replace hands-on activity, certain
technologies can be implemented as alternatives (Aththibby et al., 2021; Campari et al., 2021; Pols, 2020).

In this paper, we explore the solution of using the video modeling software Tracker to enable students to
collect data from the video of an experiment, analyze the data, and create models. Instead of students conducting a
hands-on experiment in the lab, the teacher records the experiment and provides the students with a video. The
students then observe the physical phenomena in the video and collect quantitative data using Tracker (Brown &
Cox, 2009). Over the past years, Tracker has been widely used in the physics education community to enhance face-
to-face physics courses (Castaneda, 2019; Eddy, 2016; Trocaru, Berlic, Miron, & Barna, 2020). The learning activity
investigated in this study is based on modeling. Modeling-based learning encourages students to construct a
scientific model or solve a particular problem like a real scientist (Cascarosa, Sanchez-Azqueta, Gimeno, & Aldea,
2020). Although this online activity may not facilitate practical laboratory competencies, such as correctly using
apparatus or laboratory safety, on the other hand it can stimulate students to develop other competencies, such as
data skills and communication skills.

Specifically, this study explores how practicing modeling activity using Tracker affects one particular data skill
— graph interpretation. Graphs are method of data visualization that is widely used in various fields. To anticipate
their future career paths, students must become proficient at interpreting graphs (Ergiil, 2018).

2. Literature Review
2.1. Models and Modeling in Physics Learning

In physics, a model is a simplified version of a part of the targeted physical world. Based on the representation
method, models can be categorized into six types: concrete models, verbal models, visual models, mathematical
models, action models, and a mix of those models (Buckley & Boulter, 2000).

Modeling is the process scientists use to construct a scientific model or solve a particular problem. Although
modeling originated as a process carried out by scientists, it has also been adapted as a part of the science learning
process (Wang, Jou, Lv, & Huang, 2018). Students can use the process of modeling to develop their scientific
knowledge. The principle of modeling in learning science is based on the construction of a mental model to
understand a phenomenon and then using this cognitive model to solve a problem.

Several learning cycles based on modeling have been proposed. Hestenes described the physics modeling
process as comprised of three main parts: modeling, model analysis, and model validation (Hestenes, 1997). Halloun
(2007) developed a learning cycle based on the modeling process, consisting of exploration, model adduction, model
formulation, model deployment, and paradigmatic synthesis (Halloun, 2007). Meanwhile, Brew proposed five steps
of modeling: introduction and representation; coordination of representation; application; abstraction and
generalization; and continued incremental development (Brewe, 2008). Another study developed the strategy of
modeling-based flipped learning. The flipped learning stages consist of exploration, model adduction, model
formulation, and model deployment (Wang et al., 2018). Several studies have demonstrated the positive impacts of
model-based learning. The implementation of model-based learning in schools can reduce alternative conceptions,
clarify disagreements between intuition and physics phenomena, improve students’ argumentation skills, connect
theory and experimental data, improve problem-solving strategies, integrate new concepts with prior knowledge
or other disciplines, and help students to understand the image of nature (Cascarosa et al., 2020).

2.2. Graph Interpretation Skill

One of the critical competences in the twenty-first century is working with data, including data analysis
(Glazer, 2015). Data analysis is often practiced in physics class, although data analysis skills are used in various
real-life applications. Constructing and interpreting visual data presentation in the form of a graph is among the
data analysis skills. In physics, a graph can also serve as a powerful model representation to describe the behavior
of physical phenomena (Stefanel, 2019). They can reduce the cognitive load and promote cognitive thinking
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(Pospiech, 2019). If students are trained in interpreting graphs, it will be useful not only to their understanding of
physical concepts but will also contribute to the future workforce’s crucial data skills.

2.8. E-Learning in Physics and Its Challenges

Distance learning has existed for some time. Following developments in internet and computer technology,
distance learning has become increasingly facilitated. As the internet has become more accessible around the world,
the concept of electronic-learning or e-learning has emerged. Nowadays, there is a wide variety of e-learning
platforms for teachers and students to use. In the past, the frequency of direct interaction between teachers and
students was very low during distance learning. However, with the current communication technologies, such as
online meeting applications, direct interaction between teachers and students during distance learning has become
easier (Pratama, Azman, Kassymova, & Duisenbayeva, 2020).

A learning management system (LMS) also serves to facilitate e-learning. With an LMS, such as Moodle, a
teacher can design and organize interactive and effective material, discussion, and assessment. E-learning is not
only used for courses that are entirely based on distance learning. Teachers can combine regular face-to-face
classroom teaching with e-learning. This combination has led to the concepts of blended learning and flipped
learning. Shurygin and Sabirova (2017) discuss the implementation of blended learning in physics teaching through
the use of the LMS Moodle. They found several positive impacts, such as allowing personalization of the education
process and motivating students to work independently (Shurygin & Sabirova, 2017).

The COVID-19 pandemic has forced school closures to minimize human physical contact. Educational
institutions have had to redesign face-to-face classes as remote classes. Although some teachers and students have
experienced e-learning before, the sudden change has been challenging for some courses. There has been a
considerable impact on practical courses, such as physics experiment courses. When hands-on experiments in the
laboratory are no longer an option, teachers need to find alternative learning methods. Computer and mobile
technologies provide some alternative activities. These include computer simulations (Bayrak, 2008; Develaki,
2017; Habibi, Jumadi, & Mundilarto, 2020; Pratidhina, Pujianto, & Sumardi, 2019) simple experimental projects
with readily available tools (including smartphone sensors) (Arribas, Escobar, & Suarez, 2015; Pili & Violanda,
2018), pre-recorded video demonstrations, live demonstrations (Kestin, Miller, Mccarty, Callaghan, & Deslauriers,
2020) and remote laboratories (Hoyer & Girwidz, 2018).

2.4. Tracker as a Video Modeling Tool in Physics Teaching

Tracker is a useful video modeling tool in physics teaching. The software was developed on the Open-Source
Physics Java code library. Hence, students and teachers can download and use it for free. Tracker provides various
features for analyzing experimental data that has been recorded in a video file. In Tracker, users can track the
position, velocity, and acceleration of a moving object (Brown, 2020). Moreover, Tracker also has an RGB line
profile feature that can be used to analyze spectra (Pratidhina, Dwandaru, & Kuswanto, 2020; Rodrigues, Marques,
& Sime, 2016). This feature helps to generate a light intensity distribution graph in light diffraction, interference,
or polarization experiments. Various papers have described how to use Tracker for modeling and understanding
physics topics in high school and undergraduate courses, including harmonic motion (Kinchin, 2016) free fall (Wee,
Tan, & Leong, 2015) projectile motion (Wee, Chew, Goh, Tan, & Lee, 2012) rotational dynamic (Eadkhong,
Rajsadorm Jannual, & Danworaphong, 2012) electricity and magnetism (Aguilar-Marin, Chaves-Bacilio, &
Jauregui-Rosas, 2018) refraction (Urek, Ozdemir, & Coramik, 2021) and reflection(Rodrigues. & Carvalho, 2014).
In previous studies, the implementation of Tracker as a pedagogy tool has revealed several advantages, such as
improving learning motivation (Wee et al., 2015) increasing conceptual understanding (Amaliah, Darmadi, &
Saehana, 2020) and developing conceptual thinking (Hockicko, Kristik, & Miroslav, 2015).

3. Research Methods
3.1. Research Design

This study investigated the effectiveness and students' opinion of modeling-based learning activities using
Tracker to study an undergraduate online physics experiment. A one-group pre- and post-test design was used in
the study. Pre- and post-tests were administered before and after students were exposed to the Tracker-assisted
modeling activity.

3.2. Research Participants

The research was conducted at the Physics Education Department of Widya Mandala Catholic University
Surabaya, Indonesia. We asked all undergraduate students taking the Advanced Physics Experiment course in
2020 to participate in the learning activity. In total, 21 students participated. They consisted of 7 male and 14
female students. All students participated in the online course using a laptop and had reasonably reliable internet
access.

3.3. Instrument

The instruments used in this research are pre-test, post-test and questionnaire. The pre- and post-test are used
to investigate how the learning activity affects graph interpretation skills. The pre-and post-test consist of five
questions related to graph interpretation skills; students are given 20 minutes to complete them. To get the
students' feedback on the learning activity, they were asked to fill in a Likert scale questionnaire.

3.4 Data Analysis
To describe the comparison between the pre- and post-test, we use normalized gain, (g) as an indicator. The

formula to calculate normalized gain is provided in Equation 1. The criteria of the normalized gain score are shown
in Table 1.
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() %post — %pre o

9= "100 — %pre
where %post is the post-test score in percentage, %pre is the pre-test score in percentage. Both individual
normalized gain and class average normalized gain are calculated.

Table-1. Criteria of the normalized gain score (Hake, 1998)

Normalized Gain, (g) Criteria
(g) =07 High

0.7 >(g)=0.3 Medium
(g) < 0.3 Low

Source: Criteria adopted from Hake (1998).

4. Result and Discussion
t.1. Learning Activity

The participants involved in this study were students taking an Advanced Physics Experiment class. This
course is mandatory in the Physics Education major. Before students take this course, they complete the course
Physics I1, in which they study the theory of diftraction. Therefore, the students who participated in this study had
a prior theoretical model of single-slit diffraction. The learning process involved synchronous and asynchronous
sessions. The synchronous session was conducted using Zoom. Meanwhile, the asynchronous sessions used the
Moodle platform. The learning phases are outlined in Table 2.

Table-2. The learning activity phases.

Phase Description Platform
1. Pre-test The pre-test was given to students online before they participated in the modeling | Moodle
activity.
2.Introduction | This phase was conducted both asynchronously and synchronously. Before the | Moodle —and
to Tracker synchronous class, students watched a video explaining how to install and use Tracker | Zoom

to analyze physics experiments. All students had Tracker installed on their computer
before the first synchronous class.

3.Orientation | In the orientation, the lecturer introduced students to the experimental set-up of | Zoom
diffraction with a single slit. The lecturer demonstrated how to conduct the
experiment, and students were asked to observe the resulting diffraction pattern.
Students were also asked to hypothesize how variation of slit width, screen-slit
distance, and light wavelength would affect the diffraction pattern.

4.Exploration | To test their hypothesis, students need to do an investigation. In normal laboratory | Moodle
work, students would do hands-on experiments directly. However, in this online
course, instead of a hands-on experiment, the lecturer provided a recorded video of the
diffraction experiment with a single slit. The video showed the diffraction pattern
when the slit width, screen-slit distance, and light wavelength were varied. Students
had to import the video to Tracker and then plot the diffraction pattern's intensity
distribution with the Line Profile feature in Tracker (see Figures 1 and 2).

5.Model Students were asked to identify the difference of intensity distribution in the | Moodle
adduction diffraction pattern when the slit width, screen-slit distance and wavelength were
varied. They could discuss it in groups using Moodle forum.
6. Model After discussing their observation and analysis results, students were asked to conduct | Moodle

formulation | theoretical modeling of single slit diffraction. Students also had to incorporate the
experimental results and the light intensity equation yield in the modeling process. To
help students connect the theoretical equation with the experimental result, they could
use Excel to plot the light i ity at each point.

7. Reflection Finally, students reflected on the activities that they had carried out. They evaluated | Moodle
the limitations of the activity and gave their ideas of how to improve the experimental
result. After the whole process, students were asked to write and submit a report.

8. Post-test After submitting their task, students did a post-test. The post-test consisted of the | Moodle
same questions as the pre-test. Students had to complete it within 20 minutes. After
finishing the post-test, students were asked to fill in a questionnaire asking their views
on the use of Tracker in the online Advanced Physics Experiment course.

+.2. Effect of the Learning Activity

Overall, the results of this study show that using Tracker to carry out a modeling activity improves students'
graph interpretation skills. Table 3 shows the comparison between pre- and post-test scores. The normalized gain
score is calculated according to Equation 1 and is used to compare the pre- and post-test. Only one student's score
decreases. The other 20 students improved their post-test scores with various normalized gains. Thirteen students
obtained a high normalized gain, five students achieved a medium normalized gain, and one student achieved a low
normalized gain. The class average for the pre- and post-test is shown in Table 4. Based on the average score, the
average normalized gain is calculated as 0.74, which is categorized as a high normalized gain.
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Stident Final Pre-test Score Final Post-test Individual Giiteria
(max=100) Score (max=100) (g)
S1 0.00 60.00 0.60 medium
Se 60.00 100.00 1.00 high
S3 10.00 60.00 0.33 medium
S4 0.00 100.00 1.00 high
S5 20.00 80.00 0.75 high
S6 10.00 20.00 -0.33 decrease
S7 10.00 100.00 1.00 high
S8 20.00 100.00 1.00 high
S9 40.00 100.00 1.00 high
S10 10.00 100.00 1.00 high
S11 0.00 20.00 0.20 low
Si12 20.00 60.00 0.50 medium
S13 0.00 100.00 1.00 high
S14 10.00 100.00 1.00 high
S15 0.00 10.00 0.40 medium
S16 10.00 100.00 1.00 high
S17 20.00 80.00 high
S18 20.00 100.00 1.00 high
S19 10.00 100.00 1.00 high
S20 20.00 60.00 0.50 medium
Se1 0.00 100.00 1.00 high
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Table-4. Comparison between class average pre-test and post-test scores

Average final pre-test core Average final post-test core Average (g) Criteria
23.81 80.00 0.74 High

The pre- and post-test consisted of five questions. All the questions included indicators related to interpreting
graphs. The average scores for each question are presented in Table 5. Although students had learned the theory of
diffraction in a previous course, the pre-test score is still low. This indicates that students were not yet proficient in
interpreting graphs. In general, the average score for each question improves in the post-test. Based on the
calculated normalized gain, the scores for Q1 and Q3 moderately improve, while scores for Q2, Q4, and Q5 greatly
improve.

Table-5. Comparison between the average class score for each question on the pre- and post-test
Pre-test Post-test
Question | Indicators Average Average (9) Criteria
(max=100) | (max=100)

Student can predict the light intensity
Q1 pattern/graph in single slit diffraction for a 9.5 714 0.68 medium
certain experimental set-up

Student can guess the experimental set-up in
Q2 single slit diffraction based on the intensity 19.0 81.0 0.76 high
graph interpretation

Student can predict the light intensity
Qs pattern/graph when the experiment parameter 38.1 81.0 0.69 medium
(slit width) in single slit diffraction is changed
Student can predict the light intensity pattern/
graph when the experiment parameter (distance

4 ; B FE ey 23.8 85.7 0.81 high
Q between slit and screen) in single slit diffraction > &
is changed
Student can interpret the light wavelength used :
Q5 P & & 28.6 81.0 0.78 high

in the experiment based on the intensity graph

1.3. Students' Views on the Learning Activity

In addition to the test of their graph interpretation skills, a questionnaire of five Likert scale questions was
given to students. Of the 21 participants, 15 participants filled in and submitted the questionnaires appropriately.
The survey aims to collect the students' views on using Tracker for a modeling activity in the learning process.
The results of the questionnaire are summarized in Table 6. The questionnaire's overall mean score is 4.1, which
can be interpreted as high (Ibrahim & Bakar, 2015).

Table-6. Students' views on modeling activity using Tracker.

Strongly Don't Strongly Mean
No. | Statements disagree | Disagree know Agree agree e
(1) (2) (3) () (%)
1 The introduction given in the experiment
video provides a clear explanation of the 1 0 1 3 10 44
Fraunhofer-Diffraction experimental set- (6.7%) (0%) (6.7%) (20%) (66.7%) :
up
2 Compared  to  observing a live
demonstration and analyzing a set of data
provided by the lecturer, the experiment 0 1 2 4 8 25
video analysis activity using Tracker (0%) (6.7%) (18.8%) | (26.7%) | (53.3%) .
gave me a greater opportunity for
learning
8 I had the opportunity to learn analysis
techniques  for  ph s experiments 0 1 0 5 9 o
through an activity using Tracker and (0%) (6.7%) (0%) (83.3%) (60%) &
Excel
% Analysis using Tracker and Excel helped 0 1 0 7 7 43
me to interpret the experimental result (0%) (6.7%) (0%) (46.7%) (46.7%) B
5 I want to explore more physical 1 0 1 9 * 4
phenomena using Tracker software (6.7%) (0%) (6.7%) (60%) (26.7%)
6 The learning activity using Tracker . o B 5 i
::::‘;:'](:\ ed my motivation to learn phys (6:7%) (0%) (15.5%) | (53.5%) | (26.7%) 3.9
7 Understanding how to use Tracker is 0 1 3 9 2 3.8
easy (0%) (6.7%) (20%) (60%) (13.8%) -
8 The activity using Tracker and Excel
helped me to connect theoretical models __l_,, ((), _1‘,/ VQ,, ” .+__(, 4.0
with experimental results (o-1h) (0%) 6] {50%) \E&:7)
9 The activity using Tracker helpt:d me to : o . 7 >
interpret th}c physical meaning ot a graph (6.7%) (0%) (6.7%) (46.7%) (40%) 4.1
representation.
Overall mean score 4.1
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Based on the survey, 80% of students agreed that modeling activity using Tracker in the Advance Physics
Experiment course gave them a greater opportunity to learn than by simply observing live demonstrations and
analyzing data provided by the lecturer. 93.3% of students also agreed that they could learn data analysis
techniques through physics experiments. 93.3% of students thought Tracker and Excel, which were used during
the learning activity, helped them interpret the experimental results. These results are in line with the
improvement in graph interpretation skills.

Before this study was conducted, the online Advanced Physics Experiment course generally consisted of the
lecturer giving a live demonstration via Zoom every week. Students then had to write an experiment report based
on the lecturer's data. The modeling activity using Tracker was something new to the students. According to the
survey, 73.3% of students felt that it was easy to understand how to use Tracker. Some of the students may have
found it quite difficult because it was new to them. However, it did show positive effects on students' motivation;
80% of students stated that the activity improved their motivation for the online physics course, and 86.7% of
students wanted to explore more physics phenomena using Tracker.

5. Conclusion

It has been challenging to teach physics and other science courses during the COVID-19 pandemic, especially
when face-to-face laboratory-based courses have had to be transformed into online courses. In addition,
maintaining students' learning motivation during an online course is not an easy task. Hence, when teaching
online, educators need to implement innovative learning activities. In this study, we have demonstrated Tracker-
assisted modeling activity, as implemented in the undergraduate Advanced Physics Experiment course. The results
show that the learning activity effectively improves students' data skills, especially those related to graph
interpretation; the normalized gain is 0.74, which can be categorized as high. This skill is important for preparing
the future workforce. Moreover, students also stated that, using Tracker, they were more motivated to learn
physics online and had more opportunities to learn during the modeling activity. In a future study, Tracker-
assisted modeling activity might also be combined with simple experiment project that students can conduct at
home.
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