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Abstract.
Learning Physics online can lead to issues such as lack of student engagement and
limited access to laboratory activities. This work aims to develop modeling-based
physics online learning assisted with home-lab-kit to ease up on those problems.
Home-lab-kit is an Arduino-based experimental kit delivered to students in advance
before class. The learning model was designed by adapting the constructivism
paradigm. We designed the learning activity and implemented it in a group of 10
college students majoring in physical education. Using a self-report checklist, we
measure students’ engagement before and after the learning process. There is an
improvement in students’ engagement with a normalized gain of 0.33, which can
be classified as a medium improvement. It shows that the modeling-based physics
online learning assisted with home-lab-kit is feasible in keeping the students engaded.
In addition, students respond well to the learning model implementation and the
supporting materials.
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1. INTRODUCTION

As communication technology develops tremendously, online learning is getting pop-
ular. Online learning has several advantages, such as flexibility in the learning process
[1, 2]. In online learning, students have the freedom to set up their place and time for
learning. The flexibility may optimize the output of the learning process.

Despite its advantages and popularity, some study shows that online learning still
faces some problems. Studies have shown that students’ engagement declines during
online learning [3–5]. Student engagement is a multi-facet concept that influences the
quality of students’ learning process [6]. In [7], students’ engagement is classified student
engagement into four dimensions, i.e., cognitive, behavioral, emotional, and social
engagement. Cognitive engagement is related to learning strategies, self-regulation,
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and persistence in learning. Emotional engagement is students’ emotional reactions
during learning [8]. Behavioral engagement refers to students’ involvement in academic
activities [9]. Social engagement is related to social interactions with peers and teachers
during the learning process [10]. Lack of Student engagement will become an obstacle
to online learning success.

Online learning for physics subjects also faces another problem related to laboratory
work. Incorporating hands-on laboratory work in online learning is difficult due to
limited access to a laboratory. Laboratory work is an essential part of a physics course.
It stimulates students to think critically and practice the science process. Moreover,
incorporating laboratory work in physics courses can improve students’ attitudes toward
science [11].

In some previous studies, effective pedagogical approaches for science subjects
are student-centered, active, and inquiry-based learning [12]. Those approaches have
successfully improved student motivation, retention, and learning outcomes. One of the
learning frameworks that adapt inquiry-based learning and constructivist paradigms is
modeling-based learning [13]. Modeling is a process that scientists carry out to construct
a scientific model. Modeling has been adapted to the science learning process. Students
are encouraged to use the process of modeling to develop their scientific knowledge.
Hestenes [14] broke the modeling process into 3 phases, i.e., modeling, model analy-
sis, and model validation. Brew proposed five steps of modeling-based learning, i.e.,
introduction and representation, coordination of representation, application, abstraction
and generalization, and continued incremental development [15]. Meanwhile, Wang et
al. [16] introduce modeling-based learning consisting of exploration, model adduction,
model formulation, and model deployment.

There is still limited study on incorporating modeling-based learning in online learn-
ing. This paper proposed a modified online learning model, which adapts modeling-
based learning and incorporates hands-on practical work in themodeling process. Since
access to the laboratory is difficult during online learning, we distributed a home lab
kit to students. Home-lab-kit is an experimental kit that uses Arduino Uno; it is used to
investigate various physics phenomena. Figure 1 illustrates the home lab kit.

In this paper, we discuss the designing process of the learning model and the
preliminary test conducted. The preliminary test aims to investigate the impact of the
designed learning model on students’ engagement.

2. RESEARCH Method
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Figure 1: The component of home-lab-kit consists of arduino boards, sensors, and other
electrical components.

2.1. Research Design

This study is an educational research and development, which adapt ADDIE (analysis,
design, development, implementation, evaluation) model as a framework. The analysis
phase consists of needs, curriculum, and task and concept analysis. In the design
phase, the draft of the learning model is constructed. Supporting learning material
and evaluation instruments are also designed in this phase. The development phase
consists of expert appraisal and preliminary field testing. After the learning model is
revised according to the expert appraisal and preliminary testing, it is implemented in
several classes. This article will only explain the preliminary field testing.

2.2. Participants

Ten college students who majored in physics education participated in this preliminary
field testing. These students have participated in online learning for more than a year.

2.3. Data Collecting and Analysis Technique

This research aims to determine the change in students’ engagement after implement-
ing modeling-based physics online learning assisted with home-lab-kit. The students’
engagement is measured by using a questionnaire that has been developed and
validated beforehand. The instruments cover the measurement of cognitive, behavioral,
social, and emotional engagement aspects. The change in students’ engagement is
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analyzed using normalized gain (N-gain). The N-gain is calculated by putting the per-
centage of students’ engagement score before (%SE𝑏𝑒𝑓𝑜𝑟𝑒) and after (%SE𝑎𝑓𝑡𝑒𝑟) learning
implementation to equation (1).

𝑁 − 𝑔𝑎𝑖𝑛 =
%𝑆𝐸𝑎𝑓𝑡𝑒𝑟 − %𝑆𝐸𝑏𝑒𝑓𝑜𝑟𝑒

100 − %𝑆𝐸𝑏𝑒𝑓𝑜𝑟𝑒
(1)

We also investigate the students’ responses to the learning model and material used.
The students’ response is investigated by asking students to fill out a questionnaire.
The students’ response from each statement in the questionnaire is converted into
quantitative data, such as “strongly disagree” = 1, “disagree” = 2, “agree” = 3, “strongly
agree” = 4. The scoring data are analyzed with descriptive statistics and interpreted into
categories, as in Table 1.

Table 1: Classification of the actual average score of students’ responses [17].

No Score Interval Criteria

1 𝑋 > 3.4 Very Good

2 2.8 < 𝑋 < 3.4 Good

3 2.2 < 𝑋 < 2.8 Acceptable

4 1.6 < 𝑋 < 2.2 Poor

5 𝑋 ≤ 1.6 Very Poor

3. RESULTS AND DISCUSSION

The modeling-based online physics learning activity adapts the modeling-instruction
phase. The learning phase is divided into 6 stages: orientation, exploration, modeling,
evaluation & revision, application, and reflection. The learning activity combines asyn-
chronous and synchronous modes. Synchronous mode mainly uses zoom. Meanwhile,
the asynchronous mode activity is primarily organized in Schoology (see Figure 2). Table
2 shows the description of each learning phase.

As a preliminary field test, we implemented modeling-based online physics learning
in a group of college students at one private university in Indonesia. Ten students
who majored in physics education participated in this preliminary field test. The topic
discussed during the pilot test is about direct current, covering four sub-topics, i.e.,
Current & resistance, Series & Parallel Circuit, Kirchhoff’s Rule, and Resistor-Capacitor
Circuits. Before implementing modeling-based online physics learning, we delivered a
home lab kit to all students participating in this study. We also introduced them to how
to use the home lab kit.

DOI 10.18502/kss.v9i8.15634 Page 695



ICMScE

Figure 2: The learning management system.

In the preliminary field test, we wanted to know how implementing this learningmodel
can affect students’ engagement. A questionnaire to assess students’ engagement
has been developed before [18]. The measured students’ engagement consists of
four aspects: cognitive, behavioral, emotional, and social. The comparison of students’
engagement before and after implementing modeling-based physics online learning
can be seen in Table 3. The average percentage score of students’ engagement before
learning implementation is 76. Meanwhile, after learning implementation, it becomes
80.

The average percentage score of students’ engagement improves from 76 to 80
after implementing modeling-based physics online learning. The normalized gain of
students’ engagement is 0.33, which can be categorized as a medium improvement
[19]. The preliminary field testing shows that modeling-based physics online learning
assisted with home-lab-kit is feasible to improve students’ engagement moderately.
Incorporating exploration using Arduino during online learning allows students to take
part in investigating physics phenomena. Hence, students become more engaged in
the learning process than when they just listen to online lectures. A previous study
also reported that using Arduino for face-to-face physics laboratory courses improves
students’ attitudes toward learning science [20]. Modeling-based physics online learning
creates constructivist environments that first stimulate students to explore and construct
knowledge by themselves. Some studies have shown that constructivist learning design
positively impacts students’ engagement [21, 22].

After the learning model implementation, students also filled out a questionnaire
asking about students’ responses to the learning model, learning management system,
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Table 2: The syntax of modeling-based online physics learning.

Phase Description Mode Platform

Orientation The lecturer presents a stimulus to motivate
students to learn specific physics topics in
the orientation phase. Students are asked
to make problem statements based on the
stimulus. Lecturer also explains the learning
goals and the tasks for students.

Asynchronous
and
synchronous

Schoology,
Zoom

Exploration Students have to explore the physics phe-
nomena through individual experiments at
home. Before, a home lab kit had been
delivered to all students to facilitate the
experimental activity. The home lab kit is an
Arduino Uno-based experiment kit. Students
use the home lab kit to experiment at home.
They observe, collect the data, and make
documentation (see Figure 3). The role of
the lecturer in the exploration phase is to
monitor students’ progress and offer a guide
if necessary.

Asynchronous Schoology

Modeling Students analyze the experimental data.
They are asked to model the physical
phenomena using various representations,
such as graphs and mathematical models.
Also, they have to do a literature study
related to the observed phenomena. In this
phase, the lecturer or tutor is a facilitator who
offers necessary consultation.

Asynchronous Schoology

Evaluation
and Revision

Students must compare the modeling result
based on the experimental data to the
literature in this phase. If there is a particular
gap, they must find the reason and revise the
model or experimental technique.

Asynchronous Schoology

Application Within the group, students discuss how to
solve some related problems by applying the
model that has been developed.

Asynchronous Schoology

Reflection Each group presents its modeling and appli-
cation results in front of the class (see Figure
4). The lecturer leads the class discussion
and gives feedback. Then, students are
asked to make a reflection on the learning
activity.

Synchronous Zoom

learning module, and worksheet. The students’ response is summarized in Table 4. Stu-
dents gave very good responses to the learning model, learning management system,
learning module, and worksheet. As also discussed in another paper [23], introducing
Arduino technology to students seems to attract students’ interest in learning physics.
Hence, their responses are positive.
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Table 3: Student engagement (SE) scores before and after the implementation of
modeling-based physics online learning assisted with a home lab kit.

Students SE Score Before
(%)

SE Score After
(%)

S1 76 83

S2 82 82

S3 47 81

S4 80 79

S5 72 92

S6 63 78

S7 80 76

S8 66 86

S9 73 76

S10 65 69

Average
(%)

76 80

Figure 3: Home-lab-kit is used to investigate RC circuits by students at home .

Table 4: Students’ response to the learning model, learning module, worksheet, and LMS.

Aspect Score (out of 4.0) Interpretation

Learning model 3.67 Very good

Learning module 3.66 Very good

Worksheet 3.67 Very good

Learning management
system

3.60 Very good
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Figure 4: In the reflection phase, students present their work on modeling and application. The
reflection phase is conducted through zoom.

4. CONCLUSION

Experimental activity in online learning is challenging. Utilizing Arduino Uno kit in
a physics experiment may become an alternative as it is quite affordable. We have
designed a modeling-based learning model with a home activity using an Arduino kit in
physics online learning. Our preliminary analysis shows students’ engagement in online
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physics learning improves moderately. This initial finding shows that using home-lab-kit
and modeling-based learning in online learning is promising. Hence, in future research,
we would like to widen our study to more significant participants and deepen our study
to explore the impact of the learning process on improving students’ competencies.
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