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Introduction

Abstract: This research aims to develop an Arduino Uno-based learning media that
focuses on measuring the density of substances, with the aim of determining the
suitability of the density meter, the accuracy of the density meter and improving
students' critical thinking skills. The research method used is Research and Development
(R&D) with a Four-D model with the steps Define, Design, Develop and Disseminate.
This learning media is designed to provide students with practical experience in
understanding the concept of density through direct experiments using a density meter
connected to an Arduino Uno. Apart from that, this media is also designed to encourage
students to develop critical thinking skills, such as analysis, evaluation and problem
solving skills through reflective questions that are integrated into learning. Validation
and testing are carried out through certain stages to ensure the quality and effectiveness
of this learning media. Assessments are carried out on aspects of clarity of instructions,
relevance to lesson material, appropriateness of level of difficulty, and impact on
students' critical thinking abilities. The collected data was analyzed quantitatively and
qualitatively. The results of the development of the density meter tool show that the
assessment of experts is in the very appropriate category with a score of 90.50. The tool's
accuracy results are an average of 99.55%. Apart from that, the post-test results revealed
that the density meter was proven to be effective in improving students' critical thinking
skills with an N-Gain value of 0.80 in the high category. It is hoped that the results of this
research can make a positive contribution in the development of learning media that
focuses on practical aspects and critical thinking skills. It is hoped that the Density Meter
learning media using Arduino Uno can help teachers teach density concepts with a more
interesting and effective approach, as well as encourage students to think more critically
in understanding and applying science concepts in everyday life.

Keywords: Arduino uno; Critical thinking; Density meter; Development; Learning
media

often neglected in learning processes that focus more on
passively providing information.

Effective education must be able to go beyond
understanding basic concepts and develop students'
critical thinking skills. The ability to think critically is a
mental ability that is important in processing
information,  analyzing  situations,  evaluating
arguments, and making the right decisions (Ennis, 2018;
Naja et al., 2020; Zulhamdi et al., 2022). However, in
practice, the development of critical thinking skills is

How to Cite:

The ability to think critically is an invaluable
intellectual competency in dealing with the complex
challenges of the modern world (Matsun et al., 2021).
Improving critical thinking skills involves the process of
analyzing, evaluating, and interpreting information to
make the right decisions and creative solutions.
Unfortunately, many learning approaches are still
limited to the transfer of information, while practical
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application and the development of critical thinking
skills are often sidelined.

Technology and innovation in education have great
potential to improve students' critical thinking skills.
One technology that is attracting attention is the
Arduino Uno, an electronics development platform that
can be used in a variety of interactive projects. The use
of Arduino Uno in developing learning media can
stimulate student interest and involvement, as well as
provide practical experience in understanding abstract
concepts (Matsun et al., 2022). So that it can improve
students' critical thinking skills (Wasyilah et al., 2021).

One concept that is often difficult for students to
understand is the concept of density (Liana et al., 2020).
Density has wide applications in physics and
engineering, but to understand it, students need to
understand the relationship between mass and volume
and be able to apply the concept of density to real-world
situations. Developing learning media that utilizes
Arduino Uno and focuses on the concept of density has
the potential to provide a more interesting and
interactive learning approach. In addition, the learning
media can also be designed in such a way as to stimulate
and train students' critical thinking skills (Wardiyanto &
Yundra, 2019).

Combining science concepts with practical
experiments and the application of critical thinking
skills, it is hoped that students can develop a deeper
understanding of the concept of density and at the same
time improve critical thinking skills that are useful in
various aspects of life. Therefore, this research will
examine the development of Arduino Uno-based
learning media that integrates the concept of density and
the application of critical thinking skills (Sukisna &
Suparwoto, 2020). In this way, it is hoped that this
innovative learning approach can provide significant
benefits in improving the quality of learning and
students' critical thinking abilities.

In this context, this research introduces the concept
of developing innovative and interactive learning media
entitled "Development of Density Meter Learning Media
Using Arduino Uno to Improve Critical Thinking
Abilities". The novelty of the research "Development of
Density Meter Learning Media Using Arduino Uno to
Improve Critical Thinking Abilities" lies in the
combination of several elements that have not been
explored much before, as well as an innovative approach
in integrating educational concepts, technology, and the
development of critical thinking skills (Sukisna &
Suparwoto, 2020). Some novel aspects of this research
include: Integration of Density Concepts and
Microcontroller Technology. Combining the concept of
substance density with Arduino Uno microcontroller
technology to develop learning media is an approach
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that is not yet common. This concept combines aspects
of science with the application of technology, providing
a holistic learning experience; Practical Application in
Learning. The learning media developed does not only
focus on transferring theoretical information, but also
provides practical experience to students through direct
experiments using a density meter. This provides added
value in understanding theoretical concepts in a
concrete manner; Increased Critical Thinking Ability.
This research explores how to integrate reflective
questions in learning media to stimulate students'
critical thinking abilities. This has not been widely
applied in the context of technology learning; Use of
Arduino Uno in Education. The application of the
Arduino Uno microcontroller in developing learning
media is not common. This research explores the
potential for applying this technology in an educational
context, especially in improving students' conceptual
understanding and critical thinking skills.

The other novel aspects of this research include:
Relevance to Modern Educational Needs. This research
is very relevant to the needs of modern education that
integrates technology in learning. By presenting an
innovative approach, this research can provide
inspiration for educational practitioners to develop
more interesting and effective learning methods; Science
Learning Context. The development of this learning
media can have an impact on a more interactive and
practice-based science learning approach, allowing
students to understand scientific concepts more deeply
and apply them in real-world situations; Development
of New Literature. The relationship between the concept
of density, microcontroller technology, and the
development of critical thinking skills in learning media
contributes to the development of new literature in the
fields of education, technology, and science. Through an
innovative approach and multidisciplinary integration,
this research provides mnew contributions in
understanding how technology can help improve
students' conceptual understanding and critical thinking
skills in educational contexts (Liana et al., 2020).

Method

Students from the IKIP PGRI Pontianak physics
education study program involving 50 students as
research subjects. The form of research is research and
development with the Four-D (R&D) model. The
development model is carried out using the Define,
Design, Develop and Disseminate steps (Rizki et al.,
2021). The steps for developing Density Meter Learning
Media Using Arduino Uno to Improve Critical Thinking
Skills consist of define loading material analysis,
programming language analysis, and sonor analysis.
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The design stage includes the activities of making
product designs, validating and revising. The
development stage includes initial trials, and main trials.
Disseminate Step In this step the tools and materials that
have been developed will be disseminated to tool users,
namely students and students.

The percentage of instrument validity was obtained
from the average value of the questionnaire using the
Likert scale validation questionnaire. The scale used is in
the form of numbers 4, 3, 2, 1. Score 4 If the rating
strongly agrees, score 3 if the rating agrees, score 2 if the
assessment does not agree, score 1 if the rating strongly
disagrees (Umar et al., 2021). For analysis of the results,
you can see Equation 1.

» X
P=oS— X 1009 1
> Xi % 1)
Where:
P = Percent valueexpected
> X = Total score
¥ Xi = Maximum score

Density meter learning media using Arduino Uno
to improve critical thinking skills that are developed are
said to be feasible if the interpretation is 61% and above.
The criteria for interpreting the eligibility score are 81-
100% with Very worthy interpretation, 61-80% with
Worthy interpretation, 41-60% with Decent enough
interpretation, and 21-40% with Less worthy
interpretation, and 0% -20% with Not worthy (Khairati
etal., 2021).

Analysis of the accuracy of the density meter tool
developed using Arduino Uno to improve critical
thinking skills using Equation 2.

a.
Accuracy = a’ X 100% 2
f

Where q; is the reading value on the developed density
meter tool, and ay is the result of manual measurements.

Students' critical thinking abilities are analyzed
using N-gain with Equation 3 below.

N — Gain = Posttest Score — Pretest Score 3)
an = Ideal score — Pretest Score

The results of this calculation are then converted
into criteria for increasing critical thinking skills based
on the provisions, namely with a value of g > 0.7 with a
high category, a value of 0.3 < g < 0.7 with a medium
category, and a value of g <0.3 with a category low.
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Result and Discussion

Result
Development of Density Meter Learning Media Using
Arduino Uno

The process of developing a density meter tool
using the Arduino Unon begins with the defining stages
which consist of: Material analysis. The material really
needs to be analyzed because it fits the needs of its users,
namely students. The material used is density material.
Selection of material is very important to support and
assist students in the learning process; Programming
language analysis. The choice of programming language
is very necessary so that the media created can be used.
The programming language used is C++; Sensor
Analysis. In order for the developed tool to operate and
according to the desired material, several sensors are
needed that can be used in addition to the Arduino
microcontroller, namely load cells and ultrasonic
sensors (Matsun et al., 2021).

The design stages are made so that the practicum
tools are made according to what is desired. The design
of the density meter tool is made based on needs and is
easy to use. At this stage, a density meter tool is made in
accordance with the content framework of the results of
curriculum and material analysis (Rahman et al., 2021).
The design for developing a density meter using
Arduino Uno can be seen in Figure 1.

Box Transparan 12x6x3 cm

Tempat Mikrokontroler

Sensor Jarak
HC-SR04

Kerangka Akrilik
26x20 cm

Neraca
Load Cell 20 kg

Penampil Hasil Pengukuran
LCD 12C 16x2 >

=N
N T Akrilik

Alas Timbangan

Figure 1. Design of a density meter tool using Arduino Uno

The next stage after the design stage is the
development stage. The development stage requires
experts to assess the product being developed. Material
and media experts are used to assess whether the
product being made is feasible or not (Fitriani & Ikhsan,
2018; Ilfiana et al., 2021; Wahyuni et al., 2021; Fitriani et
al., 2022). The results of product development can be
seen in Figure 2.

The next stage is the dissemination stage carried out
by socializing the media created to students and
lecturers within the physics education study program. If
the user response is good, the density meter tool that has
been developed will be developed to manufacture in
large quantities and market it so that the density meter
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learning media is used by a wider target audience
(DeRuisseau, 2016; Dehghanzadeh & Jafaraghaee, 2018;
Zulhamdi et al., 2022).

Figure 2. Appearance of the density meter tool after
development

Expert Validation

Values obtained from material and media expert
validators through questionnaires given to experts
(Neswary & Prahani, 2022). Material expert assessment
with indicators of relevance to aspects of clarity of
instruction, relevance to subject matter, appropriate
level of difficulty, and impact on students' critical
thinking skills (Karmana & Samsuri, 2018; Rahmadita et
al.,, 2021; Priska et al., 2021; Menap et al.,, 2021). The
assessment of media experts with indicators of tool
durability, tool system speed in reading measurement
results, tool efficiency, aesthetics, security, and ease of
use. The average value of the validation of material and
media experts with a score of 90.50% is in a very feasible
category. The expert validation range line can be seen in
Figure 3 below.

0% 1% 1% .
e 8% 100%

90,50% (Very
Good)

Figure 3. Expert validation range line

Tool Accuracy

Determining the accuracy of the density meter tool
is by comparing the density value obtained with the
Arduino-based density meter tool which was developed
by manually measuring the density of materials. Manual
density measurement is done by measuring the volume
of each material, measuring the mass of each material,
and finally by entering the density equation, namely p =
m/V, the density measured is cuprum, brass, iron, and
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aluminum. From the results of the accuracy
measurement, the density meter based on the Arduino
Uno obtained an average accuracy value of 99.55%
according to table 1.

Table 1. Accurasy Developed Density Meter Tool

Material Density Developed Accuracy
Name manually density meter tool (%)
(g/cmd) (g/cm?)
Cuprum 8.90 8.81 98.98
Brass 8.50 8.48 99.76
Iron 7.90 7.89 99.87
Aluminum 2.60 2.59 99.61
Average 99.55

Use of Density Meters to Improve Students' Critical Thinking
Abilities

The next stage after the density meter tool is
declared feasible to use, the tool developed is used in the
classroom to improve students' critical thinking skills.
The indicators of students' critical thinking abilities are
focus, reason, inference, situation, clarity, and overview
(Rahman et al., 2021). The results of this test are
presented in Table 2. Based on the table of statistical test
results, students' critical thinking abilities were
obtained, namely an average pretest score of 64, an
average posttest score of 80, and an N-gain value of 0.80
in the high category.

Table 2. Statistical Results of Critical Thinking Ability

Pretest Score Posttest Score N-gain
64 80 0.80
Discussion

The development of the density meter tool has gone
through the development stages and has been validated
with the criteria that it is very suitable for application in
learning. The density meter tool that has been developed
can improve students' critical thinking skills. This reason
is in accordance with research conducted by (Liana et al.,
2020). Density meter tools using ardouno uno can
improve students' ability to conclude and draw
conclusions, examine reasons to strengthen opinions,
clarify how far the range of reasons is, be able to compare
between two situations, be able to explain logically, and
be able to provide explanations so that they are not
ambiguous. Research conducted by Purnamawati et al.
(2021), Density meter equipment using Ardouno Uno
can improve students' critical thinking skills in
designing and conducting experiments. Students are
asked to reassemble the tools and materials used in the
experiment. With this activity, students' critical attitudes
can increase.

The density meter tool using the Arduino Uno
microcontroller is very relevant in improving students'
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critical thinking skills. The following are several aspects
that can be concluded so that they can describe this
relationship: Problem Solving. Using the Arduino Uno
microcontroller in learning media can involve students
in solving real problems. Students must design, code,
and connect components to create a functioning device
or system. This triggers analytical thinking in
overcoming technical and logical obstacles in
development (Sukisna & Suparwoto, 2020); Analysis
and Evaluation. In developing projects with Arduino
Uno, students need to analyze various components, the
relationship between input and output, and the
efficiency of the solution that students design. students
must also identify and address potential problems that
may arise during the process. This encourages critical
thinking skills in evaluating alternative solutions and
optimizing device performance (Triatmaja & Khairudin,
2018); Creativity. The Arduino Uno microcontroller
gives students the freedom to design a wide variety of
projects, from simple to complex. This design process
encourages creative thinking skills in creating
innovative solutions to given problems or tasks
(Gonzalez et al., 2019); Decision Making. In developing
a project with the Arduino Uno, students need to make
various decisions, such as component choices, design
approaches, and programming strategies. These
decisions must be based on in-depth analysis and
evaluation of potential impacts, encouraging critical
thinking skills in making sound decisions (Stahre
Wastberg et al, 2019); Logical Thinking Skills.
Development  with  microcontrollers  involves
programming, which requires logical thinking to
organize the flow of program execution. Students must
understand control structures, conditionals, and loops to
achieve desired results, strengthening their logical
thinking skills (Shuaibu, 2014); and Troubleshooting. In
the development process, technical problems or errors in
programming may arise. Students need to analyze the
problem, identify its causes, and find effective solutions.
It trains critical thinking skills in overcoming challenges.
By integrating the Arduino Uno microcontroller in
learning media, students are involved in practical
experiences that combine elements of technology,
design, and science concepts (Lin et al., 2020). This
process inherently encourages critical thinking skills
because students are faced with tasks that require in-
depth analysis, rational evaluation, and planned
problem solving.

Conclusion
The development of a density meter tool can be

used because it has a feasibility value from material and
media experts with an average score of 90.50% with the
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Very Good criteria. The results of the accuracy of the tool
with an average of 99.55%, and the N-gain value of 0.80
are in the high category so that it can be concluded that
the density meter tool can improve students' critical
thinking skills in the high category.

Acknowledgments

We thank the Ministry of Education, Culture, Research and
Technology, Directorate General of Higher Education,
Research and Technology for providing grants through the
Domestic Cooperation Research program. We also thank IKIP
PGRI Pontianak who has facilitated this research activity, as
well as to STKIP PGRI Nganjuk who has collaborated in this
research.

Author Contributions
Thanks to IKIP PGRI Pontianak students who have helped in
this research. Especially to Sonia, Wahyu and Alvius.

Funding

This research was funded by the Ministry of Education,
Culture, Research and Technology. Directorate General of
Higher Education, Research and Technology, Main Contract
Number 187/ES/PG.02.00.PL/2023, and Derivative Contract
Numbers 92/L1L11/KM /2023, 003/1..202/PKDN/VII/2023.

Conflicts of Interest
The authors declare no conflict of interest.

References

Dehghanzadeh, S., & Jafaraghaee, F. (2018). Comparing
the Effects of Traditional Lecture and Flipped
Classroom on Nursing Students” Critical Thinking
Disposition: A Quasi-Experimental Study. Nurse
Education Today, 71, 151-156.
https://doi.org/10.1016/j.nedt.2018.09.027

DeRuisseau, L. R. (2016). The Flipped Classroom Allows
for More Class Time Devoted to Critical Thinking.
Advances in Physiology Education, 40(4), 522-528.
https://doi.org/10.1152/advan.00033.2016

Ennis, R. H. (2018). Critical Thinking Across the
Curriculum: A Vision. Topoi, 37(1), 165-184.
https://doi.org/10.1007 /s11245-016-9401-4

Fitriani, H., & Ikhsan, M. (2018). Karaktristik Perangkat
Pembelajaran Blended Community of Inquiry
yang Valid untuk Melatih Keterampilan Berpikir
Kritis Mahasiswa Calon Guru Biologi. Bioscientist:
Jurnal Ilmiah Biologi, 5(2), 70-81.
https:/ /doi.org/10.33394/bjib.v5i2.182

Fitriani, H., Samsuri, T., Rachmadiarti, F., & Raharjo, R.
(2022). Characteristics of Evaluation-Process
Biology Learning Tools Based on Conceptual
Problem-Based Learning Models to Train Critical
Thinking Skills. Jurnal Penelitian Pendidikan IPA,
8(1), 269-276.
https:/ /doi.org/10.29303 /jppipa.v8il.1168

8325



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Gonzalez, J. D., Escobar, J. H., Beltran, J. R., Garcia-
Goémez, L., & De La Hoz, ]. (2019). Virtual
Laboratories of Electromagnetism for Education in
Engineering: A Perception. Journal of Physics:

Conference Series, 1391(1).
https://doi.org/10.1088/1742-
6596/1391/1/012157

Iifiana, A., Widodo, W., & Setiarso, P. (2021). The
Improvement of Student’s Critical Thinking Skills
Through the Development of Science Learning
Material Based Socioscientific Issues with
Interactive Multimedia-Assisted on Gadget. Jurnal
Penelitian ~ Pendidikan ~ IPA,  7(4), 496-501.
https:/ /doi.org/10.29303 /jppipa.v7i4.764

Karmana, I. W, & Samsuri, T. (2018). Kerangka
Konseptual Model Conceptual Problem Based
Learning untuk Melatihkan Kemampuan Berpikir
Kritis Siswa Sekolah Menengah. EDUSAINS, 10(2),
226-234. https:/ /doi.org/10.15408/ es.v10i2.7782

Khairati, K., Artika, W., Sarong, M. A., Abdullah, A., &
Hasanuddin, H. (2021). Implementation of STEM-
Based Experiential Learning to Improve Critical
Thinking Skills on Ecosystem Materials. Jurnal
Penelitian  Pendidikan ~ IPA,  7(4), 752-757.
https:/ /doi.org/10.29303 /jppipa.v7i4.850

Liana, Y. R., Linuwih, S., & Sulhadi, S. (2020). Science
Activity ~ for  Gifted  Young  Scientist:
Thermodynamics Law Experiment Media Based
IoT. Journal for the Education of Gifted Young
Scientists, 8(2), 757-770.
https:/ /doi.org/10.17478 /JEGYS.657429

Lin, Y. W,, Lin, Y. B,, & Yen, T. H. (2020). Simtalk:
Simulation of IoT  Applications.  Sensors
(Switzerland), 20(9).
https:/ /doi.org/10.3390/520092563

Matsun, M., Boisandi, B., Sari, I. N., Hadiati, S., &
Hakim, S. L. (2021). Use of Arduino
Microcontroller and Proteus Software in Physics
Lesson in Review of Mathematics Ability and
Critical Thinking Skills. Jurnal Penelitian Pendidikan

IPA, 7(Speciallssue), 20-27.
https:/ /doi.org/10.29303 /jppipa.v7iSpeciallssue.
916

Matsun, M., Boisandi, B., Sari, I. N., Hadiati, S., &
Zadrianus, M. T. (2022). Development of Arduino
Uno-Based Real Learning Media for Measuring
Density of Objects. Jurnal Riset dan Kajian
Pendidikan Fisika, 9I(1), 25-33.
https://doi.org/10.12928 /jrkpf.v9i1.27

Menap, M., Bayani, F., & Prayogi, S. (2021). Problem-
Based Learning in Phytochemistry Courses: Its’
Effectiveness in Improving Medical Students’
Critical Thinking Ability Viewed from Cognitive
Style.  Jurnal  Penelitian  Pendidikan  IPA,

October 2023, Volume 9 Issue 10, 8321-8327

7(Speciallssue), 118-125.
https:/ /doi.org/10.29303 /jppipa.v7iSpeciallssue.
1124

Naja, F. Y., Mei, A, & Sa’o, S. (2020). Proses Berpikir
Kritis Siswa dalam Memecahkan Masalah
Matematika Realistik Materi Geometri Ditinjau
dari Gaya Belajar. Jupika: Jurnal Pendidikan
Matematika, 3(2), 51-60.
https://doi.org/10.37478 /jupika.v3i2.670

Neswary, S. B. A., & Prahani, B. K. (2022). Profile of
Students” Physics Critical Thinking Skills and
Application of Problem Based Learning Models
Assisted by Digital Books in Physics Learning in
High School. Jurnal Penelitian Pendidikan IPA, 8(2),
781-789.
https:/ /doi.org/10.29303 /jppipa.v8i2.1444

Priska, M., Peni, N., & Wao, Y. P. (2021). Development
of Acid-Base Devices Integrating ARCS Motivation
Strategy in Problem-Solving Learning Model
Scientific Attitude and Critical Thinking Skills of

Students. Jurnal Penelitian  Pendidikan IPA,
7(Speciallssue), 288-296.
https://doi.org/10.29303 /jppipa.v7iSpeciallssue.
1126

Purnamawati, P., Akil, M., & Nuridayanti, N. (2021).
Analysis of Needs for the Development of Trainer
Sensor and Transducer Learning Media Based on
Internet of Things (IoT). Jurnal Pendidikan Vokasi,
11(2), 232-242.
https:/ /doi.org/10.21831/jpv.v11i3.43833

Rahmadita, N., Mubarok, H., & Prahani, B. K. (2021).
Profile of Problem-based Learning (PBL) Model
Assisted by PhET to Improve Critical Thinking
Skills of High School Students in Dynamic
Electrical Materials. Jurnal Penelitian Pendidikan

IPA, 7(4), 617-624.
https:/ /doi.org/10.29303 /jppipa.v7i4.799
Rahman, M. M., Doyan, A. & Sutrio, S.. (2021).

Efektifitas Perangkat Pembelajaran Pendekatan
Multi Representasi Berbantuan Video untuk
Meningkatkan Kemampuan Berpikir Kritis Peserta
Didik.  Jurnal  Penelitian  Pendidikan  IPA,
7(Speciallssue), 56-60.
https:/ /doi.org/10.29303 /jppipa.v7ispecialissue.1
063

Rizki, A., Khaldun, I, & Pada, A. U. T. (2021).
Development of Discovery Learning Student
Worksheets to Improve Students’ Critical Thinking
Skills in Chemical Balance Materials. Jurnal
Penelitian ~ Pendidikan  IPA,  7(4), 707-711.
https:/ /doi.org/10.29303/jppipa.v7i4.829

Shuaibu, G. (2014). Cultural Practices and Mathematical
Thinking Ability Among Hausa and Yoruba
Secondary School Students in Kano and Oyo State,

8326



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Nigeria. Journal of Technical Education and Training
(JTET), 6(2), 56-72. Retrieved from
https:/ / publisher.uthm.edu.my/ ojs/index.php/J
TET/article/ view /998

Stahre Waistberg, B., Eriksson, T., Karlsson, G.,
Sunnerstam, M., Axelsson, M., & Billger, M. (2019).
Design Considerations for Virtual Laboratories: A
Comparative Study of Two Virtual Laboratories
for Learning about Gas Solubility and Colour
Appearance. Education and Information Technologies,
24(3), 2059-2080. https:/ /doi.org/10.1007/s10639-
018-09857-0

Sukisna, S., & Suparwoto, S. (2020). Development of
Outdoor Learning to Improving Learning
Outcomes Reviewed from Abstract Thinking
Ability, Response to Guidelines and Science
Process Skills For Student of Vocational High
Schools. Paedagoria: Jurnal Kajian Penelitian dan
Pengembangan  Kependidikan, — 11(1),  44-52.
https://doi.org/10.31764/ paedagoria.v11i1.1891

Triatmaja, A. K., & Khairudin, M. (2018). Study on Skill
Improvement of Digital Electronics Using Virtual
Laboratory with Mobile Virtual Reality. Journal of
Physics: Conference Series, 1140(1).
https://doi.org/10.1088/1742-
6596,/1140/1/012021

Umar, M. 1. A,, Kurniawan, D., & Lizelwati, N. (2021).
Fabrication of Digital Harmonic Vibration
Practicum Using Phototransistor Sensor with
Arduino-Uno Microcontroller. Jurnal Penelitian
Pendidikan IPA, 7(3), 468-473.
https:/ /doi.org/10.29303 /jppipa.v7i3.835

Wahyuni, S, Rizki, L. K., Budiarso, A. S., Putra, P. D. A,,
& Narulita, E. (2021). The Development of E-
Student Worksheet on Environmental Pollution to
Improve Critical Thinking Skills of Junior High
School Students. Jurnal Penelitian Pendidikan IPA,
7(4), 723-728.
https:/ /doi.org/10.29303 /jppipa.v7i4.870

Wardiyanto, M. Febri, & Yundra, E. (2019).
Pengembangan Trainer KIT Mikrokontroller
Arduino Uno Berbasis IoT sebagai Media
Penunjang Pembelajaran pada Mata Pelajaran
Sistem Kontrol Terprogram di SMK Negeri 1
Jenangan Ponorogo. Jurnal Pendidikan Teknik
Elektro, 8(1), 139-148.
https:/ /doi.org/10.26740/jpte. v8nl.p%p

Wasyilah, W., Yusrizal Y., & Ilyas, S. (2021). Application
of SelfDirected Learning Model to Improve
Student’s Independence and Critical Thinking
Skills. Jurnal Penelitian Pendidikan IPA, 7(4), 651-
659. https:/ /doi.org/10.29303 /jppipa.v7i4.784

Zulhamdi, Z., Rahmatan, H., Artika, W., Pada, A. U. T,,
& Huda, 1. (2022). The Effect of Applying Blended

October 2023, Volume 9 Issue 10, 8321-8327

Learning Strategies Flipped Classroom Model on
Students’ Critical Thinking Skills. Jurnal Penelitian
Pendidikan IPA, 8(1), 86-93.
https:/ /doi.org/10.29303 /jppipa.v8il.1186

8327



