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Abstrak: The problem in this research is that the level of scientific processing skills in particle motion dynamics is still low. An 

attempt to overcome this problem is to conduct a practical experiment using the Newton's Law Application Experiment Tool 

based on an Arduino microcontroller. This study used a quasi-experimental type of study with a non-equivalent post-test control 

group design. The study sample included Grade XI SMA Negeri 3 Pekanbaru students in the 2023/2024 school year with a total 

of 72 students. Data analysis technique uses descriptive analysis based on students' Scientific Process Skills (SPS) criteria scale. 

The results of this study show that the application of experimental tools applying Newton's law on the Arduino microcontroller 

platform has the ability to improve scientific pr The average score of students in the control class was in the low category with 

a score below 54. Meanwhile, in the experimental class, there were more in the high category (>86). ocessing skills of grade XI 

SMA Negeri 3 Pekanbaru students learn on particle motion dynamic materials. This study only focused on short-term effects 

without assessing long-term retention of science process skills. 
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INTRODUCTION 

Physics is a part of education that involves the study of 

natural phenomena that can be measured systematically [1]. 

That physics is different from other sciences in that it has 

three aspects: knowledge, process and scientific attitude. 

Physics knowledge is a product, and one of its forms is 

learning media. Learning media is a tool that assists teachers 

in providing learning materials, and therefore aims to make 

the application of learning more practical and effective. 

Experimental tools are media used in the teaching and 

learning process to clarify and deepen concepts and 

understanding of learning material. Experimental tools 

encourage students to actively participate in experimental 

activities and provide opportunities  to directly observe, try 

out, and understand scientific concepts. Participating in 

experiments allows students to gain direct experience and 

deepen their understanding of the concepts in the learning 

material [2]. 

When it comes to concepts, it is important that 

everyone has skills in the scientific process to solve everyday 

life problems. Scientific process skills themselves include the 

ability to think, reason, and act logically to explore and 

develop fundamental scientific concepts to address scientific 

problems. In the process of scientific competence, various 

aspects such as cognitive skills, psychomotor skills, and 

social skills are combined and contribute significantly to the 

formation of useful knowledge. In the context of 21st century 

science, the emphasis is on finding solutions and strategic 

approaches to create realistic learning, such as when solving 

everyday challenges. Therefore, if each student is equipped 

with scientific process skills, he or she can discover and 

develop concepts, principles, or theories as extensions of 

existing concepts, and even critically evaluate discoveries. 

According to Fandy as cited in [3], this experiential 

activity engages students directly in a process, providing 

valuable experience and a deep understanding of the learning 

material, while provides strong empirical evidence to support 

a theory or theory. physics. Concept of existence. To carry out 

these practical experiments, support is needed, especially 

in the form of laboratory materials and LW (Learner 

Worksheets). The learner worksheets that will be used can 

be adapted to the needs of experimental equipment for 

particle motion dynamics. Learner Worksheets is 

considered a practical and flexible solution because it 

facilitates collaboration between students and teachers in 

the learning process. 

After the interview, the author pointed out that the 

low quality of students' scientific processing skills is one 

of the impact, especially in learning physics. The limited 

application of laboratory equipment in schools is also one 

of the factors that hinders the training of students' 

scientific processing skills. This makes the author realize 

the need to conduct research on students' scientific 

processing skills using an experimental tool based on the 

Arduino microcontroller, which has been confirmed as 

one of the supporting materials in the learning process. 

Arduino Uno is a microcontroller that is widely used. This 

is because the implementation of Arduino Uno is easier 

and more economical and has very precise results [4]. The 

success of practical activities in physics learning is 

certainly influenced by the availability of adequate 

practical equipment, including demonstration tools. 

Along with that, technological developments provide 

many benefits, especially in the integration of 

demonstration tools based on the Arduino Uno 

microcontroller [5]. As part of this, the author will apply 

the tool to physics learning materials such as the dynamics 

of particle motion.  

The Particle Motion Dynamics classified as 

abstract further supports experimental activities as a 

learning solution to inculcate scientific process skills 

(SPS) in students and optimize the experience and 

student's current learning experience. This research relates 

the use of an Arduino microcontroller-based Newton's 

Law application experiment tool to improve students' 

scientific processing skills on particle dynamics material. 
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This study generally aims to determine the effectiveness of 

using an experimental tool that applies Newton's law on the 

Arduino microcontroller platform in particle motion 

dynamics to improve scientific processing skills (SPS) of 

students. Specifically, this study aims to describe the 

effectiveness of using an experimental tool applying 

Newton's law on the Arduino microcontroller. Therefore, the 

author will conduct research with the title “Effectiveness of 

using the Newton's Law  Experiment Tool based on Arduino 

microcontroller to Improve Scientific Processing Skills”. 

RESEARCH METHODS 

This type of quasi-experimental research is an 

experimental research in which during the research process 

there are two groups of classes, namely the control class and 

the experimental class, but the class used is a subject that 

already exists in a study. The study group was not randomly 

selected [6]. In quasi-experimental research, the design used 

is simply a non-equivalent post-test  control group design, as 

in. This study was conducted at SMA Negeri 3 Pekanbaru in 

September-December 2023, while the location of this study 

was at SMA Negeri 3 Pekanbaru. The data collection 

technique used in this study is probability sampling using 

a simple random sampling plan, with a sample of 72 

people including classes XI KM 1 and XI KM 4. While 

the data collection techniques data collection is used  as a 

testing technique, such as a test given in the form of post-

test questions totaling 14 questions according to 14 

scientific process skill indicators validated by lecturers of 

physics at Faculty of Teacher Training and Education, 

Riau University. Depending on the limitations of the 

research problem, 14 indicators are studied: observation, 

measurement, communication, classification, operational 

definition of variables, hypothesis building, prediction, 

variable identification, design experiments, explain 

relationships between variables, describe graphs, analyze 

surveys, collect data, analyze data, and draw conclusions. 

Once the researcher has collected sample data, the 

data will be analyzed and processed to determine whether 

the research hypothesis can be achieved. This data 

analysis technique uses descriptive analysis based on 

students' Scientific Process Skills (SPS) criteria scale. The 

criteria for assessing scientific processing skills are 

presented in Table 1. 

Table 1. criteria for assessing scientific processing skills 

Science Process Skills 

Score 
Category 

86 – 100 Very high 

76 – 85 High 

60 – 75 Fair 

55 – 59 Low 

≤ 54 Very low 

RESULTS AND DISCUSSION 

The data used in this study are the results of the 

scientific processing skills of students in the control group 

and the experimental group on the particle motion dynamics 

device at SMA Negeri 3 Pekanbaru. Data collection was 

carried out using KPS tests on the control and experimental 

classes. during learning in the experimental class, the Arduino 

Uno microcontroller is used to assist the experimental 

activities carried out. The Arduino Uno microcontroller is 

connected to the practicum equipment and computer/laptop 

so that the results of the experiment are directly recorded on 

the computer or laptop. Experimental activities become more 

effective and more accurate in data collection. Students in the 

experimental class who use the Arduino Uno microcontroller 

are accustomed to conducting technology-based experiments 

so that their KPS can increase. Students also follow the 

guidelines for using the Arduino Uno microcontroller on the 

student practicum worksheet. While in the control class, 

they only learn in a conventional way. 

In terms of description, it can be seen that the 

experimental group showed a significant increase in the 

ability to master scientific processing skills in learning by 

using the experimental tool applying Newton's law on 

microcontrollers. Arduino controller compared to a 

control group learning normally. 

The average value of the experimental class is 

82.11 while the average score of the control class is 45.50, 

which proves that the experimental class has higher 

scientific processing skills than the control class. The 

difference in the mean value between the two classes is 

36.61, showing the positive impact of using the Arduino 

microcontroller-based Newton's law experiment tool in 

improving students' skills in scientific process aspect. The 

distribution of data on the acquisition of scientific process 

skills tests can be presented in Table 2. 

Table 2. Description of the Number of Learners Based on Science Process Skills Test Results 

Score Category 

Control Class Experimental Class 

Number of 

Students 
Percentage (%) 

Number of 

Students 
Percentage (%) 

86 – 100 Very high 0 0 18 50 

76 – 85 High 0 0 11 30,56 

60 – 75 Fair 0 0 7 19,44 

55 – 59 Low 0 0 0 0 

≤ 54 Very low 36 100 0 0 
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Score Category 

Control Class Experimental Class 

Number of 

Students 
Percentage (%) 

Number of 

Students 
Percentage (%) 

Total 36 100 36 100 

 

Table 2 shows that the proportion of students with 

scientific processing skills is higher in the experimental class. 

In the results obtained, students with very high scientific 

processing skills in the experimental class accounted for 50% 

of the students, while in the control class there were no 

students with scientific processing skills in the 

experimental class very high grade. The distribution of 

post-test data analysis results on scientific process skills 

for each indicator can be explained based on Figure 1. 

 

Figure 1. distribution of post-test data analysis results on scientific process skills 

Based on Figure 1, it shows the heterogeneity of 

students' abilities in the KPS aspect in the experimental class 

and the control class. In the experimental class, students in the 

very high category predominate with a ratio of 50, then in the 

high category with a ratio of 30.56 and the remaining students 

in the adequate category are only 19.44. Meanwhile, in the 

control class, students in general make up very few students 

in the class. The experimental class achieved higher results 

than the control class because the experimental activity 

required students to be more active in the experiment to 

complete LKPD using the Experimental Tool applying 

Newton's law on the Arduino microcontroller platform, this is 

also expressed through the difference in average scores. 

number of points achieved. by both classes. Therefore, 

learning with experimental tools applying Newton's law on 

the Arduino microcontroller platform has the ability to 

improve scientific processing skills. The use of Arduino Uno 

provides students with the opportunity to utilize 

microcontroller technology so that they can practice 

independently. Practicums with Arduino Uno 

microcontrollers also provide more precise results so that 

they are more skilled in practical activities. This is in line 

with the study conducted by [7] showing that there is an 

effect of using simple physics experiment tools on 

students' KPS on Laws materials. Newton. These results 

add to the growing body of evidence that an active 

learning approach using experimental tools can improve 

understanding and mastery of concepts in a specific area, 

such as dynamics of particle motion. 

In all aspects of scientific processing skills, the 

experimental class outperformed the control class. This is 

supported by the findings of previous researchers. One of 

them concerns the communication aspect, supported by 

the findings of [8] showed that the communication aspect 

of students who worked with learner worksheet would 

increase because students would have a better 

understanding of the results of the experiments that would 

be presented to the class. In addition, the measurement 

81

19

42

31

78

58

25

36

81

64

11

72

25
22

100

81 81

56

92 92 92
89

83

67

78

86

64

83

0

20

40

60

80

100

120

A
v

er
a

g
e 

S
co

re

Aspects of Science Process Skills

Control Class Experimental Class



Jurnal Inovasi Pendidikan dan Sains       

Vol. 6 No.1, April 2025: 120-124 ISSN 2721-9119 (Online) 

123 

aspect is emphasized by the study of [9] showing that the 

measurement aspect in the experimental class is very good. 

Furthermore, according to what was conveyed by [10], if 

students understand the meaning of independent and 

dependent variables in an event then these students are 

capable of solving problems. Resolve related issues well. to 

the identification of variables. Furthermore, the design aspect 

of the experiment is supported by results demonstrated by 

[11], which shows that the use of experimental tools can 

override the design aspect of the experiment. in very good 

category. The post-test results on the analytical aspect of the 

survey are supported by the findings of [12] shows that the 

analytical aspect of the survey is categorical. The average 

scientific processing skills of the experimental class are better 

than the control class, proven by the research results of [9], 

who claim that the operational definition aspect of variables 

is of a very good kind. [10] also believe that the skill of 

identifying variables can be acquired well if students can 

clearly understand this concept. Finally, the concluding 

aspect is in line with the results highlighted by [7], showing 

that the final skills of the students are of good quality. If 

considered in more detail, introducing processing methods 

through experimental activities using experimental tools 

applying Newton's law on the Arduino microcontroller 

platform has a very positive impact on student learning. The 

use of Arduino Uno microcontrollers in physics learning can 

support learning activities, facilitate experimental activities, 

and improve students' understanding of concepts so that their 

science process skills improve [13]. In addition to being able 

to improve scientific processing skills, using an Arduino 

microcontroller-based Newton's law experiment tool also 

realizes the concept of matter more deeply than conventional 

methods, therefore, the average scientific processing skills 

possessed by the experimental class were higher than those 

skills. of the control layer. 

Based on the discussion of the post-test average scores 

for each aspect of scientific processing skills achieved in the 

experimental and control classes, it shows that the average 

scientific processing skills score of the experimental group is 

high. than the average skill score in the scientific process of 

the experimental group. control group. Therefore, it can be 

concluded that using experimental tools applying Newton's 

law on the Arduino microcontroller platform has the ability to 

improve the scientific processing skills of students of grade 

XI SMA Negeri 3 Pekanbaru. 

 

CONCLUSION 

The average scientific processing skills of the 

experimental class were at a high level while the control class 

was at a very low level. At that time, the scientific processing 

skills of experimental class students for each indicator were 

also at a high level. This shows that using the experimental 

tool applying Newton's law on the Arduino microcontroller 

platform is considered effective in improving the scientific 

processing skills of grade XI SMA Negeri 3 Pekanbaru 

students. Hopefully, this research result will become one of 

the reference materials for experimental activities in learning 

particle motion dynamics to help make learning more 

interesting for students. Furthermore, the results of this study 

will also provide references for further research, not only on 

some aspects of scientific processing skills but also on other 

aspects. 

ACKNOWLEDGEMENT 

The authors would like to express their deepest 

gratitude to all parties who contributed to the success of 

this research, especially to SMA Negeri 3 Pekanbaru for 

granting permission and providing facilities, to the 

lecturers of the Physics Education Study Program at 

Universitas Riau for their guidance and advice, and to all 

the students who participated in this study. We hope that 

the results of this research will contribute positively to the 

field of education, particularly in enhancing students' 

science process skills. 

DAFTAR PUSTAKA 

[1] S. Anggereni, R. Rismawati, and H. Ashar, 

“Perbandingan Antara Model Pembelajaran 

Discovery Terbimbing dengan Model Pembelajaran 

Inquiry Terbimbing Terhadap Pengetahuan 

Prosedural Fisika,” JPF (Jurnal Pendidikan Fisika) 

Universitas Islam Negeri Alauddin Makassar, vol. 7, 

no. 2, Art. no. 2, Aug. 2019, doi: 

10.24252/jpf.v7i2.5823. 

[2] C. W. Puspamareta, K. Arafah, and M. S. Ali, 

“Penerapan LKPD Terbimbing untuk Meningkatkan 

Keterampilan Praktikum Peserta Didik,” Jurnal 

Sains dan Pendidikan Fisika, vol. 16, no. 1, Art. no. 

1, Apr. 2020, doi: 10.35580/jspf.v16i1.15859. 

[3] A. A. P. Arif and Z. A. I. Supardi, “Analysis of 

Guided Inquiry Laboratory Learning Materials To 

Improve Students’s Scientific Process Skills In 

Newton’s Law of Motion,” IPF: Inovasi Pendidikan 

Fisika, vol. 9, no. 3, pp. 515–522, Aug. 2020. 

[4] M. Suari, “Pemanfatan Arduino nano dalam 

Perancangan Media Pembelajaran Fisika”. 

[5] M. Masyruhan, U. Pratiwi, and Y. Al Hakim, 

“Perancangan Alat Peraga Hukum Hooke Berbasis 

Mikrokontroler Arduino Sebagai Media 

Pembelajaran Fisika,” SPEKTRA: Jurnal Kajian 

Pendidikan Sains, vol. 6, no. 2, p. 134, Oct. 2020, 

doi: 10.32699/spektra.v6i2.145. 

[6] P. Isnaini, “Pengaruh Alat Permainan Edukatif 

Filling Word Terhadap Keterampilan Membaca 

Permulaan Anak Kelompok B TK Aba Ngaben I 

Tempel,” Pendidikan Guru PAUD S-1, no. 0, Art. 

no. 0, 2015, Accessed: Apr. 28, 2025. [Online]. 

Available: 

https://journal.student.uny.ac.id/pgpaud/article/vie

w/204 

[7] S. Safriana and F. Anisah, “Pengaruh Alat Praktikum 

Fisika Sederhana terhadap Keterampilan Proses 

Sains Siswa di MAN 3 Aceh Utara,” Prosiding 

SEMDI-UNAYA (Seminar Nasional Multi Disiplin 

Ilmu UNAYA), vol. 4, no. 1, Art. no. 1, Oct. 2021. 

[8] D. A. Basri, B. D. Amin, and A. Yani, “Implementasi 

Simulasi PhET dan KIT IPA Terhadap Keterampilan 

Proses Sains Peserta Didik SMA Negeri 6 Pinrang,” 

Jurnal Sains dan Pendidikan Fisika, vol. 15, no. 3, 

Art. no. 3, Dec. 2019, doi: 

10.35580/jspf.v15i3.13496. 

[9] R. Fitriani et al., “Mendeskripsikan Keterampilan 

Proses Sains Siswa melalui Kegiatan Praktikum 

Viskositas di SMAN 1 Muaro Jambi,” pendipa. 



Jurnal Inovasi Pendidikan dan Sains       

Vol. 6 No.1, April 2025: 120-124 ISSN 2721-9119 (Online) 

124 

jurnal. pendik. sains, vol. 5, no. 2, Art. no. 2, Jan. 2021, 

doi: 10.33369/pendipa.5.2.173-179. 

[10] M. D. Putri and T. Sunarti, “Penerapan Model 

Pembelajaran Inkuiri Tertimbing untuk Meningkatkan 

Keterampilan Proses Sains pada Materi Hukum Newton 

tentang Gerak di SMA Negeri 1 Gedangan,” IPF: 

Inovasi Pendidikan Fisika, vol. 7, no. 3, Aug. 2018, 

Accessed: Apr. 28, 2025. [Online]. Available: 

https://ejournal.unesa.ac.id/index.php/inovasi-

pendidikan-fisika/article/view/25109 

[11] L. Mawarda, A. L. Mawardi, and S. R. Mahyuny, 

“Implementasi Praktikum pada Materi Sistem Indera 

untuk Meningkatkan Keterampilan Proses Sains pada 

Siswa SMAN 3 Langsa:,” Jurnal Jeumpa, vol. 10, no. 2, 

Art. no. 2, Sep. 2023, doi: 10.33059/jj.v10i2.8384. 

[12] N. Hasanah, V. Verliyanti, and M. A. Rokhimawan, 

“Profesionalisme Guru Menanamkan Keterampilan 

Proses Sains dalam Materi IPA pada Siswa Kelas V MI 

Ma’arif Bego,” AULADUNA: Jurnal Pendidikan Dasar 

Islam, vol. 7, no. 1, Art. no. 1, Jun. 2020, doi: 

10.24252/auladuna.v7i1a1.2020. 

[13] S. Ayub, F. Firdaus, Jannatin ’Ardhuha, and Susilawati, 

“Pengembangan Kit Gerak Lurus Berbasis 

Mikrokontroler Arduino Uno Dan Sensor Infrared 

Untuk Meningkatkan Keterampilan Proses Sains 

Peserta Didik,” Jurnal Pendidikan, Sains, Geologi, dan 

Geofisika (GeoScienceEd Journal), vol. 5, no. 2, pp. 

118–122, May 2024, doi: 

10.29303/goescienceed.v5i2.303. 

 


