





Development of physics modul based on STEM problem based learning on newton’s motion law material for senior high school	Comment by power rangers: physics module based on STEM problem based learning on newton’s motion law material for senior high school

Untuk meningkatkan kualitas keterbacaan cek kembali grammar
Mohon penulis menulis paper sesuai dengan template
Apit Fathurohman1, Esti Susiloningsih2, Anissa Arianti3	Comment by power rangers: Tambahkan email
1) Physics Education, Faculty of Teacher Training and Education, Sriwijaya University
	2) Primary School Teacher Education, Faculty of Teacher Training and Education,    
  	    Sriwijaya University
3) Post Graduate Student of Physics Education, Faculty of Teacher Training and   
              Education, Sriwijaya University


Abstract. This research is a development research which aims to produce senior high school physics module based on STEM Problem Based Learning on Newton’s Motion Law Material that is valid and practical. The design of development by using a model of ADDIE that modified with Tessmer’s formative evaluation method. Tessmer's formative evaluation stages in this study include self evaluation, expert review, one-to-one and small groups. Data were collected through interviews, expert testing and questionnaires at the expert review stage using 2 material experts, 2 design experts, and 2 linguists. The one-to-one and small group stages and Field Tests were conducted at SHS Number 1 Banyuasin,  South Sumatra. The results of the expert review stage obtained the final score of material validation 1 (very feasible or very valid), design validation 0.91 (very feasible or very valid) and language validation  0.95 (very feasible or very valid). For the final score of practicality obtained from one-to-one trials 0.74 (moderate or practical) and small groups 0.84 (high or very practical). Based on the results of the evaluation shows that the modules is categorized as valid and practical. It is recommended that this module can be used as an alternative teaching for Newton’s motion law material.	Comment by power rangers: Abstrak harus berisi tujuan, method, hasil utama, dan implikasi. 
Isi abstrak tidak terlalu banyak berisi kalimat teknis.
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1. Introduction
The fourth industrial revolution is different from the previous three. This is because machines and artificial intelligence play a significant role in enhancing productivity and wealth creation, which directly changes and challenges the role of human beings. The fourth industrial revolution will also intensify globalisation. Therefore, technology will become much more significant, because regions and societies that cope positively with the technological impact of the fourth industrial revolution will have a better economic and social future (Schäfer, 2018). Job profiles at many workplaces are set to change because of technological impact. This means that major conversion and adaptation measures will also be necessary in the fields of education and employee development (Weber, 2015).	Comment by power rangers: Harus ada state of the art/originalitas (perbedaan dengan penilitian yang lain), minimum ada 5 rujukan/referensi
Paragraph terakhir harus mencantumkan tujuan penelitian
Tidak terlalu panjang, maksimum 20% dari keseluruhan (maksimum satu halaman) termasuk literature review apabila ada
Literatur review menjelasan gap riset bukan definisi-definisi yang sudah baku


	Education is required that can form a creative, innovative, and competitive generation. One of them can be achieved by optimizing the use of technology as an educational aid that is expected to produce output that can adapt and change the era for the better. Without exception, Indonesia also needs to improve the quality of graduates according to the world of work and the charges of digital technology (Lase, 2019). Indonesia as a large country with a wealth of natural resources and abundant human resources should be a nation that plays a great role in the development of science and technology. STEM education can be used in other scientific fields by utilizing the principles of STEM as a basis for learning and developing potential students (Nugroho, Permanasari, & Firman, 2019) .

	Integrated STEM education is an effort to combine science, technology, engineering, and mathematics into one class that is based on connections between the subjects and real world problems (Stohlmann, Moore, & Roehrig, 2012). There are some benefits using STEM education, such as: Improving professional development, meeting workplace demands, STEM education for sustainable work, innovative models of secondary education, and domestic development (Ismail, 2018).  Technology Education teachers may use educational technology to deliver lessons and for assessment. However, the confusion between the two disciplines is clearly a problem for most educators. The Leaders in Technology and Engineering Education recently made a name change from “Technology Education” to “Technology and Engineering Education” in an attempt to alleviate the confusion and have a solid identity within the educational community (White, 2012).
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This type of research is development research which aims to produce senior high school physics module based on STEM Problem Based Learning on Newton’s Motion Law Material that is valid and practical.
The subjects of this study were second grade high school students, the one-to-one trial stage will be carried out on 3 class, the small group trial stage will be carried out on 9 class XI, and the test stage effectiveness is one class of second grade high school students which is carried out at the field test stage. The research model used in this research is the ADDIE model modified with Tessmer's formative evaluation. Data collection techniques in this study include interviews, expert validation, and questionnaires. The data analysis technique used is validation by 2 material experts, 2 design experts and 2 language experts, and practical data analysis.
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3.1 Analysis
The initial stage of development research is needs analysis. The needs analysis consists of curriculum analysis, lesson plan analysis (RPP), material analysis and analysis of the characteristics of high school students.	Comment by power rangers: Apa itu RPP?sebaiknya dlm Bahasa inggris
In the analysis of curriculum was adjusted to the 2013 high school physics curriculum of the Ministry of Education and Culture. Based on the framework of the 2013 Curriculum, the goal of learning physics is to master concepts and principles and have the skills to develop knowledge and a confident attitude as provisions for continuing education at a higher level and developing science and technology (Kemdikbud, 2014). At the stage of analyzing the Learning Implementation Plan which is based on Core Competencies, Competency Standards, Basic Competencies, learning indicators and learning objectives from the Newton’s Motion Law. The core competencies of KI-3 are understanding, applying, analyzing factual, conceptual, procedural knowledge based on their curiosity about science, technology, arts, culture and humanities with insights into humanity, nationality, statehood and civilization regarding the causes of phenomena and events, and applying procedural knowledge in a specific field of study according to their talents and interests to solve problems. Whereas KI-4 are processing, reasoning, and presenting in the realm of the concrete and the realm abstract related to the development of what he learns in school independently, and be able to use methods according to scientific principles.	Comment by power rangers: Belum ada dalam referensi
[bookmark: _GoBack]Basic competence in this material is to analyze the interaction of forces and the relationship between force, mass and motion of objects in straight motion. Conducting the experiment and the presentation of the results related to the interaction of forces and the relationship of force, mass, and acceleration in straight motion and their physical meaning. As for learning indicators for Newton's law of motion, namely: 1) Applying Newton's First, Second, and III Laws; 2) Analyze the forces on the object (weight, normal force, rope tension, friction); 3) Presenting and communicating the results of discussions and observations.
The next phase is material analysis, Newton's law of motion material was chosen because Newton's law of motion material is one of the difficult materials and misconceptions often occur in physics subjects, and this material also includes material which also includes essential material on basic physiology or mechanics in college. From the results of previous research, it shows that students' mastery of concepts and understanding of this material is still low. Based on the basic competencies of the newton motion law material, it is analyzing the interaction of forces and the relationship between force, mass, and movement of objects in straight motion. Conducting the experiment and the presentation of the results related to the interaction of forces and the relationship of force, mass, and acceleration in straight motion and their physical meaning. As for the learning indicators for Newton's law of motion, namely: 1) Applying Newton's First, Second and Third Laws; 2) Analyze the forces acting on the object (weight, normal force, rope tension, friction); 3) Presenting and communicating the results of discussions and observations. From the basic competencies and expected indicators, STEM Problem Based Learning is an alternative solution.
The analysis phase of student characteristics, based on the results of interviews with teachers of physics subjects, is still teacher-centered. Only some students are active in the learning process. Based on the questionnaire that the percentage obtained was 65.6% (21 students out of 32 students) students still did not understand the physics books they had. Students are more interested if physics learning is presented with problems related to daily life with a percentage of 68.7% (22 of 32 students) and students need learning resources in the form of modules with a percentage of 78.1% (25 of 32 students).
3.2 [bookmark: _Toc494782745][bookmark: _Toc495786125]Design
At the design stage, there is a self-evaluation stage carried out by self-evaluating the products that have been developed which are supported by comments and suggestions from peers, as well as comments and suggestions from the physics teacher as a reference in evaluating the product.
Colleagues provide suggestion that module that has been created has not brought up the STEM PBL yet, the problem used is not related to daily life, not related to the material of Newton's motion law yet and suggest to the existence of typing or writing errors, then colleagues suggest much more literature from relevant journals or books. After repairs and revisions were made, a specific prototype was obtained. The making of teaching materials in the form of modules is adjusted to module components consisting of an introduction, student activity sheets, worksheets, worksheet answer keys, and test sheets, glossary, and module design bibliography can be seen in table 1.
Table 1. Product Design 
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3.3 [bookmark: _Toc494782746][bookmark: _Toc495786126]Development
	 In this development phase, products began to be developed that were in accordance with the learning approach and model used, namely the STEM Problem Based Learning and also developing validation instruments used to measure and assess the products being developed. The product developed has been repaired with peers and has gone through the self-evaluation stage which resulted in a specific prototype. At this phase it is modified by using Tessmer's formative evaluation consisting of expert reviews, which aims to validate the modules that have been developed then after that one to one test, and a small group test where to assess the practicality of the developed module.

3.4 Expert Review
The product of this research is in the form of a physics module based on STEM problem based learning on Newton's Law Material, which has been carried out in the self-evaluation and repair phase with peers which produces a specific prototype. Next to the expert review phase, it involves 6 validators/experts consisting of 2 material experts, 2 design experts and 2 linguists. Based on the results of discussions with experts, it turns out that some improvements or revisions still have to be made to some parts of the module, including content, writing format, layout, images and color combinations in the module so that it can be seen that the module developed meets the valid criteria. After fulfill the valid criteria, the module can then be tested at a later phase as well as the writing format and layout so that it can be tested later. The expert review score on the module can be seen in table 2 below.
Table 2. Results of the Interpretation of the Validation Test

	Expert
	Expert 1
	Expert 2
	Mean
	Category

	Material
	1
	1
	1
	very decent

	Design
	0,93
	0,89
	0,91
	very decent

	Linguist
	0,91
	1
	0,95
	very decent



3.5 One to One
One to one stage was carried out on 3 students of SMA senior high school. The physics module that has been revised is based on comments and suggestions from peers along with the expert review stage, namely in the form of a specific prototype, the physics module is tested on students. Students are selected, based on the category of high, medium and low ability levels as measured by student test scores and determined by the Standard Deviation formula. On the practicality assessment sheet, there is also a comment and suggestion. Where comments and suggestions from students are used as evaluation material for the product being developed. In trying out the physics module, students are given a product in the form of a specific prototype. Each of the students is given a practical assessment questionnaire regarding the physics module. After students provide comments and suggestions and fill out a questionnaire sheet. The results of the practicality questionnaire obtained an average value of 0.74 with the moderate or practical category.

3.6 Small Group
The revised physics module based on comments and suggestions from the expert review stage and the one to one stage, namely in the form of prototype I. Prototype I was tried out at the small group stage involving 9 students consisting of 3 high category students, 3 medium category students and 3 students low category. Students selected are also based on high, medium and low categories as seen from the student's ipk. In the small group stage, just like the one to one stage, students are given a physics module in the form of prototype I, and then asked to fill out a practical assessment questionnaire and provide comments and suggestions. Comments and suggestions at the small group stage are used as material for product revisions.
The results of the practicality questionnaire obtained an average value of 0.84 with the high or very practical category. This shows that the physics module based on STEM Problem Based Learning material of Newton's laws motion that was developed can be used in the learning process in high school.

IV. Result	Comment by power rangers: Ini kesimpulan apa hasil?
The result of this research is a produce senior high school physics module based on STEM Problem Based Learning on Newton’s Motion Law Material and has been proven valid and practical using the modified ADDIE model using Tessmer's formative evaluation. Based on the results of the research that has been done, at the expert review stage, the material expert score was 1 in the very valid category, the design expert's score was 0.91 in the very valid category and the linguist's score was 0.95 with the very valid category. Based on the one to one and small group trials, it was obtained an average score of 0.74 in the medium category and 0.84 which means very practical	Comment by power rangers: Kesimpulan Berisi sintesis dari isi penelitian
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Gt serta penyetbebabnya telzh menjadi masalah seja bersbad-bad sebelum Galiley
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gravitasi, dan menemukan metode matematika Kalkulus. Tiga hukum dasar mengenai
gerak (mekanika) diterbitkan dalam Philosophiae Naturalis Principia Mathematica atau
dikenal dengan principia pada tahun 1686
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Hukum gerak Newton adalah tiga hukum fisika yang menjadi dasar mekanika Klasik,
Hukum ini menggambarkan hubungan antara gaya yang bekerja pada suatu benda dan
gerak yang discbabkannya. Hukum ini telah dituliskan dengan pembzhasaan yang
berbeda-beda selama hampir 3 abad, dan dapat dirangkum sebagai berikut:

Hukum Pertama: setiap benda akan memiliki kecepatan yang konstan kecuali ada gaya
yang resultannya tidak nol bekerja pada benda terscbut. Berarti jika resultan gaya nol,
maka pusat massa dari suatu benda tetap diam, atau bergerak dengan kecepatan konstan
(tidak mengalami percepatan). Hal ini berlaku jika dilihat dari kerangka acuan inersial.

Hukum Kedua: scbuzh benda dengan massa M mengalami gaya resultan sebesar F akan
mengalami percepatan 2 yang arahnya sama dengan arah gaya, dan besamya berbanding
Jurus terhadap F dan berbanding terbalik terhadap M. atau F = ma. Bisa juga diartikan
resultan gaya yang bekerja pada suatu benda sama dengan turunan dari momentum lineay
benda tersebut terhadap waktu.

Hukum Ketiga: gaya aksi dan reaksi dari dua benda memiliki besar yang sama, dengan
arah terbalik, dan segaris. Artinya jika ada benda A yang memberi gaya scbesar F pada
benda B, maka benda B akan memberi gaya sebesar —F kepada benda A. F dan —F
memiliki besar yang sama namun arahnya berbeda. Hukum ini juga terkenal scbagai
hukum aksireaksi, dengan F disebut sebagai aksi dan —F adaleh reaksinya.
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Seckor kuda menarik kereta discpanjang jalan bersalju yang datar. Keretanya
bergerak dipercepat. Hukum III Newton menyatakan bahwa kereta memberikan gaya,
yang besamya sama dan  arahnya bedawanan, pada kuda. Dengan
mempertimbangkan hal ini, bagaimana kereta bergerak dipercepat- bukankan gaya-
gayanya akan saling meniadakan? Dalam kondisi apakah sistem (kuda dan kereta) ini
bergerak dengan kecepatan tetap ?

Sebuzh cakram hoki meluncur di permukaan yang beku dengan kelajuan awal 20,0
m/s. Tika cakramnya selalu menempel pada es dan meluncur sejauh 115 m sebelum
kembali diam, tentukan koefisien gesck.

Sebuah gaya 100N membentuk sudut 8 terhadap kinetik antara cakram dan es.

sumbu x dan memiliki komponen y scalar 30 N. Tentukan komponen x scalar dari
gaya dan sudut 0.

Tentukan berat suatu benda di bumi yang massanya adalah (z) 3,00 kg (5) 200 g.

Sebuzh benda dengan massa 20,0 kg yang dapat bergerak dengan bebas mengalami
‘gaya resultan 45,0 N pada arah x-. tentukan percepatan benda terscbut.




