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Abstract. This research 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. This is a development research using a design 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. 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). Based on the results showed this research produced senior high school module based on STEM Problem Based Learning on Newton’s Motion Law Material. It is recommended that this module can be used as an alternative teaching for Newton’s motion law material.


1. Introduction
At present, the world is rapidly developing the revolution with the 4.0 technology platform [1]. 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 [2]. 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 [3].

	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 [4]. 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 [5] .

	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 [6]. 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, domestic development, having skills to identify questions and problems in life [7] [8].  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 [9].

Based on the results of interviews with physics teachers, the teaching materials used in the learning process are textbooks, student worksheets and sometimes the teacher explains using power points. Only some students are actively involved in the learning process. In addition, there is no use of modules in the learning process. Meanwhile, based on a questionnaire that was distributed to class X students of SHS No.1 Banyuasin, the learning resource used by textbooks was 62.5%. However, it can be seen from the percentage obtained that 62.5% of students still do not understand the physics books they have. Students need learning resources in the form of modules and also students are more interested if physics learning is presented with problems related to daily life with a percentage of 75%. So it can be concluded that students still do not understand the learning resources they use so that they are less motivated to learn independently and reflect back on the lessons taught by the teacher. Therefore, one effort to make learning more interesting and easier to understand is by using modules that are given problems in daily life using the STEM approach.


II. Research Method
This research 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. This is a development research using a design model of ADDIE that modified with Tessmer’s formative evaluation method. 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 second grade students, 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 [10]. 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. Validation conducted by experts aims to determine the validity of the module. The results of the validation are then processed using the Cohen Kappa’s coefficient.

III. Results and Discussions
3.1 Analysis
The initial stage of development research is needs analysis. The needs analysis consists of curriculum analysis, lesson plan analysis, material analysis and analysis of the characteristics of high school students [11].
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 [12]. 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. 
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 [13]. From the results of previous research, it shows that students' mastery of concepts and understanding of this material is still low [14]. 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. From the basic competencies and expected indicators, STEM Problem Based Learning is an alternative solution. Based on previous research, the PBL Model can be used as an alternative learning model by lecturers to improve their abilities [15] [16].
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. PBL model is very suitable applied in learning physics remembering that physics material is in the form of concepts, laws, principles, and theories which are closely related to the scope of problems in daily life. Therefore, it is necessary to prepare appropriate teaching materials to support the PBL learning model [17]
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 
	Cover
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[bookmark: _Toc494782746][bookmark: _Toc495786126]As seen in the Get to Know Beta Physics "So Close and Real" section, there is a rowing sport image. This is local wisdom found in South Sumatra, Indonesia. There are laws of physics in these sports. In rowing boats, the thrust is applied intermittently, as the oars alternate, once in the water and once in the air. While pedaling an athlete moves back and forth on a slide that creates positive and negative force. The positive force causes the boat to move forward and negative force causes the boat to move backward.
3.3 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 .

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. 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 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.

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.

IV. Conclusion
This research  produced senior high school physics module based on STEM Problem Based Learning on Newton’s Motion Law Material and has been proven valid. 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. It is recommended that this module can be used as an alternative teaching for Newton’s motion law material in senior high school.
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Kelembaman (Inersia)

Ide Atisstotele’s yang mengatakan bahwa
Schuah benda yang bergerak harus memiliki
gava yang bekera padanya ditentang oleh
Galileo yang mengatakan bahwa tanpa ada gaya
Schuzh benda yang bergerak akan temus
bargerak. Kecenderungan dari benda untuk
tidak mengubah keadaan geraknya dinamakan
kelembaman atau Inersia.

Inersia adalah kecenderungan suatu benda untuk tetap diam atau tetap bergerak furus

dengan kecepatan tetap. (bergerak lurus beraturan = berGLB).

Hukum I Newton sering discbut Hukum Inersia karena hukum I Newton ini menyatakan

bahwa suatu benda cenderung tetap diam atau tetap bergerak dengan kecepatan tetap,

asalkan tidak ada gaya yang mengganggunya.

Hukum I Newton hanya berlaku pada suatu kerangka acuan yang disebut kerangka

inersia. Kerangka inersia didefinisikan scbagai suam kerangka acuan yang tidak

dipercepat. Kerangka inersia ini dapat berupa  kerangka diam atau kerangka yang
bergerak beraturan dengan kecepatan tetap. Semua hukum fisika yang berlaku dalam

Suatu kerangka inersia berlaku juga pada kerangka inersia yang lain.
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Gt serta penyetbebabnya telzh menjadi masalah seja bersbad-bad sebelum Galiley
(1564-1642) dan Newton (1642-1727). Isaac Newton yang dilahirkan di Inggris telaly
membuat terobosan besar dalam menclukan dan mengembangkan gagasan-gagasan
cemerlang yang pemah diusulkan olch Galileo dan para pendahulunya. Sebelum usia 30
fahun ia telah merumuskan hukum-hukum dasar mekanika (gerak), menemukan hukum
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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