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INTRODUCTION
	Industrial Revolution 4.0 made a huge contribution to life. The rapid development of science and technology has a real impact, be it in the field of economics, culture, politics, art to the world of education. Therefore, the world of education is required to follow the development of technology and can take advantage of such technology[1]. Education is an important capital in advancing a nation. Education has a role in improving the quality of human resources[2]. 
	Education era industrial revolution 4.0 has unlimited access between space and time, so that information can be obtained faster and more practical. Education 4.0 is needed to deal with this phenomenon, where humans and machines interact to create new innovations. Therefore, the country needs superior human resources (HR) so as not to lag behind other countries[3].
	STEM education plays an important role in improving the quality of human resources (HR) to keep up with the global economic competition. In the world of education, the integration of STEM aspects can have a positive impact on improving students' competencies and learning outcomes. The application of STEM education provides opportunities for a more student-centered, meaningful, and engaging learning experience that involves problem-solving skills. This is the reason for the development of learning activities that include science, technology, engineering, and mathematics[4].
	In terms of education, the government has improved the curriculum from the education unit level curriculum to the 2013 curriculum. In this curriculum, there is a change in learning patterns that was originally teacher-centered learning to be student-centered, so students need to explore the material that will be studied on their own. In addition, the 2013 curriculum requires students to be able to develop their hard and soft skills. This ability needs to be possessed by students in competing and facing the era of revolution 4.0[5]. 
	The 2013 curriculum also regulates learning resources, namely books, print media, electronics, the environment, and other relevant learning resources that have been written to the Minister of Education and Culture Regulation Number 22 of 2016 concerning the standard of basic and secondary education processes[6]. In the Ministry of Education and Culture (2018), one thing that needs to be improved is that learning strategies and techniques must focus on students, utilize digital technology, use innovative approaches, and all parties are technology literate. Based on this explanation, learning is student-centered. Student activities with digital technology in learning cannot be separated, so students are expected to be more technology literate. One of the uses of digital technology is electronic learning materials.
	Physics learning in schools can be supported by using electronic learning materials. Electronic learning materials can help students understand learning materials. Therefore, the material should be packed with interesting looks such as electronic physics learning materials.  
	However, the real conditions found at SMA Negeri 1 Gunuang Omeh did not match the expected ideal conditions. The real condition was discovered after a preliminary study. Preliminary studies were conducted in relation to the availability of learning materials and student learning outcomes. The first real condition was based on the results of interviews with physics teachers at SMAN 1 Gunuang Omeh, which was a learning material used in the printed form such as textbooks. Obstacles encountered when using this learning material where students tend to be bored, have difficulty in understanding learning materials, and not optimally develop creativity owned by students. Besides, printed learning materials require a fairly expensive cost in procurement. Teachers need learning materials that are cheaper, interesting, and make it easier for students to understand learning materials. 
	The second real condition is related to the integration of STEM in the teaching materials used by schools. STEM aspects analyzed in teaching materials include the integration of science, technology, engineering, and mathematics. The instrument used was the STEM integration, analysis sheet on teaching materials. The average of STEM integration in teaching materials was 42.75. This shows that there was a lack of STEM integration in learning materials.
	The third real condition was the learning outcome of grade X students of SMA Negeri 1 Gunuang Omeh. The average final exam result of one grade X MIPA student out of 28 students was 57.28. Based on the KKM that has been determined obtained 5 students who completed. This shows that the student’s learning outcomes were sufficient, so it was not in line with expectations.  
	The results of the initial study showed a gap between real and ideal conditions. Real conditions show that teachers still need interesting, easy-to-understand, and inexpensive learning and learning materials, lack of STEM integration of physics learning materials. Besides, it can be seen from the students' learning results that have not been in accordance with expectations. This problem will affect the competence of students in the face of the 4.0 revolution era.
	The solution was to develop STEM-integrated electronic learning materials using Flip Pdf Professional. This electronic learning material was developed with an attractive look and was easy to understand. Electronic learning materials are cheaper and can be accessed at any time. It was expected to improve students' understanding of the materials taught, and students can learn independently. In addition, the learning materials used were also STEM integrated, so that students can learn with a variety of disciplines. 
	The development of STEM integrated electronic learning materials using Flip Pdf Professional needs to be done. The development of electronic learning materials aimed to improve students' STEM skills and made students more technologically literate. The materials developed in this electronic learning material are energy and momentum. This is because the concept of energy and momentum is widely used in technology, so it was closely related to the STEM aspect.
	Learning materials are a certificate of materials/tools used by teachers systematically arranged in learning[7]. Learning materials were everything that can be used for learning purposes[8]. Learning materials are one of the media for teachers to carry out their role in the learning process[9]. From the description can be concluded that learning materials are everything that is systematically arranged to achieve learning objectives so that students can learn independently with or without the guidance of the teacher.
	Electronic learning materials are learning materials whose material content is loaded in electronic form, be it in the form of audio, audiovisual, or interactive media[10]. Electronic learning materials are a set of systematically arranged materials that are packaged in interactive media by displaying competencies that students must master in learning[11]. In addition, electronic learning materials are learning materials that are seen from the form included in interactive learning materials because it combines text, images, and animations[12].
	The preparation of electronic learning materials depends on the characteristics of the material. The structure of electronic learning materials based on the ICT Learning Material Development Guide (2010) includes at least the identity of learning materials, standard competencies and basic competencies, achievement indicators, learning materials, problem exercises, competency tests, and references. Assessment compensatory on ICT-based learning materials, namely material substance, learning design, display, and software utilization[13].
	The Flip Pdf Professional app is a feature-rich flip bookmaker that has page edit functionality. This application can create e-book pages, including images, videos, hyperlinks, quizzes, flash, etc[14]. Flip Pdf Professional is an application that supports learning media because this application is not only fixated on writing but can also be included in motion animation, video, and audio. Learning materials using Flip Pdf Professional can facilitate students in learning[10].
	The final result of the product made using Flip Pdf Professional can be saved into various formats such as html, exe, zip, mac app, FBR, mobile version, and burn to CD. The advantage of this application is that it can be inserted multimedia content such as audio, animation, text, video, and flash. In addition, electronic learning materials can be flipped like a 3D book, easy to operate laptops and mobile devices[15].
	STEM stands for Science, Technology, Engineering, and Mathematics. STEM is integrated learning among science, technology, engineering, and mathematics. To develop students' creativity in solving problems in their daily lives[16]. STEM is integrated learning that explores several areas of stem disciplines or STEM disciplines and other school learning materials. STEM implementation is done to improve student learning outcomes[17].
	STEM aspects are science, technology, engineering, and mathematics. Science is the knowledge that has been proven to be true over time and has been scientifically researched and scientifically examined and produces new knowledge. Technology is the entire system of organization, knowledge, processes, and devices that create operational objects. Engineering is a knowledge of design and creating man-made objects as well as a process for solving problems. Mathematics is a study of patterns related to numbers, numbers, and space[18]
	Science, technology, engineering, and mathematics have a close relationship. Science explains the existence, law, and principles of an object and its events, as well as their relationships. Technology develops from the results of scientific research. Engineering is engineering that produces technology to solve problems. Mathematics is required to prove and define laws or principles in designing and developing technology[19].
The characteristics of a person who is a STEM graduate are indispensably needed in the world of work. Characteristics of a person who graduates STEM are to have the ability to count, the ability to analyze data, understanding scientific concepts, and mathematics. In addition, a person who is a STEM graduate applies systematic and critical assessment of a problem, has the ability to communicate scientific issues to others, has ingenuity, logical reasoning, and practical intelligence[20].
	The application of STEM education can develop student’s scientific thinking processes against problems that must be solved as well as gain skills in applying their scientific knowledge [21]. STEM education is also needed to foster skills such as problem-solving and fostering literacy in STEM subjects[22]. The implementation of STEM can have a positive impact on learning outcomes[23].
	Excellence in STEM education can affect jobs, productivity, and competitiveness in a variety of sectors and fields, including health, technological innovation, manufacturing, information distribution, political processes, and cultural change. Benefits have been attributed to STEM education, such as providing opportunities for a more student-centered, meaningful, and engaging learning experience that involves problem-solving skills. Students receiving STEM education are able to think logically and utilize technology independently to solve problems, innovate, and discover. STEM approaches are often project-based and engaging. STEM integration can have a positive effect on learning outcomes[24].
	Science and STEM-based physics learning materials have an   effective influence on learning outcomes. STEM-based learning materials are effective for improving students' learning outcomes in aspects of attitudes, knowledge, and skills[25]. STEM-based learning materials can improve understanding of student concepts characterized by improved pretest and posttest students[26]. 
	Learning outcomes are the progress or progress of students after following the learning process[27]. The result of learning is a result of the learning process using measurement tools in the form of tests that are arranged in a planned manner, whether it is in the form of writing, orally, or act. Learning outcomes are the results received by students after following the learning in the form of quantitative and qualitative data[28]. According to Mirdanda (2018: 34) "learning outcomes are the abilities that students have after receiving their experience". So it can be concluded that the results of learning are changes that occur in students both in terms of attitude, knowledge, and skills. 
	Assessment of learners' learning outcomes includes aspects of attitude, knowledge, and skills[6]. First, aspects of attitudes related to values and attitudes include acceptance, willingness to respond, appreciation of values, organizing, and character[30]. Second, aspects of knowledge relating to student learning outcomes include knowledge, understanding, application, analysis, synthesis, and assessment[31]. Third, the skill aspect shows the existence of physical abilities such as perception, readiness, integrated response, mechanisms, and open complex responses[32]. Skill skills are obtained through observing, questioning, gathering information, reasoning, and communicating[33].
METHOD 
	This research applies research and development (R&D) methods. The Research and Development method was a research method used to produce certain products such as media used in learning and testing the effectiveness of such products. This study produced energy learning materials, products and STEM integrated momentum with a Flip Pdf Professional to improve the learning outcomes of grade X high school students. The procedure in this study used 6 of 10 steps of the R&D method, namely 1) Potential and Problem, 2) Data Collection, 3) Product Design, 4) Design Validation, 5) Design Revision, 6) Product Trial. 
	The first potential was that SMAN 1 Gunuang Omeh already has internet access and computers to help the learning process. The second potential, students should be able to utilize technology to face future challenges. The third potential, students should be more creative and innovative.
	Once it was known the potential and problems, further information collection was carried out. This was done with the aim of addressing the problem. The information collection was conducted by researchers in order to develop learning source products, namely learning materials in the form of electronic learning materials. The information collected relates to STEM-integrated electronic learning materials. Among the information collected was the correct format of electronic learning materials, STEM concepts, energy and momentum, Flip Pdf Professional application, and learning outcomes.
	After the product was declared valid, the product was then tested for practicality. In the process of practicality tests, researchers act as teachers using products that have been validated by experts. The steps taken in practicality testing were to introduce STEM-integrated electronic learning materials to energy and momentum materials to students of grade X MIPA SMAN 1 Gunuang Omeh. After testing students fill in the instruments of the practicality of electronic learning materials.
	Furthermore, an analysis of the practicality of electronic teaching materials in STEM integrated energy and momentum materials was carried out to improve student learning outcomes. The weighting was based on the Likert scale. The criteria used to test practicality can be seen in Table 1.
Table 1. Criteria for Practicality of Product Use
	Interval
	Category

	30 – 39
	Fail

	40 – 55
	Less

	56 – 65
	Enough

	66 – 79
	Good

	81 – 100
	Very Good


Source: (Arikunto, 2015)[35].	
I. RESULTS AND DISCUSSION
A. Results
One of the results of this study was the results of practical testing of the use of electronic learning materials. Practicality test results according to students obtained by analyzing the instrument set of the practical test. The electronic learning materials, practicality test instrument sheet consists of four assessment components. The assessment component was the component of ease, attractiveness, clarity, and benefits for students. 
Practicality test assessment has several indicators of each assessment component. Indicators of each scoring component have a score of one until four. The number of students who responded to electronic learning materials was 28 students, so the lowest score for each indicator was 28 and the highest score was 112. The score obtained was converted into a valuable form so the lowest score was 25 and the highest score was 100. 
The first component in the assessment of the practicality of electronic learning materials according to students was the convenience component. The easiest component consists of four indicators, namely: 1) STEM-integrated electronic learning materials make it easy to understand learning materials, 2) STEM-integrated electronic learning materials make it easy for students to conduct experiments, 3) STEM-integrated electronic learning materials, students can use anywhere and anytime, and 4) Experiments in STEM-integrated electronic learning materials were easy for students to operate. The results of the data plot for the ease of use, the component can be seen in Figure 1.
 
Fig 1. Value of Ease of Use By Student
Based on the data shown in Figure 1, it can be seen the practicality of STEM-integrated electronic learning materials by students for the ease of use component. The range of values obtained was 81.25 to 90.17. The average value of the eight indicators of this component was 85.49 in the category of very good.
The second component was the attractiveness of STEM-integrated electronic learning materials. This component consists of four indicators, namely: 1) Cover of interesting STEM integrated electronic learning materials for students see, 2) STEM integrated electronic learning materials presented with interesting image illustrations, video, and animations, 3) Context of interesting STEM integrated electronic learning materials for reading students, and 4) Color combination on each page of STEM integrated electronic learning materials were interesting for reading students. The results of the data plot for STEM integrated electronic learning steel attractiveness components can be seen in Figure 2.
 
Fig 2. Value Component of Attractive Use By Student 
Points in Figure 2 can be seen the value of each indicator for the attractiveness component of the assessment of the practicality of STEM-integrated electronic learning materials according to students. The range of values obtained for each indicator was 81.25 to 90.17 with an average of 85.71. The score shows that the results of the assessment of learning materials according to students about the components of the attractiveness of learning materials were in the category of very good.
The third component in the assessment of the practicality of STEM-integrated electronic learning, learning materials according to students was the clarity component of electronic learning materials. The clarity component consists of five indicators, namely: 1) STEM integrated electronic learning materials have clear indicators and objectives, 2) Learning materials present material systematically, 3) Typefaces in STEM-integrated electronic learning materials can be read clearly, 4) Materials on STEM-integrated electronic learning materials were presented with clear and easy-to-understand language, and 5) Working instructions were easy to understand. The results of plotting data for STEM-integrated electronic learning material clarity components can be seen in Figure 3.

Fig 3. Value Component Clarity By Student
From Figure 3 can be seen the value for each indicator on the component clarity. The assessment results for each STEM integrated electronic learning material clarity component were in the range of values from 82.14 to 91.07. The average value for each indicator in the STEM-integrated electronic learning material clarity component of 86.60 was in the very good category.
The fourth component in the assessment of the practicality of STEM-integrated electronic learning materials according to students was the benefit component. The benefits component consists of five indicators, namely: 1) benefits in general, 2) benefits of engineering aspects of science, 3) benefits of engineering aspects, 4) benefits of integrating engineering aspects, and 5) benefits of integrating mathematical aspects. The results of plotting data for the benefits component of using STEM-integrated electronic learning materials can be seen in Figure 4.

Fig 4. Value Component Benefits of Student
Based on the data in Figure 4 can be seen the value of each indicator on the benefit component in the assessment of the practicality of STEM-integrated electronic learning materials according to students. The value range for each indicator in this component was 83.70 to 86.60. The average value obtained from each indicator was 85.37. The value indicates that the practicality of STEM-integrated electronic learning materials in benefit components was in the category of very good.
Based on the above results can be analyzed on average from the four components of the practicality of STEM-integrated electronic learning materials according to students. These components were: 1) ease of use, 2) attractiveness, 3) clarity, and 4) benefits.  The results of the data plot for each component of the assessment of the practicality of STEM-integrated electronic learning materials can be seen in Figure 5.
 
Fig 5. Average Value of Practicality Components by Student
Guided by Figure 5, you can see the grades of each component in the practicality assessment of STEM-integrated electronic learning materials according to students. The value of each component was in the range of 85.37 to 86.60 with the average value of each component being 85.79. Thus, the practicality of electronic learning materials according to students was in the category of very good.
B. Discussion
The practicality of STEM-integrated electronic learning materials obtained in this study was based on four components of practicality, namely ease of use, presentation, clarity of materials, and benefits of STEM-integrated electronic learning materials. The use of STEM-integrated electronic learning materials has become more practical, one of which was because it pays attention to the principle of ICT-based learning materials based on the Ministry of Education 2010. The practicality of electronic learning materials can be reviewed in terms of usability of use, effectiveness of lesson time, and benefits[36]. 
Based on the results obtained, it can be concluded that the practicality of STEM-integrated electronic learning materials in the category was very well used in physics learning class X SMA. The results of this study were relevant to the research entitled Pengembangan Bahan Ajar Elektronik Menggunakan Flip Pdf Professional pada Materi Alat-Alat Optik di SMA that produces products that were in excellent practicality. In addition, the results of this study were relevant to the study entitled Pengembangan Modul Digital Berbasis STEM Menggunakan Aplikasi 3D Flipbook pada Mata Kuliah Sistem Operasi that produce products already very practical to use in physics learning[37].
At the time of the implementation of the research, there were various obstacles and limitations. The first limitation was the learning materials made still in two basic competence classes X materials. This was due to the limited time, researchers in developing teaching materials.
Follow-up of this research in the future electronic learning materials can be made for all materials contained in class X to produce more complete electronic learning materials. The second limitation was that product trials were only in one class of experimentation. The solution provided was that the learning materials were tested on a wide scale. The third limitation was the limitation of the implementation of experimental activities. This was due to the limitations of the researcher's time. The solution provided by the test materials in the future was done more effectively and efficiently.
II. CONCLUSION
	Based on the results of the research, namely the results of practicality, it can be concluded that the average practical value of STEM integrated energy and momentum electronic learning materials with Flip Pdf Professional was 85.79 with very good criteria. The practicality of electronic learning materials was described in four components, namely ease of use, the attractiveness of presentation, clarity of the material, and benefits for students. The use of STEM integrated energy and momentum electronic learning materials with Flip Pdf Professional was practical according to students in terms of ease of use, the attractiveness of presentation, clarity of the material, and benefits.
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ABSTRACT


 


The industrial revolution 4.0 has made a big 


contribution to life. The era of the industrial revolution 4.0 


requires human resources who are able to compete in the global economy. STEM education plays an important 


role in increasing student creativity so that they can compete in the future. However, 


in reality, activities that 


support student creativity in learning has not been carried out properly. The learning materials used were still 


limited and have not integrated STEM optimally, and student learning outcomes were still in the sufficient 


category


. The solution to overcome these problems is to develop electronic learning materials that integrated 


STEM to improve student learning outcomes. The research method in this research was Research and 


Development (R & D). This study aimed to determine the pr


acticality of STEM integrated electronic learning 


materials. The practicality of STEM integrated electronic learning materials obtained in this study was based on 


four practical components, namely ease of use, attractiveness of presentation, clarity of mat


erial, and benefits of 


learning materials. The average value of practicality of STEM integrated energy and momentum electronic 


learning materials using professional flip pdf was 85.79 which was categoried as “very good” category. So it 


can be concluded tha


t STEM integrated electronic materials can be used in physics learning to improve the 


learning outcomes of grade X students.
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[


2


]


. 


 


 


Education era industrial revolution 4.0 has unlimited access between space and time, so that information 


c


an be obtained faster and mo


re practical


. Education 4.0 is needed to deal with this phenomenon, where humans 


and machines interact to create new innovations. Therefore, the country needs superior human resources (HR) so 


as not to lag behind other countries


[


3


]


.


 


 


STEM education plays an important role in improving the quality of human resources (HR) to keep up with


 


the 


global economic competi


tion. In the world of education, 


the integration of STEM aspects can have a positive 


impact on improving students' comp


etencies and learning outcomes. The application of STEM education 


provides opportunities for a more student


-


centered, meaningful, and engaging learning experience that involves 


problem


-


solving skills. This is the reason for the development of learning acti


vities that include sci


e


nce, 


technology, engineering, and mathematics


[


4


]


.


 


 


In terms of education, 


the government has improved the curriculum from the 


education unit level 


curriculum to the 2013


 


curriculum. In this curriculum, 


there is a chang


e in learning 


patterns that was


 


originally 


teacher


-


centered learning to be student


-


centered, so students need to explore the material that will be studied on 


their own. In addition, the 2013 curriculum requires students to be able to develop their hard and soft skills. 


This 


ability needs to be possessed by students in competing and facing the era of revolution 4.0


[


5


]


.


 


 


 


The 2013 curriculum also regulates learning resources, namely books, print media, electronics, the 


environment, and other relevant learning res


ources 


that have been written to


 


the Minister of Education and 


Culture Regulation Number 22 of 2016 concerning the standard of basic and secondary education processes


[


6


]


. 
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ABSTRACT  

The industrial revolution 4.0 has made a big  contribution to life. The era of the industrial revolution 4.0  requires human resources who are able to compete in the global economy. STEM education plays an important  role in increasing student creativity so that they can compete in the future. However,  in reality, activities that  support student creativity in learning has not been carried out properly. The learning materials used were still  limited and have not integrated STEM optimally, and student learning outcomes were still in the sufficient  category . The solution to overcome these problems is to develop electronic learning materials that integrated  STEM to improve student learning outcomes. The research method in this research was Research and  Development (R & D). This study aimed to determine the pr acticality of STEM integrated electronic learning  materials. The practicality of STEM integrated electronic learning materials obtained in this study was based on  four practical components, namely ease of use, attractiveness of presentation, clarity of mat erial, and benefits of  learning materials. The average value of practicality of STEM integrated energy and momentum electronic  learning materials using professional flip pdf was 85.79 which was categoried as “very good” category. So it  can be concluded tha t STEM integrated electronic materials can be used in physics learning to improve the  learning outcomes of grade X students.  
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