How to Learn Oscillation and Wave in SAMR Framework?

H D Ayu1, A Jufriadi1*, S E Mustika1, M Kurniawati1, H Y Pratiwi1, C Sundaygara1, M N Hudha1
1Physics Education Study Program, Universitas Kanjuruhan Malang
*akhmadjufriadi@unikama.ac.id
[bookmark: _GoBack]
Abstract. This study was to see how to optimize the application and laboratory software on Oscillation and Wave material. This study was conducted using computers and android equipped with Internet access in SAMR framework. SAMR is a framework that requires the use of technology in learning The design of this research is content analysis. The results show that the Olabs application is complete and the most capable of explaining the formula if it is reviewed mathematically and physis meaning. This application is also able to explain the oscillator and wave phenomena well. Based on this research, during the Covid-19 pandemic, students can do STEM (science, technology, engineering and mathematics) from home, one of which is with the help of the Olabs and PhET application.

1. Intoduction
Technophobia has become a problem that is often taken for granted by teachers and students[1][2]. Many teachers have refused to integrate technology into learning on the grounds that they do not know how[3]. Teachers sometimes have difficulty finding the right technology media to be integrated in learning. Especially science learning activities, namely during practicum[4]. Teachers have considered that practicum should be done directly as a psychomotor skill. This has had an impact on students' ICT skills and student motivation in learning science[5]. Especially during the current covid-19 pandemic. Where learning has been required to be based online and blended learning.
SAMR framework has become a solution to technology integration problems in learning[6]. SAMR has shown how teachers should increase the level of technology use in the classroom[7]. SAMR has levels in integrating technology in the classroom, namely Substitution, Augmentation, Modification, Redefinition[8]. These levels aim to increase the level of students' cognitive development of a material. Several studies have shown that SAMR is able to have an impact on improving students' thinking skills. There have been several technologies that can be used to support this framework, especially practicum activities[9][10][11]. Practical activities with virtual laboratories can be done using PhET Laboratory applications, Olabs, Praxilabs, electric circuit studio, Physics classroom, simphy and others.                                                                                                                                                                                                                                                                                                                                                                                                                                
Some researchers have integrated the use of technology, especially virtual laboratories in online-based classes in science learning[4][12]. The research that has been done has proven technology to be able to have an impact on improving students' thinking skills[13][14][15][16][17][18]. Several studies have compared the effectiveness of the learning management system and the online-based media used. However, this research does not specifically show a comparison of the effectiveness of the technology used in the classroom, especially in terms of the use of virtual laboratories[19][20][21]. This study will compare the effectiveness of the virtual laboratory application in explaining the concept of learn Oscillation and Wave. To see how to optimize the application and laboratory software on Oscillation and Wave material. The applications that have been selected for conceptual analysis are PhET Laboratory and Olabs, because there are open source application and have oscillation and wave simuation.
2. Methods
The research design that has been used is content analysis. In-depth analysis has been carried out on the accuracy of the concept to be conveyed, ease of use, quality of appearance, supporting learning tools, instructions for use and ease of access as well as application operation. The instruments that have been used are questionnaires and direct observation of the application content. Data has also been collected by 20 application users sample to determine the response to the application. Sample selected by random sampling.
3. Result and Discussion
Concept analysis has been carried out on how the application helps students understand the concepts of vibration, wave, wavelength, frequency and amplitude.  Based on the direction of propagation, the waves are generally divided into transverse waves and longitudinal waves. In longitudinal waves, media particles make periodic vibrations along the direction of propagation of the wave. This has led to alternative compression and purification. For example, in the case of a slinky the wave along the compressed spring is a longitudinal wave. Meanwhile, when the media particles move up and down periodically, perpendicular to the direction of the wave propagation, this is known as a transverse wave. This wave consists of alternate crests and troughs. In this type of wave the disturbance of the wave moves forward, the medium particles show an upward movement, the maximum downward displacement is known as a trough. Meanwhile, the position of the top displacement is known as the peak[22].
	With the help of this application, it is hoped that students will understand the differences in the physical and mathematical meanings of wavelengths in the concept of longitudinal waves and transverse waves. The wavelength (λ) of longitudinal waves has been defined as: The distance covered by one complete smoothing and one complete compression. It is physically represented as the distance between two successive compressions or clarifications. Frequency has been defined as the number of vibrations made by a particle in a slinky/string per unit time. It is denoted by the symbol f. T represents the time period it takes to complete one wavelength.


In transverse waves, the wavelength can be defined as, The distance between two successive crests or the distance traveled by one full crest or one complete trough or the distance between two successive troughs. Transverse waves are physically generated along the slinky or string by jerking the free ends up and down uniformly. Wavelength (λ) in this concept has been interpreted as the distance traveled by disturbances over a period of time. Wave Velocity or Pulse Velocity is the distance traveled by waves per second[22]. 



Because , therefore, , 
It means, .
Figure 1 and Figure 2 have shown the difference in how the olabs and PhET applications teach the concept of oscillators and waves. Especially the concept of wavelength, period and frequency in the concept of propagating waves based on the direction of propagation. Olabs uses slinky as object while PhET uses strings as object. Olabs has been able to explain precisely the concept of vibrations, wavelengths, frequencies and periods. Physical transverse waves have been described in terms of visible peaks and troughs when the free end of the slinky/string is jerked at right angles to its length. The concept of longitudinal waves has been physically explained by the compression and smoothing seen when the free end of the slinky / string is compressed periodically. Olabs has been developed by the ministry of electronics and information technology, India. So that the application presented is adjusted to the grade of the student class. This causes this application to be more targeted and in accordance with the needs of the concept of education at the junior and senior high school levels. Olabs has been equipped with description features about theory, procedure, animation, simulator, video, resources, voice and feedback. However, Olabs has limited depth of concept delivery. Even though it has many supporting features, the Olabs display simulation aspect is simpler than PhET.
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Figure 1. Olabs explaining the concept of wave, amplitude, wavelength and frequency by slinky
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Figure 2. PhET explaining the concept of wave, amplitude, wavelength and frequency by string

PhET has been able to display simulations with many features so that students can understand the concept of waves more deeply. although this has not been able to explain the difference in the concept of transverse waves and longitudinal waves. PhEt has only explained the concept of transverse waves. PhET Colorado has been developed by the university of Colorado, USA. The level of concepts taught is more profound and varied. However, for the junior and senior high school levels, it is sometimes too detailed to exceed the expected learning outcomes so that it seems futile. Unlike Olabs which is equipped with various features, PhET Colorado only provides interactive simulation features with a more attractive and more comprehensive appearance. 
This research has focused only on open source applications. So that the application comparison in the concept of oscillations and waves that has been done is less comprehensive. This research does not cover how students understand the application of wave and application concepts in everyday life. whereas the concept of waves based on the direction of propagation can have an impact on how wave attenuation occurs, how the properties of particle motions[23][24][25]. This more in-depth analysis will have an impact on the analysis of the characteristics of the material on which the waves propagate. so that students can better understand the physical concept of waves in the real world not only in mathematical concepts.
The use of virtual laboratory applications is a level of modification and redefinition of the SAMR framework[26][27][9]. Virtual laboratory has been optimized with the support of appropriate learning instruments such as e-modules and, learning media based ICT[28][21]. The proper management of the use of the SAMR framework in the classroom can streamline classroom learning. The class can be in the form of online, blended or face-to-face classes. The virtual laboratory construction in this research is proven to have features and the right concept path for oscillations and waves. So that the virtual laboratory application can be used to optimize students' thinking skills[8][29][30].
4. Conclusion
The use of the right application has an impact on improving students' thinking skills, especially understanding a concept. Using the right application has proven that STEM from home is easy to do. This research has shown that the use of the Olabs application has advantages in explaining the concept of Oscillation and Wave more comprehensively. This research has limitations in the analysis of open source applications. Further analysis can be carried out on all virtual laboratory applications regardless of the open source aspect.
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