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  Abstract 
Teaching standards in the context of the educational process not only convey sub-
ject matter, but they are also defined as the process of regulating the environment 
so that students learn. This environmental arrangement is a process of creating a 
good climate such as environmental regulation, provision of learning tools and 
resources that include teaching objectives, teaching materials, teaching and as-
sessment learning methodologies that enable students to feel comfortable and en-
joy learning so that they can develop optimally according to their interests and 
potential. This study aims to design and implement education that is more focused 
on mastering physical concepts that can support everyday life using existing me-
dia and facilities and is simple in the doppler effect material using borg gall de-
velopment research. So, students can grow and improve good learning outcomes 
which are shown based on the results of calculations with a n-gain score of 0.68 
and the practicum tool developed can be used for learning with an percentage of 
experts at 88.6%. 
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1. Introduction 

The building process that encourages activities carried out by educational institutions to achieve the intended Educa-
tion goals. Where the purpose of education is to deliver students and intellectuals, morals, social to live independently as 
individual and social beings [1].  

Teaching in the context of the standard education process is not only applicable to material, but also the process used 
by students to learn. This environmental arrangement is something that creates a good environment such as environmen-
tal arrangement, provision of tools and resources that are used for purposes, basic materials, and learning methods that 
allow students to learn and look for the optimal [2]. But, in practice it does not always work well, because it often some 
obstacles. One of the uses of learning media is still relatively low. This caused a lack of facilities at the school based on 
interviews. However, students’ physics learning outcomes are not optimal. 

Student learning outcomes are one of the most important things in the learning process. High and low student learning 
outcomes are tools to who find out or never learn. Even so, daily activities still need media to help improve student 
learning outcomes. One of them, it can use practicum tools. But, in fact, availability of practicum tools is still lacking, 
including the Doppler effect in Depok, Tangerang and Bekasi in 38 schools. Learning outcomes obtained by students 
have not been maximized in 6 schools out of 480 students. Students just only want to memorize formulas and they do not 
know the application of the Doppler effect material. The lesson teachers often use power points of 81%, whiteboard 
76.2% and the use of practicum tools is only 28.6%. In the Doppler effect material, learning is carried out only in text-
books. 
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2. Methodolgy 
The Doppler effect practicum tool developed is suitable for use as a learning medium. Development of practicum tools 

developed for the Doppler effect material can help improve student learning outcomes. 

2.1 Characteristics of a Developed Model 
The learning media developed in the form of a Doppler effect device using hanphone carried by a car with a speed that 

can be changed three times and in use it can be carried out with different direction conditions using a sample of research 
students of Senior High School 6 DEPOK. 

2.2. Research Design 
The research method used is a development research method with Borg and Gall design model. The stages carried out 

consisted of the research stage and information gathering with observation and literature study, the planning stage to 
make the instructional media design developed, making the instrument lattice and arranging instruments, the stage of 
developing a preliminary form of the product by making the Doppler effect learning media, the field test preparation 
stage carried out validation by expert material and learning media lecturers, major product revisions conducted revisions 
made by experts, main field testing phase conducted small group trials of 1-3 schools with 6-12 students, implementation 
stage of product evaluation revision and media revision based on test results try a small group, the operational field test 
phase by conducting a large group trial with 30-100 students [3]. 

The implementation of trials through observation and learning outcomes tests using the pre-test and post-test. The final 
product revision stage where the revision is based on the results of large group trials to determine the feasibility of learn-
ing media on the Doppler effect material, so that it can be used in learning activities to improve student learning out-
comes, and the stages of dissemination and implementation as product reporting at professional meetings and journals.  

The following Model Planning Chart: 

 
Learning media on the Doppler effect material was tried out to students of class XI Science at Senior High School 6 

DEPOK as many as two classes. Students are given a pre-test and post-test to determine the improvement in learning 
outcomes before and after learning. To prove the effectiveness of Doppler effect learning media can use N-Gain analysis 
techniques and to determine the success of using percentages.  
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The practical Doppler Effect design (Figure 1): 

 
Figure 1. Practical Doppler Effect Design Tool. 

2.3 Data analysis 
Assessment of media and material expert instruments using Likert scale with levels 1-5. Then, instrument of post-test 

and pre-test in the form of multiple choices and the assessment validation with correlation biserial.  

2.4 Procedure 
The work steps for using the Doppler effect learning media are as follows: 
1. Place both mobile phones on each holder 
2. Put the two holders above each car 
3. Turn on the sound on handphone 1 as a sound source that has been known to have a large frequency using the Sonic 

Application 
4. Turn on the Doppler Effect Application on handphone 2 as the listener frequency 
5. Select and press the speed found in each car 
6. The movement of the car using the remote control in the specified direction 
7. See the frequency, distance, time and speed obtained by reading the existing scale 

3. Result and Discussion 
The purpose of developing practicum tools developed so that they can be used as learning media and help improve 

student learning outcomes. Where students do not only see simulations through videos, books and phenomena that are 
around. However, students can try to practice using simple media in learning activities on the Doppler effect material. 
The development of this practicum tool uses a mobile phone and its application that can be driven by a car that has three 
speeds and it controlled by a remote control. The cellphone can be used as a source of sound and listeners use application 
are sonic and Doppler effects. 

In this case, students can choose the speed that is available when they want to do the practicum and the measurement 
of the speed is seen on a speedometer. The frequency of the desired sound source can also be changed by replacing a 
number and the audible frequency can be captured by the Doppler effect application. The results of the data obtained are 
attached. 

The trial of the feasibility of the practicum tool on the Doppler effect material was carried out by validation to the ma-
terial and media experts. The description of the results of expert material validation tests. Validation tests by material 
experts were conducted at Jakarta State University involving two physics lecturers. This validation aims to determine the 
quality of practicum tools that have been developed in terms of material. This assessment is given through the material 
expert validation test sheet. Data results have shown quality content 86%, accuracy 88%, and presentation 85%. Based on 
the data that, an average percentage of overall aspects is 86%. This shows that the practicum tools developed are very 
worthy of seeing the quality, accuracy and presentation of the Doppler effect material. The advice given by material ex-
perts are the speed measured by the tool must be calibrated. 

Description of the results of the media expert validation test. Validation test by media experts was conducted to deter-
mine the quality and feasibility of practicum tools as media. Media experts involved were lecturers for two people. As-
sessment is given through the media expert validation test sheet. Data results shown display quality 88%, media design 
85%, and presentation 100%. Based on the data that, the average percentage of all aspects is 91%. This shows that the 
practicum tools are developed very worthy of seeing the quality of the display, the design of the media, and the presenta-
tion of the Doppler effect material. The following inputs and suggestions provided by experts, among others: clear ra-
diance, it will be better to change the speed of the car can be set via the remote control. 

Based on the results of the validation carried out in terms of material and media shows that the practicum tools devel-
oped are suitable to be used as learning media in the classroom regarding the Doppler effect material. The practicum tool 
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was then piloted to school in the 11𝑡𝑡ℎ  grade students of Science at Senior High School 6 DEPOK. 
This field trial aims to determine the effectiveness of practicum tools developed whether it can help improve student 

learning outcomes or not. This assessment is done by giving a pre-test and post-test to students who take lessons using 
the media (practicum tools) and it is not using the media. Improved learning outcomes before and after learning can be 
seen from the results of n-gain analysis with a score of 0.6806 which means there is an increase in learning outcomes in 
the medium category. 

The development of the Doppler effect practicum tool is the development of the previous practicum tool. This tool is 
made with simple media using technology tools (mobile phones) along with applications that can be driven by a car with 
three types of speed and can be controlled by a remote control. 

Based on the results of the validation by experts, it shows that the practicum tool is suitable to be used as a learning 
media in the classroom. This is shown from the results of the validation of material and media experts with an overall 
percentage of 88.6%. 

In terms of material experts, the Doppler effect practicum tool has the value of several aspects consisting of 86% con-
tent quality, 88% accuracy, and 85% presentation. In terms of media experts, the practicum tool has a display quality of 
88%, media design 85%, and presentation of 100%. 

The practicum tool that was developed after being validated, it was tried out to students of class XI of SMAN 6 
DEPOK to find out whether the tool could help improve student learning outcomes or not. The results show that there is 
an increase in learning outcomes seen from the N-gain score of 0.68 which means that there is an increase in learning 
outcomes in the medium category. Based on the results of the t test obtained t hit = 8.63 with t table = 2.60, which shows 
t hit > t table then the use of the practicum tool Doppler effect can help improve student learning outcomes. 

The instrument used before being tested on students, firstly it tested for validity and reliability. Thus, it can determine 
the instrument can be trusted or not. This shows that the pre-test and post-test summary instruments of 20 items con-
tained 2 invalid questions and the reliability of the questions was 0.60 which meant that the reliability level was in the 
strong category. For the level of difficulty there are easy, medium and difficult questions and the difference in the ques-
tions is sufficient, good, and very good. For the psychomotor instrument (skills) students also consisted of 14 items, there 
were 2 invalid items. The measurement of psychomotor instruments uses a Likert scale with a scale of 1-5. 

During the activity, students become more active and interactive in trying the practicum tool. Students have the desire 
to learn to know the process of what will happen in it. Students communicate with the group to discuss together, they are 
working on the worksheets that it have been given and students are easily to understand about the material being taught 
based on the results of the interview. This is in accordance with Zainal and Sudjana, that the use of media (practicum 
tools) is used as a tool to channel messages, stimulate the learning process and can attract students’ attention that can 
foster motivation and desire to learn [4]. Students are not become bored and teacher teaching methods are more varied.  

The development of the Doppler effect practicum tool is also in accordance with the Subarnia research on the Devel-
opment of Environmental Oriented Practicum Devices that Support Junior High School Natural Science Learning in ac-
cordance with the 2013 Curriculum that the practicum tools developed are able to support the science learning process to 
be more attractive with activities towards the utilization of 96.8% environmentally oriented practicum devices and help 
teacher in learning activities [5]. Research on Development of Resonance and Doppler Effect Practicum Tools Based on 
Soundcard PC/Laptop to Improve Physics Learning Motivation of High School Students by Caisar (2015) that resonance 
practicum tools and Doppler effects developed can increase the motivation to learn physics in high school students [6]. 
This study uses a car with one type of speed that can be driven by a sewing machine dynamo engine with the help of rope 
thread in unidirectional conditions. In the Doppler Effect Analysis study on the ITS-SAT communication system also 
shows that the Doppler shift effect has a significant influence on the picosatellite communication system for sending im-
age information (helping to capture frequencies) [7]. Research on Radio Doppler Method for Measuring RX200 Rocket 
Speed by Wahyu which shows that the Doppler method is easy to implement to measure position, and also the frequency 
measurement of Doppler effects can be done directly, so that rocket speed measurement can also be done more accurately 
than the measurement results of radar transponders [8]. 

Based on the above research, the development of this practicum tool has the advantages of previous research (Caisar), 
among others: the device can be moved with a remote control so that it can be conditioned in various directions as de-
sired, frequency selection can be changed by replacing numbers without we need to measure the sound frequency that 
appears first, the driving car has three types of speed and it can be changed also by rotating the potentiometer beside the 
button both forward and backward, measuring speed (average and constant), time, distance can be seen on the speedo-
meter screen, practicum tools are easy to carry around and used for calibration, along with listener frequency measure-
ments and source frequencies can use the application on the cellphone. The frequency of the listener uses the Doppler 
Effect application, the application can capture the frequency of the source provided. This practicum tool can also be used 
in GLB and GLBB practicums. However, the Doppler effect practicum tool has a drawbacks, the user must be able to 
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control the car well (the car goes straight and it does not turn in the case of the Doppler effect). 
The use of learning media is not only seen or judged from the sophistication of the media, but its function and role in 

helping to enhance the teaching process is very important. Practicum is one form to demonstrate the ability to master 
theoretical material in addition to training students’ skills, perseverance, and discipline. 

The Doppler effect experiment is done when the sound source is approaching and away from the listener. Thus, stu-
dents can find out the frequency that is heard lower or higher and the change in the frequency of the relative motion be-
tween the source and listener is called the phenomenon of the Doppler effect. Students collect data with the group, then 
the results of the experiment can be calculated and it adjusted to the existing theory that when the sound source ap-
proaches the listener, the frequency heard by the listener is higher than the original frequency, and vice versa. So, stu-
dents are not only smart at counting and memorizing, but he understands the concept of the Doppler effect material 
taught. The following product (Figure 2): 

 
Figure 2. Product. 

The results of the frequency: 
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So, it looks at the graph (Figure 3 and Figure 4): 

 
Figure 3. Graph source close to the silent listener. 

 
Figure 4. Graph silent listener away from the source. 

Based on the graph above, shows that when the source approaches the silent listener, fp > fs, and when the source is 
away from the silent listener fs > fp. The calibration results data as follows: 

s t 𝒗𝒗𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝒗𝒗𝒉𝒉𝒉𝒉𝑺𝑺𝒉𝒉𝒉𝒉𝒉𝒉 Frequency 

cm sekon km/jam m/s m/s shift (%) 

150 2.22 23.3 6.47 6.75 4.39 

170 2.32 26.8 7.44 7.32 1.56 

180 2.5 25.5 7.08 7,20 1.64 

180 2.78 23.5 6.52 6.47 0.81 

200 3.06 24.2 6.72 6.53 2.77 

200 3.16 21.6 6.00 6.32 5.48 

200 3.34 22.8 6.33 5.98 5.45 

In this case, the teacher can not only use sophisticated tools in learning activities, but it can design and carry out edu-
cation, so that is more focused on mastering the concepts of physics that support everyday life using media and simple 
facilities being around. Thus, such learning can help introduce more students to natural phenomena and the surrounding 
environment. 

4. Conclusion 
Based on the results of the study can be concluded are the practicum tool developed is suitable for use as a learning 

medium with a percentage of 88.6% by experts dan the practical tools developed can help improve student learning out-
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comes with an N-Gain score of 0.6806 in the medium category. 

Implications 
The researcher hopes that the practicum tools developed can be used as a learning media in class to help convey the 

concept of the Doppler effect material and learning to be fun. 
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