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Abstract. A valid and practical digital handout on particle wave dualism material was 

produced in this study. The adaptation of Rowntree product development model and Tessmer 

formative evaluation was used as the method on the Physics Education Study Program, FKIP, 

Sriwijaya University. The walkthrough and questionnaire techniques was used to collect data. 

The result showed the mean score for the validity of the digital handout was 4,53 for the 

design, content, and linguistic aspects with a highly valid category. The practicality average 

score in the one-to-one evaluation stage was 79,08% (practical) and in the small group 

evaluation stage was 84,59% (practical). The product can be used as an additional material in 

modern physics learning to improve students’ technological literacy.  

1.  Introduction 

Mastery of science and technology is a significant indicator in improving the quality of education in 

the current era of the industrial revolution 4.0 [1]. The industrial revolution 4.0 is marked by 

automation and digitization in various fields, especially in education. The improvement of learning 

outcomes and the quality of the process is supported by several factors [2]. Two of the are the 

capabilities of educators and the learning resources used during the learning process. One of the 

learning resources that is most often used is teaching materials [3], [4]. One type of teaching material 

that can be used is handout. Handout is one type of printed teaching material that contains a summary 

of the material prepared by educators to make it easier for students to take part in learning [5], [6]. 

The material in the handout raises the components needed in learning, including; learning 

objectives or competencies, prerequisites, namely learning materials that support or need to be studied 

beforehand, learning procedures, systematically arranged learning materials, exercises or assignments 

and evaluation questions [7]–[9]. The rapid development of education provides challenges for 

educators to continue to innovate from basic education to higher education. Changes in the learning 

model have developed into distance education which does not require lecturers and students to be in 

the same place. There are more choices of available learning sources such as e-books or digital books 

with easy access and currently handout can also be developed in digital form [10], [11]. The 

development of technology, especially modern technology, has a very close relationship with the 

development of science, especially physics. One of the main concepts of physics is the particle wave 
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dualism, for example the use of electromagnetic waves in the health sector which continues to grow 

rapidly [12]. 

2.  Experimental 

This study was conducted in Physics Education Study Program, FKIP, Sriwijaya University trough the 

adaptation of Rowntree product development model and Tessmer formative evaluation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. Digital handout on particle wave dualism development procedure 

(adopted from Rowntree and Tessmer) 

 

3.  Result and Discussion 

3.1.  Planning Stage 

A needs analysis was carried out with the result 64.5% of the students expressed difficulty in learning 

the material, especially on the concept of particle wave dualism that has applications on technology 

due to the lack of reference. 80.6% stated the teaching material needed were in the form of digital 

handout. The formulation of learning objectives related to mastery of technology was carried out by 

analysing the semester program plan of Modern Physics courses by developing indicators of learning 

achievement and the ability to end a predetermined learning outcomes at the Physics Education Study 

Program, Sriwijaya University.  
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3.2.  Development Stage  

The development of the topic was done by creating an Outline of the Content of Digital Handout 

based on the description of the material obtained from the learning objectives that have been 

formulated before then used to construct a storyboard. The drafting was done by determining the 

components that will be included in the digital handout [13], [14].  

Prototype production was done by making products in the form of digital handout on particle wave 

dualism material as a prototype-1 (the initial product). The application used is 3D Pageflip to convert 

existing pdf files, to obtain a digital display and add images, videos, audios, hyperlinks, flash, and the 

buttons and their functions [15], [16]. The digital handout produced is supplementary teaching 

material for other teaching materials because the materials presented focused on the application of the 

concept of particle wave dualism in the application on the technology. Several display digital handout 

pages presented in the form of images below start from cover and the contents [17].  

 

 
 

  

Figure 2. Digital handout cover 

 

Figure 3. Home page display in every chapter 

 

 
Figure 5. Page display when video played 

    Figure 4. Content page display accompanied  
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video and image 

 
 

Figure 6. Page display when images clicked Figure 7. Page display when images more than 

one clicked 

  

 
Figure 8. Page display with hyperlink 

 

3.3.  Evaluation Stage 

The evaluation stage performed based on the stages of the Tessmer formative evaluation [17], [18]. 

The first stage is self-evaluation, self-evaluation of aspects of content, design, and linguistic prototype-

1 conducted with the supervisor. Thus obtained some suggestions for improvements and prototype-1 

has been fixed in part; 1) colour, text, and images cover; 2) margin and writing a page number in the 

list of images; 3) the colour on a part that can be clicked in the table of contents is the list of images.  

The second stage of the expert review is conducted to evaluate and validate the three aspects of the 

design, content, and linguistic prototype-1 involving several experts. The result of the validation of 

design, content, and linguistic are presented in tabular form in Table 1.  

 

Table 1. Summary of results of expert review stage assessment 

Aspects validated   Validity value Category  

Design 4,04 Very Valid 

Content  4,82 Very Valid 

Linguistic 4,75 Very Valid 
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The resulting product had a very valid point aspects of the content or materials of the product 

developed is already relevant to the achievement of competency standards, aspects of the design are 

sufficient to facilitate the achievement of learning objectives, and the grammatical aspect is consistent.  

Furthermore, the stage of one-to-one evaluation with testing of the product to students of Physics 

Education 2016 Indralaya class who had taken Modern Physics subject. The results of this test can be 

seen through the score questionnaire presented in tabular form in Table 2.  

 

Table 2 The results of one-to-one evaluation stage assessment 

Indicator Amount Scores of 

Subjects 

Percentage (%) 

1 12 80 

2 12 80 

3 12 80 

4 12 80 

5 24 80 

6 21 70 

7 21 70 

8 37 82.2 

9 24 80 

10 23 76.67 

11 146 81.11 

Average 344 79.08% 

Category  Practical 

 

Based on the results, the prototype-1 produced has been practical. After going through the revision 

based on the results of consideration of the comments and suggestions of experts and the three of 

students produced prototype-2 that ready tested at the small group evaluation stage.  

The small group evaluation stage is done by trying out the product to students who were divided 

into three small groups. This stage is carried out as a final evaluation stage of this study in an effort to 

produce a pototype-3 or the final product. The results of the assessment questionnaire responses from 

nine students presented in tabular form in Table 3.  

Table 3. The results of small group evaluation stage assessment 

Indi

- 

cato

r 

   Subjects     Tota

l 

Scor

e 

Percentage 

(%) 
AA DN EM EW H

A 

IH KW M VN 

1 3 5 4 5 4 5 4 4 5 39 86,67 

2 4 5 4 5 4 4 5 4 5 40 88,89 

3 4 4 4 4 5 4 5 5 4 39 86,67 

4 5 5 5 4 4 4 5 4 4 40 88,89 

5 8 8 9 8 9 8 8 9 8 75 83,33 

6 6 9 8 10 9 10 8 8 8 76 84,44 

7 8 9 8 9 9 8 9 9 9 78 86,67 

8 10 14 11 11 13 11 13 12 14 109 80,74 

9 6 9 8 10 8 8 10 8 9 76 84,44 

10 7 9 8 10 9 8 10 8 9 78 86,67 

11 53 56 48 48 53 46 52 46 52 454 84,07 

    Average      1104 84.59 % 

    Category       Practical 
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Based on the results obtained in Table 3 is know that the prototype-2 produced was practical. 

Practical in the sense of language means “easy to use in practice”. This practical aspect can be 

assessed from the attractiveness, legibility, and advantages of the literacy base. Positive comments are 

given by students such as good, interesting, interactive, easy to use. Related to student retention of 

certain materials also increased. So, the prototype-3 (final product) has produced without many 

revisions.  

Digital handout on particle wave dualism material has the advantage of presenting innovative print 

instructional materials are packaged in a digital form that can display videos, 3D images, hyperlinks, 

and other supporting things that cannot be displayed in the handout printed and is more efficient 

because it can be taken anywhere and can be stored in external memory, drives, or clouds so that it can 

be opened anytime and anywhere [8], [19]. As well as, the weakness that has not been observed 

because the effectiveness of the product has not been tested extensively (field test) and can only be 

opened via a desktop/PC because the file is an exe format that cannot be opened via the android/IOS. 

To be opened via the android/IOS then be shaped 3D file format that can be opened with a 3D 

application reader [9], [20], [21].  

 

4.  Conclusion 

A valid and practical digital handout on particle wave dualism material was produced in this study. 

The result showed the mean score for the validity of the digital handout was 4.53 for the design, 

content, and linguistic aspects with a highly valid category. The practicality average score in the one-

to-one evaluation stage was 79.08% (practical) and in the small group evaluation stage was 84.59% 

(practical). Similar study still needs to be done to find out the effectiveness of product through the 

field test stage and the use of other applications that are easier to open on android/IOS.  

References 

[1] Husamah D, Fatmawati and Setyawan D 2018 OIDDE learning model: Improving higher order 

thinking skills of biology teacher candidates Int. J. Instr. 11(2) 249–264 doi: 

10.12973/iji.2018.11217a 

[2] Herayanti L, Fuaddunnazmi M and Habibi H 2017 Pengembangan Media Pembelajaran 

Berbasis Moodle pada Mata Kuliah Fisika Dasar  J. Pendidik. Fis. dan Teknol. 1(3) 205 doi: 

10.29303/jpft.v1i3.260 

[3] Ariska M, Akhsan H and Muslim M 2020 Dynamic Analysis of Tippe Top on Cylinder’s Inner 

Surface with and Without Friction based on Routh Reduction Journal of Physics: 

Conference Series, 2020, vol. 1467, no. 1, doi: 10.1088/1742-6596/1467/1/012040 

[4] Ariska M, Akhsan H and Muslim M 2020 Potential energy of mechanical system dynamics with 

nonholonomic constraints on the cylinder configuration space Journal of Physics: 

Conference Series, 2020, vol. 1480, no. 1, doi: 10.1088/1742-6596/1480/1/012075 

[5] Gagese N, Wahyono U and Kendek Y 2018 Pengembangan Mobile Learning Berbasis Android 

pada Materi Listrik Dinamis JPFT (Jurnal Pendidik. Fis. Tadulako Online) 6(1) 44 doi: 

10.22487/j25805924.2018.v6.i1.10018 

[6] Wiyono K 2015 Pengembangan Model Pembelajaran Fisika Berbasis Ict Pada Implementasi 

Kurikulum 2013 J. Inov. dan Pembelajaran Fis. 2(2) 123–131 doi: 10.36706/jipf.v2i2.2613. 

[7] Sari E and Lkpd P 2016 Eka Sari., dkk. Pengembangan LKPD.....,” no. 2012 

[8] Apriani H, Murniati and Pasaribu A 2016 Pengembangan Handout Dinamika Rotasi dan 

Keseimbangan Benda Tegar Berbasis Kontekstual Kelas XI IPA SMA J. Inov. dan 

Pembelajaran Fis. 3(2) 1–6 

[9] Novrianti N 2014 Pengembangan Computer Based Testing (Cbt) Sebagai Alternatif Teknik 

Penilaian Hasil Belajar Lentera Pendidik.  J. Ilmu Tarb. dan Kegur.17(1) 34–42  doi: 

10.24252/lp.2014v17n1a3 



The 10th International Conference on Theoretical and Applied Physics (ICTAP2020)
Journal of Physics: Conference Series 1816 (2021) 012006

IOP Publishing
doi:10.1088/1742-6596/1816/1/012006

7

 

 

 

 

 

 

[10] Tanjung H S and Nababan S A 2018 Pengembangan Perangkat Pembelajaran Matematika 

Berorientasi Model Pembelajaran Berbasis Masalah (PBM) Untuk Meningkatkan 

Kemampuan Berpikir Kritis Siswa Sma Se-Kuala Nagan Raya Aceh Genta Mulia 9(2) 56–

70 

[11] Ariska M, Akhsan H and Zulherman Z 2018 Utilization of Maple-based Physics Computation in 

Determining the Dynamics of Tippe Top  J. Penelit. Fis. dan Apl. 8(2) 123 doi: 

10.26740/jpfa.v8n2.p123-131 

[12] Fowles G R and Cassiday G L 2004 Analytical Mechanics (7th Edition) 

[13] Dwianto A, Wilujeng I, Prasetyo Z K and Suryadarma I G P 2017 The development of science 

domain based learning tool which is integrated with local wisdom to improve science 

process skill and scientific attitude J. Pendidik. IPA Indones. 6(1) 23–31 doi: 

10.15294/jpii.v6i1.7205. 

[14] Rianti S, Akhsan H and Ismet I 2020 Development Modern Physics Digital Handout Based on 

Technology Literacy Berk. Ilm. Pendidik. Fis. 8(1) 23 doi: 10.20527/bipf.v8i1.7593. 

[15] Syafei I, Saregar A, Hairul, Thahir A, Sari P M and Anugrah A 2020 E-learning with STEM-

Based Schoology on Static Fluid Material J. Phys. Conf. Ser. 1467, no. 1 doi: 10.1088/1742-

6596/1467/1/012052. 

[16] Hasnida N, Ghazali C, Rabi N M and Hassan N 2020 Development and validation of an 

inventory to evaluate the implementation of main educational elements in promoting higher-

order thinking skills 7(2) 5–18 

[17] Akhsan H, Wiyono K, Ariska M and Melvany N E 2020 Development of Higher-order 

Thinking Test Instrument on Fluid Material for Senior High School Students,” in Journal of 

Physics: Conference Series 1467(1) doi: 10.1088/1742-6596/1467/1/012046 

[18] IPCC 2018 IPCC  Special Report on the impacts of global warming of 1.5°C 

[19] Ariska M 2015 Studi Pemahaman Konsep Siswa Pada Sub Konsep Rangkaian Listrik Arus 

Searah Di Kelas Xi Sma Negeri 1 Palembang J. Inov. dan Pembelajaran Fis. 2(2) 147–154, 

doi: 10.36706/jipf.v2i2.2616. 

[20] Aththibby A R 2015 Pengembangan Media Pembelajaran Fisika Berbasis Animasi Flash Topik 

Bahasan Usaha Dan Energi  J. Pendidik. Fis. 3(2) doi: 10.24127/jpf.v3i2.238. 

[21] Saregar A, Zubaedi Z, Parmin P, Jamaludin W and Septiani R 2019 Feasibility Test of Mobile 

Learning with Schoology: Efforts to Foster the Students’ Learning Interest on Magnetism,  J. 

Phys. Conf. Ser., 1155(1) doi: 10.1088/1742-6596/1155/1/012060. 

 


