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Abstract: This research aims to 1) Identify the needs of math digital teaching materials, 2) 
Design digital teaching materials for mathematics, 3) Measure the level of validity, 4) Measure 
the level of practicality, and 5) Measure the level of effectiveness. This research uses an R&D 
(Research and Development) approach. The development model used, namely ADDIE. This 
research was conducted at SMP Negeri 4 Sungguminasa class VII. The developed digital 
teaching materials were validated by material experts and media experts. Trials on 1 teacher, 
3 students (individual) and 12 students (small group) to see the practicality of digital teaching 
materials. Meanwhile, 45 students were involved in the effectiveness test learning. The results 
of the level of validity of digital teaching materials from the assessment of media expert 
validators (98.3%) are at a very valid stage and material experts (92.5%) are at a very valid 
stage. The results at the practicality level obtained (range 91-94%) which was declared very 
practical. Furthermore, the level of effectiveness of digital math teaching materials was 
measured by a pretest which obtained 54 in the “low” category and the posttest obtained 91 
in the “high” category which showed an increase in student learning outcomes so that it was 
declared very effective. Based on the results of the analysis, it can be concluded that digital 
math teaching materials are proven to be valid, practical, and effective in improving student 
learning outcomes. 
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Abstrak: Penelitian ini bertujuan untuk 1) Mengidentifikasi analisis kebutuhan bahan ajar 
digital matematika, 2) Mendesain bahan ajar digital matematika, 3) Mengukur tingkat 
kevalidan, 4) Mengukur tingkat kepraktisan, dan 5) Mengukur tingkat keefektifan. Penelitian 
ini menggunakan pendekatan R&D (Research and Development). Model pengembangan yang 
digunakan, yaitu ADDIE. Penelitian ini dilakukan di SMP Negeri 4 Sungguminasa kelas VII. 
Bahan ajar digital yang dikembangkan divalidasi oleh ahli materi dan ahli media. Uji coba pada 
1 guru, 3 siswa (perorangan) dan 12 siswa (kelompok kecil) untuk melihat kepraktisan bahan 
ajar digital. Sementara itu, 45 siswa dilibatkan dalam pembelajaran uji keefektifan. Hasil 
tingkat kevalidan bahan ajar digital dari penilaian validator ahli media (98,3%) berada pada 
tahap sangat valid dan ahli materi (92,5%) berada pada tahap sangat valid. Hasil pada tingkat 
kepraktisan memperoleh (rentang 91-94%) yang dinyatakan sangat praktis. Selanjutnya 
tingkat keefektifan bahan ajar digital matematika diukur dengan pretest yang memperoleh 54 
dengan kategori “rendah” dan posttest memperoleh 91 dengan kategori “tinggi” yang 
menunjukkan terjadinya peningkatan hasil belajar siswa sehingga dinyatakan sangat efektif. 
Berdasarkan perolehan analisis maka dapat disimpulkan bahwa bahan ajar digital 
matematika terbukti valid, praktis, dan efektif dalam meningkatkan hasil belajar siswa. 

Kata kunci: Digital, hasil pembelajaran, matematika, materi pengajaran 
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INTRODUCTION 

Mathematics is a fundamental subject imparted to students from elementary through 

high school. Mathematics learning is abstract and requires logical thinking that is not always 

simple for all students to understand (Fatimah et al., 2020; Gravemeijer et al., 2017). 

Complex and interrelated mathematical concepts can make students feel overwhelmed, 

especially if they do not have a strong foundation in previous concepts (Mazana et al., 2018). 
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Mathematics is a crucial subject in human life; it was developed by ancient scholars for daily 

problems and is integral to our lifestyle due to its symbols, language, and technology 

(Acharya, 2017). It is important to realize that mathematics is very much needed in the 

world of education because it has an impact on life. Learning mathematics requires 

significant effort to ensure that students can be successful in the future. 

The results of the National Assessment of Numeracy Skills of Junior High School 

Students in Indonesia in 2024 obtained a result of 65%, where the results this year 

increased by 21.97% from 2023 (43.03%), but the results are still in the moderate category 

(range 40.00% - 70.00%) with students who still achieve minimum numeracy competencies 

(Kemendikbudristek, 2024). Despite the increase, efforts to develop junior high school 

students' numeracy skills are still very much needed. Based on a preliminary study 

conducted in August 2024 at SMP Negeri 4 Sungguminasa, it was found that the main 

learning resource used in learning activities was the use of printed mathematics books. The 

use of printed books available in the library has limitations; in this case, the number of 

printed books available in the school library is not comparable to the number of students in 

each class. Additionally, observations in the classroom indicate that face-to-face learning 

using printed books is significantly constrained by time. 

The findings of interviews with mathematics teachers conducted in August 2024 at 

SMP Negeri 4 Sungguminasa showed that the printed books used still have limited 

references in terms of the mathematics subject matter itself. In addition, the printed books 

provided are only a guide for teachers, so students do not have their learning resources to 

use as a reference in learning. Based on the accumulated data from the numeracy 

competency assessment of grade VII students at SMP Negeri 4 Sungguminasa, an average of 

75.6% of students understood the material well enough, with a score range of 75-81. 

Meanwhile, 24.4% of students did not understand the subject matter, with a score range of 

68-74. Although the independent curriculum no longer uses minimum completion criteria 

as a benchmark for learning achievement, the proportion of students without a 

comprehensive understanding of the content is significantly elevated. 

Technology is currently developing rapidly, which presents education with both 

challenges and opportunities to transform the learning process by utilising it to create 

engaging teaching materials that may enhance student learning achievement (Arifuddin et 

al., 2025; Damopolii & Kurniadi, 2019; Dita et al., 2023; Kunwar et al., 2025; Setyantoko et 

al., 2023). Digital teaching materials are learning resources that are produced and presented 

in an electronic version, which can be accessed online with computers and smartphones 

(Ahliana et al., 2025; Mustofa et al., 2024; Nahri et al., 2024; Pratiwi et al., 2024). Ramadani 

and Anwar (2025) created an e-module product to enhance learning, allowing students to 

engage more actively in independent and collaborative learning. It offers advantages such 

as easy operation, accessible videos, and portable accessibility. 

The development of digital teaching materials in learning activities can foster 

independent learning due to their portable and anytime-use nature. Interviews with several 

students at SMP Negeri 4 Sungguminasa indicate a necessity for teaching materials that 

facilitate distance learning, allowing for flexible access to visually and interactively 

comprehend the material during emergencies and for enrichment purposes. Teaching 

materials are needed that provide flexibility in helping students understand complex 

material in a more practical and interactive way that can be used independently. 
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Previous research done by Nurhikmah et al. (2022) showed that the developed 

teaching materials had met the validity test of teaching material experts. Based on student 

assessments, the practicality of this teaching material reached 75.22% with a good category 

so that it was suitable for use and did not need to be revised. Research by Febriati et al. 

(2022) on the development of teaching materials demonstrated a positive impact from its 

use in learning. Researchers have conducted practicality tests of teaching materials on both 

lecturers and students, and the results are in the practical category. Dita et al. (2024) have 

conducted an effectiveness test of digital books on students, and the results can improve 

learning achievement. 

Several previous studies indicate that developing digital-based teaching materials is 

necessary. Thus, the problems related to mathematics learning that have been described 

can be overcome by creating digital-based teaching materials. The digital mathematics 

teaching materials developed are equipped with animations, interactive graphics, and 

simulations that can help students visualize and understand abstract mathematical 

concepts better, as well as simulation videos to help learners who have different learning 

styles in increasing student activity and creativity by producing satisfactory learning 

outcomes. Digital mathematics teaching materials equipped with animations, graphics and 

videos can help increase the effectiveness of mathematics teaching (Purwanto & Rizki, 

2015; Radović et al., 2020; Setiawan et al., 2021; Widodo et al., 2021). 

This research aims to 1) Identify the needs of math digital teaching materials, 2) 

Design digital teaching materials for mathematics, 3) Measure the level of validity, 4) 

Measure the level of practicality, and 5) Measure the level of effectiveness. 

METHOD 

The research methodology used is research and development (R&D). R&D serves as 

the cornerstone for new concepts and knowledge generation in the 21st century (Jiang et 

al., 2024). This study used the ADDIE development approach, which comprises Analysis, 

Design, Development, Implementation, and Evaluation (Branch, 2009). 
 
 

 
Fig. 1. ADDIE model 

 

This research was located at SMP Negeri 4 Sungguminasa, with the subjects being one 

class of VII grade students selected based on random sampling. The students involved in the 

research were 3 students during individual testing, 12 students during small group trials, 

and 45 students during effectiveness testing. The data collection techniques used were 1) 

observation and interviews to obtain initial data on school needs analysis, 2) questionnaires 

used at the needs analysis stage, validity trials by media experts and material experts, and 
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practicality trials by teachers and students, and 3) learning outcome tests used to obtain 

supporting data for effectiveness analysis. 

This study employs two data analysis procedures: qualitative descriptive analysis, 

used to examine data derived from notes, comments, or suggestions acquired through 

validity assessments and trials, and quantitative descriptive analysis, applied to analyse 

data represented by scores or numerical values obtained from validation questionnaires 

completed by material and media experts, as well as student and teacher response 

questionnaires and learning outcome assessments. 

RESULTS AND DISCUSSION 

The development of digital teaching materials is based on needs analysis, which is the 

initial stage carried out in this study to identify problems and needs in mathematics learning 

in junior high schools. Analysis activities provide a foundation for researchers in developing 

digital teaching materials that are able to answer challenges and meet the needs of 

mathematics learning in the field. Needs analysis is the main basis for compiling a product 

in development research (Dita et al., 2023; Setyantoko et al., 2023). 

The development of digital teaching materials is carried out by identifying student 

characteristics by analysing student needs. The findings of the needs questionnaire show 

that students have a high interest in teaching materials that integrate multimedia, such as 

dynamic visualisation, interactive simulations, and learning videos. The majority of 

students agreed if mathematics material is presented using digital teaching materials that 

combine various learning media. Students are interested because the content presented 

with various media can make mathematics learning more interesting, interactive, and easy 

to understand. 

The developed digital teaching materials are designed with an initial design that 

includes prototype design, a storyboard, and a selection of applications used, namely Flip 

PDF Professional. The preparation of this design greatly influences the overall form of the 

digital mathematics teaching materials that will be developed. The production of digital 

mathematics teaching materials is developed by combining text, images, dynamic 

visualisations, interactive simulations, and learning videos that support understanding 

mathematical concepts. Digital teaching resources are appropriate for practical lessons 

since comprehension of the subject matter may be enhanced by examples or specific actions 

shown in the instructional videos included within them (Arnidah et al., 2020). 

Digital teaching materials are designed as attractively as possible to help students 

understand the learning materials better to improve the learning quality according to the 

needs of learning objectives and the latest curriculum. Reference materials are taken from 

various sources, such as mathematics textbooks, scientific journals, and trusted 

mathematics learning resources, and then designed by highlighting attractive and 

interactive visualizations. Visually appealing digital-based mathematics learning resources 

draw students' attention (Scholes, 2017; Sugandi & Kurniawan, 2024; Tania & Siregar, 

2022). 

The output of this product is to produce digital teaching materials that can be 

accessed on computers, laptops, tablets, or smartphones. With flexible access through 

various electronic devices, students can study the material anytime and anywhere 

according to their needs. Digital teaching materials not only facilitate user-centered 
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learning but can also be integrated into everyday life. A digital learning resource can be 

easily accessed from various devices and locations anywhere (Damopolii & Kurniadi, 2019). 

After completing the development of digital mathematics teaching materials, the 

researcher prepares the product for validation to ensure the accuracy of the content. 

Validation is carried out with the aim of obtaining an assessment in the form of input or 

criticism related to digital teaching materials, which will later be improved so that the 

product is worthy of being tested on research subjects. Validation consists of media 

validation and material validation. 

 

Table 1. Validation results of media experts and material experts 

Expert Percentage Score Conclusion 
Media/Design 98.3% Very Valid 

Material/Content 92.5% Very Valid 
 

The evaluation findings from the media/design expert validator yielded a total 

percentage of 98.3%, signifying a highly valid category (Table 1).  This indicates that the 

digital teaching materials created by the researcher merit evaluation in the study.  The 

evaluation findings from the material expert validator yielded a total percentage of 92.5%, 

signifying a highly valid classification.  This indicates that the digital teaching materials 

created by the researcher merit evaluation in the study. Figure 2 – 3 presents the revisions 

made to the digital teaching materials by the material experts.                
    

                        

 Before Revision After Revision 

Fig. 2. Added definition to the square and circle sections 
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 Before Revision After Revision 

Fig.  3. Added definition to the cube section 

 

In terms of use and utilisation, the media includes easy-to-understand content, 

accessible navigation, accurate button functions, support for the learning process, visual 

appeal, and solutions to time constraints. This is in line with research by Febrianti et al. 

(2024), which found that the media has a very attractive appearance, complete navigation, 

more realistic flipping effects, and a clearer video display so that it can motivate student 

learning and train students' literacy skills. 

The results obtained from the validation of the material demonstrated strong validity 

concerning the assessed aspects, specifically learning, content, completeness, accuracy, and 

meaningfulness. This encompasses the alignment of the material with learning objectives, 

student characteristics, the employed communicative language, the appeal of the content in 

motivating users, the capacity to engage students in comprehending the subject matter, and 

the facilitation of achieving learning objectives. The produced medium must align with the 

learning goals and the characteristics of the students to ensure its feasibility and effective 

use (Utomo et al., 2024). 
 

 
Fig. 4. Individual trial 
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After the product is declared valid, the digital mathematics teaching materials are 

ready to be tested on students. The initial trial stage is an individual trial carried out 

involving 3 students of class VII of SMP Negeri 4 Sungguminasa. The individual testing of 

the digital mathematics instructional materials resulted in an average score of 92%.  The 

findings reveal that the practicality level falls within the very practical group, indicating that 

the use of digital teaching resources may enhance the learning process without 

necessitating additional enhancement. Students did not experience difficulties during the 

individual trial process because the product has been equipped with a comprehensive 

digital mathematics teaching material usage guide, making it easier for students to operate 

it. Digital mathematics books are easy for students to use (Wijaya et al., 2022). 

 

 

Fig. 5. Small group trial 

 

After completing the individual trial stage, the next step is to conduct a small group 

trial. Digital mathematics teaching materials were implemented for 12 seventh-grade 

students of SMP Negeri 4 Sungguminasa. Based on the findings of the evaluation of the small 

group trial through a questionnaire, the average percentage was 94% (Figure 5). The 

findings reveal that the practicality level falls within the very practical group, indicating that 

the use of digital instructional resources may enhance the learning process. 

 

Table 2. Results of mathematics teacher responses 

Respondent Score Conclusion 
Teacher 91% Very Practical 

 

The digital mathematics teaching materials developed by researchers were then 

evaluated by mathematics teachers, with assessments covering instructional, linguistic, and 

material substance aspects. The results of the mathematics teacher assessment obtained an 

average percentage of 91% (Table 2). These results show that the level of practicality falls 

into the very practical category, meaning that this digital mathematics teaching material is 

suitable for use by both teachers and students during mathematics learning activities in the 

classroom.  
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Table 3. Pretest and posttest results 

No. Student Pretest Posttest 
1 S-1 53 93 
2 S-2 66 93 
3 S-3 60 80 
4 S-4 60 93 
5 S-5 40 86 
6 S-6 46 86 
7 S-7 33 93 
8 S-8 60 86 
9 S-9 60 93 

10 S-10 66 93 
11 S-11 53 86 
12 S-12 46 86 
13 S-13 60 86 
14 S-14 73 93 
15 S-15 60 93 
16 S-16 60 80 
17 S-17 53 100 
18 S-18 40 93 
19 S-19 27 93 
20 S-20 66 93 
21 S-21 53 93 
22 S-22 53 100 
23 S-23 73 93 
24 S-24 66 86 
25 S-25 33 93 
26 S-26 66 86 
27 S-27 60 93 
28 S-28 53 86 
29 S-29 33 93 
30 S-30 60 86 
31 S-31 80 100 
32 S-32 53 80 
33 S-33 40 100 
34 S-34 60 86 
35 S-35 60 93 
36 S-36 73 93 
37 S-37 66 93 
38 S-38 27 86 
39 S-39 33 100 
40 S-40 33 93 
41 S-41 46 93 
42 S-42 46 93 
43 S-43 53 86 
44 S-44 73 93 
45 S-45 40 93 

Total 2,415 4,090 
Average 54 91 
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Evaluation of effectiveness is done by analyzing student learning outcomes; the data 

used are pretests and posttests. The pretest is done before students use digital teaching 

materials to measure their initial understanding of the material to be taught, while the 

posttest is done by implementing digital teaching materials in learning activities. We carry 

out pretest and posttest activities to assess the increase in student understanding and 

achievement in the same material. The data obtained from student learning outcomes 

through pretest and posttest activities, which are then calculated and analyzed, get a total 

student pretest score of 2,415 and an average student pretest score of 54, and a total student 

posttest score of 4,090 and an average posttest score of 91 (Table 3). This indicates a 37-

point improvement in learning outcomes between the pretest and posttest scores, 

culminating in a score of 91, categorizing the degree of effectiveness as highly successful. So 

it can be concluded that the use of digital mathematics teaching materials for class VII of 

SMP Negeri 4 Sungguminasa has been proven effective and ready to be applied in the 

learning process. 

The findings of this study indicate that digital-based mathematics teaching materials 

have benefits for improving student achievement in learning mathematics. These teaching 

materials facilitate the learning of mathematics for students. Educators and learners agree 

that a digital book may facilitate mathematical comprehension for them, conform to the 

academic curriculum, and be user-friendly, engaging, and enjoyable, including elements 

such as mobile gameplay and videos (Suarsana, 2021). The development of digital textbooks 

for mathematics aligns with the needs of students. They no longer have difficulty learning 

mathematics. This is evidenced by the increase in their scores, which reached 91. This study 

has succeeded in developing digital textbooks for teaching mathematics 

CONCLUSION 

The results of the needs analysis obtained through interviews and questionnaires by 

teachers and students of class VII at SMP Negeri 4 Sungguminasa are that students need 

digital teaching materials, where the digital teaching materials to be developed are 

equipped with pictures/photos, audio, and learning videos that are packaged attractively so 

that they can support an interesting learning process. Digital mathematics teaching 

materials have gone through a validation process tested by media experts and material 

experts. The product's validity received a very valid classification, and the outcomes of the 

material's validity also attained a highly valid classification. The evaluation of the efficacy of 

digital mathematics instructional resources included administering questionnaires to both 

teachers and students. The instructor answer questionnaire yielded a very pragmatic 

category, similar to the student response form. The efficacy of digital teaching materials was 

assessed by pretests and posttests administered to students, with the objective of 

ascertaining any improvement in student learning outcomes after the use of digital 

mathematics teaching resources. The pretest and posttest findings indicated an 

improvement in learning outcomes, classifying it as very effective.  
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