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Abstract—Mathematics learning objectives for deaf students is not different 

from normal students, but their learning approach is not same. Learning materi-

als for deaf students should be made simple and equipped with multi representa-

tion. With the development of ICT, multi representation has become easy and 

inexpensive. Therefore, the purpose of this study was to develop an interactive 

digital book with multi representation approach for deaf students. This study 

was carried out using 3 initial stages of 4-D research and development design 

(define, design, develop, and disseminate). Media feasibility is determined 

based on the results of expert validation, practicality test, and passing grade. 

The average score of book validation by the material expert was 2.92 (97.3%), 

learning design expert was 2.97 (99%), media expert was 2.99 (99.7%), and 

language expert was 2.78 (92.7%), so it can be said that the book met the validi-

ty criteria. The average score of the practicality test by students was 4.24 

(84.8%) and teachers was 4.35 (87%), so it can be said that the book met the 

practicality criteria. The average passing grade was 83.34%, so the book met 

the effectiveness criteria. By meeting validity, practicality, and effectiveness 

criteria, it can be concluded that the digital book met the feasibility criteria as 

mathematical learning materials for VII-grade deaf students.  

Keywords—Deaf, mathematics learning, digital book, multi representation 

1 Introduction 

Mathematical learning for deaf students has the same objectives as mathematical 

learning for normal students, namely to equip students to think systematically, logi-

cally, analytically, creatively, critically and capable to collaborate. However, the 

mathematical learning outcome of deaf students is still very low [1]. This is stated by 

[2] that several studies indicated low learning performance of deaf students when 

compared to normal students. For normal students, mathematics is a difficult sub-

ject[3]. For deaf students, the problem will be more complicated because of hearing 

problems [2]. Learning difficulties for students include weakness in absorbing infor-

mation [4], [5],[6] limitations in interacting with teachers or other students [7], [8] 

low motivation to learn because they are uncomfortable and frustrated in expressing 

ideas or questions [9], [10]. 
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Mathematical learning for deaf students is certainly different from normal students. 

Two things that need to be considered are the characteristics of deaf students and the 

characteristics of mathematics lessons. Deaf students are known as visual learners 

because they access more information by eye ([8], [11]). Therefore, the subject matter 

should be made easy and prepared with visual representations [12], [13]. Meanwhile, 

mathematics is concerned with abstract ideas [13]. Therefore, the presentation of the 

materials should also be performed as simply as possible and with multi representa-

tion [14]–[18]. Mathematical representations may be accomplished with concrete 

objects, manipulative models, mathematical models, drawings, sketches, tables, dia-

grams, graphs, and computer simulations [14], [15], [17]  

With the fast gain of ICT, the development of multi-representative teaching mate-

rials is not difficult and expensive. Recently, interactive digital books have become a 

trend discussed by many researchers [19]–[21]. An interactive digital book with a 

multi representation approach for deaf students had been developed by several re-

searchers. 

First, previous studies on the development of ICT-based learning resources for deaf 

students namely, (1) [22] developed e-learning design or courseware based on multi-

ple intelligence theory for learning sign language for beginners, (2) [23] developed 

sign language courseware for 7-8 years old deaf students. The results found that 

courseware can help teachers, students, and parents in teaching and learning sign 

language. 

Second, previous studies on the use of multi representation approaches namely, (1) 

[24] found that student engagement with various forms of physical representations 

such as verbal, visual, symbolic, mathematics, and hands-on activities such as argu-

mentation and presentation as well as the virtual laboratory increased the mastery of 

quantum physics concepts, (2) [25] found that chemistry learning became more effec-

tive by using a multi-representation approach, (3) [26] found that learning with a 

multi-representation approach could improve the learning outcome of students on 

educational statistics, (4) [27] found that a multi-representation based scientific con-

ceptual learning model increased science process skills and mastery of physics con-

cepts, and (5) [28] developed a multi-representation contextual module that increased 

critical thinking skills of students. 

Third, previous studies on the development of learning materials in the form of in-

teractive digital books namely (1) [29], [30] developed digital books for learning 

genetics in vocational high school, (2) [31] developed folk stories with digital books, 

(3) [19] maximized online learning with digital books, (4) development of interactive 

digital book by [31]–[33], (5) [34] developed digital books for learning physics, as 

well as (6) [35] developed digital books for learning calculus and (7) [36] developed 

digital books of European History. 

Based on the above explanation, a study on an interactive digital book with a multi 

representation approach for deaf high school students is important to be carried out 

immediately considering the lack of studies on the development of learning resources 

for disabled students. The existing learning resource in the form of a textbook which 

does not accommodate the needs of deaf students as visual learners. The development 

of an interactive digital book with multi representation approach is the right solution 
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to the limitations of learning resources. Digital books can accommodate the character-

istics of deaf students and the characteristics of mathematics as an abstract science. 

Thus, the problem formulation is, how is the feasibility of the developed interactive 

digital book with multi representation approach based on its validity, practicality, and 

effectiveness? 

2 Method 

2.1 Design and procedure of study 

This study used 4-D research and development stages namely define, design, de-

velop, and disseminate [37]. However, this study only described the development 

stage or development of the learning material prototype after expert and user valida-

tion 

The first stage is the define stage. In this stage, preliminary analysis and curriculum 

analysis were carried out. In the preliminary analysis, researchers identified problems 

in the field of mathematics learning for VII-grade deaf students. Based on interviews 

and observation with VII-grade teachers, 1) the mathematics learning outcomes of 

students were low; 2) students have difficulty in understanding the learning material 

even for basic arithmetic operations; 3) the existence of special media for mathemat-

ics learning is very limited so that learning tends to use the explanatory method. 

Based on curriculum analysis, the materials for VII-grade students are fractions, ge-

ometry, integers, LCM, and GCD. 

The second stage is the design stage. In this stage, the digital book was designed by 

considering content, displays, and learning strategies by developing storyboards and 

the initial products of the digital-book. The minimally developed digital book design 

can (i) imitate the VII-grade electronic school book format from the Ministry of Edu-

cation and Culture, (ii) present a concept with a multi-representational approach, 

namely verbal, numeric and visual, (iii) equipped with sign language translation vide-

os, (iv) equipped with computer simulations that can be manipulated by students, and 

(v) equipped with evaluations in the form of formative tests with direct responses. 

After the flowchart, the storyboard was realized into Prototype I with several applica-

tions such as eXelearning, Microsoft Powerpoint, Sparkol Video, Filmora, Camtasia, 

and Geogebra. 

The third stage is the development stage. This stage aimed to produce a final proto-

type. To develop feasible learning media, some stages were carried out namely, expert 

judgement, product revision, and small group testing. The feasibility test aims to find 

out the feasibility of digital books based on expert validation (media feasibility, learn-

ing design feasibility, material feasibility, language feasibility) and user validation. 

This study involved 2 teachers and 9 students of SMPLB B Negeri Singaraja 

2019/2020 in small group testing. SMPLB Negeri 1 Singaraja was chosen due to easy 

access so that the study can be carried out smoothly. In addition, the facilities and 

infrastructure in schools are able to accommodate the use of digital book in the class-

room. 
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The fourth stage is the disseminate stage. This stage is carried out by socializing 

the developed product so that it can be accepted by users, either individually, in 

groups, or by the system. The product dissemination process is carried out in various 

ways, such as socialization and implementation in class to determine the effectiveness 

of digital books in the learning process. Dissemination can also be performed through 

an induction process to related learning practitioners in a specific forum. However, 

this study was only explained to the development stage. 

2.2 Research instrument 

Data collected were data on the feasibility of digital books based on validity (mate-

rial, learning design, media, language), practice (teacher and student responses as 

users), and effectiveness (average learning outcomes and percentage of passing). 

Validity data of digital books were collected with expert validation sheets. There were 

5 indicators in the assessment of the material, namely the suitability of the material to 

the curriculum, suitability of student characteristics, specificity, clarity, accuracy, and 

suitability of the material with the required teaching materials, suitability with social 

norms, benefits to adding insight, and balance in the presentation of the material. 

There were 5 indicators in the assessment on language namely readability, integration 

of words and sentences, clarity of information, conformity to teaching material devel-

opment principles, and effectiveness and efficiency of the language used. There were 

5 indicators in the assessment on design namely the clarity of the learning objectives, 

the order of the material presented, arousing student enthusiasm for learning, stimulat-

ing student learning activities, and presenting complete information. The media as-

sessment had several indicators namely the use of letters, layout, illustrations, figures, 

and photos used as well as displays both of the cover and content. 

Practicality data from digital books were collected by using questionnaire respons-

es from teachers and students using a Likert scale. The teacher response questionnaire 

consisted of 20 statements, while students only consisted of 15 statements. These 

statements relate to ease of use, the attractiveness of the book, benefit and ease of 

understanding the content. Effectiveness data of the digital book were collected with 

objective test.  

2.3 Data analysis technique 

There were 2 types of data collected namely quantitative data and qualitative data. 

Qualitative data relates to input from experts and users directly to improve digital 

books. Meanwhile, the quantitative data were analyzed using descriptive statistics 

using average scores and percentages. Digital book is valid if the minimum average 

validity score was 1.68, practical if the minimum average practicality score was 2.6, 

and effective if the minimum average effectiveness score was 76 with the minimum 

percentage of classical completeness was 80% as shown in Table 1 and Table 2. 
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Table 1.  Validity Score of Digital Book [38] 

Class Category 

𝟐. 𝟑𝟔 ≤ 𝑽 ≤ 𝟑. 𝟎𝟎 Valid 

𝟏. 𝟔𝟖 ≤ 𝑽 < 𝟐. 𝟑𝟔 Fairly Valid 

𝟏 ≤ 𝑽 < 𝟏. 𝟔𝟖 Not Valid 

Table 2.  Practicality Score of Digital Book [39] 

Class Category 

4.20 ≤ 𝑷 ≤ 5.00 Very High 

3.40 ≤ 𝑷 < 4.20 High 

2.60 ≤ 𝑷 < 3.40 Medium 

1.80 ≤ 𝑷 < 2.60 Low 

1.00 ≤ 𝑷 < 1.80 Very Low 

3 Result 

3.1 Results of digital book development 

This study developed the interactive digital book for VII-grade deaf students con-

taining 4 learning topics, namely fractions, geometry, integers, LCM, and GCD. The 

learning media consists of front pages, materials, instructional videos, instructional 

media, practice questions, and bibliography. The initial display is a front page which 

can be seen in Figure 1.  

 

Fig. 1. Front Page of Digital Book 
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The next part is a presentation of teaching materials with a multi-representation 

approach, namely verbal, numerical and visual, video with sign language, and Geo-

Gebra-based exploratory computer simulations. The material is arranged sequentially 

according to the learning indicators. Display of content/material, instructional videos, 

and learning media about fractions can be seen in Figure 2, Figure 3, and Figure 4. 

 

Fig. 2. Display of Material Explanation 

Based on Figure 2, material (fractions) is presented using various representations 

such as real objects in the form of pizza to introduce the concept of fractions, then 

verbal representations, or stories in the form of conversations between students about 

fractions, then mathematical symbols of fractions.  

 

Fig. 3. Display of Learning Videos with Sign Language 

Based on Figure 3, the learning media is also represented by learning videos with 

sign language. As visual learners, the potential possessed by students in absorbing 

information is visually stimulated through video. This video is equipped with a sign 

language translator to help students understand the information on the video. 
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Fig. 4. Display of GeoGebra Simulation  

In addition to visual, verbal, numerical representations, and instructional videos, 

this digital book is equipped with computer simulation representations in the form of 

dynamic worksheets based on the GeoGebra application. Students can manipulate by 

moving the cursor and interactively provide input or answers to questions. Immediate 

feedback to student input is provided by this interactive media. This digital book is 

equipped with practice questions with interactive live feedback. 

3.2 Results of digital book feasibility 

The developed digital book is feasible if it meets 3 criteria namely validity, practi-

cality, and effectiveness. The assessment results of the digital book can be seen in 

Table 3. 

Table 3.  The Validity, Practicality, and Effectiveness of Learning Media 

No Aspect Score Per Topic Average 

A. Validity Fraction Geometry Integer LCM and GCD 

 Material Expert 2.91 (Valid) 3 (Valid) 2.92 (Valid) 3 (Valid) 2.96 (Valid) 

 Language Expert 2.55 (Valid) 2.75 (Valid) 2.85 (Valid) 2.95 (Valid) 2.78 (Valid) 

 Media Expert 2.86 (Valid) 3 (Valid) 3 (Valid) 3 (Valid) 2.97 (Valid) 

 Design Expert 3 (Valid) 2.94 (Valid) 3 (Valid) 3 (Valid) 2.99 (Valid) 

 Average 2.83 (Valid) 2.92 (Valid) 2.94 (Valid) 2.95 (Valid) 2.92 (Valid) 

B. Practicality 

 Average score of 

student response 

4.36 (Very 

Practical) 
3.84 (Practical) 

4.65 (Very 

Practical) 
4.1 (Practical) 

4.24 (Very 

Practical) 

 Average score of 

student response 

4.45 (Very 

Practical) 

4.5 (Very 

Practical) 

4.3 (Very 

Practical) 
4.15 (Practical) 

4.35 (Very 

Practical) 

C. Effectiveness 

 Average score of 

students 
83.5 (Pass) 84.5 (Pass) 82.5 (Pass) 83 (Pass) 83.34 (Pass) 

 Number of passing 

students 
8/10 9/10 7/8 7/8 31/36 

 Percentage of Passing 80% 90% 87.5% 87.5% 86.1% 
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4 Discussion 

The final prototype digital book is a revised result based on expert and user valida-

tion as well as self-evaluation. Qualitative inputs from both the expert and the user 

were collected and used directly to revise the digital book draft. Important input from 

experts namely: (1) material expert: the selection of illustrations or examples must be 

considered, (2) language expert: there are uncommon words and sentences, therefore, 

simpler words and sentences are needed, (3) learning design expert: instructions of 

each learning activity must be clarified, and (4) media expert: fonts, image sizes, 

graphics, and animations must be adjusted so that they are proportional to the book 

layout. Feedback from teachers as users namely: (1) the language used must be sim-

plified, and (2) the questions must be arranged from the easiest questions to the most 

difficult questions. Meanwhile, the feedback from students can be seen from the activ-

ities and reactions after using the digital book. They seemed interested and excited in 

reading material descriptions, watching videos, and trying GeoGebra simulations in 

books. They become happy to learn mathematics with a developed digital book. 

The quantitative results of digital book quality can be seen in Table 3 which 

showed that the developed digital book was feasible because of its met validity, prac-

ticality, and effectiveness criteria. There were 4 aspects of validity namely content, 

learning design, media (graphics), and language. The average validity score of content 

was 2.96. The feasibility of content was very high with a percentage of 98.7%. This 

means, from the material aspect, the developed digital book was in accordance with 

the material feasibility indicator. According to the validator, the material is in accord-

ance with the applicable curriculum. In addition, the correctness of the concepts, ac-

curacy, breadth, depth, and clarity of the material were excellent. The average validity 

score of language was 2.78 (92.7%) or very high. This means, from the language 

aspect, the developed digital book was in accordance with the language indicators. 

According to the validator, sentence structure, vocabulary, sentence effectiveness, 

spelling accuracy and familiarity of terms were excellent. The average validity score 

of learning design was 2.97 (99%). According to the validator, (1) the presentation is 

in accordance with the objectives, material, evaluation, and syllabus presentation 

systematics, (2) the material is conveyed effectively, clearly, systematically and does 

not cause multiple interpretations, and (3) clear learning instructions. The average 

validity score of media was 2.92 (97.3%). This means, from the media aspect, font, 

image display, layout, graphics, animation, and illustration were coherent and propor-

tional. 

Based on the practicality test, teachers and students as book users very agreed if 

this digital book is used as a learning resource for deaf students. The average score of 

teacher response was 4.35 (87%) and the average score of student response was 4.24 

(84.8%). The questionnaire for the teacher consisted of 20 statements. Teachers 

strongly agreed that (1) the digital book can help teachers in learning mathematics for 

deaf students, (2) the book is in accordance with the mathematics curriculum in spe-

cial school, (3) the digital book is easy to use, (4) the book has the appearance of 

interesting and easy to understand, and (5) the book is in accordance with the charac-

teristics of deaf students. Students very agreed that the book is (1) easy to understand, 
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(2) easy to use, (3) interesting, and (4) fun. Some of the factors causing the positive 

response from users to this digital book namely (1) the display of the digital book 

which imitates the printed book as stated by [40] will make the student learning tran-

sition faster, (2) it will be possible for this digital book to be played on a smartphone 

as stated by [41] makes learning more flexible, and (3) providing learning videos 

equipped with sign language which make learning interesting and fun [42]. 

The effectiveness of the book was measured by testing 9 students. The average 

score was 83.34 with the percentage of classical completeness was 86.1%. The results 

indicated that the digital book was effective in improving the learning outcomes of 

deaf students. Digital books were easily understood by students with very good mas-

tery of the material. The very good mastery of the material is caused by (1) presenta-

tion material with a multi-representative approach can build a deeper understanding of 

concepts [16], [43]–[45], (2) the book is equipped with learning videos which accord-

ing to [46]–[49] is effective for improving learning outcomes, and (3) the digital book 

is equipped with GeoGebra media which according to [50]–[52] is effective in in-

creasing the motivation and learning outcomes of students. 

Thus, this study developed a prototype interactive digital book with valid, practi-

cal, and effective criteria so that it can be said that the digital book was feasible. The 

results of this study can be a solution to the scarcity of teaching materials specifically 

for deaf students [53], especially for mathematical learning. The developed digital 

book is a refinement of interactive media specifically for learning mathematics for 

deaf students as developed by [38], [54], [55]. In the previous study, the developed 

media was not yet an adaptive player because it could only be played on computers 

with the Windows/Mac/Linux operating system. The developed digital book is an 

adaptive player, besides being able to be played on a computer, this media can also be 

played on a smartphone so that it is more flexible than computer-based media [41], 

[56]–[61]. The new innovation in this digital book compared to the previous media is 

the use of the multi representation approach. According to [16], the use of more than 

one representation in presenting a mathematical idea can reduce the misinterpretation 

of the students in absorbing information. Further studies need to be done to follow up 

on the results of this first-year study. Large group testing involving larger groups 

needs to be performed immediately in order to obtain strong empirical evidence re-

garding the effectiveness of digital books in enhancing mathematics learning 

achievement of deaf students. 

5 Conclusion 

The developed interactive digital mathematics book with multi representation ap-

proach met feasibility criteria based on validity, practicality, and effectiveness crite-

ria. Experts assessed content validity, language validity, learning design validity, and 

media validity with valid criteria. The users assessed that the digital book was very 

practical and the test results showed the effectiveness of the book to improve learning 

outcomes. Large group testing needs to be performed immediately to obtain strong 
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empirical evidence regarding the effectiveness of digital books in improving mathe-

matics learning outcomes of deaf students. 
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