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Abstract. Interactive multimedia teaching aid is one of the effective teaching mechanisms 
for students with disabilities. It can help the students to focus better during the teaching 
and learning activities to improve their understandings. However, most of the existing 
teaching aids are designed for non-hearing impaired students, thus they may be less 
suitable for deaf students. The main factors contributing to this problem include 
insufficient and inappropriate teaching aids developed based on the latest information and 
communication technology (ICT), as well as challenges in integrating interactive 
multimedia teaching aid into the teaching and learning process of deaf students. Therefore, 
this study aimed to identify the current use of interactive multimedia teaching aid among 
deaf students and the factors influencing the development of an effective interactive 
multimedia design teaching aid specifically for deaf students. 
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1   Introduction 

According to the World Health Organization (WHO), more than 466 million people 
worldwide suffer from hearing problems, with 34 millions of them being children. The 
Malaysian Social Statistics Bulletin in 2018 reported a total of 453,258 people with disabilities 
registered with the Department of Social Welfare (JKM). Of those, 7.6 percent or 34,448 
individuals were deaf [1]. The development of special education in Malaysia began in the 1920s 
and it remains an important agenda for the Malaysian government [2]. The government 
continues to be highly committed to addressing any issues in the development of special 
education for the deaf community. Furthermore, voluntary bodies and non-governmental 
organizations are also encouraged to assist and support the deaf in safeguarding their rights in 
various sectors in Malaysia [3]. 

Under the Education Act 1996, various improvements were proposed to fulfill special 
education needs. For example, special education classes would be provided if the needs arise 
among the community. In addition, the government would also equip the students with the skills 
and knowledge for them to learn effectively and live productively in an increasingly global and 
digital world. To achieve that, all teachers would be provided with the necessary Information 
and Communication Technology (ICT) training so that they can incorporate ICT in teaching. 
With the support of the teachers, the students can apply ICT innovations to practice distance 
learning and self-learning in an effective manner [2]. In the current learning environment, 
teaching and learning for the deaf incorporate the total communication method. It is an 
educational philosophy first introduced in the 1960s incorporating all modalities of 
communication (spoken, signed, and written), lipreading, and gestures in the education of deaf 
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children [4], [5]. However, the total communication method is not easy to learn and the teaching 
and learning of deaf students involve a variety of mechanisms and strategies [6]. Hence, proper 
teaching aid and technological support to strengthen the deaf learners' learning environment can 
be the key to fostering better communication and interaction skills in their learning process to 
enhance their academic performance [7].  

According to Masran et al. [8], the use of technology can facilitate teaching and 
learning to become more simple, effective, productive, and engaging. Educational technology 
refers to the application of technology-related processes and materials to solve teaching and 
learning problems [9]. On a similar note, all materials in teaching and learning that involve 
technology are known as instructional technology. Instructional technology is a guide in the 
production of effective teaching aids. Teaching aids are objects or devices used by a teacher to 
enhance or enliven classroom instructions. It can be in the form of audiovisual such as videos, 
objects such as a book, picture, or map, and devices such as a DVD or computer [10]. To 
incorporate ICT in education, it is necessary to provide the necessary educational materials and 
tools to enable all students, including those who are underprivileged, to access education [11]. 

Education is the foundation of life. Therefore, the opportunity to receive education 
should be provided equally to all, including disabled people, regardless of their background. A 
better understanding of the need for new educational technology teaching aid among deaf 
students is vital. The findings can guide the interactive multimedia design in the teaching aid 
for deaf students to enhance the teaching and learning sessions. This study showed an overview 
of interactive multimedia teaching aids for deaf students and the determinant factors in 
developing an effective interactive multimedia design teaching aid specifically for deaf students. 

2   Integration of Interactive Multimedia Teaching Aid for Deaf Students 

In the literature, several studies have highlighted how the use of interactive multimedia 
managed to transform the field of education. One obvious improvement was in the area of the 
utility of education. The incorporation of technology as one of the teaching aid/tools/ medium 
has changed teaching and learning sessions to become more simple, memorable, productive, 
and engaging [8], [9]. Apart from that, interactive multimedia can produce effective and 
efficient learning in education via the selection of the most suitable communication media 
between text, audio, video, animation, graphics, and sound based on the intended outcomes 
among the end-users [10], [12], [13]. In other words, interactive multimedia is effective in 
improving the students' comprehension as positive and effective communication can be easily 
established by the teachers using multimedia such as text, audio, and animated video on the 
same screen [14]–[16].  

However, some of the existing teaching aids are not suitable for deaf students as they 
are mostly designed with the interest of non-hearing impaired students in mind. Furthermore, 
the lack of teaching aid and difficulties in accessing different types of content is another 
common challenge faced by the teachers and students [17]–[19]. Compared to their peers, deaf 
students often fall behind academically because they face more difficulties in problem-solving 
sentences due to their ineptitude in verbal and written abilities [20]. These obstacles can also 
arise in the form of misinterpretation, unresolved attention, or lack of comprehension, resulting 
in poor understanding of the content of the material taught [21]. Some of the postulated reasons 
behind this problem are the insufficiency of teaching aid, lack of appropriate teaching aid 



 

 
 
 
 

tailored to the latest ICT, and poor integration of interactive multimedia teaching aid in the 
teaching and learning process for deaf students.  

In view of these factors, schools must collaborate with other relevant departments in 
developing teaching aid suitable for deaf and hard-of-hearing students. For example, schools 
can work with other specialized educational institutions with expertise in providing teaching aid 
for these particular students [17]. Yasin et al. stated that the most common obstacle faced by 
both students and teachers in deaf education is the lack of teaching aid, for example, the 
reference for sign language [22]. With technological advancement, ICT-driven teaching aid 
should also be implemented in special education for the deaf. Electronic media and ICT 
incorporation in teaching and learning, such as in the forms of music and visuals, can be more 
interesting for the students, thus improving their understanding [23]. Many published studies 
have reported the significant benefits of multimedia content, including video, graphics, and 
audio, in enhancing the learning process and outcomes of deaf students [7], [24], [25].  

However, the lack of exposure to ICT training can be a barrier for teachers to provide 
more creative teaching and learning [26], [27]. Furthermore, well-equipped facilities are also 
necessary to facilitate digital-based learning among deaf students. For instance, all media should 
be equipped with sign language [21]. In today’s world, the global influence of ICT is widespread 
and can be felt in every part of daily human life. There is also a growing number on the impact 
of multimedia technology in various fields of study. 

3   Method 

This review follows the seven main aspects of the essential Systematic Literature 
Review (SLR) methodological guidance, i.e. the development and validation of the review 
protocol/ publication standard/ reporting standard/ guidelines; the formulation of research 
questions; systematic searching strategies; quality appraisal; data extraction; data synthesis; and 
data demonstration [28]. We conducted a process of literature review with four primary phases 
and a document-based qualitative approach based on the following steps: Plan the review, 
perform the search, conduct the review, study the study selection, and report the results [29], 
[30]. 

In the first stage for planning this literature review, we reviewed the latest literature in 
the application of interactive multimedia-based teaching aids among deaf students. The two 
research questions in this review included i. What is the interactive multimedia teaching aid 
used among deaf students? and ii. What are the determinant factors in the development of an 
effective interactive multimedia teaching aid for deaf students?  

Then, a preliminary exploratory search was conducted in four electronic databases as 
shown in Table 1. The summary of the search result was used to determine the relevant areas 
for deaf students, including the teaching aids, multimedia mechanism, and interaction of 
technology. Therefore, the search was focused on the areas dedicated to the teaching and 
learning materials to assist the teachers and deaf students in the teaching and learning sessions. 

 
 
 
 
 
 



 

 
 
 
 

Table 1. Summary of the search result 
 

Electronic Database Search Results Relevant Papers 
Emerald Insight 4 1 
IEEE 35 3 
Springer 30 1 
Scopus 22 6 
Total 91 11 

 
 

Table 1 shows the selected electronic databases including Emerald Insight, IEEE, 
Springer, and Scopus. A search was carried out in January 2020. The keywords used in the 
search were (factor OR effect OR develop) AND (interactive OR multimedia OR design) AND 
(aid OR material) AND (deaf) AND (student OR children). To ensure high quality, only peer-
reviewed articles of completed research or surveys involving deaf students published between 
2016 and 2020 were included. A total of 91 papers were retrieved. The abstracts were read 
through to determine the articles relevant to the research questions. The articles must show the 
usability of interactive multimedia-based teaching aids and discuss the factors influencing the 
development of interactive multimedia teaching aid for deaf students. Furthermore, the methods 
must be included in the article and the study population must be deaf students. Finally, only 11 
papers fulfilled the inclusion criteria. Table 2 is the summary of the review papers that met the 
criteria. The final phase of the review was to synthesize the results from the included articles.  

 
 

Table 2. Summary of the review papers included 
 

Authors Objective Design & 
development 
methodology 

Sample size & 
demographics 

Evaluation method  
& data capture 

Mohd 
Hashim et 
al. [7] 
 

The usability of an  
e-learning environment 
embedded with sign 
language videos, deaf 
students' related academic 
performances, and learning 
patterns. 
 

A mixed-method 
with and pre-test 
and post-test 
design 

Two groups of  
52 and 60 deaf 
students 

Usability 
questionnaire, testing, 
observation, and 
interviews. 
 
Performance 
increment. 

 
Kourbetis 
et al. [11] 
 

 
Innovative interactive 
applications for the  
education of Deaf and 
Hard of Hearing (D/HH) 
students. 
 

 
Qualitative 
methodological 
approach 
 

 
A group of 
experts, teachers, 
and pre-service 
teachers of deaf 
children. 
 
Hybrid books (4 
subjects) and an 
interactive digital 
library 
 
 

 
Thematic and content 
analysis of texts 
 
The multimedia 
electronic form of the 
benefits of the Hybrid 
book. 



 

 
 
 
 

Pelayo et 
al. [19] 
 

Contribute to the 
comprehension of texts for 
people with deafness. 
 
 

Preliminary 
Study 

1st to 6th primary 
school grades 

Reading 
comprehension 
metrics. 
 
A preliminary step in 
the course of the design 
of a software interface. 
 

 
Deveci 
Topal et  
al.  [20] 
 

 
Identify the effects of 
algorithm teaching on the 
problem-solving skills of 
D/HH students. 

 
Pre-test and post-
test 

 
A pre-test and 
post-test 
problem-solving 
scale was applied 
to 16 D/HH 
students at a 
secondary school 
level 
 

 
Observation forms. 
 
Implemented 
algorithm of teaching 
showed a significant 
effect. 

     
Pratiwi  
et al. [21] 
 
 

Develop an effective 
digital video-based 
learning media for Rampak 
Kendang learning in 
Special Schools (SLB). 

Need analysis 
 
 
 
 
 

One-on-one  
Trial for three 
students 
 
Small group trials 
(five students) 
 
Large group 
trials. 
 

Observations, 
interviews, and 
questionnaires. 
Experts validation 
 
The learning media 
and the programming 
aspect of digital video 
are beneficial. 

     
 
Gurov et 
al. [31] 
 
 
 

 
Develop a collection of 
educational video 
materials on chemistry as a 
part of special conditions 
for students with hearing 
impairment. 

 
Comparative 
study 

 
Deaf and hard 
hearing students 
from 2017 to 
2018 

 
Video experiment 
 
Development of 
demonstration 
experiments as part of 
the educational 
process.  
 

 
Boudreault 
et al. 
[32] 
 

 
Describe the development 
of the Cancer Genetics 
Education Module 
(CGEM) and to determine 
if viewer demographic 
characteristics are 
associated with two 
measurable aspects of 
CGEM viewing behavior, 
i.e. length of time spent 
viewing as well as the 
number of pauses, play, 
and seek events. 

 
Focus group 
 
 
 
 
 

 
Pre-test  
 
Three focus 
groups with 
different ages 
 
Two moderators 
 
Post-test 
43 individuals 
 

 
Content, visual 
image, and video 
quality 
 
Development of the 
CGEM content. 



 

 
 
 
 

 
 
 

Nikolaeva 
T.V.  [33] 
 

Develop an approach to the 
creation and application of 
virtual professional 
practices in the system of 
continuous education of 
teachers for the deaf. 
 

 Experimental 28 students An experimental 
model of virtual 
practice. 
 
Fundamental increase 
in the effectiveness of 
the formation of 
professional 
competencies. 
 

 
Anindhita 
et al. [34] 
 

 
Develop a design with 
proper interaction and user 
interface that fulfills the 
proposed usability goals 
and user experiences 
through the mobile app. 

 
User-centered 
design (UCD) 

 
Interview-five 
students 
 
Questionnaire -19 
high school 
students 

 
Observation, 
interview, and 
questionnaire. 
 
Designing a product 
focusing on usability, 
user characteristics, 
environment, task, 
and workflow. 
 

 
Hashim et 
al. [35] 
 

 
Investigate the key factors 
that can positively impact 
teachers' motivation to 
adopt cloud-based e-
learning systems for deaf 
students.  
 

 
A survey 
research  
 
 

 
Questionnaire-30 
teachers of deaf 
students 

 
Questionnaire 
 
Factors that may 
affect teachers' 
motivation. 

 
Costa et al. 
[36] 

 
An approach to support the 
communication of deaf 
people and iLibras 
communicators through 
collaborative and mobile 
computing tools.  
 
 

  
Design science 
research (DSR), 
Interaction 
design (ID), 
User-centered 
design (UCD), 
and participatory 
design (PD)  
 

 
Deaf People- 
Device 
 
38 educators  
(11 interpreters 
and 27 teachers) 

 
Evaluation, interview, 
and questionnaire 
evaluation. 
 
Design, knowledge, 
problem, difficulties 
in communication, 
and its influencing 
factors. 

 

4   Discussion and Finding 

In the teaching and learning process, teachers always endeavor to have their learning 
content being delivered in an active and interactive manner. For deaf children, sign language is 
considered as the first language while spoken language comes next [19]. Undoubtedly, deaf 
students may experience certain challenges in the learning process when the knowledge is 



 

 
 
 
 

transferred by teachers who are not hearing impaired. Sometimes, a special communicator or 
certified person is needed to assist the education of deaf students [7]. To enhance the teaching 
process, the teachers and the deaf students need to master sign language. The teachers need to 
use the correct facial expression and sign language gestures [37] for better delivery of the 
learning content to enable greater understanding among the deaf students [4], [6]. The 
incorporation of visuals can significantly improve the sign language movements and gestures, 
thus enhancing making the teaching process for the teachers and enable the deaf students to 
learn and understand the content better [38].  

Learning contents can be delivered in various ways including verbally, through 
listening, and assisted with a tool, i.e. teaching aid [21], [39]. The result of this review indicated 
that research on interactive multimedia-based teaching aid for deaf students is growing. 
Furthermore, our review highlighted the optimistic influence of interactive multimedia usability 
in the teaching and learning of deaf students. The rapid growth of technology has led to the 
development of teaching aid as an integral tool for students in any classroom, including deaf 
students [34]. Technology is incorporated into many teaching aids nowadays, such as 
multimedia, embedded videos, and word processing to improve the learning process for the 
students to become more skillful and innovative [11], [31]. Studies have shown that such 
teaching aids can present information in a new and exciting way, thus highly beneficial in 
improving the reading and comprehension skills, illustrating or reinforcing a skill or concept, 
differentiating instruction, and relieving anxiety or boredom [19], [20]. In other words, teaching 
aid is a highly fundamental supporting tool in the delivery of learning content as it can sustain 
the student's attention [7], [15], [40].  

Sign language is vital for the learning process of deaf students. There are many 
challenges associated with the learning of sign language among teachers and deaf students, 
including the lack of facilities [34], source references, teaching aids such as sign language books 
and materials [17], [22]. A strong command of sign language must be integrated for any teaching 
and learning to be effective for both the teachers and the students [21], [41]. Insufficiency of 
interpreters [11] and a lack of suitable teaching aids for deaf students further complicate the 
problem [17]. Consequently, these obstacles will affect the early intervention program for dead 
students and eventually affect the student assessment in the examination [23]. Therefore, 
alternatives in the form of technology-driven teaching aids equipped with multimedia features 
have been put forth to facilitate the teaching and learning process of deaf students. Interactive 
multimedia teaching aid is effective when teaching students with disabilities as it can help the 
students to understand and focus better.  

Many factors contributed to the development of an interactive multimedia teaching aid 
that is specifically effective for deaf students. In this review, these factors can be categorized as 
multimedia, interactivity, design, connectivity, and creativity. For the first factor, the use of 
multimedia when formulating the teaching courses enables the students to apply information 
technology to learn more from the lessons [35]. Instances of multimedia include subtitles, audio, 
and animated video on the same screen as the lesson content [14]–[16]. Appropriate use of 
multimedia in the learning process can assist teachers in overcoming common obstacles in the 
teaching and learning process [11], [20], [21], [31], [34].In addition, the students become more 
interested in the course and are less likely to be distracted because the learning content has been 
made more entertaining. The incorporation of multimedia in teaching aid also leads to better 
content delivery and a positive impact on the teaching and learning process [20].  

The second factor is interactivity. When embedding multimedia in teaching aid, text, 
audio, video, and other related features should be emphasized to create lively learning sessions 
via interaction between teachers and students. For example, to assist interaction with deaf 



 

 
 
 
 

students, digital video-based learning media should be equipped with sign language. Engaging 
and interactive content is especially essential in the teaching and learning process of deaf 
students because they focus more on visual modalities as opposed to vocal/verbal modalities of 
spoken language [11], [21], [32], [34]. One example of interactivity is the option to pause and 
resume the video under the control of the students so that they can have sufficient time to 
understand and explore the content of learning [32]. 

The third factor in the development of suitable teaching aid is the design. To date, there 
is a lack of research on the principles, elements, and design features for teaching aids. Visually 
enhanced educational materials have been developed for sign language users with a 
multimodal/language approach. However, little is known about the ideal design features for a 
broad audience that consists of multiple sign language users [19], [32]. For example, the 
detection of the click patterns on different elements in the sign language video should be 
explored to determine its contribution in supporting the learning of deaf students [7], [36]. In 
addition, the interface design and aspects also need to be considered when designing interactive 
multimedia [19]. An interface design intended for deaf students should be able to motivate the 
deaf students to focus more during the lesson, as well as to anticipate what the students may 
need. To achieve these outcomes, it is vital to ensure that the interface contains elements that 
are easily accessible and understandable. 
 Next, connectivity is also an important factor based on our review. Due to the increased 
popularity of the Internet, it is necessary to establish standards to ensure equitable access to the 
content for everyone [11], [34]–[36]. By providing good connectivity, a more widespread 
practice of virtual design can be incorporated in the teaching aids, teaching materials, and 
multimedia not only for teachers involved in the education of deaf but also for those from other 
various professional areas [33], [38]. Last but not least, creativity is another vital factor in the 
teaching and learning of deaf students. Teachers need to be creative on how to communicate 
with the students and to devise the best ways to deliver the content, information, and materials. 
In today’s world, teaching and learning methods can be highly varied [34], [42]. Therefore, the 
five main factors identified in the review should be taken into consideration when constructing 
an effective interactive multimedia design in the teaching aids dedicated to deaf students.  

5   Conclusion 

This SLR was conducted to identify the usability and determinant factors of effective 
interactive multimedia design teaching aid among deaf students. All peer-reviewed journal 
articles that met the inclusion criteria from four electronic databases were screened. A total of 
11 articles were included in the final review. The limited number of publications shows that 
further research is still necessary for an important topic such as this one. The analysis reveals 
the significance of the development of interactive multimedia teaching aid and the importance 
of further research and practice of this topic among the minority community with disabilities. 

Despite the advancement in technology and the knowledge that technology-assisted 
teaching aid can improve teaching and learning experience, there is still poor progress in the 
development of interactive multimedia teaching aid. Research has established that the use of 
teaching aids equipped with multimedia features and sign language can improve the teaching 
and learning environment, will thus helping the deaf students to better focus and understand 
during the lesson to enhance their skills and abilities. However, there are various challenges 



 

 
 
 
 

related to the use of interactive multimedia teaching aids such as shortages of materials and 
references, lack of ICT facilities, and insufficient teaching aids.  

As a result, deaf students encounter difficulties in accessing the different types of 
content, and worse still, some of the materials are not suitable for them. Proper integration of 
interactive multimedia teaching aid into the teaching and learning process must be emphasized. 
Close collaboration from all the stakeholders involved in the development of effective 
interactive multimedia for deaf students is vital. This review also identified five contributing 
factors to the development of effective and interactive multimedia teaching aids. Multimedia, 
interactivity, design, connectivity, and creativity are the five main factors to be considered. For 
deaf students, the primary aim when developing interactive multimedia teaching aid is to 
identify and fulfill their cognitive needs and to expand the multimodality design in the teaching 
aid. The integration of technology can introduce novelty in the learning process to motivate 
them to study and understand better. However, the review also highlighted the limited number 
of available studies that evaluate the significance, role, and features of the visual and interface 
design on interactive multimedia teaching aid for deaf students, thus posing a potential barrier 
towards the development of an effective multimedia teaching aid. In summary, an in-depth 
understanding of the significance, role, and features contribution of visual and interface design 
is necessary so that the teaching aids produced will be beneficial for deaf students. 
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