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Abstract— This paper reports a research on Hearing Impaired (HI) learners in Malaysia which focuses on beginner level. 
This research has been carried out with intention to solve problem faced by parents of HI children in teaching their 
children to know the six basic sounds which is known as Ling-6 Sound. The HI learners were assisted by specially-
developed electronic-learning application or known as Assistive Courseware (AC) in their teaching and learning process.  
The AC utilizes their mother tongue language.  The objectives of the study include 1) To identify the characteristic of 
AC for HI learners, 2) To design the storyboard of AC for HI learners, and 3) To design the interface of AC for HI 
learners. This study adapts the Iterative Triangulation Methodology, and is integrated with the IntView Methodology. 
The storyboard of the prototype is outlined next. The findings of this paper highlight the prototype of the AC labelled 
with certain characteristics that has been identified and the result is based on interview with parents. The final part 
concludes this paper. 
 
Keywords— learning, e-Learning, Assistive Courseware (AC), Hearing Impaired (HI) 
 

I. INTRODUCTION 

The increasing number of people with disabilities in 
Malaysia attracts the concern of researchers to produce 

various technologies, hoping that these technologies can 
assist the population in carrying out their tasks in everyday 
life parallel to normal people [3]. The increasing trend of 
people with disabilities has been reported by Country Report 
Malaysia, the 7th ASEAN and Japan High Level Officials 
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Meeting on Caring Societies in 2009. As stated in the report, 
in 2008, there were only 30,522 children with disabilities 
detected. The amount increased to 13.7% in 2009 where 
35,368 people with disabilities were registered with the 
Department of Social Welfare [12]. Therefore, technologies 
are considered the best solution to assist this community to 
learn as normal as other people do. According to [1], 
technology can help to lower many of barriers that people 
with disabilities faces to accessing information services.  

Parents highly expect their HI children to be 
independently in performing daily activities. With help of 
computing technology and particularly the voice processing 
technology tasks such as reading and writing documents, 
communicating with others and searching information on the 
internet, people with disabilities will be capable to perform 
independently. In addition, as stated by [11], the evolution 
and development in IT promises every individual to 
information accessibility, better and more facilities for those 
in the education sector and also other fields. This 
development and progress also provides better opportunity 
for the disabled. In education sector, there is no such thing as 
discrimination. Everyone is treated and given equal 
opportunities in obtaining education, regardless of social 
class, ethnic groups, background or whether one is normal or 
disabled. Thus, all people in the society have equal rights to 
be educated. In this context, the deaf also have rights to use 
educational peripherals or tools including ICT or computer 
based tools [11, 7].  

The most familiar technology used for hearing disabilities 
is AT [2, 3, 4, 5]. Unluckily, most of the ATs available in the 
market are very expensive, whereby disabled people and 
also parents of disabled children cannot afford to buy [1]. It 
is also observable that the availability of ATs for HI people 
in Malaysia is still lacking especially ATs in Malay language 
[2, 3, 4, 5]. ATs can be designed in terms of hardware and 
software (courseware) [2, 3, 4, 5]. This paper discusses on 
designing software based AT, particularly on the design of 
the interface for Assistive Courseware (AC) for education 
which is scope to beginner users.   

According to the Malaysian Social Welfare Department, 
there are more than 30, 000 deaf people who are officially 
registered, out of the country’s population of approximately 
24 million in Malaysia. The main problem of the deaf is 
communicating with other people. Malaysian Sign Language 
is widely considered as the language of the deaf as well as a 
medium to communicate with normal people. The deaf 
community is very much dependent on interpreters to help 
them bridge the communication and information gap [11, 
13]. However, not all deaf people (especially children) know 
how to use sign language. This is because there is no 
standard version for sign language, besides limitation in 
movements making it difficult to represent special terms for 
example scientific terms [11, 14]. This situation creates 
difficulties for them especially when the children want to 
communicate with their parents and peers. 

The AC in this study is specifically designed for parents 
to teach or guide their HI children in learning six basic 
sounds also known as Ling-6 Sound. Scope for this paper is 
for beginner who learns on animation, graphic, video, audio 
and text. Interview with parents found that there is so far no 
courseware available for HI children in Malay language [6]. 

This limitation makes the parents feel hard to train their HI 
children as Malay language is the native language to 
communicate at home in Malaysia. Therefore, two 
objectives have been carried out in this paper to overcome 
the problem. The objectives are: 

1. To identify the characteristic of AC for HI learners. 
2. To design the storyboard of AC for HI learners and to 

design the interface of AC for HI learners. 

II. METHODOLOGY 

The research works are based on the Iterative Triangulation 
Methodology adapted from [9]; integrated with the IntView 
Methodology [8] which is specific for prototype 
development. The general methodology is outlined in Fig.1. 
In Iterative Triangulation, it is suggested to have a number 
of approaches in every task. This paper focuses on 
theoretical aspect and prototype development. For the 
theoretical aspect it is suggested that data sources, methods, 
theoretical, and data analysis are composed in different ways. 
Therefore, in this paper, data regarding theoretical has been 
obtained from document review, interviews with parents, 
and experience with HI learners. Further, the activities of the 
research are outlined in Fig.2. This paper focuses on the 
works in phase 2, in which the storyboards of the prototype 
were designed. Fig 3 illustrates the steps in IntView adapted 
in this study. [8] proposed the IntView methodology for 
developing a small scaled courseware. There are two major 
phases in IntView v1, which separate the tasks into pre-
development phase and development phase. Pre-
development phase has been highlighted in this study. In 
step 10, the storyboard of the prototype was sketched.    
 
 

 
Fig.1  Basis of methodology 
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Fig.2 Summary of activities 
 

Fig. 3 IntView courseware development methodology 
 

III. STORYBOARD 

The storyboard has been illustrated and shown in Fig. 4. 
which is based on document review, interviews with parents, 
and experience with HI learners, The prototype consists of 
two main modules. Fig. 4(a) illustrates the storyboard for 
Module 1. Fig. 4(b) illustrates the storyboard for Module 2. 
The content of the AC focuses on Ling-6 Sounds [10]. The 
Ling-6 Sound represents various different speech sounds 
from low to high pitch (frequency) [10]. It helps to test the 
children’s hearing level and check whether they have 
accessed to the full range of speech sounds necessary for 
learning language. In Module 1 the HI learners learn the 
subject through audio, graphics, and video and in Module 2, 
simple exercises are provided in order to test the HI learners’ 
capabilities. Each page is also provided with a button linking 
to the next and previous page which can assist the learners to 
navigate the AC easily.  Audio are in .mp3 format, all of the 
graphics are in .gif format and video are in .mpeg format. 
There are seven buttons that have been designed in the 
storyboard for Module 1 where six of the buttons placed on 
the left side and one of the buttons placed on the right side of 
the interface. Button 1 until 6 have been designed to enable 
the HI learners to navigate the main content of AC. Button 7 
has been designed for HI learners to navigate the next module 
which is Module 2. Primary and secondary colors have been 

utilized for all buttons and also for animation text. Beside the 
six buttons, there are animation graphics which is designed 
horizontally to have a better preview in order to attract the HI 
learners.  Video will be inserted beside the animation graphic 
to avoid the HI learners to feel bored during the learning 
process. Comic san has been chosen as the best font types for 
animation text. The font size for animation text is between 
18-20 points.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
   
   Fig.4 Storyboard  
 
 
 
 

Activity Output 

Phase 
1 

Specification Identification 
• Document study 
• Interviews with parents 
• Experience with HI 

learners  

AC for HI development 
• Method: IntView 

Characteristic 
of AC for HI  

Prototype of 
AC for HI Phase 

2 

  Animation 
graphic and 

audio 

Button 8 

Animation 
graphic 

Description of the storyboard Module 2 
2D animation – aeroplane.gif, bee.gif, icecream.gif 
Audio –ah.mp3, eeee.mp3, mmm.mp3 
color – premier color and secondry color 
 
  

Animation 
graphic and 

audio 

Animation 
graphic and 

audio 

Animation 
graphic and 

audio 

Animation 
graphic and 

audio 

Animation 
graphic and 

audio 

Animation 
graphic 

b) Storyboard for Module 2 

 

Description of the storyboard Module 1 
2D animation – aeroplane.gif, bee.gif, icecream.gif, ghost.gif, 
mother.gif, snake.gif 
Video –ah.mpeg, eeee.mpeg, mmm.mpeg, oo.mpeg, sh.mpeg, 
ssss.mpeg 
Audio –ah.mp3, eeee.mp3, mmm.mp3, oo.mp3, sh.mp3, 
ssss.mp3 
Animation Text – AH, EEEE, MMM, OO, SH, SSSSS   
font type – comic sans 
font size – 20 point and above 
color – premier color and secondry color 

Button 2 

Button 3 
2312 

Button 4 

Button 5 

Button 6 
5612 

Button 1 
12 

 Animation 
Graphic 

Video  

Animation Text 

Button 7 
5612 

a) Storyboard for Module 1 
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A. Implementation Issues 

This section discusses the implementation issues into two 
parts; modules and features; which are discussed separately. 
 

1) Modules 
It was found that HI learners were facing difficulties in 
understanding English [2] [6]. Interview with parents, 
stated that as a Malaysian people, the HI learners faced 
with difficulties and confused between the learning 
processes with their daily routine [6]. The HI learners 
could not adapt the subject that they learnt through the 
available courseware with their daily routine especially 
for the beginner.  For that reason, mother tongue 
language has been decided as the most appropriate 
language for beginner HI learners and the Ling-6 Sound 
has been chosen as the main content of this AC. Two 
modules were designed to include appropriate 
multimedia elements. Description for each module is 
provided below: 

 
a) Module 1 

Fig.5 shows the snapshot of Module 1. Module 1 
enables the HI learners to learn six basic sounds (ah, 
eeee, mmm, oo, sh, ssss) together with animation 
graphics, videos, and animation texts.  Six buttons were 
designed linking to the main content of AC. Two 
dimensions animations, videos, and animation text 
appears simultaneously when the user click on one of the 
six buttons. Video were provided to show the real 
situations for that sound. Combination of these 
multimedia elements could reduce their confusion and at 
the same time could enhance their level of knowledge [2] 
[6]. 
 
b) Module 2 

Fig.6 shows the snapshot of Module 2. The purpose 
of this module is to test the learners’ knowledge level 
after learning with the AC. The exercise part provides  
animation graphics and audio. For this prototype, the 
exercise tests on the differences between the three types 
of Ling-6 Sound. By using pointing devices for example 
optical mouse, the user must point and click to the first 
box in the first row. The box provides one of the Ling-6 
Sound. After 10 second the picture appears in the box.  
Within 10 second the user should guess the type of 
sound. After that, by using the rollover mouse the user 
must point to any of the box in the second row to match 
with the sound and picture that appears in the first row. If 
the user point to the correct answer, the score of the 
exercise will appear in the same screen. The animation 
character was designed to show the expressions and 
emotions for the correct and wrong answer. These 
elements could enhance the enjoyment of learning 
process for HI learners in beginner level [2] [6]. 

 
 

 
 
 

 
 

 
 

 
Fig.5 Snapshot of Module 1 
 
 

   
 Fig.6 Snapshot of Module 2 
 

2) Features 
The features added in the AC were discussed as follow: 

 
a) Audio 
It was found that audio is one of the important elements 
in AC for HI learners. In this study audio should be clear 
and concise in order to make sure that the HI learners 
have accessed to the full range of speech sounds through 
this AC. At the beginner level, the Ling-6 sound is very 
important for them as the basic sound before they can 
proceed to another sound which is at intermediate level. 
Background music was found confusion [6]. Hence, in 
this study the background music was omitted.   

 
 
 

Animated 
graphic 
and sound 

Animation 
character 

Pointing 
using 
rollover 
mouse 

Correct 
answer 

Score for 
the 
correct 
answer 

Button: 
link to 
previous 
page 

Button: 
Link to 
content 

Animation graphic Video 

Button: Link to 
next page   

Animation text 
and audio 
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b) Video  
Visual cue is the most important element in developing 
the AC for HI learners [2]. Therefore, video were utilized 
for each type of Ling-6 Sound. The video shows the real 
situation related to the sound. The expressions and the 
emotions shows in the video combined with the audio 
could demonstrate the full knowledge for HI learners to 
understand the main subject.  

 
 c) Animation 
Two dimensions animations were utilized in the 
prototype for each type of Ling-6 Sound. It is important 
for HI learners to build up their mind to relate the sound 
with the graphic. At the beginner level, animated 
graphics was found interesting for them and at the same 
time could develop their curiosity.  

 
d) Text 
Animated texts were utilized for each type of Ling-6 
Sound. It is important for HI learner especially for 
beginner user to create the relationship of sound between 
the animation and video.  

IV.  RESULT AND DISCUSSION  

This section highlights the results and discussions based on 
the interview that has been done to evaluate the storyboard 
and interface which is designed for the prototype of AC. The 
discussion is focused on the multimedia features and element 
designed in the storyboard and interface. The result from the 
interview has been discussed as follow: 
 
1) Button  
Based on the interview that has been done with parents of HI 
learners, they indicated that the six buttons that have been 
designed in storyboard for Module 1 looks crowded. HI 
learners will be confused when there are too many buttons in 
one scene [6]. The interviewee suggested that there must be 
only one button in one scene. In addition, they were satisfied 
with the colour and size of the buttons which are suitable for 
HI learners [6]. Other than that, the HI learner’s parents also 
mentioned that the shapes of the buttons are not suitable for 
the HI learners because they faced with difficulties to 
differentiate whether it is graphics or buttons.  
 
2) Animation Graphic 
Animation here means two dimension animations. 
According to [6] HI learners can only recognize certain 
animation and graphic that has been standardized by expert. 
For that reason, suitable animations have been identified in 
storyboard.  For example ice cream in a cone is the suitable 
animation for the sound ‘mmm’. According to interview, the 
interviewee stated that for the sound ‘mmm’ it cannot be 
related to other graphic such as ice cream in a cup.  
 
3) Video  
Based on the interview, video is the most suitable element 
for HI learners to enhance their understanding process. 
Video that relates with animation graphics and texts can 
attract the HI learners to explore the whole content of AC [6]. 
 
 

4) Text  
As per discussed in the previous section, animation text has 
been designed in Module 1. The result from interview stated 
that animation text is suitable for HI learners. The colour and 
size of text also can give meaningful lesson to HI learners 
[6]. 
 
5) Layout of interface 
The parents also indicated that there is certain part in the 
interface layout for Module 1 that are not suitable for HI 
learners where HI learners faced difficulties with the 
arrangement of buttons. For the interface layout of Module 2, 
the interviewee stated that multimedia element is completely 
enough for them as a parent to guide their HI children to do 
the exercise in Module 2 [6].   
 

V. CONCLUSION 

AC is designed to help the users in teaching and learning 
process. Different kinds of users have different needs for the 
content of courseware. For HI learners, aspect of graphics, 
videos, audios, texts, and animations need to be stressed on 
therefore they can enjoy the learning process and at the same 
time can attract their focus towards the content inside the 
courseware. The main discussion of this paper is on 
designing the storyboard and interface of AC for HI learners 
at beginner level. Mother tongue language has been decided 
as the medium of transferring knowledge. Next step of the 
study is not only to report on the findings of the observation, 
but also to experiment the prototype with HI learners in 
terms of cognitive implications using empirical data.   
 

REFERENCES 
[1] A. Juozenas, P. Kasparaitis, K. Ratkevicius,  D. Rundinskas, 

Rudzionis, A., Rudzionis, V., and Sidaras, S. DfA Implementations 
for People with Vision and Hearing Dissabilities: Application and 
Development for Information Society, C. Stephanidis (Ed.): Universal 
Access in HCI, Part I, HCII 2007, Springer-Verlag Berlin Heidelberg 
2007, pp.686-695. 

[2] A. M. Ariffin, M. Faizah, (2010), “Guidelines of Assistive 
Courseware (AC) for Hearing Impaired Students.” in Proc. KMICe 
2010. 

[3] A. Nurulnadwan, M.R. Nur-Hazwani, and A.M. Ariffin, “Assistive 
Courseware for Visually-Impaired,” (2009). in Proc. IVIC 2009, 
LNCS 5857, 2009, pp. 905-915. 

[4] A. Nurulnadwan, M.R. Nur-Hazwani, E. Erratul-Shela, and A.M. 
Ariffin, “Assistive Courseware for Visually-Impaired based on 
Theory of Multiple Intelligence,” in Proc. KMICe 2010. 

[5] A. Nurulnadwan, M.R. Nur-Hazwani, E. Erratul-Shela, and A.M. 
Ariffin, “The Enhancement of Assistive Courseware for Visually-
Impaired Learners,” in Proc. ITSIM. 2010. 

[6] D. Suhaila, M. Nazri, (2010). Hearing Impaired (Recorded by AIWA 
Cassette Recorder) (Cassette).  

[7] I. Klironomos, M. Antona, I. Basdekis, C. Stephanidis, (2005). 
EDeAN secretariat for 2005 White Paper: Promoting Design For All 
and e-Accessibility in Europe Universal Access in the Information 
Society. International Journal vol. 5 (1)  

[8] I. Grũtzner, N. Angkasaputra, D. Pfahl, (2002). A systematic 
approach to produce small courseware modules for combined 
learning and knowledge management environments. In: Proceedings 
of the 14th International Conference on Software Engineering and 
Knowledge Engineering (SEKE), Italy.  

[9] L.W. Marianne, (1998). Iterative triangulation: A theory 
development process using existing case studies. Journal of 
Operations Management 16, 455–469. 

137



[10] Ling-6 Sound. Retrieved September 20, 2010 from 
http://www.cochlear.com/au   

[11] M. Siti Zaharah, and M. Z. Nor-Azan, (2010). Courseware 
Acccessibility for Hearing Impaired, in Proc. ITSIM. 2010. 

[12] Malaysia Country Report. Retrieved October  25 2010 from 
http://www.jicwels.or.jp/about_jicwels/ASEAN&JapanHighLevelOff
icialsMeeting/7th_2009_pdf/Malaysia_Country_Report.pdf 

[13] O. Siew-Hock, M. Salimah, and Z. Roziati, and Tolman, (2007). A 
Review on the Teaching and Learning Resources for The Deaf 

Community in Malaysia. Chiang Mai University Journal. Vol 1(1). (p 
165-176). 

[14] S, Burgstahler. (2008). Designing software that accessible to 
individual with disabilities. Retrieved August 26, 2010 from 
http://www.washington.edu/doi/Brochures/Technology/design_softw
are.html 

 

 

138




