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Abstract – This study reports an ongoing projects 

related to the development of interactive digital 

learning content which specifically designed catering to 

needs of low vision learners. Reviews from previous 

literature indicate that interactive digital learning 

content particularly for low vision learners is highly 

scarce. It was found that most of the existing 

interactive digital learning content focuses on the needs 

of general students, in which most of this courseware 

means too little to the low vision learners particularly 

in terms of information accessibility, navigationability, 

and pleasurability aspects. This study starts the project 

by designing a conceptual designed model which then 

validated it through expert review and prototyping 

method. The prototype is called Assistive Courseware 

for Low Vision (AC4LV) learners. User Centered 

Design (UCD) approach has been utilized throughout 

the development of AC4LV. The main aim of this study 

is to achieve the usefulness of the prototype to the 

intended user. Therefore, to investigate the usefulness 

of AC4LV, it has to be tested on the targeted subjects. 

Thus, this study presents the initial round of user 

experience testing related to the subjects’ behaviors 

and reactions on AC4LV in effort to make it as one of 

the effective learning tools specifically for low vision 

children. It is called as user experience I. In the test, 

 

 
 

 

DOI: 10.18421/TEM63-09 
https://dx.doi.org/10.18421/TEM63-09 
 
Corresponding author: Nurulnadwan Aziz,  
Department of Research, Industrial Linkages, and Alumni, 
Universiti Teknologi MARA, Terengganu, Malaysia 
Email: nuruln746@tganu.uitm.edu.my 
 

© 2017 Nurulnadwan Aziz, Ariffin Abdul 
Mutalib, Siti Mahfuzah Sarif; published by UIKTEN. This 
work is licensed under the Creative Commons Attribution-
NonCommercial-NoDerivs 3.0 License.  
The article is published with Open Access at 
www.temjournal.com 

 

 

eight subjects with the average age nine to 12 were 

involved. Subjective feedbacks were obtained through 

observation and interview. Overall, it was found that 

each of the elements in AC4LV is useful to the low 

vision learners. Future works of the study will report 

on second round of user experience testing as this study 

has to achieve the saturated data. 
 

Keywords – Children Computer Interaction (CCI), 

Assistive Technology (AT), Interaction Design, Low 

Vision, User Experience, Usefulness.  

 

 

1. Introduction 

In the context of this study low vision refers 
to people who have the limited ability to 
discriminate the visual detail but have no problem 
with field of view [1]. Figure 1. differentiates the 
normal vision and low vision. 

 

 

 

 

 

 

 

 

 

The increase number of their population (Table 
1.) [2] indicates that they need help from the 
researcher, academicians, designer, and content 
developers as in future they are also a part of the 
resource for the country. 

 

 

 

  

  
Figure 1. Differences between normal vision and low 

vision 
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Table 1. Registered disabled people according to types of 

disability (2011-2015) 

Types of 

Disability  

Year 

2011 2012 2013 2014 2015 

Visual 

Impairment 
31,924 40,510 46,307 50,827 31,756 

Hearing 

Impairment 
43,788 53,357 58,706 62,153 29,061 

Physical 

Impairment 
123,346 148,461 162,215 174,795 121,175 

Learning 

Problem 
134,709 165,281 178,800 188,911 126,511 

Others 25,436 20,673 24,455 27,025 16,353 

Total 359,203 445,006 470,483 531,962 354,874 
 

This study aims at low vision learners as 
prospect users who are facing difficulties in learning 
activities as they have to adapt the general students’ 
learning styles; which is inappropriate for their 
learning needs. It is important to provide them with 
the learning assistance in order to prosper the 
learning environment that could fulfill their learning 
needs. This is due to the fact that most of the 
previous researches mostly concern on the learning 
needs of general students. Particularly, low vision 
learners are lacking in terms of the concept of 
positive interactions that promote information 
accessibility, navigationability, and pleasurabilty. 
The scarcity of this aspect must be challenging for 
low vision learners because of their limitation in 
eyesight, which affects their motivation in learning. 
Initial investigation indicates that most of existing 
interactive digital learning content does not provide 
enough empirical evidence particularly in terms of 
information accessibility, navigationability, and 
pleasurability that emphasizes low vision learners as 
part of the users [3]. It is investigated that most of the 
current interactive learning content (i.e. typical 
courseware) often poses a number of different 
problems to low vision learners [4] [5] [6]. Small 
characters, iconic menus, pop-up windows, and 
mouse-based interaction are some of the examples of 
inappropriate interface and interaction design for low 
vision learners [7] [25]. This condition requires them 
to have special attention from the teachers. 
Unfortunately, a scarcity of special education 
teachers along with lack of financial resources to 
purchase Assistive Technologies (AT) facilities 
supplies in classrooms for low vision learners 
precludes the one-on-one interaction [6]. This 
problem is more severe in developing countries, 
since 90% of the visually-impaired population 
resides [8].  

In addition, [9] reveal that 80% of education 
materials are provided for fully sighted students. 
This is because the main learning styles 
that prefer to be used by general students is visual, 
followed by auditory and kinesthetic [10]. Also, most 

of the current digital learning content is lack of 
interactive elements embodied in audio, video, and 
pictorial multimedia [11] particularly for low vision 
learners. Due to that, low vision learners have to   
adapt this situation into their learning activities even 
though they face difficulties. This leads them to feel 
frustrated and not to have positive learning 
experience which could affect their quality of 
education. Therefore, providing them with the 
exclusive learning materials is important because 
they should together be respected as a part of the 
resources for the country similar to the general 
people.   

To clarify that, Table 2. summarizes the 

problems, method of teaching; and materials that 

are currently used in teaching and learning for 

low vision learners [10]. 

Table 2. Current problems and methods of teaching 

and learning for low vision learners 

Details Problems 

Low 

vision 

learners  

Currently low vision learners face 

difficulties in learning through 

conventional teaching methods 

particularly in terms of information 

accessibility and navigationability. Both 

of these aspects influence them not to 

have pleasurabilty in their learning 

activities.  

Teaching 

method 

Currently teaching methods for low 

vision learners are similar with general 

students’ which are conventional 

teaching method that is conducted in 

class or computer lab.  

Material Typical text book, flash cards, big size 

book with pictures, teacher’s 

demonstration, Close Circuit Television 

(CCTV), magnifying glass, online typical 

courseware (TC) (i.e. nursery rhymes).  

 

Therefore, this study attempts to fulfill the 
low vision learners’ learning needs by providing 
an interactive digital learning content that is 
specifically designed catering to their needs.  It is 
called Assistive Courseware for Low Vision 
(AC4LV) learners. Before develop the AC4LV, 
this study has come out with a conceptual design 
model [12] which has been validated through 
expert review method and prototyping [13].  The 
proposed Conceptual Design Model highlighted on 
interface and interaction design aspects for targeted 
users. With a good interaction design concept, an 
interactive learning content could reach its ultimate 
goal as a useful application [14] [15]. Effective user 
interface design including the interaction concept 
[16] [17] is important for low vision learners as they 
face restrictions in eyesight.  
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User Centered Design (UCD) approach has been 
utilized throughout the development of AC4LV. 
Having developed the prototype (Figure 2.), it 
has to be tested to the targeted users. The main 
aim of the prototype development is to achieve 
the usefulness in terms of information 
accessibility, navigationability, and 
pleasurability as these three aspects are the low 
vision learners’ learning needs. Thus, the main 
aim of this study is to investigate user experience 
of AC4LV in terms of information accessibility, 
navigationability, and pleasurability. The next 
section discusses a series of activities involved in 
this study in order to achieve the main objective. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

2. Materials and Methods 

In this study a series of activities were carried 
out; as shown illustratively in Figure 3. The figure 
explains that this study involves two phases of 
activities which are investigating user experience; 
and result analysis. The activities involved in the first 
phase include observing the subjects behavior and 
reaction while using the AC4LV. While observing, 
the subjects’ behaviors and reactions were recorded 
in the form of note taking, photographs, audio; and 
video. Then, semi -structured interview was 
conducted in supporting the data gathered through 
observation. A set of semi-structured interview 
question was prepared to them. The subjects’ 
responses were recorded through audio and note 
taking. The second phase is result analysis, in which 
all the gathered data were transformed in the form of 
transcripts. The transcripts were then given to two 
experts to review and validate prior to analyzing it. It 
is called inter-rater reliability. Having finished the 
second phase, the whole objective of this study is 
achieved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Sampling Technique and Sample Size  

The subjects of this study are homogeneous; 
therefore purposive sampling is the appropriate 
technique to be utilized in this study [18]. It means 
the selected sample enables the study to answer the 
research question not as the representative of the 
population [19].  In this study the subjects were low 
vision learners from standard three to six with the 
average age nine to 12.  

Testing Procedure  

In setting up the testing two research assistants 
were employed. AC4LV has been installed in the 
desktop as well as other observations’ equipment.  
Getting familiar scenario is important for qualitative 
study to obtain the valuable and truthful data. This is 
to avoid the subjects feeling weird, afraid; or stressed 
during the testing. Therefore, they were asked to sit 
as comfortable as they prefer. Then, each of them 
was attached to one desktop that was equipped with 
headset individually.  

Think-aloud Protocol 

The subjects are encouraged to express their 
feelings during the test session. It can be seen 
through their behaviors. This method is less 
expensive and the results are close to the user 
experience [20]. In this study, to understand the 
subjects’ inner feelings, the observation was done by 
applying think-aloud protocol in which the subjects 
were encouraged to speak aloud all their ideas about 
the ACLV while using it [21].  

 

 
Figure 2. Sample of screenshot for AC4LV 

Phase  Activity   Output  

Investigate User 
Experience in terms of:  

Information accessibility   

Navigationability 
Pleasurability     

Method  : Observation  

               : Interview 

Low vision 

learners’ 

behaviors, 
reactions, 

and response 

to AC4LV 

Result analysis in terms of:  
Information accessibility  

Navigationability  

Pleasurability    

-  Method: Inter-rater 

reliability 

Subjective 
findings in 

terms of: 
Information 

accessibility  

Navigation-
ability 
Pleasur-

ability 

Phase 

1 

Phase 

2 

Figure 3. Summary of activity  
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3. Result and Discussion  

 
Table 3.  Demographic background of the subjects 

involved in user experience I 

 

This section discusses the results in terms of 
demographic background of the subjects, the analysis 
on the results of observation [22] as well as results of 
interview.  

The Demographic Background of the Subjects   

The testing was conducted at Special Education 
Primary School of Alma, Malaysia (Visual 
Impairment). As tabled in Table 3 there were eight 
subjects involved in the testing; six of them are male 
(75%) and the remaining are female (25%) (Figure 
4.). This number of subjects is sufficient in 
qualitative study [23]. Most of the subjects have been 
introduced to computer since they were in standard 
three except for Subject 1, who mentioned that he 
learned to use computers since he was in pre-school. 
Also, all of them have experience using online TC in 
school such as learning ABC, numbers, shapes, and 
school rhythm. All of them are exposed to the 
courseware as their school is specifically designed 
for VI learners which are complete with the required 
facilities. Figure 4. and Figure 5. illustrate the 
percentage of experience of using computer and 
experience of using TC. Figure 6. point out the 
subjects involved in user experience testing.  

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

Analysis of Findings on User Experience I 
The findings on user experience I were analyzed 

based on three themes: (i) information accessibility, 
(ii) navigationability, and (iii) pleasurability. The 
analyses are also divided into observation and 
interview. 

Observation 

Observation has been carried out based on three 
themes, in which each is discussed in detail in [23]. 
Overall in terms of information accessibility, it 
indicates that texts, audio, graphics, animations, 
transitions, and interface layout provided in AC4LV 
are useful to the low vision learners. Figure 7. 
demonstrates the example of scenario that indicates 
the elements of information accessibility provided in 
AC4LV useful to the intended users. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yes: 
100% 

No: 
0% 

Subjects Age Gender Race 
Level of 

School 

Comp. 

Exp. 

Subject 1 9 Male Malay Standard 3 3 years 

Subject 2 10 Male Chinese Standard 4 1 year 

Subject 3 11 Male Malay Standard 5 2 years 

Subject 4 12 Male Malay Standard 6 3 years 

Subject 5 12 Male Malay Standard 6 3 years 

Subject 6 12 Male Malay Standard 6 3 years 

Subject 7 12 Female Malay Standard 6 3 years 

Subject 8 12 Female Malay Standard 6 3 years 

Figure 4. Experience of using computer 

Figure 5. Experience of using TC 

 

Subject 7 

speak aloud 
softly 

Subject 1 

speak aloud 

loudly 

Figure 7. Speak-aloud the content 

Figure 6. Subjects involves in user experience testing      
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Navigational button, interface layout; and general 
interaction are the elements provided for 
navigationability. Figure 8. prove that the subjects 
were able to navigate the AC4LV without assistance 
from anybody.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Pleasurability come when the subjects could feel 
released in learning. This is because they had no 
problem with information accessibility and 
navigationability. Figure 8 indicates the subjects 
could learn comfortably and relax. 

 

 

 

 

 

 

 

 
 

Interview 

A series of interviews was carried to support the data 

gathered in observation. In the interview, a set of 

questions was asked (Table 4.). The types of 

questions were classified based on [24].  

 

Table 4. Classification of interview question 

No. Questions Types of Questions 

Background of the subjects 

Q1 Ask about name, age, 

gender, level of school, 

race, and level of low 

vision. 

Demonstration 

Experience of using computer and any courseware 

Q2 Since when have you 

learned to use 

computer? 

Knowledge 

Q3 Where do you learn it? Knowledge 

Q4 Have you ever used a 

courseware before? If 

so, which 

titles/courses? 

Experience  

Q5 What do you think of 

the courseware? 

Experience 

General experience of using AC4LV 

Q6 
What do you think of 

the AC4LV? 

Opinion 

Q7 
What are the strengths 

of AC4LV? 

Opinion 

Q8 

What are the 

weaknesses of the 

AC4LV? 

Opinion 

Q9 
What have you learned 

from the AC4LV? 

Experience 

Q10 

If you have the power 

to change the AC4LV, 

what would you make 

different?  

Opinion 

Q11 

How do you think the 

AC4LV will affect 

your performance in 

learning?  

Opinion 

Elements in the AC4LV  

Information Accessibility 

Q12 
What have you seen in 

the AC4LV? 
Sensory  

Q13 

What do you think 

about the texts in the 

AC4LV? 

Sensory  

Q14 

What do you think 

about the terms 

displayed in the 

AC4LV? 

Opinion 

Q15 

What do you think 

about the graphics and 

animations in the 

AC4LV? 

Sensory 

Q16 
What have you heard 

through the AC4LV? 
Sensory 

Q17 

What do you think 

about the audio 

provided in the 

AC4LV? 

Sensory 

Q18 

What do you think 

about the transition 

provided in the 

AC4LV? 

Sensory 

 
Subjects are able to 

navigate the AC4LV 

without assistance 

from anybody. 

Figure 7. Navigate the AC4LV 

 
Figure 8. Subjects concentrate on the content 

comfortably and relax 
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Q19 

What do you think 

about the layout of the 

AC4LV? (in terms of 

information 

accessibility) 

Sensory 

Navigationability 

Q20 

What do you think 

about the layout of the 

AC4LV? (in terms of 

navigationability) 

Sensory 

Q21 

What do you think 

about the navigational 

button in the AC4LV? 

Sensory 

Q22 

What do you think 

about the instructions 

provided by the 

AC4LV? 

Sensory 

Q23 

What do you think 

about the interaction in 

the AC4LV?  

Feeling 

Q24 
What do you feel of 

using the AC4LV? 
Feeling 

Q25 

What are some of the 

things you do like most 

about the AC4LV? 

Feeling 

Q26 

What are some of the 

things you do dislike 

about the AC4LV? 

Feeling 

Q27 

What do you think 

about the character in 

the AC4LV? 

Feeling 

Closing Comments 

Q28 

You are very helpful. 

Do you have any other 

thoughts or feelings on 

using the AC4LV? 

Opinion 

 

 

Q1 until Q4 has been discussed in the 

demographic background of the subjects. Q5 through 

Q11 regarding their opinion about the courseware and 

their general experience of using AC4LV was asked 

prior to ask in-depth questions regarding their 

opinions on elements of AC4LV. All of the subjects 

mentioned that they like learning using courseware 

(Q5). However, they have never used a courseware 

like AC4LV. They also mentioned that most of the 

courseware that they have used before have too little 

interaction and sound, particularly on instruction part. 

This means that, AC4LV is new to them. When 

asking their opinion about the AC4LV, they quickly 

answered that it was wonderful (Q6). Their faces 

while answering the questions portrayed happiness. 

For them the strength of AC4LV is the sound (Q7).  

Then, they were further asked “what do you mean 

by sound?”.  This study found that they like all the 

explanations, instructions; and sound effects in the 

AC4LV. Thus, this indicates that for the low vision 

learners’ audio is the most attractive element. This 

implies that providing audio according to the 

proposed model is really important. In contrast, the 

question regarding the weaknesses of AC4LV was 

also asked (Q8). It was found that 88% of the subjects 

agreed that there was no weakness in the AC4LV 

because all the problem found in pilot test I have been 

corrected. Nevertheless, Subject 2 disagreed with his 

friends’ opinion because for him the provided sound 

for Topic 4 “Bunyi Haiwan” made him suddenly 

shock. “I really don’t like the animals’ sound in 

“Bunyi Haiwan” because it hurt my heart”. This 

implies that sudden loud sound has to be avoided.  

Providing play and stop function could assist the 

low vision learners to get ready with the content. For 

Q9 all the subjects mentioned that they have learned 

about animals. Generally, all the subjects understand 

the content; which means they are able to grasp the 

information in the AC4LV. For Q10, all the subjects 

wished to have more activities. For them the activities 

in the AC4LV were too little. Also, Subject 2 

expressed his recommendation to adjust the sound 

volume in Topic 4, which means sudden loud sound 

is not appropriate to the low vision learners.  

Then, Q12 until Q28 were analyzed based on the 

themes. They are discussed separately. 

Theme 1: Information Accessibility 

 

Questions related to information accessibility 

theme is to seek whether the subjects were able to 

grasp the contents in the AC4LV through texts, audio, 

graphics, animations, transition, and interface layout. 

Particularly, Q12 determines whether the subjects 

could access all the displayed elements on the screen. 

For that, the subjects simultaneously answered that 

they have seen the animals and they also expressed 

the animals that they have seen on the screen (i.e. “we 

see tiger, fish, rooster, buffalo...”). Other than 

animals, they were also able to name plants and 

flowers. This indicates they were able to recognize 

the graphics and animations in the AC4LV.  

Q13 is to determine their opinion about the texts 

used in the AC4LV. It was found that 100% of them 

mentioned that they like the text. This means that they 

were able to accept the provided texts and had no 

problem with it in terms of color, size, font type, and 

font face. So, further question was asked to ensure 

that all the provided terms were able to be understood 

(Q14). For that question, 100% of the subjects were 

clear with the terms in the AC4LV. Meanwhile, Q15 

is about the subjects’ opinion on graphics and 

animations. Also, 100% of them were found able to 

accept the graphics. They mentioned that the color 

was clear and they had no problem with the size and 

movement of the animations.  
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In terms of audio (Q16), they mentioned that they 

heard variety of sounds. Then, they named the sounds 

(i.e. bird chirping, tiger roaring, water murmur…). 

This indicates that the subjects were able to access the 

information conveyed in audio form. For the next 

questions regarding the subjects’ opinion about the 

audio, 88% of the subjects were able to accept all the 

provided audio in the AC4LV except for Subject 2, 

who expressed his frustration about the animals’ 

sound provided in Topic 4. Again, he expressed “I 

really don’t like the animals’ sound…it hurts my 

heart”.  This means the animals’ sounds in Topic 4 

have to be corrected prior to running user experience 

II. This is because providing appropriate sound 

effects is really important for the low vision leaners to 

ensure that the knowledge could be delivered 

successfully without disturbing their emotions. 

Moving on to the subjects’ opinion about the 

transition (Q18), all of them responded that it was 

acceptable, which means through the provided 

transitions they have no problem to catch the 

information displayed on the screen. Meanwhile 

regarding the interface layout (Q19), all of them 

mentioned that “it is okay”. Then, a contradicting 

question was asked “does it make you feel crowded in 

accessing the content?”. Confidently they answered 

“no”. So, this means that the designed interface layout 

in the AC4LV could assist the low vision learners to 

access the content in the AC4LV.  

     

Theme 2: Navigationability  

 

Moving on to theme 2, questions regarding 

navigationability aspects in the AC4LV were asked. 

In conjunction, opinion about the layout of the 

AC4LV related to navigation aspect was asked to the 

subjects (Q20). Their answer was similar with the 

previous question. Then, further question was asked 

“does it make you feel difficult to navigate the 

AC4LV?”. Simultaneously, their answer was “no”. 

This proves that the subjects have no problem with 

the interface layout in assisting them navigating 

throughout the AC4LV. About the navigational 

button in the AC4LV (Q21) the subjects’ responses 

show that the button was clear enough. Then, further 

question was asked “how about the size?”, which was 

responded “yes the size is acceptable”. They were 

then asked “could the button help you navigate the 

AC4LV?”. The answer was “Yes”. This is to confirm 

whether they have any problem with the button or 

not. So, the navigational buttons provided in the 

AC4LV was able to guide the low vision learners in 

navigating the content in the AC4LV. About the 

instructions provided in the AC4LV, it was asked 

next (Q22). They agreed that the instructions were 

adequately clear. Then, further question was asked 

“Do the instructions make you confused?”. Their 

answer was “no”. This confirmed that the instructions 

in the AC4LV could guide the subjects to navigate the 

AC4LV smoothly. The last question related to 

navigationability is about the interaction (Q23), which 

means whether the provided functions of interaction 

could assist the subjects to navigate the AC4LV. All 

of the subjects answered that they have no problem 

with the keyboard interaction. Then, Subject 2 added 

that interacting using mouse was also acceptable for 

him. This proves that mouse-based interaction can be 

created as optional.   

 

Theme 3:  Pleasurability  

 

In investigating their pleasurability of using the 

AC4LV, questions regarding their emotions were 

asked (Q24-Q28). Before the interview session was 

started, Subject 5 expressed his feeling “I feel want to 

do it again”. Then, he requested from the researcher 

by asking “teacher can I do it again?”. This indicates 

that he was interested with the AC4LV. When asking 

about the question regarding their feeling of using the 

AC4LV, the subjects cheerfully responded that “it 

was fun”. Even though it is just a simple word, 

through their face reactions supported with their 

behavioral while experiencing the AC4LV, its’ 

answering that AC4LV is pleasure. Then, responding 

to Q25 all of them answered that they really like the 

sound. Then, further question was asked “what do 

you mean by sound”?. They mentioned that it is the 

“Smiley” voice. This means they like all the 

explanation and the instructions by the “Smiley”, 

which interprets that auditory explanation is 

important in attracting the low vision learners to 

learn. Next, a contradicting question was asked 

(Q26). Again Subject 2 expressed his dissatisfaction 

as mentioned earlier. Subsequently, a question about 

character was asked (Q27). Also, without self-

doubting all of the subjects said that they love all the 

characters especially the “Smiley”. This provides 

evidence that the characters make the AC4LV 

pleasure. As the closing question, the subjects were 

asked to express their feeling or thought. Again, 

Subject 2 repeated his frustration. In contrast, other 

subjects mentioned that they like using the AC4LV 

and have nothing to comment. Then, Subject 2 

suggested “teacher can you develop it for the English 

course?... because I love English”. It was followed by 

other subjects “I want it for Bahasa Melayu course” 

(Subject 6), and “I want Mathematic” said Subject 5. 

All their requests indicate that they are really 

interested to learn through the AC4LV in their 

learning activities. 
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4. Conclusion   

 

In user experience I, each of the subjects 

experienced the AC4LV individually. It was 

observed that through their behavior and reactions 

the AC4LV caters to their needs in terms of 

information accessibility, navigationability, and 

pleasurability. It is also supported with their thought 

gathered in the semi-structured interview. This 

means all the elements in the AC4LV are useful to 

them. Having corrected all the comments regarding 

their dissatisfaction on the AC4LV, again at the 

similar location the user experience II will be 

conducted in the future as this study has to achieve 

the saturated data.  
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