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Abstract. Learners with disabilities experience many difficulties when reading. 
This study aimed to develop a TriAccess computer system to assist learners 
with disabilities to read effectively. TriAccess provide physical, sensory, and 
cognitive supports to learners. The system also offers professionals a 
convenient and web-based interface on material development and system 
management. In addition, the study conducted a usability evaluation on the 
TriAccess. Thirty participants involved in the evaluation process. The results 
have shown that the TriAccess system is valuable not only to learners, but also 
to instructors, and material developers.   
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1   Introduction 

Students learn reading skills since they were young. Reading is not only an essential 
skill but an important activity for learning. They learn new knowledge, events or 
concept through reading the textbooks, reference books and related websites. 
Effective reading, however, simultaneously requires a learner’s competences on 
physical manipulation, sensory perception and cognitive processing. Obviously, it is 
impossible or difficult for learners with disabilities to read effectively without any 
help, because of their limitations or disabilities, such as dyslexia, tremble, visual 
impairment, visual perception difficulties, or palsy. 

For years, professionals have been trying hard to find solutions to assist those who 
experience difficulties in reading. In addition to remedying the impairment or 
improving the skill, providing assistive technology device is another solution to 
comprehend text by mean of bypassing people’s disabilities or augmenting their 
residual capabilities [1]. For instance, reading aloud program can help poor readers to 
learn electronic text by listening; screen magnifier in the computer system can assist 
people with low vision to be able to read electronic text by enlarge the characters.  

Generally speaking, assistive technology devices provide solutions to solve the 
problem of “access to material,” instead of the problem of “access to learning” [2]. 
For students with cognitive limitations, however, they can not read effectively only by 
accessing to materials. In addition, they also need cognitive supports to learn through 
reading. Therefore, solutions with various reading supports are in need for students 
with different types of reading difficulties. 
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Fortunately, Universal design has been introduced for years in the field of 
architecture, and it has already applied to education recently [2],[3],[4],[5]. Universal 
Design for Learning (UDL), advocated by Center for Applied Special Technology 
(CAST), is one of the applications in education [2]. UDL emphasizes that all learners 
with or without disabilities should reach the same learning objects by methods which 
are appropriate for them. This idea is especially important for learner who receive 
challenging curriculum in inclusive education environment. This approach also 
expands our vision on how to help students with reading difficulties. 

The authors adopted one of the principles of UDL, multiple representations, to 
develop a supportive reading environment, TriAccess reading system, which could 
provide physical access, sensory access, and cognitive access for readers. 
Furthermore, researchers also evaluate the system usability on TraiAccess. 

2   System Developing 

2.1   Features Analysis 

After reviewing previous related studies [2],[6],[7], the researchers in this study 
proposed 16 possible solutions for reading supports. As shown in Table 1, there are 
several possible difficulties resulting from the accessibilities on physical, sensory, and 
cognitive problems. Accordingly, the researchers proposed 16 useful strategies to 
dealing with these difficulties. A Delphi survey was conducted to validate these 
strategies. Seventeen professionals, from curriculum design, special education, and 
instruction fields, were invited to participate in the Delphi survey. They were asked to 
rate the importance of the 16 potential strategies in the list. After two rounds of 
Delphi survey, there were 14 items regarded as ‘important’ or ‘very important’ 
strategies. Therefore, these 14 strategies were then adopted in the TriAccess. 

2.2   System Creating 

TriAccess is a web-based reading system. It allows a convenient way for system 
manager, teachers and learners to finish their tasks through the Internet. TriAccess 
was developed in Windows Server 2003. ASP.NET and JAVA Script were used to 
develop the user interfaces and the management system. SQL was adopted to store the 
curriculum material and user profiles, including the specific configurations for 
individual learner’s reading environment. 

This system provides multimedia to support users’ reading. In order to integrate 
speech synthesis systems into TriAccess, authors provided Microsoft Agent, Visual 
Basic ActiveX, and Character MP3 (a popular speech synthesized program in 
Taiwan) as options for learners to select. However, learners need to install the 
program on their computer in advance. TriAccess could read aloud whatever the text 
marked by reader without operating extra speech synthesized program. Besides, 
TriAccess adopted Stream Media technique to display the video effectively and 
Cascading Style Sheets (CSS) technique was conducted to provide flexible 
appearance of text. 
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Table 1. The usefull strategies for sloving the difficulties of  accessibilities 

accessibilities Possible difficulties Useful strategies 
Physical access  Postural position 

 Motor control of upper 
limps 

 Gross motor 
 Fine motor 

 Lacking upper limps 

 Flexible interface 
 Location of icons 
 Sizes of icons 
 Interval between icons 

Sensory access  Low vision 
 Discriminating front from 

background poorly 
 Blind  

 Magnifying size of text 
 Changing font of text* 
 Contrasting the color of 

text with background 
 Increasing spacing of 

words and  lines 
 Setting a sentence per line 
 Putting numbers at the 

beginning of each line*  
 Reading aloud on demand 

Cognitive 
access 

 Attention & perception 
 Word- recognition 
 Comprehension 

 Syntax 
 Concept of keyword 
 Background 

knowledge 
 Working memory 

 Marking keywords or key 
concepts  

 Explaining Keywords in 
various representations 

 Text, voice, picture, 
and video 

 Providing background 
knowledge  

 Assisting holistic 
understanding  

 summary 
 concept map 

Note: * not regarded as important strategies by the professionals. 

2.3   System Overview 

TriAccess includes ‘system manger’ and three kinds of user interfaces for material 
developers, instructors, and learners. After users enter their login identification and 
password, the system brings up the authorized interface accordingly. Generally, an 
assigned material developer uploads the text and required cognitive supports on 
material developing interface first. The system then organizes these supports 
automatically and stores them in the database. Secondly, the authorized instructors set 
up an individualized reading environment for their students (learners). The last, the 
learners can access the particular subjects for their reading and with individualized 
supports. The major functions of the interface for each kind of users are as  
following: 
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Interface for Material Developer. First of all, material developers need to find 
reading materials and digitalized the materials in TriAccess. As shown in Figure 1, 
TriAccess provides friendly interface for material developers to prepare the reading 
materials. The digitalized materials include copying and pasting the reading texts, and 
the summary, the concept map, and the background knowledge of the texts. Within 
the reading texts, material developers also mark keywords and explain these 
keywords in texts, voices, pictures and video clips. These are all cognitive supports 
mentioned in Table 1. The developers click on ‘upload’ button and finish their work. 

 

 

Fig. 1. The screen shots of the interface for a material developer to edit a lesson. The upper one 
is used to mark key concepts; the lower one is used to upload cognitive supports for specific 
key concept. 



238 M.-C. Chen et al. 

Menu bar

Supports displaying area

Speech icon

 

Fig. 2. Examples of Learner’s interface. The article of these examples is identical but displayed 
in different conditions and has shown in four frames. The upper left frame reveals picture 
support of key concept and larger spacing and font size; the upper right one demonstrates video 
support of key concepts; the text of lower left one displays a concept map of the article; in the 
lower right one, the menu bar and cognitive support displaying area are disabled, and Micro 
Soft Agent-Merlin is activating. 

Interface for Instructor. Providing readers a challenging but supportive reading 
environment can stimulate them to read effectively and to improve their reading skill 
as well [2]. Therefore, it is important to select individualized supports for readers. 
TriAccess offers the interface for instructor to do this task. 

Instructors set up their students’ profiles first. The profile includes each student’s 
name, grade, and disability etc. The instructors then assign each student the reading 
materials and the needed physical, sensory, and cognitive supports (as mentioned in 
Table 1) based on their students’ reading abilities and preferences. 

Interface for Learner. The purpose of TriAccess system is to provide physical, 
sensory and cognitive access supports to the readers. After the material developers 
prepare the digitalized reading materials and the instructors assign their students’ 
individualized supports, the students can login learner interface, click on any of the 
assigned materials, and then TriAccess brings up the reading text with all the supports 
they need. Figure 2 shows how the learner’s interface looks like. 
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3   Usability Evaluating 

3.1   Method 

Thirty participants involved in the system usability evaluation. Five of them were 
faculties in universities, four were experienced school teachers, 13 were practice 
special education teachers, and eight were pupils with special needs.  

The participants were asked to test TriAccess system through three different 
interfaces, including material developer, instructor, and learner. The professionals, 
practice teachers and students operated the interface for learners only, while the 
experienced teachers evaluated the interfaces for developers, instructors and learners. 
The faculties and teachers filled out a five-point rating scale questionnaire regarding 
the usability of the TriAccess. The usability includes satisfaction, remembrance, 
efficiency, recognizability, and learnability. Teachers also read a student version 
questionnaire (with satisfaction, interesting, remembrance, and benefit dimensions) to 
their participated students and the students answered orally. 

3.2   Results 

Participants need to rank each description from very agreement to very disagreement 
in the five-point rating scale questionnaire. A five-point means “very agreement” 
where as one-point means “very disagreement. The mean of each dimension was used 
to represent the usability degree. Table 2 only presents the results of usability 
evaluation by 22 participated professionals, not including the data from participated 
students. Students’ data will be reported in the 3.2.3 section. 

Interface for Material Developer. The experienced school teachers evaluated the 
interface for material developer. As the results in table 2 indicated, the score of rating 
was higher than 3, regarded as indicator of agreement. Teachers tended to agree the 
interface designed for material developer was usable. In addition, the teachers provided 
some suggestions for improving the functions of the interface, such as adding the 
function of preview to let the developer check the lesson before publishing it.   

Interface for Instructor. The experienced school teachers also evaluated the 
interface for instructor. As the results in table 2 shown, the score of rating was higher 
than 3, too. Teacher tended to agree the interface designed for instructor was usable.  
Besides, they suggested simplifying the interface.  

Interface for Learner. All the 30 participants evaluated the interface for learner. As 
the results released in table 2, the score of rating, on average, was higher than 3. The 
professionals and the teachers tended to agree that the usability of TriAccess system is 
good. The professionals also have a higher score than the teachers in all five 
dimensions. Besides, the eight participated students were asked to evaluate the 
interface for learner. They expressed their agreement, too (interesting=3.8, 
remembrance = 3.5, satisfaction = 3.9, benefit = 3.5). They thought that TriAccess 
was interesting and useful for them. 
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4   Discussions and Conclusions  

This study aimed to develop a multi-support reading system based on the solutions 
provided by related studies. TriAccess not only provides individual learner 
appropriate physical, sensory, and/or cognitive supports depended on her/his needs, 
but provides text material developers and instructors a simple and convenient 
interface to manage teaching material.   

Table 2. The score of usability evalation of three interfaces 

Interface Evaluator Satis. Remem. Effic. Recog. Learn. 
Developer Teacher 3.6 3.8 4.1 3.9 3.6 
Instructor Teacher 3.8 3.8 3.9 3.6 3.5 
Learner Professional 4.1 4.4 4.5 4.0 4.2 
 Teacher 3.5 3.8 3.8 3.8 3.4 
 Practice 

Teacher 
3.8 3.8 4.1 3.7 3.8 

 
In sum, TriAccess offers at least three advantages for users. First of all, it provides 

different reading access solutions for learners. This function is helpful to students 
with disabilities who participate in general education curriculum and have difficulties 
when access to printed reading materials. Secondly, teachers may develop their 
teaching material easily with many supports which their students need, especially for 
cognitive supports. Finally, TriAccess also provides teacher a simple interface to set 
individualized reading environment for each student easily. Then, the student will be 
able to read through their own way. 

Besides, the results of usability evaluation has shown that the interface of material 
developers, instructors, and learners were not difficult to manipulate. The results of 
usability evaluation also indicated that efficiency gained highest score. It expressed 
that the evaluators agreed that TriAccess could increase the production for material 
developers, instructors and learners. Therefore, the TriAccess system responded the 
major purpose of this study. However, the simplification of the interface was not 
enough. Therefore, the researchers had adopted some suggestions to revise the 
interface, such as adding the function of preview for material developer, simplifying 
the access options setting interface for instructors.  

Although experience school teachers simulated the process of editing a lesson 
when they evaluated the usability of the interface for material developer in this study, 
they did not really develop a lesson of text with cognitive supports and upload the text 
and related elements. In the future, the researchers have planed to host a workshop for 
teachers to learn how to develop reading materials in TriAccess, and then ask these 
participated teachers to do the evaluation.  

In addition, it is also in need to conduct an experiment to explore the effectiveness 
of using TriAccess system for students with disabilities while they actually participate 
in reading activities in the classroom. The researchers also have interests to explore 
the benefit of specific support for students with specific disability. The research-based 
evidence will assist instructors to select the suitable supports for their students.  
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