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Abstract. The visually impaired users encounter difficulties in acquiring in-
formation via image transmission, and then some misunderstandings might oc-
cur. In this study, recommendation of user interface layout is proposed. And a 
communication condition for on-line meeting with auditory interface is designed 
to give visually impaired users indication of speakers’ identification. An ex-
periment was conducted to evaluate how an on-line meeting was affected by the 
numbers of participants. 
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1   Introduction 

In spite of so much software which could be used, the disabled, particularly people with 
visual disabilities still have to overcome a lot of difficulties. Because webpage or 
software designers use a great quantity of colorful images and graphs to catch computer 
users’ eyes. To develop an appropriate on-line environment for learning or meeting can 
bring more benefits to people with visual disabilities. Therefore, to solve the problem 
for people with visual disabilities is necessary. 

Co-Life is a system of video conference for multi-users, and it can also be used for 
on-line learning. This study uses this system for illustration to design better real-time 
communication software, and to make this system more convenient and accessible for 
visually impaired people. The main objectives of this research are to find out the 
problems of real-time chat communication software, and to provide some suggestions 
for software designers to increase accessibility. 

2   Method 

2.1   Functions and Interface Design 

Modeling the user interface of Co-Life with FSM-GOMS.  By analysis of interface, it 
is easier to detect the inappropriate functions for visually impaired users, and use sub-
stitute ways to replace or eliminate the functions. According to the observations of 
Co-Life interface, there are five primary functions in the function list: File, Electric 
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White Board, Video Conference, Sharable Desktop, and Windows. Each of them has 
sub-catalogs to execute different functions. Specialized interface and functions for the 
visually impaired users.   

Some functions and configurations are designed such as: 

1. The participants’ identifications in text form can be read by screen reader. 
2. Users can use keyboard shortcuts to adjust the volume of the speaker and micro-

phone. 
3. The states of conferees are attached in participants list, and users can realize who the 

host is and who is speaking right away via audio messages. 
4. When a new user joins the online meeting in progress, the system notifies all con-

ferees that there is a new participant via audio messages, and participants list is 
updated. 

5. In order to keep order of online meeting or make an announcement once a while, the 
host can break into a conversation by pressing a key to send audio messages to each 
participant anytime. 

6. Users can get audio feedback to ensure that they execute some functions when using 
online the meeting system. 

7. The system can record each part of the conversation in online meeting. 

2.2   Communication of Auditory Information Design 

Original communication condition.  Generally speaking, people can rely on the posi-
tions, motions, and other characteristics of each participant to realize what they want to 
express. But communication becomes harder through internet instead of face-to-face, 
especially for the blind. Moreover, users may get confused and misunderstand others’ 
speech unless they request speakers to repeat. Besides, users may not know who the 
speaker is right away. It is very hard for users to recognize each participant’s voice 
when too many users join the same on-line meeting, because users have to monitor 
many video frames. Therefore, users may not receive the information clearly to make 
all contexts reasonable and recognizable. 

Improved communication strategies.  In order to enhance the intelligibility and avoid 
misunderstanding of conversation in an on-line meeting, the system should notify every 
participant the identification of the speaker before he/she speaks to others. For both 
sighted and visually impaired users, the system can provide audio notice to notify them 
who the speaker is right away. The application of audio notice is proposed in following 
process: Users press the specific key to send request of speaker to the online meeting 
system. The system broadcasts the speaker’s identification to all participants by audio 
notice, and then the speaker expresses his/her opinions. Similarly, the speaker press the 
specific key to send finish signal of speech to the system, then the system informs all 
participants by audio notice. The key for speech is in the off state when a participant 
speaks, even if other users keep pressing the key. 

2.3   Experimental Design 

Experimental tasks.  The purpose of the experiment is to compare the performance of 
original on-line communication condition to the improved one with audio notice of 
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speaker’s identification. In order to simulate the communication condition of meeting, 
recording of multi-participants meeting was broadcasted to subjects.  

Experimental variables. Independent variables: 

1. Numbers of speakers in simulated meeting: Subjects listened to a simulated meeting 
with different numbers of participants; this independent variable includes two levels: 
3 and 9. 

2. Types of communication condition: The purpose of this experiment was to evaluate 
the effect of the audio notice of speaker’s identification in an on-line meeting, and 
there was a sound effect “beep” represented as finish speaking. So there were two 
levels: communication condition with or without the audio notice. 

3. Dependent variables: Number of correct identification: In the experiment, subjects 
had to identify who was the speaker at that time when the simulated meeting paused 
randomly. 

 

Subjects. Sixteen subjects were invited to accomplish the tasks, including eight visually 
impaired people and eight sighted people. Twelve of them were students of NTHU; the 
other four subjects were employees of enterprises, and all of them experienced using 
both computers and internet. In order to balance the order effect, the sequence of lis-
tening to the simulated meeting (with and without audio notice) was given by random 
(shown in Table 1).  

Procedure.  The experimental procedure is showed as follows: 

4. The subjects were informed about the purpose and the procedure of the experiment 
(5 min). 

5. The subjects filled in their personal data (5 min). 
6. All subjects were requested to finish the hearing test to obtain their discrimination of 

sound (10 min). 
7. Each subject listened to the recoding of meeting in a random sequence, and an-

swered the question of who was the speaker at that time when the simulated on-line 
meeting paused randomly (15-20 min). 

8. Subjects filled in the questionnaire to describe their subjective evaluation, opinions, 
and suggestions of different communication condition (25-30 min). 

3   Results 

3.1   Hearing Test Score 

Hearing test score was determined by whether subjects correctly answered the “True or 
False” and “multiple choice” questions. The data of score was shown in Table 1. The 
testing method of t-test was adopted to test the mean difference between two groups.  
 

Table 1. Group Statistics 

 Number Mean Score StDev 
Group 1 (visually impaired) 8 12 1.069 
Group 2 (sighted) 8 12.75 1.753 
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The result indicated that there was no significant difference between two groups  
[t (14) = -1.033, p = 0.319 > 0.05]. 

3.2   Number of Correct Identification 

There were 2 (group treatments) × 2 (numbers of speakers in simulated meeting) × 2 
(audio notice treatments) experimental design combinations.  

Table 2. Three-way ANOVA for number of correct identification 

Source DF SS MS F 
Between subjects 

Group (G) 1 0.125 0.125 0.113 
Numbers of  speakers (N) 1 66.125 66.125 59.887 

G × N 1 0.5 0.5 0.453 
Error 12 13.25 1.104  

Within subjects 
Audio notice (A) 1 78.125 78.125 163.043 

A × G 1 0.5 0.5 1.043 
A × N 1 40.5 40.5 84.522 

A × G × N 1 3.125 3.125 6.522 

Error 12 5.75 0.479  

The number of correct identification was analyzed using the three-way analysis of 
variance across group, numbers of speakers, and audio notice treatments, and the re-
sults were shown in Table 2. The main effect for group was not significant [F (1, 12) = 
0.113, p = 0.742]; the main effect for numbers of speakers significantly was significant 
[F (1, 12) = 59.887, p < 0.01], and the main effect of audio notice was also significant 
[F (1, 12) = 163.043, p < 0.01]. On the contrary, the interaction between group and 
numbers of speakers didn’t significantly affect the number of correct identification [F 
(1, 12) = 0.453, p = 0.514]. However, the results showed significant interaction be-
tween audio notice and numbers of speakers [F (1, 12) = 84.552, p < 0.01], as well  
as interaction among audio notice, group, and numbers of speakers [F (1, 12) = 6.522,  
p = 0.025 < 0.05]. 

3.3   The Analysis of Subjective Evaluation 

The primary content of subjective evaluation is users’ preference and evaluation. Each 
subjects had to fill in number 1 to 5 to express their subjective opinion. (Number 1 to 5 
were the representatives of each subject’s agreement degree on each question: number 
1: not agree at all; number 2: not agree somewhat; number 3: no comment; number 4: 
agree slightly; number 5: absolutely agree) From subjective evaluation, the one-sample 
Wilcoxon signed rank test was taken to analyze data. 

There were nine questions to test subjects’ preference to the simulated meeting with 
or without audio notice. The subjects agreed that they could know who was speaking in 
the meeting with audio notice more often than that without audio notice [p < 0.001]. It 
was less possible for the subjects to get confused in the meeting with audio notice than 
that without audio notice [p < 0.01]. The subjects were more aware of when the 
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speakers finished speaking in the meeting with audio notice than that without audio 
notice [p < 0.001]. It was less possible to cause two people and upward speaking at the 
same time in the meeting with audio notice than that without audio notice [p = 0.001]. 
For the novice, the meeting with audio notice was easier to use than that without audio 
notice [p = 0.001]. It was easier for users to take down the opinion of participants in  
the meeting with audio notice than that without audio notice [p = 0.001]. The  
subjects agreed that meeting with audio notice would be a great assistance for the blind 
[p = 0.001]. 

It was not significant that the subjects could know the content of the meeting with 
audio notice better than that without audio notice [p > 0.05]. It was not significant 
between two different kind of meeting that the subjects could know which speaker was 
talking [p = 0.173 > 0.05]. 

From the perspective of the subjects, shortening the time to recognize each speaker’s 
voice and not distracting from speakers’ opinion were the advantages of meeting with 
audio notice. 

The subjects’ suggestions for the design of meeting were classified as follows: 

1. The audio notice could be designed better. Some subjects suggested that the 
broadcasting speed could be faster and the broadcasting time could be shorter. The 
sound “beep” represented as finishing speaking could be milder to avoid frightened 
reaction [3]. 

2. More practical situations of meeting should be considered to design new functions. 
Sometimes there are more than two participants who want to speak or two partici-
pants who argue about some specific topics. 

3. The user guidelines should describe the meeting rules to ensure that each user know 
how to operate. Controlling the length of speaking time is also necessary to be set up. 
Too long time length would lead a copious meeting and too short would result in 
audio notice and sound effect occurring repeatedly to disturb participants receiving 
information. 

4   Discussion 

Overall, the subjects’ responses were more accurate in simulated meeting with audio 
notice than those were in simulated meeting without audio notice. According to the 
study of Deatherage [1], the main factors that subjects showed better performance in 
the simulated meeting with audio notice could be analyzed as follows: (1) Messages are 
simple; (2) Messages are short. In the experiment, the audio notice was not too long for 
subjects to memorize, so it did not increase mental workload. 

From the results, the effect of group was not significant on number of correct iden-
tification. As regards to the effect of numbers of speakers, the number of correct iden-
tification showed that the subjects performed better in the simulated meeting with three 
speakers than in the simulated meeting with nine speakers. The primary reason was that 
the subjects in the simulated meeting with nine speakers had to memorize more 
speakers’ voice, and it overtook the ability to memorize. 

Furthermore, interaction between audio notice and numbers indicated that audio 
notice could assist users to identify different speaker in the simulated meeting with nine 
speakers but no apparent assistance when numbers of speakers were three. It might be 
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due to that the subjects could memorize speakers’ voice when numbers of speakers was 
three, so the effect of audio notice was not significant. 

From the subjective evaluation, it was evident that the subjects preferred the online 
meeting system with audio notice. And most subjects showed that one-way commu-
nication is a feasible method in online meeting. It means that there is only one par-
ticipant can speak at the same time. One subject experienced incongruous conversation 
in online meeting and indicated that this method could assist users to avoid misunder-
standing due to lag of network and make the questions and answers into adjacency pairs 
which is the fundamental structure of conversation [2]. 

The subjects agreed that they could know who was speaking, be more aware of when 
the speakers finished speaking, and take down the opinion of participants in the 
meeting with audio notice, and knowing the identification could assist users to confirm 
for speakers’ standpoints. And it is easier for novices and users with visual disabilities 
to communicate in online meeting with audio notice. 
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