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Abstract In order to understand the cognition of Tai-
wanese visually impaired people who use an IT-based
touch panel, a prototype named the Chinese Braille
Simulator is developed. This prototype uses braille
simulation software, speech synthesis and a touch panel to
allow people with impaired vision to send and receive short
messages. The TAM and content analysis are used, and our
findings show that visually impaired people find the IT-
based touch panel both interesting and useful. We conclude
that current technology developers should focus on a
braille interface in IT-based touch panels for the visually
impaired. Short-, mid- and long-term recommendations for
practitioners are also made.
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1 Introduction

Most IT-based devices on the current market—computers,
smartphones, iPads, etc.—are designed to be used by those
whose vision is unimpaired (sometimes referred to as
“sighted people”). In fact, lots a significant number of
current non-tactile touch screens cannot be easily used by
the blind and visually impaired. These users may encounter
several problems when attempting to interact with a touch
screen: (1) lack of audible or tactile feedback when per-
forming actions, (2) the inability to determine the current
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state of the touch screen device and (3) difficulty in se-
lecting the desired item onscreen (Kane et al. 2008, 2011).
The 2008 edition of the AccessWorld® Guide to Assistive
Technology Products listed over 280 products for people
who are blind or visually impaired, including more than 30
new products. The traditional refreshable braille display or
braille terminal is an electromechanical device for dis-
playing braille characters. Computer users who are blind
and cannot use a normal computer monitor use it to read
text output. Although it is an IT-based device, it does not
have the currently popular touch panel. Few studies have
been done on the cognition of the visually impaired in the
context of innovations such as the iPad/iPhone’s touch
screen or the Mac’s VoiceOver functionality (Vanderhei-
den 1996; Carew 2009). For sighted people, the prevalence
of the IT-based touch panel continues to make life more
convenient; however, the needs of the visually impaired are
being neglected. Commercialized touch panels have many
IT-related functions, all of which are designed for sighted
people. The visually impaired rely on salient points (raised
dots) in order to read or distinguish between buttons;
however, touch panels have no such points. Taiwan’s
Ministry of the Interior has stated that about 55,000 Tai-
wanese have proof of visual impairment (Chao 2000; Zeng
et al. 2007). Visually impaired people in Taiwan are un-
familiar with English braille. Thus, any IT-based touch
panel with English braille would be useless to the par-
ticipants in our study. For this reason, it was necessary to
develop an experimental prototype which we called CBS
(Chinese Braille Simulator: discussed later in Sect. 2.3),
which incorporated braille simulation software and speech
synthesis to provide the capability of sending and receiving
short messages using an IT-based touch panel. With this
prototype, we were able to conduct an experiment to col-
lect data to help us understand the cognition of the visually
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impaired. This study assumed that the visually impaired
participants could use braille and did not have multiple
handicaps.

Everyone wishes to communicate easily. For the visu-
ally impaired, an IT-based touch panel might be the best
choice to help them connect with other people. Still, what
kinds of cognition are endemic to visually impaired peo-
ple? In the latter part of this paper, we describe the TAM,
cognition theory, the IT-based touch panel, and the method
of this experiment. We also include complete data analysis
and our conclusion.

2 Related works
2.1 Technology acceptance model (TAM)

The TAM (Davis 1989; Davis et al. 1989) is a general
theory explaining how users’ acceptance of new tech-
nology is indirectly affected by two major factors:
“perceived usefulness” and “perceived ease of use.” In
fact, given the opportunity to adopt some new device,
people are usually influenced by balance of costs versus
benefits when deciding which course of action to take. The
TAM is often used to help understand the potential in-
fluence of beliefs, attitude and intention on the behavior of
people faced with new technology. Four factors are in-
volved in the process of accepting new technology
(Burton-Jones and Hubona 2006). (1) External variables
(e.g., training) influence people’s beliefs about new tech-
nology. These beliefs include “perceived usefulness” and
“perceived ease of use.” Perceived usefulness describes
the individual’s perception that using the new technology
will improve his or her operational performance. Per-
ceived ease of use describes the individual’s perception
that the new technology can be mastered and applied
without difficulty. (2) People’s beliefs will influence their
attitude when using the new technology. (3) People’s at-
titudes will influence their behavioral intention (BI)
regarding using the new technology. (4) BI will determine
the actual level of usage. In other words, the “perceived
usefulness” and “perceived ease of use” of an IT-based
technology will influence people’s attitudes toward using
that technology. The IT-based touch panel is new tech-
nology to most visually impaired people. Based on the
TAM, the “perceived usefulness” and “perceived ease of
use” of the IT-based touch panel should provide useful
measurements of the cognition of visually impaired people
as they use the touch panel. When visually impaired
people believe that an IT-based touch panel can enhance
their life or work performance, they will tend to prefer the
IT-based touch panel and have a more positive attitude
toward the technology.
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The TAM is very useful for understanding user accep-
tance of new technology. Researchers in various fields have
applied the TAM in a wide variety of extensive empirical
test (e.g., Szajna 1996; Venkatesh and Davis 2000; Liang
and Yu 2005). For example, Liang and Yu (2005) used a
sample of 307 disabled persons to explore the acceptance
of two-wheeled electric scooters. Their results indicated
that the proposed theoretical model can be successfully
applied to explain and predict acceptance behavior in that
context. Their findings showed that “perceived usefulness”
affects the intention to use, but “perceived ease of use”
indirectly affects the intention to use through perceived
usefulness. George et al. (2014) were the first to employ the
TAM model to evaluate the “perceived ease of use” of
social media applications as reported by people with in-
tellectual disabilities. Djamasbi et al. (2006) used only the
two basic dimensions of the TAM (“ease of use” and
“usefulness™) as their research framework to investigate
technology acceptance among the visually disabled.

Roentgen et al. (2009) did a systematic review of the
literature regarding the effects and effectiveness of mobile
electronic devices. All but one study demonstrated the ef-
fects of the use of such devices, and, generally, users
considered the devices’ functionality to be beneficial. In
other words, when people perceive a new technology as
useful and easy to use, there is a high probability that they
will adopt the technology. From our comprehensive dis-
cussion of these cognition concepts (Webster 1971;
Goldstein and Black 1978; Susswein and Racine 2009), we
understand that if the visually impaired can perceive the
usefulness of an IT-based touch panel, their cognition will
cause them to be more likely to use a touch panel. One of
the important attributes of the TAM is that each factor (i.e.,
beliefs, attitude and intention) is a fully intermediating
antecedent variable (Agarwal and Prasad 1998; Venkatesh
1999, 2000). However, some empirical studies have shown
that the attitude variable does not always fully mediate the
relationship between “perceived usefulness” and BI. For
this reason, certain studies (e.g., Venkatesh et al. 2002,
2003; Venkatesh 1999) have excluded the attitude variable
from the TAM. Some researchers (e.g., Burton-Jones and
Hubona 2005, 2006; McCloskey 2006) have even excluded
the two variables of attitude and BI in order to directly
investigate how practical usage behavior is influenced by
“perceived usefulness” and “perceived ease of use.” To
date, most studies have focused on the individual’s BI to-
ward the new technology or have directly discussed user
cognition and behavior as influenced by the “perceived
usefulness” and “perceived ease of use” of the new tech-
nology. Though the chosen variables differ among these
studies, “perceived usefulness” and “perceived ease of use”
are commonly adopted, so we chose these two variables for
our study.
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Susswein and Racine (2009) suggested that cognition
included understanding, realization, faith, thinking, intu-
ition, explanation and communication. It is an individual-
specific, long-lasting memory that is stable and consistent.
In fact, cognition is an abstract conceptualization of peo-
ple’s responses to external circumstances. In other words,
cognition can also be considered as an expression of an
individual’s characteristics (Hsu 2000). Most academics
have mentioned cognition with respect to the individual, so
visually impaired people should have different consid-
erations when using an IT-based touch panel. In regard to
the cognition of “perceived ease of use,” in Tang (2013),
the author of this current study was concerned with how
blind students learn Chinese braille. The On-
toBraille@RFID (OBR) platform was developed in order
to evaluate user satisfaction regarding the protruding dot
cube, voice prompt and system functions. These three
factors determined the level to which the visually impaired
perceived the IT-based device as easy to use (i.e., “per-
ceived ease of use”). Along the same lines, the three factors
of braille interface, voice prompt and SMS function must
be discussed when assessing the “perceived ease of use” of
the IT-based touch panel in our current prototype system.
Since cognition is consistent and stable, the cognition of
visually impaired individuals regarding an IT-based touch
panel should remain constant with no significant change,
uninfluenced by time or place. Thus, using the TAM as our
model, we explore the stable cognition of the visually
impaired individuals regarding the “perceived usefulness”
of the IT-based touch panel, and the “perceived ease of
use” of the braille interface, the voice prompt and the SMS
function.

2.2 IT-based touch panel

Sighted people are able to use touch panels, and visually
impaired people require the same functionality. Seufert and
Lachiver (1982) proposed a very simple change in the braille
notation which not only leads to important consequences but
also greatly facilitates communication between visually
impaired and sighted people. Watanabe et al. (1998) created
a touch panel GUI interface for the blind; however, they did
not further apply it to a short message transmission system.
Tseng (2010) studied innovative designs for braille input on
mobile phones, but he did not explore cognition from the
standpoint of the visually impaired.

The main difference between a traditional device and a
touch panel is the form of the input interface: i.e., the
keypad versus the touch pad. The physical keys of a tra-
ditional device assist visually impaired people to use their
fingers for easy typing, whereas the slippery screen on a
touch panel is very inconvenient for visually impaired
people. Most current IT-based touch panels provide voice

recognition software (e.g., WhatsApp, Line, Siri) that can
associate verbal instructions such as HOME, UP, DOWN
and BACK with their correlated keystroke functions.
However, the ability to use voice commands to replace a
few simple keystrokes is not enough to allow even the most
willing visually impaired people to use an IT-based touch
panel effectively or conveniently. Typing text to transmit
short messages is even more difficult. These and other
negative factors cause most visually impaired people to shy
away from using an IT-based touch panel. Still, properly
designed IT-based touch panels should be able to improve
the lives of the visually impaired with such functionality as
short message transmissions. Freeware has been written for
most IT-based touch panels to export speech which has
been input via other freeware such as Cyberon (www.
cyberon.com.tw), VoiceCloud (ime.voicecloud.cn), Talk-
Box (talkboxapp.com/zh/home), FreePP (www.freepp.
com/TradChinese) and Midu (www.midu.com) for An-
droid and iOS. While the visually impaired can transmit
text using such software, the operating interface is not at all
suitable for them, and the speech mode is inconvenient or
inappropriate for text transmission on occasions when
audible speech is either unwanted or disruptive.

People who are visually unimpaired have access to
thousands of software programs for the IT-based touch
panels in their smartphones or iPads, but the needs of the
visually impaired are usually neglected in this industry
because of the tiny profit margin. Figure 1 shows the
BrailleTouch phone (Romero 2012) developed by the Ge-
orgia Institute of Technology. It has software for
recognizing six-point English braille but has no Chinese
braille interface. When typing, the user must turn over the
device screen and use the index, middle and ring fingers of
both hands to make contact with the six positions on the
screen. However, our research participants, who had no
knowledge of English braille, found the BrailleTouch touch
panel device to be completely useless. We intend to im-
prove upon it by introducing the six-point input method
used by the visually impaired for inputting Chinese braille.
The author surveyed the past 10 years’ worth of articles
published in the Journal of Visual Impairment and Blind-
ness and found no references to or discussions of Chinese
braille. The study by Evers et al. (2012) evaluated the ac-
cessibility of the telephone to the visually impaired, and
Roentgen et al. (2009) did a systematic review of the lit-
erature on the effects and effectiveness of mobile electronic
devices, but there was no conclusion regarding the IT-
based touch panel.

2.3 Chinese Braille Simulator (CBS)

Taiwanese visually impaired participants were chosen as
the research sample because IT-based-related products are
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Fig. 1 IT-based touch panel (lefi Romero 2012 versus right our CBS)

popular in Taiwan. The Taiwanese sample was familiar
with Chinese braille only. However, all current IT-based
devices which have English braille do not provide Chinese
braille. Furthermore, the author’s survey of the IT-based
devices of the well-known three brands (hTC, ASUS and
Samsung) found no device with a braille interface or
braille-related function of any kind. Thus, we developed a
prototype with an IT-based touch panel as the experimental
study device to suit our sample of visually impaired people
who were familiar with only Chinese braille.

In order to have an IT-based touch panel with send,
receive, write, inbox, outbox and draft functions using
Chinese braille, the author employed the same develop-
ment technique used to design the RFID-based braille
learning management system for the visually impaired
(Tang 2011). The same method was used to invent a highly
popular Chinese mahjong game for the visually impaired
(Tang 2012, 2013). The prototype CBS supports Android
version 2.3 and above, and its touch panel model is the
Samsung Galaxy S II 1910016 GB (32 GB ROM, 1 GB
RAM, 4.3 in. screen size, 480 x 800 pixels). The user
interface is in Chinese and requires a touch panel to support
the above-mentioned six-point touch control interface. In
other words, CBS combines a braille interface and touch
panel technology using Chinese phonetic notation to enter
a short message with voice prompting so that the visually
impaired can send and receive short messages via a touch
panel. This capability increases the likelihood of text
communication between the visually impaired and others
whose vision may or may not be impaired.

Many methodologies currently exist for the develop-
ment of software technology. For our CBS prototype, we
adopted the unified modeling language (UML). Tang
(2011) created an RFID-based braille learning management
system, and Tang (2012) used the same software tech-
nology to develop a mahjong game platform for blind
users. Both of them used UML’s mature, object-oriented
analysis tools (Refs. Booch 1991; Lee et al. 1996; Rum-
baugh et al. 1991). In fact, the object-oriented method has
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the unique advantage of clearly defining the relationships
between the real-world and system objects.

To integrate the operational functions of the Chinese
voice database and the braille rules database for the CBS,
we created a UML Class Diagram with six classes: Send,
Receive, Write, Inbox, Outbox and Draft. As our platform,
we adopted a smartphone (Samsung Galaxy S 1I
910016 GB (ROM: 32 GB, RAM: 1 GB, 4.3 in,
480 x 800 pixels) using version 2.3 of the Android oper-
ating system. Our requirements included a Chinese
language interface and support for more than six contact
points on the touch screen. Our development tools were the
Windows XP and Windows7 operating systems and
Eclipse’s Java SE Development Kit (JDK) integrated in-
terface. Our UML tool was Visual Paradigm for UML 7.2
Enterprise Edition.

CBS is designed to assist blind users in entering braille
symbols and hearing voice prompts to guide them through
the process of sending and receiving short messages on a
smartphone. Besides supporting basic short message de-
livery functions, CBS requires considerable database
functionality for storing braille rules (Braille DB), pre-
defined messages (Canned DB), phone numbers (Phone #
DB), draft messages (Draft DB), received messages (Re-
ceiver DB) and sent messages (Sent DB), as shown in
Fig. 2.

The left-hand side of Fig. 2 presents the following
braille operational steps. (1) Using the touch screen, the
blind user enters the Chinese braille symbols. (2) The
system searches the Braille DB to compare the symbols
and words. (3) The system retrieves the appropriate text
and copies it into the Draft DB. (4) A voice prompt informs
the user that the text has been entered on the touch screen.

The right-hand side of Fig. 2 illustrates the following list
of short message sending and receiving tasks: (5) short
message sending subtask (Sender), (6) short message re-
ceiving subtask (Receiver) and (7) short message
controlling subtask (Controller). All of these tasks involve
our six different databases. For example, the CANED DB,
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Fig. 2 CBS operational flowchart

Phone # DB and Sent DB facilitate the sending of a short
message, and the Phone # DB and Receiver DB facilitate
the receiving of a short message. The bottom right side of
Fig. 2 shows how the Controller subtask is in charge of the
pointer for browsing, i.e., PREVIOUS, NEXT, REPLY/
SELECT, DELETE, BACK and HOME (see the “Ap-
pendix” for further details).

2.4 Chinese braille

Braille was invented by Frenchman Louis Braille in 1852.
The basic unit of braille for the blind is a rectangular
symbol with six stationary points. Each point can be pre-
sent or absent, forming 64 combinations. The six points are
laid out in two columns of three points each. On the left are
points 1, 2 and 3. On the right are points 4, 5 and 6. The
protruding dots arranged in their various combinations can
be created on paper using a braille plate, braille machine or
braille printer. After two centuries, this system invented by
Louis Braille is still widely used. Many new forms of
braille were created later (Luxton-Gourgey 2000), includ-
ing American Literary braille, British braille, computer
braille, literary braille, music braille and writing braille.
However, Chinese pronunciation must be known in order
to understand Chinese braille. The Chinese sounds are
expressed as phonetic symbols. There are 59 sounds, in-
cluding 21 consonants, 16 vowels, 22 combinations and 5
tone marks, as shown in Fig. 3. Thus, Chinese braille is
uniquely composed of phonetic symbols, including con-
sonants, vowels and a tone, forming a pronunciation.

2.5 Data gathering

Five visually impaired adults with basic braille skills (one
male and four females), two of whom were born blind,
agreed to participate in our study. The participants had
similar backgrounds: They had at least a junior high
education, they lived in the north of Taiwan, and they made

=

Braille

1
SIS

Canned Sent Phone # Receiver

(7) SMS Controller
PREVIOUS ~ NEXT ~ REPLY/

Y
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their living as massage therapists. For this study, they were
to send and receive a short message using an IT-based
touch panel device that included voice prompting and a
Chinese braille interface (our CBS). They would be taught
each step in order to understand how to send a message and
listen to a received message. After that, they would be
considered as having sufficient familiarity with the use of
touch screen devices.

The experiment was conducted as follows. First, the
authors explained how to use voice prompts to transfer a
Chinese, English or numerical short message to randomly
selected devices such as an iPhone or iPad, or an hTC or
Samsung smartphone. The participants gave the verbal
commands, following each step of the instructions to
complete the short message transmission. This process was
carried out three times with a 5-min break between each
transmission. Next, the authors picked three practice mes-
sages from Chinese characters (F, %, H, “F and 1R),
English words (I, love, IT-based, touch, panel) and nu-
merical symbols (1, 2, +, 1 4+ 2, 1 + 2 = 3). The
participants followed the voice prompts to transfer those
three messages. The above-mentioned procedure took
about 45-60 min. After that, the same process was fol-
lowed using the touch panel as the device to transmit the
same messages, delivered by our CBS.

After a 15-min break, participants underwent an indi-
vidual, in-depth interview in which they gave their
opinions (i.e., individual cognition) regarding at least four
issues. To avoid participant fatigue, the interview duration
was kept to 30-60 min, and any closed-end questions were
prepared beforehand. The interviewer raised open-ended
questions as necessary, and the interview record was
transcribed into a text file for future analysis.

Since the study was designed by an author whose vision
was unimpaired, we found it necessary to invite someone
with domain expertise in the field of visual impairment.
Thus, we invited consultants with such expertise to assist
us with the IT-based touch panel device, to clearly define

@ Springer
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Fig. 3 Chinese braille—consonants (21 sounds), vowels (16 sounds), combinations (22 sounds)

the interview questions and to assist in the device trials.
The two consultants were Mr. Ching-Fu Su, the con-
genitally blind chairman of the Taiwan Light and Salt
Association for the Visually Impaired, and Mr. L.C. Zhang,
an experienced teacher at the Taipei School for the Visu-
ally Impaired (www.tmsb.tp.edu.tw). Based on the
literature review and our research purpose, the author
discussed the interview questions with the consultants, and
all agreed on the four non-structured and open-ended in-
quiries as our in-depth interview questions (see Table 1).

3 Analysis method

It would be difficult to use a survey to gather data from a
large number of fully qualified research samples for our
research purpose. The response rate would also affect the
research outcome. Thus, we chose the case study method,
interviewing each visually impaired person (by invitation)
one-on-one, in depth, with unstructured, open-ended
questions about their opinions regarding the cognition of
visually impaired people using the IT-based touch panel.
After each in-depth interview, transcripts were produced
from the raw material (voice recording and draft records).
We then performed content analysis. The content analysis
method was initiated in Sweden in the eighteenth century
(Berelson 1952) and was first applied to the research of
newspaper content. Kerlinger (1986) defined content ana-
lysis as one type of systematic and objective quantitative
research method widely utilized in communication, aca-
demia and other social sciences following the progress of
technological tools. Over time, it became one of the most
important research methods. Neuman (1997) defined con-
tent analysis as a technology that collects and analyzes the
text for content. This explanation aligns with our research

Table 1 Interview questions

1 Pease describe your experience of the general keyboard pad
interface and the IT-based touch panel device

2 Please describe what functions you want in an IT-based touch
panel device

3 Please describe what should be taken into consideration when
using the IT-based touch panel device

4 Please describe any improvements to the directions for the input
and output interface of the IT-based touch panel device

@ Springer

targeting in-depth interview content and proves the cor-
rectness of adopting content analysis in this study.

The outcome reliability coefficient must be respected
when performing content analysis. Wang (1989) set the
reliability coefficient index at 0.80. The conclusion of a
study appears to be unreliable if the reliability coefficient is
below 0.67. In order to increase the reliability of the con-
tent analysis and get accurate and significant research
results, this study re-tested the reliability before data cod-
ing, in accordance with the test-retest method, and
examined the inter-coder agreement regarding the tran-
scripts for reproducibility during the data analysis process.
For consistency, this study utilized the inter-rater reliability
method to inspect inter-coder agreement and reliability. A
host trained two research assistants participating in this
study so that they understood the analysis process.

Following the judgments of three coders (a host and two
research assistants), a category is counted in if it is agreed
to by two coders and is not included if this agreement is
lacking. The formula for this calculation is as follows:

Reliability = (N X average inter-coder agreement) /
(14 (N — 1) x average inter-coder agreement)

Inter - coder agreement =2 X M /(N; + N,),

where M is the number or agreement ratio of the inter-
coder, and N is the total number of coders. N, is the number
or ratio agreed to by the first coder, and NV, is the number or
ratio agreed to by the second coder.

Evaluating the overall requirements of an IT-based
touch panel for the visually impaired was time consuming
and required significant manpower. Based on transcripts
from the in-depth interviews, we evaluated the cognition
rating of “perceived usefulness” when comparing the tra-
ditional braille device to the IT-based touch panel. We also
evaluated the cognition rating of “perceived ease of use”
while using the IT-based touch panel with respect to the
three criteria of braille interface, voice prompt, and SMS
function. Since our participants were all adults with more
than 1 year of experience using a smartphone, their re-
sponses to the interview questions could be considered a
stable representation of their opinions. Thus, we could
determine conclusively whether or not the visually im-
paired would find the IT-based touch panel more desirable
than a traditional braille device.
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Table 2 Cognition rating Single-coder agreement Inter-coder agreement Reliability
A B C AVG A,B B,C C,A AVG
Perceived usefulness
IT-based touch panel 0.75 080 0.75 0.77 0.75 0.82 0.85 0.81 0.93
Perceived ease of use
Braille interface 060 050 045 052 0.67 0.78 0.75 0.73 0.89
Voice prompt 0.80 085 0.80 0.82 0.77 0.80  0.76 0.78 0.91
SMS function 075 0.65 0.70 0.70 0.78 0.81 0.67 0.75 0.90

The coders first read the transcripts independently, la-
beling words or sentences whose intent or meaning was in
regard to the “perceived usefulness” of the IT-based touch
panel. After a rest of at least 30 min, these labels were made
available to all coders. The label agreement per coder was
recorded, and each coder counted the rating from his per-
sonal agreement and divided it by the total number of labels.
Using these same steps, coders reread the transcripts and
labeled words or sentences that related to the braille inter-
face, voice prompt and SMS functions, with respect to
“perceived ease of use.” Once again, the labels were shared
with all coders and agreements were recorded. Each coder
divided his own personal score by the total number of labels.
The following discussion illustrates the content analysis
results showing the cognition ratings among all coders.

3.1 Perceived usefulness

Table 2 shows the results obtained from coders A, B and C
who evaluated the transcripts individually. The “perceived
usefulness” of the IT-based touch panel from A and B’s
inter-coder agreement rating was 2 x 0.58/(0.75 + 0.80)
= 0.75. B and C’s inter-coder agreement rating was
2 x 0.64/(0.80 + 0.75) = 0.82. C and A’s inter-coder
agreement rating was 2 x 0.64/(0.75 + 0.75) = 0.85.
(ABC)’s average inter-coder agreement rating was (0.75 +
0.82 4 0.85)/3 = 0.81. Thus, the reliability was calculated
as 3 x 0.81)/[1 + 3 —1) x 0.81] = 0.93. The content
analysis results revealed that single-coder or inter-coder
agreement (between any two or even three coders) showed
that the interviewees’ responses to the questions regarding
the “perceived usefulness” of the IT-based touch panel
were consistent and met the minimum requirement for
acceptability. The three coders’ average inter-coder
agreement and reliability met the minimum requirement.
Therefore, we deduced that the visually impaired found the
“perceived usefulness” of the IT-based touch panel to be
highly acceptable.

3.2 Perceived ease of use

The calculations of the individual and inter-coder agree-
ment ratings of “perceived ease of use” were the same as

’

the one for “perceived usefulness,” above. The three cri-
teria for “perceived ease of use” were the braille interface,
voice prompt and SMS functions. As shown in Table 2,
their reliability levels were 0.89, 0.91 and 0.90, respec-
tively. As with “ease of use,” above, single-coder or inter-
coder agreement (between any two or even three coders)
showed that the interviewees’ responses to the questions
regarding the “perceived usefulness” of the IT-based touch
panel were consistent and acceptable. The three coders’
average inter-coder agreement and reliability met the
minimum requirement. Though the single-coder agreement
rating of the braille interface was slightly lower than the
others, we deduced that the visually impaired rated the
“perceived ease of use” of the IT-based touch panel in the
middle to high range.

4 Conclusion

According to the TAM, when users perceive an IT-based
device as useful and easy to use, they are likely to have a
positive attitude toward accepting the new technology.
Thus, based on the positive results of our experiment, we
know that an IT-based touch panel prototype such as the
CBS should serve well as a new device for the visually
impaired since it is not only capable of effectively sending
short text messages but can also motivate the visually
impaired to accept new technology. Accordingly, as a near-
term solution, we suggest that developers create more App
functions specifically for the visually impaired, using cur-
rent IT-based touch panel devices. Not surprisingly, most
equipment for visually impaired people is manufactured in
limited quantities because the niche market is small. Voice
transcription is the first choice for visually impaired people
using an IT-based touch panel. Therefore, those who care
about the visually impaired should develop more IT-based
touch panel functions which are more user-friendly for the
visually impaired (Examples can be found at the links
below).' Though traditional voice-based devices are useful,
the IT-based touch panel should also help improve the lives

' http://www.youtube.com/watch?v=6m5KuF5MIbY; http://www.you
tube.com/watch?v=6hGR3kh7HGw.
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of the visually impaired. We also received feedback and
suggestions beyond the above content analysis which
provided valuable directions for improvement to the braille
interface, voice prompt and SMS system. We summarize
those here: (1) a short, floating bar should be attached to
the touch panel to guide the person’s finger to the correct
starting position; (2) the voice prompt should speak clearly
at a rate close to normal talking speed when the device’s
internal speaker is being used; and (3) applications that are
more useful for the visually impaired should be developed
for IT-based touch panels, rather than simply adapting
conventional applications for sighted people. Therefore,
IT-based touch panel application developers or firms must
consider designing a braille interface so that the visually
impaired can easily hear both the composed message and
the received message. Moreover, in the midterm, we should
consider braille interface embedding functions since most
current IT-based devices use traditional mechanical inter-
faces. Voice activation has been typically used as a
substitute; however, for the visually impaired to be able to
autonomously use a touch panel to interact freely in situa-
tions where talking is inappropriate, the ability to use their
familiar braille code as input would be more convenient.
Device designers should be encouraged to provide such an
interface for visually impaired people. As an example, we
recommend The Web Content Accessibility Guideline
(Web Accessibility Initiative) issued by W3C (World Wide
Web Consortium).? Finally, in the long term, we suggest
that the IT-based touch panel should mature into the

2 http://www.w3.org/TR/WAI-WEBCONTENT/wai-pageauth.html.

@ Springer

standard communication device for the visually impaired,
and we recommend that this standardization covers all IT-
based devices. Visually impaired people usually depend on
voice guidance to navigate applications on IT-based de-
vices. Thus, it becomes necessary to establish product
standards for IT-based devices for the visually impaired.
Once the industrial or international standards are published,
product certification could be promoted and academic
scholars would be attracted to research possible innova-
tions for such IT-based devices.

This study will help to support further research, espe-
cially in the area of devices for the visually impaired, since
the clear demand for such devices can be taken into ac-
count when developing applications. One limitation of this
study, however, is the relatively small size and homo-
geneity of our sample which may not fully represent the
perspective of all visually impaired people.

Appendix
Briefing of the CBS

When the CBS is started (Home Screen), four functional
main screens are displayed: Receive (F1 Screen), Send (F2
Screen), Draft Box (F3 Screen) and Send-back (F4 Screen).
The system gives a prompt sound to indicate the functions
of the CBS software after the user touches the screen and
then continues on to the other sub-function as well.
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Parts of screen shot on CBS

Main function screen:

I_IQ 1—5 BEX - WBAFRTE .:%T.{_é_
T g 1 Bt
C i 7 2 $RAH

Receive msg. screen:

revms s — [T

EL 1=
T

EETR

Completion

Delete one char.
Delete one word
Delete all

Previous msg.

Delete msg.

Previous page

Send-back screen:

+
[reviovs msg j—— MEES]

[——]
LR

eiee s [ullE

Previous page

Phonebook screen:

About CBS.

Use helper
Use helper

Previous page
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Typing the receiver’s phone number:
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