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Abstract The standard qwerty keyboard is considered to
be a major source of reluctance towards computer
technology use by Japanese elderly, due to their limited
experience with typewriters and the high cognitive de-
mand involved in inputting Japanese characters. The
touchscreen enables users to enter Japanese characters
more directly and is expected to moderate this resis-
tance. An e-mail terminal with a touchscreen was
developed and compared with the same terminal using a
standard keyboard and mouse. Computer attitudes and
subjective evaluations of 32 older adults were measured.
The results showed that the anxiety factor of computer
attitudes declined significantly in the touchscreen con-
dition.
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1 Introduction

In the information society, technologies such as personal
computers have been introduced into our daily lives as
well as workplaces. These technologies allow informa-
tion acquisition from various sources, as well as com-
munication with other people located in geographically
distant places. These benefits are of potentially great
importance to elderly people, who tend to spend more
time in their homes, and may have difficulties with
transportation [6, 7]. In fact, elderly people are willing to
use information technology and are capable of learning
to use it [38]. Among such technologies, e-mail is one of
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the most beneficial and promising technologies for
elderly people [8].

On the other hand, however, it is often claimed that
elderly people have difficulties in making use of state-of-
the-art technology. One of the factors preventing elderly
people from using information technology, even if they
have enough cognitive and physical abilities, is their
resistance or reluctance [37]. Thus, if any interventions
could successfully lower their resistance, older people
would be more likely to experience technologies, recog-
nize their success, comfort, and benefits, and adopt
them.

For elderly Japanese users, one of the major sources
of resistance towards computers is thought to be the use
of keyboards [46]. Two major reasons can be assumed.
First, because the number of Japanese elderly people
who have experience with Western typewriters is limited,
they have to get accustomed to qwerty keyboards as
a totally new interaction paradigm before they start
learning about computers. Second, although handling
Japanese characters is essential in Japanese daily life, the
process of inputting Japanese characters requires a rel-
atively high cognitive demand, as discussed later in this
paper. Thus, alternative ways to use computers without
using standard qwerty keyboards need to be considered
in order to lower the resistance of elderly Japanese users
towards computers so that they would have more
opportunities to take their first steps.

One possible intervention for elderly users is touch-
screen technology. The most important characteristic of
touchscreens is the ease of learning and operation [19,
42]. Previous studies have reported evidence to support
the effectiveness of touchscreens in various tasks,
including menu/target selection [17, 35, 42], typing [22,
25, 36, 40, 41], and simple data input tasks [12, 23].
Combined with a software keypad, the touchscreen en-
ables direct input of characters, and is free from the
constraints of traditional keyboards, such as layouts and
sets of characters [5, 22, 41]. Carr et al. [4], Tobias [45],
and Yarnold et al. [55] suggested that a touchscreen is a
suitable input device for elderly users. Although it might



have been a general belief that elderly Japanese people
have problems using automatic teller machines (ATMs)
with touchscreens, recent research on older Japanese
adults’ technology usage revealed that the majority of
the sample investigated had experiences of using them
[47], suggesting that Japanese elderly are potentially well
abled to accept touchscreen-based interfaces.

The purpose of this paper is to investigate how an
e-mail terminal, designed with touchscreen technology,
might lower elderly Japanese users’ resistance towards
computers. A computer terminal specialized in e-mail
handling was developed with a touchscreen and software
keypads, enabling Japanese characters to be input in a
more direct way, without a standard qwerty keyboard.
E-mail communication was chosen as a task because
elderly people are able to perform the task successfully
and they may also find it meaningful and valuable [§].
The developed terminal was compared with another
terminal that had the same design, except that it had a
standard keyboard and a mouse instead of a touchscreen
and software keypads. Older Japanese adults’ computer
attitudes and subjective evaluation were assessed for
each of these terminals and compared. The changes in
their attitudes toward computers were investigated to
show the potential of touchscreen and software keypads
to lower their resistance.

2 Problems in Japanese character handling

In order to process Japanese language, computers
have to handle over six thousand characters [1, 26].
This number makes handling Japanese characters
challenging. A number of efforts have been made in
various information processing research fields, includ-
ing information retrieval [11, 16, 34] and character
input [30, 54]. According to Morita [28, 29], there are
four major methods for inputting Japanese: Roman
character input with a qwerty keyboard, Kana char-
acter input with a Japanese Industrial Standards (JIS)
keyboard, M-type keyboard, and thumb-shift key-
board. Among these methods, the Roman character
input with a qwerty keyboard has been accepted by
the dominant majority of Japanese users [29]. This
method makes use of three different types of Japanese
characters: a combination of Chinese (Kanji) charac-
ters and phonetic (Kana) characters, phonetic char-
acters alone, and the Roman alphabet. Figure 1
illustrates how a Japanese phrase can be presented in
these three different forms.

The first and most fundamental representation, usu-
ally adopted when writing in Japanese, uses Chinese
characters along with phonetic characters. Each Chinese
character has its own meaning and pronunciation [39],
but a number of characters may have the same pro-
nunciation. Thus, it is often difficult to identify a Chi-
nese character uniquely based only on its phonetic
characteristics. The total number of Chinese characters
used in the Japanese language is said to be about fifty
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Fig. 1 Three different forms to express a Japanese phrase that
means “input of Chinese characters”

thousand, of which about six thousand are used fre-
quently [30].

The second representation only uses phonetic char-
acters. Basically, there are only 48 phonetic characters
plus some extensions. Each character is associated to a
unique phoneme; these characters are phonetic symbols
and have no meanings themselves. Although it is pos-
sible, it is not usual to write in Japanese using only
phonetic characters, because most of the semantic
information held by the Chinese characters would be
lost. Phonetic characters are systematically organized in
a standard table form and the Japanese learn them in
that form.

The third type of written representation uses a Roman
character transliteration that has been developed to
represent Japanese language phonemes with the Roman
alphabet. All Japanese phonemes can be presented by
one vowel or a combination of a consonant and a
vowel. Therefore, the Roman alphabet and the Japanese
phonetic character system have a one-to-one mapping.

Figure 2 illustrates the Roman character input
method with a standard gqwerty keyboard employed by
the majority of modern operating systems. When users
want to input a phrase (usually represented in Chinese
characters and phonetic characters, Step 1), they have
to mentally convert the usual representation to a
phonetic one (Step 2). The latter is then further con-
verted to Roman characters (Step 3) before it is ready
to be typed on the keyboard (Step 4). It should be
noted that, for users who are not familiar with the
gwerty layout, it is also necessary to look for the
required keys on the keyboard, making the transition
from Step 3 to 4 highly demanding. Once all the
necessary Roman characters have been entered, they
are automatically converted to phonetic characters and
displayed on the screen (Step 5). The computer then
displays a list of candidates for phrases expressed in
different combinations of Chinese sound characters
that have the same pronunciation as the entered
sequence of Roman characters (Step 6). Finally, users
choose the phrase that they intended to enter from the
list of candidates (Step 7).
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Fig. 2 Process to input Japanese characters using standard
alphabetic (qwerty) keyboards

As described above, the input of Japanese characters
using a standard gqwerty keyboard demands a certain
amount of cognitive processing when compared with
typing Western languages using the Roman alphabet.
Although a large number of younger Japanese users are
well accustomed to this method, this cognitive demand
can be significant for older users.

One possible intervention to facilitate such a process
might be the direct input of Chinese characters (arrow
(a) as shown in Fig. 2). However, the large number of
Chinese characters makes this difficult to realize with a
keyboard-style input. There have been some proposals
to spread thousands of characters on table-sized key-
boards (see [30, 54] for detail), though these proposals
have been accepted mainly for professional or special
use, and not by general users.

Another possible intervention could be the direct in-
put of phonetic characters (arrow (b) in Fig. 2). As the
number of phonetic characters is smaller, 89 at most
including extensions and punctuation symbols, it is
feasible to lay them out on a standard-sized keyboard or
on a screen. If these characters are available for direct
typing, users can input Japanese phrases in the same way
as they would orally. Furthermore, if the standard table
of phonetic characters is used as the key layout, users
should be able to look up characters easily. The study
described in this paper realizes this idea as a software
keypad on a touchscreen. The details are described later.

It should be noted that another method for inputting
Japanese phonetic characters with a JIS keyboard also
enables the direct input of sound characters. Most
computers available on the Japanese market are equip-

Type alphabetic characters
on keyboard

ped with JIS keyboards on which Japanese phonetic
characters are situated along with alphanumeric char-
acters (Fig. 3). Users can switch between the two key-
board modes: Japanese phonetic character input and
Roman character input. This switching between modes,
however, is considered to be a potential source of errors
that should be avoided [33]. Furthermore, the layout of
phonetic characters on JIS keyboards is quite different
from the standard table form of the characters, and
users are likely to be confused in finding keys. These are
considered to be the reasons why the phonetic character
input method with a JIS keyboard is less accepted by
Japanese users.

3 Development of the terminal
3.1 Requirements

One of the goals of this study was to develop an e-mail
terminal to lower elderly Japanese users’ resistance to
computers and to encourage more positive attitudes
towards trying out information technology. In order to
achieve this goal, the primary intervention used in this
study was the direct input of Japanese phonetic char-
acters without using standard qwerty keyboards. In
addition to this primary requirement, three more
requirements were considered to be necessary to make
the terminal more likely to achieve the set objective.
First, the setup procedure for the terminal, including
cable connections, should be minimal. The terminal
was designed not only for temporary experimental use,
but also as a tool that elderly users could use on a daily
basis. Thus, it was necessary that the elderly users
could handle the equipment by themselves whenever



Fig. 3 Example of a keyboard
with both Roman and Japanese
phonetic characters on their
key-tops

they wanted to change the location of the terminal. The
number of setup steps, such as cable connections, is
considered to be a significant factor in determining ease
of handling. The more cable connections, the more
likely it is that users would make mistakes in discon-
necting and connecting, resulting in equipment mal-
function.

The second requirement was that users should be able
to turn the equipment on and off in a consistent way.
This is important if the terminal is to be used as “an
appliance” on a daily basis. It is also important that
users be able to turn off the equipment at any time,
especially when the terminal is not working as expected
or crashes because of system errors. This should reduce
anxiety towards unfamiliar technology.

Finally, the terminal should allow alternative ways to
input characters. Although direct input of sound char-
acters might contribute to lower users’ resistance, it
might not always be the best way; once users get
accustomed to the technology, they might also wish to
try other methods of input, including the use of a mouse
and standard keyboard. In addition, in the e-mail han-
dling task, users are required to type alphanumeric
characters for address information, as well as Japanese
text. Therefore, the terminal should be capable of
adopting various input methods and devices.

3.2 Platform

Based on the discussions above, Apple Computer’s
iMac personal computer with OS version 9 and a
touchscreen equipped by ELO Touchsystems was cho-
sen as the platform. When connected to the Internet
through a telephone line, this platform needs only two
cable connections: power and telephone. The computer
can be turned on and off using the power switch lo-
cated on the front panel, just below the display. If the
power switch is pushed during operation, the operating
system invokes the appropriate procedure to shutdown
the computer. It also gives the users a means of forcing
the computer to turn off when trapped in unexpected
errors.
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3.3 Software

A software keyboard system was used to realize the
direct input of Japanese phonetic characters on the
touchscreen. NTT PC Communications’ Easy Prologue
2.0 provides various layouts of software keypads such as
Japanese phonetic characters, numbers, and the Roman
alphabet, and allows users to switch among them. The
larger font size of 20 points was selected to make the
selection by fingers easier. Since all participants were
confirmed as right-handed, all keypads were placed on
the right side of screen and a switch to select keypads
was located at the bottom right.

For the e-mail handling function, Qualcomm’s Eu-
dora Pro 4.2 J was customized for elderly users. The
larger font size of 18 points was used for both the list
item and content displays. The number of toolbar
buttons was reduced to a minimum, sufficient for
sending and receiving e-mail. The toolbar buttons were
placed vertically, in the order of typical e-mail handling
procedures at the left side of the screen, so as to
minimize conflicts with the keypads on the right. The
program was set so that when the user turned on the
computer, the program automatically connected the
telephone line, retrieved incoming mail, and discon-
nected. The program also connected and disconnected
the telephone line automatically when sending outgoing
e-mail.

Example terminal screens are shown in panels a and b
of Fig. 4. When composing a text message, a software
keypad for Japanese phonetic characters can be acti-
vated on the right side of the screen, as shown in panel b.
The upper half of the keypad contains the 48 basic
phonetic characters in the standard table layout, and the
lower half contains extensions and punctuation symbols.
Panel c of Fig. 4 illustrates the actual operation of the
terminal.

4 Evaluation experiments

The developed terminal was evaluated by older Japanese
participants to examine its effectiveness in lowering their
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resistance towards computers. In order to confirm the
advantages of touchscreen technology for this purpose,
another terminal was prepared, which had the same

design, except that it had a standard qwerty keyboard
and a mouse instead of a touchscreen and software
keypads. Participants’ computer attitudes and subjective



evaluations of these two terminals were assessed and
compared.

4.1 Participants

Two groups of older Japanese adults were separately
recruited from local communities as participants on a
voluntary basis. Each of the two groups consisted of 16
adults, eight males and eight females, thus, the total
number of participants was 32. Their ages ranged be-
tween 60 and 76 (mean = 66.1), and 61 and 71
(mean = 66.6), respectively. The first group was as-
signed to the evaluation of the touchscreen-based ter-
minal (“touchscreen condition”), and the second to the
evaluation of the keyboard-based terminal (“keyboard
condition”). It was confirmed, through individual
interview, that all participants had had no, or only
limited, experience in the use of computers and of soft-
ware products such as word processors.

4.2 Apparatus

Two different settings were used in the evaluation. One
was the developed terminal described in Sect. 3 with a
touchscreen and software keypads. Sample screens
(panels a and b) and actual operation (panel c¢) are
shown in Fig. 4. The standard procedure for reading a
message with this terminal is as follows (Fig. 4, panel a):

1. Touch the “check new mail” button.

2. Select a message from the message list. The content of
the selected message appears below the message list.

3. Touch the “delete’” button when one wishes to delete
the message.

The standard procedure for sending a new message is
as follows (Fig. 4, panel b):

1. Touch the “new message”
window appears.

Touch the “To:” field.
Select the alphabet keypad by touching the keypad
selector.

Type the addressee’s e-mail address on the keypad.
Touch the “Subject:” field.

Type subject line.

Touch the text field.

Select the phonetic (Kana) character keypad by
touching the keypad selector.

9. Type message text.

10. Touch the “send” button.

button. A composition

w
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The second setting was similar to the first one, except
that it had a standard qwerty keyboard and a mouse
instead of a touchscreen and software keypads. Sample
screens (panels a and b) and actual operation (panel c) of
the terminal are shown in Fig. 5. The standard proce-
dure for reading a message with this terminal is as fol-
lows (Fig. 5, panel a):
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1. Click the “check new mail” button.

2. Select a message from the message list. The contents
of the selected message appears below the message
list.

3. Click the ““delete”” button when one wishes to delete
the message.

The standard procedure for sending a new message is
as follows (Fig. 5, panel b):

1. Click the ‘“new message”
window appears.

Click the “To:” field.
Select alphabet input by clicking the input method
selector.

Type the addressee’s e-mail address on the keyboard.
Click the “Subject:” field.

Type subject line.

Click the text field.

Select phonetic (Kana) character input by clicking the
input method selector.

9. Type message text.

10. Click “‘send” button.

button. A composition

w

RN E

4.3 Procedure

The purpose of this study was first explained to partic-
ipants and they were informed that they could terminate
their participation or decline to offer information at any
time during the investigation. They were then inter-
viewed to obtain personal profiles, including age, job
experience, and computer experience. Then, they were
asked to complete a questionnaire to investigate their
general attitudes towards computers.

After completing the questionnaire, participants re-
ceived training in the use of the terminals. One terminal
was provided for each participant so that they could try
the terminals as they liked. Participants in the touch-
screen condition were instructed how to input Japanese
characters using the keypad shown in Fig. 4b, while
participants in the keyboard condition were instructed in
the Roman character input method with a qwerty key-
board, as discussed in Sect. 2. Then, participants were
instructed with the standard procedures for reading and
sending messages with the assigned terminals. The
training session included practice in exchanging e-mail
among participants to confirm that all participants had
become able to use the terminal to receive and send
e-mail by themselves. Although detailed operations were
not recorded, the experimenter confirmed by observa-
tion that, by the end of the 2-h training session, all
participants were able to follow the standard proce-
dures, described in Sect. 4.2, for reading and sending
messages with the assigned terminals.

Finally, all participants were asked to complete the
same questionnaire as they did before the training ses-
sion to re-investigate their computer attitudes. They
were also asked to complete a questionnaire asking for
subjective evaluations of the terminals.
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Fig. 5 Sample screens and
operation of the terminal with a
keyboard and a mouse
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4.4 Measurement

A questionnaire with 12 items that stated either posi-
tive or negative attitudes towards computers was used

as an instrument to assess participants’ computer atti-
tudes. The responses were given on a 5-point Likert
scale on which participants responded with an integer
between 1 (strongly disagree) and 5 (strongly agree).



These responses were treated as scores (1-5) and
summarized.

Another questionnaire was used to investigate par-
ticipants’ subjective evaluations of the two terminals.
The questionnaire consisted of 41 evaluation items that
probed either positive or negative issues about the ter-
minals: 13 items concerned the interface design (in both
the touchscreen and the keyboard conditions), eight
items with the operating procedure (in both the touch-
screen and the keyboard conditions), eight items with
the touchscreen operation (only applicable to the
touchscreen condition), and 12 items with overall
impressions (in both the touchscreen and the keyboard
conditions).

Participants were also encouraged to give comments
in response to open-ended questions. The leading ques-
tions were: ‘““Are there any aspects needing modification
or with which you were not satisfied?”, ““Are there any
aspects you didn’t understand well?”, “Are there any
features you liked or with which you were satisfied?”,
and ““Are there any other functions you would like?”

All materials were presented to the participants in
Japanese. For the purposes of this paper, all items and
questions have been translated into English.
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interesting” (#(15)=4.18, p<0.01) changed significantly
in a positive direction after the training session. On the
other hand, responses to only two items changed sig-
nificantly under the keyboard condition: “I feel that
computers are friendly” (#(15)=3.093, p<0.01) and
“Computers are not reliable” (#2(15)=—2.24, p <0.05).

A factor analysis conducted on the response scores
identified a two-factor structure. The cumulative con-
tribution of the two factors was 46.9%, reflecting the
broad variety of responses across question items. Al-
though the total contribution is not very high, the result
still suggests the existence of two major factors under-
lying the participants’ responses, which explains nearly
half of the variance in response scores.

The factor loadings for the two-factor solution with
absolute values at, or above, 0.35 are depicted in Ta-
ble 2. The loadings are ordered by their magnitudes of
loading within a factor. The first factor, labeled as
“Liking”, appears to represent the participants’ general
interest or liking of computers. The second factor,

Table 2 Factor loadings for computer attitude scores

Item Factor 1 Factor 2
Liking Anxiety
Resul 8. The Internet is interesting_ 0.857
5 Results 11. I would like to use e-mail 0.799
. 9. E-mail is useful 0.728
5.1 Computer attitudes 12. T would like to use other software  0.645
2. Computers are interesting 0.629
Table 1 shows a summary of the initial (before training) 6 Computers are not reliable —0.599
and final (after training) responses to the computer 7. T don’t want to touch computers —0.518
N . ) g P p 10. I prefer the telephone to e-mail —0.466
attitude questionnaire. Und.er the touchscreen cond{tlgn, 3. Computers are not necessary _0.434 0.358
responses to items concerning general interest or liking 5. Computers are not understandable 0.820
computers, such as “Computers are interesting” 1. Computers are difficult 0.557
4. 1 feel that computers are friendly —0.555

(¢(15)=2.44, p<0.05), “Computers are not necessary”’
(#(15)=-2.22, p<0.05), “Computers are not under-
standable” (#(15)= —2.65, p <0.05), and “The Internet is

Note Factor loadings with absolute values of less than 0.35 are
omitted

Table 1 Summary of computer attitude scores. The symbols represent significance levels between initial and final measurements

Item Touchscreen (n=16) Keyboard (n=16)

Initial Final Initial Final

Mean SD Mean SD Mean SD Mean SD
1. Computers are difficult 3.69 1.15 291 1.21%* 3.25 1.24 3.13 0.89
2. Computers are interesting 3.56 1.20 4.19 0.93** 4.13 0.81 4.13 0.72
3. Computers are not necessary 2.63 1.01 2.09 1.16%* 1.94 1.06 1.81 0.91
4. 1 feel that computers are friendly 3.25 0.84 3.72 1.10* 3.31 1.01 3.88 0.89%**
5. Computers are not understandable 3.69 1.21 2.66 1.38%* 3.31 1.49 3.00 0.82
6. Computers are not reliable 2.00 1.05 1.66 0.79 2.31 0.87 1.81 0.91**
7. 1 don’t want to touch computers 2.06 1.30 1.53 0.76* 1.81 0.83 1.63 0.72
8. The Internet is interesting 3.22 1.24 4.47 0.72%** 3.63 1.03 3.94 1.18
9. E-mail is useful 3.69 1.21 4.16 0.81 4.06 1.18 4.13 1.03
10. I prefer the telephone to e-mail 2.88 0.74 2.59 0.95 2.94 1.39 2.88 1.09
11. I would like to use e-mail 3.56 1.11 391 0.61 3.63 0.89 3.69 1.14
12. I would like to use other software 3.56 1.22 3.66 0.98 3.75 1.00 3.94 1.12

*p<0.10; **p<0.05; ***p<0.01
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labeled as “Anxiety”, appears to represent participants’
feeling that computers are difficult or complicated things
that should be avoided.

Scores for these two factors were calculated for all
responses. The means and standard deviations of the
factor scores before and after the training session were
calculated across participants (Fig. 6). In the touch-
screen condition, the Liking factor score (panel a)
moderately increased (#(15)=1.80, p<0.10) and the
Anxiety factor score (panel b) significantly decreased
(#(15)=-3.14, p<0.01) after the training session,
suggesting a positive shift in attitude. On the other
hand, in the keyboard condition, neither of the two
factor scores changed significantly after the training
session.

5.2 Subjective evaluation of the terminals

Table 3 summarizes responses to the subjective evalua-
tion questionnaire for the terminals. A general tendency
can be observed: participants in the touchscreen condi-
tion evaluated the terminal more highly than those in the
keyboard condition. A z-test was conducted for each
item to investigate the difference in evaluation between
the touchscreen and keyboard conditions, except for
touchscreen operation items. As for interface design
items, participants in the touchscreen condition agreed
more with items “The layout of buttons is easy to
understand” (#(30)=3.05, p<0.01) and “The characters
are legible” (#23.71)=3.95, p<0.01), and less with “It
is hard to understand the functions of the buttons”

Fig. 6 Factor scores of two factors identified from computer
attitude responses before (initial) and after (final) the training
session. Dots indicate averages. Vertical lines indicate standard
deviations

A. Liking
20 p
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- —->—-Keyboard
_20 M M
Initial Final

(1(30)=—2.32, p<0.05) than those in the keyboard
condition. As for operating procedure items, partici-
pants in the touchscreen condition agreed more with
“I could look up what I didn’t know/understand”
(2(30)=2.09, p<0.05) and less with “It is hard to find
what to do when I make a mistake™ (#(30)=—2.88,
p<0.01) than those in the keyboard condition. For
overall impression items, participants in the touchscreen
condition agreed more with “This machine is easy to
use” (#(30)=2.79, p<0.01), “The touchscreen (key-
board) operation is easy to use” (#(30)=3.06, p<0.01),
“Instructions were easy to understand” (#(17.16)=2.12,
p<0.05), and “I would like to use this machine in the
future” (#(30)=2.82, p<0.01), and less with “This ma-
chine is difficult to use” (#(30)=-2.70, p<0.05) than
those in the keyboard condition.

The participants in the touchscreen condition re-
sponded with high evaluations to touchscreen opera-
tion items. Out of 16 participants, 12 found
touchscreens an easier way to input characters than
keyboards. Seven agreed that it is easy to point to a
location while only two disagreed. Thirteen partici-
pants reported that it was comfortable because eye
movements were small.

For the open-ended questions asking about problems
or further improvements to the terminal, problems
commonly reported by the touchscreen condition par-
ticipants were “‘I feel fatigue when I hold my arm up for
a long time,” “The writing area and keypad often
interfere and hide each other,” and ‘“Occasionally, 1
touch wrong places near my targets.” They also reported
comments such as “It is easy to send or receive e-mail”
(three participants), “I like typed letters quickly
appearing on the screen” (one participant), and ““I feel
like T can do it” (two participants). A problem which
was commonly reported by the keyboard condition
participants was the legibility (size and color) of the
letters on the keytops.
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Table 3 Summary of response scores to the subjective evaluation questionnaire. The symbols represent significance levels between the two

input device conditions

Ttem Touchscreen (n=16) Keyboard (n=16)
Mean SD Mean SD

Interface design

1. The buttons are too small 1.91 1.44 2.44 1.21

2. The buttons are too large 2.28 1.65 2.38 1.20

3. It is easy to select one mail from the list 4.41 1.14 3.69 1.25%
4. The layout of buttons is easy to understand 4.47 0.92 3.13 1.50%**
5. The display layout is easy to understand 4.22 0.88 3.75 0.93

6. It is hard to understand the layouts 2.53 1.18 2.44 1.15

7. It is hard to understand the functions of the buttons 2.34 1.33 3.31 1.01%*
8. It is easy to distinguish buttons 391 0.97 3.25 1.00*
9. It is easy to find the necessary buttons 3.66 0.91 3.00 1.15%
10. I feel eye fatigue while watching the screen 1.91 1.10 2.44 1.32
11. The characters are legible 4.66 0.70 3.25 1.24%**
12. The characters are too small 2.03 1.42 2.19 1.11

13. The characters are too large 2.53 1.57 2.81 0.83
Operating procedure

14. It is hard to understand how to input characters 1.72 1.03 2.63 1.46*
15. It is easy to find what to do next 3.78 0.98 3.13 1.26
16. Sometimes I forget what I am doing 2.72 1.39 2.38 1.09
17. Messages are hard to understand 2.09 1.29 2.69 1.30
18. It is hard to find what to do when I make a mistake 2.59 1.20 3.75 1.07%**
19. I could recover when I made a mistake 4.03 0.94 3.56 1.32
20. I could look up what I didn’t know/understand 3.59 0.76 2.88 1.15%*
21. The system responses are too slow 2.28 1.24 2.50 0.82
Touchscreen operations

22. It is easier to input characters than with the keyboard 4.34 0.91 - -

23. The keyboard is easier to use 2.22 1.17 - -

24. It is easier to point to locations than to use the mouse 3.59 1.08 - -

25. The mouse is easier to use 291 1.00 - -

26. It is comfortable because of small eye movements 4.47 0.88 - -

27. It is hard to point to intended locations/buttons 2.28 1.41 - -

28. I am not sure if I touched successfully or not 1.84 1.31 - -

29. 1 often failed to touch 2.31 1.46 - -
Overall impressions

30. This machine is difficult to use 1.91 0.94 2.88 1.09%*
31. This machine is easy to use 4.34 1.14 3.44 0.63%**
32. I understand how to use this machine 3.59 1.11 3.00 1.16
33. I don’t understand how to use this very well 2.47 1.18 3.13 1.03
34. This machine’s operation is complex 1.84 0.96 2.44 0.96*
35. This machine’s operation is simple 3.66 1.30 2.88 0.96*
36. The touchscreen/keyboard operation is easy to use 4.59 0.71 3.69 0.95%**
37. Instructions on use were easy to understand 4.84 0.35 4.13 1.31%*
38. Instructions on use were not sufficient 1.28 0.45 1.44 0.81
39. This machine is satisfactory 3.72 0.89 3.31 0.60
40. This machine has problems that need to be solved 2.16 0.77 2.19 0.91
41. I would like to use this machine in the future 4.22 1.11 3.13 1.09%***

*p<0.10; **p<0.05; ***p<0.01

6 Discussion

The purpose of this study was to investigate how an
appropriate application of a touchscreen could lower
elderly Japanese users’ resistance to computer use.
According to the results presented in Fig. 6, elderly
users’ anxiety towards computers diminished after the
training session with the touchscreen-based terminal,
while users who experienced the keyboard-based ter-
minal did not show a significant decline in computer
anxiety. This comparison implies that the changes in
attitude were not simply due to exposure to the

technology as claimed in previous studies [9, 10, 15],
but that touchscreen technology applied for this pur-
pose is highly advantageous. In addition, all touch-
screen condition participants were not only able to
send and receive e-mails on the developed terminal
after a short period of training, but also expressed
higher evaluation in terms of overall impressions of
the terminal and a stronger willingness towards future
use. Considering all these results, this study showed
the effectiveness of the application of touchscreen
technology to computer terminals for elderly Japanese
users.
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Although touchscreen technology has been used for
more than two decades in various Japanese industrial
applications, such as bank ATMs, point-of-sale termi-
nals [31], ticket vending machines, facsimiles [18], and
home automation [27, 49], ergonomic or usability stud-
ies on Japanese text input with touchscreens and soft-
ware keypads have seldom been reported in literature,
compared to extensive studies on handwriting input
(e.g., [32]). One possible reason for this could be that the
input of full text (more than a few characters) is not
common in these applications. One of the few exceptions
is typing the name of the recipients of wire transfer on a
bank ATM terminal, where only several phonetic char-
acters needs to be typed. In most applications, the main
user operation is selecting one item from the menus
displayed on the screen. Matsuo et al. [24] studied the
usability of an experimental e-mail terminal, though the
tasks in the study did not include text input; the ad-
dressee was chosen from a preset list and the content of
the message was a hand-drawn image. This study,
therefore, could make a contribution giving insights to
ergonomic/usability issues, including advantages and
potential problems, of Japanese text typing with touch-
screens and software keypads.

Among the ergonomic/usability features found in this
study, two major advantages of using touchscreens and
software keypads were higher subjective evaluation of
the developed terminal and changes in users’ attitudes to
more positive views after the experience of the technol-
ogy, as described above. In addition to these, another
potential advantage, which was not explicitly evaluated
in this study, might be learnability. Although typing
Japanese text using touchscreens and keypads is not
common in daily life and is unfamiliar to the Japanese
population, all participants in the touchscreen condition
were able to acquire the skills necessary for sending and
receiving e-mails with the terminal within a limited time
of 2 h. This fact suggests that the developed terminal
has a high potential to be learned within a short period
by naive users, which can be often observed in
appropriately designed applications of touchscreen
technology [13].

Despite these advantages, and the fact that touchsc-
reens and software keypads are often preferred to other
pointing devices [17, 44, 50, 52], or to alternative input
methods, including handwriting [25], or speech recog-
nition [51], especially by novice users, this study also
revealed some ergonomic and usability problems. The
first problem commented on by participants was arm
fatigue. The touchscreen is well known for its potential
to cause arm fatigue [19, 36, 40, 52]. The surface of the
terminal used in this study was placed at approximately
75° to the horizontal, and this steep screen angle is
considered to be the main reason for the arm fatigue
[40]. This problem can be addressed if the screen is
properly positioned [3, 19]. Sears and Plaisant proposed
30° to the horizontal as optimal [36, 40]. In order to
follow this suggestion, the computer display should be
mounted on a slant below the desk surface so that

touchscreen surface would appear slightly above the
desk surface, at the angle of 30° to the horizontal.

Another problem reported was the interference be-
tween the software keypads and the working area within
the screen. Software keypads are known to consume
screen real estate [25], and this is especially critical with a
small screen size. As available space is at a premium with
most display screen layouts, making smaller keypads is
desirable. However, reducing the size of the keypad may
lead to poorer user performance [23, 41]. In this study,
the key size of the keypads was chosen to be approxi-
mately 11 mm square, which is closer to the 13 mm
square recommended by Martin [23], 12 mm suggested
by Shirley [43], and 11.4 mm suggested by Sears et al.
[41] The size of the CRT display used in this study was
15 in. As a result, the total size of the Japanese character
keypads occupied a certain portion of the screen, as
shown in Fig. 4b. This problem may be solved by using
a larger screen or separating the keypads and working
area into multiple displays.

Two other problems often discussed as potential
disadvantages of touchscreens are the lack of kinesthetic
and tactile feedback [13, 25, 53] and the effect of parallax
[13, 43], which may both introduce performance errors
[2, 13]. Lack of tactile feedback may be compensated for
by providing users with alternative feedback [43, 52].
Touchscreen driver software by ELO touchsystems
could provide auditory feedback with short click sounds
(which may be turned off if the user prefers), whereas the
software keypad package by NTT PC Communications
has a function to highlight the selected key. Combining
these visual and auditory feedback functions, the lack of
tactile feedback was considered to be well compensated
for, which was confirmed by the relatively low response
score (M =1.84) for the touchscreen condition partici-
pants to the questionnaire item “I am not sure if I
touched successfully or not” (Table 3).

Although the effect of parallax is said to be minimal
with the acoustic wave touchscreens used in this study,
the thickness of the glass of the sensor unit, as well as the
CRT face, give rise to parallax to some extent [43]. In
order to minimize this effect, the touchscreens used in
this study were carefully calibrated by the experimenter
from the view angle in a realistic operation setting before
the evaluation session. However, the participants in the
touchscreen condition commonly reported that “Occa-
sionally, I touch wrong places near my targets.” It is
supposed that two sources of usability problems, small
inter-key spacing (Fig. 4b), along with parallax, might
have contributed to the touch errors that the partici-
pants experienced. Although empirical studies suggest
that inter-key spacing should correspond to the width of
the touching device, whether finger or pen [14], the
allocation of sufficient inter-key spacing would involve
reducing the key size [53] or enlarging the size of key-
pads. Again, use of a larger screen may resolve this
problem. Thinner touch sensors integrated with the
display surface might also reduce the effect of parallax
due to the thickness of the glass.



As this study focused on users’ mental resistance to-
ward technology, only computer attitudes and subjective
evaluations of the proposed terminal were measured; the
subjects’ achievements in training were merely confirmed
by the experimenter’s observation that all participants
could successfully send and receive e-mail at the end of
the training session. However, this could be a limitation
of this study because of the inherent problem of sub-
jective measurement. In order to thoroughly discuss the
advantages (or disadvantages) of touchscreen technol-
ogy, further evaluation from the viewpoint of objective
measures such as performance data is needed. This
should be pursued in future research. In addition, to
confirm whether the proposed terminal was acceptable
for actual use, a long-term investigation following the
participants’ adoption of the technology would be nec-
essary. A follow-up study [48] with the same participants
in the touchscreen condition was conducted, where
participants’ usage of the developed terminal, computer
attitudes, and skill transfer were investigated monthly
for 12 months. Participants’ attitude toward computers
was measured using 21 Likert-style items based on the
Computer Attitude Scale (CAS), originally developed by
Loyd and Gressard [20, 21]. Whereas all participants
continued to use the terminal, the two groups of par-
ticipants could be identified according to their usage,
namely, active users and less active users. This difference
in participants’ usage was mostly explained by the
“Liking” factor of their computer attitude scores.

Finally, the problems with the computer input devices
discussed in this paper may be common to other lan-
guages having different character systems from the
Roman alphabet. The method used in this study and the
study’s implications need to be shared among the
designers of information systems whose expected users
include people using those languages.
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