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Abstract Web-based information services should be evaluated for accessibility and usability with
various types of Internet Web-browsing devices, interacting with web information servers. A reliable
ubiquitous Web information server, accessible and usable with a variety of Web-browsing devices
(e.g. a full-browsing mobile phone), should be a unified center for personalized ubiquitous Web
information services as well as for business models based on personalized advertisements. We studied
an estimation of the accessibility and usability in Web interaction for personalized ubiquitous Web
information services, as metrics for real-time estimation. We show empirical results based on
implementation and experiments in Korea, Japan and China, using a test-bed Web site (‘’ktrip.net’) and
single—character Korean domain names (e.g. Zi.net, ®l.net, B.net, #.net, 7.net, “.net, - &.net, F.net,
-+ dl.net, 7.com, L.com -+ &.com).
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1.ME

The Web with its contents including UCC (User
Created Contents) has been revolutionarily in the
variety of ways it has changed and affected the
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world in various ways. “Two breakthrough inven-
tions have formed the foundation of the information
society: computers and telecommunications, which
are playing roles akin to those that the steam
engine and electricity played during the industrial
revolution” [1]. A hybrid technology of the afore-
mentioned two inventions, the Internet penetrates
life and business. Using two

deeply in normal

ways: wired Internet and mobile Internet, a
ubiquitous Web information service for information
access should be considered for efficient and effec-
tive interaction as well as for the integrity of
consistent information in this knowledge and infor-

mation society. We have considered a convenient
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mechanism for the simplification of information
access interaction in an environment flooding with
information; and as an example of specific app-
lication for users, we studied a ubiquitous Web
information service for social networking [2] inclu-
ding the disabled and the elderly in the aged
society.

The Web server is a role center in interaction
for a ubiquitous Web information service; the client
mobile devices for Web information access become
very important for interaction in ubiquitous compu-—
For the
performance of Web information access from the

ting and the networking environment.

unified information Web server, we considered several
aspects about the Web server for Web interaction.
The performance of a worldwide web (WWW) server
became a central issue in providing a ubiquitous,
reliable, and efficient information network for ubi-
The perfor-

mance issues in the worldwide Web servers were

quitous Web information services.
studied [3], and the mechanisms to reduce the
number of packets exchanged in an HTTP trans-
action were presented. For wired Internet using
HTMIL, for PCs, and for mobile Internet using
WML or mHTML, for mobile phones, management
of the Web server becomes more difficult; Hwang
et al. [4] studied the case of WAP site from this
point of view. The wireless, mobile Web promises
to provide users with anytime, anywhere access to
the same information; ubiquitous Web access
should also facilitate greater acceptance of new
services such as location-based shopping (based on
personalized advertisements), which are specialized
for mobile use [5]. We have studied the accessi-
bility of Web

personalized ubiquitous Web information services as

and usability interaction  for
well as for the personalized advertisement, using
the unified Web information portal with reliable
Web server and mobile phones.

“When browsing information on large Web sites,
users often receive too much irrelevant information.
The vast amount of irrelevant information on most
these Web sites can overwhelm users, leading to
the study about personalized Web views for multi-
lingual Web sources” was introduced by Liu et al.
[6]. User navigation patterns were studied by

modeling user navigation [7). To avoid users brow-
sing against over thousand of results, Ruvini [8]
infroduced the study of adapting to the user
Internet search strategies.

Usability and Accessibility (U&A) guidelines have
been set up to help designers in the process of
creating usable and accessible sites (9], W3C con-
sortiurn recommendations for accessible Web sites,
the Web Accessibility Initiative (WAI) recommen-
dations, and the Web Contents Accessibility Gui-
delines. We studied accessibility and usability of
personalized Web interaction with single-character
Z.net,

&.net, |.net,

multilingual (Korean) domain names (eg.
olnet, ¥t.net, A.net, T.net, L.net, -

- dl.net, T.com, -.com -+ &.com) for personalized
ubiquitous Web information services. We considered
the simplification of the above complexity from the
user's perspective, and moreover the user's view-
point concerning services and contents for informa-
tion access in this ubiquitous computing and
networking environment.

In the following sections, we introduce the acces-
sibility and usability of Web interaction in wired
and mobile Internet, especially with user interaction
at the user's perspective. We will discuss the
accessibility and usability of personalized Web inter—
action with some metrics, and we will discuss our
experience, got in Korea, Japan and China, with the
empirical results based on implementation of a
personalized ubiquitous Web

Finally, we will conclude our study with consi-

information service.

deration of further research.

2. Backgrounds

In many countries, better access to Web services
and Web administration is becoming an important
issue; and a few action lines of improvement for
the Web Content Accessibility Guidelines are sug-
gested [10]. We considered the guidelines in our
implementation of a ubiquitous Web information
service, including the evaluation with KADO {Korean
Agency for Digital Opportunity and Promotion) tool
related to the above guidelines. The accessibility of
the contents has become mandatory as a Korean
regulation since April 2008,

Universal

access implies the accessibility and
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usability of Information Society Technologies (IST)
by anyone, anywhere, anytime. It is important that
the needs of the broadest possible end-user popu-
lation are taken into account in the early design
phases of new products and services. Universal
Design in the Information Society has been defined
as the conscious and systematic effort to proac-
tively apply principles, methods and tools, in order
to develop IST products and services that are
accessible and usable by all, thus avoiding the need
for a posteriori adaptations or specialized design
[11]. Internet accessibility beyond disability was
also studied by Hofstader [12]. The unified Web
server for any user should be capable of showing
the appropriate contents, i.e. the HTML contents
for wired Internet as well as the mobile contents
for many different kinds of mobile devices, eg.
WML, mHTML etc. We implemented a simplified
and unified portal for personalized ubiquitous Web
information services with wired Internet by PCs as
well as with wireless Internet by mobile devices.

and related
needed for capturing human requirements in the
new reality. Appropriate architectural framework

New approaches instruments are

and development tools will also need to be elabo-
rated in the age of the disappearing computer [13].
We considered the implementation of a ubiquitous
Web information portal with good usability and
accessibility for personalized Web interaction in this
ubiquitous computing and networking environment.
Accessibility has been studied on the basis of
quantitative metric such as time [second], however
the usability has not been studied much with the
quantitative metric instead of some qualitative eva-
luation. There is some correlation between accessi-
bility and usability; we tried to use the time [second]
metric for simplicity with the quantitative metric.
To pervasively and unanimously access the unified
portal for every user in the real-time ubiquitous
information network, the user interface for access-
ing the Web should be as convenient as possible
even for typing-in the domain names or URLs with
mobile phones because the first step for Web
service with wired/mobile Internet (especially, with
mobile Internet) is typing-in the URL of the tar-
geted Web site offering the requested information.

AT E S
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For users in the real-time information network,
even the input of a text-string becomes important
for the retrieval of information or the registration
of information with mobile phones, especially with
keypads in the mobile phone for text-string URLs
as well as information. To access the unified portal
ubiquitously, the user interface for a user should be
as convenient as possible even for typing-in the
single—-character multilingual (Korean) domain names
(eg. #Z.net, ©l.net, ¥net, H.net, T.net, L.net, -
} .net, -

URLs, or information. For writing information in

3 .net, 1.net, 7.com, L.com - ¥.com),
real-time way, the user’s typing speed of text-
string, e.g. Korean characters, is one of important
performance factors, especially with mobile phones.
Even for the simplest Korean character composed
of one consonant and one vowel, pressing over four
keys is required; that means inconvenient keypad-
pressing is required for the mobile phone user for
Web interaction. Therefore the personalized Web
service based on the mobile phone is difficult with
traditional schemes adapted for PCs. We considered
the wusability and accessibility of personal Web
interaction with mobile phones as well as with
PCs, especially using test-bed Web portal acces-
sible with many simple Korean domain names.

The features of websites that we visit regularly,
that differentiate them from websites with the same
purpose that we don’t visit; Forrester did some
research on this as follows: good content (75%),
usability (66%), speed (58%), frequency of updating
(54%), (the rest is noise: 14% and lower) [14].
According to Pemberton’s comments, “device inde-
pendence, accessibility and usability are surprisingly
closely related.” The definition of usability for
mobile devices was referred [15] from of ISO
9241-11: “The extent to which a product can be
used by specified users to achieve specified goals
with effectiveness, efficiency and satisfaction in a
specified context of use.” A system for automa-
tically evaluating the usability and accessibility of
Web sites by checking their HTML code against
guidelines has been studied by Beirekdar et al. [9].

Sutcliffe and Angeli [16]
styles, i.e. traditional menu-based and interactive

assessed interaction

metaphors, in the Web user interface, and they
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found that the menu-based interaction style was
superior for usability and information quality. The
usability of mobile devices and their applications is
a key factor for the success of mobile computing.
Betiol and Cybis [15) studied usability evaluation of
mobile interfaces based on three different evaluation
approaches, they mentioned the importance of the
context of use of mobile devices in the usability
evaluation, so that the traditional HCI evaluation
criteria and methods should be reconsidered in
order to meet the requirements of mobile interac-
tion. There are now more browsers on mobile
phones than on desktops, and there is a vast diver-
sity in the types of devices; on top of this diver-
sity, there is also the diversity required for acces-
sibility, and Pemberton mentioned also that the Web
interfaces landscape is turmoil at this moment [17).

Ford and Kotze [18] proposed that “the interface
design characteristics required to design interfaces
that accommodate high power distance, high uncer-
tainty avoidance, masculinity and short-term orien-
tation would provide a more usable interface to all
users; and the user interfaces designed to accom-
modate the above cultural dimensions and collec-
tivism provide better performance.” We considered
the collectivism in Web interaction with a unified
Web site (‘ktrip.net’), and also conceptually consi-

dered the above cultural dimensions with Korean

domain names (e.g. Zinet, ©lnet, ¥hnet, H.net,
“l.aet, -.net, ¥.net, |.net, {.net, ~i.com,
L.com -+ ¥.com) to implement a ubiquitous Web

information service; however we focused on the
quantitative metric instead of qualitative metric.
The metrics in Web interaction for personalized
ubiquitous Web information services, i.e. accessibi-
lity and usability, are random variables, and should
be estimated in real-time as we discuss in the

following sections.

3. Accessibility and Usability in Web
Interaction

The accessibility and usability for Web interac-
tion at the user's viewpoint may be different from
the conventional evaluation methodology. However,
we should investigate a more effective approach,
because the environment has changed significantly,

especially in terms of the interactivity of users with
mobile phones in the Web information system. In
this paper, we considered the accessibility and usa-
bility of Web
multilingual (Korean) domain names (e.g.
olnet, ¥hnet, H.net, .net, ‘-.net, -
&.com) as keys for a

single-character
Z.net,

&.net, .net,

interaction with

4.net, "l.com, t-com -
ubiquitous Web information service, at the Korean
user's viewpeoint. The real-time application, getting
required information as well as writing information
in the wired and mobile Internet environment, was
considered.

We studied the fundamental metrics for accessi-
bility and usability of a personal Web interaction,
from the user's perspective. We studied the metric,
delay, not only with the time in the network and
server, but also with the spent time by user and
the input time on keypads for URL or information
for notification in the personalized Web interaction.
For example, in Fig. 1 for a mobile user, we assume
that the random variable, the round-trip response
time for a user's single interaction in a session,
from a user to the contents in DB through wired/
mobile Internet before next interaction with a
mobile phone is R;. That is composed of the pre-
paration time for any user in the ubiquitous com-—
puting and networking environment to get a mobile
device for interaction in his hand is U. The time
spent by the user with the mobile phone to do
appropriate interaction for service is D). The agg-
regate interaction time to the Web server after the
mobile device through wired/mobile Internet for
mobile service is S, and the network time is
embedded here. The
upon mobile contents is C. We considered the acc-

interaction time depending

essibility as well as the usability for personalized
Web information services on the basis of the real-
time estimation of the aforementioned random
variables related to Web interaction.

The session time of the Web interaction may be
dependent on this content retrieval or registration,
and there may be several back and forth iterations
during the Web interaction. The returning round
frip time in the Web interaction, from the content
retrieval time to the requesting user through Web

server and wired/mobile Internet using mobile
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Fig. 1 Metrics for Accessibility and Usability of Personal Web Interaction

device, is R2. We estimated the random variables of
metrics after implementation of Web-based infor-
mation service with a test-bed Web site: http://
ktripnet [18]. The previous works for computer
networking has been mainly focused on the analy-
sis of the random variable time S, but we suggest
the average overall metric for estimation of acce-
ssibility and usability in Web interaction.

For the real-time application using wired and
mobile Internet, the dominating factor and the vari-
ance of that averaged random variable should be
bound within the deterministic response time. To
be deterministic for a real-time application, each
user should be skilled, the Web interaction with
device should be convenient, the network should be
stable if possible, the Web server should be effi-
cient and have high performance for the dedicated
application, and finally the contents for Web inter-
action should be as simple as possible with a
simplified and efficient format. We also considered
the packet size to be independent from the network

traffic conditions as well as the simple service in
the Web server to be independent from the load of
the Web server in a personalized ubiquitous Web
information service for a user.

As an example for multilingual applications, let's
consider the average keypad-press number in the
case of Korean handheld phone model, discussed
before; this is related to the device time Mean (D).
Based on the assumption of a single Korean cha-
racter composed of one consonant and one vowel;
this is analyzed at the user’s viewpoint. For writing
the information in real-time way, the user's typing
speed of Korean character is one of important
performance factors in any mobile Internet services
for Korean wusers with the mobile phone. For
example with the simplest Korean character com-
posed of one consonant and one vowel, several
Korean handheld phone models showed that the
average number of keypad pressing is approx 4-5
for the mentioned single Korean character and
around 2-3 for single English alphabet, including
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shift key for next character. This is also critical
dominating factor related to the time, D, especially
for writing contents of information with a mobile
phone.

In Fig.
accessibility with a single iteration, however there

1, we showed a simple example for

may be actually several iterations in a session as
shown in Fig. 2; we expanded our prior work [20]
for mobile interaction to the accessibility as well as
the usability. We found that a service/product
should be accessible if the service/product needs to
be usable; accessibility, that is a necessary but not
sufficient condition for wusability, is a subset of
usability. We discuss the accessibility in a session
then we will discuss the usability based on the
accessibility. We tried to find a fundamental metric
based on time [second] for simplification. The sto-
chastic estimation of the random variables for the
usability and the accessibility was studied on the
basis of time series analysis.

In Fig. 2, the time delay for personal Web

interaction in a session by several elements (ie.
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Fig. 2 Personal Web Interaction in a Session with
Mobile Internet (Web) Phone

user, device and Web server) are shown and broken
down as follows, user preparation time for inter-
action, Ui; interaction time with client's device, D
and D';; interaction time in network and Web
server, S; and S’1; user interaction time for
understanding and readiness, Uz, interaction time
with client's device, Dy and D's; interaction time in
network and Web server, S: and S'z; interaction
time for reading contents in the DB server, CiReaa ;
interaction time for writing contents in the DB
server, Cuwrters USer preparation interaction time
for understanding and readiness, Us; interaction
time for writing contents with user's device, Ds
and D's; interaction time in network and Web
server, Sz and S’z user's preparation interaction
time for understanding and readiness, Us; inter-
action time for finishing the session with user’s
device, Ds; interaction time in network and Web
server, Si

From Fig. 2, a metric for estimation of the acc-
essibility and usability, the response time for im
interaction at the user's viewpeint, ri= U;+ D; + D';
+S5i+ S’ + (5 and the overall metric for evaluation,
1e. the overall interaction delay for a session in

R=§n:r‘~

information access is ™t . The R, that is the

response time in Fig. 1, is defined as the accessi-
bility [second] of a session in our discussion. For
real-time estimation the session time should be
estimated on the basis of easy implementation in
the programs (such as ASP, JSP, or PHP) running
in the Web information server.

n

Fi
Accessibility = ' [second] (1)

In this interaction, the

dominating factor is [fi and D; in normal network

session during Web

and server, considering the recent stable network.
We considered the packet size to be independent of
the network traffic condition, and the simple service
in the Web server to be independent from the load
of the Web server during personal Web interaction.

For real-time interaction using wired and mobile
Internet, the dominating factor and the variance of
that averaged random varjable should be bound
with the deterministic response time. To be deter~
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ministic for real-time Web interaction, the user
should be skilled, the user
should be convenient, the network should be stable

interface of device

if possible, the Web server should be efficient and
have high performance for the dedicated application.
Finally the contents for a ubiquitous Web infor-
mation service should be as simple as possible with
a simplified and efficient format for interaction. The
bandwidth requirement for wireless or mobile Inter-
net should be as low as possible to be immune to
the network traffic conditions for Web interaction
with text-string; also that will be good against
degradation caused by the other rich multimedia
contents. The user’s average preparation time for
interaction, Mean(U), will be shortened depending
upon the proliferation of ubiquitous devices for Web
interaction, ie. mobile phones for a ubiguitous Web
information service,
The usability, which should be estimated in real-
time as a quantitative metric, could be defined with
o

the equation, 7o , where f is the number of ses-

sions by the same or different users, i.e. frequency,
per a day {(i.e 24 hours); the f is random variable.
R; is the accessibility in ju session in a day and
we can use the notation A; [second] for accessi-
bility of the j» session, therefore the usability is
the summation of the accessibility of each session
during a day, as follows:

f —_

ZA; =A*f

Usability = 75 [second] 2)

The usability could be approximated with the
multiplication of the mean of accessibility and the
mean of daily usage frequency, f For simplicity in
our discussion, we assumed as follows. The shorter
the value of accessibility [second] is, the better the
accessibility is; the longer the value of usability
[second] is, the better the usability is.

The real-time estimation for statistics of random
variables (eg. U, D, S, C, R, A, ) for mission-
critical application service was considered. For real-
time estimation, we used an exponentially weighted
moving average model with the appropriate smoo-
thing parameter g to get the mean value of the
random variable xi, which may be related to any

L)
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random variable among the discussed random
variables (eg. U, D, S, C, R, A, . To find and
eliminate the statistical outlier we required deviation
ststistics, and we used the mean absolute deviation
{(MAD) model to reduce the complexity of real-time
estimation. The mean value of each random vari-
able (such as R, A, ) required for real-time esti~
mation can be estimated as follows.

;=cm+(1—-a)‘xk__; where 0<a<1 (3)

In the time-series analysis, the statistical outliers
can be eliminated considering the standard deviation
and the current value of the random variable; how-
ever the calculation of the standard deviation is not
efficient in the real-time estimation. We use the
mean absolute deviation (MAD) model in our real-
time estimation of the accessibility and usability.

The mean absolute deviation (MAD) is defined
by

k

MAD =1 1x,<-x‘

N
i=k-N+1

(4)

where the chosen sample size for statistics is N,
that is, the number of samples to be stored in
memory for estimation, the samples have values x;

1

— Nr—
the mean is X% (k > N-1) and a. If the

smoothing parameter a is too small, N becomes
larger. For many sessions, if N5 is the number of
then the

sessions in a Web information server,

memory size for real-time estimation becomes

N*N = Ns"‘l
a . The right place for real-time esti~

mation may be chosen on the basis of requirements
and kind of server program, for example the global.
asa in ASP server may be considered for imple-
mentation of real-time estimation.

4. Implementation

The personalized ubiquitous Web information ser—
vices, here the Korean information network, as an
example of Web-based information services using
multilingual applications, is based on wired or mo-
bile Internet, many single Korean character domain
Z.net, ©lnet, ¥hnet, #H.net,
&.net, F.net, -+ d.net, Tcom, w.com -

names (e.g. “1.net,

v.onet, -
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&.com) for Web interaction. The required informa-
tion or advertisement for a user can be registered
in any time and any place using wired or mobile
Internet in the unified Web server for the perso-
nalized ubiquitous Web information service, ie. the
‘http://ktrip.net’.

As an example for personalized ubiquitous Web
information services with various mobile phones
serviced by many mobile service operators, we used
the following service program based on Microsoft
IS Web server and DBMS for various mobile
phones of a user. With this program for Web infor-
mation interaction by a member in a user, the
information portal, ‘http://ktrip.net’ can be accessed

in a unified way by different mobile phones.

<% ' Information of Mobile Phone Header for IS Web Server and ASP Program
agent = Request Server Variables("HTTP_USER AGENT")
subno = Request Server Variables("HTTP_X_UP_SUBNO"}
accept = Request.Server Varisbles('HTTP_ACCEPT")
IfInSt{agent,"SK™) >= 1 Then 'for Mobile Phone: SKT
response Redirect *hip:/ktripnetflistwrnlasp™
Elself InStr{subno,"ezweb™) >= { and inStr(agent,"UPBrowser/4.17) >= | Then
response. Redirect “hupy//ktrip.net/lisswmi.asp” - for Mobile Phone: LGT
Blself inStre(subno,"itouch”) >= 1 or InStr(subno, "ezweb") >= 1 Then
response. Redirect *hitp/Auipnetlisthdmiap™ for Mobile Phone: LGT
Elslf InStefagent, MSMB") >= { Then  ‘for Mol Phove: KTF
Blself InStr(agent,"KUN") >e= 1 Then  for Mobile Phone: KTF
response.Redirect “hupi/trip peylistrasy”™
Elself InStr(accept, xhtml™) > | Then ‘for sHTML device
response.Redirect “hip:/kirip.net/list asp™
Elself InStr(accept,"wml") 5= 1 Then  for WML device
Elself nStr(agent,"Moxzilla"y >= 1 Then  for other Browsers: Mozilla
response.Redirect “bitpu/ktrip net/listasg”™
Endif
Else 'for other Browsers with wired Intermet and foli-Browsing Phone
response Redirect hupdkiipnetliistasp %>

Considering the accessibility of the unified portal,
we could make the Web interaction time determi-
nistic in the Web server for contents. For the usa-
bility we will modify ASP programs to get the
usage frequency of sessions. The deterministic time
was possible with the deterministic size of packet
for WAP service. The average response time with
mobile phone Internet is around 12 seconds with
about 2 second standard deviation, similarly in Korea,
Japan and China. Considering the performance of
the unified portal in the information network, we

made the interaction time deterministic in the Web
server for contents; we got the relationship bet-
ween S and C.

Referring to Fig. 1, the empirical performance with
various mobile phones by 50 students, the average
interaction delay of D (the typing time of a URL,
ie. ‘ktripnet’) is about 30 [sec] with Standard
Deviation (14.3 [sec]). The average of Suaripnen is
about 9 [sec] with Standard Deviation (6.4 [secl),
the average of Sioperators portay is about 7.9 [sec]
with Standard Deviation (5.8 [sec]). The average
time of reading-content is about 6.8 [sec] with
Standard Deviation (7.3 [sec]).

We need to continuously try to decrease the
interaction times U and D. We can also consider
speech technology (instead of pressing keys in the
automobile) to decrease the interaction time D. The
‘Pen Phone’ introduced by Siemens reduced the
device interaction time D. Standardization for Ul of
mobile phone is important, and service providers
and manufacturers of mobile phones have been
attempting it in Korea. This will be also helpful to
reduce the device time D. The maturity of speech
technologies represents a great opportunity for peo-
ple working with other or/and with a piece of
information through Interactive Voice Systems: and
the research with the VoiceXML technology was
considered for the universal access paradigm by
speech for the new generation of interactive
systems {211

We studied the dominating factors in the overall
performance at the user’s perspective as follows. In
general, in Fig. 1, the relationship of mean inter-
action time in mobile Internet with mobile phone is
Mean(U) > Mean(D) > Mean(S)} > Mean(C). We
have tried to decrease the interaction times Mean
(U) and Mean(D) in the time-critical Web infor-
mation service for a user. As Internet URLs for
unified Web services, we used over 200 single-
character Korean.net (e.g. Z.net, ©l.net, Ynet, #.net,
“inet, t-net, -~ S.net, F.net, - Jlnet, T.com, -.com

- &.com) as simple URLs to find information as
well as to notify information in real-time way and
ubiquitously for ubiquitous Web information ser-
vices. Speech recognition technology would also
decrease the interaction time, Mean(D)), instead of
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time—-consuming keypad-press interaction.

The handheld phone model SCH-X600D manufac-
tured by Samsung was used for testing of the
international roaming service and mobile Internet
service days in 2006 in Japan as well as in 2007 in
China. In Tokyo, Kyoto, Osaka, and Beijing, the
primitive experiment of a ubiquitous Web service
for real-time access to information, ie. reading and
writing information in anytime and anywhere, was
studied. Even on the Japanese express train, the
‘Sinkansen’, driving over 300Km/hour, the regist-
ration of personalized Web information was possi-
ble. The reading of ubiquitous Web information, of
course, was easy and took similar amount of time
as in Korea. On the Korean express train KTX’
(i.e. Korea Train eXpress) the reading and writing
of ubiquitous Web information has been possible
for two years with the same model of SCH-X600D
as well as since six months ago with Viewty
Phone’ serviced by LGT. The interaction time U is
almost negligible because we carry always our
handheld phones being able to connect to mobile
Internet, as ubiquitous computing and networking
environment prevails. From the experiments in
Japan and China, we observed that the interaction
time with wired PC is rather fast and stable with
a little deviation as in Korea.

Table 1 shows the accessibility statistics for acc-
essing to some portals in the KTX (between Seoul-
Daejeon/KwangJoo) after eliminating statistical out-
liers; we used the ‘Viewty Phone’ serviced by LGT,
and the URLs of the portal sites were registered in
the favorite folder in advance. The accessing time
was the latency time from the click on the URL of
the portal in the favorite folder to the displaying of
the main page on the ‘Viewty Phone' screen.
Therefore the ‘S+C time metric was estimated
without U and D. We will implement to get the
usability statistics using the usage frequency. Fig.
3 shows demonstrations of ubiquitous Web infor-
mation service with PCs and mobile phones. We
will study the usability on the basis of the esti-
mated accessibility and the usage frequency in our
further research; applications of the accessibility
and usability to personalized u-healthcare services
will also be studied.
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Table 1. Accessibility Statistics for Accessing Portals

Portal A | Portal B | Portal C | kirip.net
Min [sec] 23 17 11 11
Mean [sec] 35 20 15 12
Max [sec] 45 25 25 13

b S g

Coengle

Fig. 3 Demos of Ubiquitous Web Information Service
with PC and Mobile Phones

5. Concluding Remarks

The accessibility and usability of mobile inter—
action was studied for personalized ubiquitous Web
information services. The overall evaluation for
Web interaction in the real-time ubiquitous com-
puting environment from the user's perspective was
studied for assuring the accessibility and usability
of personal interaction with the unified portal, with
the statistical analysis based on the empirical
results. We showed empirical results based on the
implementation in Korea, Japan and China. With a
more ubiquitous computing environment (i.e. the
decrease of user preparation time for service), the
interaction time in the device will become more
critical. Thus we need a more efficient user inter—
face (e.g. Anet, ©lnet, ¥net, H.net, net, et

- &.net, F.net, -+ dlnet, M.com, L-.com -+ F.com)
for personalized ubiquitous Web information ser-
vices, especially using mobile Internet with mobile
phones. For future works, the practical applications
based on the accessibility as well as the usability
of personal mobile interaction will be studied for
real~time personalized advertisements. We will imple-
ment the real-time estimation of the accessibility
and the usability in our Web information server;
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we will alsc apply the concept of accessibility and
usability to u-healthcare service.
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