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A Case Study on Mobile Internet Use Analysis：
Implications from Long-term Mobile Internet

Observation

Toshihiko Yamakami†

The mobile Internet is rapidly growing. The methodologies to capture the mobile Internet
use are still in the early stage. The constraints in the mobile handsets lead to the requirements
to capture the contexts surrounding the small display. Based on the proposed context cue
exploration approach, a case study is performed to capture the time context factor over a
long span of time. Cross-carrier comparisons show the differences of markup languages and
network characteristics do not affect much over a long span. The real world issues to impede
2-year observation are discussed. The implications of the mobile Internet usage analysis are
presented.

1. Introduction

The mobile Internet covers a wide variety of
Internet access from wireless LAN to mobile
handsets. The author focuses the mobile hand-
set based Internet because it occupies the signif-
icant part of the today’s Internet in Japan. The
active mobile handset based Internet users ex-
ceed 50 million, easily outnumbering other In-
ternet access methods.

Rapid penetration of internet-enabled mobile
handsets is witnessed in worldwide3), especially
in Asia. However, the systematic observation
on the user behavior is still to be explored. It is
highly likely that headset-based Internet users
show different user behaviors. However, the
methodologies to capture the significant char-
acteristics are still immature. The reason why
the mobile Internet diffusion differs from coun-
try to country is still an interesting research
topic. The context cue exploration approach
and the paradigm behind it are proposed. As an
example of the compensating context, the life-
time session is analyzed for a long span of time
using the identifier tracking analysis method8).
The method is simple and effective, however,
the follow-up analysis over a long span of time
encounters several challenges. The long-term
analysis needs a careful and consistent logging
design, however, the real world issues in the mo-
bile Internet with dynamism and unpredictable
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factors make it hard. This paper presents
the follow-up analysis and implications of the
long-term transitions of the mobile Internet in
Japan.

2. Challenges and Issues

2.1 Constraints and Markup Lan-
guages

The micro-browser in the mobile handsets
presents the significant constraints in the mo-
bile Internet services.
• Small display space
• Small memory capacity
• Low-power CPU
• Narrow bandwidth and low-speed network
The constraint directly leads to the new skills

of the content authoring and content marketing
in the mobile-handset Internet services. Japan
is the first country to reach 50 million active
users with its handset-enabled Internet users.
The subscribers for handset-enabled Internet
are depicted in Fig. 1. It is important to use
this opportunity to understand the user behav-
iors to learn improvement requirements from
this rapidly changing mobile Internet applica-
tion domain.

In the past, the content language for a small
device was parted into two categories, based on
HTML or Wireless Markup Language(WML6)),
a language specified in WAP Forum. In
Japan, to make the things worse, there have
been three languages, NTTDoCoMo’s i-mode
HTML(derived from Compact HTML5)), au’s
Handheld Device Markup Language(HDML)
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Fig. 1 Subscriber Growth during 2000-2002 (million
users)

for EZweb, and J-PHONE’s Mobile Markup
Language(MML) for J-sky. HDML is an ori-
gin language for WML. Recently, XHTML Ba-
sic1) has been established for the next genera-
tion small device markup language. WAP Fo-
rum uses XHTML Mobile Profile7), a slightly
enhanced version of XHTML Basic. ☆ The
mobile Internet content language will be based
on XHTML Basic or XHTML Mobile Profile.
The comparison between different markup lan-
guages in the mobile Internet was rarely avail-
able in the past literature. Cleary the com-
pact HTML had the content authoring advan-
tage for minimized time to market. However,
Fig. 1 shows each carrier continuously increases
its mobile Internet subscribers over a long span
of time despite of the markup language.

3. Purpose of the Study and Related
Works

3.1 Purposes
This study aims at understanding the mobile

Internet form the context cue exploration ap-
proach. The context cue exploration approach
is based on the assumption that the surround-
ing contexts define the fundamental character-
istics on the mobile Internet use. Especially,
this paper aims at exploring the time factor in
the mobile Internet using the long-term log ob-
servation including cross-carrier observations.

☆ i-mode is NTTDoCoMo’s, EZweb is KDDI’s, J-sky
is J-PHONE’S, and XHTML is W3C’s trademark.

PC Internet

•Extensibility
•Concept Driven
•Logic Oriented

Handset-based
Internet

•Compactness
•Context Driven
•Constraint Oriented

Fig. 2 Paradigm Comparison between PC Internet
and Handset-based Internet

Time Space

Human Relation Event

Fig. 3 Context Factors to Compensate the Handset-
based Constraints

3.2 A Context Cue Exploration Ap-
proach

It is important to note that the Japanese cul-
ture had the significant effect on the mobile In-
ternet usage from news/transaction to social-
ization/entertainment. It is partly because that
the mobile handset’s limitation of display just
needs the additional context cues in the mobile
Internet. The difference between PC Internet
approaches and mobile-handset based Internet
approaches are depicted in Fig. 2. The role of
context cue should be investigated for further
examination of the mobile Internet usage. The
context cues may include various aspects of so-
cial life. Fig. 3 illustrates some of the major
context cues for the mobile Internet.

Fig. 2 shows the comparison between the PC
Internet and the handset-based Internet.

Fig. 3 shows factors to compensate the con-
straints in the handset-based Internet.

3.3 Related Works
The literature about the success of the mo-

bile Internet is rarely available at the moment.
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The user interface study such as2) illustrates the
user interface constraints on the mobile hand-
sets, however, it did not provide any cue for the
rapid mobile Internet growth mainly in Asia.
The social approach like9) is still in the early
stage to identify the culture factor in the mobile
Internet. The author is inspired by Grudin’s
idea4) that the digital world is too large and
that we need to pursue how to split the digi-
tal world in an effective way. He performed the
multiple display user interface research, how-
ever, the concept to pursue how to effectively
split the digital world is the most important is-
sue in the mobile Internet. The author performs
the initial study on the mobile Internet usage
patterns8) with the approach unique identifier
tracking analysis to make use of the unique mo-
bile Internet characteristics. However, this re-
search was done on relatively short-term log (6
months). In addition, the cross-carrier compar-
ison was not performed.

4. A Case Study of Cross-Carrier
Unique Identifier Tracking Analysis
over a Long Span of Time

4.1 Analysis System Configuration
One of the key factors in the mobile Internet

is the user track ability using the unique user
identifier from the mobile carriers. It is distin-
guished that the mobile Internet is aimed at the
paid services. It is unique in the mobile Inter-
net service domain. The unique user identifier
is an important tool to track the user behavior.
Fig. 4 shows the outline of the analysis system
configuration. The system is implemented by
PHP3. The analysis system currently runs on
PHP 4.1.2. The server logs occupies the signif-
icant amount of server storage space. The log
is compressed in a per-month manner.
• tracking each user behavior individually
• tracking each user even when the device is

upgraded
• tracking each user over different application

services
However, during the unique user identifier
tracking analysis, the author encountered the
following challenges:
• user identifier can be affected by the service

upgrade by the carrier
• each carrier provides a different access

mechanism to the user identifier

compression

logs

time
adjustment

access
time

analysis

mail
analysis

profile
analysis

snapshot
analysis

Fig. 4 Analysis System Configuration

• due to the privacy policy, multiple differ-
ent user identifiers may be provided by the
carrier

• due to the different user identifier policy,
user identifier tracking may be affected by
the service menu structure

It is important to make the consistent ob-
servation design for the accuracy of the long-
term observation. However, the real world is-
sues in the mobile Internet makes it hard to
be consistent for long years. First, the burst
traffic characteristics make the mobile Internet
server system complicated with backup servers.
The increasing number of the servers makes the
time synchronization difficult. In addition, the
mobile Internet runs very long time without
halting because the always-on characteristics of
the mobile Internet demand 24-hour operation.
Also, the carrier may update the user identi-
fier policy when the major system upgrade is
planned. Such a change is hardly predictable,
and it is frequent that such a change will not
make public in a timely manner. Details of the
carrier operation may require of the change of
the operations, leading to the changes of the
observation plan. The dynamism exists in the
content service itself. The menu structure and
charging structure may affect the observation
plan. In addition, in the long-term observation,
it is uncommon to obtain the perfect operation
records. The details of the server system opera-
tions like shutdowns and restarting are difficult
to trace after a long span of time. At the time
of the launch, it was hardly predictable to wit-
ness such a rapid growth in Japan. The server
configuration is frequently changed to cope with
the rapid growth.
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4.2 How to Deal with the Time Syn-
chronization Problem

During the long-term observation, it is com-
mon to capture the time discrepancy between
servers. There are several methods to identify
such discrepancy.
• using the database information
• using the order of the frequent used com-

mands
• using the information on the symphonized

commands
The database keeps the single track of the user
subscription records. The frequent used com-
mands have natural orders of the menu struc-
ture of each service. Some management com-
mands have the synchronized nature because
the statistics commands needs queries to the
other servers. In this research, the author ana-
lyzes one of the management commands that
have the synchronized nature. The result is
shown in Table 1. It shows an example of how
a distributed server environment has time syn-
chronization problem over a long span of time.
Over more than 2 years, the server time syn-
chronization problem may affect the long-term
observation especially on the time context.

There are two factors: an incremental factor
and an operational factor. Many operational
details are difficult to identify after a long span
of time. In this example, the major discrepancy
seems to occur in July 2001. The details are for
further studies.

Table 1 An Example of Distributed Server Environ-
ment Time Synchronization Problem

YYMM server-A and server-A and
server-B server-C

(sec) (sec)
0105 6 2
0106 15 5
0107 24 10
0108 32 975
0109 41 954
0110 50 970
0111 59 968
0112 67 964
0201 76 963
0202 85 958
0203 93 955
0204 102 942
0205 111 949
0206 121 946
0207 131 940

Note: YYMM denotes the least significant 2 digits

of year and 2 digits of month. ”0105” means May 2001.

4.3 A Case Study
Using the time synchronization information

obtained in the long-term operation, the i-
mode, EZweb and j-sky service usage is ana-
lyzed to identify the time context transitions in
the mobile Internet. This study aims at analyz-
ing the easy-come and easy-go characteristics
of the mobile Internet using the same metrics
on the cross-carrier analysis. The case study
is performed on the medium size news site offi-
cially listed on i-mode, EZweb, and j-sky. The
large size system with more than a million users
needs a further analysis tool performance study.
Usually, the million user level server logs are too
large to analyze. The content of these services
are slightly different among carriers partly due
to the carriers’ intentions to make differentia-
tion. Table 2 shows the session duration in
i-mode without time synchronization technique
from September 2000 to May 2001. The heavy
users heavily affect the average session length
within 256 sec interval. Therefore, the medium
value is also shown. When the command inter-
val is less than 256 seconds, the next command
is considered to belong to the same session. The
interval between the first command and the last
command in the session is observed. When the
command has more than 256 seconds from/to
the adjacent commands, it is considered to be
isolated commands. The relative ratio of the
isolated commands is also shown.

Table 3 illustrates the same result from May
2001 to June 2002 with time synchronization
technique. The May 2001 result is consistent
with the previous result. However, the consis-
tent increasing trend shown in Table 3 is not
found in Table 2. The contributing factor of
this change is still for further studies.

Table 2 An Example of i-mode session length at 256
sec session interval

average medium medium ratio of
YYMM length length session isolated

duration sessions
(sec) (%)

0009 2.81 1 92 100
0010 4.01 1 100 42
0011 4.30 1 101 34
0012 4.77 1 101 29
0101 4.41 1 95 31
0102 5.58 2 99 21
0103 5.64 2 96 22
0104 5.64 2 99 19
0105 5.84 2 98 18
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Table 4 shows the EZweb result from Febru-
ary 2001 to June 2002. The increasing session
length corresponds to the increase of the num-
ber of the commands in a session. There is a
trade-off between session duration and the ra-
tio of isolated sessions. From this result, the
author assumes that the increasing session du-
ration, time context, comes from the departures
of low-use users. This effect can be commonly
observed in the paid mobile Internet services.

Table 5 depicts the session length analysis
result on a service on j-sky. The trend is also
similar in j-sky partly because that the content
is similar. The difference between markup lan-
guages does not play a significant role in the

Table 3 An Example of i-mode session length at 256
sec session interval

average medium medium ratio of
YYMM length length session isolated

duration sessions
(sec) (%)

0105 6.01 2 98 19
0106 7.45 2 106 22
0107 12.12 4 127 23
0108 6.68 2 135 11
0109 7.21 2 155 10
0110 7.78 2 165 10
0111 7.59 2 178 9
0112 7.24 2 195 8
0201 6.86 2 208 8
0202 7.22 2 223 8
0203 7.76 2 242 9
0204 7.50 2 260 8
0205 7.79 2 268 9
0206 7.13 2 276 11

Table 4 An Example of EZweb session length at 256
sec session interval

average medium medium ratio of
length length session isolated

YYMM duration sessions
(sec) (%)

0102 2.48 1 70 100
0103 3.04 1 72 81
0104 3.03 1 69 80
0105 3.53 1 68 80
0106 5.07 1 80 88
0107 10.80 2 103 73
0108 5.37 1 107 34
0109 4.85 1 131 49
0110 5.89 1 141 40
0111 5.99 1 158 35
0112 5.21 1 176 30
0201 4.72 1 189 34
0202 5.26 1 212 29
0203 5.57 1 226 31
0204 6.02 1 245 26
0205 5.87 1 257 26
0206 6.66 1 269 24

usage in this use case.
The results consistently show the longer ses-

sion. However, even the trend is same among
carriers, the duration is only 300 seconds, rel-
atively shorter than that of PC Internet. The
mobile Internet is characterized as 24-hour fre-
quently visited short sessions. The further stud-
ies will cover the followings:
• effect of content length constraints
• users’ learning effect
• effect of the core user effect (the infrequent

users leave, then core users remain)

5. Implications from the long-term dy-
namism in the mobile Internet

The mobile Internet grows in a surprisingly
rapid manner. However, from the long-term
analysis, we can witness some of the key issues
of the saturation of the mobile Internet services.
From 2001, it is consistently observed that the
longer session duration in a cross-carrier man-
ner. This is partly due to the loss of the infre-
quent users. It is remarkable to see the walled
garden business model in the mobile Internet.
The carriers collect the charges for the paid ser-
vices for the content providers. Even with the
high growth of the mobile Internet in Japan,
the ratio of the content increase is higher than
the increase of the subscribers. This shows the
consistent decrease of the low usage paid users

Table 5 An Example of j-sky session length at 256
sec session interval

average medium medium ratio of
YYMM length length session isolated

duration sessions
(sec) (%)

0012 4.51 2 165 100
0101 4.67 2 165 68
0102 5.12 2 176 50
0103 4.98 2 168 48
0104 5.45 2 168 48
0105 5.49 2 160 52
0106 7.20 3 174 49
0107 10.83 6 203 51
0108 5.24 2 192 41
0109 5.77 2 197 59
0110 7.33 3 202 40
0111 6.60 2 208 37
0112 6.59 3 237 28
0201 6.09 2 244 30
0202 7.26 4 272 27
0203 7.62 4 284 25
0204 7.13 3 285 25
0205 8.13 3 307 23
0206 8.26 4 309 15
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Fig. 5 Stage Transitions in the mobile Internet

in each service. Fig. 5 shows the stage transi-
tions in the mobile Internet.

This trends show the step-by-step diffusion
of the mobile Internet in features and hardware
improvement in turn. Using these step-by-step
driving forces for the mobile Internet, the ser-
vices shift from news/transaction services in the
early stage, to socialization, then entertainment
in the current stage.
• news/transaction services
• socialization services (bulletin boards, chat

room)
• entertainment services (games, movie)
The time analysis over a span of time does

not reflect these stage transitions. The method-
ology to capture these cross-service analysis is
for further studies. The in-depth analysis in
this field may contribute to the worldwide ex-
pansion of the mobile Internet by providing the
rigid cues for the service transition identifica-
tion.

6. Conclusions

The methodologies to identify the mobile In-
ternet characteristics are still present research
challenges. The uniqueness of the mobile Inter-
net is that the constraints of the handset en-
vironment inevitably invite the heavy effect of
the context to compensate the constraints. The
author presents the context cue exploration ap-
proach to understand the situation. In addi-
tion, the rapid growth presents an interesting
research topic to analyze the long-term user
behavior transitions for the first time in the
world. A case study of a long-term observation
is presented in a cross-carrier manner to make
use of the identifier tracking method unique
to the mobile Internet. The 2-year observa-

tion about the session lifetime analysis is per-
formed. The real world problems like a time
discrepancy problem are presented. The future
methodologies should be well prepared against
these issues. The results are consistent among
carriers. This indicates that the various differ-
ences among mobile Internet services are not
crucial. The increasing session duration is ob-
served, however, it is about 300 second per ses-
sion, typical to the mobile Internet. In addition,
the stage changes of the mobile Internet are out-
lined. The long-term mobile Internet logs are
only recently available in the world. The chal-
lenges include the methodologies to identify the
long-term usage transitions.
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