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Despite their amazing profusion, mobile phones have not been a part of school education and there have
been no reports on testing for their active use in this arena. We have thus developed chemistry resources
via the Internet that allow mobile phones to be used as mobile computer terminals for educational purposes.
Because mobile phone displays are extremely small, they are not suitable for viewing lengthy texts or large
images over the Internet. In consideration of this limitation, we have developed chemistry resources that
prioritize the greater convenience offered by mobile phones over desktop computers. We revised the “Physical
Chemistry Experiment” preparation system, which was already available on the Internet, so that it could be
accessed using a mobile telephone. The Physical Chemistry Experiment comprises 18 topics. Testing use
of these resources began during student experiments in April, 2003, and this paper reports the results of our
development efforts and the results of implementing these developments in the educational environment.

Keywords: Internet mobile telephone, Internet CAL system, Sentence display around 10 characters, Chem-

istry education system via the Internet

1 Introduction

In spite of the spread of mobile telephones, school edu-
cation is a closed gateway for their use. There is seldom
testing which positively carries out their utilization, and
such reports are few [1-4]. A mobile telephone was used
for education as an Internet mobile terminal. The chem-
istry education resources system via the Internet was de-
veloped as Internet CAL system. The display on a mobile
telephone is extremely small for Web. It is not suitable
for lengthy texts and large figures. The system was de-
veloped on the convenience of the portability against a
desk computer. The chemistry education resources are
“Physical Chemistry Experiment” [5] preparation system
always open in Japanese via the Internet. It was revised to
use a mobile telephone. The Physical Chemistry Exper-
iment has been composed of 18 topics. It has been used
for the testing of our student experiments since April,
2003. Then, the following are reported: research re-
sults on the development and education results in prac-
tical training.

http://www.sccj.net/publications/JCCJ/

2 File preparation for mobile tele-
phone Web System

We cannot use a mobile telephone to utilize “Physical
Chemistry Experiment” learning system under the open
Internet. It is not suitable for mobile telephone display
(3cmx4cm), because a desktop computer display is as-
sumed. To begin with, it is divided into sentence infor-
mation and image information within the document as
object education resource. On the sentence, the lengthy
texts were avoided, and a line expression of the sentence
was chosen carefully in the single sentence. In the image
information, the graphic data was reduced to display size
(Figure 1). The party completes the short sentence for the
description around 10 characters. An example is shown
in Figure 2. The display with subscript and superscript
on ion, chemical formula was made to be a line expres-
sion. The limited size of the mobile telephone does not
become a fatal defect for the way of chemistry learning,
even if two lines expression of chemical formula are not
used.
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Figure 1. Preparation flow of the mobile telephone Web
system.

Though the animation function could be prepared in
the moving image, the graphic data was abandoned by
the shortage of the hardware function for a mobile phone.
The image data which photographed experimental equip-
ment via digital camera were reduced using Adobe Pho-
toshop to the display size. The equipment drawing pro-
cessed the image using the Paint of the Windows OS at-
tachment function. The color decrease was changed to
256 colors from the full color (16,770,000 colors), and
the level of the image capacity was optimized for mobile
telephone by Optpix Web Designer.

Numeric data tables and graphs of the experimental
results were processed using MS-Excel, and they were
adjusted in size which was optimum on the display of mo-
bile telephone. Verification of the data of the experimen-
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tal result is educationally necessary, because the topic of
the chemistry education resource is practical training in
student laboratory experiments. The network system was
set for the data check under experiments and report gen-
eration without choosing any time and any place.

3 Reduction processing of the im-
age data

Bitmap image was reduced at 9600 pixels (100x96) us-
ing Adobe Photoshop, and it was saved in a JPEG(jpg)
type. The color of the file could be decreased from
16,770,000 to 256 colors, using Optpix Web Designer.
The reduction treatment was carried out in the size of im-
age capacity of a few KB, and the file was converted into
a GIF type for Internet. An example case of reduction and
processing is shown in Figure 3. Figure 3 shows the im-
age “Optical Rotator” photographed by the digital cam-
era.

Though the digital image in Figure 3 was 150KB, it
decreased to 17KB after being reduced. It was possible
that the image capacity was made to decrease to about
1/10. By MS-Excel, the data measured by the experiment
was converted to graph for the small size of a mobile tele-
phone.

4 Preparation of Web (HTML) file

The source of the HTML file was made using the IBM
HomePage Builder. The extra tag in mobile telephone
Web was incorporated in the HTML file made by this
builder. Using the Memo Pad of the Windows OS attach-
ment function, deletion and correction of the unnecessary
tags were carried out. Example of the object part of the
correction is shown as follows;

<!DOCTYPE HTML PUBLIC “-//W3C//DTD

HTML 4.0 Transitional//EN” >
<META name="GENERATOR?” content="IBM
HomePage Builder 2001 V5.0 for Windows”>
Two lines of the above HTML tags were deleted,
because it was unnecessary for a mobile telephone.
<P align="center”>~ (sentence)~ </P>
The line of the above tag was changed for the center
setting as follows;

<CENTER>~ (sentence)~ </CENTER>

In addition, the tag of font size appointment that was
automatically tagged was all deleted, because the ap-
pointment of the font size was unnecessary in Web for
mobile telephone.
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Figure 3. Reduction processing of the image by Photo- Figure 4. Simulation display using the browser “i-Mode
shop. Tool KAI”.
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Figure 5. Menu file display simulated by using the
browser “Openwave SDK Universal Edition 1.1”

5 Action confirmation in the Web
server

The action confirmation was carried out using the
browser “i-Mode Tool KAI” [6] on the assumption of the
display size for mobile telephone, when the HTML file
was completed. An example is shown in Figure 4.

The advantage of this tool can virtually confirm the
action in Web, because the display is carried out of a mo-
bile telephone sense. In addition, it is possible to count
the packet fee in proportion to the byte number of Web
file as shown in Figure 4.

And, action confirmation of the HTML file was car-
ried out by using the browser “Openwave SDK Universal
Edition 1.1” [7] as a Web simulation tool. In compari-
son with the former browser, this browser can imaginar-
ily perform simulation in the mobile telephone style. An
example of the browser is shown in Figure 5.

The chemical education system of HTML file, made
in this study, was stored to the server of the In-
ternet open for mobile telephone(http://bigjohn.fukui-
nct.ac.jp/butuka-i/index.htm). It confirmed the action in

38

Questionnaire items

For the questions shown as follows, please

evaluate the mobile telephone system in 5 stages.

S1. Is the mobile telephone system educational?

S2. Is there educational significance in a network
arrangement by mobile telephone?

S3. Is it smoothly operated using the mobile
telephone system?

S4. This server has 18 topics. Is it useful tolearn
without choosing any place?

S5. Are mobile phones in network education
necessary?

S6. Each chapter and section can be chosen from
the menu. s it useful?

S7. Do you learn independently by such mobile
phone system?

Answer the above 7 items in the questionnaire.

Figure 6. Questionnaire items

the server. The download of the picture image was heavy,
when it was accessed to this server by mobile telephone.
Large reading load was applied even in the image file
of about 10KB capacities which reduced the image size.
In the present mobile phone, this file system was heavy
for reading, when the document and the image were si-
multaneously displayed. The contrivance that takes in
the image in button clicks, etc. seems to be suitable on
the method for requiring the image in the present mobile
phone system.

6 Questionnaire in the testing of
thissystem

This system was used on testing for our students. Eval-
uation in 5 stages was received for questionnaire items
(Figure 6) in order to examine the educational degree of
the practicality. A good evaluation result is closer to 5,
but a bad one is closer to 1. For seven items of the ques-
tionnaire, Figure 7 shows the result after having tested 10
students.
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evaluation

Figure 7. Good evaluation result for seven questionnaire
items. Symbols (S1,---,S7) of questionnaire items are
equal with Figure 6.

This system using a mobile telephone was judged as
useful, and it received almost the passing mark. The com-
ments described in the questionnaire are as follows: the
punctuation mark is omitted; further short sentence is
required; the clear indication of the important point by
the experiment guideline; the visibility contrivance of the
experimental equipment. In the negative evaluation, the
cost of mobile telephone use is charged to the student. It
is necessary that the use charge of the mobile telephone
in the network become cheaper.

7 Conclusion

This system was produced as a graduation research (by
Yuusuke Nakayama) in fiscal 2002. Testing of the use of
these resources began during the student experiments in
April, 2003. Thus, Internet utilization by opened desktop
computer terminal is most useful for experiment practi-
cal training in our college. The utilization evaluation of
the mobile phone system was fairly good for the student
who used the part. Thus, the utilization (autonomy study

http://www.sccj.net/publications/JCCJ/

of the student) of this system is practiced via a mobile
telephone.

All students have a mobile telephone recently. The
mobile telephone should be more used for Internet learn-
ing without choosing any time and any place. The mobile
telephone is promoted for the self-study of the student in
the network. The Internet education resources are also
necessary because of the effective utilization of a mobile
telephone.
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