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Abstract. This paper proposes a general purpose e-Learning platform WebELS 
to support higher education in engineering and science especially for PhD edu-
cation. WebELS consists of three major modules, i.e., Learning for self-
learning, Meeting for Internet-based on-line meeting, and Lecture for Internet-
based distance lecture, as an “all-in-one” system. Using an easy-to-use authen-
tication interface non-IT users can edit their own e-Learning contents on their 
personal computer as a series of slides from PPT, pdf, image and video data and 
upload to the WebELS server for e-Learning. Audio and cursor can be recorded 
onto each slide and be play-backed in a synchronized manner for helping un-
derstanding. WebELS is a Java-based server system and functioning in a  
low-speed Internet environment. The WebELS software is available as an open 
source system and is used in universities and industry in Japan and Asian  
countries.  
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1   Introduction 

Recent progress in technology and engineering has been accelerated by high-tech, 
such as IT and Internet. The acceleration would be increased in the 21st century, since 
the informatization of society has been progressing. Rapid progress of technology is 
influencing in reconstructing the education systems as well, such that knowledge 
learned at universities must become out-of-date in shorter year, and engineers and 
technologists are required to obtain new knowledge continuously after graduation.  

Lifelong education is therefore definitely required from the points of views of both 
individual, and nation [8]. In order to improve the quality and productivity in technol-
ogy and engineering fostering high-quality of engineers as well as engineering scien-
tists is strongly requested by the society. However, employees who are working in 
industries have limited opportunities for learning advanced knowledge, because of 
time-limitation, and location-limitation. Traditional classroom-based education cannot 
answer to this kind of social demands.  

Internet-based e-Learning has great possibility to solve this problem, since this 
glowing education system has a variety of benefits based on the recent progress of, 
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such as advanced networking technologies, multimedia information processing tech-
nologies, and sophisticated software technologies, at lower cost and higher quality at 
global scale [2].  

The role of universities is requested to change in the circumstance, in such a 
stream. The traditional model of Engineering Education in university is based on a 
combination of undergraduate education and graduate education by classroom-
oriented lecture. Most of Engineering Education in Japan is still in this way. Some 
universities are trying to introduce Internet-based e-Learning for correspondence 
courses for working students. This is because most professors are conservative on 
introducing e-Learning. However, social demand for graduate education in interna-
tional scale is increasing, that results in a use of Internet-based e-Learning especially 
in a PhD program. 

In this paper we propose a general purpose e-Learning platform WebELS to sup-
port flexibility and globalizing of higher education in engineering and science espe-
cially for PhD education by means of advanced information technology. According to 
our analysis of PhD education features of e-Learning system should be different from 
those of undergraduate education. For example, typical lecture style in PhD program 
is discussion-based meeting. Presentation at an international conference is also a typi-
cal style of education. Test for evaluating the quality of knowledge that is one of key 
functions in undergraduate education is not applied. Standardized texts are not used in 
lecture. In addition, globalization of higher education in science and technology be-
come strongly important. It should be noted that e-Learning platform should be avail-
able not only in advanced countries where high quality Internet is widely in use but 
also should be available in developing countries such as in Asia and Africa where low 
speed Internet is normally used. WebELS is designed to provide high quality e-
Learning environment for higher education in science and technology to meet these 
demands. Since WebELS is designed as a general purpose e-Learning platform, it is 
useful not only in education but also for business meeting in institutions and industry. 
Combined use of WebELS with Moodle [4] is also suitable idea of use such that func-
tions of both systems would be featuring together. 

WebELS consists of three major modules, i.e., WebELS Learning for self-learning, 
WebELS Meeting for Internet-based on-line meeting, and WebELS Lecture for Inter-
net-based distance lecture, as an “all-in-one” system. Using an easy-to-use authentica-
tion interface non-IT users can edit their own e-Learning contents very easily as a 
series of slides converted from PPT, pdf, image and video data on their personal com-
puter and upload to the WebELS server for dissemination. Audio and cursor can be 
recorded onto each slide and be play-backed in a synchronized manner for helping 
understanding. WebELS is a Java-based server system that consists of Editor, Viewer 
and Manager, and functioning on a small PC server in a low-speed Internet environ-
ment. Every functioning module is downloaded from the server onto a user’s com-
puter automatically as a Java Applet when he/she chooses a specific function in using 
the system via Internet browser such as IE. The WebELS software is available as  
an open source system and is used in universities and industry in Japan and Asian 
countries. 
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2   Background Concepts of WebELS 

WebELS is designed to provide an advanced e-Learning platform for globalizing 
graduate education in science and technology focusing on authoring and dissemina-
tion of multimedia contents, aiming to assist instructors to archive their learning mate-
rials on the web for on-demand learning, on-line meeting and on-line lecture. We 
have analyzed the characteristics of PhD education from the point of views of e-
Learning [1,6,7]. Some key characteristics are as in the following.  

1. PhD students are research partners as well as students, and activities as individual 
scientists are involved in education. Joining research meetings, presenting at inter-
national conferences are typical examples. PPT-based presentation followed by 
discussions is a typical style. 

2. PPT-based lecture is a typical style of classroom lecture, and PPT-based playback 
with voice and synchronized cursors on a learner’s computer seems to be reason-
able for on-demand self learning. High quality PPT slides with voice and cursor are 
requested to replay in a narrowband Internet. 

3. Powerful authoring features for non-IT users are strongly requested so that profes-
sors can edit their own educational materials on their personal computers and up-
load them onto the WebELS server. 

4. The e-Learning system must be used on multiple operating systems which include 
Windows, Mac OS and Linux in a global situation over the Internet. 

WebELS was designed to meet these requirements mainly for supporting global 
PhD education as a contents management e-Learning system (CMS). Java program-
ming language was chosen for achieving a multiple OS system to be used in Win-
dows, Mac OS and Linux. WebELS is an all-in-one e-Learning system consisted of 
three modules, i.e., Learning for self-learning, Meeting for Internet-based on-line 
meeting, and Lecture for Internet-based on-line distance lecture.  

PPT contents are converted into a series of image slides in an authoring session us-
ing the easy-to-use editor. Then, voice and synchronized cursor are attached to each 
slide by means of a voice recording function of the editor. Pdf contents are converted 
to images, i.e., slides as well. Video clip can be inserted into the list of slides by 
means of specially designed function of the editor. So, it is easy to combine PPT data, 
pdf data and video data on a user’s computer using the editor. The editor is automati-
cally downloaded from the WebELS server when the user clicks editing function of 
the contents list as discussed in the following chapters. Image-based contents are easy 
to maintain and safety for copyright protection. Export and Import functions are 
available so that the author of specific contents could be moved from a server to a 
server. This function is useful to maintain WebELS contents in a distributed WebELS 
server systems environment. Same multimedia contents can be used for three styles of 
usage in a similar manner. That is, a content edited and uploaded to the WebELS 
Learning database is able to use for WebELS Meeting as well by copying it within the 
server by means of the Export-Import function. 

By means of an embedded voice meeting function it is easy to achieve an  
Internet meeting and Internet lecture in a narrowband Internet environment with high 
quality image slides. The quality is accomplished by means of a pre-downloading 
feature of the system. On-line zooming and cursor pointing functions support  
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easy-to-understand slide-based on-line meeting and lecture. It should be stressed that 
the design concepts as well as key features have been carefully considered by the 
analysis of users. We are going to keep this policy in the future. An offline-viewing 
feature, named OFV, was added according to student’s request. By means of OFV a 
user can download a specific content from the server onto his/her computer and bring 
it without Internet connection for viewing later in offline. An OFV content is a pack-
age of viewer and content. In addition to bring it on user’s computer for personal 
learning it is possible to send by an e-Mail attachment and insert to another contents 
list maintained by another platform such as Moodle for distribution. 

Another policy in developing the system is that the WebELS software should be 
distributed as an open source. Because of this universities in developing countries will 
be able to install the WebELS system on their PC server through the Internet with free 
of cost. We believe that this policy would be one type of international contributions in 
globalization of higher education in science and technology. 

3   Outline of the System 

Fig.1 shows an overview of the WebELS system. As shown in the figure, WebELS is 
a server-based system functioning on a Linux server. Every user can use the system 
over the Internet using a browser, such as IE. The editor is downloaded onto user’s 
computer by accessing to the server for authoring contents, and viewer is downloaded 
to user’s computer when he/she access to the server for self-learning, Internet meeting 
and distance lecture. The editor and viewer are implemented in Java and thus 
downloaded as Java Applets. Windows users are requested to pre-install JRE (Java 
Runtime Environment) through the Internet. Java programming language was chosen 
because it is powerful in developing a variety of functions and a multi-OS system was 
realized, i.e., the system provides every function for Windows, Mac and Linux users 
equally. 

Multi-language feature is another important character of the system to support a 
global use of e-Learning in science and engineering. The user interface is automati-
cally switched to English or Japanese language by detecting Browser language. It is 
possible to append other languages in this way. 

It should be noted that the editor as well as the viewer, i.e., player, is working on a 
client computer in off-line processing. The processing in the Learning session is 
monitored by the server for managing the user’s operations that include Login, Log-
out, Downloading, Uploading, and so on. For on-line meeting and lecturing the 
server’s role is more. It includes On-line slide changing, On-line cursor positioning, 
On-line zooming, Voice meeting, and so on. Since PPT-based slides are pre-
downloaded onto every members of a meeting as well as a distance lecture, high  
quality slide sharing by multiple locations are available in a low-band Internet envi-
ronment. Downloading time is varying according to the speed of data transmission 
over the Internet from several seconds to several minutes. 

Figure 2 shows an example of viewing windows for on-demand self learning of 
WebELS Learning. Synchronization of sound and cursor makes easy to understand 
PPT-based lectures on user’s computer in a narrow-band Internet environment [3]. A  
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Fig. 1. Overview of the WebELS system 

 

Fig. 2. An example of playback for self-learning (Shimamoto) 

content with viewer is downloaded from the server onto the user’s computer in ad-
vance, then playback is executed on it offline. The zooming function is available so 
that a learner can zoom-in at any position of the slide. A voice and cursor synchroni-
zation helps him/her in understanding a lecture. A user-friendly editing interface to 
create the content is installed within the editor as discussed later. 

Fig. 3 shows an example of two slides in on-line multi-point Internet meeting by 
using WebELS Meeting module. Several groups are able to organize Internet meet-
ings independently by using the embedded functions such as ad-hoc presenter  
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management, embedded voice line, on-line cursor control, on-line zooming. A virtual 
meeting room is automatically created when several users access to a specific content 
with specific password. One of the members can obtain the presenter’s right to control 
presentation just by clicking a presenter bottom on the viewing window. Presenter can 
be switched to another member by clicking this bottom any time during the session. 
The server has the monitoring function to manage this kind of multi-point meeting. 
Since WebELS is a download-based system, every user is requested to download the 
content onto his/her computer before starting the meeting. During the meeting session 
only control signals for changing slides and pointing cursor in addition to voice signal 
are transmitted over the Internet, and then high quality slides can be shared even in a 
narrow band Internet environment. 

 

Fig. 3. An image of Internet meeting (Bourgeois/UNESCO) 

One of the most important functions of WebELS is that easy-to-use authoring in-
terface is available for non-IT users. Users can create their own contents on their own 
computer from existing PPT, pdf, image and video data by means of a specially de-
signed editing interface. Fig. 4 shows the editing interface of the WebELS system. In 
creating a new multimedia content a user is requested to click the “Create a New 
Course” bottom on the contents list window assigned to him/her first. Then the au-
thoring system is downloaded from the server onto the client computer as a Java App-
let followed by initialization process to start functioning, and the editing interface 
appears as in the figure. 

Editing procedure is quite simple as follows. For a newly creating content, enter 
the title of a course into the first column, choose a category and subcategory, set a 
password to protect from unauthorized viewing if needed. Creation of a content is 
done as in the following procedure. Choose one of four types of data from PPT, pdf, 
image, and video by clicking a button and press the “Add” button as shown in the  
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Fig. 4. Editing interface 

 
figure. Then, choose a data-file on the computer according to the guidance. The iden-
tified data are converted to a standardized WebELS slide format and recorded onto 
the working file for further editing procedure. The slide list appears in the window as 
in the figure. It is possible to combine four types of data into one content using this 
interface by means of Add, Remove, Up and Down functions. 

 

Fig. 5. Voice and cursor recording interface 

Fig. 5 shows the user interface for recording voice and cursor onto a specific slide 
that is identified in the editing interface of Figure 4. Choose one in the slide list win-
dow, click the “Preview Record” button, then the slide appears as in Figure 5. Re-
cording voice and cursor can be done by quite simple manner. Just click the “Record  
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Audio & Cursor” button and recording process begins. Voice recording is achieved 
just by talking toward a microphone. If a cursor is used during talking, then synchro-
nized record of cursor is done. By clicking the “x” button (erasing-window button) of 
the window the recorded slide is moved to the working file and a “recorded mark” 
appears in the front of each slide in the window. 

4   Implementation 

Some key technologies in the implementation of the WebELS system are discussed in 
this chapter. More discussions are in [3,5]. 

4.1   System Configuration 

In WebELS system, implementation of editor, player and manager is based on a typi-
cal Browser/Server (B/S) structure. Under this structure, all user interfaces are im-
plemented on web pages. Main tasks are executed by server side and only small work 
is carried out on browser side, it will much lighten the loads on client-side computers. 
Moreover, this kind of system can be accessed and used without downloading  
or installing other tools beforehand. Fig. 6 describes the architecture of WebELS 
system. 

 

Fig. 6. Architecture of WebELS system 

Web server is responsible for users’ requirements. A customized HTTP server 
handles web-based user interface that includes HTML and JSP pages. Java Servlets 
response the interaction with the Java tools on client-side and perform data transfor-
mation with database server. Database server is to provide data storage for achieved 
contents, supports contents editing, manage user information, and verify course  
dependency. And all user account information is maintained by SQL database server. 
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4.2   Voice and Cursor Synchronization 

In the WebELS system, a cursor file is embedded into each slide of the contents to 
simulate lectures’ action. Users can edit the slide and point a cursor onto correspond-
ing slide to tip the topic they are talking on, or show the points they want to 
strengthen. Each slide has its own timeline in order to: !Syntax Error, .) record the 
cursor positions (x, y) chronologically; ii) store the information (s, f)  for the embed-
ded audio stream file simultaneously, in which s is the current state (play or stop) and 
f is frame numbers. 

 

Fig. 7. Synchronization of cursor positions with audio stream 

As in Figure 7, the cursor positions are synchronized with audio stream in each slide 
file by the time shaft. For examples: i) when t=t0, (s, f)=(play, 0) and (x, y)=(0, 0), the 
audio stream is started, and there is no cursor action; ii) when t=t1, (s, f)=(stop, f1) and 
(x, y)=(x1, y1), the audio stream is paused and the cursor is pointed to the location (x1, 
y1) on this slide; iii) when t=ti, (s, f)=(play, fi) and (x, y)=(xi, yi), the audio stream has 
processed fi frames and the cursor is pointed to the location (xi, yi) on this slide. 

Also a continuous audio stream can be dispersed at different cursor positions ac-
cording to the frame numbers recorded by the timeline. Therefore the duration of 
audio stream is normally shorter than cursor action although both of the actions are 
simultaneously recorded. Compared with real-time recording system, the file size of 
the audio stream which was edited based on timeline was decreased. 

5   Concluding Remarks  

WebELS is designed to provide an all-in-one e-Learning platform to be used in a 
narrow band Internet to support flexible education and internationalization of gradu-
ate education based on the analysis of requirements of Ph.D education in an interna-
tional situation.  

WebELS is also useful for such as undergraduate education, employee education, 
life-long education and online-meeting for international projects. WebELS is avail-
able over the Internet at a Web-site such as [9].  

Since WebELS is designed as a content-centered e-Learning platform an integrated 
use with LMS such as Moodle [4] should be useful for under-graduate education. 
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