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Preface

The 2°¢ International Conference on Web-Based Learning (ICWL 2003) took
place in Melbourne, Australia.

ICWL 2003 followed the tradition of the successful ICWL 2002 held in Hong
Kong and aimed at providing an in-depth study of the technical and pedagogi-
cal issues, as well as incorporating management issues of Web-based learning.
Additionally, there was a focus on issues of interest to the learner, offering the
optimal Web based learning environment to achieve high academic results. De-
akin University organized this conference in conjunction with the Hong Kong
Web Society, to provide a forum which gathered educators, researchers, technolo-
gists and implementers of Web-based learning from around the world to discuss,
collaborate and advance all relevant issues pertaining to this area of research.

The main focus of ICWL 2003 was on the most critical areas of Web-based
learning, in particular, Web-based learning environments, virtual universities,
pedagogical issues related to Web-based learning, multimedia-based e-learning,
interactive e-learning systems, intelligence in on-line education, e-learning solu-
tions, CSCL, and authoring tools for e-learning. In total, the conference received
118 papers from researchers and practitioners from 13 countries. Each paper was
reviewed by at least three internationally renowned referees. Papers were rigo-
rously examined and selected based on their originality, significance, correctness,
relevance, and clarity of presentation. Among the high-quality submissions, 50
papers were accepted and included in the proceedings. Later, the proceedings
editors will recommend that some high-quality papers from the conference be
published in a special issue of an international journal.

We believe the conference provided a forum for discussion among educators,
researchers and technologists for addressing the various aspects of Web-based
learning; provided a suggestive guide for the implementation of the Web-based
mode of learning, and addressed the technical, pedagogical, management and so-
cial issues associated with the implementation; explored concepts and examples
of good practice in developing, integrating and delivering e-learning solutions;
and provided an opportunity for conference participants and solution providers
in e-learning to exchange views and provide feedback on Web-based learning

We would like to take this opportunity to thank all the authors for their
submissions to the conference. Many of them traveled some distance to parti-
cipate in the conference. We also thank the Program Committee members and
additional reviewers for their efforts in reviewing the large number of papers.
Thanks also go to the local conference organizers for their great support.
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Last, but not least, we would like to express our gratitude to all the organiza-
tions who supported our efforts to bring the conference to fruition. In particular,
we are grateful to Deakin University and the Hong Kong Web Society for their
sponsorship and assistance.

August 2003 Wanlei Zhou, Paul Nicholson
Brian Corbitt, Joseph Fong
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Challenges of Web-Based Learning Environments:
Are We Student-Centred Enuf?

Judithe Sheard' and Julianne Lynch?

'School of Computer Science and Software Engineering
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*Faculty of Education
Deakin University

Melbourne, Australia
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Abstract. The last decade has seen a phenomenal growth in the use of the Web
in university education, with various factors influencing the adoption of Web-
based technology. The reduction of government funding in the higher education
sector has forced universities to seek technological solutions to provide courses
for a growing and increasingly diverse and distributed student population
[13,14]. Another impetus has been a shift in focus from teacher-centred to
learner-centred education, encouraging educators to provide courses which
enable students to manage their own learning [6]. In this paper we discuss
challenges associated with the design and provision of Web-based learning
environments that are truly student-centred. We draw on interview and
questionnaire data from an evaluation study to raise issues surrounding the
provision of online environments that meet learners’ needs. We discuss the
challenges of catering for the needs of different learners and the challenges
associated with helping students to make the transition into new online learning
environments.

1 Introduction

Within university teaching programs the use of the Web ranges from occasional,
supplementary use (sometimes initiated by the learner) to the provision of fully
integrated electronic environments where all learner interactions happen online [8,10].
Increasingly educators incorporate a range of Web-based resources in their teaching
programs. The organisation of these into an integrated environment is typically
referred to as a Web-based learning environment [16]. Piguet and Peraya [15]
describe a Web-based learning environment as “a place where learners and teachers
interact” and defines it as “a hypermedia based program or system that uses the
attributes and resources of the WWW to facilitate learning” (n.p.). The use of Web-
based learning environments is increasingly supported by university administrators. In
fact, universities educators are now often required to demonstrate the Web presence of
their units [10,11]. A factor in this trend is the reduction of government funding in the

W. Zhou et al. (Eds.): ICWL 2003, LNCS 2783, pp. 1-11, 2003.
© Springer-Verlag Berlin Heidelberg 2003



2 J. Sheard and J. Lynch

higher education sector which has forced universities to seek technological solutions
to problems associated with a growing and increasingly diverse and distributed
student population [13,14]. However, research must be undertaken to ensure that
these so-called solutions do not cause new problems.

What do we know about how students experience these environments? Although
the Web can potentially be used to provide exciting and engaging learning spaces, it
should not be assumed that learners will find these spaces a comfortable and easy
environment in which to learn. Arif [2] questions the assumption that all students are
ready to use these environments effectively. Using an electronic environment requires
skills and learning processes that are different from those used in a paper-based or
face-to-face environment. Carlson, Repman, Downs and Clark [3] maintain that “even
experienced students face challenges in a new kind of learning environment and they
may find that skills that served them well in a traditional classroom are inadequate for
learning via the World Wide Web” (n.p.).

An important consideration in the provision of Web-based learning environments
is determining students’ reactions to these environments in terms of the way they
interact with them and their affective and attitudinal responses. Davis [7] determined
that users’ attitudes towards a technology system have a significant impact on their
acceptance and usage of these systems [7]. An investigation of the literature by
Harrison and Rainer [9] determined that the main causes of resistance to using
technology systems are negative attitudes towards computers, high levels of anxiety
and low self-efficacy. In their study investigating these factors, Coffin and Maclntyre
[5] found that they were related to inexperience with computers and low motivation to
learn to use computers. Studies have shown that inhibitive affective responses can
stem from characteristics of both the learning environment and the learner. Akerlind
and Trevitt [1] claim that the change to a new learning environment can produce
discomfort or anxiety which may inhibit the learning process. Their research suggests
that the extent of feelings of anxiety experienced by learners is related to their
previous experience and the degree to which the new environment is different from or
similar to environments previously experienced, with environments that are less
familiar more likely to engender feelings of discomfort. Furthermore, characteristics
of individual learners have also been found to affect the extent of these reactions [4].

These studies are founded on an understanding that different learners will respond
to a learning environment in different ways. They demonstrate the usefulness of
examining students’ reactions when evaluating a learning environment. The findings
of studies that examine the range of learner reactions to particular types of
environments and that identify the antecedents of particular reactions have important
implications for the design and effective use of Web-based learning environments.
Although many university educators view the primary impetus behind moves towards
Web-based learning environments to be top-down directives based on non-
educational rationales [12], a more palatable rationale is that these environments can
facilitate a shift in focus from teacher-centred to learner-centred education,
encouraging educators to provide courses which enable students to manage their own
learning [6]. Enabling the learners more control of their learning has become the
“central goal or a desirable side benefit” of computer technology [1, p.96]. Examining
student reactions to Web-based learning environments can give insights into the
possible effectiveness of these environments and to the possible problems they give
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rise to. If students are to use these environments effectively then factors which could
inhibit their learning should be determined [11]. These factors should be considered
when providing Web-based learning environments.

2 Context of the Research

This paper draws upon data collected as part of an evaluation of a website that was
developed to supplement face-to-face components of an undergraduate education unit.
The Web-based learning environment provided general information about the unit of
study and various resources including a synopsis, definitions, extended reading,
scenarios illustrating concepts (‘snapshots’) and interactive forums. Two drop down
menus known as “Global Navigation” and “Local Navigation” provided access to
most resources on the site. The site was largely static: it was designed and created
prior to the commencement of the semester and most of the content (outlines of
topics, examples illustrating concepts, definitions, links to external sites) remained the
same for the duration of the semester. The only exceptions were discussion forums
that asked students to post in responses to classroom scenarios. Students were able to
choose if and when they would view particular topics, but they had no control over
the format of the information provided.

3 Research Methods and Participants

A decision was made to work with a small number of students intensively to get
deeper insights into their experiences. Twenty students enrolled in the education unit
as part of a Bachelor of Education participated in this study. Volunteers were sought
from three of a possible 14 tutorial groups. The students were aged from 18 to 47
years; however, only four students were over the age of 25. Eight students were male
and 12 were female. Eight students were enrolled in a Primary Teaching course and
12 in a Secondary Teaching course.

Each participant attended an interview with the evaluator. During the interview,
students were asked to complete a questionnaire that asked for demographic data and
for information about students’ usage of computers, the education unit website and
their opinions of its usability and the usefulness of its contents. Each participant was
then observed as they completed a series of tasks inside the unit website. Tasks
ranged from locating a page on the site to completing an entry in a discussion forum.
The evaluator then asked follow-up questions, following a semi-structured interview
schedule. Each session was from 30-45 minutes in duration. The data was collected
from the 6th to the 8th week of 2™ semester 2002.

4 Computer Usage
The students generally rated themselves as having an average skill level with

computers. Using a seven point Likert scale, where 1 indicated beginner and 7
indicated expert, half the students rated their skill level at the midpoint (M = 4.15, SD
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= 0.99). However, their reactions to computers tended to be positive. Using a scale
where 1 indicated negative and 7 indicated positive, they rated their experiences with
computers (M =4.75, SD = 1.16, t = 2.8) and feelings about computers (M = 4.95, SD
= 1.36, t = 3.1) significantly above the mid-point of the scale as measured using one
sample t-tests.

All except three students had access to the Internet outside the university and
indicated that they had moderate use of the Internet for coursework (M = 4.10, SD =
1.45) and for general use (M = 3.80, SD = 1.74). Their frequency of access varied,
with nine students accessing it daily, six twice weekly, four weekly and one monthly.

The students were not frequent users of the education unit website. Twelve
students claimed that they had only accessed the site three times or less and most
mentioned that at least one of these accesses had been during class. They were
generally positive about the usefulness of the site for their work in the unit and
indicated a very purposeful use of the site. Most of the accesses to the site appeared to
be for their assessment tasks, which required them to post a response or comment to a
discussion group. Most showed a scant knowledge of the content of the site beyond
what they had used for their assessment tasks.

5 Reactions to the Website

The students expressed a range of affective reactions to the unit website, from
positive feelings of satisfaction and comfort to negative feelings of anxiety,
frustration, confusion, annoyance, lack of confidence and being overwhelmed. The
mini case studies provided below illustrate the range of responses reported by
participants.

5.1 Graeme

The most common negative effective responses reported by the students were
confusion and frustration. These were often reactions to problems locating
information and navigating within the site and in some cases involved students
becoming disoriented within the site. Many students indicated that there were initial
problems learning to use the site. Graeme illustrates this type of response.

Graeme was a mature age student who had returned to study after a variety of
careers. He claimed to be a “traditionalist” but was also interested in online education.
He was comfortable using computers however rated his computer skills as low. He
accessed the Internet daily, mainly for personal use; however, he had only accessed
the unit website three times and was concerned that these were sketchy and not
competent sessions.

Graeme was enthusiastic about the unit and expressed a keen desire to fulfil the
online assessment requirements; however, throughout the interview he expressed
annoyance and frustration with various difficulties he had experienced with the
website:

It is frustrating because I know I have got work to do, same as we have
assignments and readings to do for tutes and there is a barrier to being able to
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do it. You want to do it but it is very frustrating when you can’t get the thing to
work.

Most of Graeme’s negative reactions seemed to relate to the organisation of the
website and the accessibility of information. He spoke of barriers and hurdles to
overcome to access the information. He described his reaction to the site as “problems
—how am I going to get in there” and spoke of being intimidated by the site. Graeme
did not seem comfortable with inherent nature of the hypertext environment in which
material is organised with a multidirectional rather than sequential format. He
maintained he would have felt more comfortable if the website was organised in the
same way as the printed materials for the unit. He liked things to be straightforward
and clear. He spoke of the information on the website as being hidden:

I'm sure there is an awful lot in there ...it’s very hidden ...I like to see what
I'm dealing with before I go in one at a time, and I like that, [ want to see what
I'm dealing with.

However, despite these difficulties he was eager to persist with the site and saw
that his confidence would build with familiarity and practice.

But there are always pluses and minuses. I am really eager to do it now, not
only because we have to but because I want to make a comment or two on the
topics we are doing. But the mechanics ...it’s almost like the form is the
problem not the content. The content of [the website] is no problem — but it’s
the form of it that is holding me back a little.

5.2 Rosie

Some students did not have confidence in the site as a safe and useful learning space.
Rosie illustrates the responses of learners who do not trust the information on the
Web.

Rosie indicated she was comfortable using computers and she rated her skill level
as above average. She was a regular user of the Internet for general use however had
only used the unit website twice and claimed that this was because she did not like
using it. There appeared to be several reasons for this. First, she stated that she found
that the information on the site was not clearly laid out, commenting that “It’s all
confusing and I hate it — its just a blobbery mess”. During the interview she spoke
several times about being confused by the site and mentioned feeling lost. She further
explained:

It’s just totally confusing. You get in there and it’s just like — “where am I
supposed to go, what am I supposed to do”, there’s no clear “you need to go
here”. It’s just Global Navigation, Local Navigation. It reminds me of the big
Internet and how you do searches — it’s just not clear.

Second, the appearance of the website did not appeal to her and did not inspire her
curiosity:

Dull and boring. Considering it’s education I think they need to make it nice

and bright and welcoming, easy to use, treat it as if we were kids and

teenagers and we really don’t know what we are doing. Flashing stuff — you

know - news for this week.



6 J. Sheard and J. Lynch

She expressed annoyance at having to use the website and stated that she only used
the site because it was mandatory.

...I've just gone to where I had to go.... If it was easier for me to get around
and understand then I would probably use it more often than I do.

Furthermore, she had a general mistrust of the Internet claiming “there is so much
dodgy stuff” and she commented on the difficulty of finding original sources of
information.

5.3 Chris

The mature-aged students who participated in this study appeared to experience
particular difficulties with anxiety. They were keen to use the technology effectively
and recognised the significant role it has in education. However they had little
experience with computers and appeared to lack confidence when using them and to
have less access to peer support than did other students. The case of Chris illustrates
some of the challenges faced by mature aged students.

Chris was a mature age student who had returned to study. She rated her skill level
with computers as low and did not use computers much for general use. She indicated
that she did not feel uncomfortable with computers, however while performing the
tasks she seemed anxious and unsure of what she was doing. Chris came to the
interview with her login details written down on a piece of paper and was the only
student who did this.

Chris commented several times throughout the interview that she liked the website
and indicated that she thought it was a good idea. She claimed the site was useful as it
reinforced the material covered in class. Furthermore, it forced her to use computers
and this had increased her confidence in using them.

... I quite like it, when I give it a go - generally I like it — as long as it’s easy
enough to get into — I like it. I've found I do all my readings as well and in
class there is usually only about two of us who do this - so maybe they jump on
the Net and do it that way, I don’t know.

She expressed frustration in the many small difficulties that she had faced while
attempting to use the site. As a mature age, female student who had not used a
computer before the course she felt isolated in her class and the lack of readily
available support at university and home had caused problems. She suggested that a
special class for people in her situation would be beneficial.

. it took me a long time to figure out how to get into it. And I think, also,
because I am so much older that anyone else, if I had been in a group I could
have just said “well how do you get into it”, but I didn’t, I struggled and
struggled for so long, nights, and didn’t get in there and once I got in there it
was easy, but oh gee, it was so long.

In spite of these difficulties, she was determined to use the website and quietly
confident that eventually she would succeed:

I know it is very limited what I know. I would like to know more and have it all
make sense — put it all together... It doesn’t look like I do today but when I am
in there at home I can work it out.
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Chris acknowledged the benefits of online education but felt that in her situation,
with difficulties in gaining access to computers, she needed to also work in a paper-
based environment.

5.4 Elizabeth

Some students expressed irritation and annoyance with the site. Elizabeth was an
interesting case because the source of her irritation was a fundamental dislike of
working with computers. She expressed a preference for more conventional teaching
and learning environments.

Elizabeth rated her computing skill level as average and was one of the lowest
users of the Internet amongst the students interviewed. She did not indicate in the
survey that she had had any negative experiences working with computers, however
during the interview she commented several times that she did not like working with
them. She claimed that she preferred face-to-face classes, “I learn better if I have
someone explaining it to me. Even lectures - I would rather blackboard and chalk”. In
a previous unit she did an assignment in which all the work was done on the Internet,
which she had hated. She further stated that she had “little motivation when it comes
to using the Internet to learn”.

Elizabeth had accessed the site six times and claimed that she had explored the site.
There were aspects to the site that she liked:

[ like that it has general information — so for the topics you can get a fairly

general rundown on the information and then it has links to go to more

detailed sites. That is one of the things I do like about it — it makes it easy to

search other areas of the Internet that is the only thing I really think, “oh, that

is good”.

However, a dislike of working in an electronic environment seemed to influence
her reactions to the site.

1 think it’s really good it’s just I don’t like using it. It’s just a personal thing - 1
don’t like sitting in front of a screen — I can’t learn that way — I just get really
tired and lose concentration quickly. But I think the site’s really good.

She also mentioned that accessing and finding the information on the site was a
problem and had led to some confusion, but that was mainly because of a lack of
familiarity with the site caused by infrequency of access.

Every time I go into the site I always feel like, “where do I have to go again”.
It still doesn’t register — it is not in my memory bank to go straight to that one
or straight there, because, every time I have been looking for something
different as well — so it’s not always really clear to me.

5.5 Kim

Students who gave positive comments about the unit website usually referred to the
usefulness or potential usefulness of the site for their work. The case of Kim
illustrates his comfort and satisfaction with the site as a learning environment.

Kim rated his experience with and reactions to computers as average. However, he
used the Internet every day and had accessed the unit website every week during the
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semester. He was the only student interviewed who appeared to be using the website
in the manner intended by the unit teaching staff.

Our tasks are to go into each week, then each module and each topic — you
sort of follow on each week.

Kim’s use of the website appeared to be both purposeful and exploratory. He
demonstrated a good knowledge of many of the features of the website and had
contributed to the discussion topics more than was required for assessment. He
appeared confident using the website and attributed this to regular use. While using
the website and during the interview he commented that the website was well
organised and the navigation was straightforward.

. the Local Navigation in there makes it so much easier — rather than
searching for anything - it’s all there. It helps if you know what you are going
after, but to have it all in that one drop down menu makes the searching for
links here and there easier.

Kim found that the website compared favourably to other websites he had used.

Probably one of the easiest websites to use ...You go to some websites and
there are icons here, there and everywhere, you have got to follow through -
here it is all there in the one place.

6 Discussion

Students who participated in this research made many positive comments about the
usefulness of the Web-based learning environment provided for them; however, they
also reported affective responses that the literature suggests would be inhibitive to
their learning. Such affective responses are of interest here because research suggests
they impact negatively on students’ acceptance and usage of new learning
environments (Davis, 1993). Addressing the causes of students’ reactions which could
adversely affect learning presents challenges to the designers and implementers of
Web-based learning environments.

6.1 Different Needs

The Web-based learning environment used in this study was designed and fully
implemented prior to the commencement of the semester by instructional developers
in consultation with the educators. This approach to provision of a Web-based
learning environment differs from other possible approaches where content is
developed incrementally, responding to the needs of the students as they progress
through their course. The approach used in this study affords the advantage of the
educator being able to think through the aims of the unit and provide high quality
information that is presented in a consistent format. Another advantage is that it
reduces the time needed during the semester to update and maintain the website.
However, although the design of such an environment is informed by the anticipated
experiences of student-users, it is teacher-centred. The educator’s control over the
form and content of the website is maximised. The design of the website is based on
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the educator’s view of how the students will use the website but this is not an easy
thing to anticipate given the diversity among student cohorts. The content of the unit
website in this study was organised into topics which were provided to summarise and
complement content covered in class each week; however, Kim was the only student
who had visited the website each week as the unit educators intended. The other
students appeared reluctant to incorporate the website into their chosen learning
space.

6.2 Competing Needs

The website used in this study made use of hyper-linking and navigation tools to
organise information so that the need to scroll down the screen would be minimised.
This design principle has become part of our popular understanding of how to build
good websites. Yet Graeme found this characteristic of the environment inhibiting:
“I'm sure there is an awful lot in there ... it’s very hidden ... I like to see what I'm
dealing with before I go in one at a time.” The technologies that currently
predominate in the online provision of university course materials do not afford
students any control over format. Both Graeme and Rosie were uncomfortable with
the hyperlinked environment and both expressed dissatisfaction with Web
environments more generally. No one format is going to meet the needs of all
students. Just as not all students learn effectively in a one-to-many lecture, not all
students can be expected to learn effectively in the same online environment. Digital
technologies have the potential to provide environments that can be tailored to
individual students’ needs and to offer students some choice and flexibility in the way
they engage with the content of their courses. This principle is beginning to be seen in
the provision of adaptive websites which cater for to the learning styles and needs of
individual students [17]. This type of website may be able to provide the flexibility
required to accommodate the needs of Graeme and Rosie.

6.3 Dilemmas of Motivation and Authentic Use

Common reactions to the website used in this study included the confusion,
frustration and annoyance that often accompany early encounters with new learning
environments. For most students, these inhibiting affective responses lessen as they
become more familiar with the environment. However, familiarity is difficult to gain
if use is infrequent. Unless a website is accessed regularly users tend to forget the
website structure and the location of information. Elizabeth indicated that each time
she used the website it was an effort to remember where she had been before. A
difficulty here is that most of the students appeared to access the website only when
necessary. Students’ assessment in the unit included hurdle tasks, one of which was a
requirement to contribute to two of the discussion forums. These tasks acted as an
extrinsic motivator for students to access and explore the website. However, in the
case of Rosie and Elizabeth, this limited use was not enough to overcome difficulties
they faced in using it

The use of mandated hurdle requirements is a common feature of university
teaching where a Web-based environment is used to complement a predominantly
face-to-face unit. However, the setting of such tasks is not unproblematic for
educators. Most educators would prefer to believe that learners’ motivation for
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accessing and exploring their online materials is intrinsic and bolstered by the value
that they gain from their online activities. However, this would appear to be
unrealistic. Most students in this study gave no indications of any intrinsic motivation
to use the website and the use of extrinsic motivators appeared necessary to encourage
use of the website. Graeme indicated that his motivation for using the website had
developed from the initial extrinsic requirement to a desire to contribute to online
discussions: “I am really eager to do it now, not only because we have to but because
I want to make a comment or two on the topics we are doing.” In the case of Graeme,
the provision of extrinsic motivation for developing basic skills in using the website
lead to the development of intrinsic motivation.

6.4 Overcoming Anxiety

Another reaction to the website used in this study was anxiety. This particularly
affected the students who were unsure about computers and the Web environment.
Graeme and Chris as mature age students had had very little experience with
computers and felt particularly vulnerable in a class of predominantly younger
students who they assumed had used computers extensively at school. Chris had the
added difficulty of gaining access to a computer outside class time. Confidence can
develop with familiarity and practice however this becomes difficult to achieve when
access to computers and the Web is limited or problematic. Educators need an
awareness of the possibility of these difficulties to help students overcome the initial
hurdles they may face using an environment they are unused to. Responding to
student needs is challenging and the introduction of an electronic learning
environment, which is unfamiliar to both students and educators, provides a new
range of challenges.

7 Challenges

This paper highlights a number of challenges that face those involved in the design
and implementation of Web-based learning environments, including the challenge of
catering for students with different needs (particularly in terms of learning style and
preferred modality), the challenge of motivating students to use environments that
complement face-to-face teaching, and the challenge of assisting students to
overcome initial affective responses that might inhibit their learning or cause them to
discontinue their use of the environment. When incorporating Web-based learning
environments into teaching programs it is important to recognise factors that may
inhibit their effective use. Students bring a great diversity of experiences and
expertise to an electronic learning environment and educators should be sensitive to
these and adapt their teaching programs to cater for the needs of all students.
Addressing these issues will ultimately enhance the students learning experience.
Online environments offer the possibility of providing access to education that is
more flexible and more responsive to students’ needs. However, it is possible that
such environments, while responding to the anywhere-anytime needs of students, fail
to address the diversity in students in terms of learning style, modality preference,
computer skills and experience. Future developments in online course provision



Challenges of Web-Based Learning Environments 11

technology, if such technology is to facilitate truly student-centred teaching and
learning, need to be smart enuf to respond to these challenges.
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Abstract. On-line Web-based learning environments with automated feedback,
such as WebLearn [5], present subject questions to the student and evaluate
their answers to provide formative and summative assessment. With these tools,
formative learning activities such as quizzes and tests are mostly pre-planned,
since testing instruments are generated by selecting questions in a pre-specified
manner out of question banks created for the purpose. Although this approach
has been used with a significant degree of success, the real challenge to support
students’ learning is to mimic what a human instructor would do when teaching:
provide guided learning.

The main difficulty associated with creating such an ‘electronic tutor’ is to
implement the required intelligent dynamic behaviour during learning. That is,
at any stage of a student’s learning session the system should take into account
his/her demonstrated cognitive level to generate the next appropriate formative
testing instrument. For students to be able to make the higher-level cognitive
contributions as they progress through a session, the system must keep a history
of students’ answers and must react accordingly. We call here that behaviour
adaptive learning by adaptive formative assessment.

We propose on this paper a strategy to implement an adaptive automated
learning system, based on establishing an incremental cognitive path from the
lowest to the highest level questions related to a concept. In the research
literature this has been often called ‘cognitive scaffolding’. For our on-line
automated environment, the first hurdle has been how to define the scaffolding
and how to implement it from question banks that have not been created for this
process. Our approach is embodied in WebTutor, a ‘black box’ component being
developed at RMIT University to work in combination with the generation,
presentation and feedback capabilities of the WebLearn system.

1 Introduction

Cognitive scaffolding represents what an instructor does when working with a student
"to solve a problem, carry out a task, or achieve a goal which would be beyond his
unassisted efforts" [10, pp 90]. It is generally a dynamic process, with the student
interacting with the instructor, who attempts to understand from the student responses
what the cognitive gaps are, and accordingly provide guided support to progress along
the intended learning path. Instructors do this by presenting appropriate examples to
reflect on and problems to solve, and demonstrating skills that student can imitate.

W. Zhou et al. (Eds.): ICWL 2003, LNCS 2783, pp. 12-20, 2003.
© Springer-Verlag Berlin Heidelberg 2003
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This typically follows a "from shallower to deeper" approach, as a sequence of steps
intended to guide the student to the desired depth of understanding. The best
instructors are the ones who, during a session, follow a student’s demonstrated
progress and adapt the learning activities to promote as much as possible reflection by
the student. To do so, they present content to stimulate inquiry in the students, present
alternative points of view on a concept, raise points for consideration, and decide on
subsequent steps in the instruction. During that process, often students are asked to
perform learning activities for which they are unprepared. If that happens, a skilful
instructor follows the student’s answers and evaluates the shortcomings, and
backtracks looking for a place to start again on a firmer footing. The teacher’s model
of instruction includes a continuous evaluation of what are the difficulties with the
problem at hand, and what would be the necessary steps for helping students advance
towards their goals.

In on-line teaching and learning there is much less teacher-student face-to-face
contact than traditionally, thus changing the emphasis from a teacher-centred to a
student-centred approach [3, 8]. The main purpose of teaching is now to properly
manage the learning process rather than to transmit information in a clear and
organised manner, (a la Level 1 and Level 2 in [9]). Learning environments with
automated feedback have been used rather successfully in online learning, albeit
mostly for rote learning by focusing on drilling exercises. As discussed above,
however, creating an ’electronic tutor’ would require engaging students in appropriate
self-directed learning activities that foster question, reflection and analysis along an
incremental cognitive path. With the support of an appropriate environment, well-
structured learning tasks should induce consideration, inquiry and discovery in the
students, progressing students through their learning process to the higher levels
required for deeper learning (See for example [6, 7]).

However, on-line learning environments today are not capable of adequately
supporting learning processes in such a way. Not only they are typically restricted to
questions with a given simple format, such as Multiple Choice, Multiple Answer, or
Short (Key) Text, but they lack the human instructor’s ability to retrace steps and
dynamically change the angle of instruction based on what the student seems to have
learnt/not learnt up to that stage. We argue that an automated learning system
providing formative assessment might, to a certain extent, be able to do that if the
system keeps the history of the previous student answers during a session and decides
on what testing instrument to generate next based on what the student has already
learnt and is still required to achieve.

This issue is naturally related to Computer Adaptive Testing (CAT), where there has
been considerable research attention focused on Item Response Theory (IRT) [1]. IRT
is attractive because it is based on solid statistical foundations, and because, with the
right item bank and variance of examinees, it may be very effective for computer
based automated testing. Our interest here is not, however, adaptive testing but
adaptive learning by adaptive formative assessment. By this we mean that we intend
to endow the learning environment with the capability of guiding students through a
learning session where questions are presented as a response to their previous answers
in the session, following a strategy resembling a human instructor.

The rest of this paper is organised as follows. Section 2 presents previous research on
WebLearn, a Web-based learning environment with which WebTutor is tightly
associated. Section 3 presents the basics of Item Response Theory (IRT), a line of
research closely related to this paper. Section 4 discusses the conceptual differences
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between IRT and our line of research. Section 5 presents the proposed strategy to
establish the cognitive scaffolding for a given item bank related to a concept or
concepts. Section 6 concludes, and presents suggestions for further research.

2 WebLearn, a Web-Based Online Learning Environment

WebLearn is a WWW-based tool that supports self-learning by presenting questions
of different types and providing student with automated feedback. The system is easy
to use by non-computer experts, it is highly configurable to reflect diverse subject
objectives and personal teaching preferences and it can accommodate subjects in
many different disciplines. The system supports the teaching of 'WebLearn subjects’,
divided into modules, each divided into set of learning objectives (e.g. Bloom’s
Taxonomy of Educational Objectives, [2, 4]). Each module requires questions
addressing the learning objectives, compiled into quiz and tests question banks. For
formative assessment, WebLearn automatically generates random quizzes from the
stated learning objectives, according to the instructor’s directions, checks the answers
given by the students, and provides immediate feedback. Quiz questions can be
Multiple Choice and Multiple Answer (more than one correct answer), Short Text,
and a variety of numeric and other types with and without random generation of
parameters.

Over the last two years, WebLearn has been working in combination with Maple, a
Mathematics symbolic manipulation package. Systems such as Maple provide an
environment with which students can interact in mathematical terms, since they
include specialised ’engines’ that interpret abstract mathematical language. On the
other hand, environments such as WebLearn have been designed to present questions
to students and analyse their answers against predefined correct answers supplied by
the instructors. Our approach combines the generation, presentation and feedback
capabilities of WebLearn with the analysis capabilities of the Maple engine. When
required, WebLearn automatically generates a formative or summative — a quiz or a
test — testing instrument. Students’ answers are captured by WebLearn and fed
through Maple. The response from Maple is then caught back by WebLearn to be
analysed, massaged into an appropriate form, and fed back to the students. This
makes possible the correct evaluation of questions with no unique answer, for
example, providing proper assessment of any right answer provided by the students.
WebLearn treats Maple essentially as a 'black box', making possible to quarantine
software changes to either system. The interoperation between Maple and WebLearn
offers a wide variety of unique features, including handling of symbolic mathematics
in areas such as general calculus, differential equations, Fourier and Laplace
transforms, algebra, finite mathematics and geometry.

The development of WebTutor follows the same 'black box' approach.When
WebLearn requests the generation of a new testing instrument to present to the
students, WebTutor generates the new quiz by inspecting the student's history and
deciding on the best way forward. Currently the system uses a very simplistic
approach to make this decision, so this research intends to provide a sound strategy to
move the student along an incremental cognitive path. Thus, we are developing a
formal framework on which to base these decisions, effectively implementing the
above mentioned scaffolding. The two main problems we currently face are the
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development of appropriately graded question banks, and the provision of a set of
criteria and structures to progress students up the cognitive ladder. This paper
discusses our progress on the first one of these issues.

3 Item Response Theory

Item response Theory (IRT) was first introduced to provide a formal approach to
adaptive testing. The theory establishes how to estimate the unknown ’ability’ 6 of a
student being tested with a test consisting of a number of items (questions). Each of
these items measures an aspect of the ability being estimated. Answers to an item are
assessed as correct or incorrect; the student receives a score of one for a correct
answer, zero otherwise. The main goal of IRT is to determine the true ability of an
examinee by studying the probability of a correct response to each individual item in
a test. Therefore, the primary interest of IRT is whether an examinee answered each
individual item correctly or not, rather than a total test score. The theory considers
each examinee to have a numerical ability value © somewhere on the ability scale.
The value of O is measured on a scale having a midpoint of zero, a unit of
measurement of one, and a range from negative to positive infinity.

Item Characteristic Curve

0.8 1

Ability

Fig. 1.

Although IRT has been used for free-response items, more often automated tests
consist of multiple-choice items. One of the main applications of IRT has been to
implement adaptive testing within an automated system by providing a carefully
chosen sequence of questions. IRT determines at each step of the testing process
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which is the best next item to be presented to a given student, provides a stopping
condition for the test, and a statistical estimation of the value of 0 at the end of the
exercise. The fundamental construct of the theory is the Item Characteristic Curve,
which for each item represents the probability P (8) that an examinee with ability 6
will give a correct answer to the item. In the case of a typical test item, this
probability will be smaller for examinees of low ability and larger for examinees of
high ability (See Figure 1).

The shape of the curve is typically a smooth s, with differences depending on the
value of some parameters. The first of these is the difficulty of the item b, determined
— somewhat arbitrarily — by the point on the 0 axis where the probability P (8)=0.5.
The second parameter is the item discrimination a, which describes to what extent an
item discriminates between examinees having abilities below and above, and close to,
b. The discrimination parameter is often interpreted as the slope of the curve at
abscissa b, although the value is actually a/4. There are actually several models in
use — with one, two and three parameters — so this model is identified as the two-
parameter model.

The 1-parameter model fixes the value of a=1, so there is only necessary to determine
the difficulty parameter to establish the characteristic curve for the 2-parameter
model. The three-parameter model includes the guessing parameter c. Although this
last model lacks the mathematical elegance of the one and two parameter model —
mainly because it doesn't follow a logistic model — this third parameter c is very
important for CAT. In automated testing, it is reasonable to assume that if students
don't know the answer to a Multiple Choice question they will attempt to guess it.
This is certainly strongly expected in the case of an examination, probably slightly
less so in a learning situation. Still, it is clear that the probability of getting a question
right is affected by the likelihood of getting it right by pure chance. For example, a
question with a true/false answer will have a 'floor' probability of being answered
right of .5; even if the examinee knows nothing about the matter he/she would be
expected to get it right 50% of the time by chance alone. Naturally, the probability of
getting it right will still increase with the value of the ability 6, the higher the value
the closer to 1 the probability of getting the question right.

The introduction of the third parameter does not change the basic shape of an item
characteristic curve, but it certainly changes some of the values, as follows:

e the new value of the lowest probability becomes c rather
than 0;

e the value of b is now the value on the © axis where
P(0)=(1+c) /2 (the middle point between c and 1);

e the actual value of the slope atbisa(1-c) /4.

4 IRT and Adaptive Formative Assessment

Our first step to implement adaptive learning is the definition of the scaffolding.
Although there are many similarities between IRT and the requirements for adaptive
learning, there are also important differences:



Cognitive Scaffolding for a Web-Based Adaptive Learning Environment 17

e The value of 0 under IRT is loosely defined as the ’ability’ of an examinee at the
moment of taking the test. This is assumed to embody the knowledge and
cognitive capabilities of the examinee at the time of the test. The examinee is not
supposed to learn during the examination process. However, adaptive learning as
defined here perceives the value of 0 to change as learning progresses. Actually,
our intention is not to try to determine Oeas adaptive testing tries to do, but to
move students along an incremental cognitive path so their value of 0 increases
on a particular topic.

e The discrimination parameter a is very important for adaptive testing, since it
indicates the sensitivity of the estimation of 0. Given that the purpose of the
examination is to determine the level of 0, a high value of a indicates that the
item is capable of discriminating between two very close levels of ability within a
certain range. For our purposes, though, an exact value of a is less relevant, since
the intention is not to determine the value of 0 but to increase it as a result of the
learning process. In practice, however, questions are to be divided into categories,
and the discrimination parameter may be used as a decision mechanism to trigger
item selections from a higher cognitive category: a correct response to an item
close to the category edge with a high value of a may indicate that is time to
move the student to next category up.

e The difficulty parameter b is crucial to our research, specifically to create the
cognitive scaffolding based on increasing values of b. If the learning system
consists of questions with an established level of difficulty, it is possible to
progress up the learning path until a certain stopping condition occurs.

e During an examination under IRT, the sequence of items presented to an

examinee is determined by selecting, at each step in the procedure, the best next
item’. Intuitively, this should be:

o an item with difficulty close to the examinee’s 0 value, since selecting an
item that is too easy or too hard will provide no new information about the
value of 0;

o an item with a high value of a, since it is desirable to have an item that is
most useful in discriminating between examinees with abilities close to the
unknown value 6.

For adaptive learning, however, these considerations are not that important. Students
are supposed to learn during a session, and therefore there is no fixed value of 0 to
estimate in this case. The intention is to present a sequence of items that challenge,
but don’t discourage, students. We are only interested in a reasonable estimate of the
value of O at any stage of the learning session, to be able to make a decision about
when to move the student up the incremental cognitive path.

5 The Cognitive Ladder

In systems such as WebLearn, the question banks have not been developed with
cognitive scaffolding in mind, so regardless of how questions have been grouped they
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need to be re-classified so the system can progress the students up the cognitive
ladder. To this end, the items in a question bank must be classified from lower to
higher in a chosen cognitive taxonomy. A question may be classified higher than
another question in a given taxonomy for different reasons, such as when the higher-
level question is perceived as harder, more abstract, or requiring a deeper
understanding than the lower-level question. We argue that it is unreasonable to put
this classification burden on the instructor, for several reasons:

e Given that a bank used for this purpose may contain thousands of different items,
the large number of questions may be too much for an instructor to categorise. If
more than one instructor is used, problems of consistency would arise.

e The resulting classification by an instructor would be a very subjective one, and
highly dependent of the opinion and experience of the instructor.

e Such a long and demanding task will inevitably result in an inconsistent
categorisation, even by one instructor.

0.9

0.8+

0.7

Fig. 2. An item classified, a=0.411,b=-1.273
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Regardless of the taxonomy, the only known invariant is that, given a question in a
bank, students of higher ability are more likely to answer the question correctly than
students of lower ability. It is possible to use this invariant to automatically classify a
whole bank if the abilities of a group of students are known, or estimated by other
means. The chosen strategy for this project was to use historic students’ results as an
estimate of their ability, and to use this information to provide a classification for the
whole item bank. It was then possible to establish a correspondence between the
estimated difficulty of the students' answers to the question banks for a first year
programming subject. Two different, parallel approaches were considered for this
project, as follows:

The results of student tests were considered from the historical records. The
unknown ability 0 of the student cohort was estimated by their subject and
examination results, and divided into categories 6. The proportion of correct
answers to total number of answers pj/mj was then established for students in
each category 0, and used as an estimator of the probability value for the item
response curve. This is an estimation of the true probability P (65), and it is
then possible to obtain corresponding pairs (65, P (65)) to fit the characteristic
curve and obtain the parameters a and b. This approach directly classifies
automatically all the questions in the bank. Figure 2 depicts one of the
characteristic curves obtained.

A group of five experienced instructors was given a set of 30 questions to
categorise into five categories: from 1 (Very Easy) to 5 (Very Hard). This gives
a reasonable estimation of the difficulty of the items in the small question sample,
with the intention to try to infer from this grading a classification for the whole
collection. For this second approach, a Neural Network was then trained with the
values obtained from the experts, and made to classify the whole item bank based
upon the students’ results and the classification by the experts. Once the Neural
Network learns the ranking process, any number of questions can be ranked using
just their historical information. It was then possible to automatically estimate
the value of b for each question of the whole bank.

With both approaches, different strategies are being tried on this phase:

It is possible to consider the final subject results, or only its examination
component, as a measure of students’ ability. Preliminary results seem to indicate
that examination marks are a better indicator than overall subject marks.

It also remains to be determined whether the experts’ opinion is a good estimation
of the difficulty of the questions in the sample, so it may be used when there are
no historical data available.

There are several ways of aggregating the experts’ opinion, likely to produce
different results. Data collection and analysis is progressing in this area.
There are also several ways of categorising students’ abilities 6;, such as using

equally spaced intervals or equal population segments (quartiles, deciles and so
on). These are also likely to produce different results.

A complete analysis of the results obtained is currently progressing.
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6 Conclusions and Further Research

Preliminary results are very encouraging. The scheme makes possible the automated
classification of the items in a question bank to implement the cognitive ladder, even
when the bank has not been developed for the purpose. The analysis of the results is
currently in progress, in an attempt to establish the best strategies to follow in the near
future. Some questions remain unresolved, in terms of the best indicator of the
students’ ability, whether the experts’ opinion and Neural Network strategy provides a
good estimator for when there is no historical results available, what is the best way
of categorising the experts’ opinion, etc. Research is progressing on these issues.
After this phase is concluded, the research will attempt to establish an appropriate
strategy to progress students up the cognitive ladder.
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Abstract. The paper describes the issues relating to the security of e-learning
systems. The security perspective in e-learning systems is often ignored. This
paper introduces the major information security issues as a primer for the re-
search being carried out by the authors into the developing of generic, baseline
information security standards for the e-learning environment.

1 Introduction

E-learning involves more than the availability of texts or lecture notes online or
merely the use of the Internet within a course. Different electronic media may be used
including computers, the Internet, intranet, CD-ROMS, DVDs, audio and video tapes,
and virtual environments.

E-learning provides a convenient and flexible learning experience that can comple-
ment or replace traditional face-to-face teaching for on campus students. For off cam-
pus students, e-learning is a more engaging and interactive method of learning than
conventional approaches such as the post and telephone. Students can work in an envi-
ronment that seems much less isolated from their lecturers and fellow students. Acces-
sibility is also improved to students with geographical or time issues. Students can
work at their own pace, have up to date course information that can revisited at any
stage and have synchronous or asynchronous contact with the unit’s staff or other
students.

Some of the key features that have been identified by (Smissen, 2002) for online
teaching and learning include:

e Easy to use;
e Platform and browser compatibility;

W. Zhou et al. (Eds.): ICWL 2003, LNCS 2783, pp. 21-26, 2003.
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Synchronous communication;
Asynchronous communication;
Collaborative work;

Online assessment;

Result management;
Assignment submission.

It should be noted that the security requirements of E-learning seldom appears in the
literature in relation to E-learning. But security is an important aspect of all IT sys-
tems.

2 The Australian Security Problem

A recent AusCERT Survey (Auscert, 2002) has focused upon the state of E-security
within Australia, the following is a summary of the main results:

e 67% of all organizations surveyed have been attacked in 2002 - twice the
1999 level and 35 per cent of these organizations experienced six or more in-
cidents;

®  98% of companies had experience either computer Security incidents / crime
or other forms of computer abuse (such as network scanning, theft of laptops,
employee abuse);

e of Australian organisation who were victims of computer incidents, 65% of
these attacks were from internally parties within the organisation and 89%
came from external sources;

e 43% of Australian organizations were willing to hire ex-hackers to deal with
security issues, three times more than in the US.

The survey showed that E-security and computer misuse are a major problem within
Australia. The survey showed that external attacks were the source of the majority of
attacks. An Australian Federal Government department NOIE (National Office of the
Information Economy) sponsored project tried to determine the risks associated with
the Information Economy. They determined that 43% of survey respondents were
concerned with privacy issue and 42% of survey respondents were concerned about
fraud (Allen Consultancy Group & NOIE, 2002).

These previous security studies indicate that Australia has a major problem with secu-
rity in the corporate world, there has however been no studies into the security prob-
lems that face Australian Universities. One can only guess at what level the problem
of IT security relates to Australian Universities.
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3 E-learning Technologies

Deakin University is an Australian university that is at the leading edge of using the
latest E-learning technologies. They use a number of e-learning technologies and these
include the following:

WebCT

WebCT is a web-based tool that incorporates the school’s intellectual and technical
resources to serve as a store of information and facilitate a more flexible learning
experience for students. Course notes, class news, results and other relevant materials
are kept online for individual units and updated when required. Additional features
include: facilities for asynchronous or synchronous discussions, a whiteboard, student
tracking, internal course email and quizzes. The WebCT folder for a particular unit is
accessible only by the teaching staff and students associated with that unit (Trondsen,
1998).

FirstClass

FirstClass is an Internet based communication system which provides real-time chat,
group conferences with threaded messaging, email, a community directory, file shar-
ing and many other useful features. Staff and students involved in a unit have access
to meet online and communicate with each other in small, private, study groups or in
more public discussions (Deakin University, 2003).

4 Security Considerations

Security problems have arisen through the use of e-learning technologies. A number of
different situations have developed which show the weaknesses associated with the
security mechanisms underpinning the e-learning systems. The following scenarios
indicate major security flaws and suggest a poor level of Information Security being
implemented within these systems.

The security problems that the authors have found include:

Passwords — a single default method is used to generate students' passwords. The
problem is that the same simple method is used to generate thousands of students'
logins. If the method of password creation were made public it would compromise
thousands of passwords at the start of the semester. The other problem is that students
are then expected to change their default password. The problem is that there is not a
mechanism to force the students to change their password and some students use the
default password for the entire semester.

Guessing URLS - students can bypass the security authentication mechanisms by
directly guessing a URL address. For instance if a lecturer calls an assignment solution
— solution.htm and stores it in the SCC209 (unit) directory, the student can directly go
to SCC209/solution.htm page avoiding the security authentication mechanism. The
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only solution to this problem is to use abstract names for the naming of pages e.g.,
instead of solution.htm use ssdddccc.htm. An example is shown by figure 1, where a
person has directly entered the URL to an obtain an assignment solution, this action
has by passed all the security mechanisms associated with Web-ct.
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Fig. 1. Direct Link to Assignment Solution

Problems with Software — the E-learning systems do not log students out of the system
when they finish. This means that another student can use the computer after the
authorized student has finished their session and gain access to their E-learning ac-
count. This allows some one to masquerade as an authenticate user and then for exam-
ple post offensive messages to other students or staff.

Non-Repudiation — the e-learning systems allow students to submit their assignments.
The problem is that the systems do not allow non-repudiation to be carried out. Staff
cannot prove that the correct student did the assignments submitted. Also, the system
also does not show that a student has tried to submit an assignment and failed e.g. a
session crashing during the upload process.

Complexity of e-learning systems — due to the complex nature of the e-learning sys-
tems novice users may mis-configure the system they are using. This means that staff
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may not set-up the security features correctly which allow students to gain access to
information that they should not have for example, assignment solutions.

Many of the security problems and weaknesses described are often not discussed by e-
learning researchers. The authors’ experiences have shown that e-learning systems are
not secure and can easily be open to abuse. Of course, the security dimension often
seems at odds with the ‘open’ and flexible requirements of a university environment.
Many universities (for example, Edith Cowan University) allow a certain access to
non-students as a marketing tool.

5 The Security Issues

The Security implication of e-learning needs to be fully considered. The authors are
conducting the development of security guidelines that focus upon e-learning. These
guidelines will be focused towards the protection of systems from the user viewpoint
and administrator viewpoints.

The authors are using the baseline approach to dealing with the problems of Informa-
tion Security within e-learning. Baseline security offers an alternative to conventional
risk methods as they represent the minimally acceptable security countermeasures that
an organization should have implemented. These countermeasures are applied in a
generic manner for example; every organization should have the same baseline secu-
rity countermeasures implemented.

The advantages of using baseline methods include (Warren and Hutchinson, 2000):

cheap to use;

simple to use;

no training is required to use the method;

it is quicker than undertaking a full security review.

The authors are using this security rationalize to develop a series of baseline security
guides that will assist users of e-learning technologies as well as the staff who develop
such systems. The authors are focusing upon developing security awareness programs
for users of such systems. The research will be validated at the universities of both
authors and will be the source of future research papers.

6 Conclusion

E-learning is a powerful tool that all Australian Universities are now using. E-learning
is here to stay but the security issues and problems need still to be addressed. The
major advantage of e-learning out weighs any disadvantages relating to security prob-
lems.
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The security implication of e-learning needs to be fully considered. The authors are
developing guidelines that could have implications of all users and developers of E-
learning systems within Australia.
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Abstract. The designer of a subject was involved in creating a learning
management system for use by 1400 students, in several countries with varying
delivery modes, educational requirements and different technology
infrastructures. The learning management system described currently consists
of a CD-Rom, a Web site and a textbook. The product is utilised not only by the
learner, but also as a support to the facilitators of the learning. Database
concepts need to be adopted to ensure that the subject stored resources acquire
the attributes of a relational database. A number of advantages are provided by
way of storing educational components in a Web site as reusable objects. The
system is a work in progress. There will be a resultant reduction in the
redundancy of knowledge components of the subject and an improvement in the
production time for online courses. This paper will discuss the process involved
in the development of this learning management system.

1 Introduction

At the core of the work undertaken to create a Learning Management System is the
constant evaluation of student’s perceptions of effective teaching and learning
processes and staff review. The aim is to use available human and technological
resources to provide a quality, flexible, learning, environment for staff and students.
In particular “It is intended that the resources provided assist undergraduate students
in the early stages of their programs. Students at this level typically have limited
work experience and practice applying taught skills in a problem-solving
context.”(Richardson et al, 2003)

The learning management system described is currently comprised of a CD-Rom, a
Web site and a textbook. The system is however a work in progress. It has been
designed to not only be used by a learner, but also as a support to the facilitators of
the learning. This was not intentional, but emerged from the fact that the
designer/manager of the subject was involved in creating a learning resource for use
by 1400 students in several countries with varying delivery modes, educational
requirements and different technology infrastructures.

Several essential factors describing the student population underpinned decisions
relating to the design of the subject. The large and diverse group of students requires
the use of various teaching processes to cater to individual learning needs. Students
are culturally and geographically diverse. Commonalities included an interest in
business and a need for end-user high order computing skills. The fact that the unit
aims to provide students with current business computing skills and concepts is
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secondary when assessing available technologies to add to the repertoire of teaching
tools and processes.

Flexibility was an imperative to ensure a robust product as the learning spaces and
student groups varied between the locations where the subject was delivered. The
choice of applications software used for development and storage of resources affects
the delivery due to differing infrastructures and platforms. For instance, there was no
point in using Windows XP if the materials could only be used in one location. The
environmental differences also impacted on technology based design decisions. The
approach was to use an authoring tool that created a product that could be accessed by
a range of browsers and be easily portable across platforms and technologies. The
authoring software and the versions of productivity tools initially used enabled the
same product to be presented via a CDROM and/or a Web site.

The engagement of learners and facilitators to address the tasks at hand is
traditional. Problem-solving tasks in a business context bind the learning activities
and the delivery of these activities is augmented by new technology. Continual
improvements to existing resources have been built for the unit. The early adoption of
technological tools as they become available provides a rich teaching and learning
environment for the students and staff.

To mobilize the desired functionality for the subject materials a strict adherence to
a design process was required. The initial design of the unit included a description of
content, educational processes and relevant student outcomes. Once the content was
outlined technological tools aimed at augmenting the quality of the student experience
were chosen. Each traditional use of teaching spaces and contact hours was examined
with a view to improving the quality of the student experience and augmenting or
replacing the traditional content with technologically supported media.

2 Lectures and Demonstrations

The conceptual base necessary to provide a basis for student’s understanding of end-
user computing in a business context was to be delivered in a traditional lecture
format. The content was delivered using PowerPoint and enriched via business
context case studies. As the delivery options were broadened to include CDROM and
the WEB, the focus in the lecture theatre shifted. Time was spent interacting with the
students as they were expected to complete exercises aimed at ensuring an
understanding of conceptual material covered.

The lectures explained concepts and terminology. The case studies were used to
provide real life problems and opportunities to which end-user applications software
could provide optional solutions. Demonstrations used the case studies to illustrate
the solutions to problems posed during lectures. The solutions described also covered
all skills required to obtain a higher grading in the assessment tasks for the unit. The
tying of the examples provided in demonstrations to real-life problems and
assessment tasks provided an abstract linking of the different components of the unit.

Several staff was responsible for creating audio files of the lectures and
demonstrations that were stored on the CDRom. These learning activities could be
accessed by students and completed in a similar fashion to the actual lecture theatre
experience as the audio was synchronized with the PowerPoint slides. The design of
the site enabled students to listen and type their own notes in PowerPoint.
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3 Workshops and Case Studies

Detailed instructions that could be used to create the case study FrontPage, MS Excel,
MS Word, PowerPoint and MS Access real-life solutions to problems were included
in the CDROM and WEB site as workshop exercises and samples that provided
assistance for completion of assessment tasks. This was extended in recent versions
of the Web site and CDROM for the unit to include videos of real life business
problems.

For the last three semesters all continual assessment tasks have related to a
problem posed for one of the four case studies included in the design of the unit and
Web-based descriptions of the case studies. The assessment solutions require the
integrated use of Word, Excel, Access and PowerPoint. Exceptional solutions created
by the students are included in the WEB site and CDROM. This enriches the existing
case studies, provides experience of complex problem solutions and enables students
to learn from each other.

The continual improvements to existing resources built for the unit, the focus on
problem solution and the early adoption of technological tools as they become
available provide a rich teaching and learning environment for both the students and
staff. The paradigm for both stakeholders has shifted. Staff access resources from the
CDRom or online and in doing so can multitask and modify resources depending on
the current interactions occurring with a student group and save then modification for
later use. Students can also multitask, save modifications to existing resources and
completed work and print if required. The system has the potential for growth as the
number of choices for staff delivery increases as well as student learning activity
choice.

4 The Learning Management System

As additional resources have been created for the subject supported by the differing
types of technology usage the site has become large and complex. Lectures can be
attended, listened to or read. Problems can be read, discussed or a case based video
watched. The book contains the concepts and theory required by end-users to enable
them to solve problems in business using standard technologies. A thorough
description of the knowledge base is accompanied by examples of the processes
utilized to solve the business problems in each chapter of the text. New problems
based on the case studies described on the CDRom are also provided. Problems posed
require the application of systems thinking tools and/or the application of software
productivity tools. These are supported by extra resources on the CDRom.

The CDRom contains the case studies, the application based workshop activities,
problem description videos and audio and PowerPoint’s of the lectures and
demonstrations. Until now the Web site has been the continuous improvement point
replica of the CDRom. Now the intention is to utilise the Web site to enable the staff
to schedule learning activities, choose resources and create assessment tools and
contextualising material. The site will also be accessible for students to interact with
staff and each other, to choose resources and check on their learning.
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The effective usage of each of the resource delivery modes is slowly becoming
delineated according to effective use by staff and students. This represents a point in
time for the identification of the capacity of the technology and therefore may change.
However it also reflects staff and student needs. Over time students have become
accustomed to using a split screen and multitasking. A paradigm shift has occurred
when they accept using online workshop activity instructions which requires that they
build a web site or develop an Excel model.

S5 Implementation Issues to Enable Development — A Case Study

The need for the creation of a subject development process underpinned by database
design concepts has been driven by the placement of tertiary education in the
marketplace. This has necessitated the creation of subject resources suitable for
flexible delivery modes and media. The web and CDROM technologies have been
particularly useful. As a by-product of the subject content end-user applications and
new technologies are integrated into the teaching and learning resources to inform
students of potential usage.

Time constraints imposed by the requests for variations of the course, changing
technologies and the inclusion of new technologies demand an alteration in the
subject creation process. It is not advisable to create a subject for traditional and
online delivery that is built in a top-down manner without recognition of a future need
for modification and the re-use of educational components. In order to ensure that
subject content is stored in a modular reusable fashion the design needs to be
approached in a bottom up fashion. The knowledge capability content stored in the
educational components needs to be dynamically addressable to compress the subject
design process time line.

Database concepts need to be adopted to ensure that the subject acquires the
attributes of a relational database. A number of advantages are provided by way of
storing educational components in a Web site as reusable objects. There will be a
resultant reduction in the redundancy of knowledge components of the subject and an
improvement in the production time for online courses.

6 Outcomes and Objectives

The first step in the subject design process (Figure 1) is the definition of objectives
and outcomes. The learning objectives are set out in two categories, those specific to
the knowledge capabilities of business computing and those more general ones, the
generic capabilities. The knowledge capabilities for this subject represent the business
computing specific knowledge that would be expected of a business graduate. The
generic capabilities refer to the means by which students utilize and apply the
knowledge components required in a broader context.

The outcomes required at the conclusion of the subject include both knowledge and
broadly based generic capabilities and these are described. Specified outcomes
necessitate the application of knowledge capability components utilizing mapped
generic capability characteristics. An outcome specified for the course described in



Building an Effective Learning Management System 31

this case study is “Effectively use a variety of software packages widely employed in
business practice”.

The entire subject mapping process retains a focus on the learning experiences
provided for students via the description of subject outcomes, the inclusion of
education components containing generic capabilities, technological augmentation
and assessment tools that combine both. The effectiveness of the subject is
determined by the successful completion of assessment tasks.

Knowledge & Generic Capabilities

Design Educatjonal Experience —

Includes lectufes, workshops, cas¢ studies,
Assessment

Fig. 1. The Subject Design process

7 Mapping
7.1 Knowledge and Generic Capabilities

The education components containing the knowledge and generic capability content
required for the subject are mapped. The process of mapping the knowledge content
for end-user applications requires the collection of resources relating to the skills,
concepts and terminology needed in order to achieve specified outcomes for students.
The knowledge capabilities need to be collected in educational components and stored
in a manner that enables reuse

In a traditional delivery mode these resources may include material from
textbooks, workshop manuals and PowerPoint presentations. As part of this new
mapping process each resource chosen to be included in an educational component
needs to be matched with technologies that mimic or augment the traditional learning
experience. In reality each resource probably needs to be stored for flexible delivery
and perhaps requires storage in a series of ways.

During a traditional subject design process the academic responsible for the subject
design and development may or may not feel ownership of the individual knowledge
component resources included. The ownership relates to the actual creation of
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resources. So usually the academic owns the design, scheduling and delivery modes
of the course.

In the new mapping process the academic is responsible for the choice of resources
to be included, the technologies to be used to provide specified modes of delivery and
the navigational pathways through a web site that mimic the traditional schedule. The
academic designs the learning experiences required to enable the acquisition of
knowledge. These learning experiences integrate the knowledge based educational
components of a course.

The part of a subject that entails the application of knowledge in a real world
context is an important part of all learning completed and is included in the subject
map as the generic educational components. Designed outcomes for a subject become
deliverables by virtue of the use of generic capabilities. The ability to solve problems,
to build models and to communicate solutions has been mapped as educational
components of this course.

Formulae
Functions

Features -
Goal Seek
Solver

Pivot Tables

Macros

Worksheets
Formatting
Linking

Educational Component

Fig. 2. Learning Object Comprised of Knowledge Based Educational Components
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7.2 Determine Content

Discipline expertise is utilized to choose topics to be included in the course. The
number and nature of topics incorporated into a subject to be undertaken over a
specified period of time is determined. This part of the design process matches the
content to the level or depth required.

A number of related skills and concepts make up an educational component, as per
Figure 2. A number of educational components make up a learning object. All are
topics abstractly linked by generic capabilities and assessment tasks.

7.3 Design Educational Experience

Learning experiences were chosen to suit the knowledge content, level of expected
achievement and generic capabilities. The academic controlling this process
incorporates knowledge expertise, educational experience and personal preference for
delivery modes into the product. Consequently the academic owns the mapping
procedure and resultant course. The modes of delivery required for the subject impact
on the selection of technologies needed to transmit or enable learning.

Traditionally decisions relating to whether a type of learning was best delivered by
a lecture or a demonstration, or a workshop exercise were all that was necessary.
Now options are possible and another layer has been added to the decision process
due to available technologies. Each topic within an educational component has to be
assigned a preferred delivery mode as per Figure 3.

Read Text Listen To Audio Demonstration
Workshop exercises — Answer Questions Assessment

Skill and Practice

Fig. 3. Delivery modes

7.4 Design Assessment

The assessment is then designed and mapped across both the knowledge and generic
capability components of the course. Attention also needs to be paid to the level or
depth of learning required by the group of students in question. Case studies were
used to perform this task and also integrated throughout the subject materials to
enhance the abstract integration and contextualisation of subject resources.
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7.5 Navigational Pathways

Once the content and learning experiences for all of the educational components for a
particular subject have been created the on-line version needs to be built. Each
learning experience is assessed and matched with a range of suitable delivery
technologies. To suit the database methodology imposed upon this process each
educational component needs to be an addressable entity in its own right. This design
enables an increased flexibility in usage as demanded by the market.

The educational components are then sequenced and combined by the navigational
pathways created for the online delivery. Order of delivery is scheduled via the
pathways of the site and content of the subject by the addressable packages. The
navigational pathways created provide alternative scheduling or flexible delivery of
knowledge content. The choice of knowledge expertise, assesment mechanisms,
scheduling and mode of delivery are designed by the academic. The envisaged
developer interface assists in the creation of Web sites underpinned by modules of
knowledge content. By replacing the traditional resource choice, collection and
development processes subject development productivity is increased. Knowledge
becomes reusable. An example of a repository map for the Business Computing
Applications Area is included as Figure 5.

The focus of the developer is maintained for complex resource development,
scheduling or ordering and the creation of integrative components for the system. The
scheduling of learning experiences to suit delivery models, the integration of
fragmented content by way of assessment mechanisms and even the creation of
knowledge components not currently available are all important tasks performed by
the developer or academic in this instance.

8 The Learning Management System — The Future

Authoring software used to develop educational Web-sites is now user friendly. The
software however operates from an end-user perspective and all building is completed
in a top down manner. This approach was initially effective due to two factors:
e The developer only had to manage the conceptual understanding of
the outcome desired
e  The simplicity of the functionality required.

Now the complexity of the technical and functional requirements of the outcomes
or Web-sites require a database design approach be taken in the building of the
underpinning storage site for Web-sites. The amount of resources stored has become
unwieldy in a number of instances. A bottom up approach to the design of the site
needs to be enabled. Storage would be more ordered and easier to modify. To enable
this it is suggested that a second interface specifically built for the developer or
academic be created. The graphical design of the end-user interface to ensure
attention to metaphors etc could then be completed in a top-down manner and
connected to the underpinning content and functionality.

At the current time the site described in this case study has a business learning
environment metaphor that is clearly articulated using Flash animated pictures for the
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Cther Universities

Fig. 4. The Current Learning Management System

first two levels. The continuation of the metaphor to the detailed description of the
learning environments the student would traditionally be utilizing is vaguely
embedded via the backgrounds used for each of the workshops, lectures,
demonstrations, case studies and scheduling pages. The extension of the metaphor to
include the navigation via the buttons was restricted by time and technology. It is
however intended to use identified objects drawn from the context pictures in the text
to assist navigation throughout the site. These objects will also support an abstract
graphical connection between the concepts delivered in the text and the context
technology driven applications or solutions to problems on the CDRom and Web site.

Historically the building of sites in education has been predominantly completed
by educational designers (experienced end-users of applications software) who are not
working at the operational level. The focus of development has therefore been at the
level of the interface rather than functional usability. These workers have not been
integrated by the organizational structure, project management or the description of
roles and responsibilities. As the technologies have matured the gap between those



36 J. Richardson

developing sites and those using them has become greater and hidden by the creation
of complex compliance processes and the use of technology to re-brand and market.

Attention needs to be paid to the integration of content by the application of
content in context by students to solve problems. The technology is the tool used.
The processes relate to the application rather than the structure and design of the sites.
This contextual layer of activities require academic decisions relating to delivery
mode, and learning activities

The design and usage has not been addressed from both the subject developer
(academic) and student perspective. The technology is mature enough for common
work practice processes to be recorded and utilized to inform the design of the end-
user interface. It is necessary to fragment the content and then decide on technology
usage to digitize. This then needs to be re-built by the interaction between teachers
and students and the assessment tasks. Figure 6 depicts the intention for the system
under construction.

9 Conclusion

At the time of writing this paper the components of the learning management system
for the introductory end-user computing subject are built. The design for the
underpinning of a web-site comprised of learning objects is also complete. The next
step is to tag the learning objects to enable a search engine to operate at the web-site
level. The database layer description and the course developer interface also need to
be created. As the system has developed the type of resource to be stored in any part
of the system has been attached to effective usage. The distinctions between the types
of resources to be stored traditionally, or as learning objects in digitized means or
merely as transient communication is becoming clearer. Figure 4 illustrates the
knowledge base that can be developed as re-usable objects. The illustration also
identifies the components of the system to be stored traditionally and the components
of the system that need to be altered for delivery of the resource into different
contexts.
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Abstract. Wireless technology can enhance the Web-based learning applica-
tions with efficiency and effectiveness. This paper presents the design and im-
plementation of a novel Wireless Web-based Learning system (called Wireless
AnyServer) that enables web-based learning system to be accessed in the wire-
less communication environment.

Keywords: Wireless communication, Web-based learning, Wireless LAN, Mo-
bile navigation, IEEE802.11b, Ad Hoc communications.

1 Introduction

Web-based learning systems become the main trend for e-learning environment and
help the learning process of students with efficiency and convenience. Web-based
learning, on the one hand, possesses vast information base that may play a major role
in enriching educational resources. On the other hand, greatly improve the quality of
traditional teaching by providing efficient and fast way of resource detection, access-
ing and sharing. There are many well-known systems existing in the market, such as
WebCT platform [6, 7] that provides students with web-learning environment for ac-
cessing various course materials.

However, web-based learning still requires lecturers or students to approach to those
online systems in order to receive the helps or access the information resource. When
applying in real environment, such as in the large conference theaters, large recreation
centers etc, the learning or training process may not have the fixed network connec-
tion for web accessing. In this situation, wireless accessing to the learning information
resources becomes necessary. Based on our intelligent platform AnyServer, this paper
presents a novel system (called Wireless AnyServer) using wireless connection and
accessing to enable the web-based system to be accessed through wireless devices
such as PDA or laptop. Therefore, both instructors and students can interactively ac-
cess/share the course information and resource in the motion without physically rely-
ing on fixed the internet or machines. This is particularly convenient for instructors
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Kong RGC, China grant nos: CityU 1055/01E and CityU 1039/02E, and CityU Strategic
grant 7001355.
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and students to interact with the on-line teaching / learning resource in the mobility.
For instance, when students are in the campus area, they can retrieve the course mate-
rials through the Palm or PDA.

The rest of this paper is organized as follows: Section 2 gives the background infor-
mation and supporting technology of the system. Section 3 discusses the detailed
system design and implementation using ad-hoc wireless connections. Section 4 in-
troduces a pilot system we are currently using and testing for the teaching at City
University of Hong Kong and we conclude the paper in the final section.

2 Background Information and Supporting Technology

2.1 Wireless Technology

Wireless LAN standard is provided in the IEEE802.11 specification [2], it first relies
on the Physical Layer to define the modulation and signaling characteristic for the
sake of data transfer. IEEE802.11b defines two distinct modes of MAC layer [2, 3]:
the Infrastructure network and the ad-hoc network. Infrastructure network may re-
quire the device to access wireless network through calling access point and then the
traffic from the mobile radio signal is transferred to the wired network. In ad hoc net-
work, peer mobile nodes communicate through mutual connection of wireless LAN
card. A simple network is formed and the communication channels are established
between the multiple hop devices in a given coverage range without the use of wire-
less access point [3]. IEEE802.11 wireless technology offers the following advantages
[4]: (1) appliance interoperability; (2) faster product development; (3) stable future
migration; (4) price reductions and (5) avoiding incompatibility.

2.2 AnyServer [9]

AnyServer is an intelligent platform that provides smart information and system inte-
grations. It allows users with an easy way for the organization and management of in-
formation base such as teaching materials in a semantically way and enables multi-
media documents and different software to be organized/synthesized under the same
platform. Various documents in the form of MS Word, MS PowerPoint, PDF, video
clips, audio, executable files etc. can be easily integrated and presented in AnyServer.
AnyServer not only synthesizes the information but also sets links for the entities and
concepts within the information objects. To make the system easy to use, the inter-
face design of the AnyServer applies the similar interface such as Windows Explorer
and allows the information nodes in the branch to communicate with each other; this
is different from Windows Explorer in which the different files are just physically in-
tegrated together whereas files cannot communicate with each other.

In particular, AnyServer organizes the teaching materials into a tree structure. The
tree in the server not only provides the text-based descriptions for each node, but also
indicates the relationships (associations) among all nodes on the tree. The associations
are established by adopting the conceptual network [1], which is used to model and
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express the internal relationships among objects (concepts). In order to facilitate the
students to effectively and efficiently access and study the materials, the concept as-
sociation mechanism has been designed and implemented by specifying the overall
picture of the study paths through various concepts. Thus, AnyServer enables educa-
tors to organize and associate their course materials semantically and logically
through tree structures by simply adding/deleting/editing the tree nodes, a set of
common primitive operations have been implemented such as CREATE(),
DELETE(), MERGE() and SPLIT() for the tree nodes. With these operations, we can
integrate different information objects together to form a single semantic and rela-
tional structure.

With the intelligent information/system, AnyServer has been implemented with effi-
cient web-mapping mechanism. With WebMapping subsystem, once the teaching in-
formation is installed or integrated into AnyServer, with the help of WebMapping, the
integrated material can be easily shift to web server for custom presentations.

3 Overall System Architecture

Wireless AnyServer is a 3-tier system: Ist tier: the mobile clients; 2nd tier: the ad-hoc
front ends that provide connection to the mobile clients; and 3rd tier: the web-
intelligent server: AnyServer. In the following, first we briefly illustrate Wireless
AnyServer in terms of client and front-end design and we finally show a pilot system
that we have implemented at the moment.

3.1 Wireless AnyServer

Wireless AnyServer can be installed into a laptop that becomes an ad-hoc front end.
The overall architecture of Wireless AnyServer is shown in Fig. 1 in which both in-
structors and students can work in two ways of connections, i.e., through connection
to servers in the wired network or ad-hoc multi-hop connections to Wireless Any-
Server Front-end that is installed with customized information. Wireless AnyServer
supports two different kinds of modes of wireless accessing to the information: (1)
through mobile connection while the mobile nodes connect to the servers which is
fixed in the locations (such as in a large conference room, thereat etc); (2) Ad-hoc
mode where the nodes may use multi-hop connections to access the learning material
through front end system.

At the client side, students can use thin client devices such as PDA or laptop to access
the Wireless AnyServer front-end through multi-hop connections. The front-end can
be a laptop equipped with wireless LAN card and it can be further customized with
specific information resource with local installation or connected to the Internet.
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Fig. 1. System Overview of Wireless AnyServer

3.2 Client and Front End Connection

Based on IEEE802.11 standard, the wireless connection can be supported through two
different kinds of modes: (1) Infrastructure mode that has the involvement of wireless
access point to front end or (2) Ad hoc mode that relies on the ad-hoc connection
from one hop to another directly. We focus on the second approach as it offers easy
implementation and instant connection flexibility without the need to establish a
wireless infrastructure like access point.

For the ad hoc network, one has to set up the establishment of ad hoc network ID in-
side the each device wireless LAN card (see Figs. 2 and 3). When considering the use
of PDA and Pocket PC (applied in our applications), the effective range of controller
application actually depends on the wireless LAN coverage area. The overall
IEEE802.11b wireless range is around 100m in an open area [2], it guarantees that the
mobile client can function at any position in a large lecture or conference room.
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Fig. 2. Configuration in Ad Hoc mode with Network ID to “ANY” in desktop PC

We use Win CE and Pocket PC as the implementation OS with applying WinSock [8]
Window component and eMbedded Visual Basic [5] for system developments. Fig. 4
shows the communication architecture between PDA and front-end using a TCP port.

When an application in PDA needs to send message to the laptop, it transmits the data
through the TCP port. Through the MAC layer of the PDA driver, the data will be
processed to fit the signal specification of IEEE802.11b in the Ad Hoc Mode. When
the front-end device wireless LAN card receives the signal and assembles it back to
computer digital data, the upper application finally collects that data through TCP
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port. The corresponding source codes concerning the connection between 2 devices
are shown in Fig. 5.
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Private Sub Connect() Private Sub W1_ConnectionRequest(ByVal requestID
As Long)
W1.Protocol = sckTCPProtocol
If W1.State <> sckClosed Then
W1.RemotePort = SOCKET_PORT W1.Close
W1.RemoteHost = SERVER_ADDR End If
W1.Accept requestID
W1.Connect
Comment
End Sub When connected by the PDA, the database tree
structure will send to PDA
/Comment

Call TreeFlatten
End Sub

Codes in PDA to connect the Laptop Codes in Laptop to receive PDA request

Fig. 5. Source Codes of Making Connection between 2 devices

On the PDA side, when the subroutine Connect() is initialized, the WinSock [8] com-
ponent in eMbedded Visual Basic is used. It is first set to use TCP connection and the
remote network address and the corresponding port number is assigned to the Win-
Sock component. Finally, the codes call the Connect Method in WinSock to start the
connecting process. On the Laptop side, after the data is transferred through the wire-
less ad hoc mode network and received at Laptop, the corresponding WinSock event
method WI1_ConnetionRequest() is initialized. In the method, it first checks current
WinSock component is in used or not, then it accepts the connection request made by
the PDA. Finally, the data processing method TreeFlatten() is called to analyze the
incoming data as shown in Fig. 5.

Fig. 6 shows the thin client interface in which the tree structure of AnyServer has
been downloaded into the PDA screen. The thin client interface can be used for both
instructors and students. An instructor can use the thin client to control the display
and an action of the front-end. On the other hand, the students may use the thin client
device to browse the text outline of study material and perform some interactive tasks
with the front-end (e.g. asking questions). In general, users can choose the PDA
working mode through downloading the contents from Wireless AnySever or work in
the interactive way with the front-end system to interact with each other. In the later
mode, using PDA interface may control the ad-hoc node to show the message in the
front-end or send a command to the front-end for some actions.

Since the thin client (PDA, Palm or mobile phone) has very limited resource (less
memory and small screen), it is difficult to transfer the entire tree structure informa-
tion from internet or front-end to the thin client device screen for presentation. There-
fore, the notations and management of the course information in a concise way are es-
sential. To solve the problem, we have designed a XML form tree markup representa-
tion. As a result, the entire tree representation will be marshalling into the text list that
is easy to transmit in the narrow band wireless network. Fig. 7. gives an example how
a course lectures are represented with tree markup tags.
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Fig. 7. Example of text list of tree content

When the tree information is retrieved, the corresponding data will be marshaled by a
series of layout. According to the layout showing in Fig. 7, the entire tree list is em-
bedded in the tag format of <Tree>... </Tree> and each tree node is embraced in the
parenthesis. The node name and node key will be separated by a pile and the nodes of
sub tree list are further included in an additional rounded parenthesis. Through this
marshalling scheme, the entire tree formation can be marshaled and sent to the thin
client. After unmarshalling at the PDA side for instance, the tree list will be then re-
formatted on the PDA screen.
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3.3 A Pilot System: Remote Slideshows Controller

Currently we have implemented a pilot system using PDA to access the remote
teaching slides of courses (powerpoint). With the system, during the lecture in a large
theatre, a lecturer is able to easily control the slide transformation. Thus, the lecturer
may approach students who may need help, or provide the direct guidance without
going back to the machine to control the overhead projector for showing the slides.
Besides, this application is also interested to the lecturer who may need to teach the
students in different lecture rooms. Through this technology, we actually arouse the
student learning interests at the City University of Hong Kong by increasing the class
interactivity between students and instructors. On the other hand, if the students bring
back their laptops, they may even download the on-line learning material on spot
from the front-end through ad-hoc wireless connection.

4 Conclusions and Future Works

We have designed and implemented a pilot wireless web-based e-learning system us-
ing the ad-hoc mode of IEEE802.11b standard communication in our intelligent plat-
form AnyServer. The wireless systems can facilitate web-based learning with more
flexibility and easy accessing the teaching materials for users. Thus, adopting the
state-of-the-art wireless technology can greatly improve the accessing efficiency and
convenience. Currently, we are working on the process to develop the Wireless Any-
Server into an interactive system which is a kind of wireless chartroom that enables
the students to interact with instructors directly without interrupting the teaching pro-
cess of instructors. Furthermore, the features of handling multimedia teaching mate-
rial to present into the thin client mobile device are also under the development.
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Abstract. This paper presents an intelligent Information (course materials)
Management System, (called AnyServer) which can serve as an Web based
Learning platform (WLP) and enable course educators to easily manage and
organize their teaching materials into conceptual and semantic associations
among “pieces-wise of knowledge” and publish their materials in web in a
“well-organized” format. Our platform is different from the traditional web-
based learning tools in the sense that educators can dynamically organize the
teaching knowledge with tools in AnyServer and then convert the teaching
materials into web-publishing materials with easy way. The interfaces and the
features of the systems are very sophisticated, flexible and enable users to
effectively navigate the materials and search for the learning material to their
needs.

Keywords: Web based Learning platform; Information system; e-Learning;
Internet Intelligent System.

1 Introduction

In the traditional learning pattern, educators have to act as an active role to publish the
course materials so as the students can access through downloading or some simple
searching mechanism. Through the downloaded notes, the students normally read the
notes page by page for learning. However, this kind of learning pattern is passive and
only suitable for the students who have sufficient time to study page by page. If the
students intend to learn particular concepts only, they have to hurry to search all
related concepts without going through all course notes. For example, if a user intends
to learn a concept A only, but the concept A will refer to another concept B. Then one
has to search the concept B from his notes or other ways while learning the concept A
if there is no association mechanism is built. It is usual that one concept often
associates many other concepts and the concept associations are not explicitly
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indicated. Consequently, there is no clear picture for the study paths and the concepts
for given materials. The searching and setting up the associations may overwhelm or
even confuse students’ study life. In the worst case, the students may give up using
these tools.

In order to facilitate the students to effectively and efficiently study the materials
with the clear picture of the study paths, we designed and implemented an
Information Management System (called AnyServer) and a Web-based Learning
Platform (WLP) with concept associations. AnyServer enables educators to organize
and associate their course materials semantically and logically through tree structures
by simply adding/deleting/editing the tree nodes. The formatted material through
AnyServer thus may be published to the web with easy tools provided by WLP
backend system. The WLP front-end thus is an environment for students to access the
teaching materials with convenience and efficiency. Students may study those course
materials from Web with additional personalized or customized services. Figure 1
illustrates the overview of our prototype e-learning system.
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Fig. 1. Overview of our e-learning system

2 Overview the System

AnyServer is such a system that provide users with easy organization and
management for course materials in a semantically way. It enables multimedia
documents and different software to be organized under the same root — i.e., in the
same platform such as the documents in the form of MS Word, MS PowerPoint, PDF,
video clips, audio, executable files etc. To make the system easy to use, the interface
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design of the AnyServer applies the similar interface of Windows Explorer. However,
AnyServer allows the information nodes in the branch to communicate with each
other, this is different from Windows Explorer in which the different files are just put
together whereas files cannot communicate with each other basically.

AnyServer is able to organize and synthesize the teaching materials and various
systems into an integrated tree structure. The tree in the AnyServer does not only
provide the text-based descriptions of the associated tree node like file path, last
modified date and access modes, but also includes the relationships (associations)
among all nodes on the tree. The associations are established by adopting Conceptual
network, which was proposed by [1]. Moreover, the integrities of the associations
among nodes are maintained through a set of pre-defined and user-defined rules. The
idea of the integrity maintenance is more or less same as the idea in the database
management system. Conceptual network is used to model and express the internal
relationships among objective objects (concepts). In this paper, the terms of
information entity and concept are used interchangeably.

The tree nodes either associate with local resources or remote resources. The
remote resources are located on remote machines that may not under the educator’s
control. For those remote resources, some communication/transport protocols and
authentication mechanisms are required to make the resources accessible. Using
which communication protocols for accessing the resources from the AnyServer
depends on what communication protocols are used at the remote machine. The
common protocols are FTP, HTTP, SOAP and RPC. Therefore, the protocol for
accessing one node’s resources may be different from each other’s. In order to
achieve the access transparency, AnyServer is proposed to enable users to access
every node using the same set of operations regardless of the locations of the
resources once the node is created. In the phase of node creation, the user must
provide the information (e.g. location, authentication information, resource name,
protocol used at the remote machine) for accessing the new resource with the help of
wizard. After the node has been created, all operations of this node are mostly
identical to the others. In this paper, the detailed design and implementation of the
resource access will not be discussed.

Apart from organizing information semantically, AnyServer can act as an
information browser which can recognize the type of the selected information and
display them appropriately. At the current development stage, AnyServer can present
and playback the most common file and multimedia documents like MS Word, MS
PowerPoint, FLASH, PDF and video stream etc. For those files that are composed of
text, they can be converted to artificial speech using Text-To-Speech (TTS)
technology. Currently, AnyServer supports both English and Mandarin. This feature
enables the users to have an alternative way to browse (i.e. listen to) the selected
information by voice. Since the different kinds of information are organized as a set
of trees structure thus AnyServer provides a set of common primitive operations such
as CREATE(), DELETE(), MERGE() and SPLIT() for the tree nodes. With these
operations, we can integrate difference information objects together to form a single
semantic and relational structure.
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Fig. 2. The main panel of the AnyServer

2.1 Framework of AnyServer

The AnyServer can be divided into three layers: Presentation, Functional and
Database. MS Visual Basic 6 is mainly used for implementing the prototype of the
AnyServer.

Presentation | Functional
Layer —p Layer —p DB Layer

Fig. 3. The framework of the AnyServer in three-tires

2.1.1 Presentation Layer and Functional Layer

In AnyServer, the user interface is divided into several user controllers. Each user
controller has its own interface and is also responsible for handling the events
triggered within the controller. Therefore, each controller has its separated functional
modules to perform the corresponding functionalities related to the controller. If the
functional module changes the shared resources such as the content and the
associations, the changes will be reflected on the InformationTree which is shared
among all controllers. Figure 4 shows the interactions and the relationships among all
components in AnyServer.
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Fig. 4. User controls in the AnyServer

At the current development stage, three user controls are defined: InformationTree,

PPTControl and RegistryControl. Each user control can communicate with each other
through the published APIs. The RegistryControl acts as the directory that records the
name and reference of every control in the main form. If one control intends to call a
method in another control, it contacts the RegistryControl to get the references of the
callee control first.

InformationTree: This control customizes the TreeView control. The user interface
of this control and most events associated with this control are similar to the tree in
the Windows Explorer. When we right-click on the node, the context menu pops
up and let the user to quickly select options such as Cut, Copy, Delete, Rename and
Properties etc. The options in the context menu may be different for node to node
because different nodes may associate with different objects that have their own
properties and actions.

Multiple ObjectHandler: Since different objects have different properties and
behaviors, different program modules are required to handle different objects. For
example, when we want to initiate/create a PPT object, PPTHandler is called to
process the corresponding tasks. If we want to create a PDF object, PDFHandler is
called instead. Those handlers are extended from the ObjectHandler that provides
common methods and properties for all other specific handlers that extend from it.
PPTHandler: PPTHandler is one of the specific handlers extended from the
ObjectHandler. 1t processes all operations related to Power Point file. Here is the
example of showing how a PPT file is added on the InformationTree: When a user
created a PPT file as a node, AnyServer will create a folder named as the prefix of
the file name and automatically split the PPT slides into leaf nodes under that
folder. For example, with the file fold CS5301, if one wants to create a PPT objects
under the course name CS5301 folder, one can click the creation menu to add a
node named “CS5301” and then right-click the CS5301 folder and choose “new”.
After specifying the path of the PPT file called Lecture_l.ppt, AnyServer
automatically generates the Lecture_1 folder and the leaf nodes (Slide_1 to
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Slide_n). AnyServer can also analyze and extract the text in the PPT slide. To
formulate the text file enables text mining and also serve as the source for TTS
(text-to-speech) subsystem (to be introduced later) to read the contents of the
slides.

ObjectHandler

Y

PPTHandler PDFHandler WordHandler

Fig. 5. ObjectHandler and its subclasses

e PPTControl: This control is specifically for displaying the user interface and
manipulating the PPT slides. The operations include: 1) slide preview; 2)
configuring of the relationships among slides and 3) changing the logical order of
the slides.

2.2 Database Layer (DBHandler)

This layer (class) is responsible for directly manipulating the database. All controls in

the presentation layer do not manipulate the database directly; they must submit the

request to the DBHandler for executing the corresponding operations on behalf of the
controls. The advantages with the DBHandler can be illustrated as following:

e The user controls do not need to deal with the communication with the database.
Thus the database is transparent to the users so that the database can be protected.

e To minimize the number of changes on the controls if the database design is
changed. The database thus is de-coupled from the user interface to maintain the
integrity of the database system.

e The database implementation can be concealed. For example, if a node is deleted
from the InformationTree, the DBHandler may decide to either delete that node
permanently from the database or set the status of that node is “deleted”.

3 Web-Based Learning Platform

The Web-based Learning Platform (WLP) provides the environment for users
(students) to browse information (course materials) using Web browsers. The WLP
serves as front-end system and allows e-learning system to be installed in the web. It
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also relies on technology of ASP.NET and the database system that is shared by both
the AnyServer and the WLP.

Anyserver

o

Students =

Fig. 6. The Web-based Learning Platform

The figure above illustrates the design of the WLP. After the instructors have
prepared and processed their course materials using AnyServer, all course information
and the associations are stored in the central database. When a student uses a Web
browser to access a main page (index.htm) of the WPL and successfully logon, the
ASP.NET pages are invoked to process the requests for that user. Since the WPL
provides personalized service for each user (student), different authorized users will
have different access right for reviewing the contents of the web pages. This is usual
that different students have their own habits and progress-speed of learning, so that it
is inappropriate to make a system that treats all users as the same. Therefore,
personalized services are required for the effective and efficient e-learning system.
The personalized service subsystem includes:

The customized layout and style of content pages;

The personal information of the user;

The information of people who are related to the user;

The progress of the e-learning study of the user;

The personalized course materials which are delivered based on the past
progress and the knowledge level of the user;

The personal notes written by the user;

The personal bookmarks of the course materials;

The recommended course materials suggested by the WLP. The
recommendation is based on the past progress and the past results of the user.
The recommendation is also represented in a graph, which can give the visual
overview of the past and the future study paths to the user.

Nk =

i
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Fig. 7. Web-based interface for e-learning

Figure 7 shows the preliminary layout of the personalized content page. The page
shows the content of the course materials in a tree structure at the left-hand side. The
contents can be any types that can be displayed or interpreted by the Web browser and
they are organized semantically. The Search function is also provided to search the
keywords and their associations. The figure also shows that the page contains some
other kinds of personal information like name cards, upcoming conferences and
papers published. Another two special features are Import and Export which are
explained in the followings:

Import: This feature allows the user to upload data files which must be supported
by the WLP. Then the WLP recognizes the types of the files and validates the file
contents. If the files are supported and validated without errors, the WLP integrates
the import files with the existing contents. For example, a user may get a course
material in PPT format from a third party and he wishes to access it anytime and
anywhere. In this case, one may import that MS PowerPoint file to the WLP which
integrates it with the existing contents and makes the PPT be a part of the tree.

Export: This feature enables the user to export the information such as course
materials, personal information and the tree structure into certain supported formats
and lets the user download it. For example, the user may export the tree structure into
a XML file and export the personal information into a Web page, so that one may
save those exported files and customize for one’s own purposes.
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4 Conclusions

We have presented an integrated e-learning systems that supported by dynamic
information management and web-based development systems, targeting at the help
for both educators and students to easily prepare the course materials and effectively
search contents respectively. In fact, the two systems can be used independently.
AnyServer system provides the environment for instructors to easily manage and
semantically organize their course materials. WLP provides the personalized web-
based services for students to learn effectively and efficiently. The prototype of the
system is under the development and we are currently using the system in City
University for several thousands of students to access.
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Abstract. This paper describes our experiences in developing and run-
ning the WebCMS course management system in the School of Computer
Science and Engineering (CSE) at the University of New South Wales.
We analyse the usage of the system via a range of techniques, draw some
conclusions on its current usage, and suggest some future directions for
the project.

1 Introduction

WebCMS [3] is a course management system that allows lecturers to create
courses and manage student- and course-related matters through a web-based
interface backed by a centralised database. It was developed in the School of
Computer Science and Engineering (CSE) at the University of New South Wales
as a replacement for and extension of a suite of X-windows-based class manage-
ment tools also developed in CSE. One aim was to provide the convenience of
web-access to class records. Another was to see precisely how difficult it would
be to build a system similar to WebCT, but tailored for local needs. The system
is built on top of an Apache/PHP/MiniSQL platform.

WebCMS was installed in July 2001 and has been used by 35 courses since
then. The system has not been promoted as an official teaching tool within the
School nor have we conducted any training in how to use the system. All usage
has been by staff interested in what the system might provide, and most have
kept using it.

The system provides a wide variety of functionality (including a Group Man-
agement Tool, a MessageBoard, and templating mechanism for writing course
introductions). This paper aims to analyse how this functionality is actually be-
ing used, to gauge the success of the system thus far, and to use this as a basis
for suggesting future changes.

The remainder of the paper is structured as follows: section 2 provides an
overview of the functionality of WebCMS; section 3 describes our experiences in
developing and users’ experiences in using the system; section 4 discusses current
usage of the system; and section 5 concludes what we have learned and suggests
directions for future development.

W. Zhou et al. (Eds.): ICWL 2003, LNCS 2783, pp. 55-68, 2003.
© Springer-Verlag Berlin Heidelberg 2003
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2 Overview of WebCMS

In this section, we summarise the functionality of WebCMS; further details may
be found in [4].

WebCMS users are broadly categorised as staff and students, with sub-classes
of staff such as lecturer-in-charge and tutor. WebCMS aims to allow lecturers to
produce a course website in a style similar to existing CSE course websites, but
with minimal effort. Since WebCMS promotes a common look-and-feel across
all course websites, students find the website of a new course instantly famil-
iar and can access relevant information with little effort. In addition to effort
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minimisation, WebCMS provides interaction features (such as a NoticeBoard
and MessageBoard) that were previously only available on course web sites in
an ad hoc fashion and with considerable effort by the course staff. An example
WebCMS course page is shown in Figure 1. All course websites are displayed
via a sidebar menu, with a main frame for displaying content and carrying out
interactions. The following are the main features of WebCMS:

Course Creation. The course website is created by the lecturer-in-charge of
the course. This involves simply supplying a name and course code and selecting
a colour. After this, a basic website is immediately available, with tools such as
NoticeBoard and Calendar.

Course Look and Feel. WebCMS provides an interface for limited customi-
sation of course Web pages. Lecturers can select a colour scheme to be carried
throughout the web site, and can select which tools and other links appear in
the sidebar menu.

Course Content Management. WebCMS allows course material such as lec-
ture notes, tutorial questions/solutions and laboratory exercises to be integrated
into a website either by uploading them into a central file store or by setting up
links to material stored elsewhere. Some kinds of material (e.g. course introduc-
tions) can be generated via a template and stored in the WebCMS database.

Notice Board. This allows lecturers to post messages of interest to the class.
The NoticeBoard appears in the main frame when students initially access the
course website (see Figure 1).

Calendar. This allows staff to post information about class events (such as
assignment due dates). WebCMS displays a list of these events along with the
number of days remaining before each event.

Student Management (WebSMS). WebSMS provides four major compo-
nents for lecturers to manage and track student assessment. The Student com-
ponent allows staff to add, delete and search for students in the class list. The
Assessment Item component allows staff to store details of graded classwork (e.g.
assignments), including various styles of grading or marking, and validation con-
straints on the values that can be entered. The Assessment component enables
staff to update student results on the assessment items. The Final Mark compo-
nent allows lecturers to generate final course marks by defining an overall mark
formula and by scaling marks with an interactive graph-based scaling system.

Group Management (WebGMS). WebGMS provides facilities for creating
and managing project groups for courses that run group-based assignment work.
Students create and register groups online. Once a group is created all members
of the group have access to shared group website under the class website where
they have a range of private facilities for managing group work (e.g. noticeboard,
calendar, todo list, and a web-based interface to CVS for managing software de-
velopment). Staff initially set group size limits and a registration timetable. As
groups begin to use their sites, staff can monitor their progress via simple activ-
ity indicators such as number of intra-group messages.
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Message Board. An asynchronous threaded discussion board provides means
for students and staff to engage in collaborative exchange about topics in the
course. This allows staff to answer common questions in a well-defined forum to
reduce the number of repeated questions that arise in a forum such as one-to-one
email. All posters on the MessageBoard need to be authenticated.

Tool Incorporation. A tool is a feature supplied by WebCMS that provides a
specific service such as Message Board or Group Management. It can be incor-
porated into any course. A particular tool may not be appropriate in all courses,
and so WebCMS provides a facility enabling lecturers to add/delete these tools
when necessary.

The above features/modules form the basis for the original WebCMS system
that is analysed later in this paper. New modules for on-line marking, running
multiple-choice quizzes, and allowing class registration will be discussed in Sec-
tions 3.4-3.6.

3 Experiences

WebCMS was developed by the first author during March-June 2001. It was
first deployed in the UNSW semester from July-November 2001, and used by
one course (taught by the second author). After this initial trial, it has been
steadily adopted by more courses, and, in the current semester (March-June
2003), is being used by 10 courses, some for the third time. The courses range
from first-year classes with enrolments of over 700 to specialist postgraduate
courses with enrolments of less than 20. The students in CSE come from a range
of backgrounds, including widely different skill levels with computer technology
and many different ethnic backgrounds.

This section analyses the current usage of the WebCMS, as well as giv-
ing details of ongoing developments. Feedback on usage was obtained in
three ways: questionnaire, web server access log analysis, and informal sugges-
tions/comments given by users. The questionnaires were administered in March
2003 with the aim of discovering the system’s accessibility, tool effectiveness and
usability, and collecting other general comments. WebCMS runs on its own web
server and the access log was available for the period April 2002 to March 2003
(comprising over 7T00MB of data). We used both ordinary statistical analysis as
well as data mining on the log to ascertain usage patterns. This is discussed
in detail in section 3.7. The informal comments from users were drawn from a
number of different sources, including email, face-to-face discussions, and com-
ments on MessageBoards where topics had been set up specifically to discuss
WebCMS.

3.1 Message Board (Bulletin Board)

The MessageBoard has been used extensively and is incorporated in most
WebCMS-based courses. It is largely used by students to post/answer questions
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on assessment-related matters such as assignments, projects and lab exercises,
and other course-related matters such as looking for group members, reporting
bugs, etc. For lecturers, it provides a common area for them to answer student
questions (similarly to an FAQ), saving them from having to repeatedly answer
similar questions. 71% of respondents agreed that Message Board provides mean
for students to collaborate with lecturers apart from using email. 87% of respon-
dents agreed that Message Board provides a way for students to share knowledge
with each other. Students also reported that they always find the answer they
want in the Message Board. However, there are some students who do not read
the existing messages before posting a question, resulting in repeated messages
in the Message Board as noted by one respondent the respondents:

“There seems to be a lot of repeat messages, because people don’t read other
ones first...”

One possible solution is to include a filtering feature to check whether a message
is similar to any current messages and display these messages to the poster. If
they think that none of these messages is similar to the one they want to post,
then they can proceed in posting the message.

A new feature added to the Message Board in response to user requests
was a notification service where users can opt to have new messages emailed to
them. The email contains the message itself, along with a hyperlink referring to
a WebCMS page where the user can view and reply to the message. A future
improvement (suggested by users) is to allow users to add filters to restrict
notification only to messages of a certain kind e.g. messages on a certain topic,
or responses from the course staff.

“Email notification is great, but it would be nice to be able to ignore certain
thread.”

“Email notification for responses to selected thread.”

A variation on this would be to modify the way messages are presented on
WebCMS course websites, e.g.

“Highlight messages posted by the lecturer and tutors as they are the most
newsworthy.”

There are several limitations in the Message Board: it uses only a two-level
hierarchy (a list of broad topics, and a list of messages within each topic); and,
the searching system does not provide sufficient recall. The rationale for using
a two-level hierarchy was that users would be likely to “lose themselves” in a
deeply nested hierarchy. However, feedback from users suggests that the two-level
hierarchy causes problems with topics becoming too large (too many messages).
Converting the system to use a multi-level hierarchy is relatively straightforward
because of the data structures used in the original implementation.

“Once you get above 30 or so messages on a topic, it is too hard to find
relevant questions, so you start to get people asking questions that have already
been answered.”
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“The current topic/category structure breaks down a bit when you’ve got a
large number of posts under a topic. e.g. a topic like Assignment 2 accumulates
a large number of posts around the assignment deadline, and it gets quite
annoying for ppl looking at the messageboard for answers to click through post
looking for what they want.”

Analysis on the web server log revealed that of those people who accessed the
Message Board, only 1% of them have used the search mechanism provided.
One possible reason for this might be that the current search mechanism al-
lows searching based only on the poster and the message title. A better search
mechanism would clearly include content-based search. However this will need
to wait until the system is ported to a more powerful database system (the cur-
rent database MiniSQL, does not support search within long text strings). An
alternative to full content-based search would be to require users to supply a set
of keywords with their message. Whether users would supply sensible keywords
is matter of conjecture.

Some users have indicated that having to identify themselves in their posts
is threatening enough to discourage them from posting at all. At least one user
has suggested the use of aliases to overcome this:

“I don’t really like the feature in Message Board that it will list/post your real
ID. I don’t feel comfortable with that feature at all because sometimes I just
want to be unknown and consider the case when you post a straightforward
question or wrong comments. I suggest replacing this feature with a user-chosen
nickname.”

We do not support this. If students can hide their identity in posts, then there
may be an increased likelihood of posting silly questions or giving incorrect
answers to other students’ queries.

While there is clearly some work required to overcome the problems described
above, the Message Board was rated highly by users (3.7/5) in terms of overall
usefulness.

3.2 Group Management (WebGMS)

WebGMS is one of the most popular modules, and has been used in many
WebCMS-based course websites (primarily because group project work is quite
common in CSE course). It was also rated highly (3.3/5) in terms of overall use-
fulness. Positive feedback was received for most WebGMS features, particularly
the online group registration. Class administrators were especially pleased with
online registration, because they previously performed this task manually via
many rounds of email. Some indicative feedback from the questionnaire:

“This is a very good tool that assists in better project management.”

“Generally it’s a good tool that lets the groups find themselves.”
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Upon registration, a group web page is generated to allow collaboration among
group members. A group-tracking feature is also available for lecturers to mon-
itor the progress and activities in the group web pages. While 604 groups had
been formed under WebGMS, only 60 of them have actually made use of the
group website for any serious collaboration (based on activities such as posting
messages, notices, meeting minutes, adding calendar entries, etc.) There were
242 groups who had at least “done something” in their group website, but the
number of activities never exceeded five messages/notices. A possible reason is
that these groups were initially testing out the features on the group website but
decided not to use it for collaboration. When asked about this in questionnaire,
the following comments were given:

“It is much more easier and faster to use email/phone/direct. Usually people
just too lazy to specially log on to WebGMS.”

“Not all the groups members have access to Internet reqularly or would like to
use this tool. Besides, there is lots of efficient substitute, i.e. SMS/mobile
phone/home phone/ICQ.”

“Initially used it, but then people got lazy to login all the time to check if
there’s anything new. We ended up communicating through email instead.”

From the comments given, it shows that students prefer to use communication
channels other than the group website for collaboration. This means that the tool
is being used primarily for group registration. One possible solution to encourage
participation is to force students to use more features of the tool by making it
part of their assessment (e.g. using group web logs as records of the development
process).

One problematic feature of the current registration process is that students
form groups by selecting a list of group-mates from all students enrolled in the
class not currently in a group. Students can be added to groups regardless of
whether they actually want to work with the other people in the group, and need
to explicitly remove themselves from a group once added. Allowing students to
specify a list of people they would (or would not) be willing to work with might
streamline this process somewhat.

3.3 Assessment (WebSMS)

WebSMS is the least used module. It provides functionality to manage class lists,
course assessment items and student assessment records as well as marks finali-
sation. However, of these four features, only one of them is being used: class list
management. Most staff continue to use the older X-windows-based class man-
agement tool (SMS [1]) for handling marks, even if they use WebCMS for the
rest of their course website. Some users reported that they do not use WebSMS
because they were not well-informed of the functionalities provided by this mod-
ule, while other users commented that they would consider using WebSMS if it
provided all of the functionalities available in SMS, such as producing reports
of final marks in the precise format required for submission to the University.
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Others did not use WebSMS because they were worried about the security of
storing confidential information such as marks in a Web-based system.

3.4 Quiz (WebMCQ)

WebMCQ is a recent module implemented in March 2002. It allows lecturers set
up multiple-choice quizzes. There are four major components: Category, Ques-
tion, Quiz and Registration. The Category component allows staff to set up
different question categories. The Question component allows them to add ques-
tions for each category. The Quiz component provides facilities for staff to gen-
erate an entire quiz. Quiz questions are selected from a question bank in one
of three ways: manually, randomly selected from the entire question bank, or
randomly selected from each topic (in which case the number of questions from
each topic needs to be specified). Restrictions on the quiz can be specified such
as opening/closing date (date which students can/cannot take the quiz), date on
which the results can be released to students, specific times at which students
can take the quiz, duration etc. The Quiz component is linked to the Course
Assessment Item component of WebSMS. Upon generating a quiz, a course item
for this quiz is also generated, allowing the student assessment result for the quiz
to be stored. The Registration component allows staff to associate students to
classes, to ensure that students can only take the quiz within the time specified
for the class. For lecturers, it displays a list of students along with their results
and answers for the quiz.

This module has been used in a number of courses and was rated 3.3/5 by the
respondents. 68% of the respondents agreed that WebMCQ provides students
with valuable and instant feedback on their performance. 87% of them said that
having a summary of overall class performance in the quiz would be useful. One
staff member was more specific on what information would be useful to them on
class performance:

“I needed statistics that told me: a. how many students answered each answer
(not just each question.) b. clustering of students to tell if there’s a group of
really bad/really good students that skews the results in a. c¢. how many
students answered how many questions correctly.”

One improvement to WebMCQ would be to link quiz Categories to course mate-
rials. At present, the course material (e.g. Lecture notes) is organised based on
topics, which are quite similar to WebMCQ categories. Hence, instead of having
staff to set up Categories in WebMCQ), they could make use of existing topics
as the basis for question categories. Under such as system, we could develop a
recommendation system that suggested useful course material for student, based
on their quiz assessment results. When asked on this point in the questionnaire,
77% of respondents agreed that a mechanism to provide a recommended reading
list of topics based on quiz performance would be useful.
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3.5 Assignment Management

This is another new module, developed as part of an Honours Thesis project
[2] in 2002. It provides facilities to allow electronic submission, marking and
collection of CSE coursework assignments. There are three major components
for this module: Assignment Setup, WebGive and WebMark. Assignment Setup
allows staff to set up assignment submission and marking systems. WebGive
presents a simple, straightforward method for staff to set up either an individual
or group-based assignment submission system. Restrictions related to an assign-
ment submission such as due date, late penalties, file size and file types can be
specified accordingly to the needs of an assignment. It also includes the abil-
ity to activate assignment submission and/or collection functions for students.
WebMark features the ability to run automated and subjective marking on as-
signment submissions. Markers are able to insert annotations and marks into
submission source code files. This allows staff to provide detailed feedback to
students.

3.6 Class Registration (WebCRS)

WebCRS is a new module currently being developed. This module allows stu-
dents to register for laboratory or tutorial classes online. Restrictions on class
can be specified such as the capacity (class size), whether it is a regular (e.g.
lab, tutorial) or one-off (e.g. presentation) class, opening/closing date for reg-
istration, etc. Students will be notified if there is any class clash within the
course or other courses in WebCMS. Waiting lists are provided to allow students
to register for a class that is already full, and be notified by email if a place
becomes available. Reporting facilities are available for staff to show confirmed
registrations and waiting list lengths for each class.

3.7 Web Log Analysis

Prior to the web log analysis, we preprocessed the log via the following steps:

Data Cleaning. This step aims to remove unwanted or unnecessary data from
the raw data such as image files, or URLs related to other applications running
on the web server. Table 1 shows portion of the raw web server log.

Session partitioning. After the data cleaning step, we have to partition the
log file into sessions to identify a collection of pages accessed by a single user
(identified by their IP address). In WebCMS, sessions time out after 20 minutes,
so we use this as a threshold for the partitioning. If an IP address does not access
the server until more than 20 minutes after the previous access, we consider it
to be a new session.

Course partitioning. Because a user can access several course Web sites in a
session, it would be interesting to know what kind of pages were being accessed
by users for each course. Hence, we further partition the session into courses.
The course accessed can be obtained from the cid parameter in the URL.
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Table 1. Raw web server access log

IP Address Date & Time Type Request object Protocol Stat Bytes

211.28.45.60 14/May/2002:23:07:17 GET  /webcms/image/cselogo.gif HTTP/1.1 304 -

202.7.181.42  14/May/2002:23:07:18 GET /webcms/course/menu.phtml? HTTP/1.1 200 4203
tid=&cid=12&mode=

129.94.241.59 14/May/2002:23:07:19 GET /webcms/course/index.phtml? HTTP/1.0 200 783
cid=16

211.28.45.60  14/May/2002:23:07:21 GET /webcms/lecture/view_lecture.phtml? HTTP/1.1 200 9635
tid=&cid=16&mode=

129.94.241.59  14/May/2002:23:07:22 GET  /webcms/notice/view notice.phtml? HTTP/1.
tid=&cid=16&state=view&mode=

(=]

200 10250

129.94.241.59 14/May/2002:23:07:22 GET /webcms/course/menu.phtml? HTTP/1.0 200 3997
tid=&cid=16&mode=

129.94.241.59 14/May/2002:23:07:23 GET /webcms/image/cselogo.gif HTTP/1.0 304 -

211.28.45.60  14/May/2002:23:07:27 GET /webcms/intro/view-intro.phtml? HTTP/1.1 200 155
tid=&cid=16&mode=

211.28.45.60  14/May/2002:23:07:27 GET /webcms/intro/template.phtml? HTTP/1.1 200 14053
tid=&cid=16&

211.28.45.60 14/May/2002:23:07:28 GET /webcms/class/view_class.phtml? HTTP/1.1 200 11729

tid=&cid=16&mode=

The WebCMS interface is designed using a two-frame system: the system has
a sidebar menu containing a list of operations/modules available to the user, and
a main frame containing the current content. Users typically access the system
by going to the “home page” for a particular course (course/index). This script
sets up two frames which are loaded with the sidebar menu (course/menu) and
the course noticeboard (noticeboard/view_notice). The menu also loads a
copy of the CSE logo. Subsequent accesses include clicking the options in the
menu sidebar, which will invoke scripts in the main frame. When a user has only
read privilege, the main frame will contain the current content of the module.
When user has read/write privilege, the main frame is subdivided into a Control
frame and a Display frame. The Control frame displays a set of functions related
to a module (e.g. Add, Edit, Delete and View), whereas the Display frame is
where user views information or provides input to the system.

The objective of this analysis is to gain some insight into how users actually
make use of the system, as well as look for interesting access patterns using data
mining tools. The analysis considered the following questions:

Question 1: What is the number of pages accessed in a typical session/course?
How much time is spent in a typical session? What are the pages accessed in a
typical session?

In determining session length, we include all pages accessed, including the three
accesses that comprise the load up of the main course web page.

The maximum number of pages accessed (i.e. session length) in a single ses-
sion is 2465 (1 occurence) whereas minimum pages accessed is 1 (21835 oc-
curences). Subsequent analysis of the very long session revealed that it accessed
many pages from a number of different courses in a very short time. Checking
the IP address revealed that it was a robot for a search engine. Analysis of other
sessions longer than 500 revealed a similar pattern. It seems that very few “real”
sessions exceed 500 pages.

As noted above, there were 21835 sessions consisting of a single page access.
This result is interesting, as we would have expected that all sessions would have
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accessed at least the course main homepage, giving a session of at least length 3.
The most common kind of session of length one (4485/21835) involves a single
access to the page lecture/view_lecture. It appears that people may have
bookmarked individual pages within WebCMS for quick access to important
parts of the site.

As expected, sessions of length 3 are the most frequently occurring. The vast
majority of these consist of the three page accesses for a main course website.
The interesting aspect of this is that very many people simply go to the main
course web page and then go no further. Presumably they are simply checking
the Noticeboard for new notices.

If we consider the initial access (which loads the frames and the menu and
noticeboard in those frames) as a single access, the average number of pages
accessed per session is around 6.

Question 2: What is the first page when session starts?

As expected, the first page that most users access when session starts is course/
index (46076 occurences). This is followed by view_lecture (43933), view_lab
(24416), view_notice (20102), view_messagetopic (19329), view_tutorial
(15265) and view_intro (7625). It appears that these pages are bookmarked
by very many users.

Question 3: What is the most frequent access to pages/modules

Table 2 and Table 3 show the ten most frequently accessed pages and modules.
It is interesting to note that many people are making use of the collaboration
tools, Message Board and WebGMS.

Question 4: What do users do after logging in?

It should be noted that users are not required to login in order to access the
course home page. They can view the general information about the course (e.g.
Notices, Lecture Notes) by simply accessing the main course web page. They
need to authenticate themselves only when they want to have the “write” access
to some module (e.g. to post a message). Therefore, it would be interesting to
draw out the possible reason they login to the system (i.e. whether there is any
relationship between login and the kind of activities performed after login). The
number of sessions which involve login is only 10197 out of 328966 total sessions
(i.e. only 3% of sessions result in a login).

The three pages most frequently accessed after login were the three pages
loaded on initial access to the course site; this is expected since these three pages
are reloaded after login. Note that the menu needs to be reloaded because login
in can cause additional links to be displayed in the menu to reflect additional
privileges from logging in. Other pages frequently accessed after login are the
Message Board (as one has to authenticate him/herself in order to post any
message), Course Creation (this functionality is only available to staff), and
WebGMS.

Question 5: What are the interesting patterns such as pages accessed fol-
lowing some other pages accessed previously?
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Table 2. Frequently accessed pages Table 3. Frequently accessed modules
lPage Frequency‘ lModule [Frequency
notice/view_notice 540151 Notice 542321
course/index 475583 Message Board 366990
course/menu 473333 WebGMS 264435
messageboard/view_content |166476 Lecture 170120
lecture/view _lecture 164407 Tutorial 95871
messageboard /view_message 115513 Lab 93321
tutorial/view_tutorial 93907 Course Creation 47067
lab/view_lab 92143 Course Introduction|37699
messageboard /view_msgtopic|69491 Class 24240
intro/view_intro 30749 Calendar 18038

To determine the answer to this question, we used association rule mining to
reveal relationships between pages accessed in a typical session. Following are
partial results from the initial mining (confidence level 99%):

notice/view_notice, course/index,
tutorial/view_tutorial => course/menu
lecture/view_lecture, course/view_notice,
course/index => course/menu
notice/view_notice, course/index, lab/view_lab => course/menu

The first example is interpreted as: for those people who access pages
notice/
view_notice, course/index and tutorial/view_tutorial, 99% of them will
also access course/menu in a session. This is because of the two-frame system in
WebCMS, which will load the menu frame (course/menu) and main frame (e.g.
notice/view_notice) when accessing the course web site. It should be noted
that this mining does not take into account the sequence of these pages (i.e. it
is not sequential mining). Since these results are expected, in the subsequent
mining, we remove the course/index, course/menu and course/notice since
these are very frequently loaded at the beginning of a session. Some of the
interesting results are (minimum support=0.1 minimum confidence=0.1):

tutorial/view_tutorial => lecture/view_lecture 57%

tutorial/view_tutorial => lab/view_lab 44%

lab/view_lab => lecture/view_lecture 40%

lab/view_lab => tutorial/view_tutorial 39%

lecture/view_lecture => tutorial/view_tutorial 30%

lecture/view_lecture => lab/view_lab 24%

This suggests either that students often make use of several kinds of course
content together (e.g. look at the lecture notes while doing a lab exercise), or
that they try to do all of their content access in a single session (e.g. printing
lecture notes and also printing tutorial questions for the next week).
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4 Discussion

When questioned about the most useful/interesting features in WebCMS,
some of the comments received included consistent layout, ability to choose
to login or remain public, ease of use and navigation, provision of a stan-
dard/centralised way to access resources, message board, group management
system, and multiple-choice question. Comments received for the most use-
less/uninteresting features include lack of functionality to individualise course
web site (this contrasts with our original aim of having a consistent look-and-feel
to all course web sites), multiple-choice questions (one user complained about its
complexity), group management system (the possible reason is the use of other
communication means) etc. Features that users would like to see added: online
class registration system (currently being implemented), greater customisation
options, meeting agendas, moderated instant messaging system, chat room and
linking of calendar events to the actual deliverable. Overall, users are satisfied
with WebCMS. Some of the comments received:

“Overall WebCMS is an excellent system that enables students to get any
course information required as well as to provide a more interactive learning
environment.”

“WebCMS is a great idea, it would be great if it was standard throughout all
subjects and the entire university. Making it mandatory would be great as well.
I believe it makes things easier for lecturers, students and administrators.”

“I think that people behind WebCMS have done a great job in providing this
tool as it is easy to use.”

“Overall, I think it’s a very nice system for course management.”

Users who have experienced with other course management system include We-
bCT (94%) and customised systems developed in other UNSW Schools. When
asked about how these systems compared to WebCMS, most of the comments
related to efficiency and usability, including:

“WebCMS is useful and easier to use, you do not need to follow a zillion links
to get where you want to go, the helps provided are less ambiguous and it does
not crash as often as WebCT.”

“WebCMS is better, no need to login unless need to post a message.”

“I find WebCMS much nicer. I found WebCT was quite cumbersome to use,
and many of the features if offered were not used by the lecturer, although I
guess that could apply to WebCMS too.”

“WebCMS provides more clear user interface.”

“The frequency of failure of WebCT is higher than WebCMS, WebCMS seems
a bit more stable, but the user interface looks boring? it should allow greater
flexibility on changing how it looks, with the functionalities stay unchanged.”
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5 Conclusions and Future Work

WebCMS, a web-based course management and online learning environment,
has been in operation at the School of Computer Science and Engineering since
July 2001. During this period, users have provided much useful feedback and
many suggestions which have led to improvement of existing modules as well as
development of new tools. Future work includes development of a more general
framework that provides greater flexibility in determining user access to course
items, development of new modules such as WebPoll (a survey system), a facility
for copying courses from one semester to the next, and other module-specific
modifications mentioned before. We are also planning to port the system from
PHP3/mSQL to PHP4/PostgreSQL. The platform will also be used to explore
ideas in the area of personalised learning environment.

Acknowledgement. We would like to thank all the staff and students in CSE
for providing us with useful suggestions and comments throughout the develop-
ment of WebCMS as well as those who participated in our survey.
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Abstract. In a web-based learning environment, student-centered study plan
become critical since the target users who have the self-learning expectation
and individual academic background are very different from those of a tradi-
tional classroom. In fact, designing individual study plan is very complicated
and time consuming as the target users normally are very diversified. To the
best knowledge of our understanding, most of existing course enrollment facili-
ties are quite primitive. In this paper, we introduce a conceptual framework for
setting up individual student-centered study plan through 1) a dynamic con-
ceptual network mechanism for capturing the relationships among courses to
facilitate the dynamic generation of a study plan, and 2) intelligent knowledge
base facilities, such as personal profiles, to help understand students’ behavior
so as to provide student-centered results to different learning groups.

1 Introduction

To face up to the increasing trend of continued learning demand, most universities are
taking advantages of technology for their Web-based education [8, 9]. One character-
istic in Web-based education is that the learning initiative is driven by the students.
Thus, there is an increasing need to explore a mechanism for helping learner design a
personalized study plan.

In fact, the design of individual study plan is very complicated and time consum-
ing. The target users are generally in a very wide range and of different background.
In the traditional classroom learning, the design of a program is usually targeted to a
student group rather than individual students. It may seem to be possible that personal
mappings of the student’s background to the study program can be done manually, the
procedures and resources involved however are tremendous. The program designer
has to consider individual user’s academic study background as well as the vocational
study background before admitting a student into a program. Apart from the study
background, other issues like the prerequisites of each course (if applicable) the
proper duration of the program to the student, and the student’s progression will also
need to be considered. It inevitably creates the problem of duplicating the efforts and
wasting time and resources.

Meanwhile we have to realize the fact that users carry different knowledge and dif-
ferent goals. So “One program with pre-defined courses for all” approach is insuffi-
cient for today’s Web-based education. The focus of online education is to understand
individual student’s background knowledge and learning needs in order to provide
proper courses in the program for their study anytime anywhere. Currently the course
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choices provided in a program are quite limited and the duration and progression of
the program are also pre-defined. There is little room to allow students to switch from
one to the other or to proceed faster in their study route based on their own progress.
One of the advantages of e-Learning is the ability to provide a bulk of courses in a
particular period because it needs not take into account the issues of teaching man-
power, classroom, student schedule, and so on. However, most of existing web-based
education systems are quite unsatisfactory in providing sufficient flexibilities for the
selection of courses, progression of study, and duration of study. Thus, there is a need
for such systems to re-organize the courses contained in the program based on indi-
vidual needs by using proper Web-based education system in an effective and effi-
cient manner.

1.1 Paper Objective and Organization

To facilitate the Web-based individual study plan generation, we introduce in this pa-
per an innovative mechanism that utilizes user profile and dynamic conceptual net-
work to provide the personalized study plan. The proposed mechanism makes use of
the user profile to determine the characteristics of the study group, including back-
ground knowledge and learning goals. The dynamic conceptual network is a hierar-
chy tree in association with courses. Each course is stored in a node of dynamic con-
ceptual network. Apart from the course contents, each node also contains some
attributes for construction of relationship among each node and self-description of
each node. This paper aims at advocating the idea of treating different students differ-
ently in the generation of personalized study plan based on the hybrid use of user-
profiles, XML, and Java technologies. Our proposed web-based mechanism is thus
able to establish, in particular, the relations among the program and courses, and also
adapt to users having very different backgrounds and learning goals.

Through designing the conceptual framework and algorithms for dynamic concept
network, we aim to address the following main topic in this paper: How to effectively
serve individual student in preparing the personalized study plan? The rest of this pa-
per is organized as follows: Section 2 reviews the current e-Learning systems and dis-
cuss their pros and cons. The specific features of the proposed conceptual framework
and algorithms are detailed in sections 3. The final section concludes this paper and
makes suggestions for further research.

2 Related Work

For the past few years, some researchers have focused on the areas of agent-based,
multimedia, and adaptive approaches for e-Learning system. Before we introduce our
dynamic study plan generation approach, some related research projects are discussed
as below.

For the agent-based research work, Andes [6] a collaborative project started since
1995 between the University of Pittsburgh and the US Naval Academy, has took a
modular architecture, and is implemented in Allegro Common Lisp and MS Visual
C++. The main agents of Andes contain a problem author, a problem solver, an action
interpreter and a help desk. These agents function in the sequence of creating problem
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definition, generating the problem solution graph model, and referring to the student
model to make decisions upon receiving appropriate feedback and assistance.
LANCA [7] adopts an intelligent agent’s approach to distance learning in a distributed
environment by using a constructive approach instead of user profiles to assist stu-
dents in difficulty by building a common and useful databank. Unlike Andes and
LANCA, DT Tutor [12] uses decision-theoretic methods for coached problem solving
to select tutorial actions that are optimal given the tutor’s beliefs and objectives. It
employs a model of learning to predict the possible outcomes of each action, weighs
the utility of each outcome by the tutor’s belief that will occur, and select the action
with the highest expected utility.

Among the multimedia-based projects, Classroom 2000 [14] is designed to auto-
mate the authoring of multimedia documents from live events. The researchers have
outfitted classrooms at Georgia Institute of Technology with electronic whiteboards,
cameras, and other data collection devices that collect data during the lecture and
combined it to create a multimedia document to document the class activities. Cor-
nell Lecture Browser from Cornell University [10] captures a structured environment
(a university lecture). It automatically produces document that contains synchronized
and edited audio, video, images and text, so as to synchronize the video footage in the
live classroom with the pre-recorded slides used in the class. Last but not the least,
MANIC, from University of Massachusetts [9], discusses the ways of effectively util-
ized WWW-based, stored materials and presentation paradigms. In particular, MANIC
proposes that students be given the opportunity to browse the materials at their own
pace, stopping and starting the audio at their will.

For the adaptive approaches for online course materials, WebCT [11] has been
widely used in education sectors to produce online courses or to act as a tool for pub-
lishing supplementary materials for existing courses. A WebCT course is mainly cre-
ated by using a series of linked HTML pages which are defined as paths or “road
map”, and all these interactions take place through a web browser. InterBook [15] is
based on a specific concept-based approach to develop an adaptive Web-based LISP
textbook while NetCoach [16], an authoring system, allows the users to create adap-
tive and individual course modules without programming knowledge. The concepts
used in InterBook are basically elementary pieces of knowledge for the given domain,
with a more advanced form of the domain model being a network. Each page has a set
of outcome concepts and a set of prerequisite concepts associated with it to support
adaptive navigation and hyperlink annotation. Unlike WebCT and InterBook, Net-
Coach implements two adaptive navigation techniques: curriculum sequencing and
adaptive annotation of links. In NetCoach, the knowledge base of a course consists of
concepts that are internal representations of the pages to be presented to the learner at
the front-end.

However, individual or tailored instruction based on learners’ needs and back-
ground has not been achieved yet. Therefore, the integration of multiple agents [4,5],
user profile [13], and multimedia technologies into a collaborative learning environ-
ment remains a very challenging problem.
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3 Conceptual Framework and Algorithms

In this section, we describe a conceptual framework of the dynamic conceptual net-
work and study plan generation algorithms. In order to provide an overall picture of
the implied structure, the conceptual framework for the dynamic conceptual network
will be explained first.

3.1 Relationship for Program, Course, and Credit Units

With the existing online education systems, one of the most important limitations for
study plan generation is that the relationships among the courses of a specific program
are not well defined. Thus, preparing an individual study plan is very complicated and
timing consuming. In order to provide a better solution, we need to identify the
structure for courses of a particular program.

As an example, figure 1 shows the main structure of a particular program (Master
of Business Administration) as an illustration. Due to the wide variety of target users
in online education, a credit unit system for online learning is introduced in our model
in order to serve the individual student needs. Normally, a program includes core
courses, elective courses, and minimum required credit units. A student is required to
complete the core courses as the fundamental training. Subsequently, he/ she also
needs to determine the major study by choosing the elective courses. Both the core
and elective course are assigned with a number of credit units. Upon completion of
the courses, the credit units will be recorded in the individual user profile. Finally, an
academic designation will be awarded if the minimum credit units of the program are
reached.

In order to define the dynamic conceptual network, we need to identify the rela-
tionships among program and courses. As shown in figure 1, some natural relation-
ships are implied and to be discussed as follows.

Fig. 1. Structure of an example program (Master of Business Administration)

e Relationship among program and program. A program is designed for un-
der- and post-graduate level. Normally, a student is required to complete the
under-graduate program first, and then the post-graduate program is provided
for the advanced study consideration. To ensure the student with sufficient
knowledge to learn the post-graduate program, usually the prerequisite (ad-
mission requirements) checking is used. The student is only allowed to enroll
the program if the prerequisites are fulfilled.
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e Relationship among program and course. A program includes a set of
courses whose syllabus is designed based on the program nature such as sci-
ence, business, philosophy, and so on. To meet the individual learning goals
and study background, a student is allowed to choose from the set of courses
those that can meet the individual program requirements for receiving an
academic award.

e Relationship among course and course. A Course is a unit to contain con-
cepts and knowledge for student’s studying. Normally, a student is required
to complete the foundation courses first, and then the advanced courses will
be provided for further study. To ensure the student with sufficient knowl-
edge to learn a particular course, usually the prerequisite checking is also
used. The student is only allowed to take a course if its prerequisites are ful-
filled.

3.2 Conceptual Framework for Dynamic Conceptual Network

In order to build up the relationship among the program and courses, we introduce a
dynamic conceptual network for personalized study plan generation.
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Contents ‘Attributes:
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by text, graph, p
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Program
-Natureof
Course
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questions, and
exercises

Course node

Is aparent-child relation between concept node

Fig. 2. Dynamic conceptual network

Definition: A dynamic conceptual network (figure 2b) is a hierarchical tree for
developing the inter-relationships among courses. Each course is stored in a course
node (figure 2a) of the dynamic conceptual network.

The dynamic conceptual network is composed of course nodes. Each course node
has a unique identity for easy reference. As shown, the course node in figure 3a in-
cludes contents, tasks, and attributes. The contents are presented by text, graph, audio,
and video. Tasks include self-test questions and exercises. In order to provide facili-
ties for building up relations among the course nodes, three attributes are defined in
each course node, i.e., Parent-child relation of concepts, relevance of learning objec-
tives, and level of difficulty. The semantics of each attribute is explained below.

e  Parent-child Relations. These inter-concept links are for building up the dy-
namic conceptual network. Each relation contains a parent link and child
link, which refer to the identities of some other course nodes.
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e Relevance of Program. This is the information for identifying the relevant
course for a particular program and the program admission requirements.

e Nature of Course. As a means to serve the concept of personalization, this is
a parameter to determine whether the course is core or elective for the tar-
geted group.

c: Course A and B with a
relationship and course B
is based on course A

a : No relationship b: Course A and B with a
between course A and B relationship on an equal level

Fig. 3. Course nodes relationships

Based on the above attributes, figure 3 shows three possible scenarios among the
course nodes, i.e., no relationship between course, courses A and B with a relation-
ship on an equal level (level of difficulty), and courses A and B with a relationship
and concept B is based on course A. A rule-based mechanism [4] is employed for the
concept node’s mapping using the following rules.

e Rule A: // Figure 3a shows no relation between courses A and B.

IF <no equal of parent-child attributes for the course nodes A and B>
THEN <No relation between A and B>
e Rule B: // Figure 3b shows that courses A and B are of a relationship on an
equal level.
IF <the parent links of course A and B in their parent-child attributes are
of the same object reference>
THEN <A and B are of the relation on an equal level>
e Rule C: // Figure 3c shows that courses A and B are of relationship and course
B is based on course A.
IF <the parent link of course node B is of the same object reference as that
of course node A’s child link >
THEN <A and B are of the parent-child relation; course node A is the par-
ent and
course node B is the child>

3.3 Personalization of Course Materials for Target Study Groupl

According to the above rules and mechanisms, we now show for a particular program
how a subset of dynamic conceptual network is used to generate a set of personalized
study plan for a target study group. The overall processes are divided into two stages:
extraction of relevant courses from the program and filtering the most suitable
course(s) for the target group based on the result set. For illustration, we assume that
student A graduated with Bachelor of Computer Science and student B graduated

I 'We assume that the program requirements for those students who have similar user profiles
are much the same. Thus, we can serve a target group of students based on their alike user
profiles.
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with Bachelor of Engineering. Now both two students want to take a Master of Busi-
ness Administration program in order to strengthen his management skills.

Extraction of relevant courses for the program. Although the relations are only
built on the course nodes, we can still extract the relevant course(s) for the particular
program due to the attributes of each course node. Based on the attributes, a multi-
layer retrieval mechanism is devised to retrieve the relevant information based on at-
tributes’ value and reconstruct the hierarchy based on the parent-child relations, as
captured by the algorithm in figure 4. As an example, for the given program “Master
of business administration” of figure 1, relevant course nodes within the program will
be compared based on the pre-defined rules (cf section 3.2) so as to identify the rela-
tions among the course nodes for reconstruction of the hierarchy tree. Following the
algorithm in figure 4, we obtain a preliminary subset of dynamic conceptual network
(as shown in figure 5) in which the courses include financial accounting, market
analysis, operations management, modeling and analysis for management, manage-
ment accounting, marketing management, organizational behavior strategic advan-
tage, e-business, financial management services management and international busi-
ness.

DCN = Dynamic conceptual network
SRP = Student Required Program
RelevantSubset(DCN, SRP)
Empty(SubsetofDynamicConceptualNetwork)
While not Empty (DCN.CoursetNodes) do
If DCN.CoursetNode.RelevantofProgram = SRP then
/% Checking the relationship among course nodes based on the above rules */
/* The comparison is below the DCN.CourseNode to nodes of the result set
(subset of dynamic conceptual network) */
/* If the rules B,C are true, the relationship link will be added to the result set */
While do
If Rule C is true then
Mapping the relation to the result set
Exit do
Else Rule B is true then
If DCN.CoursetNode.NatureofCourse= core then
Add a new dimension to the result set in core course root

Else
Add a new dimension to the result set in elective course root
Endif
Exit do
Endif
Until Empty(SubsetofDynamicConceptualNetwork)
Else
Disregard
Endif
Enddo

Return (SubsetofDynamicConceptualNetwork)

Fig. 4. Extraction of relevant courses for the given program
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Fig. 5. A preliminary subset of dynamic conceptual network

Filtering the courses for the target group. In order to provide a personalized study
plan for Web-based education, student profiles can be utilized [2,3]. In particular, a
student is only required to identify the interested program, and then based on the stu-
dent profiles available, the proposed mechanism will generate the relevant program
structured for his/ her consideration. The information contained in a user profile in-
cludes student study history, preference and so on. To show the function of person-
alization, assume we have two individual user profiles: 1) Student S1 who has studied
the operations management; and 2) Student S2 who has studied the financial ac-
counting. The algorithm in figure 6 assumes that if the parent node is irrelevant to the
target group, then the child node is also irrelevant. First, the user profile will be com-
pared with the result set in order to identify the irrelevant course nodes based on the
study history of the study group. The irrelevant course nodes will be marked “irrele-
vant” in the child link so as to ignore them in the dynamic concept network. The re-
sult of this filtering process is shown in figure 7 where S1 is provided with such
courses as financial accounting, market analysis, modeling and analysis for manage-
ment, management accounting, marketing management, organizational behavior stra-
tegic advantage, e-business, financial management services management and inter-
national business. In contrast, S2 is provided with the courses of market analysis,
operations management, modeling and analysis for management, management ac-
counting, marketing management, organizational behavior strategic advantage, e-
business, financial management services management and international business.

3.4 Multi-layer Model for Study Plan Generation on the Internet

We now introduce a Multi-layer Model for Web-based study plan generation. Among
others, it leverages various mechanisms of the framework's programming model, so as
to produce efficient applications that are also maintainable.

Figure 9 shows the Multi-layer Model that facilitates the development of the study
plan generation; it consists of User View Layer (UV), Processing Layer (PL), and
Knowledge Repository Layer (KR). All layers have their own functions that can han-
dle different tasks on behalf of the model. The UV layer, as the information collector,
is located at the first to receive queries from the requesters. When a student submits a
request, UV starts to function and passes the information to the second layer, PL that
cooperates with KR for designing personalized study plan. The KR layer includes
XML-based study program and course information and User Profiles. At the final
stage, UV is requested by PL for the result sets’ presentation.



A Dynamic Conceptual Network Mechanism

71

h = study history of the target group
r = RelevantSubset(DCN, SRP)
t = true
ProcessFiltering(r, /)
While not is Empty (r) do
t = true
While not is Empty (7) do
If h.course = r.CoursetNode then
Assign “Irrelevant” to the r.CourseNode.Child.Link
t = false
Endif
Enddo
If ¢ = true then
If the child link of parent node for the r.CourseNode marked with “Irrelevant”
then
Assign “Irrelevant” to the r.CourseNode.Child.Link
Endif
Endif
Enddo

Fig. 6. Identifying the relevant learning courses for the target study group

Fig. 7. Result of personalized course materials for students S1 and S2

¢7Result

User View Layer

Request

> Processing Layer /

Knowledge Repository
Layer

I

Fig. 8. Multi-layer Model

As a comparison on delivering study plan to students, UV depends on the student’s

user profile to determine the presentation layout as a frame for study plan delivery.

In

contrary, PL and KR are based on each individual request to generate the required re-
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sults. Under this proposed model, each layer works independently in terms of its own
tasks. Thus, no matter how any combination of courses for a program or how the user
view is changed, the possible negative chain effects and cost of modification can be
minimal. Eventually, the efficiency and effectiveness of development, implement and
maintenance can be enhanced.

3.4.1 Implementation Aspects

To implement the proposed framework, the following techniques and tools are
adopted for the elements in each layer:

User View Layer

e Java server pages (JSPs) — JSPs expect the servlet to provide data in the re-
quest context that is after formatting ready to be inserted into an HTML page.
In general, the role of the JSP page is to make the final decision about the for-
mat and content of the response to an end user request
Processing Layer

e Servlets — Servlets provide the coordination between the programming and
content elements of an application.

e Java Architecture for XML Binding (JAXB) — JAXB provides an API and
tools that automate the mapping between XML documents and Java objects.

e Command beans — Command beans are beans that implement a basic busi-
ness logic step. Their roles are to abstract and regularize the computations
supported by the business logic of the application.

Knowledge Repository Layer

e XML - All course materials are stored in XML format. As an XML document
is typically structured in a tree/hierarchical way, the relationships inside are
mainly parent-to-child, which facilitate easier addition or removal of the nodes
or documents. Relational databases do not deal well with highly flexible data
relationships. XML-native data is treated more like a document, which is good
for two key purposes: document-resident data is subject to changes, and
documents need to be passed around intact to a number of people.

Based on the above, the servlets in PL can process HTTP requests and coordinate
the rest of the application elements (such as Java Bean and JAXB) for study plan gen-
eration. As mentioned, the KR layer is to serve the PL in providing relevant source of
the course and user profiles for the study plan generation. The responsibility for gen-
erating the user interface is assigned to JSPs in UV. For the study plan delivery, the
JSPs take data provided by the servlet, format it and insert it into a HTML data stream
to be sent to the client. Such a multi-layer decomposition provides a basis for rapid
customization of dynamic pages and thus supporting the customization model of de-
velopment.

4 Conclusions and Future Work

In this paper, we have presented a dynamic conceptual network mechanism for per-
sonalized study plan generation through the hybrid use of dynamic conceptual net-



A Dynamic Conceptual Network Mechanism 79

work, user-profiles, XML and Java technologies. Among the many desirable features
offered by the proposed mechanism, the following ones are worth particular men-
tioning:

Dynamic conceptual network. It provides a hierarchical tree for developing the
inter-relations among individual courses. Each course is stored in a course node
of a dynamic conceptual network, through which a student is supplied with the
relevant study background information for a particular program.

Personalization of study plan for target study group. The suggested study plan
is generated based on individual learning group’s expectation and learning goals,
which supports the ideas of personalization and interactive learning [1] effec-
tively. A win-win solution can be delivered in that the teacher has the relevant
study plans for further advisory, and the student also has a personalized study
plan for reference.

Currently, the presented study plan mechanism is being incorporated, together with
a cooperative tutoring mechanism [3], into our agent-based e-Learning system [2]. In
our subsequent research, we plan to design a personalized scheduler to help student
arrange the online learning timetable for any given period.
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Abstract. Platform for Distance Education of China will manage large
amounts of educational resource files and large numbers of users, both
of which are geographically distributed all over China. In such a grid
environment, a high scalable, distributed file sharing approach with dy-
namic replication is needed. In this paper, we review existing related
activities in file sharing and propose a web-based distributed file manage-
ment architecture called Grid File System (GridFS). We describe its two
fundamental services (namely, file access service and metadata service)
followed with query processing and dynamic replication algorithm. Our
query processing algorithm eliminates the duplication of query messages,
and the simulation results show that our approach eliminate exponen-
tially increase of the number of average per-site messages as the TTL
(Time To Live) of a query increases to get higher query success rate. We
believe GridFS would benefit most grid applications, web information
systems and hierarchical web cache systems.

1 Introduction

Within a context of rapid technological change and shifting market conditions,
the education system is challenged with providing increased educational op-
portunities without increased budgets [14]. Many educational institutions are
answering this challenge by developing distance education programs. Chinese
Ministry of Education is developing a platform for distance education of China
(PDEC), which will provide services (rural and remote education) for nearly
hundred millions of people all over the P.R.C.

Students, faculty and educational resources are key players in education.
Since, in distance education face-to-face interaction between a teacher and stu-
dents is restricted, educational resources play an important role in bridging the
instructional gap.

Most of educational resources such as text, images, flash, courseware, audio
and video exist in the form of files. These files in PDEC have the following
characters:

W. Zhou et al. (Eds.): ICWL 2003, LNCS 2783, pp. 81-92, 2003.
© Springer-Verlag Berlin Heidelberg 2003
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— Large amount and continuously increased

— Various sizes from kilobytes-scale to gigabytes-scale

— Multifarious types and complex relationships between one and another
— Heavy load (hundred-million-scale users)

Shared among different institutions and individuals

Geographical distribution of themselves and their consumers

It is also necessary for these files to be writable, since it is required that PDEC
should allow users not only to explore the shared files but also to edit/update
them and create/publish new files as easy as operate files on their local tradi-
tional file systems.

In order to manage such educational resource files we have launched an effort
to build a writable, serverless data grid with large scale, high performance, and
high reliability. We call it Grid File System (GridFS) to emphasize that it is
the extension to data grid [1] built over the web with self-governed internet-like
topology and dynamic replication. We believe GridFS would be valuable to most
grid applications, web information systems and hierarchical web cache systems.

The organization of this paper is as follows. We first discuss related activi-
ties in file sharing (section 2). Then, we introduce our GridFS architecture and
describe two basic services of GridFS (section 3). Next, we propose a query
processing algorithm (section 4) and a dynamic replication strategy (section 5)
applied in GridFS. Section 6 is about the simulation of our methods. The pa-
per ends with the conclusion and an introduction of the implementation status
(section 7).

2 Related Work

The idea of large scale, high reliable file sharing with high performance is so
fundamental that we might assume GridFS-like technologies must surely already
be widely deployed. In practice, however, while the need for these technologies
is indeed widespread, we find only primitive and inadequate solutions to PDEC
problems.

Traditional distributed file systems like Network File System (NFS) [2] and
Andrew File System (AFS) [4] provide a convenient interface for remote I/O
with a uniform file name space. However, this approach does not support multi-
site replication issues and also cannot achieve good performance due to a lack of
collective I/O functionalities. In contrast, parallel /stripped file systems like DF'S
[3], HPSS [6] provide collective I/O but their parallel/stripped data transferring
can only be applied in one cell, which is the basic administrative unit consists
of some servers (master, replica, backup and metadata catalogue) and clients.
Each cell is self-governed and one cell cannot cooperate with another one. This
restricts their scalability and performance. SRB [5] provides a means to organize
information stored on multiple heterogeneous systems into logical collections for
ease of use. As the key part of a federated deployment of multiple SRB servers,
MCAT (Metadata Catalogue) [5] is not distributed but centralized. This makes
MCAT a bottleneck and restricts the scalability and reliability of SRB.
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In peer-to-peer (P2P) file sharing systems such as Gnutella [16] and Freenet
[15], files are stored at the end user machines (peers). Such systems identify
resources (files) through their names. That is, P2P systems use names as their
search criteria. However, in the context of PDEC, requests specify sets of desired
attributes and values: for example, the type of educational resource, the keyword
of resource content, and what course, which chapter is the desired resource file
relevant to.

Our work is more closely related to data grid [1], which is a specialization
and extension of the “Grid” [7]. Some data grid related projects (e.g. EDG 8],
GriPhyN [9]) have been established to solve real and specific problems. Those
projects are motivated by the requirement of an increasing number of scientific
applications ranging from high-energy physics to computational genomics to
access to large amounts of data. In each of these projects, the topology of all the
sites is a tree designated in advance and only the root site contains the original
files. This makes the root site a bottleneck and restricts the flexibility and makes
it difficult for geographically distributed users to share their own files directly
on the end user machines. Moreover, the original files can be replicated on the
intermediate sites or leaf sites for clients to get high performance, but a file can
only be replicated along certain branch from higher level to the next level [11].
This leads to the impairment of flexibility and performance.

3 GridFS Architecture

From section 2, we can see that current distributed file/storage systems do not
address all of the concerns and requirements in PDEC. It is here that Grid File
System (GridF'S), the extension to data grid, enters the picture.

Our objective is to construct a decentralized distributed file system to share
file objects across a mass of different institutions and individuals. GridF'S should
be decentralized in order to achieve high scalability so that it can accommodate
large numbers of (e.g. 10%) machines. Platform-independence should be another
important feature of GridFS so that it can be deployed on diverse platforms
from desktops, top end servers to clusters, even distributed systems with dif-
ferent OS and other software. Security problems across multiple administrative
domains, which are not our focus in this paper, are also very important. All these
requirements lead to our architecture design which makes GridFS achieve high
performance and high trustworthy in file discovery, read operation and write
operation.

3.1 Topology and Basic Components

As depicted in Fig. 1, the topology of our GridFS architecture is multi-level. A
certain intermediate node (e.g. Site A) at certain level may have several children,
which belong to the next level. The relationship of them is netlike and they can
contact with one another. When a node is added, its parent node is specified.
Through its parent node, the new node can find out all of its siblings. To avoid a
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single point of failures, a node can have several parent candidates with automatic
failover.

Site A
file access file access el m
service service
provider [ consumer
metadata | metadata
service service
provider | consumer

Fig. 1. GridFS topology and basic components

It is apparent that the topology is similar with that of the Internet. An
intermediate site is similar to a gateway in the Internet and a leaf site is similar
to a terminal computer.

Each site in GridFS is constructed into an atom grid and each intermediate
site, along with all of its descendants, constitute a composite grid. Each grid,
whether atom grid or composite grid, not only can work on its own but also can
be combined with its sibling grids to provide more powerful service (This is also
our vision about the “Grid”). The parent site in one grid is the bridge between
this grid and other grids. It also can cache/replicate files that are frequently
accessed to get high performance.



GridFS: A Web-Based Data Grid 85

Each site can act as a service provider as well as a service consumer. A
service provider provides two basic services: file access service and metadata
service, which serves the service consumers. A service consumer can only access
directly the metadata service on its parent or siblings, but it can access the file
access service on any site in the system directly. Here, we merged concepts from
P2P into our GridFS.

A service provider manages not only the files to be shared on its owner site,
but also the replicas copied from other sites. Replicas are created automatically
by a dynamic replication strategy which will be discussed in section 5. The main
aims of replication are to reduce access latency and bandwidth consumption.
Replication can also help in load balancing, striped file transferring for large
files and can improve reliability by creating multiple copies of the same file.

3.2 File Access Service

In a grid environment, files may be stored in different locations and on different
storage systems with different characters. The file access service hides the in-
frastructure differences among the underlying storage systems to present client
applications with a uniform view of files and with uniform mechanisms for ac-
cessing these files. In this way, it is needless for client applications to be aware
of the specific low-level mechanisms required when accessing to files at a partic-
ular location. On request to appointed file, the file access service at a particular
site authenticate (beyond this paper) the client user first, if the authentication
succeed, the file access service will go into operation by accessing the specific
underlying file system through its own interface.

File access service provides partial access to a file. This made it possible for
several sites, which hold the replica or original of the same large file, to coop-
erate in a stripped transfer. Our parallel/stripped transfer model assumes three
entities: the control side (the logical entity initiating and finalizing a transfer),
the source side (the source of file(s)), the sink side (the sink of file(s)). The con-
trol side could be a third party or a module collocated at either the source or
sink side. Both the source side and the sink side can be composed of one, two,
or more sites. That is, the source file object may be striped or replicated on
different sites and so does that on the sink side. The control side specifies the
distributed source file(s) and the distributed sink file(s) by using the metadata
service (will be discussed in next sector), which manages the information about
files and their hosts, and then initiate a transfer. When a transfer finishes, the
control side will finalize it by adding or updating the metadata of the source or
sink file(s) through the metadata service.

The model definition assumes reliable connection-mode transfer protocol.
HTTP is a good choice since it is sophisticated, popular, secure (HTTPS), effi-
cient, robust and easily extensible. HTTP combines control and data over single
channel. This makes it simple, easy to bind with Web Service, and easy to get
through a firewall. So we construct GridF'S over the web and a site is a web
server in practice. We believe web information systems and web caching would
benefit from GridFS.
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3.3 Metadata Service

Besides the file access service, GridF'S includes another set of basic machinery,
which manages the information about GridFS itself, including information about
the contact among different sites, the underlying file system on each site, file
instances, the contents of file instances, etc. This is called metadata service,
which provides a means for publishing, accessing and filtering the metadata.

There are various types of metadata, application metadata, replica metadata,
system configure metadata, runtime metadata. Application metadata describes
two types of information about a file. One is the basic information such as file
type, file size, file owner, and file access right, etc. The other is the information
content represented by the file and other information useful to applications that
access the file. Actually, application metadata defines the logical structure or
semantics that should apply to the uninterrupted bytes that make up a file
instance, a set of file instances or a sect of a file instance. The system configure
metadata describes the fabric of GridF'S itself. This information includes network
connectivity and such details, about the underlying file system on each site, as
their type, interface for access, capacity etc. The replica metadata, which is made
up of the mapping information from file instances to particular locations, is used
to manage replication of a sect of a file instance, a file instance, or a set of file
instances. The runtime metadata describes the information about the status of
the file: for example, being read or being written.

As discussed above, GridFS is a hierarchical and distributed system, so, in
order to achieve scalability, avoid any single point of failure, the metadata ser-
vice should be also treated as a distributed service. In most of current data grid
projects, it is assumed that the replicated files are read only and the updates to
metadata are infrequent. So, in such cases, distributed directory services, such as
that provided by LDAP [10], are used to represent data grid metadata. In PDEC,
where GridFS will be applied first, updates to both file objects and metadata
are to be increasingly frequent both because there are more file objects and com-
plicated relationship and because more and more file objects are published and
replications are created or removed dynamically when needed. Unfortunately, the
existing directory services (provided by LDAP, etc.) are well known to perform
poorly in the presence of frequent updates. To meet the needs of PDEC, we start
with implementing metadata service based on a relational database management
system (MySQL), which not only can avoid the limitations of LDAP-like direc-
tory services in the presence of frequent updates, but also can provide powerful
query language, SQL, which can execute more sophisticated queries that extract
data from over the entire metadata domain.

4 Query Algorithm

In this paper, a “client” is referred to a site that initiates a request for a file
handle. When a client (e.g. SA) wants to access a file, it first produces a query (Q)
that describes the information about the file. Next, metadata service consumer
(MSC_A) on SA sends the query to local metadata service provider (MSP_A)
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if MSP_A exists. If MSP_A does not exist or MSP_A cannot find corresponding
file handle, MSC_A will pass @ to all metadata service provider on the siblings
of SA along with a parameter TTL (time to live). At the same time, MSC_A
passes () to the metadata service provider on the parent node (SA_P) of SA. The
parameter TTL is also sent to SA_P. The detailed query algorithm is described
as follows.

Metadata Query Algorithm

Site.QueryProcess(Q, TTL, Sender){
/*
Q: the information about the requested file handle
TTL: the maximum times that Q can be transmitted.
sender: the site that Q comes from.
*/
ExeQry(Q); //Execute query Q locally
if (there is a returned result!=null) return result;
if (TTL==0) return null;
if (Sender is myself or my child){
//transmit Q to my siblings;
for (each sibling Si){
Si.QueryProcess(Q, TTL-1, this);
}
//transmit Q to my parent
parent.QueryProcess(Q, TTL-1,this);
}
if (Sender is myself or my sibling or my parent){
//transmit Q to my children;
for (each child Ci){
Ci.QueryProcess(Q,TTL-1,this);
¥
}
if (there is a result!=null returned) return result;
return null;

}

5 Dynamic Replication

5.1 Replica Selection

After receiving a list of replicas of the requested file, SA will make a selec-
tion among these replicas to get a replica that is predicted to provide the best
performance. This process, namely replica selection, is based on response time
prediction. With up-to-date status information about remote sites in its local
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metadata repository and that returned by query, SA can predict the response
time of each replica accurately.

Response time (T}.) consists of two components: service time (T;) and waiting
time (T3 ) and can be formulated as T,.=Ts+ T,,. SA will select a replica that
achieves a predicted minimum 7. Waiting time denotes the time necessary for
SA to establish the connection with the remote site which accommodates the
particular replica. Service time is the time that the transfer will last and is
computed by dividing the file size S, by the transfer speed V. So the formulation
changes into the following:

T, =S/V+T, (1)

For a particular remote site (e.g. SB) that ever be accessed by SA, SA main-
tains lists of Ti,s and Vs of N recent accesses. Variables Vand T, in Formulation
(1) is respectively the average of those T,s and the average of those Vs. If no
information about SB exists in the metadata repository of SA, T, will be as-
sumed to be the average of the known average waiting-times, and the recent
average output speed of SB will be assigned to V. The average output speed of
SB is monitored and is periodically pushed to all the correlative sites by SB.

For a large file, SA can select two or more replicas and even cooperate with its
parent, sibling, or children sites to start up a stripped transfer discussed above.

Fig. 2. Distribution of Replicas

5.2 Replica Acquisition, Release, and Reallocation

After the file transfer from the selected site (SB) to SA finishes and the lists of
Tws and Vs about SB are updated on SA, the average waiting time (avg(7Tys))
and the average of transfer speed (avg(Vs)) to the selected replica(s) are respec-
tively calculated. If avg(Tys) is larger than the waiting time threshold (TH,,)
or avg(Vs) is slower than the transferring speed threshold (TH,), a “replica



GridFS: A Web-Based Data Grid 89

acquisition” request will be sent to SB. Each site is free to select TH,, and
TH, differently. SB will accept the request by returning the metadata about the
replica to SA and recording the information about SA. In GridFS, the distri-
bution of replicas of the same file is tree-like, as depicted in Fig. 2. Besides the
bidirectional link between itself and its parent replica, each replica has also a
spare link to its grandparent replica so that it can turn the grandparent into a
new parent if its old parent is to be released or becomes unavailable. In addi-
tion, each replica keeps a link to the original so as to acquire writer lock from
the original (replica consistency is beyond this paper). Certainly, more ancestors
are linked to in succession, more reliability will be achieved.

If the pool (on SB) of available replicas of the same file is full filled, the replica
whose last access time is the earliest will be released. After the specified replica
is released, all its children are notified and they will send “replica acquisition”
requests to SB by themselves. The above process will be repeated.

If no storage space is available to accommodate a new file copy, SA will first
examines the local cache, which holds replicas of different files, to see which
replica is the most infrequently accessed one and then move it to SA’s parent
site (the motivation for this moving is that the parent site maybe be able to
accommodate the replica and thus propagate the object up to make it cover
more sites and have more chances to be searched). This replica reallocation
processing will be repeated until SA shas enough free storage spaces.

6 Simulation

6.1 Metrics

Performance issues in GridFS are extremely complicated. In addition to issues
such as load on the network, load on network participants, and delays in getting
positive answers, there are a host of other criteria such as success rate of the
query, the bandwidth of the selected provider nodes, and fairness to both the
consumer and the provider. It is impossible for us to use all of these criteria in
evaluating query and replication algorithms.

Instead, we focus on efficiency aspects of the algorithms solely, and use the
following simple metrics. These metrics, though simple, reflect the fundamental
properties of the algorithms.

— P(success): the probability of finding the queried object before the query
terminates. Different values of TTL have different criteria for terminating
the query, and lead to different probabilities of success.

— avg. #msgs per site: overhead of the algorithm as measured in average num-
ber of query messages each site in GridF'S has to process. The motivation for
this metric is that in GridF'S, the most notable overhead tends to be the pro-
cessing load that the network imposes on each participant. The load, usually
message processing, is directly proportional to the number of messages that
the node has to process.
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6.2 Methodology

In the evaluation of our query method and replication strategy, we run a set of
simulations constructed using PARSEC[12] and report aggregate results.

In our simulations, the internet-like topology consists of numlevel levels. For
simplicity, we assume that each site, except leaf sites, has n children on the next
level. The total number of all the sites in GridFS is denoted by N. We first place
N files on these N sites randomly (This results in that none of these files is placed
on some sites and some sites contains more than one files.) And ¢; represents
the relative popularity, in terms of the numbers of queries issued for it, of the
7th object. The values are normalized.

N
Zqi =1; ¢ x 1/i%(Zipf — like : o is a constant) (2)
i=1

Since studies have shown that web queries tend to follow Zipf-like distribu-
tions [13] and GridFS queries are similar to web queries in practice, we generate
1000N different queries that follow Zipf-like distributions, each query starting
at a random site (i.e., we randomly choose different site from which to initiate
the query). Then, for each query, we simulate our query processing and dynamic
replicating.

Statistics are collected from the 1000N queries for the N files randomly dis-
tributed on N sites. In our simulation, numlevel=6 and n=10. This results in that
N=111111. For replication in our simulation, we assume that the more hops be-
tween two sites, the better is the network performance between them (i.e. the
waiting time is shorter and the transfer speed is higher). We also suppose that
one object (original or replica) on certain site can only be replicated 5 times at
most. We calculate the aggregate results for the following metrics: P(success)
is the number of successful queries divided by the total number of queries gen-
erated; avgMsgs is the average number of messages generated for each query
divided by the total number of sites in that network.

As a final note about our methodology and metrics, we stress that they omit
a lot of issues, including the message delays in the network, the service time for
file transfer, the actual load on a site for processing and propagating messages,
etc. However, these models help us understand the fundamental properties of
our query processing and replication algorithms.

6.3 Results

GridFS uses TTL to control the number of hops that a query can be propagated.
However, choosing the appropriate TTL is not easy. For files that are widely
present in GridFS, small TTLs suffice; for files that are rare in GridFS, large
TTLs are necessary.

Fig. 3 shows the probability of success and average per-site message overhead
as TTL increases. We are likely to think that it is difficult to eliminate exponen-
tially increase of the number of average per-site messages as the TTL increases
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Fig. 3. How the probability of success and average per-site message overhead vary as
TTL vary.

to get higher probability of success, but our simulation results depicted in the
figures show that the probability of success approaches 100% quickly as the TTL
increases, and the number of average per-site messages increases smoothly as the
TTL increases. The reason is that the internet-like topology and our query pro-
cessing algorithm eliminate the duplication of query messages and our replication
algorithm makes the hot files widely present quickly. The simulation results also
show that the appropriate value of TTL is 3 or 4.

7 Conclusion and Status of Implementation

In this paper, we present a web-based data grid, namely GridFS, for the dis-
tributed sharing of educational resource files. After introducing the architecture
of GridF'S, we propose a query processing algorithm and a dynamic replication
strategy. Our internet-like topology and the query processing algorithm elimi-
nate the duplication of query messages, and the simulation results show that
our methods eliminate exponentially increase of the number of average per-site
messages as the T7TL increases to get higher probability of success.

We have made progress on several fronts in our effort to identify the basic
services for GridF'S. We have a preliminary design of the file access API, which
provides a standard interface including create, delete, open, read, write and close
operations on file instances. This interface also support transfers started and
controlled by a third party. For this prototype API design, we have developed
a library in Java and SOAP to implement interfaces to web servers. In this
library embedded in Apache Tomcat, we have also implemented metadata service
including query processing and dynamic replica management. Metadata service
uses MySQL to store metadata of files, file contents, replica distribution, and
the fabric of GridFS itself. We can use SQL language to query these attributes
to find replicas associated with particular specification.
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Abstract. This paper is to report a previous project on showing how physically
classroom training, web-based course materials and web-based communication
can help in teaching an e-business development course. The various planning
and implementation issues in this project will also be discussed.

The case addressed in this paper was about a virtual laboratory for an
undergraduate course in City University of Hong Kong (CityU). One of the
major objectives in this course is to design and develop an e-business
application using existing programming tools and software packages. Students
can learn the concepts of an Electronic Commerce (EC) website and follow the
steps to build up a complete EC website. With the support of this virtual
laboratory, the development and learning process can be carried out at any place
of the world where Internet access is available.

1 Introduction

Hong Kong has an excellent telecommunications infrastructure boasting full
broadband network coverage. By February 2002, broadband network covering 98% of
households and all major commercial buildings through fiber-to-the-building and
Digital Subscriber Loop (DSL) technologies. Broadband users in household totaled
624 thousands in February 2002 and reached 916 thousands in December 2002.
Besides, the Internet traffic through broadband networks totaled 27 terabits in
December 2002 [1]. The tremendous growth of Internet broadband network coverage,
broadband penetration rate and broadband usage produces a new form of electronic
community daily. For example, teaching and learning are no longer to be confirmed
within the four walls of a classroom but can be on the Internet.

Due to the breakthrough of Internet bandwidth restriction, the materials transferred on
the network are not limited to static texts or some graphical images but can also be
audio and video. As the most important benefits of web-based learning are the use of
hypertext and hypermedia to link plain documents or multimedia information [2, 3], it
is why a fastest-moving change occurs is in the education sector. Also, a sufficient
network bandwidth makes possible to implement a ‘virtual classroom’, which has
many of the same features of a physical classroom such as access to lecture materials,
to ask and answer questions, to turn-in homework, etc. As a result, web-based
teaching and learning have been attracting more and more attention in Hong Kong.

W. Zhou et al. (Eds.): ICWL 2003, LNCS 2783, pp. 93-103, 2003.
© Springer-Verlag Berlin Heidelberg 2003
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The subsequent sections of this paper are organized as follows: Section 2 describes
the background of our work and the reason why to build up a web-based virtual
laboratory. The discussion about the design and implementation is given in section 3.
In section 4, the selection and the use of EC package will be discussed. Section 5
describes the security issue in our virtual laboratory. Section 6 concludes the paper.

2 Background

The case addressed in this paper was about a virtual laboratory for an undergraduate
course. The course was developed by Department of Information Systems, which is a
department in the faculty of business from CityU, in 2001 autumn. We have used 4
months to design, implement and test our virtual laboratory. Meanwhile, we also have
designed a 13-week courseware material. The first student intake started in January
2002 and there were 48 students who have registered this course in that semester.

2.1 About the Course

The course, was known as IS4338 Rapid e-business Application Development, was
offered to third year students using a combination of physical classroom teaching and
web-based training. These students have taken a year or more of high-level
programming language (eg. Visual Basic) courses during their undergraduate
education. The teaching pattern of this course was a mixture of on-campus lectures
and off-campus virtual laboratory sessions. They were distributed alternately along a
semester with 13 weeks. We considered our virtual laboratory was a part of web-
based training in this course.

This course lasted for one semester and it covered the fundamentals of EC website
with emphasis on developing and programming. One of the major objectives in this
course was to design and develop an e-business application using existing
programming tools and software packages. Upon successful completion of the course,
students were expected to comprehend the concepts of an EC website. With the
support of our virtual laboratory, students could follow the steps to build up a
complete EC website.

2.2 Reason to Develop a Virtual Laboratory in Our Course

There are four major reasons to propose this project. Firstly, Electronic Commerce
has already become the major focus of teaching and research in our faculty of
business. EC related teaching is really in demand at the levels of both undergraduate
and graduate and practice of implementing an EC website is a very useful way to
enhance students’ knowledge and skills which are a must for their careers in the field.
This remote laboratory can provide an excellent means for our students to actually
implement the EC concepts learnt from their classrooms.

Secondly, although virtual teaching is not a new concept, bringing an EC building
laboratory to students’ homes is a new practice, at least in the faculty of business. The
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price of an EC solution package, such as Microsoft® Commerce server from
Microsoft Corporation [4] and INTERSHOP® from Intershop Communications [5], is
far from being affordable for our students. Moreover, the installation of such a
package involves a number of associated software packages and therefore is a
complex task. For example, Microsoft® Commerce server requires Microsoft® SQL
Server™ 2000 to host the database. Without a remote EC lab, our students have to
physically come to a specific computing laboratory in order to learn the practical
issues of EC systems development. Each workstation in this lab should have
expensive software packages installed. Also, both hardware and software must be
maintained by computing experts. The number of students who can benefit is then
very small and the allocated time for an individual is limited. A remote EC lab can
enable our students to implement EC applications by themselves, i.e., without any
help from computing experts is required, without the constraints of time and location.

Thirdly, due to well-provided coverage of broadband network in Hong Kong, it has
made possible greatly increased access to networked multimedia information. It is
easier for us to distribute high quality audio and video materials on the Internet.
Students can better make use of these multimedia materials to review the lecture or to
look at our demo video clips.

Lastly, although several web-based course management system such as WebCT and
Blackboard [6, 7] supporting on-line lecturing and tutoring have been adopted in
CityU, these tools are not able to provide students convenient online access to
programming facilities available in computer labs. One of the powerful features of our
virtual laboratory is the integration of the existing EC software packages together
with a remote development environment.

2.3 Courseware Development

We have developed 13 lectures and 12 tutorial training exercises. All these learning
materials were available on the web, including lecturing PowerPoint slides, reference
documents and demonstration video clips, etc. These materials were available ‘on-
demand’, at times and locations that most convenient to students. For each week
during the semester, the students were required to come to the campus to have the
lecture. Each web-based training exercise on a specific topic was followed by a
lecture accordingly. The topics, which were covered in this course, were followed in
this order: DHTML, JavaScript, Active Server Pages (ASP), Active Data Objects
(ADO), Component Object Model (COM) technologies in Microsoft” Commerce
Server and XML.

One of the optimal modes for a web-based distance lecture is to use streaming video
clips for the audio/video lecturing, and dynamically loaded HTML pages to present
the lecture notes [8]. We have adopted Microsoft” Windows Media™ Technologies
[9, 10] to help us to develop and deploy streaming multimedia content across the
Internet. The ability of this Windows Media™ platform could stream our multimedia
courseware. Students could render content while that content is being received over
the Internet without downloading it first. Streaming was selected instead of
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downloading multimedia files because it could greatly reduce the waiting time and
storage requirements of the students’ computers. Otherwise, our students had to wait
for the video files to fully download before they could start to view them. This was
extremely helpful for those students did not have fast enough access to download
large multimedia files quickly such as using 56K dial-up connection. Also, for our
student there was no charge for any videotape.

The instructor recorded 13 one hour of lectures of IS4338 while having the physical
classroom training. We have encoded the digital media content into Windows Media-
based content by using the Microsoft® Media™ Encoder. The Advanced Streaming
Format (ASF) codec was our selected file format, which is a highly flexible and
compressed format, could contain streaming audio, video, slide shows, and
synchronized events. With the help from Windows® Media™ ASF Indexer, we have
integrated and synchronized the instructor’s PowerPoint slides with the corresponding
video clip. The finalized streaming materials were act like video-based presentations
on the Internet. Students have taken advantages of the recorded lecture and were
using them at home or elsewhere for review after lectures.

Those ASF media files and published PowerPoint slides were put on our Microsoft®
Windows Media™ Service Server as on-demand contents. The streaming delivery
technique was multicast that can preserve our network bandwidth. When we were
going to provide streaming media, we have considered the line capacity that our
student might have. As streaming video is quite sensitive to users’ Internet-connection
speeds, thus we have encoded the digital content at different data-delivery rates. We
did not only just produce the high-bandwidth video clips but also the low-bandwidth
one. We have both 100kbps (kilobit per second) and 300kbps encoding rate for
streaming video. The faster the speed, the better the clip will look and sound. As we
do not have to maintain a clear focus and smoothness of the lecture’s movement, we
use a frame rate of 12fps (frames per second) to produce the streaming video. Besides
the multimedia courseware, other text-based materials will be saved in ‘portable
document format’ (PDF) using Acrobat software and can be viewed directly on the
web.

3 Design and Implementation of the Virtual Laboratory

The server operation system used in our virtual laboratory was Microsoft” Windows®
2000 Server edition. The software used to provide web services was Microsoft”
Internet Information Server. The software adopted to be an EC application was
Microsoft” Commerce Server 2000 and the software used to provide relational
database management services was Microsoft® SQL Server™ 2000. The software
used to provide streaming audio and video over the Internet was Microsoft® Windows
Media™ Service Server. Besides the phpBB discussion board, most of the
components of this web-based classroom environment were built in Active Server
Pages (ASP). The system architecture of the remote lab is shown in the Figure 1.
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3.1 Web-Based Environment

In order to provide a fast, reliable and high available server system to accommodate
numerous simultaneous accesses, a 3-tier web-enabled architecture will be adopted in
our EC virtual laboratory. Our platform has two servers and each was equipped with
one Pentium III Xeon 1GHz CPU, 1 GB of SDRAM and a three-disk 18 GB RAID5
(Random Array of Inexpensive Disks) storage. With RAID support, our systems
could tolerate the loss or failure on any one hard disk. The primary purpose of these
two servers was to provide web, application and database services.

el 2 2 : Microsafl
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= e T T o T
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Fig. 1. System Architecture of the Virtual Laboratory

3.1.1 Web/Application Server

The Web/Application Server was the front gate of the whole system. We will not
discuss the firewall and other Internet networking devices in our paper. The Web
Server accepted requests from the users and sent the results back to the users. The
Application Server provided all necessary facilities for the users to build an EC Web
site. The users could use their own browsers to access the Web/Application Server
building an EC website together with a SQL database located within our campus.
Since only a browser was needed for the client side, all clients of our system were
very “thin” and the users did not need to install or configure any thing before allowed
to use the remote EC lab to build an EC website. The basic architecture of the remote
lab is shown in Figure 2.

3.1.2 Database/Video Streaming Server

The Video Streaming Server was responsible for delivering compressed video to our
students’ request for a particular video stream. This was handled by Microsoft®
Windows Media™ Technologies which were a commercial streaming media software
packages. The Database Sever enabled the connections between the Application



98 F. Leung et al.

Web / Application SOL

Server

Database { Video Streaming
Server

Workstations

City University of Hong Kong
(Department of Information Systems)

Fig. 2. Basic Architecture of the System Environment

Server and the SQL database. Data in Microsoft® Commerce Server and phpBB
discussion board would be hosted in the Database Sever. As video streaming required
a fairly high-performance system, that was why we separated the Application and the
Video Streaming into two separate systems.

3.1.3 Workstation

In order to access our virtual laboratory, a Microsoft® Internet Explorer 5.5 web
browser was a basic requirement which acted as an ActiveX container. We adopted
ActiveX technology in our environment. For Internet Explorer, Windows Media™
Player was embedded as an ActiveX Control object in the web page. Windows
Media™ Player needed a proprietary codec, which was called TechSmith Screen
Capture Codec (TSCC), to play our streaming video.

3.2 Features and Functions

Our virtual laboratory was implemented in Windows 2000 environment. There were
totally 10 functions in our virtual laboratory platform and they were done mainly in
ASP. All students connected to our system through a graphic user interface as shown
in Figure 3. Students needed to login to our system before they could get full access
rights browsing through our website. The following features and functions were
included in our EC virtual laboratory.

3.2.1 Course Materials

All the archived teaching materials were located in this section. Students could
download the PowerPoint slides and exercises by simply logon to our web server. If
students wanted to review the previous lectures, they could simply choose the
encoding rate and click on the URL. Both the video and the presentation PowerPoint
slides were played within the pop-up window with 780x550 pixels. This dimension
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could suitable for those users who were still using 800x600 screen resolution. It was
not recommended for our student to use 640x480 screen resolution because it was too
small to display both.

A Windows Media™ Player was embedded in the top of the left frame while
presentation slides were displayed on the right one. As the lecture proceeded, the slide
refreshed automatically, synchronized with lecture audio. During streaming the video,
student could pause the lecture at any point to take notes, or to repeat a section.

3.2.2 Design Tools

Since the development of an EC website under any EC solution packages was by
default working locally, the adopted EC solution package in our virtual laboratory had
to be reconfigured so as to allow remote website constructions over the Internet. A
submission and deployment mechanism, which allowed the students to upload their
web pages to our server and view their developed websites, were facilitated in this
section.

Also, we have integrated a management tool, which was called Business Desk, from
the Microsoft® Commerce Server for students remotely to manage their Commerce
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Server 2000 websites. For example, students could access those pre-built modules
within Business Desk to update pricing information in their product catalog or run
reports base on sales transactions. Students can start to learn the components of an EC
website by using these modules without doing any programming. As these beneficial
features from the software package provided all basic back-end administrated tool,
students would only need to focus on the front-end web pages development.

3.2.3 Demo Videos

Besides the video-based presentation, we also provided other video demo clips on our
server. These videos were in streamed format showing all the necessary steps to
install the commercial software packages such as Microsoft” Commerce Server and
Microsoft” SQL Server™. In order to make the user guide in a more effective visual
way for our virtual laboratory, we also captured the Windows desktop activities using
those facilities provided. Students could simply play these pieces of streaming video
from their browsers so as to understand the processes to build up an EC website.

All these multimedia screen capturing were done by Camtasia Studio [11] which was
a video screen-recording studio. We have used TechSmith Screen Capture Codec
(TSCC) to optimize for recording computer screens and to compress these videos. We
first used Camtasia Recorder to record the Windows desktop activities into several
AVI files and then used Camtasia Producer to convert them to streaming files in
Microsoft Advanced Streaming Format (ASF).

The advantage on using TSCC codec was lossless whenever compressed at reasonable
compression rates. We could produce the video exactly like the screen that was
recorded. Although the TSCC codec was not part of the standard Microsoft
distributed codecs, it was compatible with Windows. Students only needed to
download and installed this freely available codec which was used by the Windows
Media™ Player to play the video.

3.2.4 Sample Site

We have put together some sample sites that were built by using Microsoft”
Commerce Server for our students. Students not only saw just how powerful this
software package could be, but they also could get a few ideas that they might not
have thought about such as the designs, the interfaces, the functions of different kinds
of EC websites.

3.2.5 Discussion Board

Although there were many ways for people to communicate electronically with one
another outside of class at their own convenience, our virtual laboratory was heavily
relied on electronic discussion board to facilitate a communication channel. It was
useful to find that we could now only need to answer a question once following by
posting the answer on-line then all students could benefit from the answer. This could
help us to increase our efficiency and productivity. At the end of the semester, we
found that our students were more readily to interact with each other and thereby the
discussion board could provide our student a new opportunity for peer-to-peer
learning.
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We have not built up our own discussion board. We simply implemented the phpBB
[12], which was an open source bulletin board system, on our Windows platform to
promote asynchronous interactions between students, lecturer and teaching assistants
whenever after class. Students could access the phpBB from anywhere on the
Internet. This tool allowed our student to post messages containing text (in various
fonts, sizes and colours), graphics, and any type of file attachment.

3.2.6 Frequently Asked Question (FAQs)

Besides our interactive bulletin board system, we have also created a Q&A
mechanism which provided effective assistance to help the users to overcome possible
difficulties they might encounter in building an EC Web site. Those most commonly
asked questions would be posted in this section. The users read some pre-set
questions and answers before sending e-mail to ask us.

3.2.7 Related Links
This section contained extensive listings of related information that can be found on
the Internet.

3.2.8 Downloads

If students wanted to download the evaluation copy of those commercial software
packages and installed in their own machine, they could benefit from these
hyperlinks.

3.2.9 Contact Us
The e-mail address and contact number of lecturer and those teaching assistants
would be listed in this section.

3.2.10 Site Map
We have added a sit map which acted like a website index for student to access the
web pages at their convenience.

4 Software Justification

Microsoft” Commerce Server is the latest EC solution package of Microsoft. It
reduces the complexity and the time for building tailored, effective EC solutions. By
providing the application framework together with sophisticated feedback
mechanisms and analytical capabilities, Commerce Server allows our students to
quickly develop an EC website. This software package provides the critical EC
infrastructure needed to build an effective online EC business. User profiling and
management, product and service management, transaction processing, and targeted
marketing and merchandising are all integrated to create a comprehensive system
customizable for our students’ specific needs.

The Commerce Server Solution Sites provide a significant head start for developing a
website based on Commerce Server 2000. They provide a highly structured approach
to building a website that will be easy to extend and maintain. Students can use the
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Solution Sites to build working websites that they can customize as needed. Most of
the basic features needed for creating a commercial website are present in the
Solution Sites, such as a shopping basket, a checkout procedure, a product catalog,
user profiles, and so on.

S Security Issue in Our Virtual Laboratory

Besides physical restrictions were in place for the two servers, additional security
controls were needed and have been implemented in our virtual laboratory. We have
divided these controls into two parts: restricting access to specific files or directories
and verifying the identity of users who try to view those files.

5.1 File Security

As most of the files were located in the web server including the teaching materials
and students’ files, the first place where security was needed was to restrict access to
specific files or directories on that server. File security relied on controls built into the
operating system. Windows authentication was used to verify the identity of students
who tried to write files to the server. “Course Materials”, “Design Tools” and “Demo
Videos” were restricted categories on which viewers were not allowed to access these
facilities through an anonymous account.

5.2 Identity Verification

Each student has had a login user account on the web server and they were granted
with write permission on his/her own working directories. Besides the file access
level control, we also have implemented application level security. In the database
server, each student was separately assigned a username and password for SQL
Server authentication which were different from Windows authentication.

5.3 Security Lack

Streaming media servers have relied on the security features of web server to protect
their media streams. This was done by only allowing authorized students to view the
“Demo Videos” category. However, whenever the users could get access to that web
page, they could view the source code and discover the actual “hidden” URL for those
media files. If they really did so, we had nothing to prevent them from freely
accessing the file and from sharing that address with others.

Streaming video which is unlike a progressive download and suppose to be not
allowed to save on the viewer's computer. However, streaming digital media files are
no longer necessary to ensure stream without downloading. Several programs are
currently available that allow viewers to capture an audio or video stream and save it
to a file on the their computer. As those streaming materials are not that confidential,
we still convert the media files into streaming media files which already good enough
to provides a certain level of security on our media content.
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6 Conclusions

In this paper, Microsoft” Commerce Server has been successfully integrated in our
virtual laboratory which help students to understand an EC website development.
Being a computer-based learning and development platform, our virtual laboratory
allowed students to gain access to course materials and to use those facilitates from
Microsoft” Commerce Server. According to the usage of our virtual laboratory, it can
only be considered as a supplement rather than a replacement of all physically
classroom training. Because of the only requirement on the client side is a Microsoft”
Internet Explorer 5.5 web browser, a Windows Media™ Player and a TSCC codec
plug-in, it is very convenience for students to start developing their own EC websites.
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Abstract. This paper proposes a new architecture for web-based
virtual laboratory with CORBA technology. In the architecture, Java
Applet acts as the client tool, CORBA acts as the communication
bridge between different objects. The integration of JavaBean, Matlab
and COM/DCOM is implemented as the computing tools on the server
side. By using the architecture, the efficiency of developing virtual
laboratories can be improved markedly. This paper also introduces
the implementation of virtual laboratory for communication principle
based on the architecture. In the virtual laboratory, the instruments
are developed as components, which improves the developing efficiency
and the reuse of components. Matlab is also used for computing in the
server, which enhances the simulation capability.

Keywords: Web-based virtual Laboratory, CORBA, Matlab, Architec-
ture

1 Introduction

With the rapid development of Internet, modern long-distance education as a
new education mode has became an important problem for discussion. Virtual
Laboratory (VL) based on the Internet is a key on improving the quality of
distance education since experiments are significant for most engineering and
application courses. For most current virtual laboratories, there are some dis-
advantages. For examples, they are only fit for certain kind of course and may
not be flexible; if they are modified to meet the needs of the other courses, sub-
stantial workload is to reform the system. Considering the dynamic changes, we
design a new architecture for web-based virtual laboratory with CORBA tech-
nology, which can integrate the third party software developed with Java, C++
or others. The architecture has the following features: it has expansion capabil-
ity, independence of platform, and software reuse. With these characteristics, we
can construct various kinds of Virtual Labs.
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The rest of the paper is organized as follows. In section 2, we introduce related
researches. Section 3 describes the design of system architecture. Section 4 deals
with the implementation of system including client side and server side. Section
5 gives an example. Conclusion is given in section 6.

2 Related Work

VL can be classified into two categories according to its realization technologies.
The former is developed with pure software while the latter is developed with the
combination of software and hardware. The former mostly adopt these popular
WWW technologies including HTML, CGI, Java, Applet, Java Servlet and so
forth. Ref.[1] discussed the design and development of a virtual biology lab, most
of which components, including all the virtual experiments are implemented as
Java Beans. Extensible Markup Language (XML) is used for application and
data description. Ref.[5] introduced a VL platform based on Internet, which is
developed with pure Java language. It uses Java Applet in client side, and the
experiment components are implemented as Java Beans. In the VL, users can
design and run their experimental flow according to their requirements. Ref.[6]
proposed a design of virtual programming lab for online distance learning. It uses
HTML and Java Applet on the client side, and CGI and Java Servlet in server
side. Before running an experiment, users need to write their program codes
in the client, then the client sends the codes to the server. After receiving the
request, the server invokes the corresponding language compiler, then returns the
result to the client. Ref.[7] described an internet-based computer laboratory for
DSP courses, in which all the programs are written as stand-lone Java Applets.
Most of the experiments in the VL use the Java Digital Signal Processing (J-
DSP) Editor, which allows users to design and simulate a large variety of systems.

Ref.[2] presents a virtual network laboratory for learning IP network, in which
one Ethernet Switch and many personal computers running on Linux operation
system act as simulation equipments in the server. Users input Linux network
commands by using Web then receive output from the server. A VL for the
disabled persons is introduced in Ref.[4]. The laboratory adopts Macromedia
Company’s Authorware to design the user interface thus makes the interface
more lively. Their design uses LabView platform to carry out simulation. A
realization scheme of VL given in Ref.[3] applies WWW technologies including
HTML, CGI, Java and LabView platform to provide usage for real equipments
with standard interface. A web-based distributed virtual educational laboratory
discussed in Ref.[8] allows components of server side to be distributed in different
host computers. Service components of the VL are developed with LabView
platform.

Among these VL systems mentioned above, they all only can transfer infor-
mation among the same type of objects. They failed to realize the communication
mechanism among the various types of objects. In addition, integration of the
existing virtual simulation systems is not possible. For overcoming the draw-
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backs, we thus propose a new architecture for web-based VL in order to improve
the developing efficiency.

WebServer

JavaBean
Components

Java Client
Browser Classes
Y
Java Applet < > ()
—_— Matlab
CORBA Server Engine
VisiBroker @ _/
for Java ORB
\ rimaoxs . —
\Av
VisiBroker glfgab
\ for C++ORB |
N~
Y
N ]
COM/
DCOM
N~

Fig. 1. The architecture of system

3 The Architecture of System

The Common Object Request Broker Architecture (CORBA) allows distributed
applications to interoperate with each other, regardless of what language/tools
they are used for the implementation or where these applications reside. The
Object Request Broker (ORB) in Fig. 1 connects a client application with the
objects whenever necessary. The communication is transparent. The client pro-
gram does not need to know the detail implementation of the internal object
regardless of the object locations (either local or remote). In our system, the
client program only needs to know the object’s name and knowhow to invoke
the object’s interface. The ORB takes care of the details of locating the object,
routing the request, and returning the result. The interface is defined with the
Interface Definition Language (IDL). IDL is a descriptive language used to de-
scribe the interfaces implemented by the remote objects. Within IDL, we can
define the name of the interface, the name of each of the attributes and methods
etc. Thus CORBA technology is used to implement our VL system.
Development efficiency and components reuse are key issues during our de-
velopment of VL. Matlab is high-powered software for science and engineering
computation, which provides us with powerful numerical computing capability
and many simulation tool packets. By using Matlab, we can implement system
modeling and simulation in multi-domain. So with the integration of Matlab, VL
system’s developing efficiency and simulating capability can be greatly improved.
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The system requires interoperation among Java, Matlab and C+4 objects.
Therefore we choose CORBA as the right developing tool. The architecture of a
VL falls into two parts: clients and server. Clients are Java Applets embedded in
browsers, which makes clients have the independence of platform and security,
and so on. The server mainly contains: CORBA server components written by
using Matlab computing engine, Matlab DLL, COM/DCOM components sup-
plied by the third party, Java Bean components. The architecture of web-based
VL is proposed in Fig. 1.

Users can connect Web Server through browsers. After entering a VL,
browsers automatically download applets from server to clients. Then applets
will run on Java Virtual Machine (JVM). Through client side’s ORB and server
side’s ORB, clients can connect and access server.

4 Implementing the System

4.1 1IDL Interface Definition

Clients and server use the same IDL interface: CommPrinciple.idl. The IDL file
describes the interfaces implemented by the remote objects. Once you've created
the IDL file, you can use an IDL compiler to generate the client stub code
and the server skeleton code. In clients, id12java compiler generates client’s stub
code by compiling CommPrinciple.idl. The stub code which implements methods
definition according to CommPrinciple.idl will be used to resolve long-distance
CORBA objects by clients. In server, idl2cpp compiler generates skeleton code by
compiling CommPrinciple.idl. The skeleton code will be used to transfer clients’
service requests.

When a client makes a request, the client’s ORB locates the object imple-
mentation, activates the object if necessary, delivers the request to the object,
and returns the response to the client. The client is unaware that whether the
object may be is on the same machine or across a network. A client program
uses a remote object by obtaining a reference to the object. Object references
are usually obtained using Naming Service. Then the object’s reference will be
passed to stub code. With the help of stub code and ORB, the client can trans-
fer his request to skeleton code, then to the target service object. The compiling
process of CommPrinciple.idl is proposed in Fig. 2.

4.2 The Design of Server

The server side mainly includes the entry of main program, the implementation
of objects’ methods, and the activation of the Matlab engine.

The main program is with responsibility for initializing ORB, setting up
Portable Object Adapter (POA) to manage service objects, then, creating service
objects based on the CommPrinciple.idl file, waiting for receiving requests. The
implementation of objects’ methods is written in C++ language.

Two methods can be used to invoke Matlab. The first is to invoke Matlab
engine. By this way, Matlab, which acts as a service process, provides clients
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CommPrinciple.idl

idl2java compiler

id12cpp compiler

Object
Applet stub code skeleton code Implementation
Java Compiler C++ Compiler
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Client ByteCode Server BinaryCode

Fig. 2. The compiling sketch map of client and server interface definition CommPrin-
ciple.idl

with a group of engine functions. With the help of these functions, clients can
communicate with Matlab engine conveniently. The method provides program-
mers programming simplicity. However, the system can’t run without Matlab
runtime environment, and server can’t provide clients with frequent visit. The
second method is to invoke DLLs. With the compile tools provided by Matlab,
the “M” files can be transformed into DLLs. In this way, the advantage of Mat-
lab and C++ can be developed well including powerful computing capability
and rapid executing speed. But the program developed in this way is hard to be
modified and debugged, and the codes converted from “M” files are hard to be
understood for programmers. So we choice one of these two methods or both to
develop our server program according to the actual applications.

4.3 The Design of Client

The client side mainly includes the implementation of Java Applet and exper-
iment components. The applet mainly answers for the implementation of the
main interface. A component is written as Java Bean, which take charge of the
obtaining and invoking of a service object.

The main interface mainly includes: menu bar, tool bar, attribute editor for
components, experiment operating window and equipment bar, and so on. The
equipment bar provides all the system components. By using it, user can select
the required component. Then drag and drop the component to experiment
operating window. The user needs to link the selected components in order to
assemble an experiment flow. Finally, user can run his experiment by dropping
the running button.The process of simulation is proposed in Fig. 3.

A Java Bean obtains service objects by using Naming Service. Server invokes
the “bind” method of a Naming Context object in order to not only publicize
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Fig. 3. The process of simulation in client of system

the object but also provide the object self and it’s name framework. By invoking
the “resolve” method of the very Naming Context object, client can discover the
object.

CommPrinciple.idl

CommPrinciple.idl

Java  class stub skeleton C++ class and
and interface code code interface
Client Server
ByteCode BinaryCode

Matlab
Engine

VisiBroker for
Java ORB VisiBroker for
C++ ORB

Fig. 4. The implementation of system

Matlab
DLL

4.4 Implementation of the System

Just as the illustration of Fig. 4, the VL system falls into two parts: clients and
server. They both compile the same IDL file: CommPrinciple.idl. Then clients
will generate stub code while server will generate skeleton code. Based on the
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skeleton code, Server will implement the methods defined in the CommPrinci-
ple.idl file then publicize service objects by using Naming Service. Based on the
stub code, clients can activate the methods of service objects with the help of
Naming Service, client ORB, and server ORB.

As a result of the restriction of “Sand-Box” in almost browsers, the Java
Applet can’t access the other servers besides the Web server. So without the
help of the IIOP agent the Java Applet can’t communicate with CORBA server,
except that CORBA server and Web server reside in the same machine. In our
system, we use VisiBroker as CORBA server, which provides Gatekeeper as
ITOP agent. Clients’ requests are sent to Gatekeeper at first. Then Gatekeeper
transmits the requests to server. The answers are also sent back with the other
way round.

5 A Virtual Lab for Digital Communication

The filtering experiment of digital communication can illustrate the develop-
ment process of the system. The filtering experiment needs signal generator,
signal adder, filter, and oscilloscope. The signal generator, signal adder, and os-
cilloscope are implemented as Java Beans, while the filter need to invoke the
Matlab function “lowFilter()”, which has been compiled in Matlab engine.

In the CommPrinciple.idl file, filter’s interface has been defined, which has
two methods: lowFilter and heightFilter. The input parameter is the sampled
data of signals.

//CommPrinciple.idl

typedef sequence< double > mytype;

interface Filter{

mytype lowFilter(in mytype inData);
mytype heightFilter(in mytype inData);

b

In the server side, the main program is responsible for initializing ORB and
creating filter service object ”FilterImpl”. The main code is showed as follows:

orb = CORBA::ORB_init(arge, argv);

rootContext = CosNaming::NamingContext::_narrow

(orb— >resolve_initial_ references(” NameService”));
rootContext— >rebind(name, reference);

The code of FilterImpl is followed:

mytype * lowFilter(const mytype & inData) {

if (!(ep=engOpen(NULL))) { exit(-1); }

b=mxCreateDoubleMatrix(1,inData.length(),mxREAL);

mxSetName(b,”x”);

memcpy((void*)mxGetPr(b), (void*)num?2,
inData.length()*sizeof(double));

engPutArray(ep,b);

engEvalString(ep,” y=lowfilter(x)”);

t = engGetArray(ep,”y”);



A New Architecture for Web-Based Virtual Laboratory 111

engEvalString(ep, ”close;”);
for(i = 0;i < length;i++)
{data[i] =*(mxGetPr(t)+i); }
result = new mytype(0,length, data, 1);
return result;
}
The implementation of height filter is passed over because it is parallel to
the low filter.
The code of the client’s Applet is showed as follows:
<APPLET codebase="."” CODE = "Entry.class” archive="vbjorb.jar”
NAME = ?vLab” WIDTH = 200 HEIGHT = 100 ALIGN = middle>
<param name="org.omg.CORBA.ORBClass”
value="com.inprise.vbroker.orb. ORB” >
<param name="vbroker.orb.alwaysTunnel” value="true” >
<param name="vbroker.orb.gatekeeper.ior” value="gatekeeper.ior” >
</APPLET >
As a Java Bean, ”"LowFilter.java” use the followed code to look up objects
and invoke methods.
orb = org.omg.CORBA.ORB.init(args,null);
Object = ((NamingContext)root).resolve(root.toname(” Filter”));
Filter manager = FilterHelper.narrow(Object);
result = manager.lowFilter(sampleData);

4 | of

Fig. 5. Operating interface of Virtual lab

Fig. 5 gives the main interface of the VL, which can be accessed through
Web by users. The main interface mainly includes: menu bar, tool bar, attribute
editor for components, experiment operating window and equipment bar, and
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so on. The equipment bar provides all the components for the VL of digital
communication. User choose the corresponding components from the equipment
bar to do experiments, such as lowpass filter, highpass filter et.al. Then user wants
to link the selected components in order to assemble an experiment flow. Finally,
he can run his experiment by dropping the running button and the experiment
results is shown as Fig. 6.
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Fig. 7. Processing result interface of quantifying experiment

Fig. 6 shows the interface of the output, which is the result of filtering ex-
periment. The left frame gives the result of height filtering while the right shows
the result of low filtering. The middle presents the original signal, which is the
overlap-add of sin(4nt) and sin(20mt).
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Fig. 7 shows the result interface of quantifying experiment. The left frame
gives the result of nonuniform quantification while the right gives the result of
uniform quantification. The middle shows the quantified signal.

6 Conclusion

The development of remote education has played an important role in the world.
Moreover, virtual laboratory based on Internet is the key on improving the
remote education. This paper particularly discusses the architecture and im-
plementation of the VL platform. In the architecture, the integration of Java
Bean, Matlab and COM/DCOM improves the efficiency of developing the vir-
tual laboratory. This paper also illustrates the key design and implementation
technologies of communication principle virtual laboratory based on this archi-
tecture. In the virtual lab, Java Applet is used as client tools, which provides
clients with the independence of platform and safety. Matlab is also used for
computing in the server, which enhances the simulation capability. The system
provides designers with an effective approach to develop virtual lab, at the same
time providing users with an experiment environment without the restriction of
time, place and equipments. By using the system, the reform of the colleges’ ex-
periment teaching will be expedited, and the quality of long-distance education
will also be improved markedly.
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Abstract. This paper discusses some of the practical factors associated with the
creation and maintenance of a Website supporting an online, postgraduate,
tertiary-level subject, created and maintained largely by a single lecturer. The
size of two subject Websites are described, some factors effecting maintenance,
possible problems in adapting teaching styles to a simple Web page format and
problems that may arise when the lecture of a subject changes or a visiting
lecturer participates.

1 Introduction

This paper discusses some of the practical factors in the creation and maintenance of a
Website supporting an online, postgraduate, tertiary-level, subject. Two subjects
taught online by the author at the University of Melbourne are used as the main
examples. Students in these subjects are all practicing teachers, from preschool to
tertiary level. Most, but not all, have formal teaching qualifications, the notable
exceptions being those from the training industry and the tertiary sector.

The subjects discussed were created largely by a single lecturer and maintained in the
same way. Thus they represent only a small number of online subjects but their
essential simplicity makes them relatively easy to study. Their basic structure and
substance is sufficiently representative of the essence of online teaching to be usefully
analysed. They utilise quite low-level technology which, while it does not give any
comparison against courses utilising powerful, interactive multimedia, does make a
first-approximation analysis on the basis of the size of the site practical. Their
educational effectiveness is not analysed, although over the four years of their
existence they have proven to be very effective.

2 The Creation of an Online Subject

The creation of an online subject is no small task. Even assuming the prior existence
of a suitable subject description, the actual work that goes into the creation of the
Website is but a part of the process. The educational approach, the means by which
subject matter can be conveyed within the limitations of Web technology and
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appropriate communication and means of assessment should all be thought out and
decided upon before work commences on the site itself. The need for progressive
evaluation and maintenance of the site will exist for the life of the subject and this
may be compounded if the original creator leaves.

The structure of an online Website could conceivably stretch from being a list of
linked resources with minimal original material and an assessment requirement, to a
full self-contained original work. Most subjects will fall somewhere between these
extremes. First year chemistry at Melbourne for instance, is almost totally online. A
“tutorial package” [1] provides the lectures, exercises and much of the tutorial
material online with the practical laboratory sessions ‘live.” This structure is the work
of a big, diverse and expensive team over many years, an investment that can be
justified by the large number of students involved and the stability of the material. An
analysis can be found in Fritze [2].

The two subjects forming the basis of this paper are Software Environments for
Learning, and Teaching With Information Technology. These are offered online and
face-to-face as part of the Masters level program in the Faculty of Education at the
University of Melbourne. The major impetus for putting these subjects online was to
allow remote students to take them, but it also solves some timetable and employment
clashes. All subjects in the program run for one Semester (12 weeks), and form one
quarter of a full time year. The assessment associated with these subjects is “the
equivalent of 8,000 words.”

These subjects have a long history reaching back to 1980. It was this accumulated
background of experience, knowledge, evaluation and lecture notes which made it
economically possible to offer then online within the budget available at the time,
which, considering the task, was minimal: in the region of $2,000 per subject. That
the subjects exist at all is due largely to overtime put in by their two creators. Both
subjects were first offered online in 1999.

The Website for Software Environments was originally developed by John Warner'
and the author built the Teaching With Information Technology site. Neither used, or
uses, any particularly advanced Web or programming techniques. The nature of the
existing subjects was such that text and simple graphics, largely screen grabs and
simple line diagrams, sufficed. The inherent structuring characteristics of a Website
provided the educational structure for the subjects. (Projected developments utilising
more sophisticated and rich media are not discussed here.)

Software Environments concerns all the usual application software teachers expect to
find on a personal computer: word processing, spreadsheets, graphic manipulation,
multimedia creation, Web page editing and, lately, digital video and sound editing.
The emphasis is on the educational significance and use of these products—the ability
of students and teachers to take over the technology for their own purposes—but
since many teachers begin the course with only a basic knowledge of word
processing, it is necessary to provide descriptions of their operation, and examples to
work through so they can become quite familiar and comfortable with the tools.
(Face-to-face students get demonstrations and workshops—a superior solution.)
Although assignments require a moderate level of competence in using the various

' John Warner is now a Senior Fellow in the Department of Science and Mathematics
Education at the University of Melbourne.
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tools as, essentially, a ‘hurdle requirement,” grades above pass standard rely on the
educational elements.

Teaching with Information Technology is a very different subject. It has a lecture-
seminar format and is concerned with three main things:

1. An exploration and evaluation of the different ways that computer and
communication technology could be used in educational contexts. The aim is
to have each student consider uses to which they might put the technology in
their classes in relation to their own educational psychology and philosophy. In
the nature of things, the degree of detail and the scope of this section is
severely limited by the time available.

2. An exploration of the many practical issues concerned with the use of
computers in education: where to locate computers; Internet access; the IT
budget; professional development; Web access and Acceptable Use Policies;
data security; equable access to computers etc. This part of the program is
carried out via a Seminar program and for online students an online Forum.

3. To start the students on their careers as researchers. Basic research skills,
techniques and orientation are fostered and developed.

From 1996 the Education Faculty provided a basic vehicle, (SOCS), of their own
design, into which material could be loaded to support online teaching of this type.
Since 1999 the main University Information Technology Service has offered a
slightly more versatile version of its own called WebRAFT. Material from the two
complete subject Websites is loaded from lecturer’s computers to one of these
servers.

The size of the Websites required to support subjects of this nature and at this level
may be surprising to anyone yet to involve themselves in an enterprise of this type. A
raw word count on both subject sites produced, in round figures, the following
numbers:

Software Environments for Learning, 2003: 63,400 words

Teaching with Information Technology, 2002: 95,500 words.

The word counts do not consider graphics and other embedded files, the work
required to set up and maintain the structure of the sites or another considerable
volume of work on the respective Forums, but they are interesting nevertheless. Pages
specifically provided for face-to-face students (largely concerned with assignments)
have been omitted from these word-counts.

Breaking down the site by general area produces the word-counts in Tables 1 and 2.

Table 1. Word Count: Software Environments for Learning

Area Words
Administrative pages, main indexes etc., 9,700
Assignments 1,280
Lectures 48,380
Workshops 4,040




The Creation and Maintenance of an Online Subject: Some Practical Factors 117

The raw word count overestimates the actual scale of the intellectual property to some
extent. Some material, for instance instructions for using the Net and finding the
Websites, is common to both subjects and some is copied straight from Department
and Faculty material and available elsewhere but repeated to make sure students take
notice. This takes up roughly half the ‘administrative material.’

Nevertheless, with the exception of standard page-footers giving creation date and
creator etc., there is something approaching 48,000 words of original work in the
lecture pages. This is supplemented with copious linked pages, scanned and electronic
material and access to full text, online journals, not included in the word—count.
Assessment in both subjects has to offer a considerable amount of latitude and
guidance to make it suitable for all levels of education, hence the large number of
words. Online assignments also include a wealth of detail provided to face-to-face
students during the normal course of lectures.

Table 2. Word count: Teaching With Information Technology

Area Words
Administrative pages, main indexes etc., 8,360
Assignments 6,212
Lectures 80,930

In Teaching With Information Technology, probably 18,400 words should be subtracted
from the lectures to account for one which is largely three scanned papers contributed
by a Departmental staff member on software evaluation and not written specifically
for the subject. This still leaves an ‘original’ lecture content of some 62,500 words
(and the evaluation material will have to be replaced for the 2003 version).

Any body of electronic work of this size will require a considerable amount of
maintenance. As new technology relevant to education becomes available it must be
incorporated into the subject and the educational material revised to take account of it.
This may require a very minor alteration, or it may require the complete replacement
of a lecture. The sites have to be completely overhauled each year and the lectures, to
a greater or lesser degree, rewritten. (This excludes any other educational revision to
the syllabus, educational approach or a different selection from applicable material.)

3 Adapting Teaching to the Web

Not all material, and certainly not all teaching, is easily amenable to online education.
One of the consistent lessons our students have delivered, in several ways and at
different times to the lecturing staff, is that while teachers are generally happy to learn
in whatever medium the material is presented through, provided they perceive it as
relevant, they are, as group, far more reluctant to adapt their own teaching to suit a
medium they perc