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Abstract

Purpose – The purpose of this paper is to examine the integration of digital library (DL) technologies
with ontology-based knowledge representation in providing semantic rich information access (IA) in
e-learning. DL technologies have powerful and flexible content management and access
functionalities, whereas ontology helps teachers and students to link content materials to their
learning objectives. This paper demonstrates that the integration provides a powerful and meaningful
e-learning environment.

Design/methodology/approach – DiLight is designed as an interactive e-learning system that
integrates DL and ontology technologies. By conducting comparative experiments involving DiLight
in students’ actual learning process, the authors examined the advantages and limitations of DiLight
in e-learning.

Findings – Compared to a widely used e-learning environment, DiLight can provide significantly
better support for students’ complex IA tasks because DiLight is more useful for relationship
discovery and problem solving. DiLight is also effective even when students were either less familiar
with tasks or felt that they were more difficult. There is no single best access method for all learning
situations. Therefore, multiple IA methods should be built into e-learning systems. Although most of
time the search was the first choice of the students, ontology-based methods were useful in supporting
them to complete their tasks too.

Originality/value – This is a comparative empirical study using an interactive e-learning system
called DiLight to explore the usage of integrated DL and ontology in e-learning. The experiment
results demonstrate the value of the multiple IA methods provided by DL, and the usefulness of
integrating DL with ontology.
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Introduction
With the advancement of computer, multimedia and network technologies, alternatives
to traditional classroom learning have been developed. E-learning is one such
alternative where students can access course-related materials via online computer
systems. It is being explored as an effective way of delivering materials to previously
unreachable students with previously unavailable access and presentation methods.
Horton (2000, p. 6) even claims that it is “part of the biggest change in the way our
species conducts training since the invention of the chalkboard or perhaps the
alphabet”.

However, e-learning systems still face several challenges in terms of content
organisation, knowledge representation (KR), and access management. First, the
document collections in e-learning systems contain complex and often mixed-media
materials because of the widespread application of digital and presentation
technologies in modern learning activities. At the same time, the collections are
constantly updated with materials being added, edited, or removed, often by teachers,
but sometimes by students too if collaborative activities from students are encouraged.
Therefore, the collection organisation side of e-learning systems should be flexible in
content representation, friendly in content management, and intuitive in user interface.
Second, along with the advantage of allowing students to access the learning systems
at any time and in any place, the presence of teachers during the learning process,
which is an important component of face-to-face education, could be missing. How to
retain the knowledge provided by teachers in an e-learning environment and present it
in a straightforward and intuitive way is an important KR challenge that e-learning
systems need to address. Third, although the ways of accessing and interacting with
learning materials have traditionally been dictated by teachers, students in e-learning
systems can choose their own strategies and means to do so. This therefore poses
access management challenges in that it requires e-learning systems to have multiple
access and interaction methods to accommodate students’ various needs and
preferences. Of course, we acknowledge that e-learning systems are facing many other
challenges too. For example, Conlan et al. (2006) talk about the challenges of bridging
the gap between engineering sound e-learning systems with pedagogically appropriate
and effective theories, and Brusilovsky and Peylo (2003) present studies aimed at the
challenges of adding adaptation and intelligence into e-learning systems.

The research presented in this paper aims to address the above three challenges by
integrating into e-learning systems the technologies from one related discipline: digital
libraries (DLs). A DL, in general, refers to a collection of digital objects (such as digital
text, images, and videos) and a set of associated techniques and services that help to
collect, organise, retrieve, and preserve those digital objects for a community of users
(Borgman, 2000). Documents in the collection are self-contained digital materials
accompanied by metadata describing the content and characteristics of the documents.
In DL, the roles of the collection and the metadata are to help to group and organise
fragmented-related materials into meaningful and logical units, and at the same time,
enable access to and presentation of those materials in a dynamic and flexible manner.
Therefore, DL technologies may provide an answer to the content representation
challenge mentioned above. Besides combining DL technologies, our approach also
explores the application of KR technologies – specifically ontology – and information
retrieval techniques in resolving the content organisation and access challenges.
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In summary, the goal of this research is to study the integration of DL technologies,
with the help of ontology and information retrieval technologies, into e-learning
systems to improve the quality of the students’ learning experience and to increase the
effectiveness of that learning process. Specifically, our work concentrates on exploring
answers to the following three research questions:

RQ1. With the help of DL technologies, how can fragmented, mixed-media based
learning materials in e-learning systems be organised in such way that the
students can interact with the materials in an intuitive, meaningful and
effective manner?

RQ2. With the help of DL and KR technologies, how should learning materials be
represented and organised to retain teachers’ knowledge about course topics
and materials?

RQ3. With the help of DL, ontology-based knowledge representation, and
information access (IA) technologies, what are the multiple access methods
that enable students with diverse backgrounds and learning preferences to
access the collection using their own effective methods?

Our research method is practical and experimental. With the help of technologies from
DL, KR, and IA, we first developed an e-learning system using an open source DL
system as the foundation. We then expanded the system with enhanced content
organisation, knowledge representation and information retrieval capabilities. The
final system, which is called the DiLight system, was then tested in experimental
settings to examine whether our approach is valid or not.

In the remainder of this paper we will present our approach in detail. The paper
begins with a review of previous related work in the field of e-learning, then presents
important features of DiLight, paying specific attention to its collection building,
ontological representation of the DL course topics, and the multiple IA methods
developed for supporting various students’ needs and preferences. We then talk about
the experiments we conducted to evaluate the usefulness and usability of DiLight in
supporting students’ learning. The discussion of the results is followed by a conclusion
about the importance of the work and some potential future directions.

Related work
Many people believe that new and emerging technologies will generate great advances
and improvements in learning and instruction (Spector, 2001). This is why e-learning
has received considerable attention from both academic researchers and practitioners.
Some researchers called the recent wave of studying e-learning an e-learning revolution
(Galagan, 2000). Specifically, e-learning has been seen as the technology to provide
advantages such as consistent and worldwide training, reduced delivery cycle time,
increased learner convenience, and reduced information overload (Welsh et al., 2003).

E-learning has become an increasingly popular mode of instruction in higher
education due to the continual advances in internet and multimedia technologies.
Although early definitions of e-learning included electronic devices such as radio
broadcasting and teleconferencing (Siritongthaworn et al., 2006), researchers have
increasingly redefined the meaning of e-learning as “the use of internet technologies
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to deliver a broad series of solutions that increase knowledge and performance”
(Rosenberg, 2001, pp. 28-9).

Because of the nature of e-learning, its literature can be roughly classified into the
theories behind e-learning and practices of e-learning.

Most e-learning theories borrowed ideas from the related concept of distance
learning (Gunasekaran et al., 2002). Researchers found that the principal advantages of
distance learning and e-learning are “flexibility, cost savings, and more efficient use of
time and staff motivation” (Gunasekaran et al., 2002, p. 47). As Gunasekaran et al.
(2002) point out, people in e-learning environment can master the learning materials
more effectively because it is possible for them to learn at their own pace and therefore
retain more information and become more proactive. Henry (2001, p. 249) examined the
factors that affect the successful implementation of e-learning, and stated that
“e-learning needs to be compelling to the audience it targets, offering the learner a
resource that is seen to be appealing, valuable and productive to their goals and
aspirations”. From the opposite angle, Alexander and McKenzie (1998) discussed the
reasons that e-learning could fail, which include failing to set clear goals/objectives and
inappropriate training for students.

Developing e-learning systems has combined research interests and practical efforts
from various fields, and produced diverse systems. We have seen many widely used
commercial learning support and management systems, of which Blackboard and
WebCT (www.webct.com/) are two salient examples. E-learning is also a powerful tool
for delivering many and varied instructional technologies and methods (DeRouin et al.,
2005). For example, Conlan et al. (2006) examined the relationship between the
Knowledge space theory and the Adaptive Personalised eLearning Service, and Mwanza
and Engestrom (2003) presented their experience of using activity theory in the
Lab@Future project. Parker and Johnson (1990) at the University of Southern California
developed animated pedagogical agents to provide face-to-face interaction in learning.
Minka and Picard (1996) at MIT Media Lab developed an interactive program to help
students learn how to query a visual and image database. Carlson and Sullivan (1999) at
the University of Colorado Boulder developed an integrated teaching environment
allowing students to learn engineering-related courses in a single well-organised
environment. Several studies discuss systems that encourage students’ participation in
the classroom by providing an active learning environment (Meyers and Jones, 1993;
Paradigm, 2001; Parker and Johnson, 1990).

An important development in e-learning systems was the introduction of adaptive
interactions. Brusilovsky (1999) discussed the goal of moving e-learning systems
beyond a network of static hypertext pages and developing advanced web-based
educational applications that can offer adaptivity and intelligence. Some of the
systems focus on the immediate adaptation of instructions to provide timely and
targeted feedback for the students and the instructor, e.g. using a digital dashboard
(Brown et al., 2006) and the Adaptive Personalised eLearning Service (Conlan et al.,
2006), whereas some other systems pay attention to visualisation, e.g. Ahn et al. (2006)
and social navigation, e.g. Mertens et al. (2006) and Nokelainen et al. (2002).

Although published too long ago to include recent e-learning work, there exist
several well-received literature reviews of e-learning practice and research (Burgess
and Russell, 2003; Kosarzycki et al., 2003; Salas et al., 2002; Welsh et al., 2003).
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Interested readers should consult these papers for more in-depth discussions of
e-learning theories and practices.

Because of the widespread application of digital and presentation technologies in
learning activities, the collections in e-learning systems often contain complex
and mixed-media materials. This motivated people to look for more powerful content
management tools. The MIxed media Networked Digital library (MIND) project is
one example of such activities aiming to explore efficient and effective mechanisms
for indexing and retrieving mixed media information from a DL of theses
(Acosta-Diaz et al., 2006). Their focus is on indexing mixed-media documents, so the
study of supporting learning activities is relatively peripheral. DL technologies have
been used to support other types of learning activities too. The National Science Digital
Library is one important example of such applications of DL in learning support (Zia,
2001). It is not an e-learning system, rather it is a digital repository of collections of
learning materials, which can be easily accessed and adopted for various science,
technology, and mathematical learning activities.

To support a richer set of educational functions, knowledge representation
technologies such as ontology have been integrated into the e-learning environment.
For example, the Scholarly Ontologies (ScholOnto) project describes an
ontology-centred approach to provide an infrastructure for making claims about the
significance of research publications (Shum, 1998). The virtual hyperbooks model
supports collaborative learning by integrating a reusable document repository (called
fragments repository) and connecting it to a domain ontology developed for the project
(Falquet and Ziswiler, 2005). Dicheva and Dichev (2004) propose a topic-map based
system for building, maintaining, and using concept-based ontology-aware digital
course libraries. The Diogene project developed a web-training environment, based on
the ACM Computing Classification Scheme, for classifying books, journal articles, and
conference proceedings in the field of computing into a four-level student hierarchy
(Vergara et al., 2003). The Courseware Watchdog is an ontology-based tool for finding
and organising learning materials in a decentralised way, in which the ontology serves
as the basis for enhancing both the browsing and searching functions inside the
system (Tane et al., 2003).

Our research is unique, when compared to the above studies, in that it concentrates
on expanding the capabilities of e-learning systems in three important aspects:

(1) It expands the content representation aspect by integrating DL technologies.

(2) It expands the content organisation aspect by integrating DL and ontology
based KR technologies.

(3) It expands the content access aspect by integrating ontology and IR
technologies.

These three integrations help to build a solid foundation for supporting learning
activities. By implementing these three integrations, the DiLight system has powerful
content management and access capabilities.

DiLight system
As mentioned already, our research interests focus on flexible content management,
rich knowledge representation, and powerful IA capabilities in e-learning systems.
DiLight was designed to reflect these emphases. With the help of an open source DL
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platform called DSpace (www.dspace.org/), DiLight takes advantage of the DL’s
integrated functionalities of collecting, organising, retrieving, and preserving digital
objects in a collection to provide an integrated, interactive, and effective e-learning
environment. The reason that DiLight uses DSpace rather than several other open
source DL platforms, such as Greenstone (www.greenstone.org/cgi-bin/library) and
Fedora (www.fedora.info/) is because DSpace contains the combination of required
modules, and was available at the time of our development. DSpace is a digital
repository system developed through the collaboration of MIT Libraries and HP Labs.
It has the abilities of capturing and describing submitted digital materials, and
distributing an organisation’s digital assets over the web through a retrieval system.
It accepts various formats of digital materials, and models all input materials as items
which consist of a set of bitstreams and their format information. A collection is a
group of related items, and a community in DSpace is a set of collections.

Although DiLight is designed to be a generic e-learning support system, we need a
specific learning domain to demonstrate and examine its characteristics. We chose a
DL course for library and information science (LIS) students at the University of
Pittsburgh as the domain. Besides the obvious reason that one of the authors has been
teaching that course, this selection was motivated by the fact that courses educating
information specialists including librarians on DL are among the most important
topics taught in many universities in recent years (Saracevic and Dalbello, 2001; Spink
and Cool, 1999).

Figure 1 shows the conceptual architecture of the DiLight system. The various
modules and knowledge bases are there to extend DSpace to resolve issues such
as collection building, knowledge representation, access methods, user annotation,

Figure 1.
The conceptual

architecture of DiLight
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and community collaboration. In the remainder of this section, we will concentrate on
the extensions to collection building, knowledge representation, and access methods,
because they are essential to the understanding of the content management and IA
capabilities in DiLight.

Content representation in DiLight
DiLight is an e-learning system, but at the same time, it is also a DL system. In a DL
system, it is important to define what a document is and the scope of the collection of
documents. To best serve students in their learning tasks, the scope of the DiLight
collection is defined as the course-related materials, such as slides, lecture videos,
readings, and textbooks. In this case, we define an item (i.e. a document) in DiLight as a
set of topic-related course materials – such as slides, videos and text chunks – that
talk about the same topic in the course. Potentially, there are two other alternatives: one
of which selects one slide or one time segment of videos as a document, and the other
treats all slides or videos for one whole lecture as a document. However, we decided to
rule them out because they are either too small to always have self-contained
information, or too big and too long to contain closely related materials. We do
acknowledge that our choice raises the question of what constitutes a topic. To cope
with this problem, we decided to let teachers define it as they are most familiar with the
course materials and the students’ needs.

With the help of DSpace, DiLight is capable of handling the documents in DiLight
which are complex items. A DiLight document contains an HTML page that is the
result of converting the content of a set of slides into jpeg pictures (Figure 2).
The reason to ignore the more straightforward PDF route is that that approach
requires opening extra software to view the document content, whereas the image
version of the documents, though larger in size, is able to be displayed in all modern
browsers without extra downloads and at the same time preserves the graphical
presentation. Besides the images of slides, the HTML page also contains all text
presented in the original slides, which makes the page searchable.

With the help of Carnegie Mellon University’s CourseCast software, most slides in
the DiLight collection are accompanied with an in-class delivery of the slide content
recorded in digital video format. The software synchronises the slides and their
corresponding videos based on slide turning information. The video provides extra

Figure 2.
An example of a slide
transferred
into a document
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Search system
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details of the document that could be missing in the slides; therefore, one of the future
tasks is to add automatic transcriptions of the video content into the document
representation.

Each document has its associated metadata, which consists of the standard Dublin
Core element set. The elements utilised in DiLight are title, author, issue date, series,
URI, and abstract (Figure 3).

With the help of DL features, the construction of the DiLight collection does not
have to pay much attention to issues such as how the documents should be structured
because it will be handled by the access methods provided in DiLight. Therefore, the
remaining issue about the DiLight collections is how documents can be uploaded.

Based on consideration of the reality of building a collection of course materials,
DiLight supports two modes of uploading documents. Individual documents can be
added through an existing DSpace module, which contains an interface for users to
specify the related materials to a given document and fill in the corresponding
metadata. A large number of documents can also be uploaded through a batch process
designed as a special feature of DiLight. It invites the teacher to participate in the
collection building process by writing a configuration file that indicates the start and
the end slide numbers of a document, the URL of the corresponding video if available,
and the related metadata (Figure 4). The configuration file is in XML format so that a
software tool we developed can automatically locate the related files and upload them
into the DiLight collection.

Ontological representation of course knowledge in DiLight
Although standard schemas such as Learning Object Metadata and Dublin Core have
been used to describe objects in e-learning, and the latter exists in the DiLight system,
these standards only focus on a minimal set of attributes (i.e. type of object, author,
owner, terms of distribution, and format) which cannot enhance students’ learning of
complex knowledge and relationships among topics. Therefore, we explored using
ontology as a more comprehensive approach to integrate the content, structure, and
relationships of the learning materials. Integrating knowledge representation
techniques in e-learning has been explored by previous studies (Henze et al., 2004);

Figure 3.
The metadata of a

document in DiLight
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however, our approach involves a specific ontology rather than a borrowed
generic ontology.

An ontology, as “a formal explicit specification of a shared conceptualization”
(Gruber, 1993, p. 199), explicitly represents concepts and their relationships in a logical
and machine-interpretable form, and thus enables automated inference capability over
the concepts. Current research on ontology has shown that it facilitates the retrieval,
interaction, and management of resources (Horrocks and Hendler, 2002; Studer and
Stabb, 2003). After examining several well-known ontologies such as ACM Computer
Classification System and SWEBOK ontology, we found that they are not suitable for
our situation because their coverage is too generic. For example, “Digital Libraries”,
which is the top concept in DiLight, is at the third level under “Information Systems”
and “Information Storage and Retrieval” in the ACM Computer Classification System
without any further detailed classification. Therefore, we built our ontology and
decided that it should be a DL course-oriented ontology, which aims at describing the
DL concepts and their relationships discussed in the DL course.

There is no “correct” way or methodology to model a domain into an ontology
(Noy and McGuinness, 2001). Different purposes and tasks usually end up with
different versions of ontology. However, we identified that our ontology should satisfy
three requirements:

(1) organise and visualise major topics of the DL course through hierarchical and
association relationships;

(2) support students’ access to materials relevant to certain topics; and

(3) allow future integration with other courses on DL or related domains.

Figure 4.
A configuration file for the
DiLight collection
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Although the actual content of courses varies substantially, we observe that there is
always a set of common concept classes shared among different courses, and the
relationships among the concept classes are often relatively stable. For instance, a
course usually consists of several “discussion points”, which can be related to “topics”,
“standards”, “applications”, “technologies and techniques”, and so on. Therefore, we
designed a relatively small set of conceptual and relational types to capture the
essential structure existing in courses. Our goal is to make the types and structures
simple enough to be understood, yet with adequate expressive and extensible power so
that the ontology can be broadly adopted and easily applied later in other course
domains. Figure 5 shows some major classes and relations created in our DL ontology,
which currently contains 16 classes (i.e. applications, discussion points, issues, models
and frameworks, theories and methodologies, topics, standards, statements, etc.) and
43 relations (i.e. apply, based_on, derived_from, discuss, has_issues, illustrate, modify,
propose, extend, etc.).

Multiple access methods in DiLight
Users’ IA methods can be categorised as either passively receiving updates or actively
seeking information. Recommendation and filtering are two commonly used
technologies for the former, as search and browsing are for the latter. The DSpace
framework provides some basic passive methods, including e-mail signup for receiving
collection updates, and simple keyword search by title, author, or full content. Users
can also browse the collections by title, author, or dates.

With supporting students’ various access requirements in mind, DiLight’s
extensions to access methods have been concentrated on four areas:

(1) lecture-based browsing;

(2) ontology-based browsing;

(3) ontology-based search; and

(4) association recommendation.

Figure 5.
Some classes and relations
in the DL course ontology
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Lecture-based browsing. A course contains a series of lectures. Students are often
required to access materials by lectures, or remember course topics by lectures.
Therefore, the lectures and a clear association between them and course materials are
shown in DiLight. We utilise the “collection” level of document groups in DSpace to
represent each lecture. Users can browse through the lecture collection hierarchy to
locate certain topics within a particular lecture and their corresponding documents
(Figure 6).

Ontology-based browsing. Dicheva and Dichev (2004) stated that students are often
unaware of the complete context of a learning task, and thus need help in getting oriented
to the conceptual structure of the subject domain. The ontology we constructed can be
utilised as a visual presentation of the conceptual structure of DL course topics. With the
43 types of relationships provided in the ontology, students can navigate through the
hierarchical structure, and explore or discover internal semantic relationships among
course topics/concepts. For example, from the “Access Management” topic it is possible
and reasonable for students to jump to the “Security Issues in DL” and “Security in Data
Transmission” topics (Figure 7). We acknowledge that it is not ideal to visualise the
ontology as a hierarchical tree structure because it artificially imposes certain orders
among the topics. However, what motivated us to take this approach is that it is
relatively straightforward to integrate the ontology with the rest of the DiLight interface,
which is basically a text-based webpage environment. We are working on a java-based
visualisation module as a future enhancement of DiLight. In addition to the associated
relationships between nodes in the ontology, such as “illustrated by” and “has problems”
presented in Figure 7, the visualised ontology is still a network, not a strict tree structure.

Ontology-based search. Similar to searching in other environments, one of the
biggest problems that students face in their retrieval of course materials is which terms
or keywords should be used in their queries. Simple keyword searches are valuable

Figure 6.
Lecture-based browsing in
DiLight
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when students know exactly what they are looking for and/or the information inside
documents can be well defined as unique keywords. However, keyword searches often
return irrelevant documents containing homonyms (e.g. “organisation” used in
collection building and in communities), and miss truly relevant documents that use
synonyms (e.g. “architecture” vs “framework”) or abbreviations (e.g. “Digital Library”
and “DL”). Since teachers and students may have different viewpoints about the
materials, and/or different levels of knowledge about the learning materials, the
above-mentioned term mismatch problem could be common in e-learning systems.
An ontology-based search can overcome this problem by utilising its interconnected
concepts and associative relationships. It can locate documents that are semantically
similar to the query terms regardless of the surface difference, thus achieving more
accurate or comprehensive retrieval results. For instance, our collection contains three
documents concerning data encryption. Document A is about Message-Digest
Algorithm 5 (MD5), B is about RSA (which stands for Rivest, Shamir and Adleman,
a public-key encryption technology), and C is about Data Encryption Standard (DES).
A is assigned to ontology node “Algorithm in Data Transmission”, whereas B and C are
assigned to the node “Technique and Standard in Data Transmission”, which is related
to “Algorithm in Data Transmission”. A normal keyword search on “RSA” would only
return B. However, our ontology-based search can also return A and C because nodes
A and C are related to B, even though neither A nor C contains the keyword “RSA”.
Another advantage of ontology-based search is that it provides facilities to explicitly
specify the scope of a search. This is especially useful when the user has knowledge
about the possible areas/scopes of the information sought. A clearly defined scope
helps to reduce ambiguities in query terms and increase search accuracy (Vallet et al.,
2005). For example, as shown in Figure 8, students have been trained to know that if

Figure 7.
Ontology-based browsing
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“digital signature” is within the scope of security issues in DL, they can explicitly
identify the search scope as within the topic “Security Issues in DL” instead of
searching the whole data repository of DiLight.

Associated recommendation. Content-based browsing enables access to materials
via links between parent and child nodes, whereas ontology-based search provides a set
of access points to the topics over the whole course. Both of them are limited in
providing navigation beyond the immediately linked topics (Large et al., 1999).
However, sometimes it is important for students to build up understanding about
related topics that are taught in different classes or under different circumstances.
When the students’ understanding of a topic is low, they need to be directed
intelligently towards relevant resources. For example, it is important for students to
understand that the discussion of different communities in DL in the lecture
“Introduction of DL” is related to the different economic models for DL under the lecture
“Economic Issues of DL”. In this situation, with a comprehensive understanding of
internal connections between different topics, the teacher can simply utilise the
“derived from” relationship in our ontology to explicitly markup the connection. With
such relationships, documents in both topics are linked together across the ontology.
Thus, an associated recommendation is provided when students access either of
the topics.

A summative evaluation of DiLight
The ultimate goal of our evaluations is to understand the degree to which DiLight will
help students in their studies. Ideally, examinations of students’ interactions with
DiLight would be conducted in the students’ own study settings. However, for our
summative evaluation, we took the route of controlled experiments, where the tasks,
the systems used, and the order of completion of the tasks on the systems were

Figure 8.
Scope specification in
ontology-based search
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designed and assigned by us, the experimenters, rather than developed and determined
by the students. This level of control helped us to avoid factors that could affect
the results but are irrelevant to the goal of the study, so that we could concentrate
on the specific research questions to be answered (Grubišić et al., 2009). It also enabled
us to collect rich data about the students and their interactions with the systems so that
a deep analysis can be performed.

Experiment design
According to Bloom’s Taxonomy (Bloom and Krathwohl, 1956), students’ learning
skills can be divided into six different levels: knowledge, comprehension, application,
analysis, synthesis, and evaluation. Students cannot obtain higher level skills unless
they have solid foundations for the lower level skills. In our experiment, therefore, we
concentrated on the basic level (knowledge) and a middle level (application) with the
goal to examine whether DiLight can provide superior support over existing
commercial learning support systems.

Our study concentrated on examining the systems’ support for accessing materials.
Our motivation was that retrieving information is one of the most important aspects of
the learning process, and a good learning support system should have the capability to
help students find the information they want effectively and efficiently. Therefore, with
the assumption that a good learning support system would help students recall and
thus retrieve the materials in the collection (i.e. related to the knowledge level of
learning skills) and associate different concepts in the collection and locate the
materials for confirmation (i.e. related to the application level of learning skills).
The hypotheses examined in our formal summative evaluation were:

H1. Students can recall and locate course materials effectively when using the
DiLight system.

H2. Students can apply their knowledge and associate several course-related
materials effectively when using the DiLight system.

Consequently, the tasks that students performed in our summative evaluation could be
classified into two groups. The first group consisted of four tasks (T1-T4 in the
following discussion), whose goal was to test H1. They concentrated on recalling and
locating specific concepts or topics in the collection. For example, T3 asked students to
find the slide number of the course topic “what is lossless compression?” The second
group, which was to test H2, also contained four tasks (T5-T8). They focused on
associating various concepts based on the students’ knowledge and/or the help of
the system. For example, task T5 was about “which techniques can be used to solve the
problem of ‘which objects are to be digitised’?”, and the students should find the slide
number of the course material that could be used to support their answers. The details
of the eight tasks are as follows:

. T1. Find the document that contains the answer to “which layer of the 5s model
is related to the study of organising digital objects into collections?”.

. T2. Find the document that contains the information supporting the statement
“URN is related to identifiers of digital objects”.

. T3. Find the document that contains the answer to “what is lossless
compression?”.
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. T4. Find the document that contains the information that is “the illustration of
structural metadata”.

. T5. Find the document(s) that contain the answer to “which techniques can be
used to solve the problem of ‘which objects are to be digitised’?”.

. T6. Find the document(s) that contain the answer to “which problem do
metadata schema registries try to solve?”.

. T7. Find the document(s) that contain the answer to “which retrieval scenario
has the “deep web” issue?”.

. T8. Find the document(s) that contain the answer to “digital watermark is a
technique to resolve which kind of problems?”.

Partially to keep the experiment under a certain time limit, and partially to simulate a
situation where students are required to find answers under time pressure such as in
exams, we set a five-minute time limit for each task to be completed (Zaiane and Luo,
2001). We acknowledge that this excludes access scenarios where students do not have
any time limit. However, we think that there is adequate justification to make the time
limit from both the experiment procedure and the efficiency of the e-learning systems.

Our experiment is comparative in nature so the effectiveness of our system can be
demonstrated by comparing it with a baseline system (Montgomery, 2006). The
baseline system used in the experiment was CourseWeb (essentially the BlackBoard
system). It has been widely used in various teaching and learning environments, and
students in the DL course have been using it since the beginning of the course.
Therefore, the participants were very familiar with the system, including the
organisation of the course-related materials in it.

Our experiment took the commonly used within-subject design (Greenwald, 1976)
where each student performed repeated trials (e.g. several accesses, each for a different
task) on both the DiLight system and the baseline system. The order of those trials was
varied systematically in order to block (i.e. average out) the effect of presentation order
on learning and fatigue and the effects of individual differences in students and tasks
because of different levels of task difficulty. Consequently, we can be confident that our
analysis focuses on the desired effect factor (i.e. the systems). A Latin Square was used
as the basis for rotating presentation order.

The data used in the experiment include all slides presented in the classes, a total of
988 slides. Since only half of the course had been taught at the time of the experiment,
materials from the first six weeks – 585 slides in total – were used for the experiment.
The eight tasks mentioned above were based on this collection.

We adopted several performance measures from the literature in this experiment
(Mark and Greer, 1993). The first one is task completion rate (TCR), which is the
percentage of the participants who correctly found the right answer for a specific topic.
In our collection, the correct answer to a task might appear in several places. This is
because a topic might be discussed more thoroughly when it is first introduced at one
point in the course, but it could also be briefly repeated or reviewed later in the course.
Although all those mentions could be the correct answers, it is much more preferable
to find the first primary mention that was discussed in the class. Therefore, we
differentiate a strict version of task completion rate (i.e. strict completion rate, STCR)
which only counts the finding of the first primary mention as the correct answer,
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and a loose version of task completion rate (i.e. loose completion rate, LTCR), where
finding any mention of the answer is viewed as task completed. Both of the measures
were used in the result analysis.

The second measure is task completion speed (TCS) which is the time that a student
used to finish a task. If a task was not finished before the end of the allocated time
(i.e. five minutes), the maximum allocation time (i.e. five minutes) was used as the time.
If the answer that the participant found was wrong, the task was treated as incomplete,
and thus five minutes was taken as the completion time rather than their raw time.

The formal experiment for each participant lasted for about 90 minutes. The
experiment always started with a 15 minutes of training to let students refresh their
memory about using various tools provided by CourseWeb and DiLight. They then
performed four tasks using one system, and switched to the other system to perform
the remaining four tasks. Tasks regarding H1 and H2 were mixed together when they
were plotted in a rotation matrix based on the Latin Square principle (Montgomery,
2006). There was an entry questionnaire collecting students’ basic demographic data
including their search and general DL background. A pre-task questionnaire was
presented before each task to determine the student’s familiarity with that specific
task. Students were also asked to fill in a post-task questionnaire after finishing each
task and a post-system questionnaire after having done all four tasks on one system.

Participant profiles
A total of ten students participated in our summative evaluation. Their profiles are:

. Most (seven) participants were native speakers of English.

. Most (seven) participants were female, and the average age of all participants
was 28, with the youngest being 24 and the oldest being 47.

. All participants reported that they use computers and search services very
frequently. Eight participants reported that they had knowledge about basic IT
technology such as CPU, TCP/IP, and HTML.

. All participants had search experience. The average duration of their search
experience was about seven years, with a minimum of two years and maximum
of ten. Their average local library search experience was good. Their average
commercial online system search experience was moderate. Their average
www-search experience was excellent.

. All participants were LIS students, and had moderate experience with DL.

. All participants had experience in using the CourseWeb system.

Results analysis and discussion
Analysis by TCR
When examining the results in terms of TCR, we found that participants performed
better when they used DiLight than when they used CourseWeb under both LCR
(0.875 vs 0.55) and SCR (0.725 vs 0.4). Such differences are statistically significant in
both cases (paired two sample one tail t-test, p ¼ 0.03). This demonstrates that DiLight
is useful in helping students to complete their learning tasks.

However, from Figures 9 and 10, we can see that the statistical differences all come
from tasks related to H2 (T5-T8); students’ performance did not differ much between the
two systems in their H1 related tasks (T1-T4), especially under the measure of STCR.
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This seems to indicate that both systems provide similar support for subject recall and
retrieval of course topics for simple tasks. In this situation, the task difference is actually
a much bigger factor than the system difference.

Task T1 is an anomaly as shown in Figures 9 and 10. This task asked subjects to
find the answer to the question “which layer of the 5s model is related to the study of
organising digital objects into collections?” Although participants using DiLight
performed better than those using CourseWeb when measured by LCR, there was no
difference at all when measured by SCR, and there was a drop between the values of
LCR and SCR in results from both systems. It seems that participants managed to find
some related answers, but not the primary answer we wanted. Interestingly, subjects
using DiLight reported lower familiarity (1.8 vs 2.8) and higher difficulty (3.8 vs 3.2)
with the task than those using CourseWeb, but they managed to perform better when
measured by LCR.

Figures 9 and 10 also show that the significant difference between the two systems
comes from the performance of the group of tasks related to H2. On average, the
difference between using DiLight and using CourseWeb was 0.35 vs 0.95 when

Figure 10.
The TCR (strict) between
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The TCR (loose) between
the two systems
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measured by LCR, and 0.15 vs 0.8 when measured by SCR. The very low TCRs when
using CourseWeb under both measures indicate that participants were struggling and
probably did not receive much help from the system in this set of tasks. In contrast,
subjects using DiLight still performed very well even though the tasks had become
much more difficult.

T6 is an interesting task. It asked students to find the problem that “metadata schema
registries” try to solve. All subjects using DiLight found the correct answers. This is why
both the SCR and LCR are 100 percent. However, all subjects using CourseWeb failed at
this task. Our further examination of the data showed that among the five students who
performed T6 using CourseWeb, two students found wrong answers within five
minutes, and the other three did not find any answer at all. Both groups of students
indicated that they had relatively low familiarity with the task (both at 1.8), but the
DiLight group gave much lower ratings of task difficulty than the CourseWeb group
(2.2 vs 4.4). All these results seem to indicate that students received good quality support
when using DiLight for this task.

Analysis by TCS
Overall, compared with using CourseWeb, students spent less time using DiLight to
complete their tasks (see Figure 11 measured by TCS). The average was 146 seconds vs
204 seconds per task. The difference is statistically significant (paired two sample
one-tail t-test, p ¼ 0.034). The difference between the two systems also shows that
samples from DiLight had smaller standard deviation than that of CourseWeb (96 vs
108), which indicates that students using DiLight performed more consistently than
those using CourseWeb.

In Figure 11, we can see that students using DiLight took less time on T5 to T8 (the
group of tasks related to H2) than those using CourseWeb. This is consistent with
what we have observed in the analysis by TCR.

However, we could not see such clear superiority when examining the TCS of using
DiLight compared with using CourseWeb on T1 to T4 (the group related to H1).

Figure 11.
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Although overall we still can see that using DiLight can help students complete tasks
faster than using CourseWeb, but the difference is much smaller than for T5 to T8.
We can see that it actually took longer to complete T2 and T4 using DiLight.

T4 asked students to find an illustration of structural metadata presented in the
class. This task was rated as the most familiar task among all eight tasks, and students
using DiLight expressed slightly higher familiarity (3.8 vs 3.2). This task was also
considered the easiest task by students using CourseWeb (i.e. 1.6), and the second
easiest task by those using DiLight (i.e. 2.2). All these ratings were reflected by
the 100 percent TCR and the fastest TCS (in the case of CourseWeb) and near fastest
(in the case of DiLight) by both groups of students.

However, we also notice that the TCS using DiLight is not as good on T4 as that of
using CourseWeb, unlike the other tasks. We have an untested hypothesis about the
reason. We know that students can only use browsing as the means to access materials
in CourseWeb, and we also know from students’ feedback that they liked using the
various search methods provided in DiLight to find answers for their tasks. Therefore,
the advantages and limitations of browsing against search would affect their
performance between the two systems (Mackinlay and Zellweger, 1995). T4 is a task
that might be more difficult to complete via search. This is because the two important
terms related to T4 are “illustration” and “structural metadata”. The latter can be used
as a good keyword for search, but the first one is a descriptive term which is not a good
search term. This is because it only indicates that students need to find a diagram or
graphic presentation of structural metadata, which may not be accompanied by the
word “illustration”. Since browsing would not be affected by this problem, we think
that this is the reason that students performed slower when using DiLight. Of course,
browsing is provided in DiLight too, but it is usually used less often.

Analysis by subjective views
In the questionnaires, we gave to students after using each system, we asked for their
feedback on the support of the two systems and on the usefulness of the main access
methods provided by the two systems. The two questions were:

(1) the system you just used helpful in supporting your task?

(2) the specific access methods in the system helpful in supporting your task?

Figure 12 shows that all the students agreed or strongly agreed that DiLight was
helpful in supporting their tasks. This was consistent with what we obtained from the
students’ performance on the tasks. However, only 10 percent of the students strongly
agreed that CourseWeb was helpful. At the same time, 60 percent of students actually
disagreed or strongly disagreed that CourseWeb was helpful. We did not collect such
information after each task, so we could not tell whether students’ opinions on
CourseWeb would differ between the two groups of tasks.

Figure 13 shows that 60 percent of the students agreed or strongly agreed that the
ontology-based access methods in DiLight were helpful in supporting them to find
answers. Only 20 percent of students disagreed or strongly disagreed with that
statement. However, only 10 percent of students who used CourseWeb strongly agreed
that the browsing-based access method in CourseWeb was helpful. On the contrary,
about 60 percent of students disagreed or strongly disagreed with that statement.
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Discussion of the findings
The results from the summative evaluation show that DiLight can provide
significantly better support for students’ learning tasks than that of CourseWeb, one
of the widely used commercial e-learning systems. Therefore, DiLight has
demonstrated its usefulness in e-learning environments.

As to the two hypotheses studied in the formal summative evaluation, we have to
reject H1 because both systems provided some support for students’ basic knowledge
recall and retrieval from the collection. Although the results from DiLight were slightly
better in terms of both TCR and TCS, the difference was not significant. However, we
did find that DiLight helped students better even when students were either less
familiar with the tasks or felt the tasks were more difficult.

We accept H2 because students using DiLight consistently outperformed those
using CourseWeb on those tasks related to H2. We can see that it was because of the
performance on these tasks that the DiLight system had significantly better results
than CourseWeb. This demonstrates that DiLight can help students in applying what
they have learned into tasks involving relationship discovery and problem solving.

Figure 13.
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Students’ performance on T4 might demonstrate that there is no single access
method that is the best for all situations. Sometimes, search-based methods can find the
answers quickly but in other cases browsing-based methods may be better. This
further confirms our belief that there should be multiple IA methods built into
e-learning systems to cope with different tasks, demands or preferences from students,
and other possible situations. Of course, we acknowledge that more studies are needed
to further confirm this finding.

The experiment demonstrated that DiLight has high quality in functionality and
usability. It contains almost all the information that is needed for the DL course,
including readings, slides, and videos. Browsing, search and ontology-based functions
are adequate for students to accomplish their tasks. Although the search function
(including basic search and advanced search) was generally the first choice of the
students, ontology-based methods were useful in supporting their tasks too.

Of course, the current implementation of DiLight still has its limitations. To input
course materials into the system, the teacher has to manually construct the configure file
so that the slides and other related materials can be correctly divided into topic based
documents. For motivated teachers this would not be an issue since the configure file can
be a by-product of their design of the course materials. However, when the amount of
materials to be added is large, it is time consuming. One possible extension of DiLight to
solve this limitation is to use an automatic clustering technique to group slides that are
similar in content together. Another limitation is related to the ontology building for the
course content. Right now, the ontology related to the course materials is built manually
by the teachers. Again, for motivated teachers who know the topic area well, with
modern ontology building tools, this is not an impossible task. More importantly, along
with the further development of knowledge representation in many topic areas, ontology
is becoming available for many domains. Such ontology can be easily integrated into
DiLight to provide ontology based IA. No matter how these two limitations are
addressed, the basic innovation features of DiLight would not be affected.

Conclusion and future work
With the advance of web-based information technology, e-learning technology has
become an important extension to traditional instruction methods. However, it also
faces some challenges in terms of collection management, material access methods, and
collaboration among students and teachers. We believe that DL technologies,
combined with knowledge representation and IA technologies, can be the underlying
platform for developing an effective e-learning system. DiLight is such a system and
was developed to provide interactive, integrated, and effective learning support for
students. Using DSpace as the framework, DiLight provides powerful and flexible
collection management capabilities, knowledge-rich content representation, and
multiple IA methods including ontology-based methods to help students with different
backgrounds, needs, and preferences.

We also presented the evaluations of the usefulness of the DiLight system. Through
a formal summative experiment, we have examined the roles that DiLight could play in
supporting students’ learning tasks in the form of basic knowledge recall and retrieval,
and more advanced knowledge association. CourseWeb, a local version of BlackBoard,
was used as the baseline in the formal evaluation. The experiment results show that
DiLight can provide slightly better support than the baseline in helping students’
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basic knowledge recall and retrieval tasks, but DiLight’s support was significantly
better in helping students’ advanced knowledge association tasks. The multiple access
methods were considered the major contribution of this system, and a large majority of
students praised the usefulness of DiLight. Our study also shows that it is necessary to
provide multiple access methods in learning support systems, because students may
need different tools to access materials, depending on the task. The study also shows
that, although the ontology is a useful presentation of the topics in the DL course,
students need more time and mental effort to master the concept of ontology and to
develop strategies for using it sensibly.

Further directions of this work include examining the usefulness and robustness of
DiLight with more courses, integrating ontology from different sources to express
different views of the topics, and developing collaborative mechanisms to support
learning and tutoring among students.
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