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ABSTRACT

The amount of information we can obtain from the WWW is enormous. However, the users are often
confused with search results due to irrelevant information, misinformation, insufficient information, etc. This
paper proposes a metadata management system irying to facilitate obtaining right information on the Web.
Elements of the metadata for Web coursewares are selected and their relationships are identified in order to
organize them in a relational database. Procedures to obtain the metadata are implemented in the Microsoft
ASP(Active Server Pages). The system provides user-friendly interfaces to give essential information on the
Web coursewares and to handle users’ enquiries correctly and efficiently.
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1. Introduction Web users often experience difficulties using

keyword-matching type of search engines, which can

Search engines mostly use keyword-matching be summed up as follows;

techniques to retrieve information on the Web by 1) Unwanted search results due to lack of ability

reading the heading/body of Web pages. Different
search engines produce different results because they
employ different search algorithms and databases.

* A3 rasdte Jdusa 2ue

to filter out irrelevant Web pages.
2) Excluding important documents due to the
failure to assess the significance of the documents.
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3) Irrelevant information due to the limited
means of accepting user input.

It should be noted that users have no way to
express specific enquiries about WBI

(Web-based Instruction) courses such as courseware
type, author, multimedia, and so on.

General-purpose  search  engines have the
above-mentioned shortcomings which are not going
to be overcome in the near future. The paper shows
that a reliable and efficient search mechanism can
be devised by utilizing metadata on Web courses
rather than using keyword-matching. Organizing and
managing metadata on Web courses allows users to
search for their educational needs. The system
requires an initial build-up of metadata database on
selected Web courses, and continual updates to the
database are necessary to keep the database
meaningful.

The elements of the metadata proposed in this paper
can be considered as an extension of the Dublin Core
format defined in 1995[12]. Nevertheless, the format is
not sufficient in representing Web-based instructional
materials because it was originally designed for general
type of electronic documents, not specifically for Web
coursewares|8].

2. Domains of Metadata for WBI Courses

2.1 Identifying Four Domains

The categorization of metadata for WBI courses
clarifies the nature of metadata and gives the clue
to designing a metadata database. The categorization
presented in the paper emphasizes the importance of
the Web environment in which teaching and
learning activities are mainly taken place.

Metadata can be categorized into four domains in temms
of the characteristics of information on WBI ocourses. The
four domains are document information domain, Web
technology information domain, presentation information

domain, and instruction information domain. Bach domain
comprises a set of elements which characterizes the
specific information domain.

1) Document Information Domain : This domain
of information describes the overall picture of
a courseware. Many educators concern about
the authenticity, validity, and reliability of
Web materials. To reduce the negative aspects
of Web courses the designet/developer must
specify essential information on the courses.
For example, the information on authors
suggests the quality of a course. Elements of
the document information domain are

courseware information, author information,

location information, revision information,
types of courseware, user review, hardware
and software requirements, and user manuals
[11,[41,I5).

2) Web Technology Information Domain : This
domain describes how technological features are
incorporated  into  Web  courses. Web-specific
techniques are necessary to develop courses for
Web-based leaming environment. As the Web
techonology advances new instructional techniques
must be devised and properly incotporated into
Web courses. Elements of the domain include:
accessibility to the course, ease of use, link-related
characteristics, course management techniques,
operational capabilities, interactivity, application
program utilization, and external device utilization
@711

3) Presentation Information Domain : The domain
focuses on the appropriateness of presentation of
courseware contents. The main concetn in the
donuin is how an instructional goal can be achieved
via the Web presentation as opposed to traditional
media such as books and CD-ROMs. The elements
of the domain consist of human interfaces, textual
presentation, multimedia  presentation, types of
presentation structure [2),[5].
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4) Instruction Information Domain : The domain tells
what instructional goal is and what strategy is used
for achieving the goal. This type of information
would benefit instructors for selecting suitable
courses for various instructional purposes. Elements
of the domain are the following; instructional goal,
instructional  strategy, and instructional model
[31,[41,010].

The categorization presented here includes most
of the eclements relevant to evaluate WBI courses
allowing users to choose courses that suit their
needs.

2.2 Extracting Metadata out of the
Four Domains

We categorize information on WBI courses into
four domains each of which consists of a set of
metadata as the following;

1) Document Information Domain : Courseware
information (courseware title, subject, topic,
grades, courseware type), author information
(number of authors, author name, occupation,
research area, E-mail address, phone number),
help information (reference, how-to guides,
guide),
information (URL, E-mail address of the site

manual,  troubleshooting location
manager, introductory statement to the course
producer), revision information (revision dates,
version number, revision details, revision plan),
evaluation information (accuracy, authenticity,
usability, effectiveness, suitability).
2) Web  Technology Information
Accessibility to the site,

Domain

transfer time,
independence of Web browers/programs, ease
of use, link-related characteristics, operational
capabilities, interactivity, application program

utilization, external device utilization.

3) Presentation Information Domain : Human interfaces
(page layout, organization, economy, communication,
consistency, aesthetic integrity), textual presentation
(legibility, interactiveness), multimedia presentation
(types of media, content description), presentation
structure (hierarchical, sequential, hypermedia).

4) Instruction Information Domain : Instructional
goal, instructional strategy, instructional model.

3. Evaluation Procedure

3.1 Overview of the Interface

Metadata of WBI courses can primarily be collected
during the evaluation procedure by different types of users
- developers, site managers, teachers, and students. The
developers initially provide infrinsic information on the
courses from their point of view. The information
provided by the developers encompass the entire range of
the four domains, which is stored on a metadata database
before the course is delivered to end-users (i.e., teachers
and students).

The endusers may ask the system to find Web
courses for their needs through the system’s interface.
And then the metadata management system responds to
the search request by looking at the metadata stored by
the course provider. Now, the end-users are asked to
comment about the course. The user’s evaluation on the
course is stored on the metadata database which later can
be used by other end-users. Also, the developers might
access to the evaluation as a feedback so that they can
improve or develop a better Web course in the future.
{Fig. 1] shows the overview of the interfaces.
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[FMg. 1] Metadata management system diagram

OUTPUT INTERFACE

The metadata management system provides an
evaluation form to be filled by evaluators so that
the assessment can be done formally and efficiently.
The evaluation form provides a formalized way to
assess coursewares on the Web. Questions in the
form may be administered differently according to
different types of users. Two types of evaluation
forms are designed for two types of end-users -
teachers and students - because they have different
perspectives in judging the quality of WBI courses.

3.2 Interface Design for Input

There are four types of users accessible to the system
- developer, site manager, teacher, and student. Each user
has different purposes and perspectives from which
different interfaces can be devised. Users can input their
responses through different interfaces according to the user
type. Especially, utilizing feedback from end-users is
conducive to better leaming materials in the future.
Interfaces for developer and site manager are not
accessible to end-users so that system-related information
is secured.

The developer and site manager can give useful
information on WBI courses for end-users to access
what they want. The developer can provide the

essential information on the material such as
courseware and author information. Location
information and revision information are provided by
the site manager whose duty is to maintain the
system reliable.

Teachers are mainly interested in the effectiveness
of Web coursewares. Teachers should get enough
information to decide whether or not coursewares
can be used in any form of instruction for their
instructional needs. A preliminary review must be
done before actual utilization. It would be quite
beneficial to other users if teachers keep record of
their experiences with coursewares.

Students can search information on the Web and
they can utilize the information provided by the
system. Also, students can express their experiences,
feelings, and so on. The responses generated by
students will encourage or discourage other students
to try.

The following is the list of information to be provided
by developers - information on courseware, author, help,
revision, browser, external device, application program,
multimedia, presentation structure, and  instruction.
Information on location and site management is provided
by the site manager.

Teachers’ responses can comprise the following; ability
to achieve the instructional goal, appropriateness of the
instructional strategy used, accessibility to the site, ease of
use, link-related characteristics (consistency, aesthetic
integrity, economy, problems with navigation), interactivity,
multimedia utilization, problems with external devices,
application program utilization, legibility, and so on.

Students responses are often valuable opinion
which courseware developers should pay heed to.
There can be some discrepancies between what the
developers expect students to leamn from the product
and what they actually learn from it because they
sometimes do not look and feel the same way as
developers do. Data can be gathered for various
kinds of responses such as legibility, ease of use,
interactivity, muitimedia utilization, problems with
network, and so on.
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[Fig. 2] depicts relationship between types of
users and metadata in which an arrow is drawn if a
user is permitted to store information.
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[Fig. 2] Types of users with write privilege on
metadata
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3.3 Interface Design for Output

The output interface is designed to provide
essential information on Web coursewares to various
types of users. Information can be searched by one
or more of the following search variables; topic,
subject, courseware title, grade, author, and
description of multimedia. Search results will be the
list of courseware titles that are satisfied by the
search conditions provided by the user. The above
variables can be wused in a search enquiry
individually or collectively. Logical connectors are
used to form a query when there are two or more
search variables are involved. Other variables can be
included in a query for a better search result.

For efficiency consideration, we need to elaborate

on the use of two or more variables for a search.
Using topic as a search variable obviates the use of
subject because the former is more precise than the
latter. Keywords extracted from words appear in the
topic are passed to the search engine and the result
is given out as the list of all coursewares matching
at least one keyword. The resulting list is sorted by
the number of matches in a descending order.
Courseware title can be searched similarly. We note
that subject or topic is redundant when courseware
title is used because title information is more
precise. Using subject alone could result in very
long list of coursewares. Grade can be used with
any other variables.

Multimedia content description can be used to
search a multimedia content matching the description
inputted by the user and the result will be the list
of all media contents satisfying the enquiry.

Other data can be used as search variables for a
variety of reasons. Although every information
stored on a database can be involved in a search,
not all data are practical. If someone tries to find
out Web courses of game type for a mathematical
topic, then courseware type must be used as a
search variable. Some users might be interested in
courses written by a particular author, or developed
by a particular institute.

4. Database Design and Implementation

We organize metadata extracted from the four
domains of information in order to build a relational
database, which is depicted briefly in [Fig. 3] as an
E-R (Entity-Relationship) diagram consisting of
seven entities (whose attributes are omitted for
brevity).

The design was implemented in the Microsoft
ASP (Active Server Pages) and the database was
built on an NT server. Metadata were obtained from
manual search and evaluation by a group of
students and teachers trained for the purpose.
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Automatic evaluation does not seem to be practical.
standardized documents would facilitate
gathering and

However,
organizing metadata. Currently,
XML-based documents are emerging and gathering
much attention[6],[9].

AUTHOR | | DEVELOPRR | | manaGER |
m m 1
m m m

m m m
[ MuutvEDIA | | EVALUATION | | REVISION

[Fig. 3] E-R diagram for Web course management
database

Relations and their attributes are shown as

follows;
<Table 1> Web Course Relation
Attributes Data Type Write Privilege

course ID serial no. manager
operater ID serial no. manager
version number developer
title text developer
subject text developer
topic text developer
grade number developer
type text developer
URL text developer
goal text developer
strategy text developer
model text developer
layout text developer
structure text developer
reference text developer
how-to-guide text developer
manual text

<Table 2> Author Relation

Attributes Data Type Write Privilege
author ID serial no. manager
name text manager
occupation text manager
affliation text manager
E-mail text manager
phone text manager
<Table 3> Developer Relation
Attributes Daia Type Write Privilege
developer ID serial no. manager
name text manager
afflication text manager
E-mail text manager
phone text manager

<Table 4>Site Manager Relation

Attributes Data Type Write Privilege
manager ID serial no. manager
URL text manager
name text manager
E-mail text manager
site-information  text manager

<Table 5> Revison Relation

Attributes Data Type Write Privilege
revision ID serial no. manager
course [D serial no. manager
date text developer
detail text developer

<Table 6> Evaluation Relation

Attributes Data Type Write Privilege
eval ID serial no. manager
course ID serial no. manager
version number manager
date date teacher, student
evaluator type text teacher, student
evaluator name text teacher, student
evaluator grade  |number student
accuracy text teacher
authenticy text teacher
suitability text teacher
effectiveness text teacher
usability text teacher
legibility text teacher, student
interactivity text teacher, student
communication text teacher, student
aesthetic integrity [text teacher, student
application program |text teacher, student
external device text teacher, student
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<Table 7> Multimedia Relation

Attributes Data Type Write Privilege
multimedia ID serial no. manager
type text manager
size text manager
location text manager
author name text manager
description text manager

5. Conclusion

Searches based on metadata database outperform
general-purpose  search  engines based on keyword
matching in terms of correctness, authenticity, and
efficiency. Users feel comfortable using well-organized,
user-friendly interface to access educational materials for
their special needs. In addition, users can participate in
the improvement of the database by commenting on
Web materials they experienced.

Metadata system should be maintained regularly by
experts, which involves addition of new materials, deletion
of obsolete ones, and modifications to existing ones.
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