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1. INTRODUCTION - MOTIVATION

The ubiquity of the Internet and the World Wide Web in all the fields of the new
knowledge-based economy is setting new demands and requirements for the engineering
of hypermedia applications. The evolution from hand-crafted personal web-pages to the
multi-billion market of mmplex elearning, ecommerce and egovernment applications
has happened too fast and is not to be taken lightly while developing such applications.
Regretfully, arbitrary, anarchic approaches and ad hoc methodol ogies that were originally
used for web site development, still dominate the current state of application
development in the Web environment. It is more than evident that web sites cannot be
designed and implemented like they used to be. Instead these trial-and-error approaches,
must relinquish to nethodic and systematic engineering approaches for hypermedia
development (Lowe and Hall [1999], Murugesan [1999]). Therefore the construction of
high quality hypermedia applications within specific time and fund limitsinflicts the need
for development methodol ogies.

In contrast to generic software engineering, where significant progress has been made
the past twenty years, there is still a great deal of work to be done on formalizing process
models, and defining methodologies or design methods for hypermedia applications
(Lowe and Hall [1999]). In this paper we do not intend to tackle the hypermedia
development process as a whole but rather to focus on the design phase by presenting a
simple design method, giving emphasis on the conceptual design of web-based
educational applications. We present an object oriented meta-model which can serve as a
guide or a pattern for constructing a web-based educational application (WbEA)
conceptual design.

This model provides sufficient means to create complete, flexible, well -structured and
easily maintainable design blueprints of the WbEA. This model expresses an overall
structure of the resources that comprise a WbEA as well astheir semantic relationships.

The requirements that this meta-model had to meet were (K oper [ 2001]):

1. Formalisation: its notation system must describe a WbEA and its constituents in a
formal manner

2. Completeness: its notation system must be able to fully describe a WbEA, including
all types of its constituents, the relationships among them and their behavior

3.  Reproducibility: its notation system must describe a WbEA and its constituents in an
abstract level so that repeated execution/adoption is possible for specific subject
domains

4. Compatibility: its notation system must fit in with the available standards and
specifications (IMS, IEEE LTSC, SCORM, etc.)

5. Reusability: its notation system must make it possible to identify, isolate,
decontextualize, exchange and re-use constituents of a WbEA.

The rest of the paper is structured as following: In section 2, an overview of the three
steps in the design process are described, followed by an analysis of the meta-model used
for the conceptual design in section 3. An instantiation of the meta-model is presented
through a case study of a undergraduate course on the subject domain of “Compilers’ in
section 4. In section 5 relevant work and is presented. Finally, section 6 contains some
concluding remarks.

2. CADMOS-D: A HYPERMEDIA DESIGN METHOD

CADMOS-D (design) is a method for the creation of the detailed design of a web-based
educational application, which includes structural details of the learning resources, the
navigational schema and templates for describing abstractly the graphical user interfaces.



This method follows the principles of the object oriented hypermedia design method
(OOHDM) (Schwabe and Rossi [1995], Schwabe and Rossi [1998]), which has provided
systematic ways to design generic hypermedia applications and not especially educational
ones.

CADMOS-D method, which belongs to a web-based educational application (WbEA)
development methodology—named CADMOS- described in Retalis and Skordalakis
[2001], proposes a stepwise design process, as shown in Fig. 1: Conceptual Design,
Navigational Design and Interface Design. The intermediate products of each step are
validated according to guidelines for formative evaluation of the instructional design
(checking structural, navigational, aesthetics and functional issues). The whole design
process is considered to be iterative, where in each iteration loop the design artefacts are
evaluated and the feedback from the evaluation is used for their improvement, until they
reach the desirable level.
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Fig. 1. — The three design steps.

2.1 Conceptual Design

In this step, the description of the WbEA is transformed into a conceptual design
following an object-oriented conceptual design meta-model. According to this meta-
model, a WbEA is a mosaic of learning resources, such as hierarchically arranged sets of
pages of an electronic book, web testing resources, on-the-fly pages, site maps, search
engines, etc. For each type of resource, the designer must specify the elements that
comprise it, such as media elements, active behavior, etc. Active behavior might mean
either static publishing (i.e. delivery of content through a set of structured linked media)
or dynamic publishing, meaning that the delivery of content can be made via “on-the-fly”



web pages (e.g. queries to databases) generated in the context of a server-side web
application environment (e.g. CGI, PHP, ASP, JSP, ColdFusion) or Learning
Management System. In order to serve the needs of the object-oriented data model, the
design method has adopted the UML notation. In particular, conceptual design adopts use
case diagrams and class diagrams from the UML repository. Use case diagrams depict
the ways that the WbEA is used by external actors, or in other words specify the system
functional requirements. Class diagrams contain object-oriented constructs such as
classes, interfaces, packages (grouping mechanisms), and various relationships between
them and aim at specifying in detail the hypermedia application structure at an abstract
level. For facilitating the construction of the domain specific class diagrams, CADMOS
D has proposed an abstract object oriented meta-model which is independent of
underlying subject domain of the application (i.e. mathematics, geography, etc.) but
provides a suitable platform to describe structural and navigational issues of the learning
resources.

2.2 Navigational Design

In this step the navigational schema of the WbEA is analytically designed, so that it
is clearly specified how web pages are inter-connected with hyperlinks. The data model
of the navigational design contains web pages, single and bi-directional hyperlinks. The
navigational design provides a way of checking the implementation of all the hyperlinks
in the final product. More importantly it facilitates the maintenance of the web site,
especially when web pages are added or deleted and hyperlinks to and from them have to
be updated. In this way, the well-known problem of ‘dangling’ links can be avoided. The
navigational structures proposed for this kind of design, are well accepted by many
hypermedia design approaches, such as HDM (Garzotto et al. [1993], Garzotto et al.
[1996]), RMM (Isakowitz et al. [1995], Isakowitz et al. [1997]) and OOHDM (Schwabe
and Rossi [1995], Schwabe and Rossi [1998]). More specifically they are: a) indices that
provide direct access to every indexed node, b) guided tours which are linear paths across
a number of nodes and c) indexed guided tours which combine the two previous
structures.

2.3 Interface Design

In this step, the Graphical User Interface (GUI) of the hypermedia application is
designed, that is the content, layout and ‘look and feel’ of the web pages. WbEA interface
design is ruled by the principles of the page metaphor, a practice taken from multimedia
engineering where it has been extensively adopted and used. Page metaphor is used to
specify the page components with graphic symbols and deploy them on the screen
showing their layout. Therefore, with the use of graphical semantics, the design depicts
the page form just as it will be implemented. The data model for the interface design
contains six kinds of page components: plain text, multimedia elements, active elements,
hyperlinks, frames and forms elements. The designs made are actually re-usable page
templates. For instance, if we design the page template of one paragraph of an on-line
book in a hypermedia application, then all the other paragraphs of the book might have
the same look, using the same components with the same layout, have the same frames
etc. During the interface design, except for designing page components and their layout,
we define certain metadata on them. All page components can have metadata that
describe various aspects of them, like author details, type or format etc. The definition of
metadata during the design phase is of paramount importance as it facilitates the
management of the page resources and their accessibility and reusability.



3. SPECIFICATION OF THE META-MODEL

In the present section we present an object-oriented meta-model for constructing a WbEA
conceptual design. This meta-model aims to help the designers in structuring the web-
based learning resources, representing the subject matter in various hypermedia
modalities, rendering it clear and accessible to the learning audience as well as and
conforming to learning standards and specifications.

The design meta-model proposed in this paper defines an extension of UML (Booch
et al. [1999]) suitable for modelling WbeA. UML provides explicit, built-in extension
mechanisms in order to render the specific semantics of elements belonging to domains
other than typical software systems design, namely stereotypes, and tagged values.
Stereotypes are adornments applied to existing UML elements altering their semantics,
thus extending the vocabulary of the language. Stereotyped elements can be presented
with symbols (or icons) different from the UML standard notation icons, thus extending
the visual vocabulary of the language. Tagged values are name-value pairs that provide
additional information (in the form of tags) to model elements.

This meta-model provides a guide in constructing a detailed conceptual schema of the
WbEA by means of a hierarchy of nodes of information corresponding to certain types of
resources. This hierarchical structure of hypermedia content emanates from Dexter nodel
for hypermedia systems (Halasz and Schwartz [1994]) and is also common in other
hypermedia application models proposed in Ferreira de Oliveira et al. [2001] and
Garzotto et al. [1993]. It also provides details of navigational aspects in terms of links
between nodes. A concrete conceptual design model of the WbEA on a specific subject
domain that is based on our meta-model should be considered as its instance. The
underlying ideas, we had to elaborated, are similar to other educational models, such as
the Educational Modelling Language (EML) [http://eml.ou.nl]:

1. Classify, or type the learning resources and their constituents of a WbEA in a
semantic network

2. Build a containing framework expressing the relationships between the typed
resources and their constituents

3. Define the structure for the content and behaviour of the different types of typed
resources and their constituents
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Fig. 2. Web-based learning resources.
The principles of this meta-model are the following:
- A WbEA is composed of learning resources Fig. 2). Learning resources are
organizational units of learning content each with specified learning objectives (Fig. 3).



Each resource contains either a number of web pages or other learning resources hence
organizing the WbEA in a hierarchical structure. This structure conforms to learning
content packaging standards like IMS [2001] and ADL [2001], so it is possible to
automate the process of mapping the model artefacts to one of the existing learning
technology standards. While learning resources are conceptual elements that allow the
structure of the WbEA, they can have visual presentations by means of access pages (see
below) that contain links to actual content (content pages, and web testing resources).

Web pages include atomic elements, which are multimedia elements (audio, video, image

or simple text), active elements (applets, ActiveX controls, Flash objects), client scripting

code and form elements (Fig. 5). They can also contain navigational (structural) links

(e.g. forward, backward, back to the contents, etc.) It should be mentioned that the

navigational links implement structural relationships between the pages of the pages of

the courseware and are subject matter independent. For each link, its name and the linked
web page should be noted. Finally, each learning resource is (optionally) associated with
ametadata element (L TSC [2001]), containing information about the resource.

The web pages of the learning resources are divided into the following types, as
illustrated in Fig. 5:

1. Access Pages, whose learning content is minimal, used for navigational purposes
since they provide access to web pages with learning material. From one access page
the user can also navigate to another Access Page (as often happen with the contents
of the hypermedia book). As mentioned above, access pages usually are visual
instances of learning resources containing links to the learning resources and other
pages contained into the corresponding learning Resource.

2. Content pages, which include informative or learning material. These pages are
either “hard coded” (e.g. HTML files) or created on-the-fly, as in the case of .asp
pages. So a specification at alower lever must be made.

3. Web testing resources, which are web pages that have a unique structure and
functionality in the learning process. They contain open or close type of questions.
These resources could be created and maintained (graded, updated, etc.) by the
assessment tools of a learning technology system. Of course, they could be stand-
alone hypermedia applications. Web testing resources are sets of questions. Each
guestion resides in a content page and is associated with a response element, as
shown in Fig. 4, which has information needed from the question and test system in
order to handle the question. The detailed data model as well as the types of the
guestions, are derived from the Question and Test Interoperability Standard of the
IMS consortium (IMS [2002]).

- A web page contains anchors which arerealisations of relationships among the web
pages of learning resources. Anchors can be either static navigations links or dynamic
links that activate a process that create on-the-fly web pages, as is the case of submitting
gueries to a database which isfollowed by the results’ dynamic publishing.

- A web page includes atomic elements, namely multimedia elements, active
elements, links and code in a mark-up language (e.g. HTML). Moreover, each one of
these elements contains embedded links which are subject specific and do not depend on
the general web-based courseware navigational schema. For some kinds of multimedia
elements, the designer must specify the software system (player) that will handle its
presentation, such as RealAudio or RealVideo, or a special plug-in. In Fig. 5, the abstract
structure of atomic elements, where media elements areillustrated using a class diagram.
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- Finally, for specifying the nature and behaviour of the active elements contained in
a web page, the designer should give details of the data model of language that will be
used for its development as well as the behaviour of the element. For example for a Java
applet the Java data model should be used. For a simple CGI script a transition diagram
will be enough to show its behaviour and guide the devel opers in itsimplementation.

This model was conceived to assist designers in their effort in order that a detailed
conceptual design model of their application on a specific subject domain can easily be
constructed. So, the designer’s main task is to reduce the abstraction level of the generic
meta-model presented so far by completely specifying the classes and their relationships
of concrete models conforming toit.

As mentioned before, the elements of this meta-conceptual schema, are not domain
specific but are themselves hypertext -oriented, much like the concepts of ‘component’
and ‘link’ in Dexter model. This approach does not circumvent the principle of separation
of concerns in Conceptual and Navigational design steps but rather considers the
Conceptual Design step as an early step where the learning material is structured into
learning resources in a hierarchical manner. These decisions on the organization of the
educational hypertext are further elaborated in the Navigational Design step constructing
the Navigational Model. Thus, decisions made in Conceptual and Navigational Design
are not orthogonal, but are related with each other, differing on the degree of focus on
either organization or navigational issues. This principle of tight coupling between
Conceptual, Navigational, Interface Design and Implementation makes elements of the
early conceptual model traceable back from, even from implemented WbEA alowing the
“reverse engineering” of existing WbEA. Furthermore, even concepts that naturally
correspond to the implementation phase such as “ Static” and “Dynamic” pages and links
appear in the conceptual model but they are actually implemented later, during the
implementation phase.




4. AN EXEMPLAR APPLICATION

In this section we present some parts of the detailed conceptual design of the web-based
educational application that was developed for the course “ AnIntroduction to Compilers’
offered by the Software Engineering Lab of the National Technical University of Athens.
This application includes a variety of learning resources such as. a hypermedia didactic
book, two case studies, self-assessment web based questionnaires, a collection of past
exam papers, a course description, and a study guide. Because of space limitation the
illustration of the utilisation of the object-oriented meta-model will be concentrated in
one of the case studies. It contains learning material for giving the students a complete
example on how to create a compiler for an educational language called “Russel”. This
case study has the structure of a hypermedia didactic book. It also contains active
elements that are being used by learners to test the validity of already prepared examples
as well as their own intermediate products during the development process of a compiler
(e.g. lexical analysis). The resources have been developed using HTML and CGI scripts
and have been stored on a web server that hosts the WebCT Learning Management
System [http://webct.softlab.ntua.gr]. The language of the learning material in the current
implementation is Greek and so we avoid showing the real interfaces (it will look Greek
toyou).

In Fig. 6 we present the structure of the WbEA. Four learning resources, each one
containing a set of web pages, both access and content pages have been devel oped.

<<WebEducApp!>>
IntroductionToCompilers

I

<<LearningResource>> — — =
DidacticBook earningresource

StudyGuide
<<LearningResource>>
CourseDescription <<LearningResource>>
CaseStudy
<<ContentPage>>
CodeCompilation
<<AccessPage>>
TableOfContents
<<ContentPage>>
LecticalAnalysis
<<ContentPage>> <<ContentPage>>
Intro SyntacticAnalysis <sContentPage>>
Yy Yy SemanticAnalysis

Fig. 6. Structure of the WBeA ‘Introduction to Compilers’.



In the following we will concentrate on showing the detailed design of the resource
Case Study. For simplicity reasons, only four of the actual 27 content pages contained
into the current learning resource are shown. An access page hamed Table Of Contentsis
shown containing links to the content pages of the current learning resource. As Fig. 7
shows, the Table Of Contents contains anchors that realise both static and dynamic

linking.
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Fig. 7. Structure of the learning resource ‘Case Study’.

<OnTheFlyPage>:
Example

Fig. 8 shows a particular page of the resource Case Sudy that has text and a form
element, and it is used for validating the intermediate products during the development
process of the “Russel” compiler.

Though it is not obvious from the simple previous example, there may exist nesting
structures of learning resources of an arbitrary depth. We propose a recursive process of
identifying the learning resources of a particular WbEA until the definition of the web
pages and their contained atomic elements, which are the finer granularity elements in
this model.
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5. RELATION WITH OTHER MODELS AND METHODS

The conceptual meta-model we propose is based on or influenced by previous established
models for web and hypermedia engineering.

The Dexter Hypertext Reference Model (Halasz and Schwartz [1994]) proposes three
layers of hypertext organization: Runtime Layer, defining the dynamic aspects of
interacting with hypertext, Storage Layer, where the actual nodes and links of hypertext
are represented and the Within Component Layer where the internal content of hypertext
nodes is described. The hierarchical structure of hypertext nodes in the Storage Layer is
particularly appropriate in the modeling of WbEA and is adopted in our model.

HDM (Garzotto et al. [1993], Garzotto et al. [1996]) provides a model for high-level
hypertext design. Like Dexter, model preserves the hierarchical structure of hypertext
nodes but in addition supplies domain specific concepts, namely Entities and
Components, so facilitating the definition of a conceptual schema of a hypertext
application. The application itself is considered as an implementation of the previous
schema and thus the model provides separation between conceptual design and
implementation. In the same manner our model provides a conceptual organization of the
educational through structuring of learning resources. The implementation of the
previous organization in terms of navigation structure, user interface layout and actual
content creation is taking place in later steps than the conceptual design, described in this
paper.

OOHDM, described in Schwabe and Rossi [1995] and Schwabe and Rossi [1998]
clearly proposes the separation between Conceptual, Navigational and User Interface



Design steps in the development of hypermedia applications, suggesting certain types of
models for each step. We follow this separation in the process of designing WbEA,
though in the present paper we only deal with conceptual design.

Conallen’s approach (Conallen [1999]) introduces a UML extension for web
application architecture modeling. While web-site modeling is more implementation
oriented, introducing the web page as the core modeling element, a purely conceptual
approach is adopted for the modeling of the business logic implemented in server side
components. Unlike our model, it refers to generic web based applications and not
particularly educational ones.

Hennicker and Koch [2001] also extend UML for generic web application modeling.
Unlike Conallen [1999], they follow the distinction between conceptual, navigational and
static presentation modeling.

SUR et al. [1999] provide a UML extension by means of a meta-model for teachware
management. Their meta-model can be separated into two sections, one concerning a
conceptual model and one concerning a navigational model, implementing the previous
one. They have also developed an XML based language, LML that implements their
meta-model. User Interface design as well as personalization of teachware is achieved by
defining XSL stylesheets and applying them on LM 2L files.

EML (Koper [2001]) is not a strict educational hypermedia concept, but it defines a
formal, XM L based, language for modeling different aspects of the educational process
e.g. activities, peoples' roles, content, etc, concerning specific lessons or courses called
"units of study". It is a high level model aiming at facilitating instructional design inthe
context of e-learning.

Finally, in Papasalouros and Retalis [2002] we propose an adaptive extension of our
model that can serve both as a design model and a reference model of adaptive
educational hypermedia applications. This extension introduces the Object Constraint
Language as a means of applying adaptation rules to UML based educational hypertext
models. It also utilizes the principles of object oriented design in order to achieve
effective User modeling, avery important process in Adaptive Educational Applications.

6. DISCUSSION AND CONCLUDING REMARKS

This paper presents an object oriented meta-model that provide guidelines for creating the
conceptual design of a web based educational application. The proposed approach for
meta-modeling has alot of advantages:

- It provides arich semantic expression for the resources that comprise a WbEA, thus
supporting designersin building valid conceptual models of WbEA

- It facilitates the identification of various types of learning resources or their atomic
elements that can be re-used and/or easily maintained

Concluding, we should mention that his work is still evolving. There are a number of
activities that have been initiated, among which are the following:

- The development of a CASE tool, named CRITON, to support CADMOS-D design
method. It combines three design steps in an integrated environment with using the
object-oriented meta-modeling language for the conceptual design (Avgeriou et a
[2002)).

- To experiment in depth with complex WbEA such as adaptive educational
hypermedia applications. In this direction, we are designing a development and run time
environment for the creation and delivery of adaptive web based educational applications.

- To introduce an XML-based language to syntactically represent a conceptual design
model.
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