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Abstract

Multimedia Courseware supplements significantly in interactive teaching and learning scenario.
The visualization and virtual environmental stimulation through interactive multimedia
courseware is a story of both successes and failures. The success and failure most of the cases
relates to the acquisition of resources for developing the quality courseware, the lack of well
defined methodology that could facilitate this process while ensuring a certain level of product
quality. The classical problems of software engineering have been also observed in case of
multimedia courseware development. Existing multimedia authoring tool does not support rule
based courseware development depending on the user context. In this work, we have presented a
general solution to the stated problem in a systematic and proven model for courseware
development to support development and reengineering process. The proposed framework is
intended to facilitate the component based process to reduce the development time and costs, as
well as to improve the capability for predicting the courseware’s quality level.

Keywords: Multimedia, Courseware, Software Engineering




1.0 Introduction

Today computers as well as computer-based learning material are already a sine-qua-non
part of any undergraduate, graduate, technological, and even non-technological study
curricula [see Communications of the ACM, January 1998 for a number of examples]. This
kind of material, combined with the tools which make it available to the students and that
enable collaborative and/or cooperative learning activities among themselves, is known as
“courseware” and with effective integration with audio, video and text transform the media
to “Multimedia Courseware”. Courseware, however, may also be used effectively to
complement and enrich the traditional type of learning. Courseware development is not an
easy task and often requires well defined methodology suitable for the specific subject to be
taught. The result of a courseware development effort often depends on the people doing the

work, and the set of tools and methodologies chosen for the task [1,2].

The development of multimedia courseware is technically difficult, conceptually iterative
and thus altogether a very costly process. Important characteristics that distinguish the
development process of multimedia systems from the development process of other software
systems are: the inter disciplinarily of the developers (computer scientist, psychologist,
graphic designer, media specialist, domain expert), the high requirements on creativity,
synthetic design, the consideration of psychological and ergonomical aspects, as well as

engineering aspects during the development process [3].

Currently, there are good known models and methodology for developing courseware like
CDM -Courseware Development Methodology- [4] [cf. Appendix A], PROFIL [5] etc.
However, these methodologies are not well specified, making it very difficult to apply out of
the original context they were conceived for. Most of this basically follows cascade

development model, thus presenting a number of well-known weaknesses [3].

On the other hand, there are courseware tools [6] available which offer a computer-based
environment to develop multimedia courseware but do not have an associated methodology
to guide the development process along with the strict compliance with the pedagogic and
didactic approaches. The methodology is particularly necessary to support the courses-

curricula development in association with pedagogic and didactic approach [7].



It is clear that, since the courseware development process depends on the people, tools, and
methodologies involved, and considering the fact that there is still not a clear methodology
or framework to carry out this process, the results will depend mainly on the abilities of the
involved people. This situation is prone to cause many drawbacks, as discussed in [8], which

are typical for any ‘hand-crafted’ process.

Consequently, we need a development framework that has a strong connection to the
learning context. Highly desirable is a component based model that encapsulates a semantic
meaning and is strongly related to the learning subject, but still flexible enough so that it can

be adapted to different needs and different contexts.

The motivation and aim of this research work is to create a framework based on Component
Based Development (CBD) methodology to facilitate flexible environment for the
production of multimedia courseware. The developed framework was tested on an open
source platform for specific courseware in the area of software engineering. The key aspect
to use effectively the framework is the management of requirements, specifically, the
management of courseware learning goals as if they were user requirements. This
framework includes specific characteristics of courseware development, and it has helped
the authors to carry out this task in a systematic way, by following a set of well-defined

steps.

In the rest of the paper, Section 2 presents the courseware development lifecycle and
discusses its similarities and differences with a traditional software development lifecycle.
In Section 3, the proposed framework is described with the context of multimedia
courseware development. The framework is used in a case study and is discussed in Section

4. Conclusions of the work are presented in Section 5.

2.0 Multimedia Courseware and SDLC

Software Development Life Cycle (SDLC) as defined by the classical software engineering
comprises Analysis, Design, Implementation, Testing, Deployment, and Maintenance
phases. Likewise to software development, in multimedia courseware development the
phases: analysis, design, implementation and validation are obligatory though the work

processes are different as compared to the traditional software development [1-3].



During the analysis phase both the work scenario and the requirements for the product to be
built should be defined. The requirements are the set of educational goals to be reached by
the students during the conduct of the course. In this phase, both the process and product
risks should also be identified, and the effort level for courseware development should be

estimated as well along with the resource identification for the multimedia.

During the design phase the requirements are translated into a representation of the final
product that can be evaluated in a static way (similar to a blueprint). In the case of a
multimedia courseware, this consists on designing the means to be used for reaching the
course goals with the help of media and interactivity. These means are a combination of a
didactic activity, media element and a course content, designed for attaining a specific

educational goal.

In the implementation phase, the final product (courseware) is built, based on the design
obtained in the previous phase. This courseware should contain at least the following
elements: the didactic material, the tools to carry out the foreseen activities, and a detailed
planning of the teaching/learning process to be developed. All these components should be
organized in such a way that the course’s dynamics inline with the media interactivity lead

to the attainment of the preset goals.

Finally, in the validation phase, both levels for courseware goal attainment and for
courseware acceptation are evaluated with the help of the stakeholders. Based on this
feedback data, the weaknesses and strengths of the product are analyzed. This information

will then be used as input for a reengineering phase as shown in Figure 1.

The most important differences that can be distinguished between both the software and the

courseware development processes are the following ones:

1. From the point of view of the requirements, both processes have product and
user requirements [4]. However, unlike the software systems, the courseware design
depends fundamentally on the user requirements rather than on the business process.
Thus, the only way to validate the courseware requirements is through
experimentation based on the goal. Even different requirements may evolve from
different user perspectives for the same courseware development, which is unlikely

to happen in case of software systems.



2. Since we have considered the educational goals as a user requirement, the
characteristic of requirement management is an important issue to be considered
during the courseware development process. This kind of requirements should be
organized hierarchically in order to assure that the upper goal be reached if the lower
goals are previously attained as well. Typically, this does not happen with the

requirements of software systems.

3. Generally, the evolution speed of a courseware is greater than that of
software systems. Consequently, the development process needs a strong support for

the reengineering activities.

4. In courseware, automatic mechanisms should be foreseen to verify the
achievement of the various goals, because these cannot be verified statically. The
only way of verifying the completion of these goals (user requirements) is by using
the product. This information will then be used to redesign the product. With
software systems, this is unlikely to happen, because this feedback is left to the user's

opinion.

5. In the software lifecycle, both software system specialists and applications
domain experts develop each phase. With courseware, instead, experts of the

applications field are required to carry out each phase.

2.1 Multimedia Courseware

Courseware refers to content specific instructional software, which functions to generate
instruction with the support of instructional delivery system. Multimedia courseware evolves
within the same definition of the courseware in an environment encompassing the
interactions and transformations of the semantics through multimedia. In a multimedia
courseware product there are five basic elements namely the content and
learning/pedagogical methods as the main components, the learning objectives and the
medium as its attributes, the media component and the architecture, which organizes the

courseware as shown in the Figure 1.
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Figure 1. Block structure of Multimedia Courseware

As shown in the above block diagram, the course content or the subject matter with the
determination of the multimedia components to meet the learning objectives plays the
essential role of the multimedia courseware. This content with the required media element
plan is linked to some types of learning/pedagogical methods for the strategy to achieve the
expected learning outcomes. The multimedia elements (text, audio, graphics, animation and
video) along with the content, pedagogical methods and objectives are organized into a

specific courseware product through the control component called architecture.

2.2 Limitations of Existing Framework

There are authoring tools and technologies for the development of multimedia presentation
with proprietary format that requires specific learning on using the tool. In the area of
dynamically generating multimedia presentation and courseware, there exist only few
research approaches. Cuypres system [9] employs constraints for the description of the
intended multimedia programming and logic programming for the generation of multimedia
document. Also the different approaches uses complex and application-specific
customization which imposes requirements for additional programming. The existing
approaches usually based on fixed data model for describing user interfaces, structural
presentation constraints, technical infrastructure etc. The reusability in most of the existing
framework and tools requires enhancement of the existing model. A change of the input data
models as well as an adaptation of the presentation with the story boarding and
synchronization of the learning path is difficult. The proposed framework focuses on

maximum reusability from the component point of view. The framework addresses coupling



and cohesion issues and provides an extendible and flexible environment for the

development as well as maintains a multimedia courseware.

3.0 Proposed Framework

This section presents the Framework for Multimedia Courseware Development (FMCD), a
generic software framework for the development of courseware based on reusable software
components. The general overview of the framework in shown in Figure 2. Multimedia
Courseware developed using the FMCD framework requires four sub-systems or macro

components as shown in the figure 2. Content sub-system, Navigation sub-system,
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Figure 2. Framework for Multimedia Courseware Development

sub-system and Management sub-system. Each of the sub-system is composed of some basic
and some customizable components decentralized for specific responsibility in the
architecture of the courseware. The sub-systems are abstracted from the common
multimedia courseware development requirements. The content sub-system stores the
courseware didactic material. The navigation and collaborative sub-system provides support

to perform necessary collaboration activities among the instructors, students and other



assigned roles. The management sub-system is in charge of user administration and

necessary authentication and security management of the contents.

The architecture of the content sub-system is illustrated in figure 3. The framework is
designed to be extensible such by embedding additional modules through well-defined

interfaces.

Didactic Connector :> S
= = = = 5
T
Set Story Set Course Plan

Board and Content
T
E
M
Multimedia Data Connector > P
L
Ol A
Retrieve Media Retrieve T
(image, video) Script E

= &

Retrieve
Text Content

Figure 3. Architecture of Content Sub-system

The architecture of the Content sub-system is shown in the Figure 3. It is divided into
several layers, which provide modular support for the different task for the framework
shown in the Figure 2. The didactic connector component brings story board and content
plan data into the framework. The component is also responsible for necessary interactions
in line with the learning goals. The task of the connector is to integrate story board and
course plan with the framework. The multimedia data connector component brings media

data and scripts related to the required transformation of the media data into the framework.

The multimedia data connector abstracts from the access to media elements in different
media storage and retrieval solutions. The template components collection provide layout
and organization for the courseware to organize the didactic material of a course according
to a particular instructional strategy. The template component structure organizes didactic
material in chapters, sections, and concepts. A set of sections in relation to self-test and

assessment formulate a chapter. A section contains multimedia document with motivation



and objectives, concepts, relationship among concepts and section summary. The template

set interacts with the retrieve text content to generate presentation of content dynamically.
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Figure 4. Architecture of Navigation Sub-system

The architecture of the Navigation sub-system is shown in the Figure 4. It is composed of
Navigation connector and Bookmark locator to provide modular support for the navigation
and bookmark task for the framework shown in the Figure 2. The navigation connector
component brings navigation content and navigational plan data into the framework. The
task of the connector is to integrate navigation content and plan with the framework. The
bookmark locator connector component brings bookmark location data into the framework.
This helps learners in progressively using a multimedia courseware and follow-up with the

learning goals.
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Figure 5. Architecture of Collaboration and Management Sub-system

The architecture of the Collaboration and Management sub-system is shown in the Figure 5.

It is composed of Collaboration connector, Management connector and Security manager to

10



provide modular support for the required collaboration component e.g. Email, Discussion
forum etc, User Access control, and security task for the framework shown in the Figure 2.
The collaboration connector component brings collaboration components and tools into the
framework. The management connector component brings user management with the access
control into the framework. The security manager brings required security components into

the framework.

4.0 Design Case Study

The department of Computer Science and Engineering offers Software engineering course
primarily targeted to tenth semester students. The course components are: lectures,
discussions, projects, case study and instructional materials. There is a three-hour lecture
session and two-hour laboratory session allocated for the course every week. With this
framework outlined in section 3 and shown in the figure 2 subsequently, we could easily
prototype a multimedia courseware using open source technology. The courseware must be
designed for students for maximum learning outcomes. For the architectural part of the
course, it is required to capture online materials, case studies, assignments, team projects,
past exam papers, online library repository and reference links from the central library of the
university. The curriculum of the course has to be broken down into components and all the
required components are required to be designed and implemented based on the proposed
framework. In the process of developing and implementing the framework on the target
platform, the adherence to development methodologies based on the software-engineering
model comprising Analysis or Specification, Design, Development or Production,
Implementation and Evaluation and finally accommodating feedback in the maintenance

phase is essential.

In the specification phase, it is required to define the target audience and identify aims and
objectives. The subject matter along with the pedagogical approaches and assessment
methods are to be defined in this phase. Followed by the specification phase, identification
of the contents for the courseware part and learning activities with the courseware must be

accomplished.

The courseware components are structured for the access, layout, navigation as per the

framework requirements. In the design part, all the text, graphics, sound, animation and
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video are captured and necessary scripts are generated for the development phase. In the
development phase, all the captured items are processed and organized according to the
storyboard defined for the courseware. The courseware components are integrated and pilot

test and evaluation is conducted with the learners and tutors.

5.0 Conclusions

With the framework presented here, we have aimed at defining in a simple way a
methodology to systematize the development process of a course within the context of a
typical university or tertiary level educational institution. As mentioned before, the proposed
model is a formalization of a design and redesign process used by the authors on a software-
engineering course. Part of the course design can be validated before implementing it —an
action that can reduce both the product’s development time and costs. In addition to the
courseware, very important products that can be obtained by applying the framework is the

course’s activity plan or course schedule and synchronize with the learning goals.

Besides presenting the proposed model, the current paper has intended to demonstrate that
the software and multimedia courseware developments are more interrelated than what most
researchers think. This is perhaps a timely occasion to reuse the solutions found in other

areas.
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Appendix-A: CDM -Courseware Development Methodology

Multimedia and computer networks can be used in various ways for the implementation of
learning environments in ODL. Within EONT project, such a learning environment, the
EONT-ODL environment, was developed in the effort to evaluate the effectiveness of the
use of these new technologies in ODL as a supplementary instructional delivery mode to the
traditional one. Pre-and post-course questionnaires completed by students were the most
important data sources for this evaluation study. It has been found that two predicting
variables, the “design of instructional material” and the “preferred mode of study” explained
32.3% of the EONT-ODL environment effectiveness variability. While previous experience
in computers and time spent working with EONT-ODL environment had not any significant
impact on its effectiveness. The preliminary results presented in this paper, show that
evaluation plays an important and decisive role in designing, developing and implementing

teaching innovations.

Introduction: the Context of the Study

Providers of university education today are faced with the challenge of building an
education system which could meet the current and future needs of society [Ford et al.,
1996]. In this effort, open and distance learning (ODL), in particular based on multimedia
and computer networks, has been witnessed an increased development, acceptance and
recognition as an innovative and productive delivery mode of instruction and learning
[Kaye, 1991; McConnell, 1991;1994; Riel & Harasim, 1994; Hiltz, 1995]. Indeed with the
advent of the Internet, the World Wide Web (WWW), and the accompanying WWW
browsers, the provision of ODL instructional material has taken on a whole new dimension
[Maddux, 1994; Makrakis, 1996; Marshall & Hurley, 1996]. These technologies can be used

in various ways for the implementation of learning environments in ODL.

One such learning environment is depicted in Fig. la [Koutoumanos et al., 1996]. This
learning environment is being used in the EONT project. In this environment the
instructional material is stored in a server computer and accessed by the learners through
multimedia client computers connected to the server via a computer network. The heart of

the learning environment is the hypermedia system HyperWave [Maurer, 1996].
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Figure 1a: Schematic view of the EONT-ODL learning environment to be used in the
experiment.

EONT is a partnership project between seven universities from seven European Union
countries within the Socrates Framework Program. Two of these universities are Distance
Learning, whereas the rest are conventional. The partnership was formed on the basis of the
partners’ common interest in experimenting with ODL using new information and
communication technologies. The project started on December 1st, 1995, and was
completed in three years. For the purpose of the experiment, each partner developed
multimedia instructional material within the domain of Informatics by adopting a common
software engineering methodology [Retalis et al., 1997]. The language of each course is
both the native language of the associated partner (native version) and English for the
international version. The national version was offered once during the second year
(1996/97) of the project and also offered once during the third year. The international
version was offered online during the third year, as a means of providing learners in one
partner’s country with access opportunities to the course instructional material of the other
partners. To assess whether the goals set were achieved, both formative and summative

evaluation activities were conducted. These undertakings were considered as integral parts
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of the whole development and implementation process, since they provide valuable insights

and feedback to the development team for necessary changes and additions.
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Appendix-B: Open Source and Open Standard

Open source software is based on open distribution of the source code that forms the
software’s foundations and specifically GNU general public license. This presumes that any
technically competent programmer is able to examine the inner works of the source code,
and potentially make changes to the operation to the software that best fits as per the
requirements. Open source software is typically provided free of charge or with a nominal
distribution cost. Some open source licenses require that any changes to the source code

must be redistributed on the same open source license terms as the original source code.

On the other hand, Open standards are transparent descriptions of data and behaviour that
form the basis of interoperability. Interoperability is the ability of different software systems
to exchange information in such a way that they can both act in equivalent ways on the
information, leading to equivalent user outcomes. In practice, interoperability means that
users are not locked to any one software system — they can substitute a standards-compliant
system for another standards-compliant system. Open standards can be implemented by
commercial systems and open source systems alike, and provided that all systems adhere to
the same standards, there is no impediment to environments which combine commercial and

open source software systems.

So to take the first question, it may be natural to think that open source would be preferable
to open standards if you were forced to choose between them. This is because in open source
software development, all of the source code is freely available, and if it does not correspond
to open standards, it can be modified to solve this problem. In the case of commercial
systems, which support open standards, they rarely provide access to their source code, so
external developers are not able to change the software as desired. Hence when forced to

choose, open source appears the more flexible option.

In practice, it may not be so simple. The complexity of the open source code may be so great
that a high level of technical expertise is needed to modify the code, and the cost of doing so
(in time and/or money) may be great if the modifications are substantial. In addition, the
changes may not be compatible with the intention of the original software, which can cause
a “fork” in development that splits the original open source developer community into

separate groups, potentially weakening both efforts.
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Most open source e-learning projects have not arisen spontaneously from the goodwill of
freelance software developers. They are typically the result of government or foundation
funding where developers are paid for their contributions to the project (either as contractors
or as salaried employees of organizations such as universities). In the wider open source
movement, a voluntary community of developers supports projects such as Apache and
Linux, and hence their ongoing development is independent of the vagaries of project
funding. This is not the case in e-Learning, making any given open source developer
community highly susceptible to collapse when project funding ends. This is a major
problem, which is not well understood by governments or foundations, which provide
current funding. The problem arises from the difference between “traditional” open source

developer communities and funded-project developer communities.

Lack of interoperability in open source e-learning development can be illustrated by
reference to the new IMS Digital Repositories Interoperability (DRI) specification and two
recent e-learning initiatives. First, the OKI project is based on a range of open source e-
learning service APIs, including a digital repositories service. OKI has collaborated closely
with IMS over the past year — the same period in which the DRI was developed. However, at
the February 2003 Vancouver IMS meeting, when asked about interoperability between the
OKI digital repositories service and the new IMS DRI specification, it became clear that the

two were not compatible at that time.
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