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Abstract 
In order to become a crucial resource for learners, Web-based learning must take into considera-
tion that education has triggered a shift from the teaching paradigm to the learning paradigm. As 
a result, students are becoming more independent from the teacher. Besides the evolution of the 
learning paradigm, educational technologies are evolving constantly. Moreover, changes caused 
by academic institutions, course content, ethical, legal, cultural issues need to be considered in the 
development of Web-based learning. Clearly, Web-based learning systems must constantly 
evolve in order to meet their requirements. But still, much of the development of Web-based 
learning is carried out without a true understanding of requirements that are proper to Web-based 
learning, resulting in bad analysis and design, poor quality, and maintainability. This paper fo-
cuses on the application of an evolutionary software development process model to translate 
Web-based learning requirements into a system that provides learners with information that sup-
ports effective learning. 

Keywords: Evaluation framework, evolutionary process model, learning theories, pedagogical 
principles, software development, Web-based learning. 

Introduction 
The real value of Web-based learning lies not in accessing knowledge at any time, any place, and 
for anyone, but helping the right students to acquire the right skills and knowledge at the right 
time in order to function as active, self-reflected and collaborative participants in the information-
based society (Harasim, 2000). Only then can Web-based learning become a crucial resource for 
learners and educational institutions. This however can be achieved only by adhering to the learn-
ing paradigm and associated pedagogical principles, and to the factors that constantly affect the 
development of Web-based learning (Govindasamy, 2002). Unfortunately, much of the develop-
ment of Web-based learning is carried out without a true understanding of issues that are proper 
to Web-based learning, partly because marketing advertising and technologies still drive the con-
struction process (Buendia-Garcia & Diaz-Perez, 2003).  Clearly, there is a need is for a disci-

plined, systematic approach to the de-
velopment process for incorporating and 
translating the specific requirements of 
Web-based learning into a system that 
must constantly evolve in order to en-
sure the relevance, correctness, and 
completeness of the content available on 
the Web.  

This article is organized as follows. The 
first section starts with the characteris-
tics of Web-based learning development 
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and the state of research. The second section presents the key principles of contemporary learning 
theories that form the very basis of Web-based learning. The next section describes the evolution-
ary character of Web-based learning construction. Then, the paper outlines the management and 
development processes underlying Web-based learning. Finally, the last two sections focus on the 
evaluation of the approach and some remarks on further work. 

Development Approaches for Web-Based Learning 

Characteristics of Web-Based Learning Applications 
Contrary to the view of some software developers, building Web-based learning is not simply 
another form or a clone of traditional software development (or engineering), even if both involve 
analysis, design, and implementation. Basically, the development of Web-based learning is dif-
ferent from traditional software development in a variety of ways:  

1. Learning cannot be designed as a conventional task, as though it were just another kind of 
work that can be implemented with conventional approaches with a number of inputs and 
outputs. This because learning is a by-product of understanding rather than an activity that 
can be supported directly (Mayes & Fowler, 1999). Therefore, progress in Web-based learn-
ing will come only from a better understanding of the learning process and not automatically 
from improved technology (Govindasamy, 2002; Hamid, 2002; Nocols, 2003; Tam, 2000; 
Watson, 2001). Clearly, unless pedagogical innovations and learners’ involvement are given 
more attention, the development of Web-based learning practice cannot develop fully 
(Westera, 2005). Web-based learning is a means of implementing learning theories, and not a 
mode of education. Hence, learning theories must be one of the driving forces behind Web-
based learning, because they are more important than the choice of the technology.  

3. Web-based learning is a means of implementing education that can be applied within differ-
ent educational paradigms: distance learning, blended learning, and face-to-face. First, Web-
based learning may be used as online resource for distance learning at any time, any place, 
and for any student. Second, Web-based learning may be used for blended learning. In this 
case, Web-based learning does not mean to replace face-to-face learning, but to extend it with 
electronic means. Blended learning is a meaningful integration of Web-based learning ele-
ments with face-to-face meetings and other traditional learning settings. Third, Web-based 
learning may be used as supplement to classroom face-to-face teaching (Onay, 1999). It re-
mains to be seen which solution has the potential to improve the quality of learning. 

4. Web-based learning development has a broader context than traditional software engineering. 
It incorporates many specific issues, approaches and principles to meet the specific require-
ments of the stakeholders. Web-based learning development is a combination of traditional 
software engineering, Web and multimedia engineering, pedagogical, esthetical, human-
computer interaction, cultural, and legal issues. Hence, the development process of Web-
based learning is inherently multidisciplinary (Marjanovic, 2005). It must rely on knowledge 
from different disciplines and stakeholders with different skills, such as teachers, learners, 
educational researchers, graphics experts, Web administrators, and Web developers. 

5. Web-based learning systems are more user-oriented than traditional software. In fact, there 
are multi-user systems. Thus, a significant part of any Web-based learning system concerns 
esthetical issues to produce look and feel of Web pages. These issues are not considered sim-
ply to enliven Web pages. They are integral to the user's experience with the system (Shi-
ratuddin & Shahizan, 2003). Moreover, Web-based learning systems are multi-functional sys-
tems and transcend the institutional boundary. They must be developed with a user view in-
side and outside the academic institution (Standing, 2002).  
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6. Web-based learning is subject to constant change from organizational, technological, subject-
specific, pedagogical, legal, and ethical reasons. Clearly, Web-based learning systems are liv-
ing systems. In constantly changing environments, they must evolve rapidly in order to en-
sure the relevance, correctness, and completeness of the content available online (Pahl, 2003). 
In addition, the large number of learners with their heterogeneous needs and different learn-
ing styles makes a continuous evolution of any Web-based learning system necessary.  

7. Web-based learning needs to reuse components from existing online courses, so that develop-
ers are not forced to start over again when they design Web-based learning for new courses. 
In addition, Web-based learning systems may be constructed by reusing and evolving stan-
dard components until the systems satisfy the problem requirements. As a result, several 
standardization projects have been initiated to develop standard architectures. The main focus 
of the standardization is to develop a format for reuse and combination of learning compo-
nents and objects (Krauss & Ally, 2005; Rokou, Rokou & Rokos, 2004). Web-Based 

Learning Development Approaches:  
State of Research 

Given the specific features of Web-based learning, it is obvious that it lacks the type of special-
ized methodologies that exist for more traditional software development applications. There are 
authoring tools to produce and document Web-based learning and monitor some activities but 
they do not form an integrated suite of tools for the development process (Standing, 2002). Like-
wise, evaluation of Web-based learning cannot be done in the same manner as traditional soft-
ware development, because it is embedded in a learning environment and must include issues that 
are proper to Web-based learning, in particular pedagogical considerations. Clearly, there are few 
methodologies that are appropriate for Web-based learning since most software development 
methodologies traditionally often focus on technical and internal aspects. 

For creating Web-based learning, many software engineers apply development models that are 
devoted to conventional Web-based systems such as e-commerce (Balasubramaniam, 2003; 
Conallen, 2000; Murugesan & Ginige, 2001). However, these approaches are too general and, 
therefore, not adequate to be directly applied to Web-based learning, because they do not deal 
with teaching and learning issues that are specific to online learning.  

Domain-specific approaches, which are devoted to Web-based learning (Frantiska, 2003; Horton 
& Lynch, 1999; McCormak & Jones, 1998; Montilva, Sandia, & Barrios, 2002; Retalis & Pa-
pasalouros, 2005), or extensions of these approaches (Low, Low & Koo, 2003), do not explicitly 
address the specific characteristics that are proper to Web-based learning, such as the learning 
environment and pedagogical considerations based on learning theories, learner-centered design, 
evaluation of learning, evolution and change.In addition, few approaches concentrate on the en-
tire development process from analysis to system evolution. Approaches that use conventional 
software engineering methods, such as the waterfall model (Pressman, 2000), to address the 
whole process are not flexible enough to be applied to Web-based learning, because they do not 
deal with the learning environment, evolution, change, and feedback to previous steps, and the 
incorporation of stakeholders from the very beginning (Hinostroza, Rehbein, Mellar, & Preston, 
2000). The spiral model, which also addresses the entire development process, is complicated and 
difficult to manage in order to be applied to Web-based learning (Powell, 1998).  

As a result, Web-based learning construction has relied heavily on ad hoc approaches rather than 
solid development methodology. The resulting software product is presented in descriptive for-
mats, which do little for transferability to other institutions or even other courses (Nocols, 2003). 
Moreover, marketing advertising and technologies often drive the development process rather 
than pedagogical issues and learning philosophies (Govindasamy, 2002).  In addition, Web-based 
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learning is often used for information transfer duplicating the objectivist techniques found in the 
traditional classroom based on instructor-centered instruction (Lin & Hsieh, 2001). More specifi-
cally, most course Web sites provide little support to achieve flexibility and learner-centered in-
struction, because they are static and rarely updated and maintained, diminishing the indisputable 
character of the Web (Lazarinis, 2004; Kirshner & Paas, 2001).   

Learning Theories and Pedagogical Principles 
The very basis of any Web-based learning system is a pedagogical foundation based on learning 
theories. There are many contemporary learning theories but not a single accepted one. Literature 
reviews suggest that theories can be related to three main commonly accepted paradigms: Behav-
iorism, cognitive constructivism, and social constructivism (Gros, 2002; Phye, 1997; Piaget, 
1969; Skinner, 1976; Steffe & Gale, 1995; Vygotsky, 1978; Wilson, 1998). The behaviorist para-
digm assumes the existence of objective knowledge independent of the learners whereas the cog-
nitive and social constructivist paradigms view knowledge as a constructed entity made by each 
learner and group of learners through a learning process.     

Behaviorism 
Behaviorism is based on Skinners’ stimulus-response theory, which means that learning is a 
change in the behavioral disposition of the learners that can be shaped by selective reinforcement 
without referring to mental processes. In terms of instruction, behaviorism assumes that the goal 
of learning is to efficiently transmit knowledge from the instructor to the learners. Learning is 
seen as largely as a passive process. In a behaviorist setting, instructors are clearly central to 
learning activities. However, while behaviorism promotes stability and certainty with respect to 
knowledge acquisition and learning outcomes, there are few opportunities for learners to express 
their own ideas during the course of instruction. The behaviorist model is therefore criticized for 
stimulating surface learning and knowledge reproduction. On the other hand, behaviorist learning 
is suitable for novice learners, as they need transferable knowledge from the instructor.  

Cognitive Constructivism  
The cognitive constructivist perspective regards learning less as the product of passive transmis-
sion than a process of active construction. It frames learning as an active construction process 
whereby the learners take information from the environment, and construct their own knowledge 
based upon prior knowledge and experience. The knowledge construction process requires cogni-
tive skills, such analysis and reasoning skills, meta-cognitive skills, such as reflection and self-
evaluation, and analogical thinking. In addition, constructivist learning takes place as learners 
solve authentic tasks within a meaningful, real-world environment. In a constructivist setting, 
teachers serve primarily as guides and facilitators of learning, not as transmitters of knowledge. 
Finally, assessment of learning must be embedded in the learning process and must focus on 
learners’ individual orientations.  

Social Constructivism  
Social constructivism (or socially situated learning) recognizes that knowledge is partly con-
structed by individuals, but it is also derived from social relationships through participation in 
social activities with others. Accordingly, learning emerges through interaction of learners with 
other people, e.g. instructors, fellow learners. Learning occurs as learners exercise, test, and im-
prove their knowledge through discussion, dialogue, collaboration, and information sharing. This 
means that knowledge is created as it is shared, and the more it is shared, the more it is learned. 
Vygotsky argued that the way learners construct knowledge, think, reason, and reflect on is 
uniquely shaped by their relationships with others. He argued that the guidance – scaffolding - 
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given by more capable others allows the learner to engage in levels of activity that could not be 
managed alone. This guidance occurs in the Zone of Proximal Development (ZPD) which, put 
simply, is the difference between what a learner can do independently and what can be accom-
plished cognitively with scaffolding from more knowledgeable others.  

An Eclectic Approach to Learning  
The literature on debate between learning theories points to the fundamental philosophical differ-
ences between them (Jonassen, Mayes & McAleese, 1993). However, in practice, a mix of learn-
ing theory is being used. Indeed, instructional designers tend to believe that what works in a 
learning situation is a subtle combination of behaviorism, cognitive, and social constructivism. 
Thus, instructional designers must allow circumstances surrounding the learning situation to help 
them decide which approach to learning is most appropriate (Karagiorgi & Symeou, 2005). In 
addition, it is necessary to realize that some learning problems require prescriptive solutions, 
whereas others are more suited to learner control of the environment. 

An Evolutionary Development Methodology 
To produce effective Web-based learning, there is a need for a systematic software development 
methodology, because constructing Web-based learning is a product of a creative act of develop-
ment, and not a result of repetitive act of manufacturing. Thus, a rigorous, but flexible, develop-
ment methodology is a crucial concern for Web-based learning in order to avoid faulty solutions, 
poor quality, bad analysis, design, and maintainability. A suitable development process for Web-
based learning must take into consideration that education has triggered a shift from the teaching 
paradigm to the learning paradigm (Pahl, 2003). As a result, students are becoming more and 
more independent from the teacher. Change in pedagogy, in turn, affects the development process 
of Web-based learning. The change of the educational paradigm is a part of the changes that im-
pact Web-based learning. Besides the evolution of pedagogy, the state of the art in educational 
technologies is evolving constantly. In addition, the changes inflicted by academic institutions, 
course content, and the subject domain need to be considered. Thus, Web-based learning systems 
must constantly evolve in order to meet their requirements. They must deal with change and evo-
lution. The development process and associated modeling languages, techniques, and tools must 
provide support for evolution and change.  

Evolution and Change 
As indicated above, Web-based learning needs to evolve rapidly in order to ensure the relevance, 
correctness, and completeness of the content available on the Web. Thus, a continuous evolution 
is of crucial importance for the quality of Web-based learning. The methodology must be evolu-
tionary and incremental since it has to deal with change and evolution of many dimensions of 
Web-based learning. Some of the aspects that influence a continuous evolution of any Web-based 
learning system are as follows:  

• First, Web-based learning development calls for continuing update, change, and refinement 
of course content. Thus, Web-based learning content has to be constantly evaluated against 
what is in fact delivered online.  

• Second, Web-based learning has to take into consideration the evolution of curriculum due to 
institutional, legal, ethical, political, and cultural changes; organization and timetabling of 
courses, changes related to instructors, course developers, technical staff and students.  

• The third aspect of the evolutionary context is partly a direct result of the multi-user feature 
of Web-based learning. The large number of learners with their heterogeneous needs and dif-
ferent learning styles makes indeed a continuous evolution of Web-based learning necessary.  
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• Further, the evolutionary context of Web-based learning partially results from continuing ad-
vances in the information technology infrastructure, including hardware and software archi-
tectures, language and Web technologies, as well as mobile, pervasive and smart devices. A 
broad rang of existing Web technologies and languages are not fully developed, and call 
therefore for continuing improvement.  

• Finally, Web-based learning is affected by evolution of learning theory. There is indeed a 
growing tendency away from a behaviorist learning theory towards a theory that can be char-
acterized as constructivist. It seems that constructivism is exerting strong influences on pro-
fessional practice in Web-based learning, because it offers a springboard for pedagogical in-
novation. But, as indicated above, a mix of learning theory is also still being used.   

Evolutionary Process Model 
An ideal process model for the development of Web-based learning would help content develop-
ers, instructional designers, teachers, Web developers, and administrators address the complexity 
of Web-based learning, deal with evolution and change, and deliver the system as quickly as pos-
sible. However, considering that developing Web-based learning is not simply another form of 
software development even if both involve analysis, design, and implementation, there is not nec-
essarily any existing software development process model that makes sense for Web-based learn-
ing.  

Thus, considering that it does not exit any software development process model that fits the spe-
cifics of Web-based learning, it may be necessary to combine the advantages of the existing proc-
ess models from traditional software engineering.  

First, the linear sequential model called “waterfall model” is not flexible enough to be applied to 
Web-based learning, because it does not deal with evolution, change and feedback to previous 
development phases. But, this model is important from the management point of view since it can 
help the development team plan everything from the very beginning (Powell, 1998; Pressman, 
2000; Sommerville, 2001). 

Second, the spiral model is complicated and difficult to manage, but it can help the development 
team in particular during the analysis phase to reduce risks by focusing on what really matters.  

Third, because of the evolutionary properties of Web-based learning, it appears that the evolu-
tionary development process model is flexible enough to be applied to Web-based learning, be-
cause it modifies an early prototype, through continuous cycles of implementations, evaluation, 
and redesigns, until it provides all required requirements. In addition, this model involves feed-
back to earlier development phases and to the end users. Traditional evolutionary process models 
are however not without some problems for Web-based learning systems, which are subject to 
constant change. Thus, it would be difficult to determine when they are going to end.  

Finally, considering that the reuse of previous components is a necessary option for Web-based 
learning systems, it is quite reasonable to rely on reusability.  

As a result, it seems that the most suitable process model for Web-based learning is a modified 
evolutionary process model that includes some aspects of other existing process models. First, 
Web-based learning needs a structured process model with feedback to previous phases in order 
to deal with change and evolution. Second, Web-based learning needs to reuse components from 
existing online courses, so that developers are not forced to start over again when they design 
Web-based learning for new courses. Then, particular attention must be placed on the analysis of 
the learning environment at an early stage, since it is of crucial importance to understand the fac-
tors that affect Web-based learning. Finally, in order to deal with learning issues, which are spe-
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cific to Web-based learning, the model must incorporate the evaluation of learning and underly-
ing pedagogy. 

Modeling Languages and Tools for Evolution and Change 
Given the evolutionary features of Web-based learning, it appears that the object-oriented devel-
opment process model provides an adequate support for constructing Web-based learning.   

First, the object-oriented approach supports the underlying evolutionary process model of Web-
based learning. Second, object-orientation leads to reuse of components and code. Third, it sup-
ports the maintainability of software because its structure is inherently decoupled. This leads to 
fewer side effects when changes have to be made. In addition, object-oriented systems are easier 
to adapt. Finally, object-oriented development evolves iteratively from analysis, design, to evolu-
tion with the goal of producing a software product over a series of increments (Pressman, 2000). 

From the above, it follows that the very nature of Web-based learning makes the use of the ob-
ject-oriented approach an essential prerequisite for an evolutionary and incremental development 
process. An object-oriented model is elaborated through analysis, design, coding, and evolution 
phases – details are added in successive iterations, changes, and refinements are introduced as 
needed. Development by elaboration is possible, because all object-oriented models are semanti-
cally rich and based on the same “language” – the underlying vocabulary is essentially the same 
(Maciaszek, 2001).  

To support an object-oriented approach to Web-based learning, the development team needs an 
object-oriented modeling language to build visual models and discuss them with the stakeholders 
(Fowler, 2004; Maciaszek, 2001; Stevens, 2000). The Unified Modeling Language (UML) allows 
developers to express analysis and design models using a modeling notation. UML has a strong 
visual component and supports reusability. It is expressive enough and easy enough to understand 
by all people involved in the development process.  

UML uses five different views that describe the system from distinctly different perspectives. 
Each view is defined by a set of diagrams. The following views are the most important for model-
ing Web-based learning: 

• User model view. This view represents the system from the user’s perspective (called 
“actors” in UML). The use case is the modeling approach of choice for the user model 
view. 

• Structural model view. Data and functionality is viewed inside the system. That is, static 
structure (classes, objects, and relationships) is modeled. 

Management and Development Process 
An evolutionary process model for Web-based learning encompasses two types of processes: pro-
ject management process and development process. 

The project management process is concerned with project planning activities that are required to 
manage the development process. The objective of project planning is to provide a framework 
that enables the project manager to make estimates of resources, costs, risks, and schedule. The-
ses estimates are made within a limited time frame at the beginning of the project and should be 
updated as the project progresses.  

The development process is related to a software life cycle that is required to produce Web-based 
learning. An object-oriented software life cycle is an orderly set of activities conducted and man-
aged for each project. The lifecycle identifies the phases along with the software product moves 
from the analysis of the context to delivery and evaluation. As illustrated in Figure 1 the structure 
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of the process model covers the complete life cycle of Web-based learning: from context analysis 
to evaluation. It consists of several iterative phases. 

 
Figure 1: An evolutionary development process model for Web-based learning 

Context Analysis 
A crucial concern in developing Web-based learning is the scope and the learning environment of 
the system being developed due to ever changing requirements. Equally important in this phase 
are the stakeholders and the development team. 

System scope and learning environment 
A crucial concern in Web-based learning development is the scope of the system being devel-
oped. The system scope ensures that the requested changes do not go beyond the accepted scope.  
The system scope can be determined through the identification of the learning environment that 
directly influences Web-based learning. The system and the environment influence each other by 
exchanging information (Pahl, 2003). The environment can be characterized as the context of the 
system, which can best be described with six dimensions: the course content, learner, legal, ethi-
cal, technical, pedagogical, and usability issues. A context diagram for Web-based learning is 
shown in Figure 2. The rectangles designate elements that directly affect Web-based learning. 
The arrows depict data flows. 

The course content dimension refers to the content of Web-based learning that is delivered online. 
Content is a key element since it is one of the differentiating factors that separates effective from 
ineffective Web-based learning (Govindasamy, 2002). Content should not be treated as self-
sufficient substance that is separated and independent of the situation where it is learned. Content 
includes the subject matter, scope and content of the course, the knowledge domain, its topics and 
subtopics, the definition of learning objectives and goal of the course, as well as timetabling and 
syllabus of the course. This information is delivered by teachers. 
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The learner dimension refers to the learners’ characteristics that affect the development and use 
of Web-based learning. Learners have different knowledge backgrounds, skill levels, and learning 
styles. They differ in how they view the learning environment. Basically, learners within different 
social-cultural environments react differently to competition, authority figures, and gender differ-
ences, etc. Hence, there is no doubt that values and learning styles implicitly affect the way in 
which learning is undertaken (Strodher, 2003). For instance, learners may have difficulties over-
coming their traditional roles as passive listeners, and they may have difficulties to adapt to the 
concept of Web-based learning.  

The legal and ethical dimension refers to the legal and ethical environment of Web-based learn-
ing since any system is affected by legal constraints and ethical conventions, including copyright 
protection of knowledge producers, as well as security against knowledge manipulation and all 
forms of cheating (Graf, 2002).  Finally, political issues must be considered as important factors 
that influence Web-based learning.  

The technical dimension refers to the information technology infrastructure dimension, which 
relates to the hardware and the software environment of Web-based learning. In contrast to tradi-
tional software systems, which are built using an homogeneous technology infrastructure, Web-
based learning systems run in a heterogeneous computing environment that includes multi-
platforms, multi-browsers, multi-software and multimedia support. This heterogeneous environ-
ment has programming languages, automated Web authoring tools, and many other means of im-
plementation, such as HTML, XML, JavaScript, CGI scripts, Java Servlets, Web editors and da-
tabases. In addition, wireless technologies and pervasive computing are triggering a new wave of 
mobile Web-based learning applications (Li, 2003). 

The pedagogical dimension is one of the major forces behind Web-based learning, because it di-
rectly affects its implementation (Govindasamy, 2002; Hamid, 2002; Motschnig-Pitrik & Mal-
lich, 2004; Nocols, 2003; Watson, 2001). Thus, it must form the very basis for Web-based learn-
ing development. Hence, pedagogical principles rooted in learning theories (behaviorism, cogni-
tive and social constructivism) should exert stronger influences on Web-based learning, mostly 
because they offer a springboard for pedagogical innovation and far more scope for realizing pos-
sible learning benefits than Web-based learning without a pedagogical foundation.  

 
Figure 2: Learning environment and system scope 
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Finally, the usability dimension refers to the user interface dimension, which is a central feature, 
because Web-based learning systems are intrinsic interactive. In fact, there are multi-user sys-
tems. Thus, a significant part of any Web-based learning system concerns esthetical issues to pro-
duce look and feel of Web pages. These issues are integral to the user's experience with the sys-
tem. To translate users’ requirements into a usable Web-based learning system, the construction 
process must be rooted in principles designed for human-computer interaction and user-centered 
practices, and criteria such as ease of use and learning, efficiency of use, and subjective satisfac-
tion (Blythe, 2001; Shiratuddin, Hassan & Landoni, 2003). 

Summarizing, this phase is a process of gathering data from the real environment. It includes the 
analysis of the course content, pedagogy, technical platform, legal, security, and esthetical issues, 
and the people involved in the teaching and learning environment, e.g. students, instructors, tech-
nical staff, etc. Regardless of the technical and organizational environment, the most important 
components are the analysis of the pedagogy, the course content, and the characteristics of the 
learners. Understanding learners’ demographics and characteristics that impact learning is a criti-
cal issue. Learner analysis provides a better planning for a learner-centered design. Content 
analysis helps to identify the topics and subtopics of the course, including the prerequisite knowl-
edge required for the students.  

Stakeholders  
Web-based development involves a variety of different kinds of people who have some direct or 
indirect influence on the system requirements. Thus, an important step in developing Web-based 
learning consists of identifying the stakeholders and their skills (Hadjerouit, 2005). Basically, six 
categories of stakeholders may influence the construction of Web-based learning:  

• Learners/students are the users of the Web-based learning system. Thus, they must be able to 
operate a PC. Moreover, they need navigation skills, search engines, and file transfer. Thus, 
to use a Web-based learning system, they must possess some technical skills in order to 
browse course material. 

• Content developers are generally teachers and instructors. They are the providers of course 
content, its topics and subtopics according to some pedagogical criteria. They must be able to 
produce, change, update, and modify the course content whenever it is necessary.  

• Educational researchers possess substantial experiences in pedagogical research. This ex-
perience is needed for instructional design. Pedagogical knowledge is related to learning 
theories and philosophies, such as behaviorism, cognitive constructivism, and social con-
structivism. Teachers may take on the role of educational researchers if they possess suffi-
cient knowledge in instructional and pedagogical design.   

• Web developers are responsible for developing the system. They must be able to analyze the 
system’s requirements, produce a design solution, implement, and test the system. They need 
an evolutionary process model and associated techniques and methods. Furthermore, they 
must be able to use Web programming languages and authoring packages, and, finally, they 
must possess some knowledge in human-computer interaction.  

• Graphic designers are the constructors of the Web user interface, including the look and feel 
of the Web pages. Web implementation requires a subtle combination of esthetical and cogni-
tive issues and an optimal balance between visual sensation, graphic information, text, and 
multimedia support.  

• Web administrators are in charge for the total Web-based learning system, its operations, da-
tabase connections, security, access rights, logging, and maintenance. Web administrators 
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need both knowledge in Web technologies and hardware platform in which the Web-based 
learning system resides. 

Development team and project organization 
After the stakeholders have been identified, the project management process can start.  In Higher 
Education, it may be the university (or one of its faculties) that starts a specific project for devel-
oping a Web-based learning system (Figure 3). It nominates a project manager for organizing and 
managing the whole project. The project manager may be the leader of the Information Technol-
ogy Department. He/she may delegate the development process to Web developers together with 
graphic designers and Web administrators. Web developers are then responsible for developing 
the system. Graphic designers focus on the graphical user interface. Web administrators are in 
charge for the network aspects of the system, its operation, database connections, security, access 
rights, logging, and maintenance.  

In Higher Education, Web-based learning development can be done through HTML and Web 
authoring tools like FrontPage and MacroMedia Dreamweaver, Java, JavaScript, Web-databases, 
UML etc. Thus, developing useful Web-based learning applications does not automatically rely 
on information technology experts outside the institution. It may happen that the institution has 
Web developers, graphic designers, and Web administrators with sufficient skills and knowledge 
to make decisions and develop the system in cooperation with teachers and educational research-
ers.    

Web developers, graphic designers, and Web administrators work in consultation with content 
developers/teachers, educational researchers, and learners in order to specify the system require-
ments. The development process continues with design, coding, and usability testing until the 
development team delivers a well-documented Web-based learning system that can be used and 
evaluated in the classroom. The evaluation ensures that learning issues are kept in mind, and that 
the decisions made throughout requirements analysis, design, and implementation are achieved.     

 
Figure 3: Web-based learning development team and project organization 
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Requirements Definition and Specification 
The requirements definition and specification phase captures systems requirements and defines 
them as natural language statements with UML diagrams (Maciaszeck, 2001). The development 
team through consultation discovers the system requirements. The consultation involves Web 
developers, educational researchers, teachers (content developers), learners, graphic designers, 
and eventually Web administrators. This phase involves various techniques of gathering informa-
tion from the involved people, such as structured and unstructured interviews, questionnaires, 
study of documents, observations, group meetings, etc. The product of the requirements definition 
phase is a requirement document. This is mostly a narrative text document with UML diagrams.  

The requirements definition and specification is concerned with:  

1. Technical usability criteria 
2. Pedagogical usability criteria 
3. System requirements   
4. System constraints 

Before defining the system requirements and constraints, the development team must analyze the 
usability attributes to determine how they are going to be designed during the design phase.  

Technical usability involves techniques and methods for ensuring a trouble-free interaction with 
the Web-based learning system while pedagogical usability aims at supporting the learning proc-
ess. Both aspects of usability are closely related to each other. The goal should be minimizing the 
learners’ work resulting from the interaction with the system in order to free more resources for 
the learning process itself (Melis, Weber, Andres, 2003).  

Technical usability criteria 
Technical usability is related to how a Web-based learning system is convenient, practicable, and 
usable for the learners. Specifically, there are many factors affecting the technical usability of 
Web-based learning systems, such as site structure, local search, navigation and linking, screen 
appearance, and interactivity (Nilsen, 1993, 2000). Nilsen’s factors of Web usability include page 
and content design. Page design has three components: cross platform, speed of page access, and 
page linking. Content design has two components:  writing for scannability and media use. Simi-
larly, IBM Web design guidelines focus on five major factors: structure, navigation, visual layout, 
textual content, and media elements (IBM, 2000).   

Given these considerations, the following criteria are considered as very important for the design 
of the technical usability of Web-based learning. They are divided into generic usability criteria 
that are applicable to most educational software and usability criteria that are specific to Web-
based learning:  

(a) Effectiveness, efficiency, user satisfaction, ease-of-use, and ease-of-learning  
(b) Cross platform, accessibility, navigation and linking, and content design. 

Pedagogical usability criteria 
The technical usability is a self-evident requirement, but it is not sufficient when designing usable 
Web based learning. The usability concept must be extended to capture issues that are fundamen-
tal to learning. To construct usable systems, pedagogical usability criteria must be incorporated 
into the development process. Important for the design of the pedagogical usability is a pedagogi-
cal foundation built on learning theory. Thus, the criteria that influence the pedagogical usability 
of Web-based learning are those that are associated with learning theories. The starting point for 
defining the criteria is to split the learning process into three types of learning: a behaviorist, a 
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constructivist, and, a social constructivist phase of learning. The suitable combination of the crite-
ria produces a pedagogical usable Web-based learning.  

The most important criteria that have to be considered when designing Web-based learning for 
behaviorism are as follows (Mayes & Fowler, 1999):  

• Break down the subject matter into small learning units (lessons) and logically discrete in-
structional steps 

• Provide a well-structured presentation of information  
• Allow easy accessibility of information  
• Provide powerful explanation of the information  

From a constructivist point of view, the most important criteria that must influence the design of 
Web-based learning are the consideration of learners’ individual characteristics and prior knowl-
edge, motivation, authentic tasks, self-reflection, flexibility of learning material, multiple repre-
sentation of information, and assessment of learning embedded in the learning process.  Hence, 
Web-based learning may be designed to support the following tasks (Wilson, 1998):  

• Authentic task-based activities and exercises taken from real-world situations  
• Well-designed examples that students may follow when they perform task-based activities  
• The presentation of knowledge from previous versions of the course that students may reuse 
• The recording of learning material that is intrinsically motivating  
• The multiple representation of information using various media elements 
• Evaluation procedures that are embedded in the learning process 
• Links to interactive educational software (WRML/animations, simulations, multimedia, etc.) 
• Feedback from instructor to the learners towards solutions to authentic problems  

From a social constructivist point of view, the most important criteria for Web-based learning are 
the consideration of the social context in which learning takes place, the concept of scaffolding 
based on Vygotsky’s definition of Zone of Proximal Development (ZPD), social interaction, col-
laboration, and dialogue with fellow learners, instructors, and tutors.  Hence, Web-based learning 
may be designed to support the following tasks (Kunz, 2004):  

• Arena for collaborative assignments to produce a shared project report, or solution to a prob-
lem   

• Forum for dialogue through Web-enabled discussions with the instructor and fellow students 

• Online submission of compulsory project work and online instructors’ feedback as well  

• Shared workspaces containing resources to all students.  Such workspaces would allow col-
laborative work on shared tasks  

• Spaces that can be tailored according to the situational needs. This includes students having 
the rights to add, modify, customize, manage, and delete items themselves   

• Links to online databases, online journals, software libraries, interest groups, etc. 

System requirements 
Based on usability criteria, the main part of the requirements is dedicated to the definition and 
specification of system requirements. System requirements are twofold: functional requirements 
and data requirements. Functional requirements can be modeled with use case diagrams at a high 
level of abstraction. Data requirements can be modeled with class diagrams at a high level of ab-
straction.  
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Functional requirements include the definition and specification of the set of operations (or use 
cases) that the Web-based learning system must provide to actors: teachers, students, administra-
tors, and other users. These can be divided into teaching, learning, and administrative operations. 
A subset of operations is shown in Figure 4:  

• Teaching operations and associated use cases are: register teacher information, teacher 
login, update course content (display, create, change, and delete course content), review 
learning activities, answer questions and requests, check course evaluations 

• Learning operations and associated use cases are: register learner information, learner 
login, display course content, perform learning activities, establish dialogue, perform 
online dialogue and group interaction, and, finally, perform assessment and course 
evaluation.   

• Administrative operations and associated use cases are: update database, produce statis-
tics, and create new pages. These are performed by Web administrators. The operation 
“display course evaluations” is performed by the study leader of the institution. 

Data requirements include the definition and specification of three data models: 

 
Figure 4: Functional requirements: High level use case diagram. 
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1. The course model  
2. The pedagogical model 
3. The user model  

First, requirements elicited from teachers/instructors constitute the course requirements. They 
capture the educational goals, the learning material, the topics and subtopics, and the type of the 
skills that the students need to learn.  

The classes that specify course requirements are described with primitive attributes. Only the 
most interesting attributes are shown. The class diagram in Figure 5 shows the most apparent re-
lations between the classes. The class Course Content consists of six associated classes: Prerequi-
site Course, Course Information, Course Unit, Course Evaluation, Course Assessment, and 
Online Study Material.  The class Course Content has one or more Content Unit, which has one 
or more Course Topic respectively. Similarly, the class Course Assessment has one or more 
Regular Test and Exam, which themselves have one (or not at all) or more Oral and Written 
Exam, respectively. Finally, class Regular Test may be linked to many Compulsory Test. 

Requirements derived from educational researchers specify the most appropriate pedagogical 
strategies rooted in current learning theories. Thus, the specification of pedagogical requirements  
relies on pedagogical strategies based on learning theories with three types of learning: behavior-
ism, constructivism and social constructivism: 

• To support behaviorist learning, Web-based learning must be designed to support the 
presentation of the subject matter according to pedagogical criteria defined above.   

• To support cognitive constructivist learning, Web-based learning must be designed to 
support task-based activities and project work rather than the presentation of the subject 

 
Figure 5: Course requirements: High level class diagram. 
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matter. Learner activities may use interactive software, such as simulations, VRML, mul-
timedia, animation, etc. Appropriate links must therefore be established to interactive 
software tools.  

• To support social constructivist learning, Web-based learning must be designed to sup-
port collaborative learning, enabling students to ask questions and discuss issues and 
concepts of the subject matter, as well as and solutions to task-based activities. Collabo-
rative activities are supported by online dialogue (chat, discussion forum, E-mail), online 
workspaces and online databases. 

To specify pedagogical requirements, the class diagram must contain a class Pedagogical Strategy 
that is linked to three classes (Figure 6): Subject Information, Learning Activity, and Collabora-
tive Activity. These classes are themselves generic abstract classes for concrete subclasses (Task-
Based Activity, Interactive Application (Multimedia, VRML/Animation, Simulation), Project 
Activity, Course Content, Online Database, Online Discussion (Chat, Forum, E-mail), Online 
Workspace). Class Content is the class defined in course requirements.  

User requirements are specified through the classes that represent the users of Web-based learn-
ing: Teachers, learners, and Web administrators (Figure 7). Thus, the class diagram must contain 
a generic abstract class User for three concrete subclasses Learner, Teacher, Web Administrator. 
Teachers provide new study material, update the existing one, review learning activities, check 
course evaluations, etc. Learners use Web-based learning to satisfy their educational needs. Web 
administrators create new Web pages, update the database and produce statistics. Users (class 
User) have rights (class Rights), which allow them to login with a username and a password. 
Class Rights must be linked to Class Users. In addition, a class Login is needed. 

System constraints 
System constraints describe how the system is constrained when accomplishing its functions. 
Web-based learning system constraints are set with regards to: 

 
Figure 6: Pedagogical requirements: High level class diagram 
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• Performance requirements 
• Security requirements 
• Operational requirements 
• Political and legal requirements 

Performance requirements can become quite central to the success of Web-based learning. They 
specify the speed (the system’s response time) at which various tasks have to be accomplished. 
Performance requirements ensure a trouble free function of the system. 

Security requirements describe user’s access privileges to the information under the system’s con-
trol. User can be given restricted access to the Web-based learning, including restricted access to 
data and/or restricted rights to execute certain operations on data. Some of these requirements are 
related to user requirements.  

Operational requirements determine the hardware/software environment in which the system will 
operate. These requirements may have an impact on other aspects of the management process of 
Web-based learning, such as system maintenance an update. 

Political requirements are frequently assumed rather than explicitly stated. These requirements 
are derived from the institutional environment, and specify the institutional, legal, and ethical is-
sues.  These requirements are very important because the system may be difficult or impossible to 
use for political, legal, and ethical reasons. 

Design 
This design phase is concerned with Web design and architecture design.  

Web design 
The structure of the Web-based learning system is usually hierarchical with the top as the home 
page which presents general information about the system. Then, the system must be broken 
down into smaller components, witch themselves may consist of one or many Web pages accord-
ing to the topics and subtopics of the subject matter (Figure 8).  

 
Figure 7: User requirements: High level class diagram 
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Architecture design 
Architecture design is done in terms of the software/hardware platform on which the Web-based 
learning system is going to be implemented. This platform is the three-tier client/server architec-
ture (or BCD model) that separates data management (Entity) from presentation (Boundary) via 
the application logic middle tier (Control). The Boundary-Control-Entity-Database (BCED) (an 
extension of the BCD model) is an approach to object-oriented modeling based on four-way fac-
toring of classes. The advantage of the BCED is its alignment with the client/server model. UML 
predefines four stereotypes on a class package: boundary, control, entity, and database (Maci-
aszek, 2001). The boundary package describes objects that represent the interface between an ac-
tor and the system.  A control package describes the classes that intercept user input events and 
control the execution of an instructional process. An entity package describes classes that repre-
sent the semantics of entities in an educational domain. The database package describes classes 
that perform the extraction of data from the database. The main database package CRUD – Cre-
ate-Read-Update-Delete package mediates between the entity classes and the database tables 
whenever the system needs to access or modify the database content. Figure 9 shows architecture 
design for Web-based learning. Only the most important packages are shown. 

An object-oriented architecture model is elaborated through the analysis and design phases – de-
tails are added in successive iterations, changes, and refinements are introduced as needed. 

 
Figure 8: Web-based learning structure 
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Coding and Testing 
This phase enables the production of multimedia elements, e.g. text, graphic, animation, and 
eventually audio associated with the Web-based learning. This is followed by the implementation 
of the study material associated with the content pages using programming languages or special-
ized authoring systems or tools such as FrontPage or Macromedia Dreamweaver. It may be also 
possible to modify, refine, and reuse previous components, classes, and objects (Krauss & Ally, 
2005; Rokou, Rokou & Rokos, 2004) that implement some of the functionalities of the system. 
Components may include reusable course units. Classes may contain reusable learning objects 
that may be lessons, exercises, assignments, learning activities, project reports, documentation 
units, past exams, etc. 

Before delivery, the system must be tested systematically. Testing is the process of exercising the 
system with the intent of finding and ultimately correcting various errors, such as typographical 
errors, grammatical mistakes, errors in content, errors in graphical representations, cross referenc-
ing errors, navigation errors, etc.  This phase includes also unit and integration testing, content 
review, platform, browser and operating system compatibility, user interface testing and interac-
tion with the users, performance and reliability testing, etc.  

The testing approach to Web-based learning adopts the basic principles of all software testing and 
applies a strategy that has been recommended for object-oriented systems (Pressman, 2000). The 
following steps summarize the approach: 

1. The content of the Web-based system is reviewed to uncover errors 

 
Figure 9: Architecture design 
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2. The design model is reviewed to uncover navigation errors 
3. Selected components are unit tested 
4. Integration tests are conducted 
5. The assembled Web-based learning system is tested for overall functionality 
6. The Web-based learning system is tested in a variety of different environment configura-

tions and is tested for compatibility with each other 
7. The Web-based learning system is tested by a controlled and monitored population of end 

users  

Technical and Pedagogical Evaluation  
After the delivery, installation, and use in the classroom, the evaluation of the Web-based learn-
ing system begins. There are many methods that may be used to evaluate Web-based learning 
(Benigno & Trentin, 2000; Dyson & Campello, 2003; Elissavet & Economides, 2003; Lam & 
McNaugt, 2003; Mayes & Fowler, Nulden, 2001; Storey, Phillips, Maczewski & Wang, 2002). 
The evaluation ensures that the objectives are kept in mind, and that the decisions made through-
out the phases of requirements definition and specification, design, coding, and testing are 
achieved.  

Basically, the evaluation must be conducted not only for the purpose of reviewing and revising 
the technical quality and the quality of the learning material but also for the evaluation of stu-
dents’ learning and the underlying pedagogy, since these are the driving forces behind the devel-
opment of Web-based learning.  

Many evaluation instruments can be used to assess the pedagogical value of Web-based learning, 
for example individual interviews, group interviews, survey questionnaires, and video-taped ob-
servation sessions are relevant instruments to obtain data on what learners feel and think about 
Web-based learning. Learners’ examinations and test performances are also adequate data for 
assessing the effectiveness of Web-based learning for acquiring skills and knowledge of the sub-
ject matter. Finally, teacher reflections and expert opinions in educational research are also good 
instruments to elicit the pedagogical value of Web-based learning.    

After the evaluation, the system may eventually be changed, updated and improved according to 
the recommendations expressed by the evaluation team.  

Evolution 
Considering that Web-based learning systems will undergo change once they are used in the 
classroom and evaluated, it is necessary to plan an evolution phase in order to ensure that the con-
tent is updated and revised, and the pedagogy is improved, etc. Thus, a continuous evolution is of 
crucial importance for the quality of Web-based learning. 

Evaluating the Methodology 
A development methodology can be evaluated in a variety of ways (Standing, 2002).  First, it 
could be evaluated according to a framework of requirements or rationale to determine if these 
are met with the methodology. The benefit of this approach is that it can be carried out by soft-
ware developers with sufficient knowledge background in Web-based learning. The weakness is 
that all problems are unlikely to be identified. Second, focus groups are another method of evalu-
ating development methodologies. This approach has the advantage of getting input from a range 
of practitioners and experts in the field of Web-based learning. The limitation is that all issues 
and problems may not be identified until the methodology is used in practice. Finally, the meth-
odology can be evaluated by adopting it as the development methodology on a project as a form 
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of action research and design-based research (Barab & Squire, 2004; Baskerville, 1999). Accord-
ing to Standing (Standing, 2002), this is an ideal approach to evaluating a methodology.  

Evaluation Requirements  
This work has been evaluated according to a framework of requirements.  The requirements that 
have been used to evaluate the methodology are based on the work of (Montilva, Sandia, & Bar-
rios, 2002). Accordingly, a framework of requirements consists of four general evaluation princi-
ples that may be applied to any software development methodology. The first principle relies on 
the idea that any development methodology must have a clear specified domain. The second prin-
ciple is related to the usability properties of the methodology. The third principle is concerned 
with the underlying product model, and the fourth principle is related to the process model of the 
methodology. In addition, these general principles must incorporate specific aspects that are 
proper to Web-based learning. 

As a result, the evaluation framework consists of a set of four requirement principles: applicabil-
ity domain, usability properties and user involvement, product model, and process model. Each 
principle can be described with a set of attributes.  

The set of attributes of the applicability domain are the scope of the methodology and the peda-
gogical domain of Web-based learning systems. These attributes include the mode of education, 
the course type, and the educational level.  

The usability and user involvement principle includes the applicability and completeness of the 
software life cycle, usability properties, and user involvement.  

The attributes of the product model principle are concerned with the product model of the meth-
odology, modeling language and notation, as well as the concepts underlying the model.  

The attributes of the process model principle are related to the process model of the methodology, 
management processes, and development processes.  

Applicability domain  
In contrast to conventional approaches to Web-based learning development, the methodology 
presented in this paper has a broader application domain than most existing methodologies. The 
coverage of the methodology includes software, management, and pedagogical issues. Particu-
larly important for Web-based learning is the consideration of the pedagogical domain, which is 
explicitly described with learning theories and how they can be implemented.  

The approach provides an explicit methodology for developing Web-based learning. It is applica-
ble to a wide range of situations where educational institutions are expecting to gain learning 
benefits in investing in Web-based learning. It is flexible enough to be adapted to the specialized 
conditions of the educational institutions. 

More specifically, its application area includes education ranging from high schools to higher 
education. The methodology can be applied at different levels of educational institutions from 
high schools to higher education. It can be campus and distance-based or a combination of them. 
Further, a variety of Web-based courses may be developed using the methodology. Finally, the 
methodology is independent of a specific instructional approach to that it can be applied within a 
variety of educational situations.   

Usability and user involvement 
The methodology covers the whole life software cycle, including the evaluation of learning. In 
contrast, few approaches concentrate on the entire development process from analysis to evalua-
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tion. In addition, in contrast to many exiting approaches, the evaluation phase, as described in this 
paper, is sufficiently taken into consideration. Likewise, the living and evolutionary character of 
Web-based learning systems is explicitly emphasized in this approach. Hence, the methodology 
of this paper is more complete than existing approaches as it covers the whole life cycle, includ-
ing pedagogical evaluation. 

Furthermore, the methodology shows the phases of the development process and how to perform 
them. It uses standard techniques, is easy to use and flexible enough to be adapted to a variety of 
educational situations. The visibility of the methodology is improved through modularity and the 
three-tier client/server architecture (or BCD model) that separates data management (Entity) from 
presentation (Boundary) via the application logic middle tier (Control).  

Finally, the methodology involves all the stakeholders in all phases of the development life cycle: 
content developers and instructors, learners, software developers, educational researchers, graphic 
designers, Web administrators. User involvement is important to ensure that all perspectives are 
taken into consideration: the technical, esthetical, engineering, cultural, pedagogical, etc. 

Product model  
The product model is concerned with the explicit representation of the Web-based learning sys-
tem. This is described by the characteristics of the course being developed. The methodology 
clearly defines the properties of the system by describing its features and dimensions, both tech-
nical and non-technical, including esthetical and pedagogical concepts.   

The methodology uses both graphical and textual notations for specifying the product model. In 
contrast to existing approaches, with few exceptions (Montilva, Sandia, & Barrios, 2002), the 
product model of the methodology is explicitly described following an object-oriented approach. 
Analysis and design modeling are expressed by using the Unified Modeling Language (UML). 
There are many advantages using an object-oriented approach with UML. First, analysis and de-
sign are connected. Second, UML increases the productivity of development teams.  

Finally, the product model is described from different perspectives: learner, teacher, and adminis-
trator perspectives, etc. Existing methodologies do not sufficiently take into consideration the 
manifold perspectives of Web-based learning systems, that is, what the systems constitute. This 
limits their suitability. Basically, it is difficult for any approach to include all systems perspec-
tives. But, the combination and use of multiple perspectives (at least the most important) would 
appear to be the most appropriate solution to this issue. 

Process model 
Existing process models for Web-based development are tied to a process which limits the appli-
cability and flexibility. Approaches that use conventional software development approaches, or 
extensions of these approaches, to address the whole process are not flexible enough, or to com-
plicated, to be applied to Web-based learning. Domain-specific approaches that are exclusively 
devoted to Web-based learning, do not explicitly address the specific characteristics that are 
proper to Web-based learning, such as learning theories, learner-centered design, multi-
functionality, evolution and change. The approach described in (Montilva, Sandia, & Barrios, 
2002) takes into consideration instructional aspects, such as education level, modality, course 
type, but not learning theories. This is clearly insufficient for implementing Web-based learning. 

The methodology presented in this paper combines the advantages of existing process models. It 
is a modified evolutionary process model that includes some aspects of other process models.  

Moreover, the methodology is not dependent on one technology or software tool. In contrast to 
traditional software systems, which are built using on homogeneous technology, Web-based 



 Hadjerrouit 

 141 

learning systems run in a heterogeneous computing environment that includes multi-platforms, 
multi-browsers, and multimedia support.  

Finally, the process model encompasses both project management and development processes. 
Both are required to produce Web-based learning systems.  

Conclusion 
This work provides a framework for understanding the challenges, potentialities, difficulties, and 
complexity of Web-based learning. So far, the conclusions that can be drawn are as follows: 

Developing Web-based learning is a complex matter. Web-based learning has a number of com-
ponents and subcomponents, which include both technical and non-technical aspects. There are 
methodologies, but few that provide an overarching framework for developing Web-based learn-
ing. The methodology presented in this paper aims to provide such a framework. It attempts to 
provide pedagogical and methodological foundation as prerequisite for effective implementation 
of Web-based learning.  

This paper highlights a number of issues for Web developers, teachers, graphic designers, educa-
tional researchers, and Web administrators.  

First, to produce effective Web-based learning in real environments, there is a need for a system-
atic software development methodology, because constructing Web-based learning is a product of 
a creative act of development, and not a result of repetitive act of manufacturing. Thus, a rigorous 
development methodology is a crucial concern for Web-based learning in order to avoid faulty 
requirements definition, design solutions, poor quality, and maintainability.  

Second, Web-based learning should be developed by software developers in consultation with 
other stakeholders, that is any person affected by the system or who has influence on system de-
velopment, e.g. teachers, educational researchers, learners, graphic designers, and Web adminis-
trators. This would mean that the stakeholders should be involved throughout the development of 
Web-based learning to ensure that all requirements are met. This, because the main causes of 
software failure can be traced to the stakeholder factor. 

Third, the methodology must cover not only the whole software cycle from requirements analy-
sis, design, implementation, to evaluation, but also the complexity of the learning environment. 
The evolutionary process model has therefore been modified to incorporate the learning environ-
ment of the system at an early stage.  

Fourth, the methodology must be evolutionary, incremental and iterative since it must deal with 
change and evolution of many dimensions of Web-based learning. Change and evolution are in-
trinsic to Web-based learning as they affect all dimensions of this technology. Changes come 
from new pedagogical improvements, as well as from information technology, subject matter, 
course content, and educational organizations and institutions.  

Fifth, the methodology must explicitly incorporate learning theories and associated pedagogical 
principles, since the pedagogical dimension is one of the major forces behind developing and 
evaluating Web-based learning. Thus, the development process must be extended to include the 
evaluation of learning. Only such an approach ensures that pedagogical issues can be systemati-
cally integrated into Web-based learning. 

Future work consists of evaluating the methodology by adopting it as the methodology on pro-
jects at the university level as a form for action research (Baskerville, 1999). Action research is an 
important approach for understanding how the development methodology works in practice. The 
improvement of the methodology will then take place through continuous cycles of practical use 
and experiments, evaluation, and redesigns.  Action research is needed to explore the potentiali-
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ties of the development methodology in order to improve its applicability and integration in edu-
cational settings. Finally, the approach needs to be applied in varied educational settings and 
courses to confirm and support the evaluation of the methodology though a framework of re-
quirements.  
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