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Problem statement
The allure of online courses is quite appealing to both academic institutions and their
students. Colleges and universities are increasingly migrating towards utilising the
World Wide Web to convey at least part of and, in many cases, their entire curricular
offering (Mayor, 2001). Despite this trend there is little support for the professors
responsible for translating courses refined over a career in the classroom for delivery
via the Web (Muilenburg and Berge, 2001). Teachers who are experts in their subject
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Abstract
Colleges and universities are increasingly migrating towards utilising the
World Wide Web to convey at least part of, and in many cases, their entire cur-
ricular offering. Despite this trend there is little support for the professors
responsible for translating courses refined over a career in the classroom for
delivery via the Web. Teachers who are experts in their subject area and
masters of their craft when in a classroom find themselves in the uncomfort-
able position of having to relearn how to teach in a new environment with
little or no support. Development of an online course is, in many significant
aspects, analogous to developing a computer product. The procedures and
tools utilised in the software engineering field to manage computer software
development, therefore, offer promise for developing online courses. This paper
explores the potential of one process developed for the software engineering
field—the System Development Lifecycle (SDL)—as a tool to effectively design
and develop online college courses.
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area and masters of their craft when in a classroom find themselves in the uncomfort-
able position of having to relearn how to teach in a new environment with little or no
support.

Although there is no shortage of products such as WebCT and Blackboard available for
distributing educational materials in an online modality, there is a definite lack of prod-
ucts that help the instructor plan, design and develop online educational programs.
Despite the rather free availability of general suggestions and guidelines (Carlson and
Everett, 2000; Levin et al, 1999), the professor is often left to develop her or his own
answers to three important questions: What online resources are available? Which
resources are appropriate for a given educational goal? How can those resources be
effectively utilised to attain that goal?

Teaching, regardless of the environment, is neither easy nor assured of success. Irre-
spective of a teacher’s efforts to help a student master a subject, the activity of learn-
ing is indeed one that can only be accomplished by the student. Since students differ
widely in how they learn and what is effective in facilitating that process (Currie, 1995),
designing an effective course is indeed challenging. The difficulty is exacerbated at the
post-secondary level where teachers are primarily experts in the subject matter, not in
educational processes and learning theory.

The nature of a web-based learning environment compounds the problem. Teachers,
by-and large, teach in the same manner in which they were taught. Since few current
teachers have experienced online learning as students, most are confronted with
working in an environment for which they have no model. Furthermore the non-verbal
cues that experienced teachers use to pace instruction in the classroom are not avail-
able online; the Web simply does not convey when a student’s eyes glaze over. The
immediacy of the question–response–follow-up cycle is largely lost in the online envi-
ronment. It is quite difficult to foster and maintain the peer-to-peer support system of
a community of learners when that community is ‘virtual’. Many of the techniques—
study groups and mentorship, for example—used in the classroom environment to help
students master higher-level learning outcomes are difficult to replicate online. Thus,
teaching online requires a re-evaluation of the pedagogical approach (Carr-Chellman
and Duchastel, 2000; Dringus, 2000).

An obvious solution: place class materials on the Web
The typical solution for implementing an online course is a simple porting process of
placing materials developed for classroom delivery of the course on a web site supported
by an online course management system such as WebCT or Blackboard. This process
usually entails developing web pages containing class notes or copies of PowerPoint
presentations, video-taped lectures, and various synchronous (ie, chat rooms) and
asynchronous (ie, threaded discussion forums) simulations of classroom discussion
(Carlson and Everett, 2000). Although the course management system provides struc-
ture for the course materials, there is no assurance that the materials that were effec-
tive in a classroom will be equally effective online.
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While one cannot help but use prior experiences in teaching a course when translat-
ing that course for delivery via a new medium, the direct porting of classroom materi-
als to the Web is usually not effective. Often the porting of the materials for web delivery
is left to a support technician who lacks expertise in both the subject matter and peda-
gogical theory. When the instructor or professor does the porting of the class materials
to the Web, a lack of experience with the tools available in an online learning envi-
ronment and a general lack of technical expertise can serve as significant impediments
(Muilenburg and Berge, 2001). Regardless of how the porting of the materials is
accomplished the critical consideration is often ignored: the online learning environ-
ment is essentially different from the classroom environment and the techniques that
worked quite adequately in the classroom might well be totally ineffective in a web-
based course (Carr-Chellman and Duchastel, 2000; Dringus, 2000).

The problems with directly applying educational expertise developed in the classroom
to the web-based environment do not end with course delivery. Meaningful evaluation
of the effectiveness of the course is essential (Angelo and Cross, 1993). Often, however,
online courses are evaluated using generic tools developed for the classroom environ-
ment. The value of these tools in evaluating and improving classroom instruction has
long been questioned. Their value, when applied in the significantly different online
environment, is even more questionable since they have never been validated for that
environment and response rates are historically quite low. Meaningful evaluation that
could be used to monitor and improve online learning experiences is, at best, difficult
(Izat et al; Ravelli, 2000).

Learning from software engineering
It is clearly not enough to present even an experienced classroom-based instructor with
a set of tools for teaching online. Development of a course for delivery via an online
environment is in many ways similar to developing a computer product. Development
of a computer product such as a game or multimedia-enriched computerised ency-
clopaedia relies upon the work of a team consisting of many different members—
project manager, designers, content developers, programmers and subject matter
experts—following a structured process model. It is unreasonable to expect a college
professor with no development experience, minimal team support and arcane develop-
ment tools to create an effective web-based educational product.

Since development of an online course is, in many significant aspects, analogous to
developing a computer product, the procedures and tools used in software engineering
would appear to be appropriate for developing online courses. The System Development
Lifecycle (SDL) is the commonly accepted method of addressing the need for structured
teamwork (Pressman, 1997).

The SDL views the development of a product as a sequential, iterative process. The
process is sequential in that it is comprised of a series of distinct steps that must be
accomplished in order, and is iterative in that issues that arise at any given step can
necessitate a return to any previous step for reassessment.
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There are many different process models for SDL—waterfall or linear, spiral, incre-
mental and concurrent, to mention just a few—and many different views of the
number and names for the steps in the development process. Pressman (1997) offers
perhaps the seminal analysis of the various models used in the development of software
systems. For the purposes of this discussion, a rather simplified adaptation of the water-
fall with feedback model seems most appropriate (Figure 1). This model is based upon
a linear design with four major steps: analysis, design, code and test.

The analysis step entails answering four questions: What are the goals for the pro-
gram? How is the program supposed to attain those goals? What data must the program
have in order to attain those goals? How should the user be able to interact with the
program? A requirements specification that details the desired functionality and
sketches a general model for the desired product is typically developed to answer these
questions.

In the design step the model sketched during analysis is refined. Detailed descriptions
of the product architecture, user interface and necessary software components are
developed. The design process entails translating the rather general requirements iden-
tified in analysis into a highly detailed blueprint for the program.
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During the coding step the blueprint developed during program design is implemented.
Coding entails writing the machine-executable instructions necessary to build the
program that can meet the requirements specified during the analysis phase.

During the test step the program is subjected to a series of planned, structured trials to
determine if it meets the requirements detailed during the analysis step. There are gen-
erally two aspects to testing: verification to ensure all functions perform as designed,
and validation to ensure that the product does in fact meet the goals specified in the
requirements specification.

A key element is the feedback loop from the test step back to analysis at the start of the
process. This process, when applied over time, is intended to produce continuous
improvement in the product based on the test results. As well, at each step in the process
there can be a return to a previous step to clarify or revise the results of that step in the
process. In fact, as depicted in Figure 1, when a problem is discovered while working
on developing the concepts in a specific step, any previous step in the process could be
revisited if necessary to resolve the problem.

Course development lifecycle (CDL)
The processes and controls inherent in the SDL have applicability to course develop-
ment, especially for those courses developed for delivery in an online format. The fol-
lowing sections examine each of the steps in the SDL and the corresponding step in a
CDL approach to course development. Figure 2 illustrates the CDL. The discussion is
illustrated by examples from a course in Educational Database Systems that was devel-
oped for online delivery using the CDL process model.

Analysis by developing learning outcomes
Learning outcomes form the essence of a requirements specification for a college course
(Bloom et al, 1956; Gronlund, 2000). The learning outcome must clearly specify what
the student should be able to do, the conditions under which the student should
produce the desired behaviour and how well the student must be able to perform it. In
addition to focusing on the specific behaviour, learning outcomes must also reflect the
level of cognitive activity expected of the student.

Although educational researchers have developed many different taxonomies for 
categorising level of cognitive activity, the work presented by Bloom et al (1956) is an
effective model for developing learning outcomes. Bloom identified a sequence of six
levels of cognitive activity and associated specific types of student behaviour for each.
Table 1 summarises those levels and a representative sample of associated behaviours.

The process of developing learning outcomes entails three steps: (1) identify the specific
topic or subject matter to be learned, (2) decide what level of cognitive activity is nec-
essary for satisfactory mastery of that topic and (3) identify what student behaviour is
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Table 1: Bloom’s levels of cognitive activity and associated behaviours

Cognitive level Samples of associated student behaviour

Knowledge list, define, tell, describe, identify, show, label, collect, examine, tabulate,
quote, name

Comprehension summarise, describe, interpret, contrast, predict, associate, distinguish,
estimate, differentiate, discuss, extend

Application Demonstrate, calculate, complete, illustrate, show, solve, examine, modify,
relate, change, classify, experiment, discover

Analysis separate, order, explain, connect, classify, arrange, divide, compare,
select, explain

Synthesis combine, integrate, modify, rearrange, substitute, plan, design, invent,
compose, formulate, prepare, generalise, rewrite

Evaluation assess, decide, rank, grade, test, measure, recommend, convince, select,
judge, explain, discriminate, support, conclude, compare

Figure 2: Course development lifecycle
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necessary to demonstrate that cognitive activity. For example, in an introductory data-
base course, normalisation is a core topic area, students are commonly expected to
progress to at least the application level of cognition, and typically students demon-
strate that mastery by solving one or more problems. The learning outcome describing
this expectation might be: The student will be able to solve a database normalisation
problem by bringing a dataset into Third Normal Form compliance. Figure 3 presents
a sample of the learning outcomes developed for the Educational Database Systems
course.

Design by matching outcomes with online resources
Once the learning outcomes have been identified for a course, the instructor must
design the course by determining which pedagogical tools should be used to facilitate
the students’ attainment of each specific outcome. There are five components to the
design phase. First, a decision must be made regarding the time-dependency of the
course: asynchronous, synchronous or hybrid. Second, a catalogue must be developed
that lists the pedagogical tools available for the selected time-dependency, the effective
uses for each tool and the known limitations of each. This catalogue must be based
upon local experience; differing student profiles, faculty profiles, curricula and even
courses require different pedagogical approaches. Figure 4 presents a partial list of the
catalogue of online pedagogical tools available for the Educational Database Systems
course developed for asynchronous-only delivery.

After the resource catalogue has been developed, the instructor can then select the
appropriate instrument or instruments for each learning outcome. Merely identifying
a tool or set of tools to facilitate attainment of a given learning outcome is, of course,

Engineering an online course 645

© British Educational Communications and Technology Agency, 2003.
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not adequate; the instructor must detail how the tool will be implemented in terms of
assignment specifics. Finally, the set of assignments supported by the online pedagogi-
cal tools must be integrated into a coordinated whole that is comprehensible and usable
by the student. This integration can be accomplished either through an interactive syl-
labus page in which each assignment is detailed and contains a link to the appropriate
online tool or tools, or through a coordinated course management system such as
WebCT. Figure 5 details how one of those tools—the threaded discussion board—was
implemented in the Educational Database Systems course.

Code by assembling the resources
During the code phase the course as designed is built or customised. Videos are filmed,
compressed and placed on web sites; threaded discussion forums are created; chat
rooms are established; class notes are converted to web-deliverable format; and the
entire package is assembled into a seamless whole ready for student use. This stage is
the point in the development process where most online educational tools such as
Learning Space, WebCT and Blackboard start.

In software development it is a normal practice to use a team approach. The skills nec-
essary for effective product design are usually quite different than the coding skill set.
It is not unusual for those responsible for product design to delegate the actual coding
to other members of the team. In a similar fashion it is unrealistic to expect the instruc-
tor to build and customise the various elements necessary for the online delivery of a
course. Just as one would not expect a professor to write the textbook and build the
classroom used to support a course delivered in a traditional, face-to-face environment,
one should not expect that individual to fulfil all the roles inherent in the course devel-
opment process.
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Figure 5: Sample assignment using threaded discussion forum
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Test by delivering and evaluating the course
There are two essential questions that must be answered by a course evaluation: have
the learning outcomes identified for the course been attained (course effectiveness), and
did the pedagogical tools utilised in fact facilitate the attainment of those outcomes
(course efficiency)? The evaluation must be an integral part of the course delivery in
that it completes the development lifecycle. Evaluation serves as a vital part of con-
tinuous course improvement by providing input to the analysis for the next iteration 
of the course. The results of an effective evaluation provide the data necessary for the
evaluation feedback loop in the CDL depicted in Figure 2.

Typically online courses are evaluated with the same general-purpose instrument used
to evaluate classroom-based courses. This type of evaluation suffers from two obvious
flaws: it does not adequately accommodate the unique characteristics of the online
course, and, perhaps more importantly, it is too general in nature to offer meaningful
insight into the effectiveness and efficiency of the course regardless of delivery modal-
ity (Stanfel, 1998). It is hard to imagine what is truly being measured by evaluations
comprised of questions such as ‘How would you rate the course?’, ‘Was the instructor
approachable?’, ‘Rate the course organisation’ and ‘Rate your confidence in the instruc-
tor’s knowledge’. An evaluation customised for a specific course that asks the student
to first rate her or his level of confidence regarding attainment of each of the learning
outcomes specified for the course and then rate the value of each of the pedagogical
tools incorporated in the course would at least appear to offer both content and cri-
terion validity. Assessment of the course should be “learner-centered, teacher-directed,
mutually beneficial, formative, context-specific, ongoing, and firmly rooted in good
practice” (Angelo and Cross, 1993, 4). Figure 6 illustrates an initial attempt to address
meaningful course assessment from the evaluation of the Educational Database
Systems course.

Summary and implications for further research
Developing an effective college-level course is indeed complex and challenging. When
the need to adapt the course to an emerging, poorly defined and imperfectly understood
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delivery system such as an online learning environment is added to the developmental
burden, the difficulty becomes exponentially greater. The structure and support inher-
ent in a formalised development process offers great promise as a means of addressing
this difficulty.

Without question, courses have been successfully planned, developed and delivered via
online modalities. There are certainly a large number of process models that present
potential as a solution to the problem of developing courses for an online environment.
This paper explored the potential of adapting the SDL model widely used in software
engineering as a particularly promising process model. There is an intuitive appeal to
adapting a tool developed by the computer industry to plan a course that will be deliv-
ered predominately via computer-mediated communication.

The CDL process model presented in this paper is by no means the ending point of this
discussion. One of the greatest strengths inherent in the structure of the SDL model 
is the capacity to support the development process through computerisation with 
Computer Aided Software Engineering (CASE) tools. This paper represents a start of
the analysis phase for a computerised support system for course development. 
Future research identifying specific requirements and design considerations for such a
system is indicated.
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