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Abstract

A methodology for e-learning systems engineering is offered for use in the development of e-learning materials.  The methodology draws upon the practices of software engineering to identify the key stages and steps required for the development of effective e-learning materials.
1. Introduction

A technical team assembled for the task of developing an e-learning system is usually professionally familiar with the principles of software engineering but may not be sure of how to go about the particular tasks associated with the development of e-learning materials and systems.  The principles of software engineering may be readily applied to the development of e-learning rather than software, and this paper provides a “translation” of a version of the conventional “waterfall” model [1].  A good development methodology helps a technical team develop pedagogically as well as technically sound units of learning.  Conversely, the lack of a good methodology causes schedule slippage, budget over-run, or outright failure to meet learner, sponsor, and stakeholder needs.
2. A methodology
There is a particularly wide choice of instructional design methods, and a survey of the literature is likely to turn up over 40 [2].  From the point of view of technical developers of e-learning, it is useful for their work to be based upon a methodology which is familiar and well-proven.  Structured Systems Analysis and Design Methodology (SSADM) [3] is well-regarded in the UK and well-known elsewhere, and informs the methodological structure shown in Figure 1.
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Figure 1. Methodology overview

There are six phases to the methodology for e-learning systems engineering (feasibility, analysis, design, construction, operation, and evaluation) and within these phases there are nine stages, underpinned by the continuous parallel procedures of project and quality management.
2.1. Feasibility report
The Feasibility phase precedes the “analyse-design-do-evaluate” technical phases and asks the question “Is this the right thing to do?”  The “0 Feasibility Report” stage involves three steps, illustrated in Figure 2, and is designed to answer this question through a systems diagram, a needs analysis, and a management assessment.
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Figure 2. Structure of stage “0 Feasibility Report” and steps

2.1.1. System diagram. The 01 System Diagramming step is concerned with describing and clarifying the teaching and learning situation for which an e-learning system is the presumed solution.  Most projects fail because of managerial, rather than technical problems, and the 01 SD step provides an early analysis of the non-technical issues in the style of soft systems analysis [4]
2.1.2. Needs analysis. The 02 Needs Analysis step is concerned with analysing the learning needs of the learner.  The 02 NA step explores the need for the e-learning by comparing what the learner currently knows or does with what the learner should know or be able to do.  When the presumed solution is training rather than education, the needs analysis is more commonly called a Training Needs Analysis.

2.1.3. Preliminary management assessment. The 03 Preliminary Management Assessment step is a “mini” or preliminary version of the 2 Project Plan stage undertaken in the Analysis phase.  The 03 PMA step assesses whether the cost of e-learning provision is likely to be adequately paid back by the improvement in learners’ knowledge or skill and by the accumulation of other benefits.
2.2. Front end analysis

The “1 Front End Analysis” stage is the first stage of the Analysis phase, and asks the question “What should the e-learning system do?”  The stage involves five steps, illustrated in Figure 3, and answers this question by considering the characteristics of the intended learners, the nature and structure of the subject matter, the objectives of the e-learning, the outline methods and media to be used, and the project management and quality standards which should apply to the project.
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Figure 3. Structure of stage “1 Front End Analysis” and steps

2.2.1. Audience analysis. The 11 Audience Analysis step investigates and documents the demographics, education, experience, interests, study contexts, and attitudes of the learners.  These factors powerfully affect the remaining analysis and design of the proposed e-learning system.
2.2.2. Task analysis. The 12 Task Analysis step is concerned with the nature and structure of the subject matter, commonly categorised into one of four types:  facts, concepts, procedures, and principles.

2.2.3. Top level objectives. The 13 Top Level Objectives step expresses the overall purpose of the e-learning that is to be designed and developed, informed by the 02 Needs Analysis.  The 13 TLO step expresses the aims or goals of the e-learning in terms of what the student is expected to be able to do as a result of learning.  This approach ensures the methodology is largely indifferent to the distinctions that can be made between information presentation, education, or training.

Common approaches compatible with 13 TLO include Gagné’s [5] (knows facts, discriminates, identifies concepts, classifies information, applies rules, solves problems, applies procedures or strategies, motor skills, and attitudes), Bloom’s [6] (knowledge, comprehension, application, analysis, synthesis, and evaluation), or Merrill’s [7] (recall, use or apply, and create, find, or discover) taxonomies.
2.2.4. Instructional concept. The 14 Instructional Concept step is concerned with the preliminary identification of the e-learning methods and media to be used.  The choice in 14 IC is in fact far more of a business decision – What is affordable? – than a technical decision – What do the instructional objectives require? – for two main reasons.  The first is the very large cost, schedule, and other resource differentials between the cheapest and the most expensive methods and media.  The second is that there is some evidence, albeit disputed, to show that, within broad parameters, the effectiveness of teaching does not particularly depend upon the chosen media or even the chosen methods [8].
2.2.5. Project and quality management standards. The 15 PQMS step may not be necessary for smaller or single-person projects, but for larger projects, or those that are high risk, have high client involvement, or external contractor involvement, standards and procedures need to be specified for risk management, scheduling, budgeting, change control, inspections and reviews, testing, and process improvement.
2.3. Project plan

The “2 Project Plan” stage is the second stage of the Analysis phase, and establishes the commercial viability of the project.  The stage involves five steps illustrated in Figure 4.
[image: image4.png]2 Project Plan

21 RMP
Risk manage-
ment plan





Figure 4. Structure of stage “2 Project Plan” and steps

2.3.1. Risk management. The 21 Risk Management Plan provides the formal consideration of all the risks to which the project is subject, an analysis of the potential losses, the likelihood of these risks coming to pass, and the determination of strategies to ameliorate or avert the most serious of them.
2.3.2. Options and alternatives. The 22 Options and Alternatives step addresses the importance of having and deciding between a variety of options and alternatives, both for the project as a whole, and within the project.  Developing these alternatives brings out hidden assumptions and clarifies criteria, allows a “best choice” to be made, rather than a forced “choice”, and provides comparative evidence for improving future criteria and choices.
The project plan stage involves an iteration through the options and alternatives, informed by the preliminary management assessment of stage 0 Feasibility Report, adjusting schedules and budgets (23 S&B), cost benefit analyses (24 CBA), and project impacts (25 IA), until a final project plan meets with management approval.
2.4. Initial design

The “3 Initial Design” stage is the first stage of the Design phase, and provides an outline answer to the question, “How will the e-learning be provided?”  The stage involves the five steps illustrated in Figure 5, where the requirements of the e-learning are developed into a design outline called the content outline.
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Figure 5. Structure of stage “3 Initial Design” and steps

2.4.1. Enabling objectives. The 31 Enabling Objectives step refines the top level objectives from stage 1 Front End Analysis into a set of enabling objectives, also known as an objectives hierarchy.
2.4.2. Student test. Given the objectives from step 31 EO and step 13 TLO, the 32 Student Test step constructs a set of test items which, when successfully answered by the student, demonstrates mastery of the subject matter and achievement of the objectives of the e-learning materials.
2.4.3. Media and methods. The 33 Media and Methods step considers the appropriate media and methods for each of the enabling objectives, informed by step 14 Instructional Concept.
2.4.4. Content outline. The 34 Content Outline step integrates the technical developments so far.   From stage 1 Front End Analysis there is a broad understanding of the subject matter as specified in step 12 Task Analysis.  From within stage 3 Initial Design there is a more detailed understanding of the objectives and intended learning outcomes, provision for measuring whether the student has achieved the intended outcomes, and the identification of the instructional media and methods appropriate to each objective.  The 34 CO step integrates these components into a single document, where the subject matter is itemised in detail and matched with its relevant enabling objectives, media and methods, and student test items.
2.4.5. Technical, presentation, and design standards. The 35 TPDS step provides standards and guidelines for the e-learning project designers, programmers, and graphic artists in all areas relevant to the look, feel, operation, and architecture of the materials and e-learning system.  These standards will be required during stages 4 Detailed Design and 5 Production.
2.5. Detailed design

The “4 Detailed Design” stage is the second stage of the Design phase.  The stage involves the five steps illustrated in Figure 6.  The content outline is refined into a set of instructional transactions and then developed into lesson plans.  Course management components are identified and the lesson plans are prototyped.  Attention is also paid to designing the materials so they can be effectively evaluated.
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Figure 6. Structure of stage “4 Detailed Design” and steps

2.5.1. Instructional transactions. The “conversational” model of Laurillard [9] may be abstracted to yield a model of an “atomic” learning transaction, here called an instructional transaction, and illustrated in Figure 7.  The tasks within step 41 Instructional Transactions are to take the content outline and develop the necessary “conversations” to obtain the desired learning designs.
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Figure 7. Model of the learning transaction

The major enhancements to the content outline subject matter in this step are the provision of learner interactions, through the “asks” and “feedbacks” of the learning transaction.

Importantly, this step also designs the transactions which may precede or follow the subject matter in order to complete the lesson or topic and enhance its pedagogic value.  Following Gagne [5], transactions would be added to gain learner attention, inform learner of objectives, stimulate recall of prior learning, assess prior learning, give formative assessment of performance, enhance retention and transfer, support reflection, and finally evaluate the lesson.

2.5.2. Lesson plan. The instructional transactions are then assembled in step 42 Lesson Plan to provide a timed and sequenced learning structure.
2.5.3. Course management design. The step 43 Course Management Design is concerned with specifying how students register, log on, have their progress tracked, their test scores recorded, and so on, and how access to student data is protected.
2.5.4. Prototypes. Producing samples or prototypes is an effective method of quality management.  Exposing the planned materials to inspection and review is the purpose of step 44 Prototypes.
2.5.5. Evaluability design. The point of evaluating e-learning is to secure incremental quality improvements over successive implementations, and 45 Evaluability Design ensures the issues involved are addressed at the Design phase.
2.6. Production
The “5 Production” stage is the first stage of the Construction phase.  The stage involves the three steps illustrated in Figure 8.
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Figure 8. Structure of stage “5 Production” and steps
2.6.1. Materials. The tasks of step 52 Materials production are seen as an iteration through the work of preparing the e-learning text, graphics, audio, and video elements.  Production is informed by the outcomes of 44 Prototypes and carried out according to the standards from 35 TPDS.
2.6.2. Programs. Informed by the 43 CMD requirements, any e-learning software is developed here, as is any software support required for e-learning delivery either as stand-alone materials or through a virtual learning environment.

2.6.3. Alpha test. Before the Design phase is completed, the e-learning materials and system are tested within the production environment during 53 Alpha Test.
2.7. Pilot

The “6 Pilot” stage is the second stage of the Construction phase, and essentially consists of iterative beta testing (field testing) of the e-learning materials and system, informed by 45 ED.  The stage is illustrated in Figure 9.
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Figure 9. Structure of stage “6 Pilot” and steps

2.7. Distribution, use, evaluation

The remaining post-development stages of the methodology identify the conventional needs to distribute and use the e-learning, and evaluate it in due course for feedback into any maintenance or enhancement steps, or into the next e-learning project.
3. Development stages inter-relationships
The connections between the steps of the various development stages are illustrated in Figure 10, and an indication of their connection to the underlying project and quality management procedures is also provided.

It is worth noting that Figure 10 identifies the feed-forwards from step to step, but not the feedbacks, since they would make the figure unreadable.  Nevertheless, the methodology makes provision for extensive feedback to earlier steps and earlier stages as appropriate.
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Figure 10. Development stages inter-relationships
5. Concluding comments

A difficulty faced in the selection of any methodology of e-learning systems engineering is the relative lack of research evidence for the application of such a methodology, as distinct from its grounding in everyday professional practice [2].  The methodology presented in this paper has no particular claim over any other methodology.  Consistent with the practical application of software engineering [1, 3] it simply offers a very useful set of steps and tasks for the e-learning designer and developer.  Its strength is that it makes explicit the structure and content of an e-learning development project in a way that is particularly attractive to technologists who might otherwise be unaware of, or think inapplicable, the existing literature on instructional design.  The methodology proposed is relatively neutral and theoretically agnostic, supporting the development of e-learning within the complete range of pedagogic approaches.
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