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ABSTRACT

Controlled product realisation process and well-trained staff are among identified success factors in the provision of consistently high quality products. Whilst the former could be realised with regimented execution of documents identifying the proper temporal sequence of the activities constituting a process, and as well as their interactions, the latter can only be realised with rigorous on-going or progressive training programmes. An effective solution for conduct of repetitive training programmes would be to develop a strategy for mechanisation of the training programme with multimedia elements. Development strategies for the most cost-efficient and fastest development of training delivery module (start to finish) were analysed using the Pareto analysis of individual identified process transaction duration. However, it should be clear that the results of such study are partially dependent on the complexity of the development and delivery model of choice. 

INTRODUCTION

Whilst new training methods have provided a richer range of learning options, it is recognised that there is also a need to mechanise some aspects of the process of training. Though class-room instructor led or on-the-job supervised training is still the mode of choice, there is a limit to the number of people who can be effectively taught, and therefore the cost for provision of training per person cannot be further reduced. The simplest form of mechanising training / learning would be using texts. Relevant manuals are relatively low cost per unit option, useful reference and they are widely available. Though no technology is required to access the medium, the content is largely generic and there is no opportunity for user feedback. 

Currently there is limited and generic training resources delivered in the form of analogue and digital audio-visual media - video tapes and video compact discs. Though repetition is inherent in the technology (via Rewind button), the media are linear by nature with no possibility of interaction, nor is conditional branching based on learners preference or progress allowed (see 2). Another major conundrum with self-directed / self-paced training would be the retention of trainee’s interest and lack of evaluation element of effectiveness of such training. It is clear that any medium, developed for mechanising of training process should overcome the above constraint if it were to be an effective training resource. A solution suggested would be the incorporation of multimedia instructional elements into the training modules, preferably delivered via the organisation local area network or wide area network (see also 3). The advent of relatively affordable digital information processing and communication technologies within the last decade has proven to be among the primary enabler for the development of such solution for mid to large organisation. 

However, the development cost of any significant and useful multimedia enriched training packages could be prohibitive, capital as well as resource intensive requiring involvement of personnel with varying skills and expertise. This paper attempts to outline an effective development strategy that could be adopted by the training divisions of human resource in reasonably large organisations (> 1000 staff) intending to produce quality multimedia training resource with limited budget in the shortest possible development cycle duration. 

MATERIALS AND METHODS

The design and content of the instructional resource materials to be developed were guided by the requirements of University of Malaya Quality Assurance Management Unit (QAMU). A prototype training multimedia module was produced (data on the development process of two other learning / instructional packages were also considered) :

· Quality Documents of University of Malaya (3 MB CD ROM)

· Physiology of the Cell / Nerve cells (440 MB CD ROM) – developed by a staff during sabbatical leave. 

· Cardiovascular Physiology (635 MB CD ROM) - developed by a staff during sabbatical leave. 

The latter two projects were used as template for subsequent development of training resource materials on Quality process documents related to ISO 9001:2000 certification. 


A. SOFTWARE TOOLS USED

· Image editing programs (bit mapped and vector images) 

· Audio editing program. 

· Digital Video editing program. 

· Multimedia assembling program / authorware. 
B. HARDWARE

The scene primitives (with exception of digital video clips) were constructed and assembled using the above softwares installed on a 133 MHz Intel PC with 384 MB RAM and 20 GB Hard disk, equipped with an image scanner. Audio clips were recorded and digitised using standard off-the-shelf microphone. No compression was used to facilitate real-time synchronicity of audio and visual elements during presentation in anticipation of differences in user’s playback machine capability. Digital video clips were edited on Apple Macintosh G4 computer (128 MB RAM and 20 GB Hardisk). The “completed” products were pressed onto CD-R for evaluation. 

RESULTS

1. IDENTIFICATION OF DEVELOPMENT CYCLE CORE PROCESSES AS A STRATEGY FOR PRODUCTION OF MULTIMEDIA TRAINING / LEARNING RESOURCES FOR TRANSFORMING QUALITY

The overall development cycle of multimedia program production could be divided into 5 phases (see Flowchart 1), of which there could be a substantial overlap in the temporal sequencing of these phases. A brief description of each of the phases is appended. 

A. Planning and Designing – This step consist of the following : 
· Specify content. Key concepts / areas in the subject to be developed were clearly identified and defined. The expanse of the content to be covered has to be defined from the beginning of the development cycle so as also to enable estimates of the number and types of screen primitives to be used. 

· Identify target audience / user requirements to be use as a guide when defining the depth of materials to be covered, the language of instructions and delivery model of the resource. 

· Compose a rough storyboard and scene modules / chunks – it is essential that a framework or outline of the “flow” and interactions between the main scenes / chunks of the package be defined. “Scenes” here refer to events projected on the screen to convey content. This step defines the overall “feel” of the developed package. Badly designed scenes will render the program dull and lifeless. In a well-designed Multimedia package, each scene is designed to be dynamic and visually attractive. The rule of thumb for a good scene would be : 

· Presence of animated visual elements – e.g. looping an event

· Sound / music 

· User can interact with materials on the screen. 

· Document the characteristics of each scene extensively; the documentations later will assist correction, revision and improvement of the finished product.

· Document all links between the modules / chunks (a flowchart will expedite this process) - Essentially jumping from one module to another could entail the possibility of changing into a totally different environment, and in some instances, certain parameters in the program needs to be initialised. For example, jumping from a scene that is playing music to another that is playing another kind of music on another channel could produce some weird sounds. Thus the audio channel or buffer needs to be “shut-down” / emptied in the former before jumping to another. 

B. Construction / Acquisition of scene primitives - Acquire ALL the necessary “scene primitives” – that is images, animation sequences, sound and videos. This step, though the longest in terms of process transaction duration, is not temporally critical and could be conducted concurrently with the subsequent step. However, it would facilitate the process of assembling project scenes if all the scene-primitives are already prepared to be incorporated / used. 

C. Assembling – Assemble the scene-primitives to convey the content as outline in the storyboard (step A). This would be the most time intensive step. The time devoted to this step would depend on the complexity of the constructed scene. Synchronisation of animated screen elements with audio was found to be most time intensive for this step. Avoid or minimise synchronising a continuous stretch of scene events with audio if possible. Assembling and development of scenes to convey content could arguably be considered as an art. Choice of colour, arrangement of menus and design of user interface could invariably affect the quality of finished product. 

D. Prototyping / Beta Testing - The assembled package should then be tested for content correctness, stability and useability / “playability” in differing user’s machine specification and environment. In web delivered programs with hyperlinks or interfaces for user interaction, the robustness of such links and / or user interfaces are crucial. 

E. Production / Distribution – Deliver modules via the agreed delivery model specified in Step A. Unplanned delivery model could render the requirement of extensive reworking, prolonging the production cycle and cost. For example, chunking of scenes would be advisable strategy if the web is the agreed medium of delivery during Step A. 
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FLOWCHART 1. Identification of core processes in the development cycle of multimedia learning resource. The estimated process transaction duration of each step for 3 development projects is shown in Table 1. 

2. DURATION OF CORE PROCESS TRANSACTIONS OF 3 IDENTIFIED PROJECTS

Project 1 was an elective project conducted by a staff over a period of 2 weeks. The staff has no prior experience in assembling a multimedia program. On the job training on the use of appropriate software tools for all phases were given during the period. Project 2 and 3 were developed over a period of 32 weeks. 

	PROCESSES
	PROJECT 1
	%
	PROJECT 2
	%
	PROJECT 3
	%

	
	(2 WEEKS)
	
	(16 WEEKS)
	
	(16 WEEKS)
	

	
	1 persons
	
	1 person
	
	1 person
	

	PLANNING & DESIGNING
	20
	19.23
	168
	19.72
	140
	23.33

	PRIMITIVES CONSTRUCTION
	41
	39.42
	392
	46.01
	224
	37.33

	ASSEMBLING
	30
	28.85
	224
	26.29
	168
	28.00

	PROTOTYPING
	10
	9.62
	56
	6.57
	56
	9.33

	PRODUCTION & DELIVERY
	3
	2.88
	12
	1.41
	12
	2.00

	
	
	
	
	
	
	

	TOTAL
	104
	100
	852
	100
	600
	100

	TOTAL MAN-HOURS
	104
	
	852
	
	600
	


TABLE 1 Estimates of Process transaction duration of key program development steps. To facilitate comparison between projects of different sizes, the values were normalised as % of total development cycle time. 
The process transaction duration profiles of the three projects are shown as Figure 1, 2 and 3. The profiles are normalised as percentage of the total man-hours required to develop the modules so as to ensure comparisons of development time be valid between projects of different size. The shapes of the profiles are consistent for the 3 projects. The process transaction duration peaks at step 2 – Construction of scene primitives – indicating that the step is a rate-limiting step in all the 3 projects. The profiles also indicate that Step 4 Assembling of scenes together with construction of scene linkages could alternatively be another rate-limiting step in the production cycle. 

[image: image2.emf]START

PLANNING AND

DESIGNING

CONSTRUCTION /

ACQUISITION OF SCENE

PRIMITIVES

PROTOTYPING

PRODUCTION /

DISTRIBUTION

END

REWORK

HARDWARE PLATFORM

SOFTWARE PLATFORM

MODULE / CONTENT SPECIFICATIONS

TEST / DEBUGGING

ASSEMBLING / CODING

IMAGES (BIT-MAP / VECTOR GRAPHICS)

VIDEO FOOTAGE

AUDIO-CLIPS

ANIMATION

SEQUENCING / NONLINEAR BRANCHING OF

SCENES

BUGS FREE ?

CD / DVD ROMS

WEB-BASED

NO


Figure 1 Normalised Transaction duration of Project 1 – A prototype 3 MB Multimedia training resource on Quality documents developed over a period of 2 weeks. 
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Figure 2 Normalised Transaction duration of Project 1 – A 440 MB Multimedia learning / instructional resource on Basic concepts in Cell and Neural Physiology developed by 1 staff during sabbatical leave. Data from this project were later used for subsequent development of training resource relating to Quality program of the institution. 
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Figure 3 Normalised Transaction duration of Project 1 – A 635 MB Multimedia learning / instructional resource on Basic concepts in Cardiophysiology developed by 1 staff during sabbatical leave. Data from this project were later used for subsequent development of training resource relating to Quality program of the institution. 

DISCUSSION

Multimedia elements are important features in any strategy to mechanise the process of training / learning. The media, if custom-developed, could be tailored into a valuable training / learning resource for staff’s self-learning or training. In this instance, the learning can start at any time and a more flexible integration of learning into an employee’s life. Once a module has been developed, tested and accepted, the resource has a faster rate of deployment of training / learning programs to larger number of staff. Through appropriate use of the various media, a presentation could be enlivened. A concept could more clearly be illustrated through judicious use of 3-D models, animation or video-clips (4). Inherent in the medium is trainee / learner interactivity and customised evaluation of effectiveness of user’s learning. The appropriateness and relevance of such elements is recognised in many emerging non-traditional training modes (3). The resource if properly customised to be delivered over the web could arguably be a valuable and interesting way of mechanising a training programme (5). The training progress could be tracked via evaluation tools, with results linked to training program content for automatic customisation. The usual constraint of any unsupervised training resource applies, but the medium does have many advantages over “traditional” resources. 

The normalised Pareto analysis of process transaction duration of core processes identifies the rate-limiting step to be Step B – Scene primitives construction. The result could be attributed to either, low competency in the design of those primitives due to lack of proficiency in using appropriate software tools or requirement of large numbers of such primitives. 

The analysis profile may vary in tandem with the following factors :

· Complexity of the package / chunks / scenes 

· Competency of team members

· Number of team members

It would be interesting if the temporal sequences of the steps identified were displaced and the transaction time noted in those instances. The above would give some indication of the importance of proper sequencing of steps towards the duration of the development cycle.

Whilst, it is accepted that learning resources with Multimedia components are inherently superior and highly suitable, if not a necessary element in any effort to mechanise the process of training, the development of quality program is often cited to be a resource-intensive venture (2). Therefore, it is necessary that any attempt towards development of such packages, to have a clear strategy which includes especially extensive documentation of the package (see step A) to enable updates and modifications to be carried out easily, and in doing so protect and prolong the investment benefits pending proper study be conducted to assess the cost-effectiveness of such resources over more traditional methods of instructions. 
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