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iv. Provide an interactive environment for the user
The system provides interactivity for the user to manipulate the elements in the system. The users can play,
pause or stop the audie' explanations. They can also scroll through the text explanations. Hypertexts and
hypertext are used within this system to add the level of interactivity.

Literature Review

By the late 1960s, psychological theory and research had undergone a pervasive shift away from behaviorism to an
emphasis on cognitive proce:;ses and their effects in instruction and learning. As a result of this shift, cognitive
science developed as a new Held of psychology to explore issues such as perception, memory, attention, problem
solving and the application of cognitive processes to instructional design (Saettler 1990).

The latest cognitive theory of multimedia learning draws on dual coding theory, cognitive load theory, and
constructivist learning theory. It is based on the following assumptions: (a) working memory includes independent
auditory and visual working memories (Baddeley 1986); (b) each working memory store has a limited capacity,
consistent with Sweller's (S\'<eller 1980 (43 Sweller 1994), (Chandler & Sweller 1992) cognitive load theory; (c)
humans have separate systems for representing verbal and non-verbal information, consistent with Paivio's (Paivio
1986) dual-code theory; Cd) meaningful learning occurs when a learner selects relevant information in each store,
organizes the information in each store into a coherent representation, and makes connections between corresponding
representations in each store (.V1ayer 1997).

And in the Dual-code theory, it provides theoretical support of the use of verbal (such as text) and nonverbal
(such as animation) codes in lesson presentations. Studies performed by Mayer and Anderson (Mayer & Anderson
1992) and Mayer and Sims (Mayer & Sims 1994) confirm the dual-code theory. Their studies reveal that computer
animation and oral narration are most effective when they occur contiguously in time or space. Other studies have
also verified positive learning effects in certain circumstances where computer animation is used in courseware (Park
& Gittelman 1992); (Rieber 1(89); (Baek & Layne 1988), (Baggett 1984).

[n the MLTB - Skeleton system, researchers implemented the Dual-code theory into use as how the information
is to be conveyed to the user:;. Dual coding theory proposes that memory consists of two separate but interrelated
codes for processing information-one verbal and the other visual. The verbal and visual systems can be activated
independently, but there are interconnections between the two systems that allow dual coding of information. The
interconnectedness of the two systems permits cueing from one system to the other, which in turn facilitates the
interpretation of our environment (Rieber 1994), (Simpson 1995).

As explained above, even though the school is fully equipped with technologies, it will still not bring out the
effectiveness teaching and le.~rning to the teachers and students, unless some useful middleware or third parties
between the technologies and the students, such as software, qualified teachers, multimedia elements, join in the
lesson. CAL and E-learning are one of the tools to increase the effectiveness of teaching and learning with the use of
technologies (Kamsin & Lim :~005).

This is a new tool for l,:arning material. This tool effectively attracts the students' interest in learning. The
multimedia presents the visual and animated information for the students. The learning course can be presented in
video clip, games, quizzes and some other interesting format to make students become more interested in the topic or
subject. In this way, the students are more motivated to learn without any forcing from teachers or parents. If every
student studies in this environment, it will increase the studying interest and the result of the students. They are
willing to spend more time playing with the computer with the software. Students are not easily influenced by the
negative activities from outside (Kamsin & Lim 2005).

Mayer and Moreno's (Mayer & Moreno 1998) study showed that students who learn with concurrent narration
and animations outperform those who learn with concurrent on-screen text and animations. It also showed that
students who learn with con,;urrent narration and animations (physical integration of on-screen text and visual
materials) outperform those who learn with concurrent on-screen text and animations.

Hayes and Billy have done a survey of how comprehensive is learning with multimedia applied. "Based on a
survey of the prior instructional experiences of instructional staff working in a laboratory setting, we determined that
student learning was often enhanced when topics were explained using diagrams, models and other visual aids. The
potential educational value of ~sing well-designed computer-based, interactive multimedia modules was perceived as
one way to complement traditional laboratory teaching methods" (16 Hayes & Billy).

System Design

System design is one of the steps moving towards the implementation phase. The design of each component is
essential to produce a complet,~ly well-designed system (Kamsin & Lim 2005). The MLTB-Skeleton is a stand alone
system which is able to operate within the Windows environment. It contains a lot of multimedia elements as the
main feature, such as image, audio, video and animation. This system is an interactive multimedia courseware in
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itself. The use of all those multimedia elements is also the reason on why the FDSS was not developed as an online
system. Because, by implementing it online, not only will it require a high bandwidth, it will als? increase the time
needed ':0 play the multimedia files like the audio and video file, therefore redUCing the effectIveness of MLTB
Skeleton.

The MLTB-Skeleton operation is based on a simple and straightforward workflow. This will enable user to use
this system with ease and also avoid any trouble which might arise with the use of the system, such as navigation
disorientation. The basic process of the MLTB-Skeleton is shown in the diagram below. This diagram summarizes
the processes which will be done by the MLTB-Skeleton.
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Fig. I: The Basic Workflow of MLTB-Skeleton

The MLTB-Skeleton does not apply any use of database. This is because all the data used in are quite small in
number, thus they are stored in their specific folder (i.e. audio files stored in the 'Audio' folder, etc). The system will
then open these media files when the users called (clicked on a button) for them. The system can only call a file, and
the lisen; cannot store anything in this system. .

In the MLTB-Skeleton, there are 3 modules that are presented

I Th(: functions of the skeleton system module
2 Th(: human skeleton library module
3 Test module

In this skeleton system module, the functions of the skeleton system will be presented. It will range from the
'What Bones Are Made Of to 'The Functions of Tendons'. This module will be presented as a selectable list of
topics that the users can click to bring the user to the page of the topic that the users have selected.

Th( human skeleton library module shows the users what the different types of bones look like. In this module,
an image of a complete human skeletal system will be displayed to the users. And when the users slick on a bone, it
will take the users to the menu of the chosen bone. In this page, there will be a brief description of the said bone, and
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also the users can view the Interactive 3D model of the bone by the video provided the screen.
In the tests module, the users will be tested on their knowledge of the skeleton system. The users will be

presented with a number of objective questions that the users have to answer. In the end of the test, the result of the
test will be displayed, and i.: there are any wrong answers given by the users, the correct one will be displayed too.

Discussion

The interface is the fTont end of the system that the users can interact to get the information contained or use the
functions available in the s:,stem. And to that end, the interface must be easy to use, simple and hassle free and this
system has achieved just that. The interface implemented is intuitive, which means the users can know exactly what
each button will do, and what output does the buttons provide. And the interface is so straight forward that the users
won't even need a user manual to go through every module of the system and use every functions of the system from
start ti II end.

Naturally, the information contained in any learning tool must be highly informative. highly educational and
relevant to the title. One c f the objectives of the system is to be as simple as possible, yet informative and the
researchers have acquired the right balance of in formation content and the simplicity of it. This basically means, the
content is summarized ancl arranged so that the users will not be overwhelmed by the amount of information
contained in the system. But yet they will definitely gain some valuable knowledge regarding the skeleton system
and achieve its objectives.

As the topic of this system is the "Interactive 3D Multimedia Learning Tool in Biology - Skeleton" the 3D
element of the system simply cannot be under emphasized. A lot of considerations on how to effectively use the
robust elements of 3D have been thoroughly analyzed in the system analysis, and researchers decided on modeling
the whole skeleton system, modeling the bones one by one. Although researchers didn't model the whole exact 206
bones, which will take a rid culously huge amount of time and effort. So, researchers simply ignored the bones which
are redundant, such as the ~ohalanges of both the hands and feet, tarsal and metatarsal bone, the ribs and some of the
vertebras.

The page navigation 0- the structure of the modules, and how they are connected to one another is also one of
the strong points of this sys':em. The page follows the tree struc;ture, with one page can be traced linearly to the root,
which is the Main Page. This will make it easier for the users to know which page they are viewing and not getting
lost while viewing through the system

Conclusion

As overall, this learning tcool brings an innovative approach into learning about the human skeletal system. By
integrating all the multimedia elements, it is able to provide a better understanding on the human skeletal system.
Additionally, it can change or improve the way people think about the human skeleton system from something dull,
static and boring to the one 1hat purely interesting. Biology is undoubtedly the most important field of science.

References

Baggett, P. (1984). Role of Temporal Overlap of Visual and Auditory Material in Forming Dual Media Associations.
Journal ofEducational Psychology, 76(3 ):pp. 408-417.

Baek, Y. K. & Layne, B. H. (1988). Color, Graphics, and Animation in a Computer-assisted Learning Tutorial
Lesson. Journal ofComputer-Based Instruction, 15(4):pp. 131-135.

Chandler, P. & Sweller, 1. (19920. The Split-attention Effect as a Factor in the Design of Instruction. British Journal
ofEducational Psychology, 62: pp. 233-246.

Hayes, M. & Allen Billy (No date). A. Web-Based Modules Designed to Address Learning Bottlenecks in
Introductory Anatomy and Physiology Courses. Interactive Multimedia Electronic Journal ofComputer
Enhanced Learning. Retrieved on 28 November 2005. [On-line] Available: http://imej.wfu.edu/articlesl
index.asp

Kamsin, A. & Lim, V. M. (2005). Interactive Multimedia Learning Courseware Model in Chemistry (IMAC) for
Teaching and Learning Purposes. In Atan, H, Rozhan M. Idrus, Saw, K. G., Fong, S. F. & Meor Azli Ayub, M.
A. (Eds.), Prosiding KOllvensyen Teknologi Pendidikan ke-/8: Inovasi Teknologi Instruksional dalam
Pengajaran dan Pem~elajaran: pp. 256-262. Persatuan Teknologi Pendidikan Malaysia, Kementerian

126



AMIRRUDIN KAMSIN ET AL.

Pendidikan Malaysia.

Mayer, R. E. & Anderson, R. B. (1992). The Instructive Animation: Helping Students Build Connections between
Words and Pictures in Multimedia Learning. Journal ofEducational Psychology, 84(4):pp. 444-452.

Mayer, R. E. & Sims, V. K. (1994). For Whom is a Picture Worth a Thousand Words? Extensions ofa Dual-coding
Theory of Multimedia Learning. Journal ofEducational Psychology, 86(3):pp. 389-40 I.

Mayer, R. E. & Moreno, R. (1998). A Split-attention Effect in Multimedia Learning: Evidence for Dual Processing
systems in Working Memory. Journal ofEducational Psychology, 90: pp. 312-320.

Paivio, A. (1986). Mental Representation: A Dual Coding Approach. Oxford, England: Oxford University Press.

Park, O. & Gittelman, S. (1992). Selective Use of Animation and Feedback in Computer-based Instruction.
Educational Technology Research & Development, 42(4): pp. 27-38.

Rieber, L. P. (1989). The Effects of Computer Animated Elaboration Strategies and Practice on Factual and
Application Learning in an Elementary Science Lesson. Journal of Educational Computing Research, 5: pp.
431-444

Rieber, L.P. (1994). Computers, Graphics and Learning. Madison. WI: WCB Brown & Bench~ark.

Saettler, P. (1990). The Evolution ofAmerican Educational Technology. Educational Technology: pp. 318-337.

Simpson, T.J. (1995). Message ill to medium: An extension of the Dual Coding Theory. In Imagery and Visual
Literacy- Selected Readings from the Annual Conference of the International Visual Literacy Association (26'\
Tempe, Arizona, October 12-16, 1994): pp. 2-10.

Sweller, J. (1 1)88). Cognitive Load during Problem Solving: Effects on Learning. Cognitive Science, 12:pp. 257-285.

Sweller, J., Chandler, P. (1994). Why some material is difficult to learn. Cognition and Instruction, 12: pp. 185-233.

AMIRRUDfN KAMSIN & ZAID ZAINAL, Faculty of Computer Science & Information Technology, University
Malaya, 50603 Kuala Lumpur. amir@um.edu.my

MOHO YUSOF ABDULLAH, Fakulti Sains Sosial dan Kemanusiaan, Universiti Kebangsaan Malaysia, 43600
UKM Bangi, Selangor. myusof@pkrisc.cc.ukm.my

127




