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ABSTRACT 

THE DEVELOPMENT AND EVALUATION OF VIRTUAL REALITY 

ENVIRONMENT FOR LEARNING DEOXYRIBONUCLEIC ACID (DNA) 


PROCESSES 


Alvinson Roland anak Roland Demong 


This paper presents the development process of Interactive DNA which is a virtual 
rality (VR) based learning tool for learning Deoxyribonucleic acid (DNA) processes 
that occur inside a cell. DNA process that was highlighted in this learning tool is 
basic gene expression which involves two processes, namely transcription and 
tran lation. The main purpose of this learning tool is to assist learners to learn about 
these processes in a constructive way. Learners can interact actively with the virtual 
molecule inside the virtual learning environment to construct their knowledge and 
understanding of the process. Software tools that were used in developing the 
learning tool are 3D Studio Max, Internet Scene Assembler and Macromedia 
Dreamweaver. The interface of the learning tool had also been evaluated iteratively 
based on the cooperative evaluation (CE) technique to ensure its usability. 
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A BSTRAK 

PEMBANGUNAN DAN PENILAIAN PERSEKITARAN REALITI MAYA UNTUK 

PEMBELAJARAN PROSES-PROSES ASID DIOKSIRIBONUKLEIK (DNA) 


Alvinson Roland anak Roland Demong 


Kertas ini membincangkan pembangunan app/ikasi 'Interactive DNA' yang 
merupakan alat pembelajaran realiti maya untuk pembelajaran proses-proses asid 
dioksiribonukleik (DNA) yang berlaku di dalam sel. Proses DNA yang ditekankan 
dalam alat pembelajaran ini adalah ekspresi gen yang me lib atkan dua proses iaitu 
transkripsi dan tranlasi. Tujuan utama projek ini adalah untuk membantu pelajar 
mempelajari proses-proses ini secara konstruktif. Pelajar-pelajar boleh berinteraksi 
secara aktif dengan molekul maya di dalam persekitaran pembelajaran maya untuk 
mengembangkan pengetahuan dan pemahaman mereka terhadap proses terse but. 
Per;s;an yang digunakan untuk membangunkan alat pembelajaran ini adalah 3D 
Studio Max, Internet Scene Assembler dan Macromedia Dreamweaver. Antara muka 
untuk alat pembelajaran ini juga telah dinilai secara berulang berdasarkan teknik 
cooperative evaluation (CE) untuk memastikan kebolehgunaannya. 
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CHAPTER 1 


INTRODUCTION 


1.0 Introduction 

Virtual Real ity (VR) is a multi purpose technology that keeps improving 

every decade. According to Moshell and Hughes (1999), "Virtual Reality denotes a 

realtime graphical simulation with which the user interacts via some form of analog 

control, within a spatial frame of reference and with user control of the viewpoint's 

motion and view direction.". There are typically two different kind of VR that 

categorized by the quality of immersion. They are immersive and non immersive YR. 

Hill, Landau and Santos (2004) defined immersive VR as " ...an application that 

allows the-coupling of almost all user senses, mainly the vision, audition and tactile 

senses.". Immersive VR type uses expensive peripheral devices such as Head 

Mounted Display (HMO), CAVE and many more. "However, even reasonable VR 

hardware and software designed to support full immersion is quite expensive and 

application development in this area is generally more difficult and time-consuming." 

(Fall man, n.d.). On the other hand, non immersive VR is a typical type of VR that 

u es inexpensive devices such as conventional mouse, keyboard, monitor and 

speaker. "Non-immersive VR is defined as the visualization obtained through a 

window, typically the computer monitor." (Hill, Landau & Santos, 2004). 



1.1 

DNA. 

Background of Study 

Deoxyribonucleic Acid (DNA) is defined by Smith and Wood (1991, p.l) as 

genomic material of cellular organisms". The representation of DNA is basically in 

double helical structure. "This consists of two sugar-phosphate chains on the outside 

of the molecule while internally nitrogenous bases are hydrogen bonded together in 

pair of near identical size." (Smith et aI., 1991, p.l). Figure l.l shows the structure of 

3.4nm 

DhCISDI11ate bond 

Figure 1.1: Structure of DNA 

From "DNA" by Nobelprize.org. Copyright 2006 by Nobel Web AB. 

Basically there are three basic processes of DNA. They are replication and 

protein synthesis that includes transcription and translation. Replication is a process 

where DNA duplicates itself to create two resulting double strands that are almost 
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identical. Transcription and translation are the process to synthesize protein in the 

cells. According to Ferey et al. (2005), "The 3D structure of such complex 

conformations is very important in many essential biological mechanisms such as 

replication, transcription or regulating." 

1.2 Motivation 

Emergence of Desktop VR has led to the development of Virtual Reality 

Modelling Language (VRML). "VRML runs on a desktop computer and can be 

operated from the internet." (Nigg et ai., n.d.). This scripting language also allows us 

to give behaviour and add some instruction components in the visualization. 

According to Bramer (n.d.), "The scene load and render quickly, even those that are 

downloaded from the internet and the interactive controls are simple to operate.". 

Thus, this empowers users to navigate, explore, interact and take control of the 

environment to shape the movement of the object in the virtual environment. 

The rapid development of VR is having significant impact towards education 

and human learning acquisition. "VR provides a developmentally flexible, 

interdisciplinary learning environment. A single interface provides teachers and 

trainers with an enormous variety and supply of virtual learning "materials" that do 

not break or wear out." (Queen, 2002). Practically, most of professional educators are 

applying constructivism learning style in modern educations. "Constructive learning 

is student-centred and involves the building of knowledge through cognitive and 

physical constructions, mental modelling, and virtual representations of knowledge." 

(Osberg, 1997). In other words, students learn by doing and they will learn more 

when the tasks that they are completing are exciting and have meaning to them". 

(Burt, n.d.). 
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1.3 Problems 

There are many other methods of teaching and transferring knowledge of 

DNA processes to learners. One of the methods is conventional learning style where 

it involves instructor to assist the learning process. This method depends on the 

ability of the instructor to present their understanding or knowledge to learners. 

Attention and perception also can influence the engagement among learners in this 

conventional learning method. Making the learners understand the processes need a 

lot of efforts and time consuming. Most of learners also tend to be passive during 

learning using conventional style. This method involves high cognitive load where 

learners need to mentally visualize the processes in their mind. Usually this method is 

assisted with text utilization to make it easier for learners to cope with the learning 

material. The examples of text utilization are reference books, journals and articles. In 

this process, most of the learners tend to memorize the learning material rather than 

understanding the matters. 

The difficulties that the instructor had to face in presenting the knowledge 

have led to the development of two dimensional presentations. This method has been 

idely used for presenting sciences knowledge that is unable to be visualized in 

reality for better understanding. Diagrams, concept maps and picture illustration of 

DNA processes are the examples of two dimensional material that been used to 

present knowledge for learners. According to Downey (n.d.) "Concept maps, and 

closely related cousins such as semantic networks, provide some insight into the 

thought organization process, albeit in a limit manner.". But this method also has its 

own limitations. The learning material that is represented in linear representation and 

not realistic and unable to be manipulated. "In today's classroom, simply presenting 

that knowledge in a two-dimensional manner does not compel the student to 

understand the various relationships of that knowledge."(Juell et aI., n.d.). 
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1.4 

1.4.1 

Two dimensional animations such as "Transcription to translation" which was 

developed by E-Bio @ Horton, also have been used to make learning process easier 

to learners. Two dimensional animation learning process is the emergence of the two 

dimensional representation that has been previously discussed. Practically, this type 

of learning process provides more entertaining learning session with the moving two 

dimensional illustrations. However, its limited interaction is a great disadvantage that 

restricts the user to active learning. According to Juell (as cited from Reid, n.d.), 

"Active learning involves students interacting with the course materials.". This 

definition itself implies the need of manipulation and active exploration in the subject 

matters during the active learning process. 

Objectives 

General 

To develop and evaluate virtual reality environment for learning basic 

Deoxyribonucleic Acid (DNA) processes 

4.2 Specific 

I. 	 Model the structure of DNA and components of the processes. 

2. 	 Create the virtual environment. 

3. 	 Incorporate the virtual environment onto the web interface 

4. 	 Continuously evaluate the usability of the learning environment based on 

the cooperative evaluation technique 

5 



1.5 Significance of Study 

This learning tool can be used as an alternative way to learn about DNA 

processes. Using this learning tool, learners are able to interact actively with the 

virtual environment to construct their knowledge and understanding. It is also useful 

as a tool to conduct molecular biology workshop about DNA structure and gene 

expression process. 

6 



1.0 

2.1 

CHAPTER 2 


LITERATURE REVIEW 


Overview 

This chapter summarized all the literatures that are related to the project. It is 

divided into three sections including the overview. The second section will present a 

brief definition of virtual reality (VR) and the next section will be the overview on the 

application of VR in learn ing in biology. The last section will be the overview of all 

the researches that are related to DNA. 

Application of VR in Learning Biology 

The application of VR in education was considered a new application which is 

only possible with the degradation of equipment costs in the past few years 

Lumbreras, Sanchez & ilva, n.d.). VR has been widely used as a constructivism 

tool in learning in most area including biology learning. 

The main problem of learning biology is the restraint mental representation of 

abstract processes. Frederi ksen and White (as cited from Dede et aI., 1997) 
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pointed out that "real-life metaphors upon which to build these mental models may 

not exist, making it difficult for student to envision abstract phenomena.". The ability 

to enhance human vision has made it possible to visualize and interact with any 

molecule in biology into the adopted reality. Dede et al. (1997) stated that "by 

enabling students to manipulate an experience phenomena in new ways, immersive 

VR can 1) provide the experiential referents students lack, 2) enable them to perceive 

factors and relationships that might otherwise be invisible, and 3) support 

opportunities to challenge and refine their mental model.". 

1.2 Application of VR in Learning DNA 

Ferey et at. (2005) offered the potential of VR to replace the textual DNA files 

that are only limited to the linear representation of DNA. The software is called ADN

iewer. It is a powerful software platform to visualize 3-dimensional representation 

of DNA that applies immersive human computer interaction for ergonomic 

exploration on DNA data. It also provides a detailed representation of DNA where it 

offer three types of 3-dimen ional DNA sequence modelling. The sequence can be 

visualized as whole chromosome scale, gene scale and atomic scale. Figure 2.1 the 

usage ofADN-Viewer with immersive devices. 
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environment "

transcription 

Figure 2. J: Interaction with ADN- Viewer 

Fmm 3D Visualization and Virtual Exploration of Genomic Sequences." by N. Ferey, R. Gherbi, P.E. Gros, J. 


Herisson and O. Magneau, 2005. Data Scien e Journal, 4, 82-91 . 


ADN-Viewer allows immersion exploration with the use of immersive VR 

devices. The devices allow users to navigate the environment with hands free. 

Burleigh, Jacob and Suen (n.d.) had presented a three dimensional lac operon 

to simulate the DNA biological process in bacteria. The visualization is 

implemented using JAVA 3DTM Runtime Environment and CA VE® immersive 

as its display device. The visualization clearly show the events and 

ctures that are associated with the gene regulatory system such as gene structures, 

and translation and the self regulatory controls that govern the 

intaaction and system dynamics. 

This model is implemented through swarm based approach where each 

lement in the simulation is an independent agent governed by simple rules of 

interaction. Dynamic element (Burleigh, Jacob & Suen, n.d.) is an agent that moved 

9 



randomly and it will execute the specified action when interact with other agent. 

2.2 show one of the example of the swarm approach. 

(b, 

(d) 

(61) 

.._...." 2.2:. Different stages of the lac operon simulation. (a) RNA polymerase 

8081n:bt=s for a promoter region. (b) RNA polymerase synthesizes an mRNA molecule. 

·bosomes synthesize protein molecules. (d) Repressors block RNA polymerase 

transcribing the LacZ gene. (e) Lactose is introduced into the system. (f) 

.&.-l:WIiIC binds to repressors preventing them from blocking RNA polymerase. An 

polymerase molecule has just started transcribing the LacZ gene 

ONA in Action! If 3D Swarm-based Model ofa Gene Regulatory System." by I. Burleigh, C. Jacob and G. 
Suen. n.d. 
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