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ABSTRACT 

Loss of world heritage sites due to massive earthquake, building erosion, human 
activity, natural disaster, et cetera has been central issues of cultural heritage sites 
preservation and documentation to safeguard these places of cultural importance for 
future generations. As such, many research and development projects using digital 
media, particularly using three-dimensional reconstruction, have been done to acquire 
and preserve the cultural information and architectural documentation of these heritage 
sites. However, little is found on disseminating these masterpieces using virtual reality 
technology for public knowledge and hence there is lacking of user evaluation being 
undertaken to gauge user responses in real-world use. The central aim of this thesis 
is to evaluate virtual reality for cultural heritage sites in real-world use. Thus, the 
objectives of this thesis are as follows: (i) to determine the user requirements of 
virtual reality for cultural heritage sites in real-world use, (ii) to design and develop 
a prototype of virtual reality application for cultural heritage sites, and (iii) to evaluate 
the effectiveness of the developed virtual reality application for cultural heritage sites 
in the context of Malaysian museums. This study adapts the Design Science Research 
Methodology, which emphasizes on the need for constructive research methods that 
allow the disciplined, rigorous and transparent building of a virtual reality application 
as outcomes and to distinguish the work from an ordinary practice of developing an 
application. According to user requirements gathered from expert interviews, a virtual 
reality prototype for architectural heritage was designed and developed. During the 
development stages, three exp~t reviews were conducted to inform the design. A 
functional virtual reality prototype was then evaluated by visitors in two museums and 
students in a laboratory setting. Data collection techniques include quasi-experiment, 
observation, and post-interview. Usability results were satisfactory for virtual reality, 
however, observation revealed visitors had difficulties in navigation using two input 
devices. Presence results were significant for field of view and sense of scale and 
factors contributing to presence were identified from user responses. For leamability, 
the user evaluation revealed that by using the virtual reality, visitors were able to 
capture architectural elements and social interaction that leads to meaning-making in 
museums has taken place. Comparisons between virtual reality and video and the Web 
were also discussed. User responses suggest that VR was preferred mainly due to its 
self-control navigational capabilities and its visual realism which both giving them sense 
of presence in that cultural heritage site. The thesis provides an empirical evidence 
of virtual reality in architectural heritage learning in terms of usability, presence, and 
learnability. Besides, this thesis has proven that virtual reality can technically preserve 
the architectural elements of a cultural heritage site. This thesis also provides lists of 
user requirements from perspectives of experts and the general public to assist future 
virtualreality_foLarchitecturaLheritageJearning development projects. 
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ABSTRAK 

Kehilangan tapak warisan dunia akibat gempa bumi, hakisan bangunan, kegiatan 
manusia, bencana alam dan seumpamanya menjadi isu utama dalam pendokumentasian 
dan pemeliharaan tapak warisan budaya dalam usaha melindungi tempat-tempat 
kebudayaan yang penting kepada generasi masa hadapan. Untuk itu, projek-projek 
penyelidikan dan pembangunan menggunakan digital media, terutamanya 
pembangunan semula tiga dimensi, dilaksanakan untuk memperoleh dan memelihara 
dokumen senibina dan maklumat budaya tapak warisan ini. Walau bagaimanapun, 
amat sedikit karya-karya ini disebarkan dengan menggunakan teknologi realiti maya 
dan mengakibatkan kurangnya penilaian pengguna sebenar dijalankan ke atas teknologi 
ini. Matlamat utama tesis ini adalah untuk menilai realiti maya untuk tapak warisan 
budaya dalam penggunaan dunia sebenar. Dengan itu, objektif-objektif tesis ini adalah: 
(i) untuk menentukan keperluan pengguna realiti maya tapak warisan budaya dalam 
penggunaan dunia sebenar, (ii) untuk merekabentuk dan membangunkan satu prototaip 
aplikasi realiti maya tapak warisan budaya, dan (iii) untuk menilai keberkesanan 
aplikasi realiti maya tapak warisan budaya dalam konteks muzium di Malaysia. Kaedah 
kajian ini mengadaptasi Kaedah Penyelidikan Sains Rekabentuk, yang menekankan 
keperluan kaedah penyelidikan ke arah penghasilan aplikasi realiti maya yang telus, 
ketat dan berdisiplin, serta membezakan kajian ini daripada amalan biasa pembangunan 
aplikasi. Prototaip realiti maya untuk warisan senibina telah direka dan dibangunkan 
mengikut keperluan pengguna yang dikumpul dari temubual pakar. Pada peringkat 
pembangunan, ulasan pakar te!bh dijalankan untuk menetapkan rekabentuk. Satu 
prototaip realiti maya berfungsi kemudian dinilai oleh pelawat-pelawat dalam muzium 
dan pelajar dalam persekitaran makmal. Teknik pengumpulan data termasuklah 
quasi-eksperimen, pemerhatian, dan temubual. Keputusan kebolehgunaan bagi 
realiti maya adalah memuaskan, walau bagaimanapun, pemerhatian mendapati 
pelawat mempunyai kesukaran dalam navigasi menggunakan dua peranti input. 
Keputusan kehadiran adalah signifikan dari segi bidang pandangan dan rasa skala, 
serta faktor-faktor yang menyumbang kepada kehadiran telah dikenal pasti daripada 
maklumbalas pengguna. Untuk kebolehbelajaran dengan menggunakan realiti maya, 
pengunjung dapat menguasai unsur-unsur senibina dan mewujudkan interaksi sosial 
dalam penghasilan makna di muzium. Perbandingan antara realiti maya dan video 
serta Web turut dibincangkan. Pengguna menyatakan VR digemari kerana keupayaan 
kawalan pelayaran sendiri dan visual, di mana kedua-duanya memberi mereka rasa 
kehadiran di tapak warisan budaya. Tesis ini menyediakan bukti empirik realiti 
maya dalam warisan senibina pembelajaran dari segi kebolehgunaan, kehadiran dan 
kebolehbelajaran. Di samping itu, tesis ini telah membuktikan bahawa, secara teknikal, 
realiti maya dapat mengekalkan unsur-unsur senibina tapak warisan budaya. Tesis ini 
juga menyediakan senarai keperluan_pengguna daripada perspektif pakar .dan__orang.. 
awam untuk membantu pembangunan projek realiti maya dalam pembelajaran warisan 
senibina kelak. 
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1.1 BACKGROUND 

CHAPTERl 

INTRODUCTION 

There has been a steady increase in identifying the potentials of and providing empirical 

evidence of virtual reality (VR) for learning. Beginning with Youngblut (1998) who 

explored the educational potentials of VR for learning by reporting more than 60 

educational projects, recent studies provide statistical evidence that school students 

performed better in the VR learning environment provided that they actively participated 

in the learning process (Lee, Wong, & Fung, 2009; Chen, 2006). Apart from academic 

performance, VR has produced positive learning experiences for students such as 

enjoyment, sense of reality, ease of understanding, and satisfaction (Lee et al., 2009). 

In formal education, VR offers aiandful unique experiences such as hands-on learning, 

group projects and discussions, virtual field trips, simulations, and concept visualization 

to both teachers and students together with successful instructional strategies (Inoue, 

2007). A recent study by Harrington (201 lb) suggests that the use of desktop VR with 

high visual realism and high navigational freedom have provided positive learning gain. 

In informal education particularly in museums, there are diverse learning theories 

of informal learning and mental models that constituted learning in museum context 

such as the contextual model of learning (Falk & Dierking, 2000), the complex behavior 

of visitors (Pujol-Tost & Economou, 2006), and the significance of such studies to be 

embodied in overall museum experience (Pujol-Tost & Economou, 2008). In museum 

context, the historical interpretation, storytelling, contextualizing objects, allowing 

artistic means of expression, and creating emotional response to visitors are keys to 

successful museum visits (Roussou, 2004, Pujol-Tost & Economou, 2006). The concept 

of 'Cultural Presence' to denote a feeling of different people with diverse culture being 

1 



in a virtual place (Champion, 2006) has been argued to have impact towards learning 

cultural heritage whereby immersion, enjoyment, engagement, and interaction between 

visitors and exhibits were among the attributes (Pujol-Tost & Economou, 2009). 

Information and communication technology (JCT) refers to the technology 

of acquiring, storing, processing, and disseminating information through the use of 

computer technology and telecommunications (Dewan Bahasa dan Pustaka, 2005). 

Recent advances in JCT have affected the way teaching and learning is delivered in 

both formal and informal education. For formal education, Malaysia is reaping the 

benefits of JCT through 'Smart School' project under MSC Malaysia initiatives. This 

project has integrated the use of JCT for teaching and learning into the school syllabus 

to subsequently reduce the digital divide among citizens. 

Museums that safeguard and preserve the heritage of a nation should reap the 

benefits of JCT to help disseminate the knowledge to the general public. While studies 

on formal education are heavily focused on the impact of JCT and the Internet and how 

they may fit in subjects curriculum, the use of JCT in informal education such as in 

' museums and other cultural institutions have been less studied. There, relatively more 

freedom to adopt JCT due to its flexibility of learning methods and styles. The ambient 

of non-structured curricula and self-dependent learning is more or less light compared 

to the formality of classrooms (Sefton-Green, 2004) although these institutions can also 

act as formal settings, for instance, during school excursions. 

There are general guidelines for designing an interactive museum exhibit that 

emerged from previous studies such as it should be suitable for learning where it 

contains different linked elements with appealing contents; enjoyable and engaging; 

easy to use where it must be intuitive and has clear affordances so that visitors can 

concentrate on its content, and suitable for groups where it allows group exploration 

(Economou & Pujol-Tost, 2006, Pujol-Tost & Economou, 2008). These guidelines were 

derived from series of interview on user perceptions after using JCT exhibits which were 

already installed in those cultural heritage settings. In general, Economou & Pujol-Tost 
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(2006) and Pujol-Tost & Economou (2008) have concluded that the use of interactive 

ICT such as VR is capable of providing the rich elements of the learning experience to 

museum visitors. 

1.1.1 Operational Definitions 

The following are operational definitions of the major terminologies used in this thesis: 

i. Virtual Reality (VR) refers to a three-dimensional, computer-generated, and 

information-rich environment that provides spatial navigation, allows user 

control, and provides some degree of interaction between user and virtual objects 

(Brooks, 1999; Bowman et al., 2005; Shneiderman & Plaisant, 2010). Virtual 

reality applications dedicated for cultural heritage is called virtual heritage 

as per definition used in Champion (2006) and Bogdanovych et al. (2011). 

There is a wider definition of virtual heritage that includes anything digital and 

computer-generated or online as per definition of Addison (2000) and Gillam et al. 

(2010). The first definitio~f virtual heritage is used throughout this thesis unless 

otherwise stated. 

11. Cultural Heritage (CH) Site is "a place, locality, natural landscape, settlement 

area, architectural complex, archeological site, or standing structure that is 

recognized and often legally protected as a place of historical and cultural 

significance" (International Council on Monuments and Sites [ICOMOS], 2008). 

Throughout this thesis whenever appropriate, the term 'Architectural Heritage' 

(ARCH) is interchangeably used with the term CH to specifically refer to the 

architectural significance of a cultural heritage site. The term is similarly used by 

ICOMOS in naming one of their scientific themes as The International Scientific 

Committee on Earthen Architectural Heritage (ISCEAH) which responsible in 

studying and conserving the structures and materials of Earthen Architecture 

(ISCEAH, 2008). 
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