the future of

CHITECTU

e

,ELIA&S SALLEH AND RC' T

PERTUBUHAN AKITEK MALA TAYLOR'S SCHOOL OF
A YSIA UTTL
( PAM MALAYSIAN INSTITUTE OF ARCHITECTS I I U\|\ ERSITY ARCHITECTURE

« BUILDING - DESIGN




The Future of Architectural Education + Practice In Malaysia

edited by

Elias Salleh and Robert Powell

a5/12/(9

SCHOOL OF
ARCHITECTURE

. PA PERTUBUHAN AKITEK MALAYSIA |
|+ BUILDING - DESIGN

MALAYSIAN INSTITUTE OF ARCHITECTS

UNIVERSITY

T TAYLOR'S




THE FUTURE OF ARCHITECTURAL EDUCATION + PRACTICE IN MALAY SIA

Published by Pertubuhan Akitek Malaysia (PAM)
Malaysian Institute of Architects

99L Jalan Tandok, Bangsar

59100 Kuala Lumpur, Malaysia

in association with

The School of Architecture, Building and Design (SABD)
Taylor’s University Lakeside Campus,

47500 Subang Jaya

Selangor, Malaysia.

Editors: Professor Robert Powell and Emeritus Professor Dato’ Dr. Ar. Elias Salleh
Book Designer: Veronica Tan

No part of this book may be reproduced, stored in a retrieval system or transmitted in
any form or by any means, electronic, mechanical, photocopying, recording or otherwise
without the permission of the publisher.

PAM and Taylor’s University SABD are not responsible for any statements or opinions
expressed in The Future of Architectural Education + Practice in Malaysia, nor do such
statements or opinions necessarily reflect the views of PAM or Taylor’s University
SABD unless expressly stated. While every reasonable effort has been made to provide
accurate information, neither the publisher, editors, contributing authors, their employees
nor agents shall be held liable for any actions taken based on the views expressed or
information provided within this publication.

All contributors to this book are responsible for their own contribution including
grammar, spelling and illustrations. It is assumed every reasonable effort has been made
to identify owners of copyright. For errors or omissions contact PAM so that they can be
addressed in subsequent editions.

First published in September 2019
Copyright PAM and Taylor’s University SABD.

ISBN: 978-967-5264-27-6

All rights are reserved

Printed in Malaysia
by Pakatan Tusen Cetak Sdn. Bhd.




Contents

Preface page v
FEditorial vi
Contents Viii
Contributors x

Part1 Architecture & Education for Tomorrow

1 Spatial preferences and perceptions of personal creative space in 3
architectural studios
ATI ROSEMARY MOHD ARIFFIN AND DZUL FADLI ASRAF DZUL-KIFLI

To think structure, to feel space: An alternative to teaching
construction in architecture

VERONICA NG FOONG PENG, MOHD ADIB RAMLI, AZIM SULAIMAN AND
MOHAMED RIZAL MOHAMED

Behavior, personal values and worldview: Significant signposts for
design instruction
TONY LIEW VOON FUN

Typologies of design thinking: A theoretical perspective

SUCHARITA SRIRANGAM, VERONICA NG FOONG PENG, M TAMILSALVI MARI
AND SUJATAVANI GUNASAGARAN

Reflexivity in the supervision of architectural design theses
IAN AIK-SOON NG

Learning architecture by drawing a building: The study trip and the
travel dossier
MIGUEL ANGEL ROBLES CARDONA

The future of architectural education in Malaysia: Introducing a new
theory of studiogogy using SOLE module
MOHD ZAIRUL




8  Analytical diagramming as pedagogical tool in understanding 96
Malaysian modernism
SITI BALKISH ROSLAN AND AHMAD NAZMI MOHD ANUAR

Part II Architecture & Internet of Things

age v 0 Taxonomizing architectural detail components for urban scale 3D 109
vi models in virtual reality
Viii ATTA IDRAWANI ZAINI AND RAJA NUR SYAHEEZA RAJA MOHD YAZIT
X . . . .. .
10 Architecture students’ acceptance of using social media in fostering 125

community service learning
SUJATAVANI GUNASAGARAN, M TAMILSAVI MARI AND SUCHARITA

SRIRANGAM
3 11 Dollhouse: Assessing the effective learning of building structural 134
studies
IZNNY ISMAIL, MYAMIN YUHANIZ, NOR SYAMIMI SAMSUDIN AND MOHD
ZIKRI MOHD ZAKI
16 12 An experimentation on model based production model as an 142
architectural design pedagogy
DAVID YEK TAK WAI
13 Connecting past, present & future; Using 3D in understanding 159
28 architectural heritage of the traditional Malays
NABILAH ZAINAL ABIDIN, RAJA NAFIDA RAJA SHAHMINAN AND
FAWAZUL KHAIR IBRAHIM
47 Part III Practice & Apprentice
61 14 Investigating civic responsibilities among architecture 174

undergraduates using service-learning

M TAMILSALVI MARI, SIVARAMAN KUPPUSAMY, SUCHARITA SRIRANGAM,
GUNASEGARAN KARUPPANNAN, SUJATAVANI GUNASAGARAN AND LEE XIA SHENG

72
15 A personal view of the design and planning principles of public 185
universities in Malaysia from the perspectives of democracy and
student empowerment
MOHD TAJUDDIN MOHD RASDI

83



Contributors

ATI ROSEMARY MOHD ARIFFIN
Ati Rosecmary Mohd Ariffin obtaincd a Masters of Urban Design from Oxford Brookes University,
Currcntly she serves as Senior Lecturer in the Architecture Department, Faculty of Built Environment,
University Malaya, Malaysia.

aa_alambina@um.edu.my

ASSOCIATE PROFESSOR DR, VERONICA NG FOONG PENG
Currently an Associate Professor at the School of Architecture, Building and Design, Faculty of Innovation
and Technology, Taylor’s University, Malaysia, Veronica graduated with a PhD from Curtin University,
Western Australia.

ng.foongpeng@taylors.edu.my

ASSOCIATE PROFESSOR TONY LIEW VOON FUN
Associate Professor Tony Licw Voon Fun is the Head of the School of Architecture, Building and Design,
Faculty of Innovation and Technology, Taylor’s University, Malaysia. He is a graduate of Clemson
University and The University of Texas at Austin in the United States of America.

liew.voonfun@taylors.cdu.my

DR. SUCHARITA SRIRANGAM
Dr Sucharita Srirangam is a Senior Lecturer in the School of Architecture, Building and Design, Faculty of
Innovation and Technology, Taylor’s University, Malaysia. She received a PhD in Architecture from
Edinburgh College of Art, UK and a Master of Architecture from Anna University, India.

sucharita.srirangam@taylors.cdu.my

AR, TAN AIK-SOON NG
Ian Aik-Soon Ng studied at Leeds Beckett University and the University of Plymouth. He obtained a
Masters by Research from University of Malaya in 2011 and joined the University of Auckland, New
Zcaland, as Associate Professor. In 2014 he rclocated to Malaysia to teach at Taylor's University. He
currently coordinates the M Arch course at University College of Technology Sarawak.

asng2l@gmail.com

DR, MIGUEL ANGEL ROBLES CARDONA
Miguel A. Robles-Cardona graduated as an Architect from the School of Architecture of Seville, Spain, in
2009. He gained a Master’s Degree in Theory and Practice of Architectural Design in 2011 and a PhD in
Architectural Design in 2014, both from the School of Architecture of Barcelona. He joined VERITAS
Design Group in 2015, and became a Design Associate in 2018.

miguel.robles@theveritasdesigngroup.com

DR. MOHD ZAIRUL
Dr. Mohd Zairul is a Senior Lecturer in the Department of Architecture, Faculty of Design & Architecture,
UPM, Serdang, Malaysia. Dr. Zairul obtained a PhD in Management in the Built Environment from T U
Delft, Netherlands.

m_zairul@upm.edu.my

DR. ATTA IDRAWANI ZAINI
Dr Atta ldrawani Zaini is a lecturer in the Department of Architecture, Universiti Malaysia Sarawak
(UNIMAS). He graduated in 2012 from UTM, and received his PhD in architecture from the same university
in 2017.

izatta@unimas.my

O
\g/




»s University.
Environment,

of Innovation
in University,

g and Design,
¢ of Clemson

gn, Faculty of
iitecture from

de obtained a
uckland, New
Jniversity. He

ille, Spain, in
and a PhD in
ned VERITAS

¢ Architecture,
ient from T U

ysia Sarawak
me university

DR. SUJATAVANI GUNASAGARAN

Dr. Sujatavani Gunasagaran is a Senior Lecturer, School of Architecture, Building and Design, Taylor’s
University, Faculty of Innovation and Technology. She received a BSc(Architecture) from University
Malaya and MSc Building Technology from University Science Malaysia. She obtained a Doctorate of
Education from University of Sclangor.

sujatavani,g@taylors,cdu.my

AR. IZNNY ISMAIL

Ar. Iznny Ismail received her Bachelor of Architecture and Diploma in Architecture from UiTM Seri
Iskandar and Shah Alam. She worked with Noorhashiman Noordin Architect after graduating in 2008. 2014
she cstablished her own practice of Iznny Ismail Architect. She is also an academician with UiTM Seri
Iskandar since 2015.

iznny813@perak.uitm.edu.my

SITI BALKISH ROSLAN

Siti Balkish Roslan is currently a Lecturer in the School of Architecture, Building and Design, Faculty of
Innovation and Technology at Taylor’s University. She graduated from Universiti Teknologi Malaysia as an
architect and practiced for 3 years before pursuing a career in education. She continued her studies in
Universiti Kebangsaan Malaysia, obtaining a Masters in Busincss Administration.
SitiBalkish.Roslan@taylors.edu.my

AR. DAVID YEK TAK WAI

David Yek is a RIBA Chartered Architect and currently the Principal of DAVID YEK ARCHITECT. He
graduated with B.ScHBP(Hons) and B.Arch (USM) from the University Science Malaysia. His secondary
arca of practice are Arbitrator, Adjudicator and Expert in Fire Code Design for IFireE (UK).
davidyekarchitect@gmail.com

NABILAH ZAINAL ABIDIN

Nabilah Zainal Abidin is currently a PhD student in the Department of Architecture, Faculty of Built
Environment and Surveying, Universiti Teknologi Malaysia, Skudai, Johor. Malaysia. She is a graduate of
the International Islamic University Malaysia in Applied Arts and Design and received an MSc
(Architecture) from UTM.

nabilah.nbza@gmail.com

DR. M TAMILSALVI MARI

Dr. M TamilSalvi Mari is a Senior Lecturer in the School of Architecture, Building and Design, Faculty of
Innovation and Technology at Taylor’s University. She received a BSc. (Hons) Housing, Building, and
Planning (HBP) from University Science of Malaysia, MSc in Environment from University Putra Malaysia
and her Doctorate of Education from University of Sclangor

TamilSalvi.Mari@taylors.edu.my

PROFESSOR DR. MOHD TAJUDDIN MOHD RASDI

Dr. Mohd Tajuddin Mohd Rasdi is Professor of Architecture at UCSI University. He is the author of circa
50 books on architecture and is currently columnist for five major news media writing on education,
extremism and politics of nation building.

tajuddin@ucsiuniversity.edu.my

COLLABORATING AUTHORS

DZUL FADLI ASRAF DZUL- KIFLI

Dzul Fadli is a graduate of the Architecture Department, Faculty of Built Environment, University Malaya.
He is currently working with Arte Axit Design Group.

dzulasraf8§@gmail.com

MOHD ADIB RAMLI

Mohd Adib js a Senior Lecturer in the School of Architecture, Building and Design, Faculty of Innovation
and Technology, Taylor’s University. He obtained a MArch from the Universiti Teknologi, Malaysia.
MohdAdib.Ramli@taylors.edu.my

X1




AZIM SULAIMAN

Azim is a Lecturer in the School of Architecture, Building and Design, Faculty of Innovation and
Technology, Taylor’s University. He obtained a MSc (Building Technology) from Universiti Sains
Malaysia.

Azim.Sulaiman@taylors.edu.my

MOHAMED RIZAL MOHAMED

Mohamed Rizal is a Lecturer in the School of Architecture, Building and Design, Faculty of Innovation and
Technology, Taylor’s University. He was awarded a MSc in Facility Management by Universiti Teknologi
Malaysia.

MohamedRizal.Mohamed@taylors.edu.my

RAJA NUR SYAHEEZA RAJA MOHD YAZIT

Architecture Department, Faculty of Engineering and Built Environment
Universiti Sains Islam Malaysia.

rajanursyaheeza@gmail.com

MAYAMIN YUHANIZ

Faculty of Architecture, Planning and Surveying,
Universiti Teknologi MARA, Perak Branch,
mayamin@uitm.edu.my

NOR SYAMIMI SAMSUDIN

Faculty of Architecture, Planning and Surveying,
Universiti Teknologi MARA, Pcrak Branch
Norsya992@perak.uitm.edu.my

MOHD ZIKRI MOHD ZAKI

Faculty of Architecture, Planning and Surveying,
Universiti Teknologi MARA, Perak Branch.
zikri203@perak.uitm.edu.my

AHMAD NAZMI MOHAMED ANUAR

Ahmad Nazmi is a Lecturer at the School of Architecture, Building and Design, Faculty of Innovation and
Technology, Taylor’s University. He was awarded a Masters in Architecture and Urban Design by Delft
University of Technology, Netherlands.

ahmadnazmi.mohamedanuar@taylors.edu.my

ASSOCIATE PROFESSOR DR. RAJA NAFIDA RAJA SHAHMINAN

Dr. Raja Nafida is Director, Centre for the Study of Built Environment in the Malay World, Faculty of Built
Environment and Surveying, Universiti Teknologi Malaysia. She was awarded a PhD (Architectural
Conservation by Universiti Sains Malaysia.

b-nafida@utm.my

ASSOCIATE PROFESSOR DR. FAWAZUL KHAIR IBRAHIM

Dr. Fawazul Khair Ibrahim is currently Associate Professor in the Universiti Teknologi Malaysia School of
Professional and Continuing Education (UTMSPACE), Department of Architecture, Faculty of Built
Environment and Surveying.

strazawaf@gmail.com

SIVARAMAN KUPPUSAMY
School of Built Environment, University of Reading. Malaysia
S.Kuppusamy@reading.edu.my

LEE XIA SHENG
School of Built Environment, University of Reading. Malaysia
xiasheng.lee@reading.edu.m




novation and
versiti Sains

inovation and
iti Teknologi

novation and
iign by Delft

culty of Built
Architectural

sia School of
ity of Built

ASSOCIATE PROFESSOR DR. GUNASEGARAN KARUPPANNAN

Associate Professor Dr. Gunasegaran Karuppannan, is currently Deputy Dean of the School of Graduate
Studies, Faculty of Education & Social Sciences University Selangor (UNISEL). He obtained a PhD in
Administration (Special Education) from University Putra Malaysia.

drguna@unisel.edu.my

THE EDITORS

PROFESSOR ROBERT POWELL

Robert is Professor of Architecture at Taylor’s University School of Architecture, Building and Design,
Faculty of Innovation and Technology. He was awarded a Dip Arch by the School of Architecture, Kings
College, Durham University (UK), and obtained a MArch by Research from the National University of
Singapore. He is a registered architect and city/regional planner in UK and Singapore.
robert.powell@taylors.edu.my

PROFESSOR EMERITUS DATO’ DR. AR. HJ ELIAS SALLEH

Professor Emeritus Elias Salleh holds a Dip Arch from Plymouth Polytechnic, a MBldgSc from the
University of Sydney and PhD (Environment & Energy) from the AA Graduate School of Architecture. He
started his academic career at Universiti Teknologi Malaysia (UTM) in 1973 and is currently Professor of
Architecture at the International Islamic University Malaysia (IIUM)

clias@iium.edu.my

Xiii




108

9 Taxonomizing architectural detail components for urban
scale 3D models in virtual reality

Atta Idrawani Zaini and Raja Nur Syaheeza Raja Mohd Yazit

Introduction

The status quo of professional disciplines such as architecture may potentially be
disrupted by the advent of the so-called ‘4th industrial revolution’ tools, so much that it
may influence the design thinking itself. This seemingly presumptuous notion may have
some truth to it. Digital tools such as CAAD has not just changed the way architects
produce designs in the last decades, but also the design process itself (Botchway, Abanyie,
& Afram, 2015). But the more pertinent concern for any adaptation of technology is ought
to be discussed from the practicality dimension, in preparing a discipline for any kind of
disruptions that are rapidly evolving and challenging the status quo.

In a recent development, the renewed interest in making VR to be available and
affordable to the masses has paved the way to the so-called ‘second wave’ of VR
revolution (Stein, 2015). VR systems today are more capable that it could deliver a more
responsive and immersive experience as compared to its 1990’s predecessors, as the
current VR hardware is easier to be manufactured with rapid improvements on its software
capabilities (Halley-Prinable, 2013). The content, however, is mostly regarded to its
entertainment values rather than its practicality for performing real operations. Being a
discipline that is highly adaptive to changes, new tools and technology are therefore ought
to be researched from architectural perspectives.

Architectural practice traditionally is depending on representations to
communicate design ideas to the stakeholders to deliver information that is not yet
materialized. VR has been used as a form of representational tool for urban planning and
construction activities, including in urban development and site selection (Diao, Xu, Jia,
& Liu, 2017). The key benefits of this include assessment in 3D space, effective
communication, time-saving and encourage participatory planning (Jamei, Mortimer,
Seyedmahmoudian, Horan, & Stojcevski, 2017). The key challenge, however, is the
access has always been limited to organizations with high-end workstations. To increase
non-specialists’ interest in VR, the current pipeline of model acquisitions in architectural
practice must be taken into consideration, as their method of modelling is usually done via
user input rather than a procedural one. The notion of sufficiency in terms of details for
this process is somewhat vague, therefore this paper is attempting to contribute a proper
taxonomy. With this, the notion of scale and architectural characteristics are therefore
regarded as the theme of discussion, as these notions are attached to the taxonomy.
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Representations and Scale

For ages, architects have used scale models to aid the design process (Stavric,
2013). Using scale models allows architects to manage the risks of possible errors and
discrepancies in the final product. However, the operational use of these models may vary
depending on the scale and the level of details (LOD) (Stavri¢, 2013). The selection of
scale typically depends on the actual size of objects, the size of the workspace and the
project stage that is to be illustrated. Another critical consideration for scale models is
deciding the LOD. Reducing the scale of models will typically increase the LOD and vice
versa, as illustrated in Table 1. The concern of deciding the LOD in representations is
mainly controlled by the scale, other than the notion of production capability, time and
cost (Hudson-Smith, 2007; Kobayashi, 2006).

Table 1  Common types of scale models (Stavri¢, 2013)

Type of scale model Common scale
Detail model 2:1orl:1
Interior/ furniture model 1:25
Conceptual/ development model 1:50, 1:100, 1:200 or with no specific scale
Exhibition model, model of constructed objects | 1:100, 1:200

Site model 1:250 or 1:500
City/ landscape model

* Small environment 1:250 or 1:500

* Largc cnvironment 1:1000 or 1:2500

In the case of common 3D models, the saliency of details is not just becoming
laborious to be preserved but also the notion of scale is quite ambiguous, thus there are no
rules on dictating how salient a 3D building in a VE should be built. In the case of a
full-scale VR 3D models, the issue is somewhat similar but with the concern of scale
absent in the equation, the notion of details becomes more apparent. For architectural
operations, it could as well be more logical for higher LOD to be preserved. But with the
factor of time, cost and labor, the luxury of having high LOD are counterproductive to the
process while it is also vital to preserve the truthful architectural characteristics. Thus, to
recognize VR as a valid practical tool for architectural operations, it is relevant to use
architectural forms and characteristics to become a basis for a taxonomy for constructing
urban scale 3D models for VR. Therefore, the objectives of this paper are summed up into:

1. To study the current taxonomies of urban scale 3D models;

2. To define parameters for defining the taxonomy involving urban scale VR 3D
models;

3. To propose a taxonomy of building forms and characteristics for urban scale
VR 3D models.
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Methods

This paper was accomplished mainly using 3 methods. The first is the setting up
of the discourse framework through literature reviews. The second method warranted is
quantitative with a total of N=96 respondents participated in a survey, in which they were
asked to rank the architectural characteristic items which they perceived as critical to be
preserved in an urban scale VR 3D model. The items contributing to building forms and
characteristics were derived from the literature review. The items were measured at
ordinal scale (Likert-type scale), ranging from the score of 1 (highly unimportant) to 5
(highly important). The items were then factorized through a PCA to reduce a larger set
of variables into a smaller set of constructs. These architectural details were categorized
into the already established principal components after all assumption tests for conducting
the PCA (KMO measure of sampling adequacy, Bartlett’s test of sphericity & correlation
matrix) were passed. The data analysis was conducted using SPSS software. The
factorized components were then triangulated with the framework established through the
literature review to propose the taxonomy, which is the third method.

LOD in 3D Models

In practice, architects have always keen on pushing realistic representations in
propagating designs as a way to mobilize the production of buildings (Altiirk, 2008).
These representations would typically have a very close resemblance to the actual entities,
which prompts the notion of whether it is necessary to be having such realistic
representations, especially in the design process. As discussed by Reinhardt (2008), the
persuasive forms of representation have resulted to unusual perspectives thus unresolved
result might be displayed too convincingly, which ironically makes them unreliable. But
the ultimate goal of a VR system is to give the observers an experience of being immersed,
thus to achieve this is through developing a highly realistic VE (Diao, Xu, Jia, & Liu,
2017).

The creation of realistic 3D VE is driven by the increasing computing and
memory capacity, which is supported by the advancing software sophistication. The use of
3D graphics in various domains is therefore increased simply because it can be achieved
now (Coltekin, Lokka, & Zahner, 2016). As most discourses are geared towards the
interest of non-architect specialists, the interest of achieving a pragmatic VE has long been
ignored. This paper argues that architects may only need necessary visual information in
their 3D models, thus it is always favorable to have the models schematized to a certain
LOD, leaving only the necessary characteristics. Realism in this sense is secondary, as
what is more important is the content of the VE rather than the quality of experience.
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Schematization of LOD

The concept of LOD is very much related to the taxonomy, as it is used to suggest
how thoroughly the 3D objects have been modelled (Biljecki, Ledoux, Stoter, & Zhao,
2014). LOD is a discipline within the interactive computer graphics bridging the
complexity of 3D models and its performance by regulating several details used, as
objects with less amount of details are technically faster to render than more complex
objects (Luebke, Watson, Cohen, Reddy, & Varshney, 2002). The less detailed objects are
usually small, distant or unimportant elements in a scene, which require less emphasis.
The LOD often is reduced to reach the best and acceptable level of visual quality
depending on the computing power.

Biabhta

69,451 2,502 251
triangles triangles triangles tnangles

Fig. 1 Different complexity in the level of details (Luebke et al., 2002)

Ideally, reducing the LOD in the sampling of the 3D objects will eventually
reduce the rendering computation, thus improving the frame rate, system latency and the
system responsiveness (Luebke et al., 2002). This reduction therefore often comes at the
expense of the visual detail. LOD defines the 3D buildings’ semantics and would also be
useful for leveraging the amount of data, the richness of detail and visual properties. But
this term has been borrowed from computer graphics discipline and used without much
discussions on architectural meaning, often taken from the considerations of performance
and aesthetics rather than architectural characteristics. Therefore, this paper examines
previous researchers’ works on the taxonomies for urban scale 3D models that align with
the interest of LOD schematization for architectural operations as a framework of the
discourse.

Established Taxonomies of Urban Scale 3D Models

This section examines the established taxonomies of urban scale 3D models. The
Shiode (2001) model proposes a simple continuum consists of LOD taxonomies arranged
from low to high geometric content. The complexity of the model corresponds to each
stratum 1is increasing, from 2D maps orthography being the primitive mode to a full
volumetric CAD modelling being the most complete LOD, as illustrated in Fig. 2.
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High geometric content

Image based rendenng & panorama Low geometric content 2D maps and dlgnal cnhography
Fig. 2 A taxonomy of urban scale 3D models by Shiode (2001).

In another taxonomy as suggested by Horne et al. (2013), urban scale 3D models
essentially can be divided into ‘low level’ (for presentation and evaluation) and ‘advanced’
model (for realtime editing and analysis). Kobayashi (2006) has also categorized the
quality classes as ‘online quality’, ‘PC quality’ (rendered for simulations) and ‘movie
quality’ (static and non-interactive). He added these models can be subdivided into
‘street’, ‘block’ and ‘city’ level, as summarized in Table 2

Table 2 Taxonomies of urban scale 3D models by Horne et al. (2013) and Kobayashi

(2006)
Approach LOD in VEs Authors
Operational * Low level (evaluation) (Horne et al., 2013)
¢ Advance level (real-time
editing)
Visual quality & level of ¢ Online quality (Kobayashi, 2006)
viewing the model ¢ PC quality

*  Movie quality
Sub categories:
* City level
¢ Block level
s Street level

Another taxonomy is derived from the Open Geospatial Consortium (2012),
which has been focusing on buildings as illustrated in Fig. 3. These 5 LODs have been
accepted as a standard for CityGML 2.0 which describes the instances increase in
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geometric and semantic complexity through LOD 0 (footprints and optional roof edge
polygons), LOD 1 (prismatic model through extrusion), LOD 2 (a simplified roof shape
and other semantic components such as walls), LOD 3 (architecturally detailed model)
and LOD 4 (complete model with indoor features). This taxonomy has been widely
adopted by stakeholders in different industries in designing urban scale 3D models
(Biljecki, Ledoux, & Stoter, 2016).

B08

£ OO0 LOD/ LOD2 LOD3 NSO

Fig. 3 A taxonomy of urban scale 3D models by Open Geospatial Consortium (2012)
(Biljecki, Ledoux, & Stoter, 2016).

Coltekin, Lokka, & Zahner (2016) have outlined a rough taxonomy of 3D
visualizations based on visual realism and immersiveness. Though is not specific to urban
scale 3D VE, this rough taxonomy highlights immersiveness being one important
parameter that is in an almost direct correlation with the degree of realism, as illustrated in
Fig. 4. They consider visual realism is an important part of the discourse on 3D, despite
not all realistic visualizations are necessarily 3D and not all 3D models are realistic.
Immersiveness in this sense serves as an objective for a VR content, thus it is argued that
immersiveness can be achieved through realistic models, that can be achieved through
high LOD.

Fig. 4 Taxonomy based on visual realism and immersiveness (Coltekin, Lokka, &
Zahner, 2016).
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Although Shiode’s (2001) taxonomy may be applicable to 3D models in general,
in the case of a full-scale 3D model (such as for VR), it is somewhat incomplete. There is
no emphasis on full-scale immersion and the level of viewing. The taxonomy proposed by
Kobayashi (2006) has included both visual quality and level of viewing, with the street
level being a practical way of viewing an urban scale VE in VR. But this taxonomy
alongside with Horne et al. (2013) model are too universal to be regarded as useful for a
specific domain such as architecture. The concerns on the operational type and the level of
viewing, however, are relevant to be applied in this study.

The Open Geospatial Consortium (2012) taxonomy, though is hierarchical and
clearly differentiate both geometry and semantics of buildings, is progressively linear. It
does not tell what can be considered as sufficient, or ‘how detail is detail’ for an
architectural operation in VR. Thus, we propose that a taxonomy should allow more
flexibility or ‘fluid’ for acclimatizing architects’ pipeline of 3D modelling. It is, however,
worth to note that the building form and characteristics in this taxonomy are legitimate
items that may align with the interest of our study — which is to be based on architectural
components rather than geometric polygons. As from the work of Coltekin, Lokka, &
Zahner (2016), the immersiveness is achieved directly through the level of realism, in
which full-scale VE viewed in a VR system (HMD or CAVE system) are regarded as the
highest form of 3D representation but is not necessarily having high LOD.

We, therefore, attempt to introduce a new model of taxonomy by incorporating the
relevant inputs from these literature. The taxonomy is modelled for an urban scale VR 3D
model that is regarded as ‘low level’ with ‘PC visual quality’ and to be viewed from the’
street level’, as these are the attributes commonly associated with VR simulation. 3D
models with ‘architectural details and roof shape’ and with ‘prismatic building block
extrusions’ are considered as the extreme ends of the continuum as they belong to the
intermediate strata in the established taxonomies. Additionally, the dichotomous qualities
of these two levels are more apparent and therefore would be more explicitly
demonstrated. The predefined taxonomy for urban scale 3D models is therefore
established as illustrated in Fig. 5.

Prismatic buillding Architectural details .
Low block ex trusion & roof shape High .
geometric - | | | | geometric
content # 1 1 1 1 - content

Fig. 5 The predefined taxonomy for urban scale 3D models for this study.

Building Form and Characteristics

People use buildings’ characteristics as cues to remember in an urban
environment (Zadeh & Sulaiman, 2010), therefore it is vital not to disregard building
characteristics in generating urban scale 3D models. Buildings physical characteristics are
particularly associated with culture, as represented in buildings’ form, style, fagade,

115



Atta Idrawani Zaini and Raja Nur Syaheeza Raja Mohd Yazit

ornamentation and roof form (Zadeh & Sulaiman, 2010). Building characteristics as
according to (Appleyard, 1969; Gary W. Evans, Catherine Smith, & Kathy Pezdek, 1982)
are also organized along three dimensions, which are building form, building visibility and
building symbolic significance. Appleyard (1969) particularly defines building form by the
movements around buildings, clarity of contour, size, shape complexity, surface color and
texture, maintenance quality, and signage (Gary W. Evans et al., 1982), while building
visibility and symbolic significance are the semantics related to human interactions with
the buildings and therefore are not physically attainable in 3D models. This paper therefore
only focuses on the building form and characteristics. Table 3 summarizes the building
form components that are possible to be generated in 3D models.

Table 3 Building form components as described by Appleyard (1969).

Building form component Description
Clarity of contour The boundary sharpness that makes a building stand
out from its ground.
Size The height and bulk of a building as perceived from
its approach view
Shape complexity Simple shape allows faster perception while

complexity attracts attention.

Surface colour and texture A salient characteristic of a building can be of the
brightness, coarseness and complexity of surface.

Signage Verbal signs to attract attention.

From this, the form and characteristics components are then derived into items for
the questionnaire. This is to rank architectural form and characteristic components of a 3D
building that the respondents find as important to be preserved in urban scale VR 3D
models. Some related components are incorporated into a single item based on a certain
degree of logical judgment. The items, in no particular order, are presented as such:
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Table 4 Building form components as questionnaire items derived from the
literature review.

Architectural Detail Components Source description
Color/ texture

Shape/ form

Text/ signage/ symbol Derived from building form components by
Appleyard (1969)

Size/ volume

Orientation

Height
Roof profile Derived from the Open Geospatial Consortium
Facade component (2012) taxonomy (Biljecki, Ledoux, & Stoter,

2016).

Facade details

The first 5 out of 9 items listed are a direct derivation from Appleyard’s (1969) idea
of building form components. His case study was done in a real-world setting, thus may
have taken a more conservative method of merging the last 3 items. These 3 items have
been consistently used as parameters in the established 3D model taxonomies, thus we
separated them into additional items instead. The 9 items are then established as such, with
the objective of getting the respondents to rank them based on their importance.

Data Analysis

In total, 96 random respondents (N=96) have participated in a survey with the ratio
between male (53.1%) and female (46.9%) were almost equal. The ages of the respondents
varied from 18 to 44 years old. This study used an approach of passing over individual
differences, as to extend the public perception that is more universal. Thus, the sole criteria
for selection of respondents was they must be above adolescent. For the reason of
homogeneity, this study was inclined towards maximizing the number of respondents that
fall under a certain age group, which is from 20 — 29 years old.

From the research design point of view, the respondents that have their background
associated with the domain of architecture, urban planning and landscape architecture
preferably are to be excluded as respondents. However, it was also reasonable to not
withdrawing the inputs from the group as this study is highlighting VEs as architectural
representations, thus diversifying the input including from these ‘specialists’ are much also
needed. Additionally, due to the multidisciplinary nature of this study, it is impractical to be
too selective. As this study was also explorative in studying recent technology, its liberal
approach may be beneficial for allowing potential studies to be executed in future.
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Results

A PCA was run in SPSS using the data from the nine items in the questionnaire.
From the result, a scree plot (Fig. 6) describes the total variance explained by each
component or its eigenvalue against its respective component is generated. The inflexion
point of the scree plot indicates the components suitable to be retained. From the visual
inspection of the scree plot, it has led to the retention of only 2 components.

Eigenvalue

Component Number

Fig. 6 A scree plot for the PCA.

The pattern matrix shown in Table 5 was generated and the number of
components to influence the interpretability of the final solution was inspected. It is shown
that the architectural detailing components of ‘facade detail’, ‘size’, ‘height’, ‘facade
component’ and ‘roof’ belong to Component 1, while ‘color’, ‘text’, ‘shape’ and
‘orientation’ are in Component 2.

Table 5  Pattern matrix.

Components

1 2
Colour 0.854
Shape 0.812
Roof 0.746
Text 0.733
Size 0.629
Orientation 0.858
Height 0.759
Facade component 0.642
Facade detail 0.533
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The two components then were justified to be the main components to explain the
variances. The interpretation of the data is consistent with the architectural details which
the questionnaire was designed to measure, with strong loadings of ‘geometric extrusion’
items on Component 1 and ‘distinction’ items on Component 2. The component loadings
of the rotated solution are presented in Table 6.

Table 6 The initial components and their component loadings.
Initial components Proposed component loadings
Facade detailing Geometric extrusion

Facade component
Size/ volume
Height

Roof profile
Color/ texture Distinction
Text/ signage/ symbol
Shape/ form
Orientation

The subjective decision is proposing that the building forms and characteristics
that fall under ‘geometric extrusion’ are regarded to be components affected by volumetric
suppression and extrusion, including active modifications on its surfaces which define a
building’s form and characteristic. The items fall under ‘distinction’ are regarded as the
components contributing to the enrichment of the forms and characteristics itself, a quality
that may be used to distinguish the buildings’ semantics even further. These two
components are therefore the main units to define the parameter for the taxonomy.

Defining the Taxonomy of Building Forms and Characteristics for Urban Scale VR
3D Models

The factorized components are used as units to define the parameters, as
summarized in Table 7. In the table, the units of ‘geometric extrusion’ and ‘distinction’ are
given dichotomous levels (high and low), as per the intention of this paper to establish a
more ‘fluid’ taxonomy rather than a linear one.

119



Atta Idrawani Zaini and Raja Nur Syaheeza Raja Mohd Yazit

Table 7 The Parameters of Taxonomy

Items Factorized components Parameters description
Facade detailing Geometric extrusion * Low geometric extrusion
Facade component
Size/ volume o Low geometric
Height content
Roof profile o Prismatic block
extrusion.

* High geometric extrusion

o High geometric

content
o Details with profiles
Color/ texture Distinction * Low distinction
Text/ signage/ symbol
Shape/ form o  Monochrome
Orientation o  Rough information

* High distinction

o  Color and texture
o  Granular information

To extend the definition of the predefined taxonomy established earlier, this paper
then proposes the parameters to be the strata separator, as illustrated in Fig. 7. The
parameters do naturally agree with the extreme ends in the predefined taxonomy.
Therefore, to further illustrate this concept can be useful to the real-world application, Fig.
8 illustrates a model of how the parameters overlap.

Prismatic buil ding block extrusion Architectural details & roof shape

l-----------------------l--------------------------.

I 1 '

' Low geometric extruson :: High geometric extrusion H

1

[T e s o o

=TT L L LT
Low : L ow distinction :: High distinction — :: Low distinction— 1 : High distinction — | High

: 1 I 5

L SR | S N | S | grometic
content ! 1 1 { P content

Fig. 7 The proposed taxonomy for urban scale 3D models in VR.
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Fig. 8 VEs prescribed to the components’ attributes.

The model in Fig. 8 illustrates the overlapping of the parameters (low and high)
ascribed to the ‘geometric extrusion’ and ‘distinction’ components. The dichotomous
levels of 2 different components naturally contribute to the birth of 4 different VEs with
different LODs due to the overlapping. As 3D modelling pipelines among architects are
often performed through user input, there should be no dictating rules in the procedure,
instead, the unique way this taxonomy could work is due to its flexibility. An architect
may find a specific operational dimension of a VE, which corresponds with the best
parameters. VE 1, for instance, may be used for rudimentary assessment of an urban
environment. Thus, the architect may produce an urban scale VE with low ‘geometric
extrusion’ and ‘low distinction’. The concern of how salient the models should be is still
very much depending on the demands of the project, within the already established
boundary. This is a flexible yet intuitive approach in conscious and heuristic 3D
modelling, rather than blindly producing models with specific LODs simply because it can
be achieved. With this, this paper then proposes the taxonomy of building forms and
characteristics for urban scale VR 3D models through illustrations in Table 8 exemplifying
how the VEs can be built based on the proposed taxonomy.
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Table 8 Examples of VEs that may be derived from the taxonomy.

Hlustration Description
Bl i VE 1
¢ Low distinction
¢ Low geometric extrusion
o Low geometry/ polygon.
o Prismatic block extrusion.
o Monochrome.
VE 2
¢ High distinction
* Low geometric extrusion
o Low geometry/ polygon.
o Prismatic block extrusion.
o Colour & textures
VE 3
* Low distinction
* High geometric extrusion
o High geometry/ polygon.
o Details with roof shape.
o Monochrome
VE 4

High distinction
High geometric extrusion

o High geometry/ polygon.
o Details with roof shape.
o Colour & textures
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Conclusion

Despite there are 4 main VEs that can be regarded as direct derivations from the
taxonomy, they are not necessarily confined within the suggested parameters, as compared
to in other established taxonomies. In this case, our proposed taxonomy acts more as a
basis rather than a rule, which open-endedness would accommodate architects’ 3D
modelling pipelines. The building forms and characteristics are saturated into the
components of ‘geometric extrusion’ and ‘distinction’, therefore the taxonomy is more
simplified and less restrictive to be used as a basic guide for architects to build 3D models
for VR, that is already restricted by the factors of cost, labor and time. Urban scale 3D
models should not be pressured to fulfil the capability of new technology and should
acknowledge a certain degree of reliance on human judgments. Therefore, our taxonomy
would allow architects to be more involved in the modelling process, a gesture of
respecting the tradition within the architectural domain that gave birth to the profession
itself, which is the art of ‘making’ of the representations. This would prepare the discipline
with unforeseen disruptions that are aggressively challenging the status quo of the
profession, especially with the advent of the ‘4th industrial revolution’.
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