
EDUCATING BUILDING 
PROFESSIONALS FOR THE FUTURE 

IN THE GLOBALISED WORLD 

42nd AUBEA CONFERENCE 2018
Australasian Universities Building Education Association (AUBEA)

VOLUME 2

TECHNOLOGY

Editors:
Associate Professor Khoa Do

Associate Professor Monty Sutrisna
Dr Ahmed Hammad

Dr Chamila Ramanayaka

Cisco Provider Code 003013



i.

42nd AUBEA CONFERENCE 2018
Australasian Universities Building Education Association (AUBEA)

EDUCATING BUILDING 
PROFESSIONALS FOR THE FUTURE 

IN THE GLOBALISED WORLD 

CURTIN UNIVERSITY

Cisco Provider Code 003013

26 - 28 September 2018
Singapore

TECHNOLOGY, VOLUME 2

Editors:
Associate Professor Khoa Do

Associate Professor Monty Sutrisna
Dr Ahmed Hammad

Dr Chamila Ramanayaka



1.

ACKNOWLEDGEMENTS

Conference Organising Committee

Associate Professor Monty Sutrisna (Conference Chair)

Ms Kristie-Lee Stephens (Conference Treasurer & Secretariat)

Mr Chris Leong (Conference Coordinator)

Associate Professor Khoa Do (Co-chair)

Dr Oluwole (Alfred) Olatunji (Co-chair & Innovation Stream Co-lead)

Mr Barry Cooper-Cooke (Innovation Stream Co-lead)

Dr Ahmed Hammad (Technology Stream Co-lead)

Dr Chamila Ramanayaka (Technology Stream Co-lead)

Dr Emil Jonescu (Suatainability Stream Co-lead)

Dr Atiq Zaman (Suatainability Stream Co-lead)

Scientific Committee

Full papers accepted for publishing in the Conference Proceedings are subject to a blind peer review process. 
The 2018 Conference Committee gratefully acknowledges the generous work of the reviewers, who provide 
constructive and invaluable feedback within tight time frames to ensure the high standard of published 
papers. A full list of scientific committee is published on page x.

Professor Joseph Ooi, 
Vice Dean (Academic), School of Design and Environment, National University Singapore

Professor Peter Newman
John Curtin Distinguished Professor, School of Design & the Built Environment,Curtin 

Professor Low Sui Pheng
Professor School of Design and Environment, National University Singapore

Professor Robert Amor
Head of Department, Dept. of Computer Science, University of Auckland

Stream Experts

1.

Copyright
© Copyright in individual articles contained in the Proceedings of the AUBEA Conference 2018 is 
vested in each of the author(s) 

Copyright for these proceedings is vested in Curtin University on behalf of AUBEA.

Citation
Do, K, Sutrisna, M., Hammad, A and Ramanayaka, C. (2018), 42nd AUBEA Conference 2018: 
Educating Building Professionals for the Future in the Globalised World, Vol 2: Technology, 
Australia. [ISBN 978-0-9871831-4-9 (Print) & ISBN 978-0-9871831-7-0 (e-Book)]

Proceedings of the 42nd AUBEA Conference 2018
Published 2018 by Curtin University, Western Australia 
Kent Street 
Bentley 6845 
Western Australia

SPONSORS & PARTNERS

PLATINUM Sponsor and Host University

GOLD Sponsors and Partners

SILVER Sponsors and Partners

Welcome Reception Venue Host and Supporter

ii.
iii.

42nd AUBEA Conference 2018: Educating Building Professionals for the Future in the Globalised World42nd AUBEA Conference 2018: Educating Building Professionals for the Future in the Globalised World



42nd AUBEA Conference 2018: Educating Building Professionals for the Future in the Globalised World

Digitalisation means also change in the competences required from the graduates who are 
entering the industry, which has implications to what tertiary education should deliver. 
Alongside with the industry, the BIM integration rates have increased also in tertiary 
education and there has been significant discussion in academic literature on curriculum 
developments (Abdirad et al., 2016; Barison & Santos, 2010, Becerik-Gerber et al., 
2011). There are academic conferences such as BIM Academic Symposium series in the 
United States and BIM Academic Forum series in the United Kingdom. Various countries 
have also established national policies for BIM education, Australia, Canada, New
Zealand (NZ), the Nordic countries and the United Kingdom (UK) to name a few 
(Puolitaival et al., 2017). Considering all these, it can be argued that globally there has 
been a reasonable effort to address the adoption, integration and implementation of BIM
into architectural, engineering and construction (AEC) education. Now it is time to 
continue the journey to discuss more advanced digital technologies. The technologies 
discussed in this article are Green BIM – BIM and Building Performance Analysis, 
Advanced Computational Design, Advanced Construction Technologies, and Digital 
Technologies in Smart Built Environment. The focus subject areas are Construction 
Management (CM), Quantity Surveying (QS), Property Development (PD) and 
Architectural Technology (AT).

This research is part of the Stage 2 of the digital technology curriculum development at 
Unitec Institute of Technology, Auckland, NZ. The article discusses the early part of the 
Stage 2. When the Stage 1 included integration of BIM into the existing curricula, the
Stage 2 includes wider integration of digital technologies into the existing curricula, but 
more specifically a development of a new major, ‘Technology’, into the existing Bachelor 
of Construction programme. The overall aim of the Stage 2 research is to achieve a 
research and industry informed curriculum, to document the development work, and to 
evaluate the process and the decisions taken to further improve the curriculum. In this 
article, the key advanced and emerging construction technologies central in the 
integration are identified and defined using literature. The integration plan, how these 
technologies are integrated as part of the existing curricula, but more specifically to form 
a new curriculum (new Technology Major) is described. Developmental action research 
has been adopted due to its collaborative, evaluative and reflective nature (Zuber-Skerrit 
& Fletcher, 2007) suitable for a curriculum development of this kind.

2 Advanced and emerging digital technologies

Figure 1. Emerging and advanced technologies knowledge management paradigm in construction
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Abstract:
Digitalisation is affecting all aspects of the built environment altering the approach in 
which the design content is conceptualized, project is delivered and buildings are used. 
This has created a need to provide innovative pathways to successfully equip our next 
generation of graduates to live up to the challenges of the new competence requirements 
in the competitive job market. To respond to this demand, presently, Unitec Institute of 
Technology is developing a new major, ‘Technology’, in the existing Bachelor of 
Construction degree, incorporating advanced and emerging construction technologies 
across the lifecycle of buildings. Simultaneously with the new major development, 
Construction Informatics and Digital Technology on a broad spectrum are embedded in 
the existing majors of the Bachelor of Construction and also in the New Zealand 
Diplomas of Construction and Architectural Technology. This is a natural continuum to 
the Building Information Modelling (BIM) integration in the programmes. This research 
focuses on key digital technologies in the curriculum: Green BIM - BIM Building 
Performance Analysis, Advanced Computational Design, Advanced Construction 
Technologies and Digital Technologies in Smart Built Environment. The paper argues a 
holistic approach towards cutting edge digital construction technologies to be taught in 
interlinked modules and articulates an implementation strategy that allows innovative 
collaborative approaches to face the challenges of the 21st century and beyond.

Keywords:
advanced construction technologies, competence development, construction informatics, 
curriculum development, digital technologies

1 Introduction

We are currently undergoing the 4th industrial revolution also called Industry 4.0 or 
Digital revolution (Roblek et al., 2016; Schwab, 2017). Digitalisation is both part of our 
personal lives through various smart mobile and online technologies and also part of our 
work, the technologies and their magnitude depending on what industry and company we 
work at. 

Construction industry has traditionally been poor in investing on research and 
development and because of that also slow in adopting new methods and technology.
Digital technology has not been an exception, in fact construction industry is the least 
digitalised industry sector (Friedrich et al., 2011; Leviakangas, et al., 2017). However, 
during the past years there have been strong signs of digital technology reaching the 
industry. With the emergence and development of Building Information Modelling, the 
construction is being transformed into a realm of digital industry (Azhar et al., 2012; 
Osterreich & Teuteberg, 2016). 
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topic area is vast, only some examples are introduced here: Advanced Manufacturing,
Design for Manufacturing and Assembly (DfMA) and robotics. Advanced Manufacturing 
is “family of activities that (a) depend on the use and coordination of information, 
automation, computation, software, sensing, and networking, and/or (b) make use of 
cutting edge materials and emerging capabilities enabled by the physical and biological 
sciences, for example nanotechnology, chemistry, and biology. This involves both new 
ways to manufacture existing products, and especially the manufacture of new products 
emerging from new advanced technologies.”(Ouderkirk et al., 2014, p.1). Design for 
Manufacturing and Assembly (DfMA) is a design approach having roots in 
manufacturing that focusses on ease of manufacturing and efficiency of assembly (Wiki 
et al., 2017) and enable processes where buildings are designed for the ease off-site 
manufacturing and efficiency of on-site assembly. The advantages accrued include speed 
of construction through use of prefabricated elements, lower assembly cost by decreasing 
amount of labour and parts, higher quality and sustainability by speeding up the logistic 
chain, shorter assembly time and increased reliability and safety. DfMA is a catalyst for 
creativity and innovation and is the future of construction in terms of parametrically 
designing, integrated products, whole life performance of buildings and infrastructure, 
potential to maintain, refurbish, disassemble, recycle and re-use built assets (Davies, 
2013). The demands of modern day construction in terms of short design and build, high 
quality and low cost can be realised through flexible automation using robots which can 
assist as an example in masonry prefabrication, pre cast concrete, timber construction and 
steel component production (Bock, 2015).

2.4 Digital Technologies in Smart Built Environment
With the proliferation of Information Technology, Artificial Intelligence and Machine 
learning, data plays a key role in decision making process in smart built environment 
within a context of intelligent buildings, smart communities and cities (IET, n.d.). Big 
data refers to a large collection of data sets from multiple sources whereas Data Analytics 
denotes processing mechanisms, techniques and methods to analyse and interpret the 
datasets for extracting meaningful intelligence. In construction, examples of big data use 
are such as environmental data, stakeholder input and social media discussions, which
can be used to determine what and where to build; Big data from traffic, weather, 
community, onsite sensors and machines can be  used for precise phasing of construction 
activities, using fuel, buying and leasing of equipment and improving logistics; and data 
is fed back into BIM systems for maintenance of buildings (Burger, 2017). Internet of 
Things (IoT) on the other hand has a significant role in building energy management 
systems, building control algorithms, space utilisation, service monitoring, and 
communication with mobile devices (Weems, 2018). In smart cities, 1.6 billion IoT 
components and devices were employed in 2017, 39% increase compared to 2015. IoT 
becomes an instance of cyber physical systems, intelligent infrastructure and smart homes 
and cities when used in conjunction with sensors and actuators (Tiwary et al., 2018).
Moreover, immersive technologies of Virtual, Augmented and Mixed Reality (VAMR) 
are gaining significance in AEC industry. Cloud computing can be seen to belong to this 
group as well. It is yet another transformational force for innovative use of ICT. As an 
example, cloud BIM is being considered as second generation of BIM development and 
another game changer for construction industry (Wong et al., 2014). These technologies 
in combination with BIM have significant applications in construction industry including 
visualisation, construction safety, and integrated planning among others (Li et al., 2018; 
Mohamed et al., 2018).
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In the following sub-chapters the key advanced and emerging digital technologies are 
defined using literature, giving also examples of their educational adoption, if applicable. 
An overview of these technologies is depicted in Figure 1.

2.1 Green BIM - BIM and Building Performance Analysis
Green buildings and structures are rapidly transforming our built environment. The 
United States Environmental Protection Agency (2018) defines green buildings as a 
process to construct environmentally responsive and resource – efficient structures and 
lays down guidelines for new construction and renovations, high performance buildings 
and facility resiliency. According to the 2015 Green Building Impact Study by the United 
States Green Building Council (USGBC), 1.1 million jobs will be contributed by green
construction in 2018 (Constructible, 2017).   Green BIM is considered as a key technology 
of building and construction sector in the backdrop of building performance analysis and 
sustainability (Wong & Zhou, 2015). In simplistic terms it is the use of BIM tools to 
improve building performance and reach sustainability outcomes. Wu and Issa (2013) 
observed that Green BIM underpins green outcomes to achieve sustainability in building 
development through its linkages with BIM. Wong and Zhou (2015) highlight that “green 
BIM’ concept should not be narrowed down to sustainability analysis but it should span 
entire life cycle of a building. BIM in conjunction with environmental project data ensures
project sustainability, optimisation of building energy efficiency, waste management and 
gives accurate cost and environmental impacts of materials, equipment and technology. 

2.2 Advanced Computational Design
Computational thinking (CT) is “the thought processes involved in formulating problems 
and their solutions so that the solutions are represented in a form that can be effectively 
carried out by an information processing agent” (Wing, 2010, p.1). It is the process of 
abstraction: by selecting right and multiple layers of abstract simulations defined in 
correct relationship in a way that human-machine can easily perform (Kumar, 2017),
whereas design thinking tries to comprehend a problem before trying to solve it. In the 
background of design, computation is the processing of information and interaction 
between the elements, thus generating a complex order, form and structure (Autodesk, 
2017). The connection between architecture, computer science, engineering and 
construction generates unlimited possibilities for the development of new spaces, 
products and services using computers for realisation of design. By combining BIM with 
computation design principles, a new and innovative building design can be created. 
Similarly, Advanced Computational Design for BIM provides a thorough and detailed 
process to generate elements by creating and parametrically controlling graphs. As an 
example, Dynamo is a visual programming open source tool to extend BIM with the data 
and logic environment, thus creating parametric models (Dynamo, 2018). It is a 
programming script based on nodes and connected with edges, using data fed as inputs 
nodes, manipulation of data through various function inside nodes and generating output 
data (Yang, 2015). Computational design is an open-ended methodology which may 
involve creating an algorithm to speedily solve repetitive design problems (Barista, 
2016). 

2.3 Advanced Construction Technologies
Advanced construction technology includes modern techniques and practices that 
comprise the latest developments and innovations in materials technology, design and 
construction (designingbuildings, 2017). It entails BIM, additive manufacturing among
various other advanced manufacturing technologies, prefabrication and preassembly, 
robotics, digital surveying, GPS coordinated equipment and smart technology. As this 
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rigour to satisfy accreditation authorities yet, at the same time, to leave the outcomes open 
enough to accommodate the study or technologies not yet emerged, or even named. The 
process is helped by the use of general learning descriptors for a particular framework 
level. For progression between qualifications, such as from a diploma to a degree, the 
‘neatest’ arrangement is for the two programmes to have overlapping courses with the 
same specifications. 

2.6 Research approach
As explained above, this research is part of the next development stage of the digital 
technology curriculum development at Unitec. This Stage 2 includes wider integration of 
digital technologies into the existing curricula, but more specifically a development of a 
new major, ‘Technology’, into the existing Bachelor of Construction programme. With 
this background the same research approach as with the Stage 1, developmental action 
research, has been adopted. The full context and research methodology of the Stage 1 is 
described in ‘Practical challenges of BIM education’ by Puolitaival and Forsythe (2016).
In brief, the Stage 1 was fully about integration of BIM as part of a number of 
Architectural Technology, Construction Management and Quantity Surveying courses to 
ensure that the graduates from these subject areas would have a good set of subject area 
specific BIM skills and knowledge to meet the industry needs (Puolitaival& Forsythe, 
2016). At course level 5 basics of BIM were introduced and at levels 6 and 7 gradually 
the content moved from subject area specific basic concepts to more advanced use of 
BIM. The integration has included both diploma (level 6) and degree (level 7) level 
programmes. There is a pathway from the level 6 programmes to level 7 ones. The 
development work was documented and the BIM framework was tested in action.

Developmental action research is suitable to the social phenomena under investigation 
offering a collaborative, reflective, accountable, self-evaluative and participative 
involvement (Zuber-Skerrit & Fletcher, 2007). Action research is known to be well 
suitable and useful in educational settings due to its nature offering problem 
identification, action planning, implementation, evaluation, and reflection (Groves &
Zemel, 2000). This article discusses the early parts of the Stage 2. The key advanced and 
emerging construction technologies central in the integration are identified and defined 
in chapter 2 using literature. The integration plan, how these technologies are integrated 
as part of the existing curricula, but more specifically to form the new curriculum (new 
Technology major) is described in chapter 4.

4 Findings and Discussion

The Stage 2 is looking into Green BIM, Advanced Computational Design, Advanced 
Construction Technologies, and Digital Technologies in Smart Built Environment as the 
key groups of digital technologies to be integrated into the curriculum. In figure 2 the 
Stage 2 integration to some of the existing Bachelor of Construction courses is identified 
alongside the inclusion of these topics in the new courses to be developed for the new 
Technology major. The integration will also cover similar courses at the diploma level. 
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2.5 Advanced and emerging technologies in educational context
There are some examples of the application of Green BIM in educational context such as 
Kim (2015) exploring effectiveness of Green BIM teaching method, Hyatt (2011) with 
integration of Lean construction, Green and BIM into an undergraduate construction 
management course, and Wu and Luo (2015) investigating the synergies of sustainability 
and BIM through collaborative project-based learning. Digital fabrication has also been 
addressed quite well in the educational context (Becerik-Gerber et al., 2011), but there is 
a limited amount, if any literature on Advanced Computational Design and Digital 
Technologies in Smart Built Environment education.

3 Research Methodology

3.1 Research context

3.1.1 Digital technology integration at Unitec

The Construction Management discipline at Unitec delivers four undergraduate 
programmes in the subject areas of Architectural Technology, Construction Management, 
Property Development and Quantity Surveying. The initial investigation and decision to 
include BIM as part of the programmes was made in 2009. At this time BIM had not yet 
gained momentum in NZ, but the discipline strongly believed that BIM would be the way 
also for the construction industry in NZ. Since 2009 there has been several investigations, 
such as literature studies on existing BIM curricula, learning outcomes, teaching, learning 
and appropriate assessment methods for BIM and empirical testing, and evaluation of the 
Unitec’s BIM integration framework as a whole (Puolitaival & Forsythe, 2016). This part 
is referred to as Stage 1. The integration has been and will be continuous, monitoring and 
following the pace the NZ construction industry is adopting and implementing BIM, 
aiming to be at the same level with the leading practices in the industry to guarantee the 
graduates the most current and relevant competences. When the industry nationally and 
internationally is moving from the initial implementation of BIM to more advanced uses 
of digital technologies, Unitec is taking the steps with them. This is referred to as Stage 
2. 

2.5.1 Programme development of a new Technology major at Unitec
Like many other developed countries, New Zealand has a national qualifications system 
that uses a framework of learning ‘levels’ and ‘credits’ (New Zealand Government, 
2016). The output of a qualification is expressed by coherent collections of outcome 
statements. These outcomes are independent of any particular learning pathway; 
achievement of the outcomes is demonstrated by assessment (Young & Matseleng, 2013). 
The top level of outcomes for a qualification are expressed in a ‘graduate profile’. The 
collections of subsidiary outcomes, contained within its modules (‘papers’ or ‘courses’), 
must progress to the graduate outcomes in a manner that is pedagogically sound, and 
sensible. The modules of learning at Unitec are termed ‘courses’ and they each bear 15 
credits at a designated level. A two-year diploma contains 16 courses and a three-year 
degree contains 24 courses. The written aims and learning outcomes of the individual 
courses are the mechanisms by which the learning journey through a particular topic area 
in construction studies is defined and progressed towards the final graduate outcomes. 
This progression is more obvious and understandable for subjects like language or 
mathematical competencies. Learning progression through emerging construction 
technologies is less obvious and involves revisiting topic areas for further development 
and insights, as in the integration of BIM. Another tension in the curriculum development 
process for any advanced and emerging technology is to define outcomes with enough 
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but the most emphasis in Advanced BIM in Construction and Technologies in Practice 
courses.

5 Conclusion and Further Research

This research is part of the Stage 2 of the digital technology curriculum development at 
Unitec Institute of Technology, Auckland, NZ. For the Stage 2 developmental action 
research has been adopted due to its collaborative, evaluative and reflective nature. In this 
article, the key advanced and emerging construction technologies have been identified 
and defined using literature, and the integration plan has been discussed.

The key digital technologies are: Green BIM - BIM Building Performance Analysis, 
Advanced Computational Design, Advanced Construction Technologies and Digital 
Technologies in Smart Built Environment. These technologies are integrated to the 
courses to form the core of the new Technology major in the Bachelor of Construction 
programme, but they are also integrated as part of the existing Architectural Technology, 
Construction Management, Property Development and Quantity Surveying curricula at 
levels 6 and 7.

This research contributes to the knowledge of understanding what advances these key 
digital technologies can bring to the construction industry, but most importantly what 
technologies are an appropriate fit with undergraduate courses in architectural 
technology, construction management, property development and quantity surveying, and 
how they can be intergrated as part of the curriculum.

The next steps of the research are industry and faculty surveys to continue the industry 
consultation to inform the detailed curriculum development and to develop appropriate 
and efficient ways to deliver and assess the content, and finally empirical testing and 
evaluation of the curriculum.
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