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Abstract

A clear understanding of procurement methods for built environment professionals is paramount. The
current building process continues to evolve for both, governments and private sector clients and in
cases also for combined public-private concessions. Over the last 25 years clients have become more
knowledgeable on procurement, project finance and construction delivery mechanisms. Some
institutional clients have evolved to become industry experts, in other cases contractors have become
project investors such as in Public-Private Partnerships (PPPs) or Build-Lease-Transfer (BLT). As
building and construction procurement methods continue to change it is then paramount to bring this
knowledge into Master and Higher Education programs related to the built-environment. It is
important to clearly understand the emerging procurement methods and mechanisms to successfully
deliver and operate projects including building with quality, stakeholder engagement, risk sharing,
owner life-cycle operations and project financing strategies. It is important is to learn how to identify
key project attributes before selecting a procurement route. This matching exercise is explained in the
paper utilising six techniques. This paper then discusses on learning and teaching procurement as
experienced by the authors with experiences in Australia, Asia and Europe in particular with research
and teaching to Master and Honours students in architecture, engineering, building operations and
construction management.
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Introduction

Learning & Teaching building procurement methods to built environment professionals is paramount.
In the last three decades considerable attention and research has been done in construction
procurement methods (Naoum & Egbu, 2016). The construction industry was identified as an example
of market failure, contracting arrangements generating excessive transaction costs and poor client
satisfaction (Sweeny, 2009). Sweeny in his research found that the current industry model is not
operating to deliver projects outcomes to achieve accurately customer needs and expectations in a
consistence way. In addition, a survey prepared by the Chartered Institute of Buildings in 2010 (CIOB,
2010), revealed that for 77% of the respondents see clients as not sufficiently knowledgeable about
procurement in the construction industry, which often leads to poor leadership and advice being taken
from a client perspective and results in potential project short comes such as over-budget, outside of
timeframes and poor construction standards with resulting building defects and quality short comes
(CIOB, 2010). Much of the concern for construction quality has exacerbated in recent years, in
particular with flagship projects being on the spotlight such as the disastrous fires of the Glenferrie
Tower in the UK (2017) and the Lacrosse Tower, Melbourne (2014) and more recently the disputes on
urgent structural rectification of the Opal (2018) and the Mascot (2019) towers in Sydney.
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From an industry perspective, construction professionals view procurement as crucial to the timely
delivery of project both, on budget and to high quality standards. The same survey (CIOB, 2010),
revealed that for 87% of respondents believed that good procurement is synonymous of a successful
project. The same survey identified that 65% of the construction short comes were due the wrong used
of delivery methods (CIOB, 2010). Considering that 93% of respondents have been involved in
projects that overran in terms of cost is it worth considering their views as 57% of those projects
believed that the chosen procurement method directly contributed to the cost overruns. Similarly, 94%
have been involved on projects that overran in terms of time. Of those, 49% believe the chosen
procurement method directly led to the time overruns.

If looking at the above, the link of procurement methods and project outcome is clear. Two questions
remain open: which are those procurement methods are available? and how to select the right fit? In
the view of the authors those two questions in combination require further investigation and more
importantly, adoption by industry and client organisations. This paper deals with the second aspect.
This is to say that Learning & Teaching and learning construction procurement by various project
stakeholders is paramount in the improvement of construction quality.

Some authors recognised the importance of the procurement selection criterion and identified that it
often tilts towards risk aversion or preventions rather than best overall outcomes, thus identifying best
value for money solution for overall project lifecycle (Edwards et. al, 2014). More often than not, the
industry seems to make key decisions based on ‘gut-feeling’ rather than applying rational thinking and
decision-making, Sweeny (2009) highlighted that a significant percentage of industry key decision-
makers did not make appropriate criterion for selecting the best method, ie. they have stayed in a
comfort-zone selecting procurement methods previously utilised. Alan Turner (1997) developed a
table with four traditional methods and using nine criterion and questions that could be applied for
procurement method selection resulting in an objective and rational decision.

However, a problem identified in the literature is the overwhelming use of jargon and terminology that
also changes in relation to countries and geographic jurisdictions such as economic zones or states
within countries. Klein, R. (RIBA, 2018) mentioned that in his experience, over 95% of sub-contracts
and sub-sub-contracts are amended standard contracts or bespoke contracts. In 30 years of dealing
with contractual and legal issues in the industry, I can only recall one example of the use of an
unamended sub-contract. In other words, even if the principal contractor is set away from a cost +
contract such as an alliance contract, subcontractors and the overall supply chain is still pretty much
business as usual. This calls for deeper education for client and industry bodies and representatives of
various suppliers of professional services.

Soup of letters: building procurement methods

The process for selecting the most suitable procurement delivered method has been studied since 1985
with the NEDO report (NEDO, 1985) and after that several methods have been used and research to
adjust the methods with the specify requirements of projects and clients (Skitmore & Martin, 1988;
Franks, 1990; Turner, 1990; Kumaraswamy & Dissanayaka, 1998; Alhazmi & McCaffer, 2000;
Chueng et al. 2001; Morledge & Smith, 2013; Naoum & Egbu, 2016; Bugrov & Bugrova, 2018).
Grimsey and Lewis further reviewed methods such as Public-Private Partnership by carefully
describing what is a PPP, and what not (2014) the paper contains a raft of abbreviations and acronyms
ranging from BLT (Build-Lease-Transfer) to BOO and BOOT (Build-Own-Operate and Transfer).

The authors now reflect on the lessons of teaching procurement methods in higher education with
Construction Management Honours and Master programs delivered in Europe, Asia and Australia. The
vision is to educate construction professionals at a deeper level on the clear understanding of how
projects come about and what are the contractual relationships, which place them on a launching
platform for success. Value management workshops identifying core project attributes and
procurement method identification are some of the teaching techniques applied (Aranda-Mena 2016).
The premise is that there is no good nor bad procurement method but the challenge is on identifying
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the right fit based on project attributes. For over a decade all cases have been real construction
scenarios with industry speakers brought on board (Aranda-Mena et. al. 2013).

Procedure: Teaching and learning procurement methods in a period of twelve weeks in lectures of two
to three hours plus weekly tutorials. Industry guest speakers are often invited due to the pragmatic
nature of the subject, students of construction management and engineering highly value direct
industry insights and hands-on workshops during tutorials. The aim is to develop a clear understanding
on each of the procurement methods and students are asked to set up packages for a building or
infrastructure project so lessons learnt are put into place from day one. The methods presented here
below encourage students not only to apply established procurement routes but also to compare with
emerging ones based on best project outcomes. The three first methods on construction procurement
are thought by the second co-author and the last two, on infrastructure procurement, by the lead co-
author.

Selecting a procurement route: Alan Turner (1997)

Turner, A (1997) develop a methodology to help clients to select the best procurement route following
the recommendation of the NEDO’ report (NEDO, 1987). He started the process with the first seven
steps for medium-large projects: (1) selecting an in-house project executive; (2) Appointment of a
principal adviser; (3) Care in deciding the client’s requirements; (4) Timing the project realistically; (5)
selecting the best procurement path; (5) Choosing the organisations to work with the client (7)
Designation a site or building. Based on 12 case studies he tested the application of the NEDO report
“Thinking about Building” and introduced developed a table with nine criterion for four traditional
methods, not including private finance: Traditional, Design and Build Management and Design and
manage

His strategy was to start with the context, understand the client characteristics based on Masterman
and Gameson (1994) suggestions and project, and use the NEDO table suggestions to access the
Procurement Assessment Criterion (PAC) (See Table) following an analysis of the results looking at
the different Procurement Arrangement Options (PAO).

As point of departure, client and project particulars are explained and workshopped during class. Alan
suggested an initial understanding of the balance of priorities between what he called Product, Price
and Programme. The product is usually referred to quality, performance or complexity. The price is
usually referred to costs, cost certainty, or flexibility in target. The programme is time, early start,
early completion, important milestones. See in figure 2, an example of a project with a balance of
priorities where the programme is more relevant for a client.

Figure 1. Example of balance between programme, product and price (based on Alan 1990)
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The following Table 1 Provides and example of underlying project criteria and project attributes. The
clear understanding of project nature can then be linked to a procurement method or methods such as
in cases when projects are packaged under various modes looking at ‘value for money’ outcomes.

Table 1: Adapted from Alan (1990) and NEDO (1987)

For teaching proposes the four Procurement Methods show in the above Table 1 are used in an
individual assignments. Students need to clearly understand client requirements and project
characteristics (including expectations) and then to use table to compare and run the best matching
factor. The NEDO / Alan table also provide an effective way to investigate existing projects/case
studies in order to evaluate other potential outcomes to the one reported by the client or project team.
This method helps students to justify what and why they recommend specific procurement modes.
This method combines quantitative data and qualitative assessments as well.

Selecting a procurement route: Sean Sweeny (2009)

Sweeny (2009), demonstrated the importance of using transaction cost economics (TCE) theory for
project delivery approaches in large and complex projects rather than use current ‘market contracting’
perspective. Sweeney studied twelve different procurement methods: Lump-Sum; Guaranteed
Maximum Price (GMP), Cost reimbursable; Measure and value/schedule of rates; Design and
Construct (D&C); Construction Management, Managing Contractor; Fast track; Negotiated; Project
Alliance; Public-Private Partnerships (PPP). Sweeny recommended organisations to six steps to
approach his methodology: (1) Identification of project characteristic, (2) Development of a
Procurement delivery project performance criterion, (3) weighting the criterion against the specific
needs of the project, Client’s Criterion Preference Score (CCPScore) (see table 2), (4) Assessment and
scoring of the same criterion across a wide range of PDM’s to generate ‘utility factors’ for each
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criterion for each PDM (see table 3), (5) Scoring each PDM using the utility scores noted in 4 and
multiply these by the weightings developed on 3, (6) ranking each PDM by the resultant score to
identify the PDMs most likely to suit the needs of the project (see table 4).

Table 2 — Identify client’s criterion preference score (Adapted from Sweeney 2009)

Criterion 1 Criterion 1 Criterion 1

CCPSCore A% B% C%

Table 3 — Example of raking of each criterion for each PDM (1-10) to generate CCPScores (Sc -
Scl0) (Adapted from Sweeney 2009)

Criterion PDM 1 PDM 2 PDM 3 PDM 4
Criterion 1 Sc.1 Sc.6 Sc.4 Sc.9
Criterion 2 Sc.5 Sc.3 Sc.5 Sc.2
Criterion 3 Sc.6 Sc.9 Sc.7 Sc.5

Table 4 — Final results combining raking of criterion of each PDM with criterion score for client
(Adapted from Sweeney 2009)

Criterion CCPSCore PDM 1 PDM 2 PDM 3 PDM 4
Criterion 1 A% A% x Sc.1 A% x Sc.6 A% x Sc.4 A% x Sc.9
Criterion 2 B% B% x Sc.5 B% x Sc.3 B% x Sc.5 B% x Sc.2
Etc.

Total ¥100% )3 z z 2

Sweeny (2009) identified 30 main project performance criterion consolidated in 11 generic ones. An
example criterion would be: Quality, funding rigidity, program speed, scope rigidity, risk transfer,
complexity in client, need for contractor involvement in design, flexibility, operational perspective to
the design, innovation and value creation, transaction economy. This method is used in workshops
with the students, and in groups of 4 or 5 students are requested to look at different case studies.
Firstly, each group needs to identify between 5 and 7 criterions by which to select preferred PDM for
their project. Each criterion should reflect their Client’s preferences and be expressed as clearly as
they can. e.g. Cost - their preference that the selected PDM can control cost growth risk throughout the
progress of the project. Spend some time thinking and discussing what your Client’s criterion may be.

Then the students are expected to produce an agreed list of Client criterion for a given project.
Secondly, each group splits into two. The smaller number of the group ranks or scores each criterion
in terms of relative preference over the other agreed criterion. Should end up with each criterion
having a numeric score (or %) which shows it relative ranking in relation to the other criterion. Call
this the Client’s Criterion Preference Score (CCPScore). The larger part of the group takes the Client
criterion and assesses each of the PDMs against the list of criterions. I.e. for each PDM produce a
score (say 1-10) which notes that PDM’s specific ability to provide or meet the demand of each
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specific client criterion. Finally, each group review scores, discuss and report recommendation to the
full class.

Selecting a procurement route: Morledge & Smith (2013)

Morledge & Smith (2013) in the second edition of the book Building Procurement developed a
methodology, including NEDO (1998) and Skitmore and Marsden (1988). Using the same
methodology that Alan for client characteristics, Morledge & Smith introduced the component
dynamic of the process and a typical balance for main types of clients. Owner-occupier clients may
emphasise occupation and value certainty; developers, price and rapidity; and investor clients, design
and speed.

In addition, the authors, adapted the method of scoring utility factors developed by Fellows and
Langford (1980) to rank the criterion for each procurement method (See columns (a) in table 5). In
other to link client and project’s particular with these utility factors, the authors proposed a client’s
priority (P) raking between 5 to 1 (From 5 Essential to 1 Do Without). Each client’s priority will be
multiplied by the utility score to obtain a score, the final results will be adding all the scores by each
column.

Table 5: Identifying client’s priority. Adapted from Morledge & Smith (2013)

Client's Priority Procurement Method
P= Traditional Design and Build Management Design and Manage
5 Sequential Accelerated Direct Competitive Develop and Management Construction Contractor ~ Consultant
to Construct  contracting Management PM PM

1
@ ® @ b @ ®B @b @O @6 @06 @b @ @b
Timing Pl 10 (a)xP1 50 (a)xP1 100 (a)xP1 90 (a)xP1 60 (a)xP1 100 (a)xP1 100 (a)xP1 90 (a)xP1 80 (a)xPl
Cost P2 90 (a)xP2 40 (a)xP2 100 (a)xP2 100 (a)xP2 90 (a)xP2 20 (a)xP2 20 (a)xP2 30 (a)xP2 20 (a)xP2
Flexibility =~ P3 100 (a)xP3 90 (a)xP3 30 (a)xP3 30 (a)xP3 40 (a)xP3 80 (a)xP3 90 (a)xP3 60 (a)xP3 70 (a)xP3
Complexity P4 40 (a)xP4 20 (a)xP4 20 (a)xP4 10 (a)xP4 40 (a)xP4 100 (a)xP4 100 (a)xP4 70 (a)xP4 80 (a)xP4
Quality PS5 100 (a)xP5 60 (a)xP5 40 (a)xP5 40 (a)xP5 70 (a)xP5 90 (a)xP5 100 (a)xP5 50 (a)xP5 60 (a)xP5
Price Certaini P6 40 (a)xP6 50 (a)xP6 100 (a)xP6 90 (a)xP6 90 (a)xP6 40 (a)xP6 30 (a)xP6 100 (a)xP6 80 (a)xP6
Responsibilit P7 30 (a)xP7 30 (a)xP7 100 (a)xP7 100 (a)xP7 70 (a)xP7 60 (a)xP7 90 (a)xP7 100 (a)xP7 90 (a)xP7
Risk P8 30 (a)xP8 30 (a)xP8 80 (a)xP8 100 (a)xP8 70 (a)xP8 30 (a)xP8 10 (a)xP8 100 (a)xP8 80 (a)xP8
Results > > > 2 2 2 2 > >
(a) Utility, (b) Score

Selecting a procurement route: Grimsey and Lewis (2004 and 2014)

The Grimsey triangle is a method currently public infrastructure procurement. The use of the tool is
set in a workshop environment where students need to assess and think on a particular project
attributes from various stakeholders and professional disciplines thus bringing best Value for Money
outcomes. Overall, it is important to understand where a particular project sits in relation to five axes
including: time to market, value for money, risk transfer, innovation and flexibility for change (See
Fig. 2).

A workshop discussion takes place where participants rank the project according to the above 5
dimensions and then drawn on a two-dimensional plot. Then, a second layer where various
procurement methods are objectively located in relation to the 5 dimensions is shown. The findings are
discussed across main stakeholders and a decision is made. Full explanation of the method is beyond
the scope of this paper however, figure 3 illustrates the relationship of the 5 dimensions of project
expectations and the qualities of various procurement methods.

439



Figure 2: Triangle with five dimensions on project attributes (Grimsey and Lewis 2004)

Selecting a procurement route: Richard Foster

The Foster approach closely aligns to the one set by Partnerships Victoria, Australia for infrastructure
procurement, the method looks to further investing the business case if a project is being proposed as a
Public-Private Partnership. This is important to further investigate as the PPP route creating a business
plan and market appetite if private sector project financing is a viable route. The full procedure aims to
identify value for money and a clear business case for the client (not for the contractor but for the
client which in the PPP model is a public organisation or entity such as hospital for instance).

Learning & Teaching procurement: reflections

The process of teaching procurement methods should always start by a thorough understanding of
project attributes which could escalate into high risk such as price, design/construction quality, time,
resources (material, labour and equipment), coordinating subcontractors (or trade contractors) amongst
other. This first approach of basic methods leads towards more modern methods, using collaborative
methods of sharing risks for construction (alliancing), and using external partners to finance the
project (BOT) and to finance and operate (BOOT, PPP, PFI) which usually include the traditional
methods as sub-procurement. In addition, looking at procurement methods internationally, language
and cultural issues need to be better understood.

If reflecting on regional and national differences, this paper discusses on the need for procurement
courses to cater for such contextual differences. Harmonisation on standards across European member
states helps and comparison with Australia is important when teaching international students. In the
case of Asia ISO standards apply. Procurement methods or process to deliver projects have different
names in different countries. As an example, in Portugal the term Procurement does not have a direct
translation, the different methods of contracting are identified by “code of contracts” or “work
contracts” used in Portuguese legislation and standards forms of contracts. An example is a typical

440



construction management system that in Europe is the designation for the management method where
the client takes on the contractual role and construction or project manager provides the active role of
managing the separate trade contractors. In comparison the UK and Australia, the label (name) of
some procurement methods differ however the methods remains the same for example Private Finance
Initiative versus Public-Private Partnership. Other examples on label changes across jurisdictions are
two management methods: Construction Management and Management contracting in Europe (UE)
and UK Construction Management methods means that the client contract the trades (thus liable). In
Australian the same name alludes to the main contractor subcontracting all trades (see table 6). Also,
in Australia is common to use the terminology such as design and construct or design and build, with
or without novation of the design consultant, which is not the case in other jurisdictions.

Table 6: Comparative table on construction management roles and methods from client perspective.

Names of procurement delivery methods in UE versus Australian for Management Methods:

Management Methods UE
(EC-LLC, 2012)

Australia

(Australian Standards)*

Client liable for
Desi Itant .
esign consultants and Construction Management

Trades packages (Consultant)

hiring a consultant to act as PCM to help
on the performance

Client liable for
Design consultants and Construction Management

Trades packages (Contractors)

hiring a contractor to act as PCM to help
on the performance

Client liable for

Design consultants and

hire a contractor to act as a PCM and to Management contracting

be liable for
Trades packages

Client hires a consultant to act as PCM to
be liable for

Design consultant and Design and Manage

Subcontractors’ work (Consultant)

Client hires a contractor to act as PCM to

be liable for Design and Manage

- Design consultant and (Contractors)

- Subcontractors’ work

AS 4915-2002
Project Management
(General conditions)

[This contract is between the client and
the consultant]

Could amend a variety of AS contracts
depending on whether the individual
contractor is doing design work

[These contracts are between the client
and the contractors]

AS 4916-2002

Construction Management

(General conditions)

[This contract is between the client and
the consultant]

AS 4904-2009

Consultants agreement

(Design and Construct)

[This contract is between the client and
the consultant]

Could amend a variety of AS contracts
depending on whether the individual
contractor is doing design work

* Note: The Australian Standard contracts do not necessarily correspond perfectly to the UE delivery

methodology; they will typically require scrutiny and amendment.
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Reflections on learning and teaching: Southeast Asia and Australia. All course offerings are part of the
same Honours Bachelor of Science in Construction Management under the following course subjects:
Advanced Construction Management, Construction Planning and Design 3 and Construction
Specialisation. The approach is by preparing an Expression of Interest (EOI) report for an
infrastructure project often on the area of health such as a hospital or transportation such as a train or
metro line including stations. At the early project stages students need to develop a procurement plan
in which they look at an overall value for money (VfM) proposition such as sub-packaging projects.
For example, when taking a project such as the North-West Rail Link in Sydney, they had to identify
aspects of the project, which could be delivered under Traditional, Alliancing, Design, and Build or
Public-Private Partnership (PPP) contract types, then they had to develop a full EOI for the project
proposal including all procurement project packages. Client organisations (or industry presenters)
representing the Government provide the project brief. The difference between Australian and Asian
offerings is the contextual and cultural difference. All case projects tend to be located in Australia
however Asian teams often creating more diverse and interesting international industry consortium as
they set up their Joint Venture (JVs) or Special Purpose Vehicles (SPVs), also the outlook for
schematic/conceptual designs tends to be more creative and well represented by the Asian students (in
particular Singaporean students who often develop sophisticated 3D visualisations in BIM platforms).

Student feedback and experience over the years indicates that the value on delivering a class in this
mode relies on industry engagement and proximity with real (professional) life scenarios including
call for expressions of interest (EOIs) made for real by Government departments of health or transport.
Also, attendance by key industry players as guest speakers and tutorials delivered in workshop style
with activities like those from practice (often attended by industry as well). A final aspect of real-life
experience includes end of semester presentations to an industry panel (which sets questions, examines
and provides feedback at the end of semester). In this way, industry engagement works both ways.

Applying lessons and future directions

Both co-authors are looking to further engage on the delivery of their courses, not only engaging with
industry but collaborating across universities and disciplines. As next step, the authors are looking to
work across countries and institutions offering thus shared experiences and lessons from various
contextual and cultural background across European, Asian and Australian experiences. This
somehow is seen as a virtual study tour in which, for instance, Singaporean students are briefed by
Melbourne students acting as client organisation for a project development in Australia and vis-a-versa,
Melbourne students briefed by Singaporean students acting as client organisation for a project
development in South-east Asia. Technical and strategic thinking develops as students are immersed in
different cultural, economic and legal context, not just across countries and programs but also
disciplines forcing them to collaborate and ultimately learn. This Learning & Teaching mode and
model has also attracted industry interest to be applied/delivered inside client and construction
organisations as part of their Continued Professional Development (CPD). Finally, both co-authors are
in the process of preparing research grant applications to further academic and industry domain
knowledge on procurement.

References

Alhazmi, T and McCaffer, R. (2000) Project Procurement System Selection Mode. Journal of
Construction Engineering & Management, 126(3), 176-84.

Aranda-Mena, G. (2016) 'Four value propositions for architecture education', in Proceedings of the
50th International Conference of the Architectural Science Association 2016, Adelaide,
Australia

Aranda-Mena, G., D’Amico, V. and Vines, M. (2013) Innovative ways for learning and teaching PPPs',
in Proceedings of the 2013 International Conference on Public Private Partnership. UK.

AS 4904 (2009). Consultants agreement — Design and Construct. Australian Standards

442



AS 4915 (2002) Project Management — General conditions. Australian Standards

AS 4916 (2002) Construction Management — General conditions. Australian Standards

AS 4917 (2003) Construction Management trade contract — General conditions. Australian Standards

Bugrov, O. & Bugrova, O. (2018). Formalization of selection of contract-organizational project
delivery strategy. Eastern-European Journal of Enterprise Technologies, 6, 28-40.

Cheung, S, Lam, T, Leung, M and Wan, Y. (2001). An analytical hierarchy process-based
procurement selection method. Construction Management and Economics, 19(4), 427-37.
doi:10.1080/014461901300132401

CIOB (2010). A Report Exploring Procurement in The Construction Industry. The Chartered Institute
of Building.

EC-LLC (2012) Manual “procurement strategy in construction”. Leonardo da Vinci Tol Train-To-Cap.

European Commission under the Lifelong Learning Programme. Project no. 2010-1-PL1-
LEO05-11469

Fellows, R.F. and Langford, D.A. (1980). Decision theory and tendering. Building Technology and
Management October 36-9.

Foster, R. (2014) Mechanisms to Promote Good Design Outcomes in Social Infrastructure Public-
Private Partnerships In Giorgino, Aranda-Mena and Monda: Innovation in Public Finance
Conference Book of Proceedings. PoliFinance Publishing Ltd. 2014 ISBN: 978-1-910069-003

Franks, J. (1990), Building Procurement Systems — A Guide to Building Project Management.
Chartered Institute of Building, Ascot, UK.

Grimsey, D. and Lewis, M (2014) What is a PPP, and what is not. In Giorgino, Aranda-Mena and
Monda: Innovation in Public Finance Conference Book of Proceedings. PoliFinance
Publishing Ltd. 2014 ISBN: 978-1-910069-003

Grimsey, D. and M. Lewis (2004), Public Private Partnerships: The Worldwide Revolution in
Infrastructure Provision and Project Finance, Edward Elgar, Cheltenham.

Kumaraswamy, M. M and Dissanayaka, S. M. (1998). Linking procurement systems to project
priorities. Building Research & Information, 26(4), 223-38. doi:10.1080/096132198369832

Lewis, J A, Odeyinka, H and Eadie, R (2011) Innovative construction procurement selection through
an artificial intelligence approach. In: Egbu, C. and Lou, E.C.W. (Eds.) Procs 27th Annual
ARCOM Conference, 5-7 September 2011, Bristol, UK.

Masterman, J. & Gameson, R. (1994). Client characteristics and needs in relation to their selection of
building procurement systems. East meets West, 221-228. CIB REPORT, 79-79

McCann, S., Aranda-Mena, G. and Edwards, P. (2014) 'Delivering value-for-money in the operating
phase of public private partnerships: interview findings', in International Public Management
Review, International Public Management Network (IPMN), Gallen, Switzerland, vol. 15, no.
2, pp. 91-110 ISSN: 1662-1387

Morledge, Roy, and Adrian Smith (2013). Building Procurement. Second edition. John Wiley & Sons,
Incorporated, 2013. ProQuest Ebook Central, docID=1120899.

Naoum, S. G., & Egbu, C. (2016) Modern selection criterion for procurement methods in construction:
A state-of-the-art literature review and a survey. International Journal of Managing Projects in
Business, 9(2), 309-336.

NEDO (1985). Thinking about Building. National Economic Development Office, HMSO, London.

Ng, T., Luu, D. & Chen, S. (2012). Decision Criterion and Their Subjectivity in Construction
Procurement Selection. Construction Economics and Building, 2, 70-80

RIBA (2018), Fourth NBS National Construction Contracts and Law survey report, Royal Institute of
British Architects. RIBA Enterprises, UK https://app.lms.unimelb.edu.au/bbcswebdav/pid-
7568646-dt-content-rid-63681917 2/courses/ABPL90327 2019 SM2/nbs-national-
construction-contracts-and-law-report-2018.pdf

Skitmore, M. & Marsden, D. (1988) Which procurement system? Towards a universal procurement
selection technique. Construction Management and Economics, 6(1), pp. 71-89.

Sweeny, S. (2009) Addressing Market Failure: Using Transaction Cost Economics to Improve the
Construction Industry’s Performance. PhD Thesis. University of Melbourne

Turner, E. A. (1990) Building Procurement. Macmillan Education LTD. London. UK. ISBN 0-333-
52286-9

443



© Copyright lies with the Authors, 2019.

All Rights Reserved.

No part of this publication or the information contained herein may be reproduced or transmitted
in any form or by any means, electronic, mechanical, by photocopying, recording or otherwise,
without written permission from the individual authors.

Papers submitted to this conference have been peer reviewed before final acceptance to the
conference. This process entailed detailed reading of the abstracts and papers, reporting of
comments to authors, modification of papers by authors whose papers were not rejected by the
reviewers, and re-evaluation of revised papers to ensure quality of content.

Conference Proceedings

Published by: Central Queensland University
Bruce Highway, North Rockhampton, QId 4702, Australia

ISBN: 978-1-921047-51-0



PROCEEDINGS OF THE 43RP AUSTRALASIAN
UNIVERSITIES BUILDING EDUCATION
ASSOCIATION (AUBEA) CONFERENCE

6 — 8 November 2019, Noosa QLD, Australia

Editors
Xianbo Zhao, Pushpitha Kalutara, Ronald Webber

Central Queensland University, Australia



TABLE OF CONTENTS

Preface
Sponsors
Conference committee

Development of a domestic market for construction and demolition waste in Australia
Salman Shooshtarian, Tayyab Magsood, Malik Khalfan, Peter Wong and Rebecca Yang

Green construction and construction and demolition waste management in Australia
Salman Shooshtarian, Tayyab Magsood, Peter Wong, Malik Khalfan and Rebecca Yang

Public-Private Partnership for affordable housing delivery in Ghana: Experience of the Ghana
national housing project and policy implications

Robert Osei-Kyei, Albert P.C. Chan, De-Graft Owusu-Manu, Michael Adabre Atafo and Ernest

Effah Ameyaw

A viewpoint on socio-cultural factors and building safety in the construction sector
Festival Godwin Boateng

A conceptual inquiry into building collapse in cities in developing countries
Festival Godwin Boateng and Renee Wright

Small-sized contractor’s capacity and competitiveness: Indonesia case for road rehabilitation
projects
Muhamad Abduh, Adhi Prabowo and Fauziah Maisarah

Influencing factors in extension of time claims
Nahiyan Al-Azad, Wallace Imoudu Enegbuma, Jibril Adewale Bamgbade and Chukwuka
Christian Ohueri

Rework root causes classification throughout a project life cycle from design to construction
based in New Zealand
Ramin Asadi, Suzanne Wilkinson and James Rotimi

An investigation into higher suicide rate in Australian construction industry- critical review
study
Michael Bowles, Pushpitha Kalutara, Darryl O'Brien, Peter Lawrence and Phillip Harrison

The development of a process map for supply chain relationships in the prefabrication
subsector of construction
Ehsan Bakhtiarizadeh, Wajiha Shahzad and James Rotimi

Position of women in Australian construction industry
Beatrix King, Pushpitha Kalutara, Darryl O'Brien, Ronald Webber, Stephen Poulter and
Hayden Cassar.

Analysing the relationship between construction employees’ mindset behaviour and project
performance

De-Graft Owusu-Manu, Prosper Babon-Ayeng, Frank Ato Ghansah, Caleb Debrah, Frank
Boateng and David John Edwards

Case studies of contrasting traditional and innovative building approaches for aged care
facilities
Rami Mezher and Mary Hardie

Assessment of defects and disputes in residential buildings
Vidal Paton-Cole

VM assessment of transport PPPs: implications for future improvement
Jianfeng Zhao, Henry Liu, Michael Sing, Xiaohua Jin and Richard Humphrey.

o I N W

18

26

40

48

62

70

86

99

112

124

133

144

160

170



Student perceptions of project management postgraduate education in an Australian university
Shirley Boon and Samer Skaik

Measuring the effectiveness of project scheduling training provided to managers of road
infrastructure projects in Queensland
Christopher Burgess and Samer Skaik

A systematic approach to group-based assessment in project management education:
CQUniversity case study
Samer Skaik and Roksana Tumpa

Critical success factors of public private partnerships (PPPs) in New Zealand
Nasir Rasheed, Cresencio Tejano, Wajiha Shahzad and James Rotimi

Perspective: Sustainable solution to the consequence of mining industry. Recycling mining
waste materials to lightweight green building materials
Boon Ng, Ee Ling Yong, Farzaneh Tahmoorian, Hana Speering and Ronald Webber

A review of leadership styles and innovation and their impact on productivity
Hossein Sadeghzadeh Fasaghandis and Suzanne Wilkinson

Are construction managers practising a profession, occupation or trade?
Ronald Webber and Gesa Ruge

How knowledge from innovation competitions can advance sustainable innovation targets in
architectural design competitions
Christopher Jensen

Modular construction in Adelaide's residential construction sector. What factors influence its
use?
Edward Smart, Jacob Grieger, Dang To, Aviraj Baryah, Robert Freda and Ki Kim

Enhancing transnational knowledge transfer: the context of cross-border and local firms in
private real estate collaborations in Sub-Saharan Africa
Ndlovu Pride and David Root

Collaboration in the New Zealand commercial construction sector — a case study of a medium
sized company
Maria Zaiat, Neil Laing and Linda Kestle

Causes of variations and their impacts upon construction projects in China
Tony Ma and An Shu

Review of the effects of condensation in low-rise residential buildings
Tom Bulic, Vidal Paton-Cole and Bircan Erbas

The role of Industry 4.0 in construction health and safety (h&s)
James Beale and John Smallwood

Critical risk factors in pricing of construction resources of SME construction firms in Ghana
Ernest Kissi, Peter Amoah, Divine Kwaku Ahadzie and Caleb Debrah

Partnership pedagogy pathways for the fire protection industry into mainstream post-graduate
programs.
Grahame Douglas and Swapan Saha

Teaching building measurement principles to suit the transforming construction industry
Sepani Senaratne and M.N.N. Rodrigo

Investigating the root-cause of legal disputes over defective construction
Zhaorong Wu, Payam Zekavat, Sungkon Moon, Liyaning Tang and Sherif Mostafa

BIM applications to leveraging lean principles in modern construction
Sandi Gozali, Payam Zekavat, Sungkon Moon, Liyaning Tang and Sherif Mostafa

181

194

207

223

233

246

255

269

278

286

299

311

321

331

341

351

361

370

376



Work readiness of project management graduates working in construction: a study of employer 384
perspectives
Jessica Borg and Christina Scott-Young

A review of construction waste data and reporting systems used in Australia 396
Shiyamini Ratnasabapathy, Srinath Perera and Ali Alashwal

A cost benefit analysis of retrofitting public policies on Atlanta residential housing 406
Arezoo Shirazi, Ali Bozorgi and Baabak Ashuri

A literature review of waste prediction models in construction projects 414
Ali Alashwal

Supply chain of prefabricated housing construction: a case study of New Zealand 426

Nishadi Sooriyamudalige, Niluka Domingo, Paul Childerhouse and Wajiha Shahzad

‘BLT’ is not a sandwich: learning & teaching emerging building procurement methods; 434
Australian, Asian and European perspectives
Guillermo Aranda-Mena and Paulo Vaz-Serra

Exploring the levels of compliance to universal access parameters at South African higher 444
educational institutions: Experiences at Doornfontein Campus of the University of

Johannesburg

Nischolan Pillay and Trynos Gumbo

Conceptual framework to address the employer-caused delay factors: a case study 455
Mohammad Bargawi, Heap-Yih Chong and Emil Jonescu

Towards achieving sustainable housing in Nigeria: the option of prefabrication 467
Igbayemi Daniel Akeremale, Patrick Tang and Willy Sher

Understanding the emotional intelligence of project managers working within the Australian 475
mining industry
Mark Brennan, Samer Skaik and Ziyad Abunada

A performance-based building code on statutory maintenance; exploring the policy for 489
consumer safety in Australia
Stephen Scimonello, Anona Armstrong and Himanshu Shee

Sustainable procurement of construction professionals and project outcome drivers 504
Terence Lam

Design thinking for the built environment: a case study of a first-year undergraduate unit 514
Sara Omrani, Holly Russell, Robin Drogemuller and Vaughan Coffey

An investigation into the terms of inclusion for surrounding neighbours of residential gated 525
communities — a case of Palm Lakes Estate, Tinley Manor, Kwa-Zulu Natal.
Letsoko Vuyiswa and Pillay Nischolan

Industry 4.0 and its impact on skills development on built environment professionals. 538
Letsoko Vuyiswa and Pillay Nischolan

Coworking: the new design of workplaces 547
Dulani Halvitigala, Hera Antoniades and Chris Eves

The potential of using BIM to improve the safety of temporary structures on construction sites 556
Jacob Terris and Madhav Nepal

Rule-based automated design check for modular building 563
Yanhui Sun, Jeremy Wu, Jingyuan Fan, Jun Wang and Xiangyu Wang

Investigating the influence factors of carbon emissions of the U.S. road transport sector: a 571
research agenda
Peng Wu and Josua Pienaar


https://www.researchgate.net/publication/338620748



