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Abstract: Australian education departments use relocatable prefabricated classrooms extensively to 
respond rapidly and economically to fluctuating student numbers and as emergency accommodation. 
Prefabrication has not been widely used for permanent school infrastructure, but this recently changed 
in response to unprecedented increases in student numbers. Permanent prefabrication is currently 
being commissioned by Australia’s two largest state education departments to quickly roll-out quality 
infrastructure. These multi-billion-dollar government school programs represent a major opportunity for 
step changes in the nation’s construction industry with the potential for a shift from off-site 
conventional construction towards off-site manufacturing and mass customisation. The scale of the 
program has the potential to catalyse investment for cutting edge design performance, mass 
customisation ability and the adoption of digital engineering including building information modelling 
across the life-cycle. The programs could also leverage recent research into learning environments for 
changing pedagogies. This paper provides contextual data on prefabrication in Australia and argues a 
case for prefabrication being conceptualised and evaluated not only in terms of construction innovation 
but also as a design conversation with users. This approach requires breaking down of interdisciplinary 
boundaries given siloed structures not only within government education departments but also more 
broadly within university research and industry practice. 

Keywords: Flexible school design; permanent prefabricated schools; post-occupancy evaluation; 
interdisciplinary research. 

1. Introduction 

School populations across Australia are predicted to increase to around 650,000 in the decades to 2026 
or the equivalent of around seven new classrooms every day for a decade costing an estimated $6-11 
billion (Goss, 2016). Given this unprecedented expansion in student numbers, some Australian states 
are choosing to commission permanent prefabricated building infrastructure which, for simplicity, we 
will describe in this paper as APPLEs or Australian permanent prefabricated learning environments.   

The rapid deployment by state education departments has meant that the impacts of APPLEs on 
design quality, construction processes, costs, building performance, the environment and teaching 
practices are not yet known. There has been little opportunity for either researching the APPLE 
initiatives or for providing evidence-based research input into processes.  
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Our team’s research focus has been to establish a framework for incorporating multiple disciplinary 
perspectives into the design and construction process as well as operations issues over the life-cycle. To 
date, we have gathered benchmark data on prefabrication for learning environments in Australia based 
on a scoping literature review, key interviews, four international study tours and related post-occupancy 
evaluation (POE) research providing proof of concept. The work builds upon a decade of research 
collaboration with industry on school design. 

The potential of permanent prefabrication is cross-sectoral industry transformation to achieve cost-
effective and resilient school infrastructure suitable for current and future learning and learners. We 
argue that research perspectives are needed beyond expertise in prefabrication processes to include 
expertise in optimum user experiences and value for money across the lifecycle of education 
infrastructure. Accordingly, the objectives of this paper are to: 

 Briefly contextualise the current capabilities and opportunities of the Australian prefabricated 
construction industry;  

 Identify the challenges and opportunities for taking a product design approach to construction 
and delivery of prefab schools;  

 Consider evaluative approaches for the design and construction of apples as well as their 
performance as learning environments; and 

 Highlight the inherent difficulties of combining research focusing on prefabrication design, 
supply and manufacturing with user experience data as well as the complexities of 
interdisciplinary research funding in this area. 

We propose that Australian built environment industries are falling behind industries which position 
user experience (UX) as an integral part of a more holistic research, design and manufacturing process; 
industries such as product and industrial design, manufacturing and information technology design. We 
also suggest there are challenges in conceptualising and funding complex research proposals. The 
transformative potential of prefabrication for Australian school infrastructure in terms of delivery, value 
for money, lifecycle costing and user experience rather than just being “better, faster, cheaper” needs 
to integrate aspects from multiple disciplines. 

This paper is organised into four sections. First, we present the background to prefabrication for 
schools in Australia. Second, we describe the methodology. Third, we argue for holistic research while 
highlighting the challenges of complex interdisciplinary research within the siloed structures of both 
industry and academia.  We conclude by proposing research parameters focused on transformational 
change as well as future directions for practice and research. 

2. Background 

2.1. Context – Australian prefabrication  

Prefabrication is often described as architecture’s oldest new idea and, to date, has not been a large 
part of the Australian construction industry. Only 3—4% of new buildings are prefabricated in Australia 
while the market share in Sweden for housing is more than 80% (Navaratnam et al., 2019). In Japan, 
Germany and northern Europe, prefabrication outperforms on-site construction in many ways including 
reduced on-site disruption and greater control in quality and speed [Harrison, 2018]. The first peak body 
for prefabrication, PrefabAUS was established as an outcome from a 2012 roundtable with industry at 
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the end of a three-year Australia Research Council research into relocatable learning environments 
(PrefabAUS, 2019). Since then Australia’s prefabrication industry has been evolving with new products, 
processes and factories [(Navaratnam et al., 2019). Albeit with these exceptions, Australian 
prefabrication is still primarily conventional construction within a factory environment and so 
efficiencies which might be possible through economies of scale have not yet been adopted. In contrast, 
Japanese manufacturers such as Sekisui House, Sekisui Heim and Misawa Homes utilise robotics and 
factory lines of the type used within manufacturing. The Australian market share is increasing along with 
a shift in consumer understanding of prefabrication as a high performing product (Yokota and Aye, 
2016).  

2.2. Context – prefabrication for schools  

While prefabrication is widely used within the Australian school sector, it is primarily as utilitarian 
relocatable school buildings which are often considered to be second-rate in terms of performance and 
appearance when compared to permanent school buildings constructed in-situ. However, relocatables 
are an important planned response to the provision of both government and privately funded schools, 
with them accommodating up to 30% of students in some states. These relocatable school buildings are 
variously known as relocatables, transportables, demountables, mod 5s and terrapins. Historically, 
relocatables were built using low tech and conventional construction within simple design parameters.  

In 2017 the Victorian and NSW departments of education made two important decisions. The 
Victorian School Building Authority (VSBA), a division of the Department of Education and Training 
(Victoria) committed to prefabricating 100 buildings as part of its Permanent Modular School Building 
Program. Concurrently the NSW Department of Education (NSWDE) initiated a program called 
Permanent Building through a Modular Prefabrication Approach. In both states, the permanent 
prefabricated buildings were required to match or exceed the performance, amenity and aesthetics of 
the in-situ school designs.  

Consequently, Australia’s relatively nascent prefabrication industry needs to rapidly respond at scale. 
As major infrastructure clients, the Australian education sector could act as a catalyst for holistic, 
industry transformation.  

2.3. Context – design for changing pedagogies 

In the last decade, learning space design within Australia has been changing to accommodate the 
learning needs of students in a digital rich world. Student-centred constructivist approaches to schooling 
have roots in 20th century educational theorists (Dewey, 1966; Freire, 1970; Vygotsky, 1986) which are 
further enabled by student access to digital information. Shifts to student-centred learning has spatial 
impacts as designs need to accommodate collaboration and independent research rather than just 
teacher-led ‘chalk and talk’ from the front of the classroom (Newton and Backhouse, 2013). With easy 
access to information and learning tools in digital environments, education has been transforming from 
teacher-led learning in discrete classrooms to more student-centred learning and team-teaching within 
more fluid yet purposeful open plan environments.  

Within this context, prefabrication has the potential to achieve more than quicker, better, cheaper. 
Adopting a mass customisation approach to design and construction could enable the users to be co-
designers of spaces to match their pedagogical approaches.  
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3. Methodology and novelty/innovation 

3.1. Methodological framework 

The overarching research aim of our team is to determine the transformative potential of APPLEs in 
terms of delivery, life cycle performance and user experience rather than just better, faster and cheaper. 

APPLEs are in their infancy in Australia; their impact for school systems, school users and Australian 
prefabrication more broadly is still to be evaluated. The method for evaluating the impact of APPLEs is 
two-fold; [1] address knowledge gaps in a holistic cross-disciplinary way by drawing together expertise, 
and [2] apply research methods in school design and evaluation, prefabrication, sustainability and life-
cycle asset management. 

In the longer term, the three iterative research objectives are to: 

 holistically evaluate early generation APPLEs; 

 identify the gaps and opportunities in the delivery APPLEs; and 

 develop policy, process and professional development recommendations based on research 
findings. 

This research is clustered into two key research focus areas: A: The User and B: The Building (Figure 
1). In addition to evaluating building performance outcomes, the research approach also focuses on 
educational and societal consequences. 
 

 

Figure 1: Research framework (source: Authors) 

 

The methodology involves research experts in user evaluation and building systems. The holistic 
approach is adopted to avoid developing excellent manufacturing and delivery processes at the risk of 

 

 

Figures 2 & 3: Altona Primary School Library 
(source: Arkit) 
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insufficiently responding to and accommodating user needs or vice versa. Therefore, in addition to 
engineering, cost management and digital engineering (including BIM) expertise, our team includes 
experts in architectural design, indoor environmental quality (IEQ), education and post-occupancy 
evaluation (POE). Broadly speaking, the research adopts the design science research (DSR) thinking 
(Hevner, 2004).  Leiringer and Dainty (2017) have criticised research in architecture, engineering and 
construction for lacking relevance to the real world. DSR will maximise research impact because it can 
better connect academic research with the needs of the AEC industry. We adopt Peffers et al (2007) DSR 
process: [1] problem identification and motivation (hypothesised and validated problem) [2] definition 
of the objectives for a solution (validated value proposition) [3] design, and development, [4] 
demonstration, [5] evaluation, and [6] communication. Stages 1-3 are not sequential but iterative. In 
applying DSR, the research, at all stages, involves all relevant stakeholders in the prefabrication design 
and construction supply chain, the Australian school education system and policy makers.   

3.2. Methodological innovation 

The innovation in this approach is to bring together normally disparate disciplines borrowing from the 
related fields of industrial design, interaction design and experience design as defined by Don Norman 
(2013) who is best known for coining the term UX for user experience.  Industrial design is particularly 
relevant as it optimises products and systems to benefit both user and manufacturer. Interaction design 
considers how people interact with technology. This is relevant for considering how users and designers 
interact with prefabrication processes. Experience design is also relevant for its focus on the quality and 
enjoyment of the total experience of using a product, process or service.  Given the complexity of the 
built environment, this approach is best achieved using a team approach across a range of disciplines.   

While UX design is not commonly considered by architects and developers there is a five-decade 
long history of post-occupancy evaluations (POEs) within the built environment (Preiser et al., 2015). 
Preiser defines POEs as structured and systematic analyses of building performance measured against 
clearly specified objectives. Commonly they are undertaken by specialised consultants appointed by 
either the designers or public or private sector clients. POEs consider both the building quality and the 
building process. Arguably the most extensive Australian POE into education buildings was by a 
taskforce appointed by government to evaluate value for money from a $16.2 million funding program 
called Building the Education Revolution. Value for money was considered in terms of meeting the 
budget, the timelines and the brief. 

The BER Implementation Taskforce was established by the federal government to review 
the process, assess value for money and address complaints. Given that the economic 
initiative is called Building the Education Revolution, it is curious that the final report did 
not attempt to assess the new learning environments in terms of educational fit. The risk 
with assessing “value for money” is that there can be a tendency to focus on what is 
easiest to measure rather than what is most important. The concept of “value for money” 
in the provision of school infrastructure is complex and multi-layered, and the projects 
have often benefited from the support of excellent architecture communities and 
innovation in ways that are often overlooked by post-occupancy evaluations. (Gan and 
Newton, 2012) 

User-centred theory (UCT) of the built environment has contributed to the discussion of POEs by 
considering three forms of comfort; functional, physical and psychological (Vischer, 2008). Physical 
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comfort encompasses factors that are commonly mandated through regulatory frameworks such as 
safety, hygiene and access. Functional comfort considers how the built environment supports user tasks 
and activities. Psychological comfort includes feelings of connection, choice and control.  

3.3. User experience evaluation 

Research topics 1 to 3 (Figure 1) focus on the role of built infrastructure for enhancing the occupation by 
both staff and students. We propose research is needed that combines traditional POE strategies with 
UX approaches drawing on human-centred design strategies more commonly found in technology and 
product design fields (Norman, 2013). Woolner and Hall (2010) note that:  

Solutions to noise problems will not be produced by viewing noise in isolation, or even as 
part of the physical environment, but through participatory approaches to understanding 
and adapting the structure, organisation and use of learning spaces in schools (p. 3255). 

Likewise, our decade of POE research into learning spaces has found new spaces on their own are 
insufficient to result in pedagogical change. Rather more holistic approaches are required and for this 
reason, our approach to POE includes more traditional IEQ quantitative measurements alongside mixed-
method approaches to consider the alignment of space and pedagogy. We begin with a description of 
IEQ measurements followed by our approach to POE for alignment of people, place and process. 

The impact of IEQ of school environments is commonly measured in terms of air quality, thermal 
performance, acoustics and lighting. One of the research team has developed a relational method that 
scores IEQ against best practice to help users understand performance (Figure 4).  

 

Figure 4: IEQ measurement example (source: Soccio) 

Here measurements of thermal comfort, acoustics, air quality and lighting are communicated as 
relative to best practice. Many research studies link student outcomes with aspects of IEQ such as 
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ventilation (Fisk, 2017), lighting design (Heschong et al., 2002) and acoustics (Woolner and Hall, 2010). 
Therefore, is it important for data to be collected for recently constructed permanent prefabricated 
buildings and compared with comparable in situ buildings. The mature prefabrication systems within 
Germany, northern Europe and Japan are recognised for higher performance than in situ construction 
through controlled and automated factory processes (Navaratnam et al., 2019). Australian research is 
needed to determine if recent Australian school prefabrication is meeting or exceeding the performance 
of in situ buildings. 

Our parallel POE approach on alignment of people, place, pedagogy and processes focuses on user-
voices beginning with strategic interviews with school leadership and facilities managers and 
consultants involved in a project. These interviews explore the vision and values. Students and staff are 
invited to respond to a user survey that includes multiple-choice questions. An observational 
walkthrough is undertaken by a small interdisciplinary team who evaluate and discuss what they 
observe. Findings from the interviews, survey and walkthrough are collated and presented to 
participating staff, and leadership, facility managers and consultants as focus group discussions around 
targeted questions. Based on this study an integrated report is developed that is compared with our 
database of findings from our related studies including a major study of 38 schools and interviews with 
300 teachers and nearly 4000 students.  

3.4. Prefabricated building evaluation 

Research topics 4 to 6 (Figure 1) focus on digital engineering, design and manufacturing processes, and 
performance. Prefabrication manufacturers have systems and need volume to achieve economies of 
scale to pay for larger overheads. Egan (1998) suggests that prefabrication should not be compared with 
a car production line but rather a whole process for planning the production of a new car. Architects 
need to design in ways that take advantage of prefabrication systems by engaging with suppliers early in 
the design process. The design profession needs to embrace a level of product or industry design 
thinking with prefabrication central to the design and construction concept from the outset if maximum 
benefit is to be achieved. Numerous postgraduate architectural, construction and engineering programs 
are developing training in advanced manufacturing technologies such as those of the Technical 
University, München and The University of Melbourne. Our POE approach captures data on: [1] enablers 
and inhibitors in the use of BIM; [2] the integration of design with prefabrication manufacturing 
processes, and [3] the performance of APPLEs in terms of time, cost and life cycle assessment. 

4. Discussion 

These multi-billion-dollar government school programs may provide a proof-of concept catalysing a step 
change in Australia’s construction industry leading to a more extensive takeup of prefabrication. 

4.1. Evaluation as an interdisciplinary process 

Holistically evaluating these early generation APPLEs through the dual lenses of a) The User and b) The 
Building will generate multiple data sets to consider not just the construction innovation but also the 
designs, the users and the processes in place.  It will inform both clients and industry about the gaps and 
opportunities for transformation. 
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4.2. The potential and risks of prefabrication for school learning environments 

Prefabrication has potential to be more than quicker, better and potentially cheaper than traditional 
construction; shifting from one-off design to manufacturing and mass customisation can provide 
advantages in management efficiencies and flexibility across the life of the building as needs of users 
change. Unless carefully managed, prefabrication may result in cookie-cutter outcomes delivered to 
school users who are disconnected from the design process. Design mistakes risk being multiplied, 
potentially impacting thousands of users over time. Australian relocatable school infrastructure has 
largely focused on the delivery of standardised modules. Borrowing manufacturing strategies from the 
care and computer industries can enable mass customisation and personalisation which invites users to 
co-design to suit their particular needs (Kieran and Timberlake, 2015; Holzer, 2014). Customisation 
within a design range could allow educators to adapt the physical environment to suit new technologies 
and new generations of learners.  

 4.3. The roles of digital engineering (including Building Information Management BIM) 

A digital engineering (DE) approach to procurement can facilitate the integration of the project team 
with the design, construction and operation of a building. Mass customisation leveraging digital data 
over the lifecycle can make it possible to provide high performance and higher quality schools at lower 
prices. The opportunity is that the delivery of mass customised modular systems using DE and BIM 
approach can permit flexibility in choice and adaptability to meet individual school preferences and 
needs (Aibinu et al, 2017). At the same time, DE and BIM can allow the supply chains a large degree of 
production control, quality performance and cost. Virtual prototyping using BIM can increase 
interoperability for the collaboration between different actors in the prefab school delivery and the 
information systems they use as well as facilitate collaboration in such multi-user environment where 
conflict identification and resolution can become transparent (Bosch, 2014). DE and BIM can ensure 
reliable project planning by allowing reliable projections in time, including identification of conflicts in 
processing and assembling of components. The supply chain behind each module of the system can 
reduce decision and production sequences and times, thereby increasing reliability and reducing 
uncertainties. The involvement of the supply chain can be extended to the operation stage, making 
maintenance transparent, effective and efficient (Bosch, 2014).  

The use of DE and BIM enables opportunities to link structural datasets within and beyond the 
construction sector. Portfolio information models allow performative data to be tracked in ways that 
assist in addressing major societal issues such as sustainability and comfort. This has been referred to as 
Level 3 BIM maturity where performance becomes the primary objective, enabling the assets delivered 
to support end users in achieving business outcomes (HM Government, 2015).  

4.4. The potential of Plug n Play components for adaptability over time 

Change is an integral issue that buildings need to respond to.  A modular, product design approach to 
prefabricated components could support the adaptability of APPLEs over time.  As an example, plug n 
play wall panels could allow for easy upgrade of learning resources such as interactive whiteboards with 
the next generation of interactive technology.  The potential for future-proofing with such approaches 
could lead to significant cost and time savings over the life of an APPLE. 
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4.5. Getting more from prefabrication 

As summarised in the Table 1, inter-disciplinary research, and deeper awareness of the user experience, 
can begin to identify opportunities. 

Table 1: Opportunities for users and buildings: getting more from prefabrication. 

Opportunity Detail 

Systems-focused Efficiencies in procurement chains through product life cycle management   
Environmental performance Reduced resource demand and waste with high operational performance 
Economic sustainability Including whole of life costing thinking 
Building Information Management Options for click and connect upgrades 
Building agility Cradle to cradle thinking and adaptability to match pedagogy 
Hybrid manufacturing Efficiencies and specialisations 
Mass customisation In preference to mass production 
Site specific Considering context and character 
User selection Interactive virtual and physical prototypes for co-design 
Speed of construction Higher speed of construction and less time on site compared with in situ 
Quality and speed Higher quality possible in factory compared with in situ 
Industrial design strategies User experience (UX) focus and client to design interfaces 
Occupant comfort Combined impact of design solutions optimised for IEQ  
Buildings as 3D textbooks Innovative design and delivery processes as part of school STEM curriculum 
Nurture industry Increased demand for prefabrication across education sector 
Catalyse industry Client performance specifications seeking step-change in industry offer 

5. Conclusion 

Drawing on overseas precedents we argue prefabricated learning environments can offer more than of 
current school infrastructure but achieving such a step change requires shifts in processes and attitudes. 
Part of our contribution has been to map the interdisciplinary parameters that need to be considered 
holistically if the user experience is to be optimised alongside manufacturing of prefabrication. We 
challenge the architectural science profession to consider whether such integrated research is possible 
given current disciplinary constraints within our research cultures, our universities and funding regimes. 
Is it time to challenge disciplinary blind spots by requiring research to include interdisciplinary views? 
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