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Abstract 
 
The research within this document seeks to investigate and engage with simple 

digital fabrication technology such as laser cutters and CNC routers to produce 

architectural products. In turn, technology is allowing young architectural 

practitioners to engage with social fabrication activities. Questions, however, 

remain as to what extent the designer-maker will be required to acquire the 

necessary skill, organisation and knowledge to support social building activities.  

 
The internet is providing consumers access to a variety of services to allow the 

general public to be directly involved in production activities. Everyday consumer 

objects can be customised at mass, with a large variety of established industries 

such as fashion and print publishing being affected. The field of architecture is 

not immune to such change, with social digital-building schemes such as 

WikiHouse and Click-Raft threatening to challenge the way consumers may 

converse with the production of architecture. These schemes tend to take 

advantage of standardised 'off the shelf' materials such as plywood and file-to-
factory CNC-router manufacturing processes to create custom components for 

assembly by volunteer labour.  

 

The research presented within this paper seeks to investigate how this shift 

towards digital fabrication and self-assembly is affecting the relationships 

between designers, the makers of architecture and their clients. It adopts a 

'research with creative practical component' methodology, using four projects. 
The projects explore the use of social capital for building activities with the use of 

simple automation technology to design and fabricate creative outputs. In 

keeping with the community digital fabrication building schemes, the use of CNC 

routers and 'off-the-shelf' material will be specified to create a large majority of 

the architectural artefacts. Each individual design-build project will be required to 

be tested to ensure specified materials, design details and fabrication processes 

are well suited to the skill of the individual or group end user. A majority of the 

testing will be prototyped through the use of virtual simulations and rapid digitally 

prototyped mock-ups. If deficiencies are found during the evaluation process, 

amendments can be quickly made to the digital model for successive iterative 

tests.  

 
The four creative schemes have been produced for either a client or an industry 

exhibition. The first project to be discussed is the custom CNC plywood flat-pack 

interior fit-out 'V-Fuels Project'. The second and third interior fit-out projects, the 

'Tech Future Lab Reception Space' and the 'Look Pop-up Store', will investigate 

how to produce aesthetically and materially similar bespoke modular 

prefabricated units with different sources of experienced labour. The fourth 

project, 'EDFAB', is a scheme that focuses on a series of iterative modular 

housing prototypes. The research outputs have been disseminated in academic 
journals and conference proceeding. 

 

The findings suggest that rather than a simple technological advancement, there 

is a need for social, cultural and organisation change, which may be more 

significant and challenging than the adoption of technology. Automation can, 

however, allow social building schemes to become more ambitious in respect to 

quality, efficiency and aesthetic complexity. There are opportunities for the 
designer-maker to participate in both sides of the automated spectrum to create 

a quality architecture to bridge the gap and provide a social design project to 

organise and direct end user building activities. There is also the opportunity to 

design bespoke virtual components for subsequent digital printing and assembly 

by volunteer labour. The intentions of the designer need to consider the desires, 
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expectations and ability of the user for successful outcomes to be produced. 

There is also a need for technical knowledge, fabrication experience and 

management skill to adequately design a tailored process for any given 

contextually driven brief. The various forms of prototyping employed within the 
design process allowed the end user to tactilely provide the designers with useful 

feedback about their ability, the appropriate specifications of design detail and 

aesthetic finish. The consequences of bypassing the prototyping process will 

result in unnecessary production time, frustration and diminished quality.  
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1.0 Introduction  
 
The introduction chapter is divided into five sections. To begin, a brief background 

section will introduce the thesis topic that is being researched. The second 

section will briefly describe the 'file-to-factory' design to manufacturing process 

with the use of CNC routers (Figure 1). The third section will list and describe the 

creative practice component research projects. The fourth section will briefly 

outline and list the different forms of academic dissemination. The final section 
will outline the document's thesis structure.  

 

1.1 Background  
 

There is the belief that technological innovation can allow for fabrication activities 

to be democratised with the adoption of powerful, easy-to-use software and 

computing devices. In turn, it enables any interested individual to control digital 

fabrication automated machines – such as Computer Numerical Control (CNC) 

routers, 3D printers and laser cutters – no matter what their vocational pedigree 

or access to capital. The production technology can empower designers to 

directly engage with and control fabrication activities with precision and quality. 
In turn, the designer can become a 'designer-maker' who can rival a skilled 

craftsman. The same machinery can allow for the designer to create digitally 

produced components for assembly of architecture by the end user, which in this 

case can be anyone from the client, the community volunteer, the collaborator to 

the student.  

 

The creative research centres around four major projects. The requirements for 

the creative outputs require the research designer-maker to predict how the end 
user may participate in fabrication activities. The end user in the case of this 

thesis is defined as being the client and the volunteer participant. Each research 

project will follow an iterative design process based on making virtual and 

physical prototypes. The designer-maker can employ the file-to-factory design-

to-manufacturing process to create rapid prototypes to allow the end user to 

participate in developing and validating a design proposal.  

 
Although automated machines can be useful tools to aid design-build practices, 

if the application of labour, communication and skill are overlooked, quality 

outputs will be hard to achieve. A designer-maker, therefore, is required to 

acquire fabrication and management knowledge. The milling of plywood 

components on a CNC router, for example, requires attributes such as fabrication 

tolerance, assembly and organisation to be considered for successful outcomes 

to be produced. The need for conventional fabrication skill and knowledge is 

required by the designer-maker, as digital fabrication machines – like most tools 
– have limitations and require creative solutions to resolve complex design 

problems. As the gap between the physical and the digital continues to converge, 

it will allow the architect to increasingly collaborate with the manufacturing 

process. In turn, it will require the architect to acquire the skill, imagination and 

expertise of the craftsperson.  

 

 

 



 
 
2 

 
 
 

Figure 1: Unitec Institute of Technology's CNC router machine cutting 
custom pattern on plywood. 

1.2 File-to-factory process 
 

 
A common theme with technology is that it diminishes in cost and difficulty of 
control over time (Leach, 2002). Within the field of architecture, access to digital 

fabrication technology through the file-to-factory process is becoming an 

attractive method for architects to subsequently be more closely aligned to the 

manufacture of architecture (Willis & Woodward, 2010). The three digital 

fabrication manufacturing techniques that are being employed by architects are 

the 'subtractive cutting method', the 'additive layering method', or '3D printing', 

and the 'formative process' (Naboni & Paoletti, 2015). The creative projects 
presented within this thesis predominantly works with the subtractive cutting 

method. It is a technique where material is removed, either in two or three 

dimensions. The machines that are typically featured are typical laser cutters and 

a 3 axis CNC router. Both machines work by digitally controlling a gantry-

mounted tool – whether a laser or router – in x, y, and z axes (Moe, 2010).  

 

The creative research employs a 'file-to-factory' approach to digitally design and 

fabricate using laser cutters and CNC routers. The approach requires designers 
to use 'Computer-Aided Design and Computer-Aided Manufacture' (CAD/CAM) 

software to communicate design information for subtractive printing of 

components or artefacts (Leach, 2002 ). The workflow approach employed within 

this thesis requires the designer-maker to firstly 'design and detail' within a virtual 

environment. Depending on the project's requirements, either 2D  vector 

drawings or 3D virtual surface models can be designed within CAD software 

(Iwamoto, 2009). The digital data from the virtual models or drawings is 

subsequently extracted to 'create and simulate' the milling 'tool paths' within the 
appropriate CAM software. Basic variables and parameters such as material 

size, cut speed, and router bit type must be set within this step. The second step 
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is to translate the tool path information into Cartesian' G Code' data for the CNC 

machine to 'print' or 'mill' designed products from stock material. The last step is 

to hand finish and assemble the components into a completed product.  

 

The research within this thesis will investigate three themes that define digital 

workflows within architecture. The first theme, 'designing design', is a social issue 

that examines how 'professionally divided design processes' are being 
transformed into new 'integrated design systems'. The second theme, 'designing 

assembly' is a technological issue that investigates the application of material to 

a digital fabrication process and how it can influence conceptual design. The third 

theme, 'Designing Industry', is an organisational issue that deals with the 

designers drive to integrate and efficiently manage multiple disciplines within a 

project (Marble, 2012).  

A file-to-factory process can socially benefit architects practise by allowing them 

to 'throw away the rule book' and further collaborate with engineers and builders 

contractors. As file-to-factory process become more prominent within in 

architectural profession, architects will need to rethink how they approach 
workflow, representation of information and the sharing of ideas (Chaszaer & 

Glymph, 2010). The process can enable complex workflows within architecture 

to be filtered through simulation, analysis and optimisation software before any 

manufacturing takes place (Marble, 2012).  

 

Within this thesis, designing design, specifically relates to file-to-factory 

process. At its simplest, the file to factory process (Figure 2) that this thesis 

prescribes to is not so dissimilar to University of California's Professor Alice 

Agogino's series of 'design-process models' designed for National Aeronautics 

and Space Administration (NASA). Although the process developed by Agogino 

has a focus on engineering solutions, it is just as applicable for designers that 

follow iterative file-to-factory design process. Agogino's 'standard model' follows 

three phases: (1) define a design; (2) build to prototype; (3) test to evaluate. The 

process asks design-researchers to set goals to produce outcomes for 

assessment. When required, feedback loops can be inserted into the model, as 

it can provide opportunities to address design errors that can be discovered 

during the prototyping and evaluation phases.   
 

The 'science use scenario' model is similar to the standard model and follows 

seven phases: (1) create a brief; (2) conceive a concept; (3) sell the concept; (4) 

define the design; (5) build to prototype; (6) evaluate the results; (7) operate. 

Formulating a 'brief' is an essential step within any research, as it enables for the 

needs  of a client, benefactor, or research grant to be understood. The second 

and thirds steps require researchers to 'conceive' and 'sell' ideas to benefactors 

or patrons. The following three steps follow the 'standard model' described 
earlier. The last step is to have a final functional product to clients can operate 

and consume (Makstutis, 2018, p. 54).  

 
The need for the architects to design for assembly is an important and integral 

portion of the digital fabrication process. Although software can directly link 

manufacturing tools, there is a need for techniques to be developed and 

rationalised. 'Designing assembly' asks designers to work beyond the mechanics 

of digital fabrication and into the logic of how parts are assembled to create a 

finished outcome. The main imperative for designing assembly requires 
designers to understand how to manipulate materials to create components that 

can be efficiently assembled together. For successful outcomes to be produced, 

assembly and tolerance procedure need to be factored into the design-process 

early (Marble, 2012).  



 
 
4 

                               
 
 

Figure 2: Standard and Science Use Scenario model.
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Architects need to view the file-to-factory process as a design issue, rather than 

just a logistical manufacturing issue. 'Designing Industry' asks architects to instil 

aspects of craft and quality into the manufacturing process. The process heavily 

depends on the collaborative relationship between the architect and the various 

other stakeholders that contribute to the manufacture of architecture. The 

expertise required to manage and control information to design, fabricate and 

construct architecture has lead to a range of multidisciplinary highly specialise 
teams (Marble, 2012). 

 
1.3 Creative outputs 
 

In total, the thesis investigates four creative practice research projects. The 

purpose of each project is to determine to what extent technology could 

supplement skill, knowledge and the organisation process. All the projects work 

on the basis of paring 'off-the-shelf' products and a 3 axis CNC router to produce 

customised flat-pack components for assembly by the end user. To ensure a 

successful approach to each individual project, the designer-maker needs to 

acknowledge the expectations and ability of each individual end user. 
Consequently, numerous fabrication methods were employed to fit the different 

briefs. The need to employ professional labour became mandatory when 

regulatory approvals were required.  

 
Even when provided with a clear and explicit project brief, an experienced 

designer-maker can run into unanticipated design difficulties when working with 

a wide range of diverse participants in any given project. To mitigate risks of the 

unknown, a tailored workflow needs to be developed for any given project. The 
process of working with iterative drawings, virtual mock-ups and physical 

prototypes can help to identify any shortcomings within a designed scheme. 

When appropriate, it can be useful to include the end user to participate in the 

testing activities, as it can be a useful method to gauge the ability, behaviour, and 

needs of the labour available. Unless the end user has a background in fields of 

design and making, the process can be difficult to participate in. Consequently, 

outputs that require the participation by the end user throughout the entire design-

build process necessitate tactful management and guidance.  

 

The design approach taken did not allow technology to dictate every aspect of a 
project, as there is still room for conventional construction methods. Digital 

literacy between all the participants – which include the end user and professional 

hired labour – was different and therefore the use of traditional analogue hand 

solutions was considered and these were applied when deemed to be 

appropriate. Even though traditional methods cannot produce the same levels of 

accuracy as a digitally produced artefact, when appropriately applied to a 

fabrication and assembly process the project's production efficiency and quality 

can drastically increase. 
 

The first creative output to be discussed is the custom CNC plywood flat-pack 

interior fit-out project 'V-Fuels takeaway'. The project became an exercise on how 

to integrate digital technologies, volunteer labour and detailing with asymmetrical 

space. The design-to-fabrication approach followed a process of milling flat-pack 

plywood components within a workshop for subsequent assembly on site, like 

IKEA furniture (Figures 3 & 4). The second and third projects to be discussed are 
the interior fitouts of the 'Look Pop-up Store' (Figures 5 & 6) and the 'Tech Futures 

Lab Reception Space' (Figure 7). Both projects were CNC milled and assembled 

into modules within a workshop rather than on site. The differences between the 

two design spaces were largely the available labour and the project briefs. 
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The iterative 'EDFAB’ modular housing prototypes are the fourth creative output 

to be discussed. The purpose of the EDFAB housing system is not to propose a 

new housing solution, but to investigate how the end user can participate in 

assembly activities. Throughout the design process, guidance and technical 

support was provided by industry partners such as Carter Holt Harvey 

Woodproducts and Pro Clima NZ. The integration of off-the-shelf materials into 

the EDFAB construction system was more difficult than in the previous three 
creative projects due to the need to adhere to the New Zealand building code 

and product warranties. To date, the EDFAB construction system has undergone 

four iterative phases. The first iteration (Figure 8) was a system comprised of 

plywood components. The second iteration sought to reduce waste and design 

complexity by including Laminated Veneer Timber (LVL) within the construction 

system. The third iteration investigated the inclusion of portal frames to enhance 

flexibility and increase the participation of industry suppliers. The latest iteration 

(Figure 9) has achieved regulatory planning and construction approvals for a 
65m2 dwelling was completed with the installation of the kitchen in July 2019.  

 

1.4 Dissemination  
 
The written research presented within this thesis has been featured in several 

academic journals and conference papers (full references can be found within 

the appendix of this document). They are:  

 

i. Unitec Institute of Technology’s ePress. The journal paper was funded 

by the BRANZ National Science Challenge as a think-piece article in 
response to the Auckland Mayoral Housing Taskforce Report.  

ii. University of the Arts London’s Spark Journal. The work was presented 

at the 2017 Digital Engaged Learning Conference in London. The work 

was co-authored with ungraduated students who participated in the Tech 

Futures Project.  

iii. The Australasian Science Association conference proceedings in 2015, 

2017 and 2018. The several papers that where produced are in relation 

to prefabrication theory that was applied to several creative projects 

present within this paper.  

iv. The 2017 ‘eCAADe’ (Education and Research in Computer Aided 
Architectural Design in Europe) conference proceedings. The work 

presented here was co-authored with a postgraduate student who 

participated in the design and build of the Waiheke Gateway Pavilion.  

v. The proceedings of 8th International Conference on Construction in the 

21st Century. The work was in relation to the EDFAB research. 

  

Figures 3 & 4: Flat-pack CNC components being installed by volunteers, left, and the V-
Fuels fitout complete, right.  
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Figures 5 & 6: Detailed image of the Suspended ceiling, left, and countertop pattern at 

the Look Pop-up Store, right. 

 
Figure 7:  The modular CNC privacy screens at Tech Futures Lab 

 
Figure 8: EDFAB 1.0 iteration being assembled at the Whau Arts Festival 

 

 
Figure 9: EDFAB 4.0 partway through the onsite162 panel assembly process 
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1.5 Thesis structure  
 

The structure of the thesis contains a further seven chapters. Chapter 2.0, 

reviews the relevant background and theoretical literature in the topics of 

prefabrication and digital fabricated architecture. At the end of the chapter, a 

section identifying the gaps in knowledge will be discussed. Chapter 3.0 will 

review the research questions, aims, and method of research in relation to design 
process and fabrication realities. The ‘V-Fuels Project’ will be the first creative 

project to be reviewed in chapter 4.0. The design-to-fabrication process of the 

‘Look Pop-up Store’ and the ‘Tech Futures Lab Reception Space’ interior fitout 

projects will be described and compared in the chapter 5.0. The chapter 6.0 will 

describe the design discoveries found within the three iterative EDFAB project 

prototypes. The chapter 7.0 will review various other and future projects that were 

not to the same scale or scope as the four projects described in the third, fourth 
and fifth chapters. To end the thesis, an 8.0 conclusion chapter will review the 

learning outcomes and discoveries made within this thesis.  
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2.0 Background and Literature

The premise of this chapter is to investigate how technological advances have 

shaped and are shaping the production of architecture. Relevant literature and 

building precedents will be reviewed to provide a theoretical framework to build 

knowledge and understanding. The chapter will be split into four sections. To 

begin, a background review into the application of prefabrication within the 

construction of architecture will be studied in the first section. An emphasis will 

be placed on successful implementation of prefabrication in Japan and Sweden. 
A description of prefabricated construction in New Zealand will also be reviewed 

to provide context to the creative components chapters of this thesis. The second 

section will be a literature review into how technology can contribute to three 

major making characteristics; expertise, social and organisation skills. The third 

and fourth sections of the chapter will discuss architectural precedents and the 

missing gaps of knowledge respectively.  

 
2.1 Background 
 
The field of prefabrication today encompasses everything from wholly 

prefabricated doors and fittings to entire walls and volumetric modules. It is well 

documented that the benefits of prefabrication are to provide increased 
efficiencies on multiple factors such as safety, construction quality, access to 

specialist skills, time efficiencies, consistency, and waste material management 

(Smith, 2010).  

 
Historical precedent has led to the mistrust of the application of prefabrication. 

The practice is viewed by many to produce solely focused on themes of mass 

production such as repetition, modularity, and efficiency (Duran, 2008). The trait 

of repetition within prefabrication of architecture is well represented by the 
Levittown housing development built on Long Island, New York, at the end of the 

1940s. In comparison, the catalogue homes that dominated the Scandinavian 

housing landscape in the 1960s represent how prefabrication can lead to 

superficial chaos. The Levittown houses were spatially rigid in format, meaning 

there was very little room for innovation and variation, which led to the 

development being described as “little boxes made of ticky-tacky” (Bell, 2012c, 

p. 47). The wide range of catalogue house-building companies in Scandinavia, 

on the other hand, eventually required the application of planning regulations in 
order to control the abundance of unruly variation (Waern, 2008). The Levittown 

housing development and the Scandinavian catalogue schemes are not unique 

in the way the method of prefabrication has been applied. Similar cases exist 

globally and range from Britain’s post-World War Two housing schemes to New 

Zeeland’s prefabricated classrooms. Consequently, these prefabrication 

schemes have lent negative perception to factory-manufactured building 

(Anderson & Anderson, 2007). Over the past two decades, there has been 

renewed interest in prefabrication within industry and academia. The increasing 
housing demand, consumer expectations and digital technology have 

encouraged and enabled the delivery of customised modular housing solutions 

(Bell, 2012b). 

 
The background section explores four topics. To begin, the historical background 

of prefabrication of architecture will be discussed. To provide context for the 

creative components of this thesis, the second and third topics will review of how 

prefabrication is successfully integrated into the nations of Japan and Sweden. 
The fourth topic will review prefabricated construction within New Zealand.  
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2.1.1. Historical background  
 
An early example of standardised prefabrication can be traced to the construction 

of religious and civic buildings in Japan within the Nara period (710–794AD). 

Specialised skilled carpenters prefabricated pillars and beams with traditional 

mortise and tenon joints in craftsman workshops for subsequent assembly on 
site. The structures were spaced according to a regularised Japanese living 

principle. Prefabricated infilled Shoji screens, Fusuma panels, and Tatami mats 

were inserted between the pillars and beams much like a large puzzle (Oshima, 

2011). Within the Western world, the application of prefabricated building 

components gained momentum with the colonisation of remote territories by 

European settlers in the seventeenth century (Anderson & Anderson, 2007).  

 
The nineteenth century ushered in mechanised production with the first industrial 
revolution. This period allowed for the construction of buildings to be planned on 

an unprecedented scale that subsequently allowed for an architectural evolution 

(Bergdoll, 2008). The coupling of organised labour within a factory setting and 

the production of standardised building components allowed for the creation of 

efficient assembly systems. In England, the Crystal Palace, designed by Joseph 

Paxton for the 1851 Great Exhibition, is a prime example of how standardisation 

of iron component parts contributed to the uptake of prefabrication during the 
industrial era. This method of construction allowed architecture and infrastructure 

– such as bridges and train stations – to be built at considerably less cost and 

time than masonry and timber alternatives, and with enhanced quality (Smith, 

2010). 

 
At the turn of the twentieth century, Henry Ford’s assembly lines and the scientific 

management system known as Taylorism were introduced to the market, 

ultimately influencing the way architecture is produced. American architect 

Richard Buckminster Fuller identified the need for prefabricated systems to be 

made with lightweight components for easy assembly and transportation with the 

Dymaxion House and the later Wichita House units (Bergdoll, 2008). The design 

of the houses came from comparing the inadequacies of the era’s house-building 

techniques to a well-executed systematically produced car. These were radical 

precedents for their time, as the designs were based on curves, industrial 

manufacturing processes and aluminium to create enclosed spaces, with a 
minimum amount of material and cost (Bell, 2012c, p. 46). Fuller’s concepts were 

simply too radical and not a required solution to the well supplied housing markets 

in the United States in the 1920s. After World War Two, the Dymaxion House 

gained respect with a looming housing crisis (Bergdoll, 2008). In 1944, made in 

association with the Beech Aircraft Company, the Wichita House received 37,000 

orders in less than a year. Fuller’s determination to retain complete personal 

control eventually led to zero houses ever being manufactured and culminated in 
financial disaster (Bell, 2012d, p. 46). Critique of the design of the house forgets 

site-specific context and its inflexibility towards the varying economic needs or 

functions of different household types. In the end only two prototypes were made, 

and were never inhabited (Christensen, 2008).  

 

Sears, Roebuck and Company became a successful prefabrication housing 

producer within the United States in the first half of the twentieth century, with 

their offering of a mail-order housing catalogue (Bell, 2012c). The catalogue 
home system promised door-to-door delivery with about 447 different 

customisation options. The marketing strategy that was employed was to track 

trends, rather than claim innovation. The customisation options available allowed 

the consumers to personalise aspects such as hardware, appliances, certain 

finishes, furnishing sets and existing floor plans (Christensen, 2008). These 
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houses still exist today, and represent sturdy and well-designed houses of their 

era (Anderson & Anderson, 2007).  

 
The Scandinavians also turned to industrial prefabrication processes to 

accommodate the demand for mass housing. By 1924, the first catalogue house 

was published by Borohus Company in Sweden. By the end of the 1930s there 

were more than 20 manufacturers of these catalogue houses (Waern, 2008). 
Swedish architect Fredrik Blom deconstructed a wall into a series of parts that 

had the ability to be assembled and disassembled. He envisioned a construction 

system for military applications, such as movable barracks instead of tents 

(Lindelow, 2017). By the 1940s, Blom’s system was eventually realised for the 

wealthy, with 140 summer homes produced. The system was favoured by the 

clients as it featured personalisation options and was believed to be solidly built 

(Waern, 2008).  
 
During World War Two, manufacturing production experienced expansion into 

almost every aspect of culture and society, creating new relationships with 

mechanised industry (Anderson & Anderson, 2007). After the conclusion of World 

War Two, great emphasis and expectation was placed on prefabricated housing 

(Bell, 2012c). Innovative technologies of the era such as steel framing and 

asbestos-cement cladding, timber framing and precast concrete, and aluminium 

were utilised in simple, not overly stylised, homes (Smith, 2010). Unfortunately, 
this alliance between architecture and industry did not always prove to be 

successful and subsequently lent the practice of prefabrication a bad name 

(Bergdoll, 2008). Early examples of this phenomenon can be reflected in the way 

the British prefabricated temporary single dwellings, and multi-storey concrete 

council flats in the 1950s and 1960s (Bell, 2012c). In the case of single-dwelling 

homes, the design intent was based on the knowledge that the houses would be 

temporary and focused efforts on speed rather than quality (Smith, 2010).  

 
The research of panelised systems by Walter Gropius and Konrad Wachsmann 

at the Bauhaus in pre-war Germany eventually led to investments within the 

United States at both a federal government and corporate level (Anderson & 
Anderson, 2007). A four-way connector they developed was central to the 

construction system, as the panel system alone was not enough to warrant a 

patent. Gropius and Wachsmann made great progress with extensive of 

prototyping, but it was not until 1947 that the factory line was set up and prepared 

to manufacture houses (Smith, 2010). Bankruptcy came about with the factory 

equipment failing to produce the proper tolerances needed for the system to 

work, affecting output. Today, the system remains influential by “virtue of 

conceptual underpinning, rather than a commercial success” (Christensen, 2008, 
p. 82).  

 
The Scandinavians also had similar housing shortage problems to other Western 

nations after World War Two. In contrast to the rest of the world, the 

Scandinavians sought to experiment and educate themselves on how best to 

integrate prefabrication practice into their construction industry. In Sweden, there 

was a focus toward efficiency in production, while in Finland and Norway there 

was a drive for more aesthetically daring prefabricated architecture. The transfer 
of jobs from everyday buildering to large-scale factory manufacture attracted 

strong opposition, which left prefabrication projects – such as residental housing 

- to the small-scale enterprises. The 1940s and 50s was a period driven by 

curiosity, as architects experimented with new technical solutions. Solutions 

varied from pre-cut timber to modules composed of prefabricated elements. 

Unlike the engineer, who was more concerned with creating ever-larger 
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prefabricated units, architects preferred smaller modules. By 1955 modular 

principles allowed prefabrication to take on bolder design options (Waern, 2008).  

 
In Japan, the development of prefabricated housing emulated the automotive 

industry. A shortfall of 4.2 million homes, coupled with government incentives for 

house construction and a need for work for the Japanese steel factories that once 
supplied the American military at the end of the Korean War, helped spread the 

use of prefabricated steel-framed houses in Japan. As a result, 80% of 

prefabricated houses built in Japan tend to be sturdy, overbuilt steel-frame 

structures. While the Daiwa House and the Sekisui House construction 

companies were established in the 1950s, Sekisui Heim emerged at the same 

time as Toyota Homes in the 1970s (Buntrock, 2017). 

 

By the 1970s and the 1980s many housing factories in Japan were fully 
automated. Both the Sekisui House and Daiwa House companies subscribe to a 

construction system based on light steel-frame panels that are compact in size 

for easy transportation to site. In contrast, Sekisui Heim and Toyota Home have 

developed construction systems based on steel-frame cubicles on a chassis 

conveyer belt. These individual modular cubes are manufactured to about 85% 

completion and contain prefabricated systems such as bath and kitchen modules 

(Linner & Bock, 2012). Today’s automated housing industry in Japan is a story of 

long-term planning and development. It is built on the back of over half a century 
of precedent and exploration (Buntrock, 2017).  

 
Up until the 1970s, most of the developments in prefabrication construction were 

technology driven. At this point technology was not seen as a viable route to meet 

the demands of the customer (Bell, 2012c). The housing developments built by 

Joseph Eichler in Northern California during the 1950s, 60s and 70s met with 

great success. Although Eichler’s house designs were repetitive in aspects such 

as spatial planning and landscaping, the quality of construction was well received 

by the public. Eichler created a cost-effective housing system by employing a 

mass-produced 2-by-4 framing system and readily available and economical 

skilled carpenters. Their success represented a significant nail in the coffin of the 

post-war prefabrication industry within the United States, where the high costs 

associated with machine production discouraged the public and housing 
industry’s acceptance (Anderson & Anderson, 2007). 

 
Between the 1980s and 1990s, innovation in terms of prefabrication had very little 

development; this could be attributed to industry’s focus on bespoke dwellings 

(Bell, 2012c). Nations such as Sweden and Japan, however, defy these trends 

as their respective industries and local context have led to positive social 

perceptions and demands (Sweet, 2015). The Million Homes Programme, a 
public housing initiative, provided a good platform for the development of 

prefabrication in Sweden between 1980 and the 2000s. It resulted in a well-

trained workforce, with knowledge of methods of offsite construction, customer 

needs and green building – specifically with timber building systems (Lindelow, 

2017). In 1994, Japan’s factory-built houses reached peak production, with a total 

of 573,173 newly constructed housing units being made. Factors such as an 

ageing and declining population are to blame for a decline in production since 

then (Linner & Bock, 2012). 
 
2.1.2 Prefabrication in Japan  
 
The Japanese prefabricated housing systems are much more industrialised than 

in other areas around the world. A contributing factor to this trend is the way the 

public treats houses like consumer goods rather than long-term financial 

investments. In contrast to the rest of the world, an ageing house reduces the 
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value of the land: in Japan, it is common practice to remove an existing house 

before any selling commences (Buntrock, 2017). A house built in the United 

States is expected to last well beyond a century (Campbell-Dollaghan, 2014), 

while in Japan, a residential house has a life span of a few decades. The 

Japanese population simply views housing as a commodity and not an 

investment. The constantly improving living standards is capitalised and 

marketed to the populace by manufacturers (Buntrock, 2017). This social view of 
housing has led housing companies to market successive housing models like 

cars, with extensive customising options (Oshima, 2011). Home builders have 

taken advantage of the scrap-and-build mentality that is present within the 

Japanese population’s mindset. As with the production of cars, there is a need 

for the Japanese housing industry to produce new models of homes with added 

features and upgrades (Berg, 2017). Most of the prefabricated housing products 

available are highly customised and cater to the middle to high-end market 
(Linner & Bock, 2012).  

 
Production systems  
 
The Japanese do not view the prefabrication of a modular box as a limited 

system, but as an open-ended system with infinite possibilities (Oshima, 2008, p. 

36). The systems range from stackable modular blocks to panelised walls and 

floors pieced together on site to produce multi-unit apartments in Tokyo, 

bungalows in the villages or luxury homes in the suburbs (Berg, 2017). The 

housing industry in Japan has borrowed and developed technology generally 
found in the production of automobiles (Oshima, 2011). Large production 

volumes, along with standardised processes, just-in-time manufacturing 

principles, automation and flow-line-like production are what drive the industry 

(Linner & Bock, 2012). At its peak in 1994, Japanese homes that were entirely 

prefabricated accounted for 19% market share, with 573,173 individual homes 

being built. In 2012, this figure has declined to approximately 150,000 houses 

being built annually. Concessions for this figure must take into account that 

conventional construction incorporates a high number of prefabricated elements, 

which increases the actual percentage within prefabrication of houses as a whole 

(Linner & Bock, 2012).  

 
The ‘Toyota production system’ was developed for fast adjustment to ensure it 

meets the frequent changes within the Japanese marketplace. The system 
sought to revolutionise conventional material and information flow that worked on 

the premise of ‘push production’. The new system works on the basis of demand 

or ‘pull production’, which requires the assembly line to produce products on 

request to avoid over-stocking and over-production. This process of just-in-time 

and just-in-production requires complete synchronisation between the customer 

demands to the factory, and the factory to the supplier (Linner & Bock, 2012).  

 
Social context 

 

Although the Japanese prefabricated landscape is generally viewed in a positive 

light, there are some new issues that are threatening the industry. The availability 
of skilled labour, a contracting population and the cost of procuring materials are 

some such issues that are forcing industry to rethink the established 

prefabricated approach. The rising costs of materials for example has pushed 

prefabricated-housing companies to further adapt, and to provide deconstruction 

and recycling services for their earlier products (Berg, 2017).  

 

The application of prefabrication has been great for consumers at the cost of 

small local builders, who have seen a decline in their capacity to compete. This 

can be attributed to their lack of ability to access similar materials at competing 
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prices and to the sophistication of prefabrication production systems (Buntrock, 

2017). An ageing and declining population has decimated the once-large 

demographic of skilled carpenters from the millions to a mere 300,000. The use 

of factory-automated processes has become an attractive option for many house 

builders. Prefabrication also allows for less-skilled workers to contribute on site, 

addressing what has become an increasingly significant problem as automation 

has increased. Sekisui Heim factory hosts a production line where house parts 
are moved along a series of workstations where robots spot-weld metal beams 

and rotate wall panels, while workers nail together staircases and slot in sliding 

glass doors (Berg, 2017). 

 
Various issues, such as aesthetic variation by construction companies by simply 

catering to whatever style people want, have led to an increasingly disjointed 

urban landscape (Berg, 2017). A change in the way young Japanese adults live 

has led to larger portions of the demographic staying single for longer. This has 
consequently resulted in single-dwelling households accounting for nearly half of 

all dwellings in major cities (RonaldDruta & Godzik, 2018). In response, house 

producers are investing their resources into design and development by hiring 

famous Japanese architects to rethink the way prefabrication can be designed. It 

also has led to other producers joining the market. The year 2000, for example, 

saw popular minimalist retailer Muji unveil a house designed specifically for 

young city-dwellers (Campbell-Dollaghan, 2014). The retailer applies their 
minimalist principles to create a prefabricated housing product that utilitarianism 

aesthetic to both cater for their clientele and solve problems of urban chaos. Muji 

offers three house models that can be adjusted to customers’ spatial needs. The 

driving design principles of Muji are not to target production en masse and 

conform to conventional housing, but to create a flexible lifelong product for the 

client. As a family or an individual grows, the building can adapt accordingly, for 

example, actions such walls being added or removed are simple tasks (Berg, 

2017). The Muji ‘Window House’ that was design by the architect Kengo Kuma 

can be adjusted and customised to the client’s wishes, at which point a kit of parts 

is generated and building can go ahead (Campbell-Dollaghan, 2014).  

 
 2.1.3 Prefabrication in Sweden 
 

In Sweden, 85% of detached houses are prefabricated, while in other developed 

countries such as the United Kingdom the number is only 5%, and in Germany 

and the Netherlands it is only 9% and 20% respectively (Sweet, 2015). The 

Scandinavian prefabrication industry was once a small industry built on the backs 

of small industrial sawmills producing placeless buildings (Waern, 2008). The 
need for prefabrication in Sweden can be attributed to the challenging winter 

climate conditions: building within a factory setting can ensure the safest way to 

protect both the fabricators and the product from the harsh external elements 

(Smart, 2017).  

 
In 1947, Sweden produced 17,500 homes, compared to 18,000 produced in the 

United States. In later years however, the United States would produce more 

than 20 times that, with more rational design and production principles. Unlike 
the Americans – who designed with pragmatic solutions and eliminated special 

architectonic features – the Swedish believe prefabrication is more than just an 

engineering solution (Waern, 2008). In Sweden, offsite construction is highly 

sophisticated, with many economic models. To simply purchase equipment and 

open a factory does not constitute a game changer for advanced construction. 

The equipment, factories, the personnel, the training and the supply chain are all 

investments that require large cashflow that can be hard to secure (Lindelow, 

2017).  



 
17 

 

Million Homes Programme  
 
The Swedish government set up the Million Homes Programme from 1965 to 

1975 to combat a housing crisis that engulfed the nation. The houses were by no 

means quick, cheap and temporary, but were required to pass strict quality 

controls (Lindelow, 2017). At the start of the Million Homes programme was 
entirely focused on producing prefabricated mid to high rise concrete buildings. 

Only very late in the Million Home programme was the first volumetric one-family 

detach house constructed using volumetric prefabrication techniques. It enabled 

for 80 to 85% of production to take place within the a factory setting and afforded 

large cost effectiveness (Bell, 2018).  

 

This intense period of building required housing to be manufactured for one-sixth 
of the population. The housing problem transformed the building industry from a 

collection of small local master-builder companies to large professional 

contractors. Many believe the housing programme became the golden years for 

the Swedish prefabricated industry as it allowed for new construction methods 

and knowledge to be developed from the car and shipping industries (Lindelow, 

2017). Although the programme was successful in housing a large population in 

need, it ended in an outcry, as the inhabitants were unhappy with the 

predominant focus on technical production over the importance of customer 
personalisation and aesthetic quality. While most of the houses of the era 

survived quite well with routine maintenance and still meet today’s living 

standards, they look aesthetically boring and are in need of refurbishment (Bell, 

2018).  

 

 
 
 

2.1.4 Historical review of prefabrication in New Zealand  
 

Architect and senior lecturer Mark Southcombe (2012b), points out that the 

recent fashionable views towards prefabrication in New Zealand are clouded by 

thoughts of past encounters with cheap, temporary and poorly designed 
classrooms. However, prefabrication has been an integral portion of New 

Zealand’s colonial history and can be traced back to the 1833 Waitangi Treaty 

House and the commercially available Manning’s Portable Colonial Cottage in 

1839. Both houses were kit-set dwellings, with the former made in Sydney and 

the latter within a carpenter’s workshop in London (Bell, 2012). The Manning 

cottage was marketed to early European settlers who required permanent 

dwellings to replace the crude canvas shelters that marked their arrival in New 

Zealand (Isaacs, 2008). Other than constructing the foundations, there was not 
much site work, as the whole cottage could be assembled with a common bed-

wrench (Christensen, 2008). Occasionally, the cottage did not arrive intact and 

was difficult to assemble or did not meet the conditions and context of the site. In 

the mid to late 1800s there was a major shift from importing products to local 

manufacture. This saw pre-cut kauri components being produced at timber mills 

in the Bay of Islands for housing domestically and internationally (Atkins & Bell, 

2016). In the same period, the production of prefabricated kauri cottages was 

also carried out in the Bay of Islands, from where they were shipped to California 
for the goldfields (Bell, 2012c). By the 1900s, the popular homebuilding pattern 

books had been adopted by New Zealanders. The books contained instructions 

to design and build a basic villa-style shell of a house that was to be constructed 

on site and accessorised with factory-built components (Atkins & Bell, 2016). 

 

The New Zealand Railways Department invested heavily into prefabricated 

housing for five decades from the 1880s (Ferguson, 1994). The housing shortage 
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after the First World War led to the establishment of a large factory in Hamilton 

in the 1920s to mass produce homes. A rimu and matai timber frame system was 

developed that could be assembled by two relatively unskilled men with 

comprehensive instructions. The total cost of houses were two-thirds that of a 

conventional house. Within a six-year period, over 250 houses a year or a house 

every day and a half was produced (McKay & Stevens, 2014). The houses were 

simple, small and fulfilled the need, but lacked innovative design in regard to 
layout and functionality (Ferguson, 1994). Variety came with ornamentation and 

treatments of the porch and roof to avoid the monotonous sameness of rows of 

buildings. The attempt at standardised prefabricated housing revealed that the 

one-size-fits-all design was not a popular option for public housing and was to be 

avoided. By 1929 the Railways housing scheme was shut down due complaints 

that it threated private enterprise and that it outstripped demand (McKay & 

Stevens, 2014). 

 
The state housing programme was introduced by the Labour Government in 1937 

to resolve issues around a shortage of houses and substandard living conditions 

(Bell, 2012c). Construction companies such as Fletchers Construction took full 

advantage of the state housing scheme by constructing factories at the 

government’s expense to manufacture weather boards, interior finishings, 

standardised windows, doors, and kitchen and bathroom fittings (McKay & 

Stevens, 2014). A single specification document that dictated the design of the 
state house confined the construction to a standardised range of parts that could 

come together to create over 100 homes. Colour selection for cladding, roof tiles 

and plaster was confined to a limited palette to ensure there was a harmonious 

grouping of homes within a neighbourhood (Bell, 2012c). In 1939, the 

government reached its target of producing 5000 state homes (McKay & Stevens, 

2014). 

During World War Two, factories were dedicated to military construction 

activities, with over 30,000 huts and transportable military buildings being 

prefabricated. Keith Hay, the founder of Keith Hay Homes Ltd, became a leader 

of factory-yard-based construction. During World War Two, Hay won a tender to 

relocate an American army camp in Auckland, using the then novel method of 

shifting the buildings in large sections instead of dismantling them. In 1949, he 

built his first relocatable home, using his war-time experience to move the house 
to its final site. The same basic techniques continue to be used today from their 

yards around New Zealand. The company continues to offer a wide range of 

standard plans, which can be developed with options to meet the needs of the 

individual purchaser (Isaacs, 2008).  

 
Returning World War Two solders banded together to create construction gangs 

to build and assemble prefabricated wall panels complete with wall claddings for 
the national state housing scheme (Bell, 2012c). The loss of skilled labour during 

the war resulted in large proportions of men working within the construction 

industry having had no formal training. A fear that the old craft-based 

apprenticeship system was disappearing led to the Rehabilitation Department 

opening trade training centres. The courses led to greater efficiency and 

contributed to the reduction of some costs associated with house building. 

Although a welcome measure, it was an ineffective approach to combating 

inflation within the post-war economic period (Ferguson, 1994). The scheme 
stopped in 1953, as houses needed level sites, had limited plan options and 

incorporated expensive joinery additions. The housing scheme of the 1930s and 

1940s became one of the world’s most successful, with the use of pattern books, 

unskilled labour and pre-cut prefabricated techniques (Bell, 2012c). 
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As a response to rapid population growth in the 1950s, the New Zealand 

Government developed the Group Building Scheme in 1953 to encourage 

speculative building of affordable homes at a scale to meet demand. The 

conditions of the scheme were to push the speed of building by asking builders 

to agree to form groups of six or more to build homes under the premise of 

speculation. If a home was not sold within two months after completion, the 

government would agree to purchase it at a prearranged price. As the 
government had a large stake in the scheme, builders were provided with 

specifications and were encouraged to prefabricate as much as possible. By 

1964, the Group Building Scheme was drawn down, due to the government 

largely considering the housing shortage being resolved. The scheme’s success 

ensured many small companies entered the market (Ferguson, 1994). 

 

Between the 1950s and 1970s solid-wood components systems were developed 

by companies such as Lockwood, Fraemohs, Solwood, Putaruru Timber Yard 

and Conecta. Today, only two of the former enterprises have become 

commercially successful and are still in operation (Bell, 2012c). Dutch immigrants 
to New Zealand, Johannes La Grouw and John van Loghem founded Lockwood 

in 1951. By 1953, the pair had developed a construction system based on locking 

solid laminated timber planks together with aluminium jointing corner profiles. 

The roof is tied to the foundation with steel rods through the solid timber boards 

(Atkins & Bell, 2016). As a whole, the Lockwood system is engineered to New 

Zealand’s high-wind and earthquake structural loads (Lockward Buildings, 1987, 

p. 98). All components are machined to size, checked and packed in the factory 

setting. Services and joinery elements are all accounted for before any 
construction takes place on site. The total Lockwood design-to-build process 

ultimately allows for quick and efficient assembly onsite (Isaacs, 2008). 

Lockwood has three price points it offers to consumers. The first price point offers 

clients standardised design plans, while the second option can allow for 

adaptation to suit lifestyles. If more personalisation is required, clients can take 

advantage of the system by providing a design briefing, and working with either 

in-house designers or external architects (Lockward Buildings, 1987). Today, 

Lockwood has developed a nationwide franchise network that builds 500 houses 

a year (Atkins & Bell, 2016).  

 
The 1970s impacted not only on the prefabrication industry, but the building 

industry at large. Macroeconomic factors, shortcomings with manufacturing 

innovation and mistrust toward the building industry on the part of the general 

public led to the demise of prefabrication in New Zealand. Between the 1980s 

and 2000s the prefabrication industry was left to quietly work away in the 

shadows of the building industry (Bell, 2012c). In this time, there was a departure 

of many innovative construction systems and manufacturers due to the 
construction industry’s inability to effectively finance, market and raise customer 

awareness (Atkins & Bell, 2016).  

 
2.1.5 Section analysis  
 
Prefabrication is an established method of construction within architecture. It 

encompasses a large field of varied manufacturing techniques which include the 

practice of automated production. The benefits of prefabrication can enable 

buildings to be transported and quickly erected on site. In turn, the process 

became a solution by colonists for the erecting of buildings. The advent of 
standardised machine production during the industrial revolution enabled 

repetitive components to be manufactured quickly for the creation of large, 

complex structures.  
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Sears, Roebuck and Company understood the desires and needs for the end 

user by allowing aspects such as hardware, appliances and finishes to be 

customised. Too much personalisation, however, can be counter-intuitive and 

lead to a disjointed urban landscape, as seen with the catalogue homes in 

Sweden and Japanese automated housing manufactures. Similarly, the 

application of too little personalisation, with a focus on technical production, can 

lead to repetitive, aesthetically boring architecture, as seen with the Swedish 
Million Homes Programme. 

 
Although prefabrication activities during and after World War Two led to a large 

portion of building stock being poorly built, the period also produced many 

examples of innovate quality-driven architecture. The key learning outcomes of 

building within that era showcase that aspects such as material selection, 

understanding the needs of the end user and working through an adequate, well-

developed design process is necessary. Interestingly, a large number of 
successful applications of prefabrication tend to be those solutions that respect 

the context. The New Zealand State Housing Scheme understood these 

necessities and subsequently became one of the world’s most successful 

housing programmes in the world for its time. There was an understanding that 

pairing well-designed context-driven schemes and prefabrication manufacturing 

techniques would lead to a quality, socially accepted product.  

 
Many construction industries throughout the globe turned to the modular 

prefabrication approaches found in the automotive, aerospace and naval 

industries. In Japan, homes are viewed as depreciating consumer goods that can 

be as easily discarded as any other form of consumer product. This form of social 

thinking allows housing manufacturers to directly mimic the economic production 

and marketing methods found within the automobile industries. Advancements 

and innovation within the industry are used as a selling point for consumers to 

discard and upgrade. The Scandinavians took an alternative approach of 

educating their industry into modular prefabrication approaches by allowing for 

experimentation and learning from shortcomings.  

 

To simply purchase or innovate automated equipment is only one part of the 

process to implement a prefabricated solution. There is a large amount of social 
and capital investment required to formulate a productive factory output. Part of 

the reason why modernists failed to implement automated production of 

architecture was simply due to the lack of economic foresight and a rush for 

benefactors to push for results. In the same period, the successful integrating of 

novel prefabrication solutions or manufacturing techniques such as Eichler’s 2-

by-4 construction system achieves innovation by re-organising the existing 

process. Successful products that were invented, unique and untested, found 
success decades after they were first proposed. 

 

The modern building industry that exists in the New Zealand context is very 

young, at just under 200 years old. Innovation was centred around context-driven 

materials such as timber construction and imported prefabricated products and 

ideas from Europe. New Zealand’s relative isolation, small-scale industries and 

a need to conform to a complex geographical context such as earthquakes, 

heavy rainfall, moisture, and high wind forces require buildings to be designed to 
solve a large variety of design problems. Prefabricated manufacturers, such as 

Lockwood Homes, therefore had to work hard to create creative solutions to 

successfully navigate all the social, economic and engineering problems that 

were presented to them.  
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2.2 Technology  
 

The technology section will explore three topics. The first section to be explored 

investigates how technology can change the way the production of architecture 

can be challenged socially. The second section will explore how expertise is 

required to control technology in order to design and prefabricate building. The 

third section examines how prefabrication and the implementation of technology 
requires organisational skill.  

 
2.2.1 Social  
 

Advances in personal computing are challenging the social protocols in the way 

the end user may participate in personalisation and making activities. Three 

points of discussion will be reviewed in relation to social participation within this 

section. The first topic to be discussed is the third industrial revolution. To follow, 

the topic of accessible automated technology is reviewed. To finish, the ‘do-it-

yourself’ topic will be discussed in relation to the open-source movement.  
 
Third industrial revolution 
 
The first industrial period came with the mechanisation and standardisation of 

industry in the eighteenth century. Industry was derived by steam-powered 

manufacturing, which allowed a large array of industries from transportation to 

the textile field to be revolutionised (Naboni & Paoletti, 2015). The second 

industrial period took place in the early twentieth century in the United States with 

the adoption of Henry Ford’s assembly line. This period ushered in the era of 

quality mass-produced products for the populace (Markillie, 2012) as well as 
centralised electricity. Products such as the telephone, broadcasting 

technologies and internal combustion vehicles are mass-market products of this 

era (Rifkin, 2015).  

 

Today, society is experiencing a third industrial revolution. Digital technology is 

changing in the way humanity lives and conducts business. There are some 

commentators who argue that the third revolution alternatively took place in the 

1960s with the advent of accessible computers, and the fourth revolution in fact 
begun at the turn of the twenty-first century with the integration of the internet, 

smaller and more powerful devices and machine learning (Schwab, 2016).  

Whether we are experiencing the third or fourth revolution, the founder of MIT’s 

Centre for Bits and Atoms, Neil Gershenfeld (2012), suggests that the availability 

and advancement of technologies is challenging the traditional models of 

business and education. The result is allowing anyone to take part in producing 

tangible objects or obtaining information on-demand, wherever and whenever 
they want. 

 

The exploration and generation of knowledge is no longer limited to laboratories 

hosted at universities, companies, and research organisations Research that is 

conducted in laboratories can often be disconnected from learning opportunities 

found at the site of production. There are advantages and disadvantages from 

testing solely in the laboratory or onsite. A laboratory can be a great source of 

understanding and theory of a particular problem. In some cases, laboratory 
testing can fail to investigate the potential complexities found onsite Testing 

onsite can provide learning activities that are consistent and aligned with the real 

production process. The process, however, can have the drawback of trying 

attempt to do too many things at once (Hippel, 2005).    
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Today’s knowledge can easily be disseminated, advertised and shared through 

the internet. Online open-source sharing platforms and forums have contributed 

to the rise of community-led research incentives. Online communities have 

enabled crowdfunding websites such as Kickstarter and New Zealand-based 

Givealittle to enable anyone to donate capital to projects of their choosing. The 

community is essentially allowing inventors, researchers and entrepreneurs to 

raise funds without the need for investment from government or large commercial 
benefactors (Ratti & Claudel, 2015). It must be acknowledged that the 

opensource sharing of knowledge is not new. Academics, engineers, architects, 

and other researchers attend many conferences and publish their work for 

validation. This can be a source for user innovation for other researchers to 

discover and duplicate. For those who capitalise on this change, they will adopt, 

re-engineer and improve the product. By the end of the process, the new 

incarnation will be much better than the orgninal product shown at the conference 
(Hippel, 2005) 

 

The growing number of community-based workshops – commonly known as Fab 

Labs or Maker Spaces – are allowing a makers movement to expand and flourish. 

In turn, a new specific digital craftsmanship is being developed based on 

automated technologies (Naboni & Paoletti, 2015). The rise of these spaces can 

in theory provide communities and individuals with the necessary tools to make 

small-scale projects straight from three-dimensional computer models. There are 
still many that question whether technology can actively empower everyone. Nick 

Ierodiaconou from Architecture 00 questions “whether technology can 

meaningfully lower the threshold for design and fabrication and thus democratise 

making in the same way that the home printers democratised the printing press 

or YouTube democratised broadcasting” (Ratti & Claudel, 2015, p. 92). Within 

architecture, technological advances may provide opportunities to empower 

many individuals, it also will require many other to professional services when 

needed.  

 
An unspoken aspect of open-source technology is that many believe it is a free 

product, however, there is always a hidden associated cost. To form a successful 

social enterprise, a large amount of built-up knowledge must take place through 

online forums and other community networks (Parvin, 2013). These innovative 
communities, whether hosted online or within a university setting may need to 

seek additional membership beyond their established group. The process maybe 

impersonal, but it can provide important support and stability to a research project 

(Hippel, 2005). The price of research, tools and expertise in these projects can 

be difficult to quantify. For the most part, opensource communities work off a gift 

based economy (Parvin, 2013). The unfortunate side effect of opensource 

communities is that it can attract some members to take knowledge, rather than 

share theirs equally (Hippel, 2005). By sharing resources, such as knowledge, 
digitally connected communities can develop new construction methodologies 

(Parvin, 2013).  At the end of the day, the knowledge to create custom products 

is out of reach for clients and the majority are not willing to finance it (Celento, 

2010), whether with money or time. Within the realm of product design and 

architecture, a series of common details and construction systems have been 

frequently shared on open-source websites and communities. Architect and 

WikiHouse founder Alastair Parvin compares this collaborative network to the 
sharing of personalised recipes, much like the way bakers do. Over time, Parvin 

speculates that these digital making recipes will be a valued, but free, commodity 

that will shape the spaces we inhabit (Ratti & Claudel, 2015).  

The impact of technologies on the labour market can be viewed from two 

opposing positions. On one side, there are many who believe work will be 

displace by technology, but in its place there will be new jobs and the prosperity 
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that comes with innovation. On the other side, there are those who subscribe to 

the belief that technology will lead to mass unemployment. If we take the side of 

history, the likely outcome will be somewhere in the middle. The discussion about 

the way technological innovation can disrupt the world negatively is not new. In 

1931, the economist John Maynard Keynes warned that humanity’s need to 

constantly discover new ways to economise the use of labour will eventually 

outpace the ways that we reassign the use of labour. Although Keynes’ 
predication proved to be wrong within his era, there is no evidence to prove his 

theory would not come true within todays technological revolution (Schwab, 

2016).  

 
Open-source hardware, whether in the field of architecture or not, can give 

individuals the freedom to control technology while sharing knowledge and 

encouraging commerce through the open exchange of designs (Brown, 2012). 
Online open-source collaborations within the realm of architecture can provide 

new perspectives on how to design and manufacture. WikiHouse founder, 

Alastair Parvin, states that “only 2% of the world's buildings are designed by 

architects for 1% of the richest clients” (Parvin, 2013, p. 92), and asks if software 

and digital fabrication tools can allow the profession to work for a larger 

demographic. Investigations by architectural innovators such as MIT’s Larry Sass 

or Alastair Parvin, with their plywood housing schemes, have showcased how 

the timeless act of building architecture can cater to larger audiences no matter 
their background. There are still many that question whether open-source 

architecture can even be brought to fruition within the existing profession (Fok & 

Picon, 2016). If the practice is to become a reality, the use of building materials, 

unrestricted access to content and fabrication resources need to be readily 

available without too much trouble (Brown, 2012). Other fundamental factors that 

are context-specific or personal in nature, such as intellectual property rights, 

fabrication skill and design expertise can be hard to share and pass on to others.  

 
The adoption of new technology and process within the construction discipline 

has historically come with much reluctance and debate (KraulNoden & George, 

2010). The architectural discipline is generally more progressive in larger society, 

but it is considered to be less so when compared to the other professions. When 
The compared to the sciences, for example, the architectural industry tends to 

be less inquisitive and experimental. While building contractors tend to be 

interested in pursuing innovation only through cost advantages and best 

business practice rather than an acquring a technological edge, architects tend 

to leave innovation and experimentation to committed individuals or interested 

groups. Consequently, technological innovation is left to young creatives, 

entrepreneurs, academic researchers and technological enthusiasts (Anderson 

& Anderson, 2007).  
 
It is true that automated systems have already substituted traditional laborious, 

tedious jobs such as bookkeeper, cashier and telephone operator. However, it 

can be difficult to accurately predict what technological advances will do to social 

and cultural practices. What is known is that implementing new technology into 

market before it is ready can lead to unwanted or disastrous outcomes. Jobs that 

require creative skills will most likely not be affected by technological innovation 
in the short-term future. It can be safe to say that the development of novel ideas 

and decision-making around uncertainty is still at the mercy of the individual 

(Schwab, 2016). Disruptive progress, however, will not wait for outdated stagnant 

professions. If there is a high demand for a limited supply of a specific skilled 

trade, it will mostly likely lead to higher levels of remuneration. Consequently, if 

here is a viable and affordable automated technological alternative, the chances 
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are those professions will be replaced. The manufacturing of repetitive and 

interchangeable parts, for example, has by and large seen people already being 

replaced by machines (Willis & Woodward, 2010).  

 
If the uptake of technology is too early, this will lead to social and economic 

disruption. In the 1960s, General Electric converted an already existing factory in 

Massachusetts into a fully automated plant, leaving a large majority of skilled 
machinists redundant. The result of this decision was that there was a 90% 

increase in wasted part runs. In contrast, industry Northern Europe and Japan in 

this period pursued an alternative model based on a hybrid system that relied on 

technician’s intelligence and skill. As a result, only certain manufacturing aspects 

were automated, and therefore showcased a more social and economic 

sustainable approach. It was an expensive mistake both socially and 

economically, as all the skilled staff needed to be rehired and all the hardware 

and software needed to be replaced. General Electric learnt that the running of 
automated machines to do repetitive tasks required supervision to ensure quality 

of production, as there were a lot of production factors that machines could not 

determine. Aspect such as judgement, skill, self-reliance, experience, learning 

from mistakes, initiative and creativity are all associated with humans and not 

machines. The approach taken by General Electric promotes the miss-guided 

belief, that more capital-intensive investment is placed into automated production 

methods will result for higher productivity. Only in the late 1970s and 1980s, 
technology caught up capable standards to allow automated machines to replace 

human labour. This in turn allowed the value of labour to be reduced and 

eventually led to mass unemployment in the United States and the United 

Kingdom (Moe, 2010).  

 

Rather than a push for novelty, technological progress and development within 

the construction of architecture will require constant negotiation, respect and 

study before any implementation takes place. The negatives of a digital culture 

can lead to the quality of architecture being diminished. Although the use of digital 

tools to create rapid design iterations can be liberating for designers, it is 

important this use is respected to ensure it does not become an instrument for 

‘lazy’ developments to take place, without any thought (Gage, 2012). If we are 
not careful, architect and McGill University Professor Kiel Moe (2010) suggests, 

technological process can lead architects to lose more ground than they gain. 

For successful integration of technological innovation in the field of architecture, 

the profession needs to understand the social landscape to ensure the mistakes 

of architects in the past are not repeated.  

 
Automation  
 
The advent of mass production and standardisation within the production of 
housing has left diminished populations of specialised craftsmen and expertise 

and, as a consequence, when creatively and individuality is pursued it can be a 

costly exercise to find. File-to-factory processes can now provide opportunity for 

designers and producers to alter this perception. Ultimately, they can present a 

shift in how the profession can approach design for fabrication for the production 

of novel or responsive outcomes (Sheil, 2012, p. 6). It is, however, important to 

note that software and automation should not be pursued to replace the need for 

skilled craftspeople (Sass, 2007, p. 300) or to be the solution to every 
architectural problem. Historical precedents suggest that the misapplication of 

automation will only promise a false hope for higher social productivity and the 

waste of large capital expenditure. An automated production system that values 

the technician and their experience, knowledge and skill will allow for an 
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economically sustainable, and socially responsible manufacturing model (Moe, 

2010, p. 162). 

 
Technological progress within the construction of architecture will require 

constant negotiation, respect and study of the social context before any 

widespread implementation takes place. It is important that architects do not lose 

more ground than they gain (Moe, 2010). What is certain is that the interest in 
new and emerging technologies is being revitalised by the younger generations 

who are willing to challenge the current way we socially practice and produce 

architecture (Kolarevic & Klinger, 2008). The main advantage of 3D printing over 

subtractive milling is that there is virtually no waste material compared to up to 

90% in waste to remove excess material. Socially, the effect of working with 

additive fabrication is that it has the potential to replace traditional casting and 

will allow for greater access to bespoke forms and shapes that have traditionally 

been expensive to acquire (Howes & Laughlin, 2012). 
 
Today, young architectural entrepreneurs are primarily working with digital 

technologies within their design practice (Kolarevic & Klinger, 2008) and 

therefore are finding it easy to adopt and control digital information or data. The 

process is subsequently allowing for designers to be more closely aligned to the 

manufacture of architecture (Willis & Woodward, 2010) with the use of Numerical 

Control (NC) technology. The use of NC technology has become a standard tool 
within the automobile, marine and aerospace industries (Iwamoto, 2009, p. 5). 

The process requires the machine to be controlled through numerical commands. 

The development of the technology can be traced back to the fabrication of 

advanced fighter jets in the 1950s and 60s. The United States Air Force needed 

a system to create identical repetitive copies of complex geometric components 

that are impossible to produce by hand (Gershenfeld, 2012). Up until the 1990s, 

NC was limited to only those who could afford the technology. The successive 

annual realisation of exponentially more powerful personal computing devices 

has paved the way for greater access to NC technology. Today, technological 

advances paired with a sharp reduction in associated costs have resulted in 

everyday designers being able to work with easy-to-use software to control NC 

machines (Leach, 2002 ) such as laser cutters, CNC routers and 3D printers. The 

importance of the software cannot be understated, as it is responsible for a 
dynamic relationship being formed between computer-generated architectural 

models and physical realisation.  

 
Machine manufacturers such as Ultimaker, MakerBot, Formlabs, Inventables and 

ShopBot have emerged to provide everyday people with affordable and easy 

access to digital fabrication. More recently, the established laser-cutting machine 

manufacturers such as Universal Laser Systems and Epilog Laser are now being 

challenged by young entrepreneurial innovators who are seeking to democratise 
access and ownership to automated production tools that work with materials 

such as leather, wood or cloth (Pandell, 2015). 

 

The crowd-funded initiative Glowforge is offering entry-level laser-cutting 

machines at the cost of a premium-specification laptop. Traditionally, the laser 

cutters have not been so user friendly. Glowforge aims to change this perception 

and democratise production. Their mission is to reinvent the notion of the 
homemade and put the factory on the desktop. The rotary toolmaker Dremel that 

has traditionally produced arts and crafts power tools have also developed their 

own laser cutters (Horsey, 2017). Both Glowforge and Dremel have also 

developed an easy and affordable air filtration system to replace the expensive 

and noisy extractor system that is generally required when working with laser 
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cutters. A combination of price, ease of use and powerful software will enable 

laser cutters to become a normal product found in every designer’s studio.  

 
The use of CNC routers has also seen its fair share of disruption in both the 

software and hardware spaces. Desktop machining systems produced by Roland 

are easy to use, but their expensive price tag puts them out of reach for many. 

The open-source community has led many ‘hackers’ to fabricate their own CNC 
router machines affordably. The downside of creating your own machine is that 

it requires some sort expertise, confidence and in some cases time to allow for a 

lot of tinkering and the use of off-the-shelf hardware products. For most this is 

not an attractive way to acquire CNC fabrication technology. There are also many 

crowdfunded manufacturers that cater for enthusiasts and hobbyists. These 

machines tend to lack the sophistication or appeal the producers such as 

MakerBot or Glowforge can provide. The next level of CNC routers on the market 

is the more expensive workshop-orientated machine made by ShoBot in the 
United States (Dahl, 2016) and Vertigo Technologies in New Zealand (Strong, 

2018). The cost of these machines is similar to the capital required to purchase 

specialist joinery hardware found in small workshops.  

 

The adoption of Numerical Control (NC) machines into an architect’s practice 

could be a possible threat to the position of building contractors in the 

manufacture of building. If architects take up a greater role with the manufacture 
of building, there is the potential for entire disciplines that support architecture to 

be devalued, disrupted or re-aligned. Current trends suggest that jobs that relate 

to craft production could one day be reduced to two positions; the simplified low-

skilled assembler or the ‘button-pusher’ technician and the highly skilled 

programmer designer-maker. While young carpenters at institutions today have 

been relegated to continue learning about assembling mass-produced product-

based architecture, young architectural designers are being taught how to enable 

themselves to explore and learn how to arm themselves with the knowledge and 

skill to manipulate information. In turn, designers in essence can take control of 

the economic and political power that can drive the construction of architecture 

(Willis & Woodward, 2010).  

 
Do it yourself  
 
Today, homeowners often have a fixation to personalise their homes through ‘do-
it-yourself’ (DIY) exercises, and it is becoming an increasingly popular 

endeavour. The retail home-improvement industry in the United States alone is 

forecast to be worth US$267 billion in the year of 2011.  The market is driven by 

multiple factors such as: (1) the relative economic benefits of DIY; (2) a perceived 

lack of quality from available offerings; (3) a lack of product availability; and (4) 

the need for customisation (Wolf & McQuitty, 2001, p. 154). Studies show that 

DIY exercises not only serve lower-income participants to save money, or out of 
necessity, but can also serve to provide more affluent populations an activity as 

a treat and for indulgent purposes. The practise of DIY can also be considered 

as a lifestyle choice (Williams, 2004, p. 276) and as a result, it is not uncommon 

for many manufacturers and suppliers to provide a DIY option alongside their 

premade options to either save money or customise a product (Wolf & McQuitty, 

2001).  

 
Within the New Zealand context, DIY home improvement is not just a cultural 
phenomenon, but considered to have a large economical value (Mackay, 2011, 

p. 1). A common analogy is that if England is a nation of shopkeepers, New 

Zealand is a nation of home renovators (Black, 2005). The two largest home 

improvement stores in New Zealand – Bunnings and Mitre 10 – host online ‘how-
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to’ video tutorials, instore workshops and stock an array of DIY-friendly products 

and tools (Gibson, 2014).  

 
The next generation of digital fabrication tools are on the market and they can 

supplement the practice of DIY. Technology today is promising to alter the 

perception that these tools are only for professionals (Celento, 2010). The 

potential for individuals to take part in the manufacturing process can be as easy 
as stroking keys and clicking mice (Stacey, 2012). The development and 

availability of small powerful off-the-shelf computers can enable not just local 

manufacturers, but a larger, more diverse range of the population to take control 

of automated production (Smith, 2010). Contributing factors to ensure uptake are 

that they are firstly easy to control and secondly – and most importantly – that 

the systems are affordable.  

 

The ability to purchase automated machines today is no longer just confined to 

institutions and industry. In turn, it is now affordable for individuals or small groups 

of designer-makers to set up advanced workshops armed with CNC routers, 3D 

printers and laser cutters (Bianchini & Maffei, 2012). These various service 

spaces enable individuals with varying backgrounds and experience with digital 

fabrication to be catered for. Online resources – such as internet forums and 

open-source communities – can allow anyone to investigate and develop the 

necessary digital skills to converse with automated fabrication machines, without 
any associated cost of acquiring software and formal education (Parvin, 2013).  

 
The impact of web ordering, for example, has drastically altered the expectations 

of the public, where a large variety of affordable products can now be purchased 

instantaneously to suit the needs and lifestyle of an individual (Celento, 2010). 

Online DIY customisation services can come in many forms and scales, and cater 

for a variety of industries – such as clothing, jewellery manufacture, and book 

publishing – and are taking advantage of the need to personalise and build on 

demand. The customisation of shoes, for example, has become a popular option 

for sports brands like Nike, Adidas and Reebok (Anderson, 2012). These 

companies provide basic designs that can be altered in size, colour, type of 

material and labelling.  

 
For those who cannot afford, or are not inclined, to set up a workshop, various 

community-oriented makerspaces and commercially-run digital fabrication 

services can cater for those who are interested (Parvin, 2013). If a maker cannot 

access physical workshops, digital design files can be uploaded to online 

production services for production to be made remotely and delivered. In turn, 

these factories in the cloud are enabling a larger audience to participate in 

customisation activities (Anderson, 2012). Jewellery design with open-source 
software like Blender provides the opportunity for a user to create virtual models, 

which in turn can be used to 3D-print objects. Third-party online print services 

like Shapeways or SketchUp provide affordable services and have the ability to 

reach anyone, at any time and in any place. Online publishing enterprises such 

as Blurb or Amazon ebooks have used technology to disrupt the supply of printed 

books (Rifkin, 2015). Creating one's own book has traditionally required large 

sums of capital, whether it is for publishing a thousand copies or just a few. 

Authors can now empower themselves through Blurb’s computer applications 
and word-processing plugins to design and upload products for cost-effective on-

demand printing. As technology becomes more advanced, authoring books will 

become easier. This form of technology will lead to greater amounts of content 

by both professional publishers and amateurish alike. No matter how amateurish, 

incomplete, or incoherent it may be, there is a value in what is being produced 

(Norman, 2013). 
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The rise of DIY architects can be partly attributed to digital technologies, but also 

to a shift in the design and build process. Yale professor and architect Peggy 

Deamer (2012) reflects on how great CAD/CAM workflow can simulate 

production within a virtual model, thereby allowing for physical experimentation 

to be vastly more predictable. Consequently, the process affords small 

independent firms the ability to test and produce complex components at a 

sophisticated DIY level. It can be seen that today’s cohort of young architects 
approach the practice of creating architecture to be in opposition to the social, 

technological and economic consensus of the architectural establishment. 

Aspects such as globalisation, and technological and economic change, can 

allow the younger generation of architects to engage in socially high-risk, 

financially low-return, DIY-intensive design and building (Harper & Jackson, 

2015). Established firms such as Sharples Holden Pasquarelli (SHoP) Architects 

once diverged into design-build projects in a similar fashion. As they grew, and 
became popular, they eventually returned to conventional practice with teams of 

professional builders, engineers and consultants. Lewis.Tsurumaki.Lewis (LTL) 

Architects, in comparison, still remain suitably experimental in their approach to 

architecture. Their designs match the appearance of their original high-end 

digitally rendered proposals. Fluff Bakery, a tiny coffee shop in New York, is just 

one of the examples that exhibits the architects’ skill in creating high-

specification, boutique interiors. The design-build project saw the architects take 

part in the fabrication of the bakery, a stark difference to others within the 
profession who are almost stuck to their computers. The visually sensual 

bespoke interior was created by understanding the physical and visual attributes 

of plywood and inventing a novel application of it to creating a visual and tactile 

interior (Kellogg, 2006).  

 

This new approach to practising architecture can be attributed to the global 

financial crisis in the late 2000s (Male-Alemany & Portell, 2014). Key innovators 

such as Alastair Parvin (2013) explain the period was ripe for disruption by young 

architectural entrepreneurs. The financial crisis merely cemented and exposed a 

deep-seated problem within the architectural profession. Consequently, the 

problem forced many young graduates – who found it difficult to find jobs – to 

study the practice of digital fabrication. This allowed them to continue practising 
architecture, as they could provide for novel and innovative commissions. 

However, many projects were self-directed and funded by alternative 

crowdfunding initiatives (Mamou-Mani & Burgess, 2015).  

 
Architects need to understand the expectations and ability of their clients before 

any design, fabrication or assembly process takes place. There is a false 

assumption by many that every individual wants to be involved in the creation of 

well-crafted buildings. There is an effort and patience required to obtain good 
architectural outputs. The fact remains that designing and building good 

architecture is difficult. Architects undergo considerable years of formal academic 

and professional training to deal with these pressures (Celento, 2010). 
 
2.2.2 Expertise  
 
Advances in computing and automation are challenging the way we fabricate 

architecture. Three points of discussion will be reviewed in relation to how a 
designer-maker requires expertise for successful architectural outcomes to be 

produced. The first topic to be discussed is the application of and necessity for 

craft and skill when producing architecture. To follow, the topic of accessible 

automated designer-maker will be discussed. To finish, the need for the 

continued use of traditional fabrication practices in an increasingly digital world 

will be reviewed.  
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Craft and skill  

 

Digital fabrication and electronic information management have the potential to 

provide an alternative approach. A large array of detail drawings can now be 

replaced with three-dimensional virtual modelling. Computer technology is 

undoubtedly reshaping the knowledge needed by architects. A large problem, 

however, is presented by the architect’s expertise in physical manufacturing 
practice (Sheil, 2005). 

 
In architecture, we associate bespoke buildings with craft, ornamentation, 

materiality, fit and uniqueness (Sass, 2007). To attain successful crafted results, 

a well-trained craftsperson is required to execute fabrication activities. The 

process often tends to lead the architects to relinquish their responsibility to 

obtain the necessary skills and knowledge to produce their designs. By 

relinquishing the responsibility to make product, the architect cannot obtain the 
breadth and comprehensive knowledge to design a well-crafted object (Anderson 

& Anderson, 2007). Suffice to say, it is an experienced and skilled practitioner 

who creates good-quality crafted architecture, not large sums of money or the 

use of digital fabrication machines (Stacey, 2012). 

 
Many believe that the adoption of digital fabrication within the practice of 

prefabrication will further push for the decline of originality and handcraft. 
Architects Peter and Mark Anderson (2007) disagree with this stance, and 

believe originality, craft and individuality can be enriched by applying varying 

degrees of prefabrication. If working with a hand-making process can be 

mimicked by the computer, would the cultural notions of the origins of craft be 

challenged? (Stacey, 2012). Senior lecturer Mike Davis (2013) argues that craft 

can have varying definitions according to the context in which artefacts are 

produced.  

 
There is a link between thinking and making. Designers need to pursue CNC 

machines as tool among other tools, and realise that it is impossible to work with 

a CNC machine in isolation (Hailey, 2016). Complex forms can be easily 

produced within a digital environment, however, to realise them in the physical 
world can be overwhelming should an incorrect approach inform production 

(Sass, 2007). The act of machining material requires a certain skill and craft for 

successful outcomes to be produced. When working with CNC routers for 

example, the machinist needs to possess adequate knowledge to create effective 

well-defined machining tool-paths. A successful tool-path requires a large set of 

parameters such as speed and intensity of cut, router-bit size and type to be 

programmed in respect to what is being created. There are literally thousands of 

ways to cut or rout material. The technician or the designer must decide on the 
design intent (Iwamoto, 2009). Normally vacuum pumps or well-placed screws 

are used to adequately hold down the stock material to the cutting bed. The use 

of screw fixings can be effective. If the screws are not placed correctly, the tooling 

bit and the cutting process can be put at risk. The use of tabs or bridges to keep 

designed components from moving or being dislodged from the machine bed 

requires forward thinking and a understanding of cutting forces that are placed 

onto the stock material. The size, number and placement of the tabs can be 
determined by factors such as size of the router mill, the material, and the 

complexity of the component being milled. Bad placement and over or under 

specifying the number and size of these tabs can result in frustrating errors (So, 

2012).  
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Figure 10: Component being programmed to contain a bridge connection within 
RhinoCAM software 

 

Figure 11. Component with bridge or tab connection  

The gap between physical and digital is continuing to converge, and it will require 

the architect or designer to increasingly acquire the skill, imagination and 

expertise of the craftsperson. It is likely that digitally produced mock-ups will 

become a regular exercise within the architectural design process. The exercise 

will enable architects to not only refine designed details, but also their making 

skills and attention to craft (Willis & Woodward, 2010). To a degree, operation of 

sophisticated software needs to be a part of both the architect’s training and the 
builder or contractor’s (Krygiel, 2010) to ensure a seamless design-to-build 

process. 

 

Designer as a maker 
 

The term ‘designer as a maker’ is a condition whereby the designer and fabricator 

are one and the same. File-to-factory technology is enabling designers to directly 

communicate with fabricating machines such as CNC routers to produce goods. 
This process can give the designers direct control of the fabrication process 

(Sheil, 2012). Many commentators believe advances in digital production 

technology can enable architects to gain the once-protected title of ‘master 

builder’ and have control over both the design and building process. Many believe 

that advances in computing hardware and software can allow the architectural 

industry to potentially reignite the master builder in the realm of architecture 

(Naboni & Paoletti, 2015).  
 
The gradual relinquishing of their role to other professions over the centuries has 

left the architects’ contribution to architecture to be confined to the production of 

two-dimensional representations to instruct the act of building (Celento, 2010). 

Today, to be a master builder is impossible, as it is not attainable for an individual 

to be an expert in an industry that is so broad. The spirt of a master builder can 
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be achievable by group of expert individuals to form a cross-disciplinary team 

(Anderson & Anderson, 2007). Some even suggest that although there is a 

relationship between contractors and architects, it is generally considered to be 

limited out of necessity. In the end, it has been suggested architects today tend 

to be marginalised within the industry and are no more than stylists or modellers 

working on a computer (FlaggeHerzog-Loibl & Meseure, 2002). If the status of 

master builder is to re-emerge, architects need to acquire skill and knowledge 
beyond the act of designing, such as quantity surveying, instructing, engineering, 

building and product manufacturing, for successful outcomes to be produced 

(Sheil, 2012).  

 

Professor Bob Sheil (2005) highlights that the skill required to make architecture 

demands an expertise that the majority of architects do not possess. To take part 

in making or building activities, there is a necessary tactile level of skill and 
knowledge to manipulate physical objects. Software and digital fabrication 

technology can shift the territory to the extent that the architect participates in 

making activities. For such a cultural shift to take place, an architect will need to 

adopt and amend the physical, theoretical and management tools of architectural 

practice (Krygiel, 2010). Consequently, efforts need to be placed on studying 

what required skills need to be taught and acquired, and amended with the 

adoption of the technology within architects’ design processes (Sheil, 2005). For 

successful adoption, architects need to culturally shift and accept technological 
change with collaborating trades such as contractors, engineers and other 

specialists. Architects need to believe they have a greater role to play, and 

therefore are required to apply a new way of thinking in the way buildings are 

designed and built (Krygiel, 2010).  

 

The benefit of encouraging designers to have the capacity to imbed 

manufacturing possibilities into their practise can allow for a deep and meaningful 

creative dialogue between design and fabrication to ensue. The making process 

can provide opportunities beyond the design process, such as material 

production and distribution. Subsequently, the different organisation process that 

goes into producing a building can become more coherent and optimised. The 

only caveat that must be recognised for those who pursue design-fabrication 
activities is that one must not work as a designer or a fabricator, but as both; 

therefore, conventional thinking must be relinquished. The designer therefore 

must have the capacity to learn new skills, and be adaptive and flexible to create 

design strategies (Bianchini & Maffei, 2012).  

 
The role of designer-maker architects presents a shift in thinking by a new 

generation of young graduates to gain fabrication knowledge. Many recent 

graduates and young architects are just as comfortable banging away with a 
hammer as designing on a drawing board or three-dimensional model. Every 

year, architectural graduates install a temporary summer structure on the 

courtyard of MoMA’s PS1 Gallery in Queens, New York. Public interest in the 

design-and-build process makes it a sort of hands-on performance art. The 

output of young architects in such initiatives can be bit experimental and has 

become synonymous with process-driven easy-to-assemble slot-together 

structures or “lots of fiddly machined components” (Kellogg, 2006, p. 115). 
 
The renewed interest in the hands-on building process by practising 

professionals and institutions – such as Auburn University’s Rural Studio – is 

having a deep impact on young architectural practitioners. The benefits of this 

approach are that it promotes a direct tactile understanding of the building 

process, and that digital fabrication and hands-on experience are not mutually 
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exclusive (Willis & Woodward, 2010). Today, selected universities provide 

design-and-build courses to enable students to attain making expertise. In North 

America alone, there are more than 100 design-build programmes in architecture 

schools (Hailey, 2016). While some programmes focus specifically on pushing 

the boundaries of digital design and production, others focus on using digital 

technology simply as a tool for aiding making activities. To take part in a DIY 

project could be said to be a new rite of passage for aspiring architects. Such 
projects range from the production of semi-permanent pavilions to functional 

buildings. The construction systems employed to build houses or community 

amenities use relatively conventional building practices (Harper & Jackson, 

2015).  

 

The University of Westminster and London Metropolitan University have taken 

on the principles of digital DIY design-build studios. Impressive results have 
allowed them to take part in Nevada’s Burning Man Festival and the Solar 

Decathlon Competition (Mamou-Mani & Burgess, 2015). The three New Zealand-

based accredited architecture schools – at The University of Auckland, Unitec 

Institute of Technology and Victoria University of Wellington – all host design-

build projects. Unitec’s Studio 19 programme built Kiwi baches and prefabricated 

social homes, while the First Light studio project at Victoria’s architectural school 

successfully placed at the US Department of Energy’s Solar Decathlon (Bell, 

2012a). The development of contemporary design-build programmes at each 
institution has led to important links being forged between academic institutions 

and industry.  

 

 

 

Fabrication and material realities  
 
Many who embark on design and digital fabrication activities are drawn to the 

ease of producing complex digital forms within a virtual environment (Sass, 

2007). It is true that software can allow for the organisation of digital fabrication 

tools to offer accuracy and repetition to any given design-build project. Caution, 
however, should be placed around the technology, as it can complicate the 

design-build process (Hailey, 2016). It is not as simple as designing a virtual 

concept for subsequent fabrication by machine. Digital fabrication requires 

designers to understand there are many laborious steps required to translate 

information from a concept model to data for fabrication of individual components 

(Sass, 2007b) to come together cohesively. The importance of integrating 

aspects such as tolerance into the design process to realise a successful project 
(Parsons, 2014) is just as important. The process requires three-dimensional 

virtual models constantly updated with relevant construction tolerances for 

manufacture. The virtual models can be fabricated either through a subtractive 

cutting method or the more recent additive layer method that is commonly known 

as 3D printing. Subtractive cutting techniques can be identified either in two-

dimensional or three-dimensional context. They work on the basis of removing 

material in order to create the designed form (Iwamoto, 2009). The subtractive 

milling technique today has been a favourite and easy manufacturing approach 
for many within and outside of the architecture disciple to create DIY bespoke 

artefacts.  

 
The additive fabrication method is a layering process, whereby material is added 

on a layer-by-layer basis. The thickness of each layer can be as little as 0.1mm. 

Currently, 3D printing serves as a medium for designers and architects to rapidly 

prototype elements of their building, whether it is for scaled models or for full-size 

details. Over time, with more investment and research, the additive process could 
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be an alternative for creating ornamental building elements, all from the clicks of 

a mouse. The main advantage of 3D printing over subtractive milling is there is 

virtually no waste material. In contrast, traditional machining process can waste 

as much as 90% of raw material. Additive fabrication has the potential to replace 

traditional casting, as it will allow for greater access to bespoke forms and shapes 

that have traditionally been expensive to acquire. The true future potential of 3D 

printing lies in the promise to free the limitations of building with conventional 
materials. It will ultimately redefine the meaning of bespoke manufacturing 

(Howes & Laughlin, 2012).  

 
Developments in additive printing technology have become more relevant and 

appropriate to the construction of architecture. The architectural precedents that 

employ additive printing technology today tend to be prototypes and are not ready 

for market implementation. There are many concrete-type 3D housing systems 

being marketed. Guy Marriage (2017), lecturer at Victoria University of Wellington 
suggests that if architects do not trust fibre-cement sheets for cladding, why 

should industry trust cement-gloop to work any better? Other problematic 

attributes of the 3D printed architecture, is that it has not been formally tested in 

regards to its building performance and material durability. Technical aspects 

such as cold bridging, vapour permeation, insulation, seismic resilience, weather-

tightness, quality levels of finish and cladding are aspects of 3D printing that still 

need to be resolved by researchers before mainstream adoption by the 
architectural community. 

 

The ‘formative processes’ is a two step procedure that modifies material by 

applying it to a pre-manufactured formwork or moulds under mechanical forces, 

tension and heat. The process produces a desired de-formed or remodelled 

product. The formative process is commonly applied to timber and other mineral-

based (Naboni & Paoletti, 2015). The formative process has a variety of 

techniques that influence the production of architecture. One such method is to 

use of CNC machines to create moulds and forming techniques – with the use 

tools such as vacuum forming machines - to shape materials such as plastic, 

metal, timber. This process can be likened to creating formed products such as 

plastic packaging or creating car bodies (Iwamoto, 2009). The benefits of 

employing CNC machines within the design workflow can allow for the quick 
production of quality customised formwork with great ease, complexity, and 

control.  Architecturally, this method can be an effective way to form and sculpt 

space (Steven & Nelson, 2015). Another formative process, ‘folding’ can allow 

flat surfaces such as sheet-metal to be formed into three-dimensional structures 

or shapes (Iwamoto, 2009). Within the architectural setting, the fabrication 

technique is commonly employed to manufacture complex load-bearing metal 

ballon-framing structures. The benefits of the approach allow for a large reduction 
in the number of linear components that need to be soldered or welded together 

(Naboni & Paoletti, 2015). 

	
While additive printing represents new material innovation, subtractive milling is 

sympathetic to the current conventional material palettes. Working with existing 

and tried material can be beneficial, as expertise on how to design and apply it 

can be easy sought when help is required. The application of new materials and 

processes, however, cannot be supported to the same effect. The fact that many 
designers are innovating new ways to apply materials is testament that there is 

still plenty to be done with conventional materials already in use. The application 

of new product discoveries should not be dismissed, even when data regarding 

quality and longevity is not present for a designer to evaluate and make 

conscious decisions upon. The application of the once-novel materials that are 

in widespread use today can only be attributed to designers’ taking risks in 
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applying them at their conception. The automobile industry frequently risks the 

application of new materials, assembly systems, design and technology. 

Ultimately, this has allowed the industry to constantly develop and be at the 

cutting edge (Woudhuysen, Keiran & Timberlake, 2010).  

 
The process of manufacture requires material physics and environmental 

conditions to be considered when constructing architecture (Malé-Alemany & 
Portell, 2014). A designer-maker therefore needs take material behaviour into 

account when specifying and detailing any given design. If there is a lack of 

understanding when working with a specific material, obstacles will ensue, and 

will negatively impede progress. The challenge of any individual to acquire 

material knowledge generally comes from experience. Therefore, for every new 

material that is added to a maker’s palette, there is need for investigation and 

physical testing to best formulate solutions to work with it (Willis & Woodward, 

2010). The best machinists, whether working subtractive or additive fabrication 
machines need to understand material behaviour, to enable better programmed 

output.  

 
The design of tolerance into virtual files destined for digital production is an 

important facet to compensate for material behaviour and inconsistency 

(Parsons, 2014). The belief that automation can allow for pinpoint precision and 

allow for tolerances to be reduced to zero is simply not realistic (Malé-Alemany 
& Portell, 2014) and not worth pursuing. If architectural production of any form 

worked with zero tolerance, it would likely be counterproductive to manufacture 

and assemble. However, tight tolerance should not be confused with zero-

tolerance, as certain products and systems require a degree of architectural 

precision for performance aspects, such as airtightness and water control 

(Kolarevic, 2014). Material tolerance therefore is an important factor that needs 

to be attended to in the design process and re-evaluated in the production phases 

of any given project (Parsons, 2014). 

The emblematic work of Walter Gropius and Konrad Wachsmann at the Bauhaus 

in pre-war Germany was prototyped with panelised systems. Their research 

eventually led, in 1943, to huge funding support at government and corporate 

level to begin planning large-scale factory-based production (Anderson & 

Anderson, 2007). A four-way connector development was central to the 
construction system (Smith, 2010) as the panel system alone was not enough to 

warrant a patent. Gropius and Wachsmann made great progress with frequent 

prototyping – the results created panels that can act as walls, ceilings and floors. 

In 1947 a factory line was set up to manufacture houses, but failures with 

production equipment that manufactured suitable tolerances affected output, 

leading the enterprise to bankruptcy (Bergdoll, 2008). In essence, imperfections 

and inherent variability are a fact that are part of building and will never disappear 
from designing and production for architecture (Kolarevic, 2014) 

 
The realm of software is to be perfect and precise when compared to the material 

world, and therefore requires the need to model imperfection. Material dimension 

stability, weathering and thermal expansion are just some of the parameters that 

cannot be accurately controlled within architectural software, and therefore 

understanding is required on how to treat material during the fabrication and 

assembly stages of digital fabrication. Designers or digital fabricators need to 
predict and imbed artificially designed gaps into their three-dimensional virtual 

models. The technique will firstly allow for material variability and secondly allow 

for the imprecise world of hand assembly; the disconnect between the computer 

and reality can only be quantified from trial and error. Therefore, virtual models 

need to be vetted through the prototyping process to ensure they are constantly 
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updated with relevant construction tolerances and to make sure imperfections 

are accounted for (Willis and Woodward, 2010). 

 
There are two causes and effects when it comes to prefabrication. The first is 

related to the economic necessity to produce housing using technology and 

prefabrication. The fashioning of detail needs to be thought of as a product and 

uniform building systems employed by construction companies need to be more 
developed. It also must be noted that lower quality is always a consequence of 

lower cost. The second cause and effect is that the current era can be best 

described as the ‘cut-and-paste’ generation. Hand craft has been replaced by 

mechanical design (Waern, 2008).  

 
The building of any artefact requires the maker to be tolerant of errors and how 

to deal with them. The assembly of prefabrication components or modules 

requires a designed tolerance in respect to assembly in both the material and 
social sense. During the design process, acceptable margins of error need to be 

accounted for in respect to material, size, application and scale at which any 

product is being assembled (Kolarevic, 2014).  

 
The Instant House that was exhibited at the Museum of Modern Art by 

Massachusetts Institute of Technology’s Laurence Sass showcases that during 

development stages, inaccurate hand-assembly methods can be a hindrance to 

the precise nature of digital design and manufacture. There needs to be a digitally 
integrated method to link the design, production and assembly process to 

produce desirable results. The large number of orthodox construction techniques 

that are imbedded into digital practice, and the probability of unwanted, imprecise 

outputs will govern the practice of building (Sass, 2007). This draws us to the 

fact, all construction elements – materials, manufacturing systems, assembly 

processes – need to be synchronised via automation. If material dimension 

stability and tolerance is not accounted with the right amount of tolerance, the 

problem of ‘creep’ may affect the entire dimensions of a designed product or 

assemblage of a structure. The problem of ‘creep’ within an assemblage can 

cause problems during an assembly process that is driven by either conventional 

hand-driven activities or inconstancies within the digitally fabricated components. 

The phenomenon of ‘creep’ occurs when small deviations in the physical 

construction are aggregated over the length of the building, causing the 
combined components to end up a different length than intended (McMeel & 

Walker, 2015).  

 
Conventional practice  
 
For industry to adopt and gain the benefits of automation, architects, engineers 

and builders are required to blur the lines that define their roles within the 

construction of homes. The need is for contractors to not only be familiar with 

CAD/CAM capability, but also be well equipped with conventional construction 
knowledge and skill to cope with challenges that cannot be anticipated in a 

computer-generated model. Designers need to be well versed in conventional 

fabrication logic to be able to produce tangible digital production files. Similarly,  

the designer needs to be able to produce a broad range of well-produced 2D 

drawings to service the large proportion of contractors who are not well versed in 

3D software. The fact remains that even in the presence of digital technologies, 
complex design requires large amounts of skill and expertise (Chaszar & Glymph, 

2010). 

 
It is a known fact that analogue construction methods cannot produce the same 

levels of accuracy as if components were produced digitally. However, there is 

still room for conventional construction methods when the appropriate workflow 

is applied or when the limitations of the automated machine is met. If the digital 
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fabrication process contains large amounts of haptic process, there is a high 

probability that unwanted imprecise outputs will be produced, and conventional 

analogue constructions methods will be needed (Krygiel, 2010). It is apparent 

that, for successful integration at the production level, the approach applied 

needs to ensure that both the virtual and the physical are holistically linked to 

ensure desirable results are produced (Willis & Woodward, 2010). 

 
There is greater responsibility resting on fabricators who create components in a 

conventional manner, when compared with automated fabrication. The 

draftsperson needs to communicate information that can be easily 

comprehended by the fabricator responsible for physical measure and 

manufacture. A digital workflow, by comparison, only requires an optimal team to 

produce digital files for fabrication. The requirement for organisation is much less, 

with files only needing to be decided by software, therefore the requirement of 
creating time-consuming elements such as a well-documented set of shop 

drawings is negated (Sass, 2007). 

 
There are many processes with digital fabrication that require conventional 

processes to be followed. The use of building materials requires age-old methods 

of handling during the design and building process. The reality is that materials 

should be considered to be active agents that can change in shape. There is a 

particular skill and process to lift, load and place the stuff buildings are made of 
(Hailey, 2016). When embedding conventional fabrication practise into a digital 

workflow, a three-dimensional virtual model needs to be vetted to account for  

human error. A useful solution a designer-maker can employ through prototyping 

to ensure they are constantly updated with relevant construction tolerances and 

to make sure imperfections are ironed out (Willis & Woodward, 2010).  

 

2.2.3 Organisation  
 

Software paired with automated fabrication machines is challenging the way 

architects may contribute to the organisation of fabrication architecture. Four 

points of discussion will be reviewed within this section. To begin, the subject of 
how software can help communicate information for fabrication activities to take 

place will be addressed. The second topic to be discussed is the design and 

application prefabrication within architecture. The following topics will review 

modular design and mass customisation principles in relation to organised 

manufacture. To end, the need for regulation and collaboration with other 

disciplines will be reviewed. 

 
Software & communication  
 
Architects in general do not make buildings; they design information to inform the 
construction of the building (Sheil, 2012). For an architect to convey information, 

they must have well developed communication skills (Stacey, 2012). The 

adoption of Computer Aided Design (CAD) software in the early 1990s has led to 

the gradual redefinition of how we communicate the production of architecture. 

Today, advances in architectural software can enable the design of highly 

detailed and complex virtual models. There are many types of design software, 

with various applications, names and functions. They include, but are not limited 

to; Building Information Modelling (BIM) software, Computer Aided Architectural 
Design (CAAD) software, Computer Aided Design and Computer Aided 

Manufacture (CAD/CAM) software.  

 
The use of architectural software today has become a normal tool that has seen 

architects’ offices previously lined with drawing boards now lined with computer 

screens. Unfortunately, most practices still work with CAD software as if was a 
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digital drawing-board to create two-dimensional print communication drawings. 

Architects can further exploit CAD software by extracting readily available 

computational data to communicate and control digital fabrication machines 

(Sheil, 2005). It must however be recognised that the act of drawing or two-

dimensional design should not be abandoned. Quickly created sketches and 

diagrams can, to an extent, be considered the ‘rapid prototypes of 

communication’. No matter how tempting it maybe to forgo the traditional set of 
drawings, to communicate architecture and construction, they will always remain 

the ‘sheet music’ to guide the communication process (Sheil, 2012).  

 

Academic and architect Michael Stacey has the view that the haptic past was 

built on drawing, sketching of ideas and making by hand. It should always be 

present in some shape, and should form the backbone of architecture before 

digital methods should be explored (Stacey, 2012). Beyond the computer or the 
drawing, the means to create architecture requires collaborative enterprise. 

Documentation for manufacture prepared by the architect is always lacking in 

some form or another, and therefore requires contractors and tradespeople to 

resolve issues that may arise during construction. If architects increase their 

stake over the skilled contractors through digital technologies, there is no 

guarantee that the result of the outcome will be any more successful (Willis & 

Woodward, 2010).  
 
Over the past two decades, the maturing of architectural CAD software has 

allowed for architects to embark on creating more complex schemes and enabled 

them to participate in manufacturing activities with confidence. Historical 

architectural precedent showcases that it is possible to work beyond two-

dimensional drawing. Innovative architectural firms, such as Gehry Partners in 

the late 1980s, embraced and proposed paperless, digital forms of 

communication to inform both design and construction of complex structures 

(Naboni & Paoletti, 2015). Today, we see architectural firms such as American-

based Kieran Timberlake and the New Zealand-based Makers of Architecture 

working with the potentials of digital software to create efficient and effective 

organisational structures to inform and control the fabrication process. However, 

before any work can take place, the designer is required to set up a systematic 

workflow to suit their needs. This can take considerable time and resources 
(Menges, 2010). There are questions that the architectural discipline needs to 

answer in respect to the extra level of participation software can provide. To take 

part in fabrication activities and understand how to detail complex projects 

requires an extra level of time to acquire the necessary skills and expertise that 

are beyond everyday architecture (Chaszar & Glymph, 2010). 

 

Architectural design and manufacturing software has the ability to create 
successive design iterations (Sheil, 2005). The major advantage of designing 

within software over an conventional pen-to-paper method is with the way 

information can be manipulated, transferred and replicated with ease (Dunn, 

2012). For example, if an architect needed to change a hand-drawn design, it 

would entail a laborious process of redrawing. Again, if a physical conceptual 

model was required to be made by hand for spatial validation, the designer would 

have to physically measure, draw, hand cut, check and assemble it, rather than 

simply extracting data from a virtual model and printing it via a laser cutter or 3D 
printer (Allen, 2009). The same virtual model can also contain enough information 

to inform quantity-surveying data or provide a base to create artistic concept 

visualisations (Iwamoto, 2009).  

 
The coupling of availability of highly advanced three-dimensional software and 

internet information-sharing platforms has allowed for different shareholders to 
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work on distinct projects within their own spatially distinct areas. The ease of 

sharing and collaborating therefore can take place over large distances without 

compromising efficiency or productivity (Stacey, 2012). As designs are 

developed and changed with new information on an individual’s computer, all 

other stakeholders’ computers are also updated in real time. The process can 

allow all the stakeholders to be more efficiently informed and responsive to any 

changes when required (Gage, 2012). Another positive of modelling conceptual 
ideas in three-dimensional digital space is that it can provide an environment for 

information to be readily available at an individual’s fingertips. For example, a 

designer can store all the data of a project on an internet cloud-storage platform. 

When specific information is required, the designer can simply search and 

download it on a mobile device from any networked location.  

 
There is no doubt that software can revolutionise architectural documentation 

and reform the material procurement and fabricating process. The digital mock-
up is a computer-heavy file which can showcase every individual component of 

a building within a unified whole virtual model. Digital mock-ups are used in 

aircraft and automotive design (Burry & Burry, 2016). The use of design software 

can allow the inclusion of information that is difficult to incorporate in conventional 

architectural drawings, such as electrical conduit runs, the exact routing of 

plumbing lines, precise location of fittings and the location of screws, shims and 

spacers (Willis & Woodward, 2010). This form of design requires a large amount 
of planning and organisation, and draws to the fact that large amounts of 

development and effort need to go into formulating a virtual model before it can 

become useful to extract data from (Gage, 2012). Therefore, questions arise in 

respect to whether it is cost effective and efficient to incorporate detailed 

information within a virtual model that can be so easily resolved on the 

construction site (Willis & Woodward, 2010).  

There are other forms of representation beyond the realm of two-dimensional 

drawings or virtual CAD models that allow architects to communicate their intent 

to engineers, contractors and clients (Stacey, 2012). Organisational and 

representational tools such as artist’s visual representations, verbal 

communication, community forums and the making of physical mock-ups can 

allow for missing information to be found, acted upon and resolved (Sheil, 2012). 

Although these techniques are well established and incorporated into the practice 
of architecture, digital technology represents a shift in how architects can engage 

with these activities with efficiency and accuracy (Celento, 2010).  

 

The architectural scaled model or prototype can communicate information that a 

typical drawing or virtual model cannot (Stacey, 2013). However, a virtual model 

can be a useful tool to understand and inform aspects such as material touch 

(Yessios, 2003, p. 356). To ensure the production of prototype is useful, it needs 
to be designed and tailored to the problem that is being investigated. Prototypes 

can test a diverse range of architectural and engineering aspects, such as 

structural, lighting, material or acoustics performance (Burry & Burry, 2016, p. 

35). Traditionally, taking the time to fabricate a physical model by hand can be 

time consuming. By the time the model has been completed, there is a chance 

that the design has already progressed further along the design process, 

rendering the need for an updated model to me made (Yessios, 2003). Rapid 

digital prototyping can make physical models in a fraction of the time, allowing for 
design evolution to have greater meaning. The speed with which designs can 

now be tested and evaluated with digital technology can allow for great 

sophistication with genuine critical-learning feedback loops. The technology can 

allow for affordable working prototypes to test the design idea’s viability earlier in 

the design process (Burry & Burry, 2016).  
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Prefabrication 

 

The more that firms employ standardisation, the more cost effective and efficient 

the construction will be. In essence, there will always be a drive to reduce the 

cost of a product by employing industrial methods to minimise the number of 

parts (Willis and Woodward, 2010). The downside to applying a larger 

percentage of standardisation into buildings that it will result in less design 
flexibility and its specification is most commonly found within institutional 

buildings, commercial buildings and mass-produced housing. A large percentage 

of mass-market individual homes tend to be constructed from mass-produced 

standardised products. It could be said that in homes that are built within a 

specific context, there is little variety with the specification material, performance 

and aesthetics of the typical dwellings that are being built (Anderson & Anderson, 

2007).  

 

Standardised prefabrication is a staple within the automotive, naval and 

aerospace industries. In the early 1990s the automotive industry transitioned and 
evolved from the old ‘Model T’ system of assembling 4,000 parts within a single 

factory to a system based on manufacturing subassemblies at various different 

factories. The upgraded approach relies on lean production methods and 

requires the fifteen or fewer subassemblies to be independently manufactured 

before being assembled in one place. The dashboard of a car, for example, is 

made up of 200 integrated parts that collapse together into a single integrated 

component, subassembly or chunk. When the subassemblies come together, a 

few quick-couples of connections are all that they need to be attached to a car’s 
final assemblage (Kieran, 2008).  

 

It is not necessary to follow automotive industries. The architectural industry 

represents a drastically different market structure when compared to other 

commercial product-oriented industries (Moe, 2010). The process of creating 

architecture as prefabricated chunks or assembled modules can be an attractive 

method to increase quality and productivity and can provide the profession with 

a multitude of great learning opportunities. In most cases, individuals do not lust 

over architecture like they do over automobiles. The automobile industry is also 
run with mass production in mind and products are sold in units or as model 

types. Therefore, architects need to further investigate and integrate 

prefabrication into their practice. Certainly, there are a lot of social and economic 

similarities between the position of architecture and cars, but there are also a lot 

of differences (Celento, 2010). Ultimately, if the pursuit of prefabrication and 

automation is to be effective in architecture, fundamental shifts in approach need 

to be adopted and tailored to architectural thinking and practice. 
 
The design parameters that exist in architectural production tend to be vastly 

different to those that are present industrial production and consequently it is 

much harder to transfer production strategies. One obvious parameter is with the 

way buildings need to conform to a larger set of varied and specific demands, 

such as site conditions, economic and consumer desires (Moe, 2010). If 

architects were to replicate the industrial design principles found in the 

manufacture of automobiles, major compromises ranging from aesthetics to 
functionality would be required from our architecture. Building by its very nature 

cannot be fully determined within the design and planning stages. The 

development of a new successive model of automobile can have a quantified 

design process where every element from component design to assembly 

process can be tested and acted upon (Willis & Woodward, 2010). The 

fundamental success of the approach heavily requires intensive enterprise and 
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economies of scale, which in general is intrinsically missing within the production 

of architecture (Moe, 2010). The application of prefabrication technologies with 

the field architecture, requires large amount of planning and simulation before 

any fabrication or onsite assembly can take place. If planning is overlooked, and 

issues arise on site, prefabrication elements can be difficult to be modified to fit 

with ease (Kieran & Timberlake, 2004). 
 
Any form of prefabrication that employs some form of automation requires the 

transfer of digital data. Unfortunately, architectural practices still choose to focus 

on using software to produce documentation sets that mimic the two-dimensional 

pen-to-paper process. The process of subsequently creating suitable digital files 

for automated production prolongs the design and planning stage of a 

prefabricated modular project and consequently inhibits productivity. The 

automotive, naval and aerospace industries have recognised that there are 

efficiency g. ains to be made with relinquishing the need for paper-based forms 
of representation. By solely relying on digital software, modular production can 

be more effectively represented by software and be translated for the fabrication 

process (Menges, 2010). There are many efficiency design and production gains 

to be made by going paperless. 

 

Modular principles  

 

The terms ‘modular’ and ‘prefabricated’ are terms that have multiple meanings. 

Modular as a term outside of architecture describes products that are often 

standardised interchangeable components of a system. The design intent of the 
components tends to focus on easy and simple assembly. Attributes such as 

size, function and scale should define a module. For example, if design flexibility 

is a requirement, the designer may employ a greater number of smaller modules 

meet the brief requirements (Anderson & Anderson, 2007). In the field of 

architecture and construction many attribute the term ‘modular’ to large 

prefabricated volumetric sections of building that are to be transported on the 

back of a truck (WoudhuysenKieran & Timberlake, 2010). However, the actual 

definition of modular in the construction industry is much broader. Everything 

manufactured off-site in a factory setting, such as pre-nailed framing, cladding 

panels, modular services, and fittings can also be considered to be modular 
products that can minimise time spent building on site (Monash Monash-

University, 2017). Although there are efficiency gains of working with modular 

construction elements, there is still a large amount of development in knowledge 

required to handle and apply modular products to architectural outcomes. It will 

never be a one-size-fits-all approach, as most architecture does not move 

through space like a plane, is confined to a constant site condition and has 

singular static use. Architecture needs to think differently from other professions 
when it comes to the module (Woudhuysen et al., 2010).  

 
There are varying scales or degrees of modular prefabrication. On the one hand, 

a single brick can be thought of as a module, while on the other, a mobile home 

can be considered as a large three-dimensional module (Anderson & Anderson, 

2007). Modular construction constraints will inform the type of modular typology 

utilised. At the bottom of the complexity scale, processed raw material such as 

clay bricks, dressed timber or plywood sheets are considered to be the simplest 
forms of modular element. At the mid-range there are various scales of 

complexity with prefabricated component parts, flat-pack products and panelised 

assembly systems. The most complex end is the complete three-dimensional 

volumetric modules. A goal of a large apartment project could be pursuing the 

elimination of in-situ work and therefore looking to construct using large 

volumetric modules. In contrast, an isolated hard-to-reach site may look towards 
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employing panelised flat-pack elements to be assembled on site. Ultimately, the 

objective for both projects is to maximise efficiency of all the resources (Monash 

Monash-University, 2017). 

 
At present the modular production process can cater for three categories of 

fabrication process: craft production, mass production and mass customisation. 

What is important to note, is that most techniques that lead to mass customisation 
have evolved to combine key elements from both craft and mass-production 

practices (Willis & Woodward, 2010). Mass customisation presents a social shift 

in how a variety of demographics can purchase and interact with the manufacture 

of products. The process can be beneficial to customers who can personalise a 

product to their individual needs. Additionally, the process can benefit businesses 

that can easily specifically expand their product by simply adding the option to 

tweak the product within a set of defined parameters. The Dell computer, for 

example, can provide a customer with the options to interchange certain 
component parts such as the memory and the processor hardware. The end user, 

however, is forced to abstain from changing elements such as the chassis and 

keyboard (Kieran & Timberlake, 2003). Dell’s approach to mass customisation 

for the majority ensures customers are provided with a large product range to 

meet their expectations and satisfaction. The downside, for some, is that when 

they go online to build a computer, there is a limited number of custom 

configurations that can be constructed (Willis and Woodward, 2010). This is to 
ensure there is enough repetition within the scaled, modular production process. 

For mass-customisation to be profitable, changes made to a product need to be 

kept to a quantifiable value for the producer. This approach to production can 

devalue the role of labour and skill for those at the bottom (Kieran & Timberlake, 

2004) and place larger importance and expertise on the designer and the 

engineer who take part in formulating the designed product.  

The use of interchangeable or digitally customisable modular systems can 

provide the end users effective and affordable ways to personalise product. In 

construction, a large number of systems work in a similar way to how children 

create unique products with Lego and Meccano toys. These children’s toys follow 

required simple assembly mechanisms and processes. The success of these 

products in most cases simply lies with the connector joint. It doesn’t just allow 

for adhesion of two components, but for aligning and providing an aesthetic 
outcome. In architecture, this can correspond to snap-fit mechanical joints such 

as dovetails, slots, and tabs, which are the most appropriate and common 

methods. When designing a customisable modular system, a designer must 

recognise that assembly and attachment control is part of the design process. 

Factors such as functionality, component shape, locking, assembly motion, 

tolerance, and strength all need to be judged prior to manufacture (Sass, 2007). 

 
Mass Customization and personalisation – Don Norman 

 

Don Norman (2005), author of ‘Emotional Design: Why We Love (or Hate) 

Everyday Things’ asks if a mass-produced product, whether customisable or not 

can have personal meaning. Norman speculates that the attributes that make an 

object personal cannot be designed ahead of time. Manufacturers may try to 

provide customisation services by offering special orders or specifications. This 

can usually be done by providing the purchaser with a selection of the colour or 
accessory options. When examining if these customisations are emotionally 

compelling, it is agreeable that they are not. Although these products may slightly 

fit better, it lacks emotional attachment. Simply put, a product cannot 

automatically become personal item because an individual has pre-selected 

customisation options from a catalogue. For something to be personal, a sense 

of ownership and individualistic touch needs to be applied.  For those who can 
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make a product themselves, there is often a conflict to purchase a ready-made 

product than create ones own. The prospect of investing time to make something 

custom can be out-wayed by the benefits of buying something already made.  For 

those that lack the tools and expertise pursue fabrication activities, it is most 

probably more affordable and practical to purchase the catalogue defined mass-

produced or customised product (Norman, 2005). 

 
It impossible for an individual to purchase a mass produced or customised item 

that fits every there needs precisely. Norman (2005), suggest there are five ways 

to deal with this problem:  

 

1. Live with the purchased product. 

2. Be inventive and alter the way a purchased product is intended to be 

used.  
3. Customise a product via catalogue mass-customisation options. As 

technology improves, the number of customisation options will only 

increase, making the process of mass-customisation more ideal.   

4. Design a product with a local designer or craftsman to meet all the 

required specifications. If an individual possesses the skills and tools to 

make it themselves, it is advisable to assess if the time needed to 

manufacture a product is worth the effort.   

5. Modify a purchased product. A newly constructed mass-produced house, 
for example, can be easily transformed to suit an individual taste by 

simply adding furnishings, painting the walls and changing window 

treatments. If required, modification of the house's structure by adding 

rooms and other large structural changes.   

 

As time progress, digital fabrication technology will continue to develop and 

threatening the logic described above. Ultimately, technical advances will be able 

to provide a greater number of options to the end-user (Norman, 2013). 

 

Mass customisation  

 

Today, it is common for websites to advertise that individuals can design their 

own clothing products. The reality is that there is only a fixed number of choices 

available. Although the majority of bespoke clothing still requires the employment 
of a tailor or seamstress at great expense and time (Norman, 2005). As digital 

fabrication technology develop and innovate,  it will allow exponential amounts of 

populations can obtain bespoke clothing affordably (Willis & Woodward, 2010). 

There is already enough evidence to suggest that technology is evolving fast 

enough to allow us to almost customise everything from bespoke clothing to 

electronic hardware without the associated cost. In turn, perceptions of what it 

means to customise are being altered and an expectation for many. 

 
Architectural theorists such as Bob Sheil and Stephen Gage reflect on how the 

act of creating bespoke suits can provide insights into how digital technologies 

and a catalogue of modular interactable fabric parts is the perfect analogy of what 

is happening to the manufacture of mass-customised architecture. It is important 

to identify that, unlike other professions, architects design information rather than 

make. In most respects, the difference between the architect and the tailor is with 

how the former works with information for others to interpret, while the latter 
designs to make. It could be said that the architect’s role is the equivalent of 

making the pattern, but not the suit (Sheil, 2012). In most circumstances, the 

producers of suits also generally tend to produce and hold a large variety of stock 

to be adjusted and fitted to the users’ preferences (Gage, 2012). This form of 
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personalisation is very similar to how mass-produced modular off-the-shelf 

construction products work. The role of the architect is fast becoming more about 

working with pre-engineered building components, while the builder’s role will be 

more concerned with the methods of assembly instead of onsite craft-based 

building. Standardisation cannot be ignored and, in most cases, the need for it is 

required in some form to obtain permits and for financing new projects. The 

common theme within construction is that standardisation is produced in the 
“form of repetitive banality”, when it really could be applied creatively, while 

exploiting modular characteristics (Anderson & Anderson, 2007).  

 
Computer software, whether the end user interface is accessed via the internet 

or in a store’s interactive interface, is enabling the suit to be personalised through 

a digital parametric design approach that can allow ‘auto bespoke’ activities to 

take place. The end user can, for example, select a predefined standardised 

template and alter aspects such as buttons, shape, fabrics and stiches. 
Traditionally, this has not been the case, with bespoke suits being produced by 

hand, from a selection of at least 2,000 fabrics, from paper patterns individually 

drafted to the customer (Gage, 2012). The process featured in suit making is a 

parametric process not so dissimilar to the process employed by architects, 

where there is a set number of parameters can be changed or tweaked to 

accommodate the needs of a potential condition. In the case of suit making, the 

process allows a generic product to be manipulated to conform to a limited 
number of configurations to fit an individual’s taste and needs. The process 

results in a reduction in social communication and time spent between the maker 

and the end user. In the majority of cases, the process devalues the need for the 

tailor, as there is no longer a need for them to measure, design and fit a suit to 

an individual (Fenech, 2014). There are many architects and industrial designers 

who apply this parametric design logic to produce architectural housing. The 

plywood-passed systems produced by Jeremy Edmiston and Douglas Gauthier, 

and Facit Homes follow a similar approach, and will be discussed in 2.3.2, the 

‘Manufacturing the high-end bespoke’ section.  

 
Although the technology has the ability to create the unique, Stacey (2012) raises 

concerns when the technology is paired with parametric design software, many 

designs can be generated to produce outcomes that can intrinsically look and 
perform the same function and therefore can compromise individuality. An 

architect’s most important role within the design and construction of building is to 

generate and create form. Parametric modelling is a process that automatically 

generates form from data input from a user. To a certain degree it requires the 

user to give up control to the software, but for the architectural product to be 

successful, it requires active participation (Willis & Woodward, 2010).  

 
Three-dimensional scanning technology is also changing the way data can be 
obtained and manipulated for the purpose of making. Its future potential can allow 

for better ways to communicate information. The use of three-dimensional 

scanning technology can reduce the need for tailors to make templates to inform 

the manufacture of bespoke clothing with other automated machinery such as 

laser-cutters. The process is quick and affordable and can allow for the end user 

to select the right garment online, streamline in-store experience or altering 

service (Bezley, 2015). Similar to the ‘Toyota Production System’, clothes can be 
produced on demand to reduce the cost of holding inventory dramatically. With 

today's technology, the amount of customization is limited and not economically 

feasible to design and produce radical new forms of clothing. The same 

technological limitation extends to the production of other products, such as 

furniture and architecture (Norman, 2005). 

 



 
44 
 

The use of three-dimensional technology in architecture can allow for accurate 

measurements to be made before, during and after the manufacturing process. 

The data can be stored and re-used multiple times without too much difficulty. 

The use of ‘point cloud modelling’ has entered the domain of the design and 

construction sector. The technology has the potential to provide designers or 

fabricators with rapid and accurate feedback to create exportable and 

measurable virtual models. The process in general can help architects to create 
topographical surveys of landscapes or to create accurate virtual models of 

existing building spaces. The only downside of the technology, however, can be 

that it will definitely disrupt professions that support the manufacture of 

architecture. In architecture, a specialist craftsperson is also required to 

laboriously make templates to fit custom products within a space. Questions 

remain as to what extent digital production technologies can produce products to 

fit to three-dimensional scanning templates. Is there a need for a professional 
craftsman to fit architectural products into a defined space? The structure Shelter 

55/02, by architects sixteen*(makers) in collaboration with steel construction 

company Stahlbogen GmbH, was assembled and installed on site. The entire 

building process was captured with three-dimensional LIDAR scanning 

technology. The technology provided the creators of 55/02 with a way to trace 

and record decisions that had not been developed through drawing. The 

scanning of the final built product allowed the design team to digitally place the 

built reality over the virtual model to identify anomalies (Sheil, 2012).  
 
Designers need to be cautious about how the term mass customisation is used. 

Many advertised applications of mass-customisation products can be considered 

misguided and far removed from the true meaning of ‘one of a kind’. The word 

‘custom’ in a general sense has connotations of hard to obtain and usually used 

in refence to an object that has been made through craft-based practices. To 

provide custom goods for everyone at a similar cost as mass-produced products 

is noble endeavour, however, this should not be confused with obtaining 

something truly unique and bespoke. Products that are fabricated from a 

selection of predefined options can showcase a limited number of options: as a 

result the consumer is coerced into believing they are making decisions. The 

reality is the consumer is not fundamentally involved in any design, aesthetic, 

functional or performance decisions (Willis & Woodward, 2010, p. 195).  
 

Professor James Woudhuysen (2012) of De-Montfort University, Leicester, 

describes mass-customisation as the personalisation of a non-unique 

standardised product. For a product to be truly custom, Woudhysen argues that 

the consumer would be required to participate in the design process from the 

beginning. With this logic, catalogue or parameter-based customisation offerings 

supplied by manufacturers to consumers should be identified as personalised, 
and not bespoke. The best example of this process is the way car manufactures 

such as BMW ask the customer make additions and changes late in the 

production stream in a controlled manner (Woudhuysen et al., 2010). Options are 

limited to aspects such as colour, interior configurations and safety features. As 

the end user makes changes in the software, interactive virtual models 

parametrically generate visualisations and tallies the cost (Celento, 2010). One 

major argument for retaining the instore or personal experience over a virtual 

one, is to provide the end user the opportunity to touch and visualise a product 
in its reality rather than see it superficially replicated by a computer simulation 

(Loadman, 2014). 

 
Keiran and Timberlake, in opposition, believe mass customisation and 

personalisation are one and the same (Woudhuysen et al., 2010), and think 

today’s production of twenty-first-century products should be critiqued based on 
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culture rather than industrial outputs. Bentley Motors, for example, create 

automotive models that allow the end user to tailor the car to their specifications 

at the beginning of the design process. Certainly, the brand image of the car is 

clearly visible and recognised, but there is a bespoke and individual process 

being clearly represented. The construction industry works with a parallel 

manufacturing process by allowing the architects to customise by utilising 

integrated component assemblies in bathrooms, kitchens and 
mechanical/electrical systems. Curtain wall supplier and manufacturer 

Permasteelisa, for example, deploys the same adaptable component-based 

system – with a set of many standard smaller bits – to a variety of site-specific 

unique designs all over the globe. The product application is acknowledged to 

contribute to creating custom and bespoke applications. Therefore, technology 

has become an enabler for many to afford the bespoke – even though it may be 

watered down. From any architecturally biased perspective, the ‘auto bespoke’, 
has the ability to diminish the role of designers and craftspeople (Gage, 2012). 

There should be no desire for architects to further abdicate design responsibility. 

Architects are trained to generate, optimise and manage the infinite numbers of 

choices and variations that come with any given brief. Parametric software can 

either limit and control, or can help the designer to speed or rationalise a daunting 

time-consuming process (Willis & Woodward, 2010).  

 

Regulation, collaboration and knowledge  

 

There is a knowledge and skill required that cannot be replaced by digital 
technology to plan and build architecture. Many believe that software can liberate 

the customer and take further control of the design process with simple auto-

bespoke processes. Architects Woudhuysen, Keiran and Timberlake (2010) are 

not convinced that there is anything to be gained by abdicating the responsibility 

of design decisions away from architects to customers. For example, the design 

process is particular skill that a designer or an architect is trained to understand 

and execute. The dilemma of working through a process to select and develop 

concepts into a real tangible product can be a difficult task. It is easy to feel 

overwhelmed with options, iterations, cost, time, and other factors. The 

architectural process is difficult for those who are conditioned to the 

conveniences of readymade products, web ordering and overnight delivery 
(Celento, 2010). Architects undergo years of formal academic and professional 

training. There is a false assumption by architects that people want to be involved 

in the creation of buildings (Celento, 2010). 

 

Architectural outcomes require many reciprocal disciplines to work together to 

achieve building compliance. A discipline operating in isolation is not architecture, 

as the practise requires partnerships to produce an outcome. Collaborating with 
others – specifically with like-minded enterprises – is needed to for projects with 

real clients with tangible outcomes that can be assessed. (Chaszar & Glymph, 

2010). The idea of architects being ‘individualistic fundamentalists’ is a myth and 

the need for collaboration is heavily present. The need for robust creation of 

architecture to be produced through methods of construction require invention, 

prototyping and other forms of testing in collaboration with practitioners in all the 

collaborative disciplines. There is a need for cross-disciplinary teams to work 

beyond their specific areas of expertise (Stacey, 2013). It must be recognised 
that between the architectural, engineering and construction professions, there 

is a difference in the goals they would like to achieve, how they communicate and 

what skills they possess. Learning how to bridge the divide needs to be carefully 

navigated and worked out, whether in the digital or the physical realm (Chaszar 

& Glymph, 2010). 
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The more practice blurs the lines with cross-disciplinary enterprises, the more the 

lines of ownership and responsibility within projects will become shared. Digital 

technologies have ultimately allowed the bridging of barriers that have 

traditionally hindered collaboration (Chaszar & Glymph, 2010). The sharing of 

data back and forth between consultants, through digital processes can allow for 

changes to be tracked to effectively coordinate the design and building. A virtual 

model can be used by collaborators to coordinate, and error check before any 
physical manifestation (Krygiel, 2010). The virtual model can also allow designers 

and contractors to collaborate without the need for time-consuming paper-based 

communication methods (Naboni & Paoletti, 2015). Ultimately, digital fabrication 

can create possibilities and new avenues of production (Moe, 2010). If problems 

are difficult to resolve digitally, the use of affordable file-to-factory prototyping 

processes can be an effective medium to allow for collaborative proofing of digital 

models to be take place (Sass, 2007b). 
 
The use of technology has significantly reformed the way the architecture, 

engineering and construction professions regulate the production of building. The 

use of two-dimensional documentation drawings, however, is still an important 

element in conveying information for the manufacture of prefabricated building 

and applying for required building consents (Stacey, 2012). The process may 

seem slow, hindering and an unnecessary task, but it still serves an important 

purpose to obtain regulatory approvals and convey information to skilled 
contractors who are not well versed in digital technology.  

  

Globally, building codes have become increasingly rational and well integrated 

into the construction process, while planning regulations and assessors have 

become slow and complex to deal with. As a response, developers minimise and 

simply variables by pursuing repetition in design and production rather than 

inviting regulatory review with new site-specific designs. The construction of 

houses therefore tends to be a collection of extensively tested and approved 

standardised subassemblies. This form of construction is commonly viewed 

positively, due to the inability of housing to be prototyped. Building-product 

manufacturers invest considerable resources to test components under a large 

range of scenarios. In most cases, it is expensive and time consuming to ensure 

that fewer uncertainties will occur during construction. Manufacturers, however, 
can only realistically place their resources into a limited number of product 

offerings, with specific applications. The process can lead to frustration and 

liability for builders and architectural designers who wish to pursue the bespoke. 

In most circumstances, designers are left to refine and coordinate all building 

subassemblies through the design, documentation and consent process, or to 

invest in specialist product manufacturers to obtain the desired design intent at 

great cost. Large projects, in contrast, have the luxury of investing in the testing 
of full-scale mock-ups, as costs normally can be recovered through large project 

runs (Anderson & Anderson, 2007).  

 

In New Zealand, there are hundreds of thousands of types of building products 

on the market. To help designers, specifiers and regulators understand individual 

building products, certification and appraisal schemes can be sort by product 

manufacturers. As a result, it has allowed manufactures and suppliers to get the 

product accepted for use in the New Zealand market. The ‘CodeMark’ 
certification and the BRANZ appraisal schemes the most common form of 

product assurance throughout New Zealand. A CodeMark-certified product or 

construction method is considered to be in compliance with the Building Code 

and is required to be accepted by any Building Consent Authority as per the New 

Zealand building Act 2004. For the consumer, it can provide more certainty 

around building product use and minimise compliance costs. The certification and 
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appraisal always comes with a technical document called a ‘Product Statement’ 

that can inform a profession on how to work or apply with the specific material 

(Cunninghame, 2011).  

 
2.2.4 Section analysis 
 

The use of software and automated technology is challenging the way architects 

and the end user can socially take part in the production of architecture. The third 

industrial revolution proposes a change in the way both architects and end users 

can participate in creating complex products that can be subsequently produced 

by automated manufacturing facilities. Although the implementation of 
automation technologies can empower many to uptake DIY building activities, it 

also has the potential to replace, diminish or re-align the need for skilled labour. 

An unspoken aspect of open source technology is that many believe it is a free 

product, however there is always a hidden associated cost associated to it. To 

form a successful social enterprise, a large amount of built-up knowledge and 

expertise required to create a well-crafted product.  

 

Automation, and software technology has the potential to allow for greater 
alignment between the different professions that are involved in realising 

architecture. However, for successful integration of these technologies to occur, 

architects and their collaborators such as engineers, and contractors need to 

adapt. Architects can be liberated to test ideas with the use of file-to-factory 

workflows. Consequently, the process affords small independent firms to test and 

produce complex components at a sophisticated DIY level. For any architect who 

wishes to engage with digital fabrication, the to simply design a product for 

subsequent CNC milling without respecting fabrication logic and obtaining the 
necessary skills and knowledge designers will lead to disastrous outcome. The 

process will require the design of architecture within software to embed aspects 

such as tolerance and material behaviour into any virtual model.  

 

The major advantage of designing within a software over a conventional pen-to-

paper method is with the way information can be manipulated, transferred and 

replicated with ease. It, however, must be recognised that there is still room for 

conventional construction methods when the appropriate workflow is applied or 
when the limitations of the automated machine is meet.  

 

Digital fabrication, standardization, prefabrication and modular design are 

interestingly linked. They can offer architects to create efficient well organised 

production systems. For successful prefabrication of architecture to take place, 

large amounts of planning’s needs to take place. The use of file-to-factory 

technology can provide opportunities for custom products to be tested and 
evaluated affordably. The use of modular design can allow for effective 

personalisation operations to take place.  The process of creating architecture as 

prefabricated assembled modules can be an attractive method to increase quality 

and productivity and can provide the profession with a multitude of great learning 

opportunities. However, for many, the process modular mass-customization can 

lead to superficial repetitive outcomes. The use of standardize ‘off-the-shelf’ 

materials and details can allow for easier access to obtain regulatory approvals. 

The product should not be a factor to diminish the act of design or its specification 
to create bespoke products.  

 

Many believe, that software can liberate the customer and take further control of 

the design process with simple auto-bespoke processes and software. This fact 

is indeed true for many design-base industries. Architecture practise, however, 

requires specific organisational knowledge and skill that cannot be supplemented 
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by digital technology. Although digital technology can provide architects a 

pathway for greater control over the design-build process, respect and 

collaboration with specialist tradespeople will always be required for successful 

outcomes to be produced.  

2.3 Architectural precedent 

The precedent reviews will be divided into three digital categories. The first option 

delivers to the mass-market housing industry – it comprises pre-nail and 

automated factory production processes. The second manufactures bespoke or 

high-end architecture for the wealthy. The third, still relatively untapped, option 

involves open-source, online DIY systems that allow for end users to download, 
customise and print files on CNC machines for subsequent assembly by lay-

people.  

2.3.1 Mass-market housing 

Mass-market housing is dominated by large-production output processes that 

generally reorganise the way products may be manufactured. Today, in New 

Zealand, the construction industry, like any other international industry, is a lot 

more into prefabrication and automation than is advertised. Pamela Bell (2012b) 
suggest the market still has a misconception about how houses are built and 

estimates 98% of residential construction is built using pre-engineered, pre-cut 

and pre-nailed components. Major building suppliers such as Carters and 

Placemakers manufacture and supply pre-nailed products. In most cases the pre-

nailed walls and trusses that are manufactured are CNC-cut to length and 

assembled by hand. This is not limited to balloon frame products, but is also 

available in steel frame construction.  

Panelised house building is become a highly visible construction method in New 

Zealand. The use of Sandwich Insulated Panels (SIP), made out of metal 

sheeting or composite board with polyurethane filling, is becoming a popular 

product. Durapanel is a product that is produced by the Japanese-owned Juken 

New Zealand Limited (JNL), which also produces products such as Laminated 

Veneer Lumber (LVL), plywood and Triboard. The Durapanel system is a system 

whereby JNL’s Triboard is primer-painted and pre-cut by JNL, and can then be 

routed using CAD/CAM technology. The beauty of system is that it can be 

partnered with other products. The obvious benefits with computer aided 

manufacture is how door leaf’s can be re-used when cut from panels to recess 

can be used to hide electric conduits (Bell, 2012, p. 71). Another competing panel 

product is Metra Construction Panel, produced in the town of Huntly in the 

Waikato region. The product is manufactured from reconstituted plantation pine 

wood fibre, bonded together with moisture-resistant resins and waxes.  

Factory production of cross laminated timber (CLT) or jumbo ply within the New 

Zealand context commenced in 2012 (Iqbal, 2015) in XLam’s factory in Nelson. 

It has since grown to become a popular innovative product to be specified within 

social housing projects, commercial and high-end buildings. The timber product 

can be largely viewed to be alternative to popular precast concrete construction. 

The XLam plant in Nelson can currently produce eight houses a week. With 

demand expected to increase by 30% in domestic capacity and further 

anticipated growth across the Tasman, XLam has been prompted to invest in 

upgrading its Nelson plant, and opened a plant in Australia in March 2018 (Jones, 

2018). A majority if CLT factories rely on mechanised manufacturing processes 

through automated CNC machining to prefabricate precision CLT building 

elements (Iqbal, 2015). Strong demand for CLT has led Red Stag Timber, which 



49 

currently processes timber at its mills in Rotorua, to invest in a $20 million CLT 

factory to supply the product for mid-rise construction projects (Guy, 2018). 

According to a BRANZ report on the specification of CLT to building in New 

Zealand, the most effective application of the product will be in the construction 

of multi-unit buildings in medium-to-high-density outputs (Iqbal, 2015). 

New contender in the market, Concision, plans to introduce modular panelised 
technology, for example, using elaborate production processes to force 

automated tools into mimicking conventional construction by creating modular 

panels for subsequent assembly on site. These panels differ from panelised 

systems such as engineered SIP and CLT panels, as they are literally sections 

of walls, floors and roofing that are fully fitted with insulation, plumbing and 

electrical, and other relevant subassemblies. Concision alone can produce 

approximately 1000 homes at its Christchurch factory. The factories do not come 

cheap. They require large capital investments of around $19 million. 
Sophisticated software translates bespoke building design into production 

outputs for the digital manufacture of the modular panels. The transportation and 

assembly of these panels by crane to form a watertight building is a quick process 

(Wood, 2014). In 2018, the part owner of Concision, Mike Greer Homes, ceded 

its shares to other shareholder Spanbuild Holdings. Both shareholders admit that 

once the Concision factory was put online, there were issues that needed to be 

resolved with the technology and they no longer had to think like a house builder, 
but a product manufacturer. To ensure a streamlined manufacture process, the 

planning between clients and Concision needed to take place early for a quality 

and productive output. Concision requires a production output of about 100 

houses for savings to be passed on to the end user (Hutching, 2018). 

The smaller, and now defunct, eHomes in Auckland was a small independent 

consortium that provided a service similar to Concision, with the ability to 

construct one home within eight hours. Although methodology proved innovative 

and economical within eHomes, an unaccepting market failed to provide the 

demand required for the company to endure. This, and the ‘independent 

operating’ status of the company, led to its liquidation in 2015 (Gibson, 2015).  

Modular volumetric construction industries do also exist and have a historic 

presence within the New Zealand landscape. Stanley Group established its 

modular division by acquiring Carters’ modular plant in Matamata, Waikato 

Region. In 2011, Stanley produced 468 bedsits for the University of Auckland by 

stack volumetric modules (Bell, 2012b). Recently, Stanley Modular has merged 

with innovative design and technology-led start-up Tallwood Ltd. Rob Marshall, 

CEO of Tallwood explains the merger with the Stanley Group and how it enables 
the company to provide a package deal to customers including design, 

manufacturing and installation Although the Stanley Group has decades of 

industry experience, modern methodologies, such as the digital fabrication 

techniques provided by Tallwood, integrate the newly formed group into the now-

evolving construction industry (Tallwood, 2018). 

A strong strategic focus of Tallwood is to pursue the construction of large building 

production, with the use of engineered timber such as LVL and CLT, with 
technology commonly found in countries such as Canada, Austria and Australia. 

In doing so, they ensure Kiwis’ history of, and great fondness for, wooden homes 

and buildings can continue at an advanced scale (Fleming, 2017).  
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Cold-pressed steel framing is an automated process that can produce framing 

elements that are comparable to conventional timber stick or balloon framing. 

The cost of specifying the product is also competitive when compared to timber 

framing, with the only real differences being that the steel framing weighs less 

than timber, is not susceptible to rot, and has product-specific connection details 

(Burgess, 2013). The steel framing industry has experienced positive growth. In 

2008, steel framing accounted for 1% of builds compared to 8% in 2013. The 
cold-pressed steel framing machine progressively bends and punches holes in a 

sheet of steel until it becomes a frame fit for construction. Unlike timber, 

prefabricated steel frames can fit together seamlessly like pieces of Lego. Large 

enterprises can work with low-to-medium-skilled labourers to help construction 

and assembly building to scientifically reduce cost (MacGregor, 2013). 

 
Howick Engineering, based in Auckland’s eastern suburbs, manufactures CNC 

steel framing machines for both the domestic and international export market. In 
2010, over 200 factories in over 40 countries employ Howick’s machines  

(Adams, 2010). Forty years ago, Howick Engineering invented a specific type of 

CNC machinery that can transform rolls of steel to light steel frames. In turn, it 

has replaced the need for traditional heavier structural steel for a large variety of 

building solutions. The CNC machines Howick Engineering produces can allow 

for the production and assembly process to be completed at speed and with high 

accuracy (Keown, 2012). Each machine requires significant investment and costs 
between $200,000 and $500,000. Conventional easy-to-use architectural 

software – from software producers such as Autodesk, or Trimble – is used to 

produce frames in accordance with building plans (Adams, 2010). This allows a 

large variety of people to take up their technology without undergoing extensive 

and expensive training courses. Most recently, Howick has partnered with 

Autodesk to develop the Howick Maker Plugin for their Dynamo software. Most 

recently, Autodesk interns from the AEC Generative Design Group fabricated 

Photoelastic Pavilion at the Autodesk BUILD Space 2018 in Boston, 

Massachusetts, to prove how the architectural software can be linked to control 
CNC machines through file-to-factory workflows (Dsouza, 2018). 

 

Lockwood homes, Keith Hay Homes, GJ Gardner Homes and Flectcher Living 

Homes are just some examples of strong historical legacy mass-market house 

makers in New Zealand. While most of the homes are produced with pre-nailed 

frames and trusses or steel, it must be recognised that there are manufacturers 

that strive for innovation around fabrication technologies and marketing to stay 

ahead (Atkins & Bell, 2016). Lockwood is a boutique supplier that recognises that 
it needs to employ clever marketing techniques, similar to Japanese retailer Muji, 

by collaborating with famous award-winning New Zealand architects, such as 

Pete Bossley, Strachan Group Architects (SGA) and more recently Michael 

O’Sullivan, to design specialty home models. Lockwood also pursues the ethos 

that no two homes they produce are the same, and works to incorporate clients’ 

‘own plans’ in an aim to appease the market’s perceptions of standardisation. 

Adopting technology, such as CNC machinery and modular construction 

processes is allowing Lockwood to move beyond pre-cut components and panel 
construction. In mid-2009, Lockwood invested over $6 million dollars in their 

factory to increase productivity to build 3,000 homes a year (Bell, 2012b).  
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2.3.2 Manufacturing the high-end bespoke  
 
A majority of the built projects described within this section work under the 

assumption that they are first designed as virtual artefacts. Like the design of 

automobiles, ships, and aircraft, it is through simulation and mechanism that 

production is able to move to the factory. It ultimately enables the fabrication of a 
collection modular parts to be produced simultaneously and independently of one 

another for assembly on site (Kieran, 2008, p. 24)  

 

UK-based Facit Homes is a small group of skilled professionals that produces 

bespoke modular plywood homes using basic CNC milling technology. Instead 

of a client following a traditional model of employing an architect, engineers, 

specialised fabricators and building contractors, all of this is completed by a 
single entity. As Facit offers construction products, research and development 

and prototyping is also conducted in-house to develop their modular plywood 

products. This process is selected to ensure the client or the end user is provided 

with a customised, highly bespoke, high-quality product. Facit also employs BIM 

and proprietary plugin software to enable parametric design of site-responsive 

architecture to meet clients’ needs and tastes. The same software enables every 

detail to be converted into commands for CNC manufacturing, creating a 

symbiotic relationship between design and production (Bell & Simpkin, 2013).  
 
Facit’s systems are based on assembling customised two-dimensional CNC 

plywood components together to form three-dimensional modular panels – or 

‘chassis’ – that act like oversized Lego blocks. Once these panels are put 

together to form the structural core of the building it is made watertight using 

conventional building methods. To make the house efficient to heat, cellulose 

insulation is pumped into the hollow cavities in the panels and internal linings are 

fitted. What is significant in this system is that it humanises digital fabrication, by 

allowing non-skilled workers to participate and get their hands dirty, as seen in 

the construction of their Hertfordshire House. To ensure this can take place, Facit 

has developed its own mobile factory, where a CNC router is encased in a 

shipping container the manufacturing and assembly to take place on site 

(Koones, 2014).  

In the construction of the Herfordshire House, the first phases of construction 

consisted of the timber chassis – which includes the floor, roof, internal and 
external walls – being CNC printed, assembled and erected all on site within eight 

weeks. The second stage of the process required the use of local tradesmen to 

complete the internal and external housing elements, such as plastering the 

internal walls, cladding the structure and installing the electrical work. The final 

stage was for the Facit team to digitally fabricate and craft smaller furniture 

elements and stairs at their fabrication workshop. The entire build programme 

took seven months. The complexity of the project lies in the details and the 
fabrication process. Facit admits that a large amount of time was spent 

developing the company structure and workflow to be able to deliver projects. 

The use of BIM and digital tools allowed them to meet challenging briefs with 

high-quality bespoke outcomes (Bell & Simpkin, 2013). 

 
Facit Homes’ design process has left it with workshops littered with hundreds of 

physical prototypes for every newly conceived detail for commissioned homes. 

No prototype models are produced at smaller scale, just virtual 3D computer 
models and 1:1 scaled prototypes for real-world physicality. Facit recounts that 

while some prototypes are successful the first time, others can showcase 

shortcomings, requiring a series of prototypes to be made before an optimum 

design can be found. Facit’s workflow benefits from having access to its own 

inhouse CNC machine and workshop to allow for effective streamlining of the 

design-to-prototyping process. Even when machining needs to be outsourced, 
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digital files are created inhouse so there is no need for any external shop 

drawings (Burry & Burry, 2016). Although the majority of prototypes were for 

inhouse use only, it did showcase some prototypes for clients to make decisions 

upon (Bell & Simpkin, 2013) about aspects such as colour or material. Ultimately 

Facit believes each home produced can be seen as a prototype, and each is an 

improvement on the last (Burry & Burry, 2016). 
 
The Auckland-based steel framing company FRAMECAD has also developed a 

mobile factory, dubbed the ‘factory in a can’ (MacGregor, 2013). It is another 

example of a automated fabrication machine – in this case steel-forming machine 

– that can be encased in a standard 40-foot shipping container to produce steel 

framing components for building on site. This mobile factory can be dropped off 

at any location to produce steel framing elements for commercial or housing 

projects on demand. The flexibility of the system allows it to be useful for 

emergency relief housing and for projects in remote regions. The success of this 
product is recognised globally, units having been utilised in a wide range of 

countries from Afghanistan to Brazil (Burgess, 2014). For the user to operate the 

FRAMECAD mobile factory, they need to design the building with the supplied 

software. The FRAMECAD self-contained mobile factory includes everything to 

build a skeleton of a house, accommodation block or other structure, within a 

shipping container. Mobile factories are becoming popular not only for their 

comparative cost savings for a business, but for the effect they may have on 
people living in low social-economic areas. The machine costs $250,000, it is 

intended to service bespoke applications, and is best suited to applications such 

disaster relief, extreme conditions and remote locations. The FRAMECAD 

system is popular with international militaries (MacGregor, 2013). 

 

A lot of experimental work is beyond an architect’s normal commissioned work 

(Anderson & Anderson, 2007), but innovation can be seen in the way Wellington-

based SME Makers of Architecture have approached construction. Unlike Facit 

Homes, Makers have tapped into both local backyard and large factory 

production to further their architectural reach. Their debut project, the Warrrander 

Studio, boasts the title of the first entirely digitally designed and fabricated cross-

laminated timber (CLT) house in the country. The founding team consisted of four 
architectural graduates bound together by the simple aim to push the boundaries 

of architectural fabrication.  

 

Digital technology was not only used to minimise the need for skilled labour on 

site, but also to develop a CLT-specific cladding system (Chapman, 2014). The 

team utilised parametric software and CNC machining to create a ‘bed-frame’-

like structure which accommodated everything from building paper to sheet 
cladding for the prefabricated panel. Dubbed the ‘Cassette Cladding System’, it 

allowed the building to be assembled on site and made watertight within a week, 

as the panels could be lifted and placed into pre-routed slots in a pre-assembled 

CLT structure. These panels are also designed to be easily detached for future 

maintenance or alteration, and ultimately the project’s outcome was a house 

produced with speed and efficiency (Marriage & Sutherland, 2014). It must be 

recognised that Makers of Architecture push for innovation within the highly 

bespoke marketplace niche. Their system is heavily based on complex 
computation systems and expensive workflows. Makers of Architecture worked 

with 1:10 and 1:1 scaled prototypes to test assembly and tolerance of their 

systems (Marriage & Sutherland, 2014). 

 
 



 
53 

 

The Loblolly House, design by architects and authors Stephen Kieran and James 

Timberlake, is located on a barrier island off the coast of Maryland’s Chesapeake 

Bay. The project is based on their vision of bespoke site-specific domestic 

architecture, as presented in Refabricating Architecture (Stacey, 2012). Kieran 

and Timberlake’s objectives for the design, fabrication and assembly of the 

Loblolly House was to firstly reflect the natural world and secondly to redesign 

the process of design and construction to respect environmental ethics that 
privilege efficiency and quality. The use of Building Information Model (BIM) 

software provided the project the certainty needed to design the project from a 

bottom-up gravity-driven construction process to an efficient modular 

prefabrication process for onsite assembly activities (Kieran, 2008).  

 

The Loblolly House represents, an open system based on a customisable set of 

elements that consist of scaffold frames, cartridges, blocks, fixtures, equipment 
and furnishings. The scaffold system is by no means temporary and serves as a 

frame to insert prefabricated cartridges and blocks (Stacey, 2013). The scaffold 

system can be viewed as a series of kits-of-parts that can be made up to produce 

a variety of configurations. It is made up of two elements, the first is aluminium 

sections, while the second is the connectors. The aluminium sections are off-the-

shelf components that can be found in a catalogue, while the connections are a 

combination of catalogue and custom-fabricated units (Kieran & Timberlake, 

2008).  
 

The cartridges are fabricated using a balloon framing technique, out of light-

gauge steel or wood and are used in a variety of locations, including for the roof, 

floors, exterior walls, interior partitions and core service panels. Blocks are 

singular enclosed units for system-intensive spaces such as bathrooms, kitchens 

and mechanical rooms (Kieran & Timberlake, 2008).The house makes an effort 

not to have permanent or wet connections to be carried out on-site. As a 

response, all elements are to be bolted together rather than being welded, glued 

or laid in place, to ensure for easy assembly. The system is sympathetic the 

environment if is required to be dissembled in the future. The housing system 

was also prototyped in various ways. Kieran and Timberlake created a 1:1 scale 

proof-of-concept display in New York in 2014 called SmartWrap Pavilion (Stacey, 

2012).  
 

One Main Office Renovation is an important architectural interior developed by 

dECOi Architects. The project involved the refurbishment of penthouse offices for 

an investment group that deals with green building and clean energy 

technologies. The project principally divided the space into floor and ceiling 

planes. Both planes are articulated as continuos surfaces that incorporate 

function. The project’s ethos was to ensure any typical industrial component was 
replaced with articulate milled timber. As a result, an offering of a radically 

streamlined delivery of a highly crafted interior was produced (dECOi/MIT & 

Goulthorpe, 2014). 

 
The sketch design took advantage of working within the CAD/CAM environment 

to allow the architects to design the customised components. As a response, as 

many elements as possible utilised CNC technology to achieve cost 

effectiveness. Everything from vents and door handles to shelves, desks and 
benches. Exceptions however had to be made with certain performance 

regulatory tested elements such as sprinklers, lights, glass and hinges. The door 

handles, for example, were carved and proved to be cheaper than stainless-steel 

handles (Stacey, 2013). For liability reasons, aspects such as work chairs were 

purchased. Other aspects, such as bookshelves, desks, benches and storage 

units were designed and fabricated. The use of automated algorithms for 
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generating actual milling files, passed the process from design to fabrication 

seamlessly with high tolerance and extremely low percentage of error. The entire 

project was nested on plywood sheets and milled with a 3 axis CNC router 

(dECOi/MIT & Goulthorpe, 2014). 

 
Jeremy Edmiston and Douglas Gauthier created the Burst*008 house to discover 

what was possible with computer design and production. The design principles 
worked beyond just replicating a product of hand drawing and traditional 

production. The use of scripts and design algorithms allowed the designer to 

surrender the process of design to the computer. The house was first built in 

2005, in Sydney, Australia, and was made out of 1,100 non-identical planar, 

digitally fabricated plywood components (Christensen, 2008) that wove together 

to create vertical and horizontal planes to comprise the ground, the floor and the 

walls. Depending on the specific passive temperature conditions for an individual 

house, the weave can open, close and reshape in order to allow in or keep out 
warming sun and cooling breezes. The inclusion of Structural Insulated Panels 

(SIP) helps to strengthen the skin of the structure (Gauthier, 2009). In the 

absence of any architectural fabricators who understood fabricating using 

software, Edmiston and Gauthier turned to sign-makers to laser cut the 

components, and architectural students to participate in assembly construction 

activities. The findings of the project suggests that the architectural method is not 

inexpensive, and cost double the budget anticipated at the start of the project 
(Christensen, 2008). The findings suggest that it is an alternative to a mass-

produced version of domestic architecture and can offer a site-specific user-

oriented product. A second prototype house was built for the Home Delivery 

exhibition at the Museum of Modern Art (MoMA) in New York in collaboration with 

BuroHappold consulting engineers (Gauthier, 2009).  
 

2.3.3 Community-oriented design  
 
The Instant House by Massachusetts Institute of Technology and WikiHouse are 

just two examples among many others of innovation with CNC router fabrication 

technology and composite panelised products. Both projects investigate how 
local communities can empower themselves to solve housing problems.  

 

The Instant House is a proof of concept developed by Massachusetts Institute of 

Technology’s Laurence Sass that investigates the capabilities of plywood to be 

manipulated by CAD/CAM technology to create a customisable building system 

for community housing (Paio, Eloy, Rato, Resende, & de Oliveira, 2012). Rather 

than use nails and screws, the plywood CNC milled components were design to 

fit together like Lego, with specially designed notches and special grooves. The 
components were also designed to reflect the rich vernacular of the of the New 

Orleans context the dwelling sits within (Christensen, 2008). In 2008, Sass 

presented the Instant House at the Home Delivery exhibition at the Museum of 

Modern Art (MoMA), New York. The results of the research identified that 

plywood is an extremely dynamic material with the ability to be an effective 

medium for production of easy-to-handle structural and ornamental two-

dimensional components that reflected the context of New Orleans. Sass (2007) 

notes that the only materials and tools that are required are plywood, a CNC 
router, rubber mallet, crowbar and computer. This ethos contributes to the instant 

house being a simple low-cost proposition that can be constructed by community 

volunteers who have little access to building tools (Christensen, 2008).  

 
Architectural historian Barry Bergdoll (2012) explains that research and 

experimentation holds great promise and potential. Bergdoll’s reflection on MIT’s 

Larry Sass’s research into digital production and the Instant House is that it 
requires capital labour to work alongside automation. The development of The 
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Instant House therefore had to recognise that the human touch could cause more 

harm than good. Physical testing and prototyping were employed to reduce the 

impact of hand assembly with precision cutting (Sass, 2007). 

 

   
Figure 12: Space Craft’s WikiHouse proof of concept. CNC joints and peg joints are 

clearly shown.  

 

The WikiHouse movement aspires to give control back to the user though the 

utilisation of 3 axis CNC router and open source technologies. The WikiHouse 

flatpack systems targets an audience where unskilled labour, local community 

and everyday individuals can be involved with constructing their own homes 

without restriction (Stralen & Cezarino, 2015). WikiHouse is based on an open-

source architectural construction set where anyone can download free software 

– SketchUp and WikiHouse plugins – to individualise a library of predesigned flat-

pack templates, that can be likened to IKEA furniture products (Galilee, 2012). 

The development of the WikiHouse is an open-source forum, where online 

communities share information and ideas with the added benefit of receiving 

critical feedback by virtually anyone who is interested in driving the project 

forward (Antonelli et al., 2011). Building templates can be downloaded onto the 

home computer, adapted though a set of design principles which are then 

translated into two-dimensional geometries that can be ‘printed’ by your local 
CNC machine (Stralen & Cezarino, 2015). Much like the Instant House, basic 

tools are used to put WikiHouse’s components together with the use of friction 

joints and pegs rather than nails and screws (Gates, 2016). 

 
Since the inception in 2011, dozens of WikiHouse chapters have been set up all 

over the world. All the chapters use the web to collectively work together to 

improve their context-specific systems. The New Zealand chapter is run by 

Space Craft Systems’ Danny Squires and Martin Luff from Christchurch. The goal 
for Space Craft is to become self-sustaining by producing homes that individuals 

may want to purchase. The profit to will go back into the WikiHouse community 

to further add to research and development activities. The ultimate aim for 

WikiHouse is to empower communities to be the change makers, and become a 

catalyst for change within the housing market. (Melbourne-Haywood, 2017b). 

Space Craft’s WikiHouse NZ produced a proof of concept for the Christchurch 

Festival of Transitional Architecture (FESTA) in 2106 and have subsequently 
received a $300,000 grant from the Canterbury Community Trust’s social 

enterprise fund (Gates, 2016). Research group WOKA from Brazil is interested 

in applying the WikiHouse systems. They have interestingly adopted Space 

Crafts’ WikiHouse NZ systems, as they believe the New Zealand building system 

deals with a greater number of engineering problems and standards that are 

neglected by many, such as around earthquake and wind loading (Stralen & 
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Cezarino, 2015). This author’s visit to Space Craft in late 2015, clearly showed 

how WikiHouse NZ’s system of portal frames (Figure 12) has been engineered 

to respond to the environmental conditions and standards affecting building in 

New Zealand.  

 

The Click-Raft project is a homegrown experimental housing system by Chris 

Moller, similar to the WikiHouse. The construction elements do not have a fixed 
system, so can adapt to a wide array of functions. They are simply clicked 

together to form floor, wall and roof panels. The Click-Raft construction system 

prides itself of how it can be adaptable and “adjusts to its environment in the 

sense that a tree does” (Southcombe, 2012a). The latest iterations require 

repetitive components or ‘click-leaves’ and ‘click beams’ to be CNC milled from 

plywood to form a lattice structure. When the components come together, the 

lattice panel forms a stable diaphragm as the click-leaves are post-tensioned by 
being shaped to a mathematical sine curve. The benefit of this system is there is 

no need for plywood bracing panels to provide stability. Other structures such as 

cladding and service elements and be easily accommodated within the weave-

lattice structure. The systems can easily be transported to difficult-to-access 

sites, as it is a flat-pack product that can be assembled with minimal tools 

(Denhardt, 2016). 

 

In the article “Homes of the future click together“ (2017, para 5), Moller mentions 
he has spent 10 years developing a system that does not require nails, fasteners 

or detailed joinery. Click-Raft is simply about creating more out of less. The 

design of the Click-Raft system seeks to blur the line between walls and furniture, 

as the horizontal elements can be used for shelves or storage. Much like the 

Loblolly House, the Click-Raft structure subscribes to an ethos of disassembly. 

Numerous built projects are planned, such as a 40 square metres house in 

Wellington at the cost of $100,000.  

 

The author has experience assembling and dissembling the Click-Raft structure 

numerous times with Moller over the space of three years. The first experience 

with the product was at the 2015 BuildNZ | Designex expo with Makers of 

Architecture (Figure 13). At the IN-EX expo, students from Unitec Institute of 
Technology were provided with simple instructions (Figure 14) to assemble the 

structure at The Cloud on Auckland’s Queens Wharf (Figure 15). 

 

The first time the team of students assembled the structure, it was accidently 

assembled backwards, as the instructions were not adequate to follow and 

understand. Moller, inventor of the Click-Raft system, has made the system freely 

available under Creative Commons license (Hawkes, 2017), although the 
iteration that was provided was parametrically designed on the software plugin 

Grasshopper by Makers of Architecture. This ultimately meant that this iteration 

on display was a custom iteration that was not a product that could be easily 

assemble by the public. The laser-cut prototype (Figure 16) was the original 

system, which had greater flexibility and accessibility. The cladding attached to 

the structure was a custom-cast cladding panel designed by Makers of 

Architecture (Figure 17 & 18), which shows how the Click-Raft system can easily 

be added to. 
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Figure 13: Yusef Patel and Grant Douglas from Makers of Architecture assembling a 

Click-Raft panel at the 2015 BuildNZ | Designex expo. 

  
Figure 14: Click-Raft construction schedule (Prefab, NZCMA+U & Makers of 

Architecture, 2015). 

  
Figures 15 & 16: Unitec students assembling the Click-Raft proof of concept at Inex, left, 

and the lasercut prototype on display at Inex, right. 
 

  
 

Figures 17 & 18: Vikram Jayawant from Makers of Architecture installing the cladding 
cassette and polycarbonate panel to the Click-Raft frame. 
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2.4 Gap in current knowledge  
 

The findings of this chapter suggest that automation can benefit the production 

of architecture. In general, there are two distinct spaces of practice within the 

implementation of automation within architecture. They are: 

 

1. The cost-intensive profit-driven factory production systems that seek to 
confine professional services to specific closed operations. This area 

services multiple sectors of the market, such as the bespoke high-end 

and prefabricated factory operations. The individuals or groups of 

professionals who work within this area serve specific clients for 

monetary gain.  

2. The community-orientated production systems that seek to replace or 

redefine the role of professional services. This area of production 
services building activities in social DIY settings. Individuals and 

groupings of people who pursue these activities tend to be their own 

client, working with volunteer labour and not for profit. A large 

proportion of these projects tend to be open-source, student-led or 

hobbyist projects.  

The target research area (Figure 19) seeks to investigate the midground in which 

to use automation to create high-end community end user products. There are 

opportunities for the designer-maker to participate with both sides of the 

automated spectrum to create quality architecture. The designer-maker can 

bridge the gap and provide a social-design project with specific knowledge, skill 
and management to organise and direct social-building activities.  

 

 

Figure 19: Automation in architecture and the target research area.  

 

2.4.1 Open-source community building schemes  
 

This concept of sharing knowledge is not new. Walter Segal’s self-build system, 
for example, is testament to this, existing well before online open-source 

initiatives became commonplace (Parvin, 2013). The digital open-source 

projects, specifically WikiHouse and Click-Raft, are well positioned to ensure that 

unskilled labour can participate with the construction process. As previously 

mentioned, open-source products rely on a gift economy to research, develop 

and deliver built outcomes. The software available online can contribute to limit 

the role of designer (Willis & Woodward, 2010). The open-source online package 
that WikiHouse can provide individuals can interface with an ‘auto bespoke’ 

system that actively challenges the historic protocols behind manufacturing 

(Gage, 2012). This form of auto-bespoke can only allow certain set of parameters 
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to be customised. Both WikiHouse and Click-Raft also ignore the potential of 

various material combinations, with the exception of what type of cladding can 

be attached to the structure. The fact remains that there is still plenty to be done 

with the large array of conventional materials already in circulation (Woudhuysen, 

Keiran & Timberlake, 2010 ). Although plywood is a versatile building product, 

why is the entire structure based on the selection of one product? Space Craft’s 

WikiHouse NZ for example has clearly created a portal frame structure in the 
most overly complex way. Instead of creating a plywood box-frame system, 

would it not be more time and material efficient to use a more conventional 

frame? Even simpler, Click-Raft recognises this with its application of LVL to cap 

either end of its structural system (Southcombe, 2012a). The design and detailing 

of the Instant House is purely an exercise to investigate what is possible to 

resolve a housing problem. The jointing mechanisms do not take into account 

aspects such as weatherproofing or durability. The consequence of ‘auto 
bespoke’, and creating a system for tinkering, is that it can lead it can provide a 

false sense of novelty, where aspects such as aesthetic and material diversity is 

limited. Ultimately the product restricts how the architectural designer can 

participate in developing the scheme into a customised product.  

 

The issue with open-source architecture is with how quickly it can become closed 

off to the people it is trying to serve. The majority of open-source architectural 

products can require individuals to seek assistance from professionals before the 
commencement of any building activities. At the very beginning of the instruction 

manual for WikiHouse’s Micro House is a disclaimer absolving the original 

designer of any and all faults within the design (Figure 20) and that most 

importantly the user is responsible for meeting codes and legislation (Wikihouse-

Foundation & Architecture-00, 2017). Similarly, the Click-Raft system still 

requires professional paid fabricators, and Makers of Architecture are the main 

support manufacturing and assembly specialist behind the latest built iterations 

of their design (Melbourne-Haywood, 2017a), with their sister company Makers 

Fabrication and engineers at Dunning Thornton Consultants (Marriage, 2016). 

 

 

Figure 20: WikiHouse Micro House disclaimer statement. 

 
Open-source community products can provide for experimentation. Architect and 

senior lecturer Guy Marriage, interestingly, has imbedded a Click-Raft system to 

create floor and ceiling panels for a his Bach on the Bay dwelling (Hawkes, 2016). 

The material product cost for the floor was 30% higher than conventional framing. 

The findings suggest that when just the material cost is considered, the Click-

Raft system is more expensive. Only when volunteer labour and aesthetic 

appearance has been measured, is the Click-Raft a worthwhile investment 
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(Marriage, 2016). The work of a licenced professional, the work completed by an 

architect is not a simple case of labour. An architect is in reality not free to do 

whatever the clients wants, as there are responsibilities to and restrictions from 

the state and other professional bodies that need to be adhered to (Ruy, 2016). 

  

An architect spends years of accumulated study and practice to gather 

experience and knowledge to execute their craft. It is a professional service that 

needs to be compensated. The same principle exists for other professionals 
within the construction and engineering realm. Time spent developing and 

conducting business can also bring to light questions of ownership and 

intellectual property rights, and has led to complex political, social, legal and 

economic positions on open-source products (Garcia, 2016). This can ultimately 

serve to restrict the opportunity for large industry to participate in open-source 

projects, which can limit meaningful research and development. The obstacles 

that prevent open-source projects from gaining momentum or being open can be 

those of fair acknowledgment of authorship by the large number and variety of 
contributors (Fok & Picon, 2016). At the start of the decade, 3D printers cost tens 

of thousands of dollars and were only utilised by professionals. Thanks to a wave 

of open-source projects starting with the RepRap printer, and then hardware from 

MakerBot Industries, the cost of 3D printing has reduced drastically (Anderson, 

2012). When MakerBot Industries famously withdrew from the open-source 

space, a major reason for doing so was purely to protect authorship and build 

their brand. This move alienated many DIY hackers into moving away from their 

platform, as they could no longer pursue and improve the product (Brown, 2012).  
 

Although open-source architecture can be valuable to develop or disrupt, the 

unspoken, largely ignored attribute of community design is that it can be difficult 

to comprehend or understand information that has been placed online. This can 

be seen with the disclaimers, and the information provided can be vague and 

take time to develop into a functioning product. When designers get involved, it 

can be hard for them to advertise and disseminate the intellectual property they 

have placed into the product.  

 

2.4.2 High end and large industry 
 

As reviewed in the literature, there is already a large presence of automated 

construction in New Zealand. The market is small, and some areas are already 

saturated. As identified in the literature review, investment into prefabrication is 

current and even exported globally. The collapse of eHomes showcases that the 

promotion of more capital-intensive production methods for higher productivity 
does not always provide successful outcomes. Legacy prefabrication 

manufacturing firms, such as TimberLab (formally McIntosh Timber Laminates) 

have been exporting engineering timber prefabrication capabilities globally, to 

approximately 35 countries since 1972 (McIntosh, 2010). Lockwood Homes is 

another example, where they have exported globally as far as Florida and the 

Russian Islands. Exporting has become a part of their strategy to survive the 

harsh boom and bust cycles within the New Zealand building industry (Weir, 

2010). 

Large industries that employ automated machinery can push for material 

innovation and suppliers to reduce the cost of building. To be feasible, however, 
these companies also need to meet production targets, limit the end user’s 

individuality, control labour participation through the employment automation and 

aim to control production. All decisions are based on profits. Companies like 

Concision use elaborate production processes to force automated tools to mimic 

conventional construction. This can be viewed both positively and negatively. On 
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the one side, it allows builders, technicians and other specialists to up-skill, while 

on the other it can create exclusivity in the job market and reduce the availability 

of jobs for everyday blue-collar workers. For the most part, the same 

manufacturing methods employed in these systems can be built by everyday 

skilled labour. Would it not be more efficient and reliable to formulate a 

construction system centred on machines and not convention? Construction 

firms like Concision, however, must be applauded for venturing out and taking 
the first step to improving our building fabric through the benefits of automation 

through automated technologies and digital workflows. A negative factor of these 

large enterprises is that they require substantial set-up costs, demand and 

popularity to be economically viable. The recent receivership of eHomes is a 

testament to this (Gibson, 2015).  

 

The production of high-spec and quality bespoke products can also lead to 
innovative designed outputs. Design-build innovators such as Facit Homes and 

Makers of Architecture have been able to create highly specified bespoke homes 

with the use of automated technology. The approach is expensive and out of 

reach for most. The production of their homes requires highly skilled and 

intellectual professionals within specialised and custom workflow that has taken 

a considerable amount of time to develop. In the final stages of Facit’s 

Hertfordshire House, the fitting out of the interior elements, such as the stairs and 

the kitchen, had to prefabricated at an offsite specialist workshop (Bell & Simpkin, 
2013).The team at Makers of Architecture are continually investing to grow their 

expertise with the use of technology. They are currently developing and creating 

software systems that can inform them to assess their designs against material 

and cost efficiency. Their digital process for design and manufacturing delivery 

allow for custom prefabricated architecture (Melbourne-Haywood, 2017a). While 

the forms and spaces created by these architecture firms may appear to be 

deceptively and deliberately simple, the reality lies in the detail, planning and 

production process (Bell & Simpkin, 2013). 

 

Although there have been calls by the construction industry to persuade the 

public that greater standardisation will lead to cost savings (Page, 2009, p. 2), it 

surely would not be acceptable to continue to impose such a level of repetition 

on individual home owners in New Zealand. A solution could be provided by 
generating a catalogue of limited and quantifiable options containing features 

such as colour range, fittings, window sizes and space layout, contributing to 

significant cost savings in both planning and building phases (Page & Norman, 

2014). The catalogue automated model could be similar to the models found in 

Sweden.  

 

2.4.3 The opportunity  
 

Digital technologies can provide designer-makers the opportunity push the 

boundaries of how we build site- and client-responsive architectural products. 
The greatest prospects lie with the way designers use software and automated 

machines to engage with end user desires and taste (Sheil, 2012). The current 

opinion about automation seems to be split, one side favouring change, 

innovation and progress, and the other opposing change, likely out of fear or 

misunderstanding. When architecture is compared to construction, the former is 

more progressive within society, but when compared to the sciences it is less 

inquisitive and experimental. Within the construction industry – which includes 
suppliers and material producers – there is a tendency to orient decisions and 

targets towards large population numbers (Anderson & Anderson, 2007). Gary 

Caulford, CEO of XLam, suggests, “Prefabrication's not the golden chalice or the 

silver bullet, but it's part of a solution to us thinking differently” (Jones, 2018). 
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What is certain is that automation production is directly correlated to the ideals 

and practices of prefabrication. 

 
The boom and bust cycle of the New Zealand construction industry is disruptive 

for sustainable innovation to take place. The cycle can account for low levels of 

quality and productive construction in the market, with poor efforts to invest in 

research and development. It has led to an environment of survival, where 
uneven demand has created a resistance to change and the constant 

implementation of outdated production methods (Killeen, 2018). 

 

If the construction of housing was not so inefficient and under developed, there 

would be no need for open-source and community initiatives to pursue research 

and development. Innovators in New Zealand-grown automation, such as Vertigo 

CNC, are challenging the large automation suppliers to provide easy and 

affordable access. The construction industry is currently experiencing a boom, 
and it is difficult to keep builders afloat. The market is defined by its failure to train 

a workforce that is efficient, productive and competitive (Smellie, 2017). This 

research offers several opportunities: firstly, it can seek to understand the 

aspects of material, labour and performance; secondly, it can investigate the end 

user experience and participation, thirdly, it can determine ways designer-makers 

could interact with the production process.  
 
Material, labour and performance  

 

The price of building a house in New Zealand is approximately 15 to 20% greater 
than in neighbouring Australia. The distributed cost in New Zealand can be 

divided between land – which includes developing, design and planning fees – 

and the cost of materials and labour. Of the capital sum required for a new home, 

40% is attributed to the purchasing of land, followed by materials and labour at 

30% and 20% respectively (Page, 2009).  

 

The high cost of materials in New Zealand can be attributed to our economy’s 

inability to produce and manufacture products at required scales, and the 

domination of the market by large monopolies. Inefficiencies in the labour market 

have equally affected productivity and access to skilled tradespeople. Part of the 
problem lies with 90% of builders or building companies having fewer than five 

employees and, of those, about 60% being sole practitioners who build one 

house per year (MacFie, 2012). Another problem is presented by gender 

inequality – only 13% of workers in today’s construction industry are women 

(Hutching, 2017). The inclusion of more women into the construction labour force 

could effectively alleviate the present skill shortage. The recent demands for 

higher-performance building outcomes – specifically to create warmer and drier 
homes – in a market that is in dire need of greater levels of skilled labour, further 

increases the capital needed to construct homes (Page & Norman, 2014).  

 

Most homes may be perceived as being truly bespoke, however, a majority of the 

stock that is built is very comparable and uses standardised mass-market 

products and systems. Custom architect-designed homes only equate to 5% by 

volume and 11% by value of houses in New Zealand (Bell, 2012). Every aspect 

of the product is required to conform to a set of specified auxiliary details that are 
required to be followed for both regulatory and guarantee approvals. 

Consequently, a large portion of new houses is being constructed with a limited 

set of products, and the only real design individuality is in composition (Anderson 

& Anderson, 2007).  
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The end user experience and participation 

 

If New Zealand is a nation of renovators and DIYers, there is a limited offering – 

beyond the home department stores – for individuals or the end user to 

participate in guided design-build activities. The added dimension of creating 

digital fabrication technologies can further enhance the outcome’s detail and 

aesthetic quality. There are a variety of maker spaces, digital fabrication cut 
services, and institutions throughout New Zealand that can allow designers to 

design for the end user to participate in fabrication and assembly activities. 

Although technology can play a large role to allow the end user to participate in 

every aspect of design and build process, there should be no desire for architects 

to reduce the amount of responsibility. It can be difficult for an end user to  

generate, optimise and manage the infinite amounts of choice and variation that 

comes with any given brief like a trained architectural designer (Willis & 
Woodward, 2010). There are opportunities for local and small local architectural 

design enterprises to pursue automation for the everyday DIY enthusiast. The 

role of the designer-maker is to provide a conduit between the skill and the 

desires of the client and the realties of fabrication and industry.  

 

The New Zealand construction market is dominated by SME architectural 

practitioners and building contractors. In New Zealand, most contractors have 

firms of six or fewer employees (Page, 2009). It is not surprising that the 
construction industry seeks to cater to their needs and requirements. One of the 

problems with small building operations is that they tends to be labour-intensive. 

To increase productivity will require these small firms to employ modular house-

building techniques (Chaphman, 2013). Ease of entry and the cyclical nature of 

the workload are limiting growth.  

 

The rising costs associated with construction, and the decline in craft, quality and 

environment, indicate a need for change in the application of material, design 

principles, productivity and efficiency (Kieran, 2008). There is a large variety of 

off-the-shelf materials that can provide flexibility and customisation options that 

plywood simply cannot. There is real opportunity for local or small workshops to 

create interesting products to further enhance DIY architectural activities.  

 

2.4.4 Section summary  
 
In summary, this chapter has identified that the following gaps there are 

significant gaps in knowledge with the creation of high-quality social building 

activities. The literature has shown that automation in the production of 

architecture can be categorised within two broad groups; the first represents the 

community volunteer-based building schemes, while the second represents the 

high-end or large industry projects. The problem with individuals downloading a 

community open-source construction system is that it can present an end user 

with a lot of unknowns, hidden associated costs and risk. The benefit of the 
system being free can also be misleading, as any customised project requires 

some development to match the context and brief of the end user. The need to 

obtain regulatory approvals will also require for paid professionals to be 

employed. The chances are that, by the end of the project, the output has become 

a unique product that costs more than a conventional build, as seen with Guy 

Marriage’s application of the Click-Raft system to his Bach on the Bay dwelling. 

The high-end and large industry manufacturers make decisions based on profit 
margins. Businesses work on the basis of creating systems that are economically 

feasible by limiting the end users’ design participation. When incentives are 

provided for the end user to participate in fabrication or assembly activities, they 

also tend to be controlled and limited. Both groups tend to create ‘auto-bespoke’ 
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products, that fail to diversify in detail and aesthetic quality. There are 

opportunities for architectural practitioners to take advantage of the service gap 

that is presented between the two groups, where the end user or volunteer can 

participate in a safe manner. Their involvement should not be limited, and ways 

should be found to allow them to participate as much as possible. The architect, 

the licenced professional or contractor should aim to control all services that 

require regulatory approvals, specialist skills or knowledge.  
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3.0 Methodology  
 
3.1 Research question, aims and objectives  
 
The previous chapter identified significant gaps in knowledge with the creation of 

high-quality social building activities. In order to address the problems, the 

following key question is formulated: 

 
How can simple file-to-factory processes support social building activities 
to create high-quality architectural output? 
 
There are two sub-questions with individual aims and objectives: 

 

1. What role does the designer-maker play when developing a 
construction system for social building? 

The research aims to investigate to what extent skill, knowledge and 

organisation are required to produce successful architectural products in 

social making activities.  

The research objectives of the question will be: 

a. To critically identify what fabrication techniques, skill and expertise are 

necessary to create quality architecture with the use of simple 

subtractive digital fabrication tools and off-the-shelf materials.  

b. To evaluate how different individuals or groups with specific design 

briefs would respond to social design and building activities.  

c. To understand the organisational requirements needed to create a 

successful architectural outcome. 

2. How best can the end user participate in design, fabrication and 
assembly activities? 

The research aims observe how participants react and work with custom 

architecturally design products.  

The research objectives to the question will be: 

a. To critically identify what architectural details, material and fabrication 
tools the user is most comfortable working with. 

b. To evaluate the context best suited for social building activities to take 

place. 

c. To identify what forms of expertise and instruction are needed to create 

a functional bespoke product.  

3.2 Design methods  
 
The research is framed as a PhD with a creative practical component. To answer 

the research questions a series of design and building projects have been 

undertaken and scrutinised. Each project focuses on specific aspects of each 

question. As such, the most appropriate method of design research is that 
conceived by Ray Lucas and Peter Downton. The design method applied to the 

‘creative practice’ research within this paper predominantly centres around the 

use of digital fabrication tools. Conducting research by simply doing architectural 

design has become an important academic outcome (Lucas, 2016). There is an 

expectation that efforts will be directed toward an outcome that can be measured 

with an agreed position on how to do it. It is also expected that a researcher 
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conducts investigation about a problem that can clearly be defined, held to be 

sensible and valuable (Downton, 2003).   

 

The term ‘practice’ suggests that there is a wide context of study within a 

framework that can support such activities as academic writing or orthographic 

drawing (Lucas, 2016). There is incorrect suspicion, held by many, that if design 

research is conducted in a very planned and orderly fashion it will produce an 
expected outcome. The practice of design research, however, is vastly different, 

with the findings to be centred around reflection and intent (Downton, 2003).   

 
It can be problematic to assess design findings through numbers or a qauntative 

method. A qualitative approach therefore is best suited to provide useful 

information that is related to activities and attributes (Walliman, 2010) that require 

human-based non-quantifiable ideas, judgements and processes. It is useful for 

subjective studies over something that is fixed, and is about understanding 
qualities so that facts can be categorised for examination. Although qualitative 

research can be uncertain and insufficiently accurate, its role within the 

humanities-based study of architecture is appropriate and useful (Lucas, 2016).  

 

A practice-based research methodology without a creative output component can 

be problematic. The process requires the researcher to more than just observe, 

but to compose, orchestrate or make. Collection of data in the case of creative 
outputs require the researcher to reflect and describe, to formulate and solve 

problems. The research also needs to have the ability to identify and explain 

intuition (Leavy, 2014), something that is present within a subjective exercise 

such as the design process. Both practice and research need to take precedent 

equally, and therefore, a researcher must work hard to establish them 

coincidingly. A solution to overcome the two conflicting distinctions is to blur the 

conventional constructs that define them. It is useful to reconstitute the 

conventional construct of practice output as a form of research that can provide 

critical content. The provision of architectural production alone, however, is not 

enough to present without investigation and contribution to knowledge (Lucas, 

2016).  

 

3.2.1 Iterative design 
 

The practice of architecture within a studio environment is a context where a 
design problem is resolved through immeasurable actions (Fraser, 2013). The 

process of design is not linear, but an iterative process, were designers do not 

complete steps in any given order. Instead designers repeat a step as many times 

as possible to ensure quality thinking takes place. Although results can be 

unpredictable, it is generally viewed as a desirable outcome by designers. A 

benefit of the process is that it can help to provide information to create the next 

design iteration. It is useful to this research as a tool to “interrogate a specific 

question within a target field that is being explored” (Lucas, 2016, p. 45). It must 
be noted that an unpredictable outcome can be a hinderance to a desired design 

process if the brief contains certain and precise goals with clear evaluation 

methods (Downton, 2004). Human-centred design principles rely on iterative 

design methodology to ensure the refinement of concepts and the 

encouragement of backtracking takes place. The processes of iteration helps to 

clarify problem statements and approaches when required (Norman, 2013). 

 
The use of methods found in the discipline of science can, on occasion, be 

featured within the study of architecture. Although it can be surmised that the 

architectural design process is not so dissimilar to the iterative progress within 

the science experimental method that is utilised to resolve a problem or 
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hypothesis (Lucas, 2016), the experimentation method in science requires 

research to obtain the same result multiple times to prove an experiment, either 

by the same person or others. This action requires conditions to be constant and 

identical for informed measure of a result. The nature of conducting design 

means it is difficult for designers to practise identically, therefore it becomes 

difficult to obtain the same result, even when the same methods are applied. 

Variation can be overcome through two different means. The first approach is to 
limit the studies undertaken within the discipline to specific matters that can 

provided repeatable results with defining methods. The second approach can be 

viewed to be an experimental method that is applied more loosely when to a 

context with a set of instructions that researchers can follow for investigation. 

There is still a more-or-less repeatable process, but results will vary to a certain 

extent (Downton, 2012).  

 
Research for design is concerned with obtaining data and information through 

the ‘design process’ with a supporting creative project. This form of research 

affords a researcher the ability to choose between different directions or specific 

items such as materials or tools (Downton, 2004). Iterative leaps and lateral 

thinking are required of architectural researchers in methodological processes 

(Fraser, 2016). Design research here can simply investigate how to improve 

process or create series of successive iterative outcomes that look to constantly 

resolve and develop a designed product. The method is generally interlinked with 
the practice of the individual and how design outcomes can be improved and 

developed over iterations (Downton, 2004). The notion of the design process 

supports the architect's argument; that the more time spent on a design process, 

the better the outcome. (Willis & Woodward, 2010). 

 

Iterative prototyping 

 

The development of architecture requires prototyping activities to realise novel or 

hard-to-quantify design proposals. Frank Lloyd Wright’s ‘dendriform’ tree-like 

columns produced in the late 1930s for the Johnson Wax Building, and Tim 

Macfarlane’s more recent ‘glass stairs’ for the world-wide Apple stores required 

prototyping activities to demonstrate their feasibility. The schemes also represent 

how cross-disciplinary support needs to work beyond the current practices, 
regulations and standards. Even though software is available to simulate 

material- and engineering-related problems, not much has changed to provide 

reliable and foreseen feedback. Professional engineers and regulatory inspectors 

found Wright’s design impossible to calculate as they did not possess the 

necessary formulas. To obtain a building permit, a concrete column prototype 

was cast and tested. The design more than exceeded expectation, as after only 

one week, and while not fully cured, a load test was carried out with not only 

twice, but ten times the designed load (Stacey, 2013).  

 
Many ‘form-led projects’ around the globe engaged in prototyping at an early 

stage in the design process, so the result of those projects would not be poorly 
detailed and constructed. The feedback loop that prototyping can provide gives 

vital hints and solutions to an otherwise would-be complex construction. 

Professor Michael Stacey (2012, p. 68) comments that in his experience, 

knowledge earned through prototyping provides key feedback loops that can 

inform both the design outcomes and construction quality. Prototyping is also a 

useful tool for communication, whether it is for oneself or to convey information 

to a stakeholder. It does not matter whether the methods of communication are 

based on drawings, mock-ups or digital models, as long as some useful forms of 
outcomes are to be produced (Stacey, 2012).  
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The production of architecture will always be a battle between design intent and 

reality. The key reason to prototype architecture is to test attributes such as scale, 

form, material, details and proportions. At times, it is necessary to replicate 

material qualities and even colour (Stacey, 2013). Digital design tools can be 

used to facilitate material and production collaboration to realise more complex 

projects (Willis & Woodward, 2010, p. 204). If you can test the design before 

committing it to the contractual process, you can afford to be more ambitious. 
Although, it must be recognised that there is rarely enough time for major 

changes to be implemented into an idea (Thornton, 2005).  

 
A mock-up is quite literally mocking what it is trying to imitate. It can be a useful 

tool to recalibrate drawing dimensions, reveal conflicts and expose faults. The 

use of sketch models are also invaluable tools for moving through the design 

process and can be considered to be drafts of the final outcome (Hailey, 2016). 

What is certain, as the gap between actual and the 3D model with continue to 
narrow, the need for craftsman imagination, skill and expertise will be required 

by the architect. It is likely that the use of prototyping equipment and CNC-

produced mock-ups will become a regular exercise to produce important details, 

as architects become more accustomed to working with CAM/CAM workflows. 

Prototyping with 3D models is required to ensure that issues such as construction 

tolerances and reality’s imperfections are fine-tuned (Willis & Woodward, 2010). 

Rapid prototyping technologies can act as a medium for designers and architects 
to produce elements of their building, whether for scaled models or for full size 

details. Over time, with more investment and research, the additive process can 

be an alternative for creating ornamental building elements, all from the clicks of 

a mouse (Howes & Laughlin, 2012).  

 

Limitations and unknown parameters will always exist with technology, whether 

software or mechanical devices. It is a product of humanity, and therefore cannot 

be perfect as all the parameters within production machines or software are 

predetermined and can be difficult to adapt. These limitations and unknowns can 

only be overcome by experience, skill and knowledge. Sophisticated 

computational simulation is increasingly becoming popular, but we cannot skip 

the scales of testing as software cannot test the unknowns. The value of physical 
testing cannot be overstated, although it can be an expensive exercise. 

Architects and engineers enjoy physical testing, as it can provide a source of 

confidence before final construction takes place (Stacey, 2005).  

  

The iterative design and prototyping can become expensive exercise when a 

project becomes too large or allowed to continue for extended periods. When 

done correctly, the resources placed into iteration and prototyping are worth the 
effort, even when the business case for it does not always make sense. Aspects 

such as market conditions or client expectations and budgets will always put 

pressure on designers to take approaches that are not beneficial to a project 

(Norman, 2013). 

 

3.2.2. Reflective research 
 

A creative researcher is required to live, participate and reflect within their context 

of study. The longer the period of observation the better the research (Lucas, 

2016). The subject of study therefore requires the researcher to understand and 
observe their own behaviour over external theories (Williman, 2010). According 

to Ray Lucas (2016), ethnographic research speaks directly to the discipline of 

anthropology, but it can be a resource for contextual architectural creative design 

research through autoethnography. Lucas describes his own autoethnographic 
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work as involving the act of drawing, creating diagrams and notation of his ideas. 

The process requires the researcher interrogating and reflecting their practice. 

Many researchers believe a reflective practice is about reporting their own 

personal experience, while others believe it to be about conducting iterative 

experiments to aid discovery (Fraser, 2016,). Lucas (2016) believes both 

situations are acceptable, as long the researcher can immerse or has immersed 

themselves within the appropriate contextual situation to engage and observe. 
However, it needs to be recognised that in most cases the work produced is 

subjective and is required to be responsive to the area of study. The 

investigations can deal with a variety of practical outputs – such as drawing, or 

iterative prototyping – and need to be regarded as demonstrations of written 

theatrical standpoints and serve to represent thinking. As a response, the 

requirement to reflect, discuss and critiques one’s own creative output through 

written inscription is necessary to ensure quality and rigour within the iterative 
design process (Downton, 2014).  

 

Design research – an RMIT approach 

 

According to Professor Richard Blythe, an “venturous practitioner” can contribute 

to the knowledge of architecture through a particular intent and process with the 

use of “systematic” and “grounded” research methods, even if there is a lack of 

determined direction (Blythe, 2014). Blythe recounts that the Royal Melbourne 

Institute of Technology (RMIT) requires researchers to firstly examine and review 

existing bodies of work within the subject field. To follow, the researcher will 
report and reflect on a collection of case study projects within their own personal 

research (Blythe, 2014, p. 14). This process enables a creative to research and 

contribute to the added body of known research.  

RMIT’s Professor Leon van Schaik (Blythe & Schaik) explains a PhD candidate 

is required to identify and pursue study to resolve gaps within the body of 

knowledge. However, a creative practitioner can still incorporate their own 

personal practice into the research. The further the researcher gets into their 

work, the more there is a need for it to be constantly revaluated to identify how 

the gap might have changed. There is a need for the researcher to be conscious 

in the way they work and understand the methods in place to help create 
outcomes.  

 

A researcher’s intent towards pursuing design can place large emphasis on 

creative research. An intention may be to encourage a variety of exploration 

mediums – even at the expense of a competent outcome – to support an 

argument or theory. Following through a speculative, but promising, method can 

ultimately lead to evaluation of an outcome. Alternatively, a method or valued 
procedure can be considered to produce effective and promising outcomes. This 

process may be selected by a researcher because others have successfully 

obtained desired results (Downton, 2012). Blyth (2014) argues that intent can be 

pursed through a designer’s ‘urge’ to push for inquiry or through a designer’s 

‘fascination’ to drive a project. Another driver that is present in most design is 

through the external input of a client. Something trivial, like a brief and informal 

conversation with a client, can provide input that can affect an output. Therefore, 

it is also important to report what work has been undertaken and how it fits within 
an individual’s creative practice. 

 

Experimenting within a specific context 

 

Producing work such as a pavilion or installation to provoke a response is one 

way to conduct practice-based research. Testing ideas in real time and space 
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can offer experiences to be evaluated. The downside to this type of research 

method is that it is generally resource intensive or expressive. An exhibition can 

create an interactive environment for people to explore and interrogate. The use 

of simple interventions in a defined space is however a well-known artistic 

method. Conducting interviews and provoking reaction with intervention can 

result in violent reactions and will require ethical clearance if contentious issues 

are present. The recording of intervention will be required to be analysed after 
the event and therefore will require careful observed, recorded, documentation 

(Lucas, 2016).  

 

Testing within a controlled space is ideal for inanimate materials but suffers 

several shortcomings when humans are involved. Subjects within field 

experiments are more likely to react and behave normally (Williman, 2010). Field 

research can allow the messiness of everyday life to be acknowledged to provide 
grounded and socially driven outcomes. In the production of architectural context 

within a specific context, problems can arise with a lack of control and ethical 

issues. The approach requires careful and precise record-keeping to ensure 

conclusions can be appropriately drawn from the findings (Lucas, 2016). 

 

3.3.4 Defining the end user  
 

The notion of the end user or the client can be defined, assessed and approached 

in numerous ways. As a design should strive towards outputs that are user-

centred, details and approach on how to work with each end user will differ. The 
application and allocation of resources around function, time, technology and 

iterative design solutions will also have to match the end user. The process of 

working with a user can lead to increased cooperation and efficiencies in the way 

products are designed, tested and implemented. The process can allow for 

innovation to be more efficient, as there are simply more people to generate new 

ideas and techniques (Hippel, 2005). To include the end user within the design 

process will require the designer-maker to acquire empathy to meet their needs. 

A simple way of doing this, is for designers to simply ask the end-user to take 

part in the iterative prototyping process (Redström, 2017). This collaborative 

process can allow designers to evaluate completed prototyped outcomes (Hippel, 

2005). 
 

There needs to be an intention by researchers to call upon skill and expertise – 

such as engineers, technicians, contractors and material producers – to ensure 

problems are broken down into manageable units and tested by appropriate 

experts. In turn this will allow for fewer uncertainties to arise during 

implementation (Anderson & Anderson, 2007). However, questions remain as to 

what extent design and construction can be democratised (McMeel & Walker, 
2015). As the uptake of digital technologies increases, given the ease of use 

involved, levels of individual production skill and expertise will diminish or be 

reduced (Parsons, 2014).  

 

Firms at the leading edge of these trends are finding that conventional solutions 

are not always suited to respond to their users’ needs accurately. Eric Von Hippel 

(2015) explains that manufacture can explore what is possible with the end user 

by embedding using software into their user centred design process. To ensure 
the end user can participate, there are three possibilities that manufacture (or 

designer-makers) can engage with; 1. produce user-developed products for 

general commercial sale or commission, 2. Produce a kits of product-design tools 

or “product platforms” for the user to engage and work with, 3. Provide 

collaborative services to the end user to inform design.  
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Role of the design-maker with the End User  

 

The role of the designer-maker with this thesis is to design and create CAD/CAM 

files to create components parts for clients and volunteers to participate in the 

manufacture of architecture. In essence, designers and manufactures can 

provide custom ‘foundry’ services to users. The role of the designer-maker is to 

differentiate themselves by efficiently producing and fabricating designs with 
better quality. The business model of a designer-maker can vary depending on 

what services and expertise they offer to clients. Fabrication outputs can also 

vary depending on what machinery and spaces the designer-maker formulate 

their practice around. Client end users who are interested in participating in 

designing their own products can collaborate or employ a design-maker to 

produce design tool kits, product platforms or recipes. Depending on the 

knowledge of the client, service provided by the design-maker can vary (Hippel, 
2005).  

 

Client End User  

 

The client end user that intends to be passive and reactive to design and 

fabrication actives tend only to want to have limited involvement in a project. The 

passive end user is predictable and consistent in their functional needs. They 

follow the sequence of spaces designed of the architect. The reactive user, on 
the other hand, modifies the physical characteristics of any space when required.  

Both the passive and reactive end user rely on the architect to design and make 

decisions for them (Hill, 2003).  

The creative user is an end user that has the ability to create space or provide 

existing space with new meanings and function. The creative end-user has that 

ability to expand the design vocabulary of the architect. The creativity that is 

provided can be accidental or intentional or a combination of both. It is essential 

to consider that the an end-user is as important and is equal to the architect. To 

recognise the client end-user as an integral partner within a project will only lead 

to augmentation rather than diminish the architect's role, status and skills (Hill, 

2003).  

 

Within this thesis, the design-maker, works to the requirements of a client. A large 
majority of these clients are interested in a specific functional need and have 

volunteer labour or community support at their disposal.  

 

Collaborative Recipes   

 

The design tool kits created for clients can enable client-end users to engage with 

the design and manufacture of product outcomes in various ways (Hippel & Katz, 

2002). These design tool kits or recipes within the field of architecture can be 
found in the online opensource communities and design software resources such 

as Wikihouse and Sketch Up (Ratti & Claudel, 2015).  While some engagement 

can be complex and vastly deviate from the original source design, others with 

less skill can pursue simple alterations. It is important to note, design tool kits are 

not for general purpose and specific architectural contextual challenges are need 

to be conceived and acted upon accordingly. The more sophisticated created 

user understands the needs for design development and iteration, through 

iterative trial-and error (Hippel & Katz, 2002). Small scale outputs can be 
designed and fabricated solely produced by the end users. Lager scale outputs, 

on the other hand, will require other stakeholders to join the end user’s team to 

ensure production can take place effectively (Hippel, 2005).  
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3.3.4 Section summary  
 

The creative components within this PhD work with a design method. It is firstly 

important to examine and review the existing body of work within the subject field. 

To understand and interrogate existing bodies of work will enable key learnings 

to take place. It is counter intuitive to tackle problems that have already been 

solved and are well document or exhibited. It must also be acknowledged that 
any design research will be informed and pursued by the accumulated knowledge 

of the design researcher. Therefore, it can be difficult for creative research to 

divorce itself from the experience or personal practice held by the researcher 

prior to or during the research. 

 

Each design product will be required to be developed in a non-linear iterative 

process based on digital and physical prototyping. Each design programme will 
explore design with a series of virtual and physical prototypes. Each successive 

iterative prototyping outcome will be assessed and reflected upon. The findings 

from each prototype will provide the research with feedback loops that can inform 

either the final design outcomes or future design project. In turn, productivity, 

workflow process, design details and quality construction will be increased.  

 

The finding of any creative research will be based the on documentation by the 

designer, and the end user’s experience during the iterative prototyping, 
implementation and results of any design-build outcome. The process will require 

the researcher to interrogate and reflect on both shortcomings and successes of 

each project. There are two ways that the researcher can report upon the project. 

The first is to describe their own personal experience, while the second is to 

describe their projects as iterative experiments.  

3.3 Creative projects 
 
The creative projects within this thesis are linked to the vernacular context of New 

Zealand. The practice of ‘Digital Vernacular’ is to combine design principles of 

the past and digital technologies of the present. It is essential to maintain working 

with hand tools alongside digital fabrication machinery. A digital vernacular 

practise has profound influence by the local tools, materials, ethics and 
expressions of the local architectural and construction context. Digital 

communication, however, is making vernacular communities transcend place 

and time. It is, therefore, important to understand, vernacular concepts and 

knowledge are not always bound to specific locations. All that matters is that 

knowledge is complementary and appropriate to a specific place and 

circumstance. It is easy to identify the digital vernacular movement to be the 

same as the maker-movement. Both approaches have similar approaches to be 

affordable, tools, materials and digital technology. Most importantly, both ideals 
require a common person and simplicity of building to drive design. The 

differences lie in how the maker movement and the digitial vernacular simply view 

scale and context. The production of architecture simply requires work to be 

completed outside of norm Fab labs for successful outcomes (Stevens & Nelson, 

2015)  

The creative practice outputs within this thesis will investigate how simple 

production technology may challenge the way designers, fabricators or builders 

practice. The projects that are described within this body of research seek to 

determine whether a designer can simply ‘design, print and assemble’ a product  

without any consequence. The briefs of every project ensure that individuals – 
both skilled and unskilled – can participate in the design and making of 

architecture through file-to-factory technologies. To understand the fine line 
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between the digital and analogue, several different case studies at varying scales 

need to be produced and assessed.  

 

All the research phases utilise common tools and processes that take place in a 

simple timber workshop setting armed with a three-axis machine. The space 

needs to simulate a ‘backyard workshop’, with affordable hand tools that can be 

found at a local hardware store. The design process requires software to be 
respected, as it is simply not the case that everything that is digitally modelled 

can be or should be built (2012). In total, there will be three major creative 

component studies that investigate a variety of issues. Following the suggestion 

of author and architect Eddy Krygiel (2010), aspects that will be interrogated 

within the creative projects will be: workflow process; design behaviour; material 

fabrication realities; assembly process; and working with the end user.  

 

Research Project One  

 

The first research project output looks to design a modular product that can 
integrate with an interior skin or wall. The project is a modular fitout of the interior 

space of the ‘V-Fuels’ takeaway. The concept driving the design is to investigate 

how the designer-maker can develop a CNC modular flat-pack product for the 

end user to assemble and attach to the interior walls. The end user – which in 

this case is the client and volunteers – were asked to participate and manage the 

process as much as possible.  

 
The designer-maker’s role was to only work through design concepts, regulatory 

consents and fabrication of flat-pack elements. The end user’s experience in 

fabricating was limited; therefore, the first research project serves to understand 

the following: 

1. What type of connection detail was required for the end user to actively 

take part in the fabrication and assembly activities?  

2. Is it feasible to send modular flat-pack components to site for assembly 

and installation? 

3. What tools are required to help assembly?  

4. What forms of expertise and knowledge are required to fit out the interior 

space? 
 

Research Project Two 

 

The second research project output seeks to learn from Research Project One. 

The project also looks to design a modular product that can integrate with an 

interior skin or wall, with the added dimension of adding aspects of greater 

modular prefabrication, mass-customisation and ornamentation. The research is 

comprised of an analysis of two projects - Look Pop-up Store and the Tech Future 

Lab Reception Space – with similar details and materials. Both projects were 

CNC milled and assembled into modules within a workshop rather than onsite.  
 

The end users – which in this case are the clients and volunteers – who were 

asked to participate in the projects had different expectations, experience and 

requirements. Therefore, the research serves to discover the following: 

 

1. How can the experience from Research Project One be refined and help 

to define an organisational workflow?  
2. How can the same materials and details provide opportunities for 

individuality and customisation?  

3. What forms of expertise and knowledge are required to fit out the interior 

space? 
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4. How can prefabrication add value to the organisational process and the 

capability of the volunteer end user?  

 

Research Project Three: Fully developed housing product 

 

The third research project output seeks to learn from the research project one 

and two. The project aims to create the modular skin and the structure it is affixed 

to. As a result, the research is focused on creating a modular plywood housing 

system under the name of Eco Digital fabrication (EDFAB). To date the EDFAB 
construction system has undergone four iterative phases.  

 

The client for the research were on an intuitional level, therefore he end user 

participants of this research project is community volunteers.  Research project 

three aims to investigate the following: 

 

1. What experience and expertise from research project one and two be 

incorporated into EDFAB? 
2. How can the same materials and details provide opportunities for site 

responsive design?  

3. What forms of expertise and knowledge is required to create a holistic 

building product? 

4. How can prefabrication add value to the organisational process and the 

capability of the volunteer end user?  

5. What are the most suitable standardized building products to create a 
customized product?  

6. How can volunteer labour be managed to obtain quality results?  

7.  What techniques are needed to ensure a construction system are 

tailored to the capability and skill of the end user.   
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4.0 Research Project One: The V-Fuels Project 
 
 
The V-Fuels Project required the design and fabrication of a digitally produced 

interior fit out for Vietnamese takeaway store in Central Auckland. The design 

process took place entirely within a digital environment for subsequent 

manufacture of components out of plywood on a 3-axis CNC router for assembly. 

The same digital information produced to create concepts also had to be easily 

transformed into regulatory consent drawings to be accessed by a municipality 
authority.  

 

The findings of the project highlighted four major deficiencies with the design-

fabrication-assembly process. The first was that the interior space was 

deceptively irregular in shape, which in turn did not work well with the perfectly 

square and precisely CNC milled components. The second was the way the 

assembly of the system designed did not cater for the skills possessed by the 
volunteers. The third was that the design expectations of the stakeholders – in 

this case the client – were not properly assessed and therefore not managed 

accordingly. The last deficiency was that the amount of work required by the 

designer-fabricator was well above and beyond what was initially expected within 

the scope of works. The client’s task of producing and obtaining regulatory 

approvals became a last-minute frustrating secondary task for the author.  

 

The knowledge gained from the V-Fuels Project highlights the need for greater 
planning and control over the project. The need to test ideas and concepts with 

custom bespoke projects is an important facet of any design process. The ability 

for the digital fabrication tools to produce new components on demand to amend 

incorrectly produced components should be celebrated when appropriate and not 

just for their aesthetic or functional pathway through the production process. 

Lastly, the build process showcased design tolerance is required to extend 

beyond the inhouse manufacturing to external contractors, volunteers and 

special conditions.  

 

This chapter will be split into three sections. The first will discuss the premise of 

the V-Fuels fit out. The second will review the findings behind constructing the 
design-build project. The third section will analyse the technological, social and 

organisational learning outcomes.  

 

 

 
 

Figure 21: Plan of the interior space before installation. 
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4.1 The premise 
 
The V-Fuels interior fit-out was a volunteer design-build project to create a 

Vietnamese takeaway restaurant located in Central Auckland. The internal space 

measures 20 square metres and was an empty shell with neatly tiled floors and 

plastered walls. There were minimal amenities present within the space apart 

from downlights, sprinkler system, existing waste point and an electrical 
switchboard.  

 

The client was eager to tackle every aspect of the project. To navigate the design, 

contractual and the digital fabrication activities, the client heavily relied on the 

assistance from two architectural graduates – the author and Felix Ngu – to help 

design, produce and manage the fit out of a functional eatery. The architectural 

graduates created a digital design recipe for the client to interrogate through 

verbal communication. Once the client was satisfied, CNC flat pack components 
were manufactured for end user volunteers to assemble. 

 

There were four major design challenges that were present with the clients. The 

first was that the property selected by the client was repurposed and had a 

retrofitted stairwell, that irregular-shaped plastered walls and an uneven tiled 

floor. The second obstacle was that the space was under-sized for its purpose. 

The third issue was that the fit out required regulatory approvals from the 
Auckland Council. The last, but most important, challenge was that the client 

needed to be a part of every process to reduce the amount of capital needed to 

fit out the eatery. 

 

The client’s rejection of any form of physical prototyping at any scale, due to 

concerns of cost and time, led to the designer-maker relying only on virtual 

software-based mock-ups for testing. The initial design-build approach devised 

at the start of the project followed a five-step method. The first step was to 

develop a design scheme within the software. The second step was to create 

detailed designs for regularity approvals. The third and fourth steps were to 

design CNC components and subsequently CNC mill them in a workshop setting. 

The last step was to assemble the components onsite using volunteer labour. 

This included the suspended floor, cabinets and shelves, which were produced 
as flat-pack plywood modules. All other building materials – plywood, screws, 

light and drawer fittings – were off-the-shelf products from a local hardware store 

within walking distance. Elements such as the kitchen wall linings, counter tops, 

plumbing, electrical and extractor units were manufactured and installed by 

accredited professionals to ensure specific food hygiene safety and building 

regulations were met. 

 

  

Figures 22 & 23: Empty interior space, left, and the proposed fit-out render, right. 
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4.2 Design and construction  
 

This section follows the process that the design-fabrication team took to create a 

functional space. The section is divided into three sub-sections. The first topic 

discussed is the regulation and design. The second section discussed is how 

volunteers dealt with the workflow approach to simply design, detail, print and 

assemble a product without any physical testing. Lastly the organisation between 
all the stakeholders is critiqued.  

 
Regulation and design  

 

The task to provide the body corporate and the council with the required 

documentation was quite foreign and troublesome for the client. While the former 

required renders of how the space might look, the latter required informative 

technical drawings to satisfy fire, electrical, plumbing, access and mobility 

regulations. The inability of the client to create his own documentation set pushed 

the responsibility onto the design team. The design team decided it would be 
prudent to spend extra time creating a three-dimensional model with all the 

imbedded detail rather than just a two-dimensional model for the approval 

process. In turn, this allowed for not only renders and two-dimensional 

documentation sets to be produced, but also shop drawings, quantity surveying 

information and CNC files to be extracted also.  

 
 

 

 
Figure 24 & 25: The proposed store plan, top, and  floating floor plan, bottom. 
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Figures 26 & 27: Flat-pack carcass CNC components being assembled onsite. 
 
 
Design, detail, print and assembly  

 

The design of all the DIY elements – with the exception of the conventionally built 
floating floor  – was to be made up of modular CNC components. The design of 

the main features – the bulkhead display, the back-of-shop shelving unit and the 

reception counter – is based on CNC modular flat-pack elements. The fabrication 

logic was to mill components on a CNC router and assemble onsite using 

volunteers. After the assembly process, the volunteers were left to hand sand 

and varnish all the plywood elements.  

 

The reception counter design was made up of two elements. The first was the 

‘ugly’ structural plywood carcass (Figure 26 & 27) and the second, the ‘beautiful’ 

covering timber layer on the top and side faces. The carcass had a secondary 

function to contain storage cupboards and accessibility drawers. The V-Fuels 

logo was milled into the long horizontal bracing plywood component on display. 

The assembly of the bulkhead display, and the back-of-store shelving unit had 

similar setbacks to the reception counter in respects to tolerance, volunteer ability 
and content. The bulkhead spanned the distance between two parallel walls and 

was positioned above the counter. Its design had two functions: display signs 

were mounted on the plywood facing the shop front, while the backward-facing 

side contained storage shelving. The structure was a simple modular plywood 

box with two vertical supports. The back-of-shop shelving was a large L-shaped 

box that contained horizontal and vertical divisions.  

 
The bulkhead display was originally meant to be prefabricated as one large 

module onsite and simply screwed into place. The size and weight of the module 

required several people to help lift and fit it into place. The conditions of the space 

were extremely tight and led to the module being dissembled and built in situ to 

make sure it would fit (Figure 28). Consequences of this work-around led to 

certain fine details being diminished. The large modular shelving unit was a 

disaster, and did not fit into place due to the externally fitted extractor unit being 

larger than anticipated. A solution to fix the problem was to salvage the material 
and quickly fabricate a single shelf, to be supported by timber brackets, at a 

volunteer’s backyard garage (Figure 29). Before any fabrication took place, a 

template of the space was made to build off, to ensure the new shelf would fit. 
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Organisation  
 

In total, five sub-contractors had to be managed and employed by the client. 

Firstly, an electrician was needed for wiring all the appliances, lighting and power-

points; secondly, a plumber to attach the sink and the grease trap; thirdly, a floor-
layer to lay the protective vinyl over the timber floating floor (Figure 30); fourthly, 

a specialist kitchen manufacturer and installer for the stainless-steel splashbacks 

and benchtops (Figure 31); and lastly a specialist commercial extractor installer. 

The organisation with the design and production of V-Fuels was ad-hoc and 

confusing. The client took the responsibility to engage with the relevant external 

stakeholders such as the fire engineer, sub-contractors and council. The client’s 

communication with the contractors and need to constantly change design 

parameters during the fit out led to issues around the fitting out of the reception 
counter and back-of-shop shelving unit.  

 

There was a perception held by the client that digital technology could print new 

components without too much trouble and consequence. Simplifying and 

allowing for a clear and precise organisational workflow would have reduced the 

confusion and chaotic approach to the fit out. The lack of contact between the 

designer-makers and the sub-contractors deprived the two parties of the 
opportunity to engage in discussion and informal conversation. Contact between 

the two parties is essential, as it can allow for onsite workflow strategies to be 

developed. In turn, it can allow for both aesthetic and resource-efficient outcomes 

to be produced. The electrical work, for example, was left too late in the 

programme, which led to wiring being placed around the built elements in 

aesthetically undesirable plastic conduits. If the electrician was hired earlier and 

discussion had taken place, the wires could have been inserted or integrated into 

the elements for a cleaner appearance. 

    
 

Figures 28 & 29: Volunteers trying to fit the bulkhead into the V-Fuels space, left, and 
volunteer refabricating the shelf from salvaged components, right. 

 

  
 

Figures 30 & 31: The sub-contractors applying the vinyl floor layer, left, and the 
stainless-steel splashbacks, right. 
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4.3 Findings 
 

The file-to-factory process allowed for social building activities to take place 

through the assembling prefabricated components onsite by volunteers. The 

specification of plywood allowed for a quality aesthetic to be produced. The end-
user was extremely satisfied with the final designed and constructed product. 

Although the design team had a desire to create a conceptually and aesthetically 

creative architectural product, the brief and budget did not call for it and required 

a functional utilitarian product.  
 

Three major learning outcomes emerged from the V-Fuels project. The first, was 
concerned with lack of iterative prototyping; the second with assessment of the 

end user’s ability and needs. The third, was concerned with organisation around 

detail control and understanding the context. To simply design, print and 

assemble components without any testing was regrettable and this must be taken 

into account in future projects. In order to complete the project, the client was 

required to place additional capital and time investment to amend problems that 

arose during the assembly phases of the project. The problem would not have 

occurred if various forms of prototyping had taken place. Ultimately, the small 
amount of capital needed to prototype custom bespoke products through the file-

to-factory process outweighs the extra investment and frustration needed to 

complete physically untested product.  

 

By the end of the project, the designer-maker – in this case the author and Ngu 

– had to play a large role to ensure social building activities progressed. There 

was simply not enough planning to understand how volunteer labour could 

contribute to the design. The V-Fuels Project therefore provided the research with 

a lot of valuable insights into the dos and don’ts of working with inexperienced 

volunteer labour. Future projects therefore need to ensure the following; 

 

1. Design assembly detail and modular components to the end user’s 

capability.  

2. Ensure there is a clear organisation structure, and plan how products 

might be installed in a specific context.  
3. Avoid assembling onsite and try to prefabricate as much as possible 

within a factory to ensure for quality results.  
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Figure 32: Complete counter with the V-Fuels logo CNC engraved into it. 
 

   
 

Figures 33, 34 & 35 Details 

    
 

Figure 36: Complete fit out showcasing counter top, bulkhead and kitchen. 
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5.0 Research Project Two: Look Pop-up Store                                                                                                                                           
and Tech Futures Lab Reception Space projects 
 
 

 

The premise of the two sister projects, the Look Pop-up and The Tech Futures 

Lab Reception Space, was to design and fabricate interior spaces out of custom 

prefinished modular plywood assembly systems. The two projects sought to 

understand how the file-to-factory process can support social building activities 

within a factory setting. To ensure that volunteers could participate in making 
activities, components were CNC milled for assembly into volumetric modules 

that could be transported and installed onsite. The point of difference between 

the two projects lies with the brief, the type of labour employed and the 

involvement of the clients. While the end user and volunteers of the Look Pop-up 

Store worked heavily in collaboration with the design team, the end user of the 

Tech Futures Lab Reception Space left the majority of the decisions to student 

volunteers.  

 
The design methodology varied between the two projects due the type of 

participants, complexity of detail required and the brief requirements. Both 

projects, however, focused on creating tailored file-to-factory component-based 

systems for volunteer labour. The use of prototypes was employed to teach 

participants about the fabrication technology, but also to engage with the client 

when necessary to refine the design. 

 
 

 

Findings suggest that the design process recognised the ability and needs of the 

participants. Testing through virtual models and renders became an important 

process to create discussion with the end user. The complexity and the 

programme-specific details made the cost of prototyping worthwhile.  

 
The use of machinery – specifically the laser cutters and CNC machines – was 

essential for analysing how different assembly details were effective for the 

participants. Learning outcomes of the project showcase that with the correct 

workflow, tools and approach, a quality outcome can be produced. Modular 

principles in relation to size, repetition and simple detail are important factors in 

volunteer-based projects. Understanding the needs of the end user and their 

volunteers through prototyping activities can greatly aid the project. The chapter 

is divided into four sections. The first discusses the premise of the design and 
fabrication of the comparative study. The second and third sections review the 

findings from the construction of the design-build project. The fourth section 

analyses the technological, social and organisational findings of the chapter 
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5.1 Premise  
 

This chapter investigates two interior design projects that followed one after the 

other. The first project, the Look Pop-up Store and the second, the Tech Futures 

Lab Reception Space had a lot in common in respect to the fabrication recipes. 

The research conducted within these projects investigates how young 

architecture students and graduates can participate in a design-build project to 
produce a novel, mass-customised interior using plywood. The aims of the 

projects are to build on the past by implementing control and management in their 

development. Modular design principles, CNC manufacture with plywood and 

engagement with volunteer labour were the drivers of both projects. 

 

The first project to be completed was the Look Pop-up Store for a local optometry 

firm. The brief was simple and required involvement of the client as much as 
possible. Early negotiations with the stakeholders allowed for distribution of 

labour to suit the skill sets of the participants. The second project was a retrofit 

of a loading dock into a reception space for the newly established tertiary 

education provider, Tech Futures Lab. The brief called for students’ design and 

fabrication involvement. The design aesthetic needed to be playful and celebrate 

digital production as much as possible.  

 

The projects differed in function, with the Look Pop-up Store centred around 
displaying product, while the Tech Futures Lab Reception Space was about 

providing people a space to inhabit and relax in. The floor area of the spaces was 

also different, with the former adding up to 20 square meters and the latter being  

about 80 square meters. In response to size and complexity, Look only required 

a total of eight people to work on the project, with half being hired professional 

electricians, floor layers, and painters. The Tech Futures project only needed to 

hire three professionals – a CNC technician, steel fabricator and wood-working 

technician; the rest of the labour was made up of 15 inexperienced students. This 

required a set of steps and a workflow process to be developed and put in place. 

This meant that discussions around both digital and physical models or protoypes 

was critiqued and examined. Great emphasis was placed around reducing joinery 

complexity to ensure the volunteer labour and clients were comfortable and 
motivated to take part. Both the Look and the Tech Futures projects shared a 

similar budget and timeframe of $20,000 and six weeks respective. 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 



 
87 

 

5.2 Look Pop-up
 

 
Figure 37: Look Pop-up storefront. 

 

The timeframe and scope of the Look Pop-up Store called for the author to 

collaborate with architectural graduate Charlotte Farquharson and Master of 

Architecture Student Jonah Kim. A focus of the project was to design and build 

in a social and collective team with the client, his family and friends. The project 

commenced at the start of Semester One, 2016, and took about six weeks to 
complete. It was important for the brief to contain a clearly defined scope and set 

of limitations to the work taken on by the collaborative team. 

 

The philosophy of the client, David Chau, was to create a pop-up eyewear 

business which could disrupt the eyewear industry by providing a service in which 

customers do not need to consult professionals to purchase a new pair of 

glasses. The selected site was located within Central Auckland, at 26 High Street. 

The design of the store needed to reflect the chic, modern and clean aesthetic 
that was present in neighbouring stores within the streetscape.  

 

The design concept was developed with the client over a series of design 

workshops. The outcome was simple in scheme and led to the development of 

prefabricated modules to be produced at Unitec Institute of Technology’s 

woodworking workshop. The technique ensured that it minimised the amount of 

work that needed to be done to the structural fabric of the store.  
 
5.2.1 Labour and workflow 
 
All the participants of the project had varying skill and expertise. The digital 

design and fabrication experience held by Farquharson stemmed from her 
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involvement in creating a timber technology shelter (page 137). Kim’s experience 

differed, being largely drawn from participating in the EDFAB 1.0 project.  

Farquharson and Kim provided design, detailing, fabrication and assembly 

support through out the entire project.  The client, David Chau (Figure 38) had 

the least amount of experience, apart from participating in DIY home project. 

Chau’s experienced background in engineering management, however, did 

contribute to the organisation of external contractors. A handful of volunteer 
participants who contributed to the project was largely drawn from family and 

friends with minimal fabrication experience.  

 

External contractors 

 

The use of hired external contractors was required for certain specialist or code-

compliant tasks. Instructions were provided by the design team to the client to 

enable him to organise the majority of this work. Instructions had to be clear and 

precise to ensure work was completed correctly. As the project was to be 

completed in a tight timeframe, onsite activities such as demolishing unwanted 
walls, fixing defects within the space and painting of the interior space took place 

simultaneously as prefabrication activities were carried out. The electrical work 

happened before and after the installation of the modules, in consultation with 

the design team. 

 

Software and workflow 
 

A large number of design discussions took place around producing iterative 

digital models with Rhinoceros 3D. The use of rendering software enabled the 
client to make decisions such as colour and ornamental detail (Figure 40 & 41). 

Further on in the project, the team discovered that the design process within the 

software – specifically around aesthetic-detail connections – was 

underdeveloped, and not enough design testing was pursued.  

 

 
Figure 38: Client David Chau participating in sanding and assembly activities.  
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Figure 39: Concept plan of the proposed Look Pop-up Store. 

 

 

 

 

Figures 40 & 41: Two concepts presented to the client. Note the different shelf spacing 
and design, placement of furniture modules and back wall treatment. 
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5.2.2 Design and fabrication details 
 

The design and fabrication details for the Look Pop-up store and the subsequent 

Tech Futures Lab Reception space project is centred around the use of CNC 

router and the use of plywood. The two major fabrication details both projects 

centred around variants of the CNC mortise and tenon joint and the rebate joint  

To save time within the production process, pre-finished lacquered birch furniture 

plywood was specified for the entire built project. The material for the most part 

was dimensionally stable and defect free, allowing for the machining process to 

go smoothly and without fixing the material to the bed. The use of Perspex was 

required to mask and diffuse hidden backlight for the for the shelving units. The 

design of the prefabricated modules followed the manufacturing approach of 
creating custom architectural timber fittings employed by dECOI Architects with 

‘The Main Office’ Interior project (Stacey, 2013). The design of the centre table 

(Figure 43) and shelving units (Figure 44) for example used rebate joints to create 

a sliding door system without purchasing any proprietary system (Figure 45). The 

most complex prefabricated product to be made was the frame display shelving 

unit. In total, it contained five different variation of the CNC joints that have been 

previously described. The only non-digital produced joint came with the biscuit 
joints applied to the design of the shelving’s legs (Figure 46 & 47). The centre 

bench top and feature wall required plywood to be flipped and milled on both 

sides (Figure 48 & 49). On the outward side of the material a geometric pattern 

was applied to its surface, while on the inside, rebate slots where applied to 

receive adjoining components. The machining of the components required 

strategies to be developed to ensure both sides of the material would be perfectly 

aligned after the milling process.  
 

 
Figures 42: Plywood CNC Joints  

 

Figures 43: The centre table design 
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Figures 44:  Frame display shelving unit design 

 

 
 

Figure 45: Frame display shelving unit’s storage box sliding door detail 

  
Figure 46 & 47:  Farquharson working with at Biscuit Jointer, left, and Wood Biscuit 

being inserted into slot made by the Biscuit Jointer before the application of glue, right. 

  
Figure 48 & 49: Farquharson preparing the double-sided pattern lined panel for 

assembly, left and the panel assembled into the centre table, right.  
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Figure 50: Prototype being assembled by Kim and Farquharson 

  
Figures 51 & 52: The display shelving unit storage box prototype connection detail, left, 

and the as built detail, right. 

 

Prototyping  

 
Prototyping of the Look Pop-up was limited to only one 1:1 prototype. It was 

acknowledged early in the design process that a 1:5 laser cut model could not 
accurately simulate the rebate joints that were heavily design into all module 

types. The frame shelving unit (Figure 44) was selected for the test as it was the 

most complex product module type. The prototype enabled attributes such as 

tolerance and assembly process to be refined. Two design changes also took 

place with the prototype. The first was with the removal of the central support and 

the second was with the detailing around the storage box section design (Figure 

50, 51 & 52) 
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2.2.4 Outcome 
 

The strategy of creating standalone modules allowed the team to ignore the 

inconsistencies of the interior space. There was need for some onsite work to be 

completed by the team. This including fixing minor misstates (Figure 53) and 

adding the diffusion panels the display shelving units (Figure 54). The project 

however did become a project of specialist tools and techniques. The assembly 
of all the modules required several different specialist clamps and hand-finishing 

fabrication tools. The deceptively simple joints required a lot of intricate skilled 

finishing before any assembly actions could be completed by the client and the 

volunteers.  

 

The large size and weight of the birch plywood did have a negative influence on 

the handling and assembly of the large components. The fabrication of the 
feature wall and central bench required a minimum of three people to help put it 

together over a period of two days. The design of the Look Pop-up Store was 

simply workshop intensive. It would be difficult and out of reach for the majority 

of individuals with a backyard workshop operation within the small-time frame.  

 

The project was an overall success in respect to how it provided a platform to 

build upon. The CNC rebate joints (Figure 55 & 56) and milling of patterns (figure 

57 & 58) had a non-digital aesthetic that the client appreciated. Although the 
jointing method was easy to assemble it did require the design detail of the 

assemblage to be developed considerably and required a CNC machinist to 

precisely calibrate and programme every cut-file to each plywood sheet’s 

material thickness. Failure to do so could result in the product not meeting the 

expectations of quality. 

 

  
Figures 53 & 54: Adjusting CNC component onsite, left and Kim inserting diffusion panel 

into the display shelving unit, right.  

 

  
Figures 55 & 56: Rebate joint connection detail 
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Figures 57 & 58: Rebate pattern details on plywood 

 
Figures 59: Feature wall design rebate design 

  
Figures 60 & 61: Complete interior fitout 

 
Figures 60: Complete interior fitout 
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Figures 62: Complete interior fitout 
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5.3 Tech Futures Lab Reception Space 
 

 
 

 
Figure 63: Tech Futures Lab design concept diagram 

The students that were involved in the project were completing their third year of 

studies in the degree of Bachelor of Architectural Studies at Unitec Institute of 

Technology, Auckland, New Zealand. The studio project promised the 

participants the experience of the process of both designing and building a project 

for a real-life client within a safe environment. The project ran at the end of 

Semester One and during the mid-year break of 2016. The project was 

commissioned by national award-winning educator and founder of the newly 
established tertiary provider Tech Futures Lab, Frances Valentine. Tech Futures 

Lab was founded in collaboration with Unitec to provide mature students a 

pathway to learn, upskill or innovate within an ever-changing technological world. 

The brief was to retrofit an old delivery bay and convert it into a reception space 

in time for the institutions’ first classes in Semester Two at its inaugural premises 

in the upmarket Auckland suburb of Newmarket. 

 
The new space had to include four major design features. The first was to create 

a new balustrade and handrail system. The second was some form of acoustic 

panels to dampen noise. The third was the need for privacy and security screens 

at the front of the space where the semi-transparent roller door is located. The 

fourth element was to incorporate seating elements to ensure visitors or students 

at Tech Futures had a place to rest while waiting for meetings or classes. 

 
While the budget was fully funded by Tech Futures Lab, student labour and 

workshop resources were all supplied by Unitec. For a successful outcome to be 
produced, participants were required to collaborate and learn together. The 

fabrication process emphasised that conventional skills and practical thinking are 

required even when utilising digital tools. Although the students were managed, 

they were provided the opportunity to contribute to the management of the 

budget, and to communicate with suppliers and tradespeople when possible.  



 
97 

 

Software and workflow 

 

The students quickly learned that digital software technologies can be a powerful 

product design tool, but that they can also easily mislead them into producing 

superficial or unattainable outcomes. A scaled model, for example, can easily 

replicate a design created using software via a laser cutter or 3D printer, but the 

result can often fail to accurately reflect material considerations, functional use 
and the aesthetic quality of a full-sized practical product. Software such as 

Autodesk’s Fusion 360 or 123D Make, can oversimplify the design-to-making 

process, potentially diminishing the creativity within craft. However, when design 

is approached with the correct workflow, the process can lead to effective and 

meaningful results. Therefore, before any work commenced, the group of the 

fifteen students was required to understand that a tailored workflow process 

needed to be followed before any final production took place.  
 

 

 

 
Figure 64: Stool design being designed in 123D Make software 

 
Figure 65: Components for the prototype stool being CNC milled 
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Experience  

 

The project was essentially set up as a ‘crash course’ in design, making and 

collaboration. The students were tasked with learning the software, designing 

and prototyping in a short time. The majority of students who took part in this 

project assignment had limited or no experience with software or digital tools; 

they were placed in an unfamiliar environment, where the reality of professional 
pressures was experienced and made clear during every step of the process. 

The limitations of the digital tools – specifically with the budget, the use of 

plywood, and the 3 axis CNC router’s limitation – required the students to 

experiment with a variety of non-digital fabrication methods to achieve a quality 

outcome before the final production could take place. 

In response to the limited timeframe, and the overlapping schedules of the Look 

Pop-up Store, the students were exposed to challenges and able to expand on 

the learning outcomes from the project. The students observed that digital 

production can be more than simply a tool for design and production of a product 

for subsequent printing of cut components on the CNC machine for final 
assembly. There is a need for a designer or fabricator to understand and work 

through problems such as materiality, assembly process and technique to avoid 

frustration during the assembly stages.  

 

Working with a kitchen fabricator  

 

Paul Burgess, from kitchen fabricator Neo Design, allowed us to work with their 

in-house, underutilised CNC router. The machine was a larger, more powerful 

machine than the one in the Unitec. Workshop. Although it had the same 

machining capabilities as Unitec’s CNC router, problems arose as the machine 

was configured within a closed network that was set up to a specific kitchen-

manufacture workflow. A large amount of work was required to allow the Neo 

Design CNC machine to mill products outside of the machine’s programmed 

parameters. It was therefore not efficient to continue to work on the project with 

them.  

 

5.3.1 Prototyping and production 

 

The students started the course two-thirds the way through Semester One and 
were required to complete the project in time for the opening classes at Tech 

Futures Lab in Semester Two. The time was split into three steps. The first step 

was dedicated to learning how to use the software and produce files compatible 

with laser cutters and CNC routers. The second step was dedicated to iterative 

prototyping activities and pitching these ideas to the client. The third and final 

phase commenced prefabricating the CNC components of the design and 

installing the reception interior in the space. 
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Phase one  

 

The first task for each student was to learn the software Rhinoceros 3D, through 

designing a piece of furniture. In order to understand the realities of using 

materials within the fabrication process, the students were also required to 

fabricate our designs using conventional non-digital making processes. The 

students were required to use hand joinery tools such as hand planes, belt 
sanders, the compound mitre saw, bandsaws and the trim router. This exercise 

taught the students that there are consequences when translating designed 

elements from a virtual to physical realm. These included material optimisation, 

assembly process and tolerance. It also provided students with the necessary 

skills to amend, finish or refine components that were beyond the capabilities of 

the CNC router. 

 
Once the students understood both the software and the materials into which 

these designs would translate, a collaborative design workflow developed. During 

this phase, we experimented with digital fabrication tools – specifically the laser 

cutter and 3D printer – to produce 1:5 scale models (Figures 68 and 69). In most 

cases, the process entailed designing various iterations of products on 3D 

modelling software and remaking the scale model. By the end of this phase, the 

design was locked down as a conceptual design to refine and develop. The 

balustrade and handrail system comprised of several vertical fins with an 
intersecting handrail and was attached to a bookcase. The fabrication recipe 

expanded to include the design of acoustic ceiling panels, dubbed ‘the cloud’ and 

the privacy security screens that were plywood housed in steel framing. The 

design was to be made from a combination of light poplar birch plywood overlaid 

with felt, to add a softness to the industrial interior. Both these elements 

incorporated the Tech Futures Lab brand into their designs. 

  

Figure 66 & 67: Neo Design’s CNC machine milling the Tech Futures pattern 
into plywood. 

 

  
Figures 68 and 69: Scaled laser cut, left, and 3D printed models, right 
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Figure 70: Prototype mock ups, used at the first client presentations. 

 
Figure 71: The prototype of the acoustic ‘cloud’ panels 

Phase two  
 

The project’s second phase required the students to engage with the client, 

suppliers, workshop technicians and other experienced consultants. Several 

successive presentations and design meetings were held with the client over an 
intense two-week period, during which time designs were resolved in fabricated 

1:2 and 1:1 mock-ups (Figure 70 & 71).  

 

The prototyping activities allowed the students to test in the physical world and 

allowed us to find material and physical inconsistencies that had not been 

represented or apparent in the virtual models. In total, three major problems were 

revealed during the prototyping stages. The first issue revealed that design 

developments were not accounting for material tolerance. Calculating a 
material’s tolerance is vital to ensure pieces are cut at the right sizes so they can 

interlock with ease. The second issue came with amending design details and 

assembly systems. Amending the assembly systems allowed for greater ease in 

construction while maintaining the intended look of the design. The third issue 

came with the materials we used, which at certain points did not meet either the 

client’s aesthetic preferences or structural requirements. As part of the monitoring 

of the project, student groups were required to attend design workshops with 

professionals, who ensured the designs were feasible. It was a useful exercise, 
as it allowed the team to work through problems such as how to hang the 

ornamental ‘cloud’ acoustic panels.  
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Figure 72: prefabricated balustrade module ready to be transported to site 

  
Figures 73 & 74: Student volunteer fitting screens under the stairs 

     
Figures 75 & 76: students prefabricating privacy screen in the workshop, left, and 

installing it onsite, right.  
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Figures 77 & 78: student volunteers installing the privacy screen, left and hanging the 

acoustic cloud, right. 

 

 

 

 

 

 

 

 

 

 

Phase three  
 

The initial prototyping activities prepared us for the fabrication of components and 

modules. Using the architecture workshops, all the components and modules 

were prefabricated before being transferred and assembled onsite (Figure 72). 
Despite having done practice tests of this assembly, these tests did not 

necessarily eliminate problems onsite. It also became clear that when co-

operating with contractors and suppliers, we needed the students need to be 

clear and precise as to what work needed to be completed.   

 

Discrepancies between the realities of the location and the design led to 

difficulties onsite. For example, the floor was not level, a fact that had not been 

recorded in the documentation, which led to setbacks during installation. The 
privacy screens took longer to install and connections of the hollow metal 

sections proved challenging. Although the systems used to install each individual 

cloud panel were well planned, the composition and the installation of multiple 

panels onsite was not. We were required to reinstall grouped panels multiple 

times. 

 

For most of the onsite installation, conventional building skills and methods were 

required. The only exception came when correcting the assemblage of the 
staircase handrail, balustrade and bookshelf. Despite the fact that the 

assemblage had been tested in the workshop, the minor inconsistencies of the 

site were not measured accurately, and onsite installation was initially 

unsuccessful. Armed with the new measurements, the digital files were 

amended, re-milled and assembled in place. 
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5.3.3 Outcome  
 

This course and project enabled this group of students to acquire a varied set of 

skills, which were developed during the design and production of the Tech 

Futures Lab interior. A design-build project, by nature, pushes those involved to 

their limits. Where many people struggle with the reality of deadlines and financial 

Constraints, these challenges motivated the students taking part to do things they 
have not before. 

 

Initially, the students expected digital design technology to supplement their 

making skills. To an extent it did, but we now recognise that the more 

conventional skills of craft and technical knowledge are required in order to 

deliver a successful finished outcome. The hybrid use of digital and analogue 

techniques is therefore an essential part of the production workflow developed 
during this project. It was important for us to use technology as a tool and not 

simply as a system that drives and dictates the design and final product. It is more 

useful to discover potential problems in the design through making prototypes, 

rather than through the advice of our lecturers and technical staff. The process 

also developed a strong bond and workflow within the group. 

 

Iterative prototyping as a process developed not just the fabrication and 

technologies used to realise the design, but also individual students skills. The 
virtual world did not represent the non-uniform world that we live in and we 

needed to compensate by re-designing, considering tolerance and adding 

detailed features into our digital models to ensure that the assembly process 

would go smoothly. The success of the project lead to Valentine to commission 

further privacy screens to be prefabricated and installed to an adjoining 

classroom space (Figure 80). 

 
Figures 79: Privacy screen detail design 

 
Figures 80: Complete class room output   
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Figures 81: Complete reception space output  

 

Figures 82: Complete reception space output 

   

Figures 83: Complete reception space output 
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5.4 Findings 
 

The Look Pop-up Store and the Tech Futures Lab Reception Space represent 

how two different project briefs can work with similar materials and fabrication 

processes in very diverse custom ways. The file-to-factory process supported the 

end users to participate in a wide variety of building activities. The act of rapid 

CNC prototyping serves firstly to allow the designer-maker to negotiate and 
understand how best to involve a variety of end user participants, with varying 

experience, skill and backgrounds, in design and fabrication. Both the Tech 

Futures Lab Reception Space and the Look Pop-up Store showcase that 

knowledge gained from experience can only be obtained by continual practice 

and learning from failures (Thornton, 2005, p. 102).  

The author acted as a designer-builder to facilitate design direction, creating the 

file-to-factory digital files, organising material deliveries, creating and instructing 

assembly activities, installation and organising production. Once the 

designer-maker understood the ability possessed by the end user, jobs could be 

adequately assigned. For the more advanced participants, greater responsibility 
or more complex tasks were provided to them. For some this meant they were 

taught how to run the CNC router, while for others it meant they could take charge 

of creating digital production files. While both the Look Pop-up Store and the 

Tech Futures Lab Reception Space exhibited similar application of technology 

and material, the designer-maker was required to contextualise and reflect on the 

brief. There is a need to determine who has ability and perseverance, as it can 

be difficult to transfer the knowledge of working with material from one designer 
to another. 

The concept that one can simply ‘print’ component parts or whole designs from 

a 3D model can be very misleading. File-to-factory prototyping at any scale is 

essential work needed to understand problems, unknowns, and limitations. The 

lack of prototyping in the Look Pop-up Store consequently led to a lot more 

tinkering and amendments to be made during the assembly stages. The process 

led to delays in the prefabrication programme and in some cases affected the 

quality of the output. In contrast, in the much larger-scale Tech Futures Lab 

Reception Space project, the file-to-factory prototyping process led to a well 

produced and properly followed prefabrication programme. If any amendments 
were to be made, they were superficial had no consequential effects on the 

project. The end user participation in testing and assembling 1:1 and 1:2 

prototypes allowed assembly details to be tested and refined before any actual 

production took place. Ultimately, the process led the Tech Futures Lab fitout to 

be produced with much greater efficiency and quality.  

The majority of the participants were provided with explicit instructions on how to 

assemble. The step-by-step guidelines included how to measure, mark out, drill, 

countersink and tighten the screws. Without these, the students would either 

place the screws in random places, the screw heads would not be flush, or 

veneers could blow out. Working within a workshop setting allowed for a flexibility 
around assembly of CNC components. The resources available in a workshop 

allow for components to be recut, chamfer or amended with the help of expert 

joiners when problems are encountered.  

When appropriate, the end users in both the Look Pop-up Store and Tech Futures 

Lab were taught and allowed to control the CNC router to mill plywood. This 

required the participants to learn how to calibrate, import and run the NC files 

with the aid of CNC proprietary software. Similarly, templates were provided to 

participants who demonstrated an interest in learning how to programme NC 

files. The templates were simple and required the user to input aspects such as 

material thickness, size of bridges and cut speed. In general, the repetitive nature 
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of the components and material enabled the end user to participate in these CNC 

manufacturing processes. To allow the end user to participate in such activities, 

the designer-maker was required to formulate a workflow process to ensure 

aspects such as the participants’ safety and quality output was accounted for. 

The process resulted in the planning and purchasing of extra contingency 

material to amend mistakes if necessary and the resourcing of adequate 

supervision to train and check on the end user on a regular basis.  

There were aspects where computer-simulated components produced via the 

file-to-factory process allowed components to be CNC milled to fit together for 
assembly onsite, not just the prefabrication of modules in a factory. If not planned 

carefully, components cannot be readily modified at ease (Kieran & Timberlake, 

2004). Learning from the V Fuels Project, components that were required to be 

assembled onsite were either put in place or supervised by professional 

contractors, as seen with the Look Pop-up Store and the Tech Futures Lab 

project.  

The use of traditional labels, checklists and timetables was an important element 

to manage the variety of participants in the projects. While the simpler modular 

assemblages only required simple assembly diagrams, the more complex 

modular assemblages needed the end user to constantly reference the digital 
model. The process highlighted that the more complex the design output, the 

greater the need for attentive, well-informed, and skilled assemblers. 

Consequently, the Tech Futures Lab project was designed with simpler details 

than the Look Pop-up Store.  
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6.0 Project Three: the EDFAB housing prototype 
 
 
The purpose of the EDFAB research project was to understand how file-to-factory 

technology can be adopted to the simple act of social building activities. The use 

of engineered timber became the focus of the project to ensure fabrication with 

volunteers was simple and easy to construct. The research followed a modular-

panel approach to ensure everything could be handled by people and not require 

expensive moving apparatus such as cranes and forklifts.  
 

The method of this section is to follow an iterative prototyping process. At every 

major milestone, the work was required to be presented to community and 

volunteers to assemble, or at industry events for valuable feedback by key 

sponsors. Although the file-to-factory process is an important factor in creating 

custom products, if an alternative more practical approach is available, it should 

be taken. A considerable number of fabrication activities at different scales were 
carried out over a period of four years. We have come up with four iterative 

prototype systems, with eight full-scale prototypes and countless 1:5 and 1:10 

prototypes to test feasibility of the systems.  

 

The original EDFAB concept was purely plywood centric, but as the construction 

system was further developed Laminated Veneer Lumber (LVL) was added to 

the create a more efficient building system. After the proof of concept was 

fabricated, a further three systems were developed to address four major issues. 
The first issue that needed to be resolved was to reduce complexity to ensure 

volunteers could easily participate in fabrication or assembly processes, while 

the second was the lack of critical engagement with industry requirements. The 

third issue that needed to be addressed was the amount of reliance on automated  

technology and the amount of plywood material. The fourth issue is in respect to 

gaining building and other regulatory consent approvals. 

 

There are multiple social factors that need to be considered when designing for 

volunteer labour and clients. Issues of taste, skill, and organisation are all 

important factors to deal with. Managing all the stakeholders’ expectations is also 
required. A theme that runs through all the volunteer social design and fabrication 

projects featured in this research is that experience, understanding and most 

importantly patience is required for a successful output. The EDFAB project was 

no different.  

 

The value of the research is that it can allow for multiple social demographics to 

be involved with construction. The ‘small-to-medium enterprise’ (SME) business 
market has the most to gain from applying the learning outcomes to its practice. 

Although it is well documented that technology can allow for automation, there is 

a need for experienced practitioners to ensure quality, compliance and good 

management are present. A lot of processes and activities with digital design and 

manufacture still require human interface. The EDFAB research showcases how 

the control of digital fabrication technologies is accessible and can be taught to 

individuals who wish to have control. The caveat to the learning process is that it 

is dependent on the experience and knowledge that the learner surrounds 
themselves with.  

It is important to understand that the method of developing a custom EDFAB 

construction should not always be about creating a radical new scheme or 
approach to challenge what already exists, but about working to improve current 
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practice. On the other hand, it is also important to understand when to relinquish 

systems that are mundane, clumsy and create barriers to effectively designing 

for new ideas and concepts. Integration and combinations of sub-systems can 

also come together to produce remarkable efficiencies and produce regular small 

innovations (Anderson & Anderson, 2007).  

 

6.1 Premise  
 

The availability of automated machines and easy-to-use fabrication software is 
increasing dramatically and this can be paired with readily available construction 

products to produce novel mass-customised housing solutions. By no means did 

the EDFAB research favour digital manufacture or assembly processes over 

traditional analogue construction techniques. The goal was to provide logical, 

productive and accessible blended solutions for greater affordability and flexibility 

in design. The designed experiments therefore were required to be built from 

readily available products, and use simple off-the-shelf screw fixings rather than 

digitally produced custom fixings or joining mechanisms. 
 

In response to technological change, a cross-disciplinary team consisting of 

architects, technicians, engineers and industry product suppliers came together 

to understand how best to formulate solutions for the construction industry within 

New Zealand. Ultimately, the goal of the research was to investigate how labour, 

design process, organisation, productivity and quality can be supplemented by 

technology, through the production of a series of experimental prototypes under 
the banner of the Eco-Digital Fabrication (EDFAB) project. To ensure everyday 

building contractors and product suppliers in the construction industry were not 

alienated, viable and readily available off-the-shelf materials and systems 

needed to be incorporated into the experimental prototype proposals.  

The creative research project aimed to investigate how automated prefabrication 

technologies and off-the-shelf construction products could be employed to disrupt 

building industry norms. The aim of this research was to provide small-to-medium 

enterprises (SME) in the construction industry with a pathway to upskill and 

increase construction productivity through the use of these processes. The 

purpose of EDFAB therefore was not to propose a specific solution, rather to 

investigate what possible changes could be made to the building industry’s 
existing ways of working through automation. It is important to understand that 

ease of access and digital literacy levels will differ between practitioners and 

would-be practitioners, so the investigation was geared around trying to show 

that automation is not so far-feched or intimidating. Design parameters were 

created to test whether a product could be manufactured both by machine and 

by hand. This was done so design systems connect well with conventional 

construction processes to support and encourage adaptation among building 
practitioners. Various practitioners, researchers and students took part in three 

iterative prototypes, and guidance, engineering and technical support was 

provided by lecturers from The University of Auckland and Unitec Institute of 

Technology. Industry partners such as Carter Holt Harvey Woodproducts and 

ProClima provided key technical support through their engineers and installation 

specialists, to ensure their products conformed to their code-compliant product 

statements. Lastly, practising architects and builders were constantly consulted 

to ensure that the outcomes would be realistic.  
 

The design of a construction system 

 

The research project aimed to generate discussion and provide 

recommendations on how SMEs might adopt automated prefabrication 

technology within the construction industry. The EDFAB research offered a 



 
111 

 

proposal of innovation that everyday building contractors and product suppliers 

would not be alienated by. To ensure this did not happen, viable and readily 

available off-the-shelf materials and construction systems needed to be 

incorporated into any proposed digital prefabrication systems.  

 

Approach and iterative phases 
 
The EDFAB project underwent three iterative phases, each with its own ‘proof of 
concept’ prototype that showcased a significant incremental improvement on the 

last. The first phase was based on a plywood-centric ‘kit of parts’ (Figure 84.) 

similar to the Facit Homes modular system. The second phase was centred on 

reducing material waste and complexity by including Laminated Veneer Lumber 

(LVL) in the construction system. The current and final iteration investigated the 

inclusion of portal frames to increase flexibility and participation of industry 

suppliers. While the first two iterations were important, they served to filter out 
inefficiencies and proposed solutions within digital fabrication-centric 

construction. The latest iteration, in contrast, sought to discover how off-the-shelf 

materials may be utilised without voiding the product specification guidelines 

provided by the material supplier.  

 

The iterative prototypes involved failures that needed to be resolved with the help 

of the experienced builders, specifiers and engineers within the factory and 

onsite. The reality is that automated construction is not as simple as designing, 
printing and assembling. More than eve, there is a need for experienced, skilled 

designers and builders to resolve issues that software and design cannot tease 

out. 

 

 
Figure 84: Kit of component parts.  
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Figure 85: Three layers of EDFAB 1.0 

6.2 Design and construction 
 
6.2.1 EDFAB 1.0: The original concept  
 
The EDFAB 1.0 system was primarily based on the dimensions of a 10m2 ‘sleep-

out’, a traditional backyard addition to the New Zealand suburban home. The 

decision to design of a ‘sleep-out’ was firstly made due to its size being the most 

appropriate for the production of a ‘proof of concept’ and, secondly, that it does 

not require a regulatory building consent to be produced for evaluation. The 
added goal of producing a ‘passive house’ standard home led to the concept for 

the EDFAB 1.0 construction system being divided into three sections: the primary 

structural modular panels, the secondary external envelope layer; and the tertiary 

internal lining layer (Figure 85). The primary construction system mirrored the 

influence of Facit Homes, whereby a series of two-dimensional plywood 

components come together to form modular panels that are to be stacked against 

one another. To join and interlock the collection of panels, ‘butterfly plugs’ are 
hammered into place to form a well-braced structure. As the modules are hollow, 

there is the opportunity to insert insulation within them.  

 

The secondary external envelope layer is required to apply conventional off-the-

shelf cladding systems. Before this can happen, the structure must be wrapped 

in building and roofing membrane to adhere to New Zealand building standards. 

This is followed by the application of cavity battens, sheet cladding and roofing 

material. Before the insertion of the tertiary internal lining layer, there is a need 
to create a thermally broken and airtight interior, by covering all exposed interior 

joints with sealing tape.  

Design process and testing  

 



 
113 

 

The EDFAB 1.0 iteration required the most design development and prototyping. 

A large amount of time was spent designing within digital software before 

subsequent physical testing. When faults were found during the physical testing 

stage, issues were amended within software and subsequently printed and 

retested. This feedback loop led to a large number of scale architectural models 

and full-scale mock-ups to be created. The use of simple 1:5, 1:10 and 1:20 

architectural models made with the aid of a laser cutter allowed for the validation 
of concepts before testing a more expensive full-scale prototype with the CNC 

router and plywood. During the testing of the 1:1 detail mock-ups, it was found 

that it is not always desirable or possible to automate all aspects, therefore it 

become necessary to call upon expertise. Traditional skills such as 

manufacturing, structural and environmental design expertise were adopted early 

in the design phases and remained critical throughout all steps undertaken. 

Prototyping of butterfly joints  
 
The first element to be designed was the butterfly joints. It was important to 
determine and evaluate whether the joint would be an effective and simple 

mechanism to join the panels. Aspects such as tolerance, size and form were 

investigated. The testing also evaluated different plywood products and 

thicknesses. While protoypes showcased in Figure 86 and Figure 87 investigated 

the use of 19mm rough-sawn treated plywood, the butterfly joint in Figure 88 

worked with 12m decorative treated plywood. In the case of the prototypes 

exhibited in Figure 4 and Figure 5, extra work by hand was required to allow them 
to fit effectively. The butterfly joint became an important attribute to the design 

simplicity of EDFAB 1.0. It featured in the assembly of the wall module’s stud 

members in iterations 2.0 and 3.0 (Figure 89).  

      

Figure 86 

      
Figure 87 

      
Figure 88 
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Figure 89: Variant of butterfly joint being used to splice two components together 

 

 

 

 

 

 

 

 

 

Iteration 1.0 

 

The first iteration of the EDFAB 1.0 was digitally generated and directly 

prototyped and produced at 1:1 scale (Figure 90) with locally sourced treated 

material. The design specified the modular wall panels to be made up of 15mm-

thick plywood sheets, while the floor and ceiling modules specified the use of 

19mm-thick sheets. The limitation of locally sourced plywood is that it can only 
be sourced in sheets of 1200mm by 2400mm. In comparison, internationally 

sourced material can cover an entire CNC bed at 1220mm by 2440mm. The 

downside of this specification was that the maximum size of components was 
limited to 2350mm when aspects such a tolerance and drill-bit size were taken 

into account.  

 

The assembly of the 1:1 prototype showcased the effectiveness of the butterfly 

joint’s ability to tie the modules together. The detail that connected the floors and 

roof panels to the wall panels worked similarly to top and bottom plates found in 

balloon framing construction. The detail also acted as a guide to align the wall 
modules to the floor, which ultimately made the assembly process a simple task.  

The locally available New Zealand Pinus Radiata structural plywood had its 

downsides compared to its European in the previous chapters. The product was 

principally less dimensionally stable and therefore more difficult to work with. It 

was found that the thinner and the more chemically treated the product, the much 

harder it was to effectively CNC mill and assemble with. To counteract instability 

of the plywood for safe cutting, the material needed to be held down with tabs 

and screws, which in turn led to more need for analogue hand labour. A major 
problem with the design of the module assembly was that the modules were not 

symmetrical and there were too many varying but similar components. This led 

to many problems during the assembly process.  
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Figure 90: Iteration 1.0 prototype 

 

 
Figure 91 & 92: Designs for EDFAB 1.0, iteration 3.0 for the floor & ceiling panel, top and 

wall panel, bottom. 
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Iterations 2.0 and 3.0 

 

The second and third iterations required the wall panels to be taller than a 

standard plywood sheet height of 2400m, while the original design aspects such 

as the butterfly joints and timber runner plates remained (Figure 93). In response 

to the first iteration, components were simplified by reducing the number of 

discrete parts, increasing repetition and allowing parts to be assembled 
backwords or incorrectly without any consequence. To achieve this, design with 

symmetry was employed for each component part. Before any full-scale 

prototyping was produced, volunteers were asked to assemble various 1:5 laser-

cut models (Figure 94). When deficiencies in the design were found, the virtual 

model was amended, and a new laser-cut model was produced for further testing. 

Volunteers were also subsequently asked to help assemble 1:1 floor, wall and 

roof modules. The same volunteers, were also asked to assemble the 1:1 mock 
up of the entire structure (Figure 95).  

 

Due to the problems with the locally produced material, iteration 2.0 tested 

Meranti marine plywood from Malaysia, from Plytech International Ltd, while 

iteration 3.0 tested a rimu-lined marine plywood called ‘Marinelite’ from 

Gunnersons Pty Ltd. (Figure 93 & 95). While both products were desirable, 

dimensionally stable products to CNC mill and were sized 1220mm by 2440mm, 

the lighter Marinelite plywood was selected to be taken further to final stages of 
testing.  

 

The designs of the wall, floor and ceiling modules effectively stayed the same for 

both 2.0 and 3.0 iterations. While 2.0 served to evaluate the updated module 

design, the prototyping of 3.0 served to test tolerance, fabrication and assembly 

efficiencies. To save material and expense, components were tightly packed onto 

a plywood sheet at random. Although this method saved material, it was time 

inefficient: it did not allow assembly activities to take place during the CNC milling 

process as there were never the required components ready at once to complete 

a module. As each plywood sheet took approximately 20 to 30 minutes to mill, 

time was largely spent idle by the volunteer labour. Although the selection of 

marine plywood proved to be much more dimensionally stable when compared 

to locally sourced treated plywood, not enough tolerance was imbedded into the 
CNC file. In turn, this contributed to time being spent hand-sanding components 

to ensure they could be assembled.  

 

Iteration 3.0 largely focused on resolving issues around matching tolerance, time 

efficiency and post-CNC processing that plagued the earlier versions. The 

streamlining of cut files enabled assembly activities while the CNC machine was 

running other cut files. Tests also revealed that the more dimensionally stable 
Marinelite plywood used for the large components did not need bridges to help 

hold it down, as the CNC bed’s vacuum compressor was enough to hold it in 

place. The smaller components, however, did need the use of bridges.  
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Figure 93: Runner bottom plate  

 
Figure 94: Laser-cut model of the EDFAB 1.0, iteration 2.0 structure. 

 
Figure 95: Volunteers assembling wall modules EDFAB 1.0, iteration 3.0 prototype 
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Figure 96: Volunteer assessing the weight of the Marinelite wall module 

Whau Arts Festival 
 

The 3.0 iteration was conceived as a suburban Kiwi sleepout for the 2014 Whau 

Arts Festival in Avondale. All the components were fabricated and assembled 

into panels at the university workshop (Figure 96, 97 & 98) and transported to 
site in a hired van (Figure 99). The beams to hold up the floor and roof, which 

were never tested, made their first appearance at this stage of the project (Figure 

104). Problems around their connections were not properly assessed during 

iterations 1.0, 2.0 and 3.0, and had to be quickly resolved onsite by engineer for 

the project to proceed. The use of standard treated timber for the beams 

showcased how much more dimensional unstable it is when compared to 

engineered timber. Although this did not have much of an effect on their structural 

stability, the warp and twisting of the beams did present some minor difficulties 
in the application of cladding much later in the project. An unexpected side effect 

of the construction system was the extent to which the process was highly social. 

The construction system became accessible for volunteer participation from 

members of the public to take part in the assembly process. In a sense, the 

festival showcased that the system can be compared to a large modular Lego 

construction set for grownups, as the modular panels simply slotted together with 

the aid of the butterfly joints (Figure 100, 101, 102 & 103).  

 



 
119 

 

  
Figure 97 & 98: floor panel being assembled within the architecture workshop. 

 
Figure 99: Modules being transported. 

 

Figure 100: wall panels being slot into place 
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Figure 101, 102, & 103: Butterfly joints being knocked into place to tie the wall panels 

together 

 
Figure 104: ceiling beams being put into place 

 
Figure 105: Festival visitors lending a hand to lift panels 
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Moving to Manukau  

 

The secondary and tertiary layers of the product assembled at the Whau Arts 

Festival were completed at a private residence in Manukau. The primary 

structure was transported to site, as a volumetric modular pod, on the back of a 

truck without too much damage. Onsite, an additional secondary roof structure 

was required to be attached to the main primary structure (Figure 107, 108, 109 
& 110). This design was an afterthought, not prototyped at full scale, and took full 

advantage of the recipes and prototypes that had been developed previously. 

The CNC milled components proved to be easily assembled on site. To top the 

frame, sheets of plywood, waterproof membrane and profiled steel roofing were 

subsequently laid. The process of laying the steel roofing was completed by 

volunteers under the direction of a trained roofer.  

 
On the advice of representatives from ProClima NZ, exterior building wrap 

‘Mento’ and ‘Extasana’ was used to wrap the entire exterior of the plywood 

structure before cladding and opening joinery was installed (figure 107). As 

marine plywood is not chemically treated, in New Zealand conditions the product 

is susceptible to mould and wood-boring insects. The exterior cladding followed 

a conventional process, with the application of a panelised plywood and batten 

cladding system. With the help of student volunteers, the cladding was installed 

within one day. The more difficult and complex junctions required volunteers with 
building experience to measure, cut and fit into place. 

 

EDFAB 1.0 became a promotional case study for the newly developed Altus 

Windows (formerly Fletcher Aluminium) Smartfit window system, a mass-

customised CNC-produced window system. The product comes complete and 

ready for installation, with no loose parts. Everything from the window flashings 

to the sill support bar are integrated into the window, allowing for reduction in 

human error and time during installation. As the door was digitally fabricated, 

there was confidence that it would fit. The Smartfit door, in fact, was the easiest 

building component to be installed, and only took about ten minutes to be 

screwed and sealed into place (Figure 106). 

 
Figure 106: Smart fit window being installed by Altus Window representative. 
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Figure 107 & 108: volunteers assembling roofing components, left, and installing Pro 

Clima Mento wrap, right. 
 

  
 

Figure 109 & 110: components being installed by volunteers to tie the roof 
structure, left, volunteer completing installing the bargeboards 

Internal lining 

 

Before the internal fitout took place, Knauf’s Jetstream insulation was pumped 

into the cavity within the wall panels by professionals, using a pneumatic blowing 

machine with a 60mm-diameter hose. Instead of boring 60mm holes, butterfly 

joint fittings within the interior of the structure were removed to pump insulation 

into the cavity space (Figure 113). As the design of the modular wall panels 
contained three separate cavities, the insulation pumping machine had to stop 

and restart frequently. The process was extremely inefficient when compared to 

conventional floor and roof panels with large, single, continuous cavities.  

 

At the advice of ProClima, a thermally broken airtight interior building wrap called 

‘Intello’ was installed. As the modular panels were filled with insulation, internal 

cavity batten were installed to create space for electrical services to be housed 
before the final internal lining and floor layer. The design of the linings integrated 

ornamental Niuean patterns, reflecting the  heritage of the volunteer who 

provided the final location for the sleepout. Functional modular sliding furniture 

(Figure 117, 118 & 119) was incorporated into the design of the space. The 

ceiling panels were decorated with a series of perforated holes that came 

together form a pattern based on a Niuean tapa cloth. Again, the use of 1:10, 1:5, 

1:2 and 1:1 model were used to proof the design. While the floor panels were 

installed with ease, the ceiling panels (Figure 115 & 116) took quite a bit of effort 
due to the requirement of working at height and against gravity. Although the 

jointing mechanisms for the ceiling panels were the same as those in the floor 

panels, they became too difficult to work with at height. In hindsight, larger joints, 

more tolerance and the development of useful assembly jigs would have aided 

the onsite install process.  
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Figure 111 & 112: researcher boring 60mm diameter holes where butterfly joints were 

absent, left, and being covered in dust after the process, right. 

  
Figure 113 & 114: Eco Insulation pumping in insulation through butterfly joint fitting, left 

and Installation of Intello by pro clima, right. 

  
Figure 115 & 116: mock assembly, left and install of prefabricated ceiling panels, right 

   
Figure 117, 118 & 119 
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Figure 120:  EDFAB 2.0 construction system 

6.2.2 EDFAB 2.0: Pushing the boundaries  
 

The purpose of the second phase of EDFAB was simply to tease out 

inefficiencies in the previous iteration. The design continued to follow the primary 

structure, secondary envelope and tertiary interior layering construction method. 
The majority of the amendments were centred around the modular panels, where 

three major design faults were found. The first issue was with the specified 

marine ply, and its inability to act as a weather-tight, rigid air barrier, necessitating 

the use of an external building wrap. The second issue was to update the design 

to be more efficient and use a more suitable locally sourced treated plywood in 

conjunction with Laminated Veneer Lumber (LVL) to ensure it could withstand 

structural, seismic and wind loading. The third was to increase the module size, 

reduce the amount of material used and, most importantly, how to incorporate a 
roof angle into the system. 

 

The updated 2.0 design (Figure 120) was based on a 6000mm length and a 

maximum 1190mm width. This measurement was set to conform to the standard 

‘off-the-shelf’ dimension of LVL timber and treated plywood sheets available 

within the New Zealand market. The design of the structural modular panel was 

amended to have treated 12mm plywood on the outside, while ‘Intello’ was only 

specified in isolation for the interior. This made the modules much lighter and 
easier to handle. The plywood detail was extended beyond its frame to have 

extended flaps at the top and bottom to help it better connect and align to the 

corresponding floor and roof rafters. If water was to penetrate the cladding and 

hit the plywood face, it would be able to run down and beyond the flap, and away 

from the structural LVL components. This design feature was retained in the 

subsequent design of the EDFAB 3.0. To test the system’s viability, an 8.6m2 full-

scale prototype was produced (Figure 122). The CNC fabrication times were 
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drastically reduced when compared to the first iteration, as there were simply less 

tool paths the drill bit had to follow. With the support of a digital model, the LVL 

studs were cut to length accurately with conventional mitre saws. The assembly 

of the system was difficult, as there were only markings rather than physical 

guides, such as mortise and tenon joints or assembly jigs to help put it together.  

 

 
 

 

 

 

 

 

 
 

 

 
Figure 121: Student assembling a floor panel 

 
Figure 122: EDFAN 2.0 Prototype 
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Figure 123: The original EDFAB 3.0 design 

6.2.3 EDFAB 3.0: A push for code compliance  
 

The EDFAB 3.0 system presented a major shift in the scheme’s development. 

The fabrication and assembly recipes established in the 1.0 and 2.0 iterations 

provided enough insight to develop the 3.0 structural system. The students took 
precedent from WikiHouse’s portal frames and Kieran and Timberlake’s Loblolly 

House. The developed system for the structure was defined by 45mm by 240mm 

LVL portal frames that were spaced at 2.4 metres apart, with corresponding 

horizontal modular plywood panel cassette to fill the space in between. The 

design development of the portal frames eventually led to a system whereby 

rebates and angles were CNC milled into timber lengths for  off-the-shelf ‘Tylok’ 

nail plates to be housed. With the help of students in an elective class, the EDFAB 

3.0 design was developed with the use of 1:10 and 1:5 models that tested the 
cassette panel and portal frame design. By the end of the development stage, a 

1:1 prototype was constructed (Figure 124, 125 & 126). In total, the assembly of 

the prototype was completed within an hour. The process did not come without 

some difficulty, as the students and the author discovered that the portal frame 

structure was relatively flimsy until all the cartridges were put into place. A team 

of industry professionals was asked to provide constructive feedback and 

recommendations for further development. The first recommended change was 

to run the plywood modules vertically rather than horizontally to ensure that 
bracing guidelines were meet. As a response, the distance between portals 

needed to be changed from 2400mm to 1200mm. The second recommendation 

was to resolve the corner connections by, firstly, replacing the fragile Tylok Plates 

with custom laser-cut nail plates; secondly, to ensure the structure had the ability 

to be disassembled and reused if there was a need; and, thirdly, to create corner 

cartridges that could reinforce the junctions.  
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Figure 124: Students assembling ceiling panels to the portal frame 

 
Figure 125: Attaching floor panels to the portal frames 

 
Figure 126: Complete prototype 
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BuildNZ/Designex  
 
An invitation to present the EDFAB 3.0 work with PrefabNZ at the 2017 

BuildNZ/Designex expo at Auckland’s ASB Showgrounds led to further 

development of the system. The project timeline was split into a tight six-week 

programme. The first four weeks were dedicated to design and documentation, 
while the fifth and sixth weeks were scheduled for material procurement and 

workshop fabrication respectively. The last day of the programme was dedicated 

to transporting the prefabricated modules from the workshop to the expo for 

assembly. In addition to building materials being specified as only mass-

produced off-the-shelf products, they had to conform to PrefabNZ-sponsored 

industry partners’ catalogues. The only exception to this rule was that the design 

followed Keiran and Timberlake’s example of creating custom connectors (Kieran 
& Timberlake, 2008).  

 

The only digitally produced elements of this 3.0 iteration were the CNC plywood 

components that made up the infill cartridge modules. Every other fabrication 

activity, such as assembly and cutting the LVL to length, was completed with 

conventional manual processes as it was simply quicker. Even though automated 

technology supplemented the limited construction skills the students had, it was 

important that a highly experienced builder was present throughout the build to 
ensure problems were resolved efficiently and products were installed correctly. 

 

Collaborating with PrefabNZ allowed the research to access their industry 

partners. The process provided the research with extra levels of rigour and 

became a vital step to develop EDFAB 3.0’s construction system design. The 

sponsors required that any design exhibited conform to the standards of the New 

Zealand Building Code and for their manufactured products to be applied 

according to their respective BRANZ or Codemark technical appraisals. A series 

of intensive design workshops over a three-week period allowed the EDFAB 3.0 

design attributes – specifically material specification and architectural details – to 

be critiqued and amended.  

 

In a short timeframe, the developed system underwent a large number of iterative 

designs. Again, with the use of two-dimensional drawings, digital renders and 1:5 
laser-cut models and software. Previously established relationship with 

ProClima, Knauf Insulation and Altus Windows, in the production of EDFAB 1.0, 

allowed their product requirements to be refined and imbedded into 3.0 with 

relative ease. The updated design was a lot more compatible with the use of 

Knauf’s Jet Stream insulation product. Instead of an internal plywood layer, a 

‘blanket wrap’ held the insulation in place in large cavities. 

 
The collaboration with major timber manufacturer and supplier Carter Holt Harvey 

Woodproducts pushed the design of the EDFAB 3.0 dramatically from the original 

concept. The specification Futurebuild LVL hySPAN product was used for the 

portal frame. The reduced spacing between the portals led to their dimensions 

being reduced to portal frame vertical LVL components to 45mm by 90mm, and 

90mm by 140mm for all the horizontal components. The thicker untreated 17mm 

Ecoply Flooring, Roofing and Structural Plywood was straightforward to design, 

machine and assemble in accordance with the fabrication recipe developed in 
previous EDFAB projects. The development of a new method to design, machine 

and assemble the wall panels was also required.  

The specification of 7mm Ecoply Barrier plywood for the wall panels came with 

both machining and design challenges. The first design change came with the 

removal of full cut-through mortise slots, due Carter Holt Harvey Woodproducts’ 
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concern these would compromise the product’s weatherproofing properties. An 

alternative solution was conceived to allow for the slot to be pocket engraved 

instead, and to act as a location guide for assembly process.  

The initial CNC machining test of the 7mm Ecoply Barrier plywood presented was 

dimensionally unstable. Even when the material was fixed to the spoil board, and 

screws and bridges were employed to help contain cut material from flying off the 

machine’s bed, the material simply did not stay evenly flat for the most effective 

and accurate milling of the engraved mortise slots. A machining strategy was 

conceived with the use of strategically placed tacked-in nails to pin down the 
Ecoply Barrier plywood to the spoil board (Figure 128). Once the panel 

components where cut, the same holes were used to affix it to the 17mm plywood 

frame.  

 

The corner junctions  

 

The connections that joined the LVL lengths together to form the portal frame 

structure were redesigned to conform to three major factors. The first was for the 

connection to be made with customised laser-cut plates. These were simple to 

have cut, as the fabricators – One Stop Cutting Shop – only required an Adobe 
Illustrator file. To ensure disassembly activities were accounted for, screw fixings 

were used instead of nails. The design of the corner modules contributed to 

reinforced corner junctions and provided extra support.  

 
Figure 127: EDFAB 3.0 BuildNZ/Designex iteration  
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Assembly  

 

The entire prototype was put together within one and a half hours at the 

BuildNZ/Designex expo. The order of the assembly started with placement of the 

floor panels. To make up for the problems experienced with assembling the 

prototype with the elective class, the floor panels now incorporated a portion of 

portal frame and nail plate connection within their assembly at the factory. Onsite, 
the rest of the portal frame was subsequently attached. Before the roof sections 

of the portal frame were installed, the wall cartridges were screwed into place to 

provide extra bracing. The last two cartridges to be put in place were the 

triangular corner and roof cartridges.  

 

Smartfit window 

 

The onsite assembly allowed the team to determine if virtual measurements can 

dictate the actual fabrication of the Smartfit window and its corresponding wall 

modules. The product innovation allowed the window to be ordered once the 
window size was established in week four, well ahead of the fabrication of the 

wall modules. This is in contrast to the time-consuming conventional method 

whereby the window is ordered after the opening has been made, to ensure a 

correct fit. The time-saving approach trialled allowed the window to be ordered at 

the same time as the wall cartridge was being produced. The window was 

delivered to the expo on the same day as the modular cartridges and LVL frames. 

To the excitement of the team, the Smartfit window fitted into opening without 
issue.  

 

Apex modular wiring solutions and the internal lining  

 

Apex modular wiring is a ‘plug and play’ prefabricated electrical system that can 

simply be clicked together onsite with ease. When approached appropriately, the 

Apex system could run through the walls, the cavity battens to hold up the internal 

linings were designed as a series of repetitive CNC plywood components that 

incorporated pre-milled notches and holes.  
 

The design of the plywood lining was developed with the help of Apex for 

subsequent CNC machining. As the electrical wires were to be displayed at  

BuildNZ/Designex, a portion of the lining was sent to a commercial laser cutter 

for a Perspex panel to be cut. The placement and dimensions of the pre-cut holes 

for the light fittings, electrical power points and the screws were predesigned into 

the cut file. Similar to the integration of the Smartfit window, the modular Apex 
wiring system supplied to the project was designed through the sharing of digital 

files. While the EDFAB team worked in Auckland, the Apex team, located 

approximately 1,100 kilometres away in Christchurch, worked off Vector-based 

PDF diagrams and Sketchup files exported from Rhinoceros 3D to design 

modular wiring leads and fittings for the EDFAB 3.0 prototype’s internal lining 

system.  
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Figure 128: researchers carefully pre-drilling polit holes to hold down the plywood 

 
Figure 129: Pro-clima representative teaching students how to apply the Mento Roofing 

underlay 

 
Figure 130: floor and ceiling panels being prefabricated 

  
Figure 131 & 132: Apex modular wiring behind a sheet of clear acrylic panel 



 
132 
 

 
Figure 133: Assembly of the end wall panels. Note the integration of the flap covering 

the LVL frames 

 
Figure 134: Student volunteer with apex modular wring representative 
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Figure 135: The Prefab NZ brought to you by Unitec exhibit 

 
Figure 136: EDFAB 3.0 being transported to Proclima Hub. 

Transport, disassembly and EDFAB 3.5 
 
The at conclusion of the expo, the prototype was transported, still assembled, on 

the back of a large trailer to the ProClima Hub to be exhibited (Figure 136). The 

product was eventually disassembled and sent to a private residence to be 

repurposed. The 3.0 iteration was developed into a 3.5 iteration sleepout for a 
private residence. The updated iteration capitalised on the structural flexibility of 

the design of the portal frames.  

 

The brief for the sleepout was to include doors, windows, cladding and an interior 

fitout to make it into a habitable space. In total, the amended design required 

three major adaptations (Figure 137). The first was to add a bay window, the 

second was to reduce the height of the structure by half a metre to ensure it 
complied with planning regulations and thirdly, to move the position of the Smartfit 

window to mirror the bay window.  
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Figure 137: EDFAB 3.5 

  
138 & 139: Students assemling EDFAB 3.5 

  
140 & 141: EDFAB 3.5 structure completely assembled, left and 

cladding being applied, right. 
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6.3 Findings  
 

The EDFAB research is a large iterative project that continues to be reincarnated 

through various projects. The findings from the 1.0, 2.0 and 3.0 iterations 

revealed that the greater the degree of integration between the contractor and 
the architect or designer, the better the result. The first three iterations intended 

to propose and showcase how mainstream practices can implement digital 

fabrication techniques. The outputs successfully showcased both the positives 

and negatives of the EDFAB design product. The learning outcomes of 1.0, 2.0 

and 3.0 proof-of-concepts are being applied the creation of a future 60m2 4.0 

iteration to be built in the summer of 2019.  

 

The EDFAB researchers relied heavily on a digital workflow to create meaningful 
and productive dialogue that can occur in the design and fabrication stages of 

any iterative prototype. Over the three iterations, conflicts between easy social 

building participation and the need for quality architectural outputs to meet 

building regulations needed to be resolved. The simple act of the file-factory-

factory process allowed the designer-maker firstly to actively and quickly 

prototype and assess how flat-pack components could be easily assembled by 

volunteer labour. In the majority of cases, the end users were supported by 

undergraduate architecture students, local communities, and families. These 
participants rarely had experience or skill with design and manufacturing. As in 

the Tech Futures Lab and Look Pop-up Store projects, the more technically 

advanced participants were given responsibility around control of the CNC router.  

 

The author’s contribution as the designer-maker of the EDFAB iterations, in most 

circumstances required participation in the design and organisational elements 

of every prototype and proof-of-concept. The designer-maker need not be a 

singular person, as it is impossible for even the most experienced individual not 

to require help for larger complex projects. The designer-maker therefore needs 

to be part of a collective of specialist individuals who can perform the required 

tasks. In the case of EDFAB, the author had to establish a certain hierarchy to 

ensure order, control and direction. This at times meant relinquishing control of 

certain tasks and delegating to others to ensure time constraints were met. The 

end user rarely contributed towards the design aesthetics or function of these 
projects, due to the inherent nature of their being related to research. When the 

end user was allowed to contribute to design, options were provided – as seen 

with the 3.5 iteration, their contribution was extremely controlled and had to 

adhere to templates.  

 

The designer-maker’s role necessitated that every aspect – whether instructions 

were communicated to contractors or to volunteers – was designed, reviewed 
and programmed. In the 1.0, 2.0 and 3.0 iterations, a variety of volunteers 

participated. The smaller, less complex projects allowed for the designer-maker 

to spend considerable amount of time on fabrication and assembly activities. As 

the projects became more complex, the iterative design, documenting and 

prototyping process became more important, as time was spent instructing and 

organising the end users’ participation. At points of difficulty or when certain 

regulatory rules were required to be followed, the designer-maker was required 

to either remedy the problem or organise specialist contractors to do this.  
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7.0 Other Projects and Future Research 
 

The premise of this chapter is to showcase the other projects that have 

contributed to the author’s knowledge, skill and organisation before, during and 

after the major projects described in the previous chapters. While some projects 

have been purely investigation while researching at the University of Auckland, a 

large majority of them have been conducted while being tenured as a lecturer at 

Unitec Institute of Technology. The chapter is split into two sections. The first 

section reviews six other programmed projects, while the second section will 
review the future research projects the author is currently working on. 

7.1 Past projects  
 
The collective findings from each project reinforce that the application of digital 

fabrication technology requires to be tailored to the needs of the client, the 

experience of the participants and, most importantly, the brief. The projects to be 

discussed within the chapter are; Onehunga Primary School Entranceway and 

Shelters, Plywood Wedding Archway, Te Puti Marae’s Wharekai, the Cedar 

Adjustable Screens for a private residence, the Headland Sculpture on the Gulf 

Gateway Pavilion, the collaborative design-build projects with Carter Holt Harvey 

Woodproducts and Chamber for a Cellist.  

7.1.1 Onehunga Primary School  

The author’s research within the paper stems from experiences producing the 

Onehunga Primary School Entranceway (Figure 143) and Shelters (Figure 144), 

in 2012 and 2013 respectively. While the entranceway entailed designing a 

plywood structure to improve safety and visibility at a primary school in a deprived 
area, the shelters behind were designed to be sanctuary from the elements and 

a place to rest for parents and visitors to the school. Iterative prototyping was 

carried out at various scales to test form, jointing techniques, waterproofing finish 

and volunteer participation. While a construction system of laminated portal 

frames was the original solution for the entranceway structure, the shelters 

employed a structural reciprocal component-based system similar to Alvaro Siza 

and Eduardo Souto de Moura’s 2005 Serpentine Gallery Pavilion. The success 

of these projects has led to an established Timber technology course within the 
school of Architecture and Planning. Both the entranceway and the shelters 

subsequently received several international and national student design awards, 

including the Bentley Systems’ Scott Lofgren Student Design Award and the 

Design Institute of New Zealand’s Spatial Gold Pin Award.  

  
Figures 142 & 143: Entranceway and shelters in situ at Onehunga Primary School. 
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7.1.2 Plywood Wedding Archway  
 

The Plywood Wedding Archway was built using a plywood recipe derived from 

the Onehunga Shelters project. Prototyping took place with the use of a scaled 

1:5 laser-cut model produced in collaboration with the client. It was important to 
allow the client to take part in the assembly of the laser-cut components. The 

design form of the archway was simple, it hosted complex cut-out geometric 

fretwork. For transportation reasons, the design was divided into three modules 

that were glued within a workshop setting. Once at the wedding venue, the entire 

structure was held together by twelve furniture screw-nuts that only required the 

use of a simple allen key for tightening. The archway was completed within a 

factory setting (Figure 145). The post-CNC milling processes such as sanding, 

gluing and assembly of the archway was simple.  

  
 

Figures 144 and 145: The Wedding Archway being prefabricated and assembled in the 
workshop, left, and completely assembled onsite, right. 

7.1.3 Tepute Marae’s Wharekai  
 

In 2015, Unitec Institute of Technology School of Architecture’s Māori Studio 

required assistance from the author to design and fabricate the Wharekai for Te 

Puti Marae, using digital fabrication methods. The timeline was limited, with all 
design, prototyping and flat-pack production to take place within the month of 

October in 2015. The students’ background meant they only had limited software 

skills. This led to an ad hoc CAD/CAM workflow being developed between the 

author and the students. Before any final production could take place, students 

were instructed on how to create simple digital prototypes to test detail and 

assembly systems. The final product resulted in flat-pack CNC milled 

components fabricated at Unitec’s workshop being transported to site for 

assembly by the students like a large jigsaw puzzle (Figure 146). Before material 
was transported to site, hand finishing was completed by the students at the 

workshop to ensure fit.  

 
Figure 146: Final structure of the wharekai onsite.  
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7.1.4 Cedar Adjustable Screens 
 

Jon Davies, a client heavily interested in the application of automated technology, 

required a fitout of timber privacy and safety screens within the living room at his 

private residence. The area where the installation was situated bordered an open 
stairwell that connects the ground floor to the first floor. The brief required the 

fabrication of a louvred screening panel that could create a defined seating space 

for reading, relaxing and entertaining guests and also be sympathetic to the views 

of Auckland’s Gulf Harbour. While the author worked on the original concept 

design, created digital files and operated the CNC router, carpenter Keith Mann 

further refined the design and handmade all the components for onsite assembly. 

A series of prototypes allowed for the final design to be developed from fixed 

rectangular-section louvres to adjustable triangular-section louvres. The process 
also allowed for the aesthetics to be refined and allowed for the CNC milled 

pattern to be iteratively tested and developed to the client’s taste (Figure 147 & 

148). The final prefabrication of the components was carried out at the University 

of Auckland workshop. The attaching of those components to their adjoining 

metal benchtop onsite used specialist tools that required considerable skill. The 

findings of this project suggest that the use of digital technologies was only 

required for design and pattern making: other aspects such as sourcing material 

and processing timber required skills that can only be acquired through years of 
practice.  

 

    
Figures 147 & 148 : Prototyping activities to test the CNC pattern.  

  
Figure 149: Final product. 
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Figures 150: Testing the pivot joints that enable louvres to move, during the assembly 

process.  

7.1.5 Gateway Pavilion  
 

The Waiheke Gateway Pavilion, originally designed by Stevens Lawson 

Architects for the 2010 New Zealand Venice Biennale Pavilion, was brought to 

fruition for the 2017 Headland Sculpture on the Gulf sculpture trail by students 
from Unitec Institute of Technology. The concept for the pavilion was a twisting, 

morphing, spiral, frame-like portal structure that is akin to a wharenui – a 

traditional Māori building – morphing into a landscape. The final design was made 
up of 300 large individual Glulam components with 500 unique joints. The project 

relied on prefabrication and prototyping to meet the tight and strict onsite 

assembly time of three weeks. The author participated as lead lecturer to direct 

and manage a team of architecture construction students. The team was assisted 

by industry professionals, including the architects, engineers, project managers 

and building contractors, to ensure aesthetics, fabrication quality and timelines 

were met. The initial task the students undertook was to detail and formulate a 

fabrication solution from a basic 3D digital SketchUp massing model provided by 
Stevens Lawson. The process required the team to manufacture a digitally 

produced 1:10 scale model (Figure 151) to create discussion between all the 

stakeholders. The result led to refinement of the concept design’s scale, form, 

alignment and connection details, to be tested with two other large 1:1 scaled 

prototypes. Interestingly, these prototypes were produced in opposition to the 

professional building contractor – the now-defunct Ebert construction. The 

smaller 1:1 prototype (Figure 152) was an important mock-up to gauge material 

aesthetics, timber treatments, tolerances, and connection details before any 
supporting material was ordered. The larger 1:1 prototype (Figure 153) tested a 

viable assembly method and allowed further refinement of fabrication tolerances. 

In total, it took the assembly team two weeks to fully negotiate how to assemble 

the six layers of spiral portals efficiently.  
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Figure 151: 1:10 prototype on display. 

     
Figures 152 & 153: The smaller and larger 1:1 scaled prototypes. 

 
Figures 154: Assembly onsite. 

 
Figures 155: Wall modules being tested for fit offsite. 
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Figures 156, 157, & 158: Students waxing plywood timber, left, final product inside the 

chamber, middle, and Vulcan lined hallway, right. 

  
Figures 159 & 160: custom sliding door tracks, left and CNC milled handle, right. 

7.1.7 Chamber for a Cellist  
 

The project Chamber for a Cellist was a collaborative build project between the 

author and Unitec Institute of Technology architecture student Annaliese Mirus 

at the end of 2018. The design brief of the project required the team to convert 
an old rural classroom with concrete floors into two spaces; the Abodo Vulcan-

lined hallway and the Chamber for a Cellist. The design of the wall that divided 

the space in two was based on a hyperbolic curve. The aesthetics of the two 

spaces were intentionally different to firstly provide contrast and secondly work 

to the skills of volunteer labour. While the music room benefited from the 

prefabrication system’s ability to create a space with clean lines and a fixing-less 

interior, the hallway was designed to work with exposed screw fixings with Abodo 

interior cladding.  

Aside from the main student participant, various volunteers had to be 

accommodated. Assistance was required by technicians onsite, as a large variety 
of details required expert carpentry skills. The prototyping activities involved 

creating a singular 1:10 laser-cut and 1:2 CNC model. Both products were 

evaluated by the client and served to test the limitation of the material’s bending 

capabilities and connection details. When the author and Annaliese was satisfied 

with the design approach, the production of the curved wall panels had to be 

prefabricated within the institute’s workshops (Figure 155). Once onsite, the walls 

were fitted into place with the use of block-planes, handsaws and electric 

handheld belt sanders. Following the example of dECOi Architects, interior fitting 
elements such as the handles and the sliding door tracks were CNC milled from 

timber.  
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7.1.6 Carter Holt Harvey Woodproducts Collaboration 
 
The relationship built between the author and Carter Holt Harvey Woodproducts 

with the development of EDFAB 3.0 led to further intensive design-build projects 

at Unitec Institute of Technology. The first project undertaken was the Interactive 

Pods that were adapted and transformed to suit different functions and spaces 

throughout 2017. The second project was the Modular Plywood Feature Stand 
for PrefabNZ’s 2018 BRANZ Modular Design Handbook Roadshow. The project 

that is currently being undertaken is the Futurebuild LVL Feature Stand project 

that combines all the learning outcomes from the previous 2017 and 2018 

iterative feature stands. The projects worked with the author’s institutional 

initiative ‘Woman in Fabrication’ research design-building group.  

 

The iterative Interactive Pods  

 
The purpose of the design and development of the interactive plywood pods was 

to exhibit Carter Holt Harvey Woodproducts Ecoply range at the 2017 

BuildNZ/Designex expo (Figure 162). The author design the pods in collaboration 

students Alice Couchman, Annaliese Mirus and Gemma Campbell. The use of 

laser-cut scale models served to allow the team to develop the design. It also 
served as a mechanism communicate its assembly to volunteers at the different 

events where it was showcased. The second iteration of the pods was 

showcased at Unitec Institute of Technology’s 2017 Festival of Architecture 

exhibit (Figure 163) at Mason Brothers Building. The design was adapted by the 

author’s Design Studio 3 and 4 students to allow for the display of architectural 

drawings, furniture and scaled architectural models. The original digital model 

was copied and developed to allow for the addition of further plywood structures. 

The opportunity allowed for the pods to have a few panels strategically replaced 

to house iPad displays. The third iteration (Figure 164) of the design was adapted 

for Unitec Institute of Technology’s Te Puna Student Hub. The design, dubbed 

the Living Kitchen, was featured in Life and Leisure magazine’s Special Harvest 

Edition. Again, opportunity allowed for new, strategically selected components to 

be CNC milled and replaced in order to house plants and herbs. The success of 

the amended design brought much-needed natural green life to the Te Puna Hub 

space.  
 

Travelling exhibit – PrefabNZ BRANZ Modular Design Handbook Roadshow 

 

The author and his teaching assistant, Gemma Kate Campbell, ran a design-

build course for a group of second-year students over the 2017 and 2018 summer 

semester. The brief supplied was to create a stand that visitors could touch and 

would create conversation around Carter Holt Harvey Woodproducts’ materials 

and product literature. The only definite requirements the stand had to meet were 

that it had to be assembled within 30 minutes, be easily packed away in a single 

van and be no more than two metres in height. The students were asked to 
develop their ideas with the design and fabrication of 1:5 laser-cut models. At first 

the students found it difficult to understand what the file-to-factory laser-cutting 

technology represented, but in time, the students discovered that it allowed for 

scaled iterative design and rapid prototyping to take place. Once a design 

concept was finalised, it was developed further at 1:1 scale. The final design was 

a wavy wall made from equally spaced vertically placed plywood slats. In order 

to conserve material through the CNC plywood cutting process, the students 
studied the (Ply)wood Delamination project by Georgia Institute of Technology 

and Monica Ponce de Leon. The (Ply)wood Delamination project provided 

insights on how to create a dynamic free-flowing form, with the use of digitally 

produced lap joints, to best work with the limitations of a plywood sheet (Iwamoto, 
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2009). While the students learnt to operate the CNC router with ease, they found 

programming the milling files with the right amounts of tolerance difficult. In turn, 

this led to a lot of extra time spent fitting and gluing the lap joints together. The 

findings of this project point towards the fact that the younger generation has a 

greater capability to learn technology quickly – specifically how to run the CNC 

router. This can be attributed two factors: the first is that technology is integrated 

into their lives, and the second is the constantly increasing number of resources 
for the students to consult. The lack of fabrication skills and experience, however, 

did prolong and complicate the making activities. To date, the exhibit has been 

shown at several events beyond the BRANZ Modular Design Handbook 

Roadshow in Auckland, Wellington and Christchurch, such as the Construction 

Marketing Services Design Experience Series and Paradigm Shift programmes. 
  

     
Figure 161 & 162: the first iterative interactive pod being prefabricated offsite, left and at 

the BuildNZ/Desigex Expo, right. 

 
Figure 163: Festival of architecture   
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Figure 164: Te Puna iteration 

  
Figure 165 & 166: modular vertical components, left and back of the feature stand, right. 

 
Figure 167: The feature stand at the CMS Design Experience Series. 
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Futurebuild LVL Feature Stand  

 

Carter Holt Harvey Woodproducts’ Futurebuild LVL brand approached author to 

set up a design-build programme to create a product stand for early February 

2019.  As a way of promoting diversity within architecture, Alice Couchman and 

Kirsten Zink assembled a team of architectural students to form the Women in 

Fabrication 2.0 team. As with the previous iterations of women in fabrication, the 
current project was supervised and facilitated by Unitec Lecturer Author. The 

project programme was divided into four phases: design, prototyping, preparation 

and production. Countless design iterations were produced over a period of two 

months. The final design concept celebrated LVL exposing its glue line 

laminations. The structural design of the stand was based on creating modular 

panels to sit on modular boxes.  The prototyping and preparation phases took 

place concurrently between November and December 2018. A limitation on 
volunteers’ manufacturing time required the organisation of the projects to be well 

programmed. The phases required lengths of LVL to be cut up into 45mm strips 

and laminated to create a panel that exposed the vertical LVL glue lines. After 

the panels were laminated, it was planed on the CNC router. It was a time-

consuming process that required a lot of patience. The final production phase of 

the project was largely centred around the use of the CNC machine to produce 

the tessellated patterns into modular panels. The process also called for the use 

of conventional workshop tools, including thicknessers, table-saws, clamps, 
mitre-saws, hand-planes, chisels, and electric hand sanding tools. For example, 

the display and support boxes for were manufactured by firstly thicknessing 

45mm x 190mm LVL to 35mm x 190mm, secondly cutting the LVL to size on 

mitre saws and table-saws, thirdly, re-laminating, and cutting the offcuts to create 

the backing of boxes, and lastly assembling the components to create the boxes 

with the use of clamps and glue.  

   
Figure 168 & 169: Women in Architecture volunteers prefabricating panels at the 

workshop, left, and assembling the Futurebuild LVL stand, right.  

 
Figure 170: The feature stand at NZIA conference 
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Mock assembly and fitting of all the modular panels and boxes took place at 

Unitec. This was an important step for the team, as it allowed them to understand 

and assess the deficiencies in the fabrication process.  It was found that although 

the CNC milling process was completed with great efficiency, the fitting of the 

panels to the boxes required a lot of patience, and considerable amount of 

attentiveness and time. The final result was assembled with great enthusiasm by 

the Futurebuild LVL team and showcased at the NZIA 2019 Insitu Conference.  
 

7.2 EDFAB 4.0: Future projects   
 

The EDFAB 4.0 iteration aims to tackle the shortcomings of the previous 3.0 

iteration with the design and fabrication of a 65 m2 functional two-bedroom house. 

The proposed house will be prefabricated at Unitec Institute of Technology and 

assembled in the suburb of Mount Albert, Auckland for the Fitzpatrick Family. 

Although the EDFAB 3.0 iteration could probably have obtained consent, a major 

shortcoming of the iterative prototypes is that their size doesn’t allow the 

opportunity to reflect upon the regulatory consenting process appropriately. The 
3.0 system’s structural design also required further refinement around creating a 

more efficient internal lining system and replacing the plywood studs with LVL to 

ensure there was enough structure to hold up the cladding. The deficiency in 

design has led to the EDFAB 4.0 system, replacing the three-tiered primary 

structure, secondary cladding and tertiary internal lining system with just a two-

tiered system based on the primary structure and an internal and secondary 

cladding system. The need for aspects such plumbing and electrical wiring 
systems, and interior elements –- such as a kitchens, doors, handles and built-in 

furniture – will be also be addressed by the 4.0 fabrication system. Design details 

such as the top and bottom plate runners from EDFAB 1.0 have been re-

introduced to EDFAB 4.0 construction system, as the structure does not rely on 

equally spaced portal frames. 

 

The 4.0 iteration further investigates how the skills and knowledge of the 

experienced stakeholders can be capitalised upon and developed, rather than 

their role being diminished or replaced by technology. The project requires 

collaboration between two separate groups; the design team and the building 
contractor. The design team has three leads: the registered architect, the 

designer-maker and the engineer. While the team has worked collaboratively on 

the design from the start, the key roles are divided according to expertise. The 

success of the approach has led to the regulatory consenting approvals being 

granted by Auckland Council in August 2018.  

 

It can be difficult for members of a traditional skilled industry to move away from 
conventional practices that they have become accustomed to. Consequently, to 

realise a project, compromises by the designer-maker team have been required 

to ensure the project could be built. There has been a need negotiate the 

responsibilities between the team and the building contractor. The building 

contractor and the engineer have therefore been required to carry out or 

supervise any aspect that they are liable for. Consequently, the process has 

required a registered engineer to sign off each panel within the workshop and an 

accredited contractor to install all the prefabricated panels, foundations, window 
and door openings and cladding. Even the simple application of the building 

sealing-tapes has liability associated with it and has therefore required the 

contractors to apply it.  
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In January 2019, the shop drawings, which include CNC cut file and cut list, and 

assembly drawings were completed. Fabrication of the EDFAB 4.0 commenced 

on the 18th of February with the delivery of the materials to the Unitec workshops. 

The wall, floor and roof modules will be built with the interior linings in place, and 

will be digitally cut on the CNC router. The use of a custom CNC assembly table 

jig will help the assembly process for the end user – in this case the student 

volunteers – to complete within a three-week timeframe. The design of the panels 
has better integrated other building products by the use of pre-installed insulation 

in the workshop and by including pre-drilled holes for wiring and plumbing 

installation. The use of ‘draw-wires’, for example, will enable the electrician to 

install wires with the final finished internal layer already affixed. The team 

developed a method to mill multiple plywood sheets at one given time. This 

process could only be utilized when creating repetitive modular plywood 

components. The technique that was utilized was development to approach to 
utilized when cutting the 7mm Eco barrier on page 129. If there is a need to 

access the internal cavity of the wall, the internal linings can easily be unscrewed. 

The project is expected to be complete by the end of May 2019.  

 

 
 

  
Figure 171 & 172: Prefabrication of the insulated and pre-finished wall panels 

 
Figure 173: Floor panels being placed onsite. 
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Figure 174: Wall panels being installed onsite  

  
 

Figure 175 & 176: Wall panels ready for install, left and Roof panel being installed by 
contractors, right. 

 
 

Figure 177: Panels installed, awaiting to be silicone, and finished with 
white-wash stain. 
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Figure 178: West Elevation of the complete EDFAB 4.0 House 
 

 

Figure 179: Complete recycled plywood and LVL kitchen 
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8.0 Conclusion  
 
The research presented within this thesis sought to investigate how digital 

fabrication technology can be used by social building groups to fabricate quality 

architectural spaces. This chapter aims to draw together the findings from the 
individual research projects to answer the two research questions, which will be 

addressed under the theme headings:  Designing Design: The social, Designing 

Assembly: Technological issue and designing Industry: Organisation of practice.  

 

Designing Design: The social  

 

To answer the research question ‘What role does the designer-maker play 
when developing a construction system for social building?’ it was found 

that the impact of new technology demands that there is a reorganisation of social 

design and construction process that govern any given architectural project. The 
research found that the digital communication can cause new relationships to be 

established that do not typically exist in a traditional project. For example, the 

architect would not generally collaborate with a client on how to design and 

manufacture an architectural space. These are new relationships, where it is 

necessary to develop modes and conventions for communication, as well as 

establish expectations. A traditional design and construction process are already 

established and has fundamental attributes. The social design-build projects 

within this thesis showcase that the designer-maker is required to exhibit 
empathy toward the needs of the end user. This will require the design brief to 

be tailored to the abilities of the end user ensure successful application of 

technology for social building can take place. Assessment of the end user 

expectation, skill and knowledge therefore needs to be addressed by the 

designer-maker to ensure an appropriate approach is formulated.        

Tolerance as a term can have multiple meanings within social design and making. 

The more conventional understanding is in relation to the physical manufacture 

and assembly of an architectural artefact within a specific vernacular context and 
site. Tolerance can also be used to describe the amount of patience needed by 

a designer-maker to work, teach and develop a process fit for the needs of an 

end user in any given project. Working with tolerance in mind will ensure the 

unknown is tested and considered to suit the individual wants of the end user. In 

any case, the designer-maker needs to judge the scale, timeline and brief before 

working to realise any scheme. It is common for an individual or a group to 

request alterations to a scheme part-way through a project. It is important to 

control and formulate plans for how to respond to changes at the design phase, 
as these can cause large delays and manufacturing difficulties. 

 

The individual’s wants and needs are always impossible to predict. In some 

cases, they can lead the designer-maker to discover that their clients, or the end 

user, are unprepared for the large world of design and manufacturing 

possibilities. Consequently, this leads to the end user feeling too overwhelmed to 

make appropriate decisions. Designers and other contractors, in contrast, 
typically learn to deal with such scenarios over years of formal academic and 

professional training. Therefore, even when digital technologies have the ability 

to shift production to the end user, there is relevance and necessity for 

professional labour to provide creative and manufacturing guidance. The creative 

projects within this thesis demonstrate that direction to an end user can be best 

approached through programming-controlled design, prototyping and fabrication 

workshops. 
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Allowing the end user to participate in the process can allow the designer to offer 

a reduction in capital costs. Similarly, the same technology can empower the 

designer to have greater creative control over the outcome. To ensure successful 

outputs, negotiation between the end user and the designer-maker needs to take 

place. The more effective collaborative relationships between the end user and 

the designer-maker in this research came from negotiating and integrating design 

through the act of fabricating iterative prototypes. The same iterative prototypes 
also became a platform to interrogate designs for failures and resolve them with 

the help of the experienced specialist. It is critical that every relevant trade, 

whether it is a building contractor, material specifier or engineer, is a part of the 

process, as they can provide useful insights that a designer-maker will not have.  

 

The creative projects within this thesis highlight the need for the designer to 

embed and design how social or community networks can be managed to ensure 
successful outcomes. Aspects such as technological use, formulating the brief,  

the function of how clients or the volunteer and the vernacular context are all 

factors that define how social labour is tailored to an individual project brief. In 

respect to Tech Futures Lab and EDFAB projects, the act of prototyping served 

to be a crucial action to develop, educate and manage a specific client and a 

group of volunteers. The efficiencies presented by rapid prototyping machines 

can allow for prototyping activities on various scales to test, engage and evaluate 

how a particular social group will respond to a designed DIY product is simple 
and effective mechanism for design for assembly. The lack of prototyping for the 

V Fuels store highlights the limitations and problems of rushing to fabrication 

activities without adequate design testing. In the end, the role of the designer-

maker to provide a tool kit for the end user failed to meet the client budget, and 

the volunteer skills set.  

Designing Assembly: Technological issue 

 

The research suggests that fabrication technology is relatively simple to 

implement. This is more prevalent with the young emerging practitioners within 

the architectural sector being ‘digital natives’. Thus, technology is not the barrier 

it once may have been. Much more significant are the findings related to the 

social and organisational aspects of automation. Many commentators believe 
file-to-factory technology can enable architects to gain the status of ‘master 

builder’ and have control over both design and building processes. It is true that 

digital technologies can present opportunities to allow designers to create 

complex architectural designs and pursue material innovation. Many, however, 

forget that to produce such outcomes requires a designer-maker to possess large 

amount of skill and knowledge. It is not as simple as creating a virtual model and 

transferring encoded data to digital fabrication machines to create physical 
artefacts for assembly. 

 

Any design product that requires participation from the end user will necessitate 

explicit guides and instructions. The act of guiding and instructing the end user 

to create architecture can be a complex endeavour to rationalise. To allow the 

end user to participate in design development and the file-to-factory process 

requires the designer-maker to gauge how best to manage participation. The 

process needs to consider that the end user is learning during the process, and 
therefore cannot be pushed to the extents of an architectural student or a building 

contractor. There are two factors that should dictate what type of details, 

materials and tools should be applied to any given project. The first factor is 

complexity of brief and form, while the second factor is the fabrication experience 

held by the end user. For example, the connection details of the Look Pop-up 

Store are comparably more advanced than those found in the Tech Futures Lab 
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due to the experience and expectations of the end user. Both projects, however, 

benefited from step-by-step guidelines on how to assemble the CNC components 

into a finished product.  

 

It cannot be denied that technology has the potential and the ability to supplement 

and even replace specific fabrication exercises. The products created in this 

research, however, required many traditional handcraft making techniques to be 
applied to the manufacturing process. In most cases, these techniques were 

required to be applied during the assembly or installation stages of the projects. 

Therefore, a designer-maker to needs to imbed traditional design logic and 

production when conceiving a production with software. The designer-maker can 

test the hand-making aspects of digitally designed outcomes with the 

manufacture of physical prototypes. In turn, this can bridge the gap between the 

digital and physical realms.  
 

CNC routers have limited dimension extents to which they can operate. In the 

majority of cases, the limitations are defined by off-the-shelf standardised 

products such as plywood sheets. Once the limitations are understood by the 

designer-maker, CNC technology can push the extents of catalogue material 

offerings to create highly custom products. To overcome these limitations 

requires the designer-maker to approach automation with creativity. For example, 

the numerous EDFAB iterations employed a variety of solutions to overcome the 
CNC router’s bed size limitation. Similarly, intimate knowledge of how a machine 

works can allow a designer-maker to extend the limitations of the machine. This 

can be best shown with how the 3 axis CNC machine was calibrated to mill two 

sides of a plywood sheet for the Look-Pop Up Store. By drawing on traditional 

fabrication knowledge and process, the same 3 axis CNC machine limitations 

were also overcome to mill non-standardised material. All these approaches to 

overcoming the limitations of the CNC router required large amounts of set-up 

time, and therefore, any system needs to be well rationalised before any 

fabrication activity is taken.  

 

The projects with repeated elements had advantages over the bespoke or 

complex, irregular projects in respect to the design of the details, specification of 

materials and the application of tools. The repetitive component-based projects 
– such as EDFAB and Tech Futures Lab, allowed for efficient production 

principles to be adhered to. In turn, the projects’ production processes could be 

simplified to ensure a large variety of volunteer participants in both the digital and 

analogue realms. In contrast, the Look Pop-up Store consisted of singular, 

unique, complex components that could not be simplified. As a result, the 

designer-maker had to expend a large amount of effort on a smaller number of 

volunteers to produce a desired outcome. As a consequence, these examples 
demonstrate that, even with the aid of technology, the more complex and unique 

an architectural product is, the less usefully volunteer social participants can 

contribute.  

 

The Tech Futures Lab and the EDFAB 3.0 projects required the integration of 

undergraduate students to learn software to operate the CNC router. Their limited 

exposure to CNC technology was quickly integrated within their practice. The 

projects therefore highlight how Millennial and Generation Z designers are 
attuned to technology like no other preceding generations. The students can 

essentially leverage the digital environments they have grown up in to tinker, 

discover and generate knowledge, and learn efficiently (Suster, 2010). Other 

factors that can contribute to faster uptake are the increasing presence of 

easy-to-use software and the greater number of learning recourses, whether it is 

from online tutorials and communities or technicians, lecturers and preceding 
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students. All the project outcomes in this thesis are only as good as the 

knowledge and skills possessed by the people who design and make them. The 

fact remains, file-to-factory technology cannot aid inexperience and lack of skill. 

Therefore, the more complex a project is, the greater the need for expertise.  

 

Designing Industry: Organisation of practise   

 

To answer to the research question ‘How best can the end user participate in 
design, fabrication and assembly activities?’ organisational practises had to 
be observed and recorded. It was recognised that an individual architect, let alone 

a single designer-maker, cannot acquire mastery over the entire building 

process. There are simply too many responsibilities when constructing 

architectural space. Thus, the employment of expertise is a requirement when 

deemed appropriate or mandated by legislation. The downside with collaborating 

with the end user, expert contractors or engineers is that design concepts and 

workflow processes can be drastically altered which can either be positive or 

negative. For successful volunteer DIY architectural outcomes, the designer-
maker should not be persuaded to relinquish any control, as the role requires 

them to be a part of the entire design-build process from start to finish.  

 

The designer-maker may wish to employ a project manager during the fabrication 

and onsite works for large or complex projects. Smaller projects, however, would 

not have the budget or enough work to allow this to happen. Therefore, the 

designer-maker is required to manage and plan all the design and fabrication 
activities, whether the work is produced simultaneously at different locations, or 

is completed in one location in a defined sequence. In contrast to a building 

contractor who will perform work with professionalism and without emotion, an 

end user – specifically if they are a benefactor – can often be very emotionally 

invested in a project. If problems do arise, the building contractor will follow a 

formal process to resolve issues, while the end user may not. Therefore, at the 

start of any project a designer-maker who collaborates with the end user needs 

to put in place controls and measures to ensure undesirable experiences and 

conflict between both parties do not occur.  

 

In this research, digital CAD/CAM technologies coupled with context-specific 
designs required tailored organisational processes. A large majority of the social 

labour was organised around tasks such as laminating, assembly and finishing. 

For successful outcomes, there was a need for the author to organise supervision 

by experienced technicians, students or teaching assistants. The reality is that 

although volunteers engaged with software and automated machines, large 

amount of effort by the author was required to curate and guide the process. 

Although CAD/CAM software can be an intuitive documentation process for the 
designer-maker, it is not so simple and easy to read for the uninitiated end user. 

Therefore, paper-based documentation – whether just production shop drawing 

or assembly diagrams – can help to guide the end user participant. The design 

management team can be left to refer back and forth between the analogue and 

virtual when required.  

 

Although designing, fabricating and assembling within a social group can call for 

a large variety of opinions, timelines, and agendas, it is important not to be 
pressured to circumvent the design-build process that has been organised. To 

do so, will lead to a lot of time revisiting and fixing problems missed during the 

fabrication and assembly process. While it is possible to design and organise 

production of flat-pack components to be assembled onsite, there are clear 

advantages of prefabrication within a workshop factory environment.  
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The research presented within this thesis is based on a number of building 

projects that showcase how social building activities can be added by digital 

fabrication technology to fabricate quality architectural spaces. The drive to 

integrate and efficiently manage multiple disciplines within this thesis allowed for 

successful projects to take place. The design-maker needs to acquire 

collaboration from all the participants in a creative project to ensure end user 

expectations to be matched. 
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