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Abstract: The purpose of this paper is to explore a case study project between a timber supplier, industry body and an 

architecture school. The project, an installation stand, became a test to access how resilient junior architectural students 

can uptake digital fabrication technologies. The brief was simple, design a product that visitors could touch, create 

conversation around and showcase materials in an innovative light. The students had no prior experience and found it 

difficult to understand what the fabrication technology represented but over time they learnt to self-reflect and take on 

constructive criticism. Laser cut models enabled the students to experiment and reflect on their design decisions, through 

making. The students discovered that the iterative design process and testing have a direct correlation to the outcome 

quality. If one step is missed or overlooked – particularly with communication, detailing and planning - the consequence will 

be added time and frustration. Students successfully obtained the necessary skills surprisingly faster than previous years, 

the students used conventional design processes alongside modern fabrication skills. The success was that the product 

produced was received very well and displayed at numerous architectural events. As a result of including industry it creates 

better relationships that foster innovation and creativity.
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1. INTRODUCTION

Humanity has become accustomed to digital technology so much that our everyday lives would not function. It defines the 

way we work, learn and entertain ourselves (Suster, 2010). The younger the generation, the more attuned they are with 

technology. We have a generation of students who have only grown up in a world of advanced digital devices with high 

speed internet for instant communication and answers (Suster, 2010). 

Within the field of architecture, technology is always growing and changing at an accelerated pace. Whether the 

profession adopts the cutting edge or continues to stagnate with the status quo could mean success or decline (Taylor, 

2018). The advent of personal computing and other electronic gadgets has provided the younger and upcoming generations 

with a view of the world radically differently from the previous. This substantial shift in thinking is allowing them to usher in a 

technological and social change to challenge the way architecture is practiced (Kolarevic and Klinger, 2008). As a response, 

there is a growing trend for architectural graduates to take part in the building process through digital fabrication (Harper 

and Jackson, 2015). Many tertiary institutions such as the University of Westminster and London Metropolitan University 

provide design-build studios. Impressive results have allowed them to take part in Nevada’s Burning Man Festival and the 

Solar Decathlon Competition (Mamou-Mani and Burgess, 2015).

1.1 Summer Fabrication Elective with Industry 

Building the required skill set to take out into the working world is important but equally is building one’s stance and style 

within the field. Personal interest to further oneself is entirely dependent on each student and their own determination 

to succeed and stand for what they believe. The options and paths vary within schools, and the influence staff have on 

student’s effects schooling experience and added exposure to niche sections of our field (Hailey, 2016). Summer School 

elective papers offer a taste of personal interest without the full-time investment, opening students to more within the 

selected area. 

Making the transition from student to professional requires courses within the architecture schools to expose students 

with a wide amount knowledge. There are specific topics that some students prefer over others. As a response to the 
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demand for learning how to run digital fabrication equipment, an elective course was set up for students. The benefits of 

running a course during summer school also provided a unique opportunity to the students with uninterrupted access to 

laser cutters and CNC routers. The benefits of this enabled the students to explore how to run machines and experiment 

with material at their own pace.  

The course at Unitec Institute of technology drew on previous successful industry relationships with a timber product 

manufacturer, Carter Holt Harvey Woodproducts (CHH) and non-for-profit prefabrication advocate Prefab NZ. Their support 

was invaluable, as they provided material to prototype with, expertise on how to design with their product and most 

importantly a brief to design to.  

Past projects had established a working relationship with these two industry partners allowed for an almost seamless 

and supportive design to fabrication process. As a design educator, the trust they instilled into the lecturers, technicians 

and teaching assistants contributed to a relaxing, constructive and fun atmosphere. Ultimately this was transferred to the 

students.  

1.2  Being taught. Learning to Engage. To Disseminate and Teach. 

The discussion within this paper follows a student teaching assistants (STA) perspective on running a fabrication elective 

alongside lecturers and technicians. The STA in question obtained a number of skills through other design build projects 

at the Institution before being provided with the opportunity. The student firstly, had to be taught how work with digital 

technology, secondly, learn to engage with digital technology independently before being allowed to disseminate, teach and 

mentor their junior student cohort.  

1.2.1 Being Taught 

The initial exposure the student underwent was with the intensive design-build studio ‘The Tech Futures Lab Fitout’ (Figure 

1) The course was an interior project when the student was in her third year of student. It was their first exposure to design-

build project that was heavily centered around digital fabrication.   

 

Figure 1: The Tech Futures Lab Interior fitout Project. 

It was an important project to understanding the basics of fabrication process, software, machinery, workshop skills 

and product assembly. The students were required to work with a client and propose concepts, budgets, shop drawings, 

etc. Many of the students were not well versed in the workshop and had minimal experience, so guidance from technicians 

was regularly needed on each visit until students were competent and safe without being a hazard to themselves or others. 

Prototyping at different scales became an important tool to simulate implementation of the fit out. File to Factory 

production, a process that links a computer model to a fabrication machine provided to the students to print custom 

components out of standardized plywood sheets. Iterative design and prototyping allowed for concepts and ideas to be 

tested. It is okay to learn from one’s mistakes!

1.2.2 Learning to Engage

The 2017 Designex/BuildNZ Exhibit for Prefab NZ was an exercise whereby a group of students were required to undertake 

a larger planning role and work autonomously. This required the student in question to engage and have greater technical 

software and workshop fabrication skills. The exhibit that was produced not only showcased architectural prototypes, but 
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also celebrated women role within the construction industry. As a result, most of the students, technicians, lecturers and 

industry support were female. The success of the exhibit was well received and replicated to feature at the 2017 Festival of 

Architecture and at Unitec’s Te Puna Hub as a permanent display.  

1.2.3 To disseminate and teach 

The Summer School elective that is described within this paper became an opportunity for the student in question to mentor 

second year Bachelor of Architectural Studies students within her final fifth year of study.  

1.3 Summer fabrication elective brief 

The course asks the students to create a product that can allow for interaction both physically and visually. Together the 

students will have to work with the clients and supplement their needs and wants. The group will have to understand the 

implications of their design that it has to be able to be packed up and down multiple times and fit into a van and transported 

and rebuilt requiring minimal help. 

The products we will be showcasing the new interior plywood from CHH range and the modular Prefab NZ principles. 

Although the main tool that used was a 3 axis CNC (computer numeric control) Router, conventional hand tools such as 

chisel, block planes, compound mitre saws and belt sanders were also allowed to be used. CHH requested the product to 

be designed was an interactive exhibition stand that visitors could touch, create conversation around materials, display their 

product literature, Store personal items out of site and plinths or tables to use with engaged customers.  

2. METHOD

The method was derived from STA learning experience in participating in the Tech Futures Lab Interior project and the 

Prefab NZ Designex/Build NZ exhibit. With the help of lecturers, the STA created a structed timetable, with achievable 

milestones to ensure the students easily understood the design to fabrication process. This section is divided into two 

sections. The first will discuss the importance of prototyping and the effects it has on the design process and design 

outcome, while the section will discuss how the collaboration between students and industry working together, can achieve 

a product that meets each party’s needs. For CHH this means a different and interesting product, for the Unitec students it 

allows them to tinker and learn from doing.  

2.1  Prototyping with digital technology  

Complex digital forms can be easily produced in a digital environment, however to realise them in the physical world may 

seem overwhelming when the incorrect approach informs production (Sass, 2007). The design process in an architectural 

practice is not so different from the iterative process used within a science experiment to resolve a problem (Lucas, 2016). 

In essence, if you can test the design before committing it to the contractual process, you can afford to be more ambitious 

– although you must be confident, since there is rarely enough time for major changes to be implemented (Thornton, 2005). 

There is still room for conventional construction methods, even though they cannot produce the same levels of accuracy 

as a digitally-produced artefact. However, when an appropriate workflow is applied, the blending of analogue and digital 

fabrication processes is not as complicated as many are led to believe (Willis & Woodward, 2010).  

Modelling conceptual ideas in a 3D digital space provides an environment for information to be readily available to 

designers and fabricators. A great benefit of architectural software is its ability to create successive design iterations 

efficiently. Embedded data can be utilised to generate scaled prototyping, visualisations and quantity-surveying information 

(Iwamoto, 2009). The obvious advantages of working within a digital environment over an analogue process is the way 

information can be manipulated, transferred and replicated with ease (Dunn & Felsen, 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 laser cutter or 3D 

printer.  

With advances in digital fabrication, many believe tolerance can be reduced to zero. Pinpoint precision may be attainable 

for particular production circumstances, but thought must be spared for material physics and environmental conditions 

(Malé-Alemany & Portell, 2014) when constructing architecture. Tolerance therefore needs to be integrated into the design 

process to realise a successful project (Parsons, 2014). This requires 3D virtual models to be vetted through prototyping 

to ensure they are constantly updated with relevant construction tolerances and to make sure imperfections are ironed out 

(Willis & Woodward, 2010). 

If the gap between physical and digital continues to increase, it will require the architect or designer to increasingly 

collaborate to acquire the skill, imagination and expertise of the craftsperson. It is likely that prototyping equipment and 

CNC-produced mock-ups will become a regular exercise to produce important details, as architects become more 
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accustomed to working with CAD/CAM or file-tofactory workflows (Willis & Woodward, 2010). This process is forcing 

architects, engineers and builders to “throw away the rule book”, and rethink how they approach workflow, the presentation 

of data and the sharing of ideas (Chaszer & Glymph, 2010, p. 88). 

2.2 Working with Industry and the three phases of summer school.     

The design-build project required CHH representatives to be involved within the design process. To ensure both students 

and the clients could work together in a constructive and manageable manner, the course was broken down into three 

phases.  At the end of each phase there was a presentation to key members from the CHH team. 

In the first phase, the students were introduced to vector-based software ‘Rhinoceros 3D’ and Adobe Illustrator by 

the STA. While the former was used by the students to create digital prototype concepts, the latter was used to create 

files for controlling the laser cutters to produce 1:10 or 1:5 scaled cardboard prototype models. Each design the students 

developed had to consider joinery and connection details. During the second phase, the students were required to work 

as a team to design a final concept. It was a requirement for the students to undertake prototyping activities at 1:2 and 1:1 

scale to ensure they would learn about and explore the different material properties of the supplied interior plywood. It was 

also an important step, for the student to ensure the CNC matching digital files considered issues of tolerance. The third 

phase was to develop the selected design and fabricate final designed product. The CHH team was supportive towards the 

STA and ensured that they could refine the exhibit over series of events. 

3. STUDENT ENGAGEMENT 

The description of how the STA and the second years student engaged with one another will described over a series of five 

sections. To begin, the prototyping discoveries will be discussed. To follow, the positive constructive feedback the STA and 

student obtain from industry professionals and CHH discussed. The third section will present the final design concept, while 

the forth will describe the findings that occurred during the final fabrication process. Lastly, the final section will describe the 

refinements to the assemble over a series of exhibitions. 

3.1 Prototyping    

There were two phases in the prototyping activities, the first was about creating cardboard concepts at with 1:5 and 

1:10 scale models with laser cutters, while the second, was about full-scale prototyping in the workshop. Within the first 

phase, digital technology became a useful tool for the students to rapidly prototype their ideas. It was a useful method for 

the student to engage with lecturers, guest industry designers, technicians and the clients to critique and interrogate the 

design. In total, the six students produced about five to ten iterative concepts each. The strongest design elements that 

were present were noted, combined and developed further as collective for one singular design.  

In the second phase students were introduced to the CNC and began producing full scale mockup protypes with 

various types of plywood.  Students quickly realised the importance of design to material behavior. This required the student 

to predict and account for factors such as tolerance and finish to avoid extra time amending components to fit within 

an assemblage. The learning outcomes from full scale prototyping allowed the students to redesign their concepts and 

fabrication approach to better cope with the realities presented to them. This process is best seen with the fabrication of 

the Plinth (Figure 3) that were produced at full scale. The design was based on laminating layers of plywood to create a form 

that resembled a tree trunk. The prototyped design was made from two modules that fitted together to form the desirable 

height. Although it hollowed out, weight issues were quickly raised on completion. 
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Figure 3: The tree plinth prototype.

3.2 Constructive Feedback from Industry

Critiques with industry professionals were held at the end of each week to ensure momentum during the summer break 

was constant. The STA encouraged the students to present the most successful scaled concept models and mockups.  It 

became a valuable medium for both parties to create critical and valuable discourse. Although there were constant updates 

provided to CHH via email for critical feedback, there were three major presentations the students gave to them. Again, 

scaled models and mockups became a key tool for presentation, as it allowed the students and CHH representatives to 

constructively work through issues such as scale, materiality and visual weight. It also served to be an avenue to explain the 

implications of why some designs were more successful other requested concepts by the client. Outside the teaching realm 

they’re receiving feedback that boosts moral and drive. Input and support provided throughout the design process from 

industry, created excitement for both parties and as a result creates better relationships that foster innovation and creativity. 

3.3 Final Design 

The final design took a very natural organic form to represent CHH ethos towards sustainability.  The design had two major 

elements. The first was the main central wall that was derived from two sine curves, while the second was the tree trunk 

plinths. In total, there were over 400 CNC milled individual components that made up the exhibition stand. 

The main central wall was divided vertically into the fin-like components and assembled into eleven modules. The stand 

locked together with pins driven into five top and bottom rails. Two horizontal locking components linking the shelves 

together also provided extra lateral support. The only tools were that are required for assembly are mallet and Hex key. The 

plinths that resembled tree trunks were laminated timber that disassembled into 3 easily manageable modules that locked 

together with a Lego type connection. 

3.4 Fabrication 

Although a large portion of the fabrication activities went smoothly, there where three problems that plagued the project. 

The first was with the introduction of a new ‘lap joint’ detail (figure 4) to counter the inefficient shape of each fin like. The 

main reason it was introduced to conserve material and reduce CNC cutting time for the over all project.  This production 

method backfired and ultimately caused a lot of frustration and added extra time to the fabrication programme to remedy 

a new set of fabrication issues. 
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Figure 4: Two connecting halves of a lap joint being hand planned to fit together

The second problem came with accounting for material inconstancies within their digital models. The students were 

warned by this issue via the prototyping activities. Although they tried to, they simply failed to predict and imbed enough 

fabrication tolerance into digital production files. The problem eventually led to the misalignment and fit of many components. 

The solution was to either laboriously hand sand down the components or recut them on the CNC router.

The third problem came with the students not fully understanding how to manage large amounts of unique components 

for fabrication and assembly at full scale. The problem resulted in those components either being assembled incorrectly 

or produced multiple times. A project of such complexity really needs to have a bullet proof file management and labelling 

system in place to ensure no double-ups or incorrect assembly processes take place.  

3.5 Exhibitions and subsequent refinements

After each installation, refinements were made within a workshop setting. The first install with six students took around 60 

minutes, while the final only took about 15 minutes with two students.  During the first installment at 2018 Prefab NZ CoLab 

Conference, the team noticed that the shadow clad was represented incorrectly and needed the material to be rotated by 

90’ which required a recut. After weighing up the amount of time it took to recut the face panel, pull apart the drawers and 

install the new face panel, it was decided that future drawers be re-cut completely as they didn’t align as well as they could. 

Since the design has been finished it has travelled to 3 cities for multiple events such as BRANZ Modular Road show in 

Wellington and Auckland and the Paradigm Shift series in Wellington and Christchurch (Figure 4). 

  

Figure 4: Various set ups of the stand around New Zealand.
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4. CONCLUSION

At the end of the project, the participants –  including the technicians and lecturers – felt like there were  minimal downsides 

to the course, although at times the workloads seemed to be never ending. The success of the project can be attributed to 

the students developing their knowledge and skill through making mistakes during the prototyping phases. Understanding 

the consequences of their actions and how to resolve them for the present and for the future therefore became the primary 

learning objective of the summer school elective course. Ultimately, the students learnt that compromises are part of design 

development. When necessary, they must let go of their original idea to ensure that the brief and their scope of works is 

meet and the client is well catered for. 

As the project started to become more intense and deadlines loomed, the students took on the challenge, became 

independent and created their own workflow process. Guidance from the senior STA to the junior students became a 

driving factor to complete the project on time without compromising quality. The mentorship experience also provided the 

STA greater confidence to deal with and resolve issues surrounding material, assembly and organisations. It required the 

STA to learn to critically reflect and observe at the capacity of a group, rather than just an individual.  

The students learnt a lot about themselves and their capabilities. It’s not always feasible to fabricate their initial designs 

and as a team they were required to resolve by simplifying and thinking about how the materials are best represented 

through design. By the end of the prototyping phase, they found it was necessary to design to material properties rather 

than just expecting their original concept to work. 

Both the STA and students were provided with appropriate conversations and interactions with industry professionals 

outside of the institute setting.  The STA dealt with more issues such as briefs, budgets and coordination of the course 

participants. The students were a provided with the opportunity to explore design process through weekly presentation 

meetings with an actual client, with real needs and wants. 

The collaboration between Unitec Institute of technology and CHH was instrumental for the success of the course. 

They understood what the requirements of the students were and tailored a brief with the aid of the STA accordingly. The 

intellectual support CHH and Prefab NZ provided the students was extremely valuable to build confidence, specifically when 

design experimentation was required to be pushed to create novel creative outcomes. It ultimately enabled the students 

to explore design through to fabrication and resolve problems through experimentation at the prototyping phases. Without 

the prototyping material, the outcome would have been very different. Ultimately, it was the industry encouragement within 

course that fostered innovation and growth of the course participants. In turn, it has strengthened the capabilities and 

knowledge of the students for their onging studies. 
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