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Definitions and Abbreviations 

Workflow Is a coordinated and modular pattern of design organisation enabled by systematic 

arrangement of materials and resources into processes that creates more complex 

systems and organisations. 

CAD  Computer Aided Design 

CAM  Computer Aided Manufacturing 

CNC  Computer Numeric Control 

Mesh  A computer graphics model for representing shapes of polyhedral objects in 3D 

NURBS Non-Uniform Rational B-Splines- a mathematical model commonly used in computer 

graphics to represent curves and surfaces 

LOD Level of Detail 
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Abstract 

This thesis investigates form and system--generating processes in architecture in the context of 

design computation, system design and digital fabrication. It is based on the idea of metabolism- 

formulation of architecture as a living, evolving and expanding network of components operating as a 

system, rather than a static object first introduced by Japanese architects in the early 60’s as a design 

strategy for large scale urban interventions. This research expands this notion to include architecture 

at smaller scales in light of contemporary advances in computer aided design, digital fabrication and 

interactive design. Thus, the research attempts to explore ideas of architecture as ‘inspired’ by nature 

and incorporate generative principles directly into its design, fabrication and operating behaviour.  

The aim of this research is to develop understanding of methods and techniques for the development 

and fabrication of the built environment based on metabolic principles- that is principles, which are 

representative of natural systems. This methodology could theoretically be applied to any collection 

of parts at larger scales and will enable architects and designers to develop new models of 

architecture that could bring about improvements in the built environment in the future.  

The objectives of the research are three-fold. Firstly, it aims to investigate design of aggregations in 

group-form both top-down and bottom-up. Second, it investigates approaches to design of 

architectural responsiveness in the context of formal metabolic approaches. Third, it explores 

combinatorial approaches to applying form, interactive responsiveness and data fields to group-form 

approach.  

Primary investigation and evaluation is accomplished through design of three experimental 

architectural prototypes: cellular form, mediated form and kinetic form. Each focuses on separate 

research area: bottom-up generation of form through developing of components with aggregative 

logic, using physics simulation in the design process and developing complex fabrication workflows 

and finally, creating a responsive kinetic system made out of component parts.  

All three investigations were completed as part of public exhibitions and fairs allowing the public to 

experience the space and interactivity aspects of each installation. This was done to demonstrate 

potential applications of the ability to rapidly construct these objects out of discrete parts and test 

their ability to sense real-time data and give feedback to the users, or change their formal 

configuration in response.  
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1.  Introduction 

More than fifty years since the Investigations and Linkage in Collective Form proposed a 

reconceptualization of architectural approaches to large urban forms and a methodological shift from 

“master plan” to “master program” suggesting a temporal/ operational consideration of the design 

object. Today we have a different set of tools available to us with which we may continue exploration 

of this concept from a different perspective. Practice methodologies of both urban and architectural 

design are today in the process of restructuring to accommodate new approaches that take 

advantage of automation of construction, fabrication and assembly and new digital simulation and 

modelling tools that allow for more precise and informed descriptions. However, there still exists a 

gap between modular mass-production construction and fabrication industry and the interests of the 

architectural practice whose interests lie in the domain of pure design.  

This research is set out to interrogate emerging practices within architecture, informed by the theory 

of group form as well as contemporary techniques of conventional and non-conventional material 

and digital experimentation with simulation, digital fabrication, assembly and prototyping. The focus 

is on exploring approaches to design enabled by modern tools of conceptualisation, communication 

and realisation and informed by Maki’s theory of group form which elaborates on the ideas of 

metabolism as a growth of built form (Maki, 1962). Emerging out speculative ideas to design 

assemblies attempting to deal with complexities of building clusters and even cities, this thesis will 

instead focus on small-scale design experimentation and will demonstrate how this design theory 

finds a broader application to a wider range of scales through analysis of organisation of workflows 

across design and fabrication. 

This research is driven by design project work incorporating in its investigation a broad domain across 

digital fabrication, simulation and interaction design.  Three prototypes are created alongside various 

tools and techniques. Group form is reconceptualised here as a set of conceptual and practical 

applications that begin to enable a designer to work with form and program simultaneously through 

the effects of organisation. With this new understanding of contemporary methods of design 

computation, this thesis attempts to re-examine ideas initiated with Maki by changing the focus from 

large scale urban problems to a more theoretical and conceptual problems of design process through 

construction of small-scale prototype design assemblies tracking and developing on ideas of group 

form. This is done for a couple of reasons. First, it allows rapid prototyping of prototypes at 

compressed time scales allowing for a more immediate assessment of built assemblies that are 

relatively cheap and simple to construct.  Second, the application and theory is more generalised- 
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architectural assembly of collective form no longer operates at a specific scale but is seen as having 

agency across multiple functions and scales. This allows it to transcend conventional typologies of 

parts associated with urbanism and focus more on compositional and methodological strategies. 

Thus, the research is informed by two overarching themes or objectives that are in close dialogue 

with each other: one is the development and exploration of digital tools and techniques for 

architectural design; the other is its implications on design strategies of group form as a system of 

simultaneous form and program organisation. The first objective is comparable to engineering 

methodology of formulating hypothesis and testing precise routines, the latter is a cultural endeavour 

of defining the design agenda and speculating on the consequences of technological development. 

1.1. Motivation 

The focus is on exploring approaches to design enabled by modern tools of conceptualisation, 

communication and realisation and informed by Maki’s theory of group form which elaborates on the 

ideas of metabolism as a growth of built form (Maki, 1962).  

The design exploration of group form described in this thesis attempts to demonstrate a series of 

practical and conceptual tools, which enable designers to work on form and program simultaneously 

through the agency of organisation. This organisation is itself modular- composed of clusters of 

components that mediate information exchange between descriptions of design objects, their 

behaviour and methods of their construction and organisation. This shift from linkages of form to 

linkages of information exchange is counterintuitive but conceptually very powerful. It echoes 

practices that deal with complex interacting systems in both scientific disciplines such as climate and 

economy and engineering disciplines such as software design. 

1.2. Research Question 

Technological advances in the field of computer-aided architecture presents new opportunities for 

designers and architects. Through construction of parametric models and simulations, designers are 

now able to take advantage of 3D modelling and scripting tools in order to construct iterative, 

testable solutions. These solutions can be driven by both designer input parameters, data collected 

from networks, existing information, models of real-world sensor readings or iterated through a 

solution space given a certain set of optimisation criteria. These methods and tools have been 

extensively used in contemporary architectural research and practice with theoretical aspirations 
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often looking towards precedents in biology to create theoretical frameworks for architecture. This 

has often resulted in architecture that is focused extensively on engineered visual effects created by 

manipulation of geometry and materials at limited scales and with applicability that is restricted to 

specific material implementation and typology.  

The thesis attempts to make a connection between the tool-centred approaches of contemporary 

architectural inquiry with ideas developed in from the 1960’s beginning with Maki’s group form and 

connected to various later developments in algorithmic design and digital fabrication. It is argued 

here that this approach could be generally considered a variant of the bottom-up design principle as it 

focuses primarily on design and distributions of interconnecting elements in space but unlike some 

modern conceptions of a bottom-up design methodology, in this variant, the author maintains 

creative control as opposed to democratising creative decision-making. Loosely defined as ‘group 

form’ or ‘collective form’ by Maki, it gained a more specific sets of characteristics drawing from 

existing settlements and vernacular villages as a starting point, thus acquiring more sociological and 

political contexts. Even though, the original aspirations of metabolism were development of a theory 

of multiple scales and resolutions (Noboru, 1960), the primary focus has remained on urban-scale 

with many specific built examples by the group remaining largely within conventional framework of 

modernism.  

The society for which Metabolist architecture was envisioned has changed radically, acquiring new 

links to the technologies that help produce architecture, connect people digitally and, in some cases, 

directly interact with them. The aforementioned methods of producing architecture have also 

changed, taking advantage of accessible visualisation, 3D modelling and scripting tools allowing for 

new possibilities previously unavailable to Maki. Given that the ideas of group form are deeply rooted 

in architecture’s internal logic that was envisioned to expand and respond to dynamic environments 

and events, the key aim of this thesis is to advance abstract concepts articulated as group form into 

the realm of contemporary digital computer-aided design approaches. Based on the aims outlined 

above, this thesis asks the following question: 

How can computer-aided design, construction, its visualisation, its physical construction and 

interaction with people be used to create architecture based on group form principles? 

This key question leads to a series of project-based design investigations in conjunction with literature 

and precedent review. The underlying hypothesis is that through series of project works and 

practices, it would be possible to test the limits and possibilities of applying emerging scripting, digital 

fabrication and interaction to principles articulated fifty years ago and tested primarily at a different 

scale. These investigations serve as test beds to experiment with variety of techniques and 
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approaches in order to tackle specific sub-goals. They were developed to understand implementation 

of specific approaches to particular research areas and conceived as an iterative process of 

‘reflection-in-action’ where assessment of creative output is incorporated into a feedback loop which 

contributes to a bridge between theory and practice (Schon, 1983).  

It is important to note that this research does not attempt to re-create architecture of Metabolists 

through different means or create perfect technological implementation of these concepts. Rather, it 

seeks to establish an updated conceptual framework and allow results to emerge at the conclusion of 

these investigations. The outcomes are qualitative. By developing a consistent experimental 

framework in which to design, prototype and evaluate design applications through novel fabrication 

methodologies and tools, a new design approach for group form concept can be realised. This 

hypothesis is assessed by the results generated from the design investigations, as ideas develop 

through operational digital and physical conceptual prototypes. By suggesting experimental design 

methods, refining and testing both digital and physical workflows, this research provides architects 

and designers with a combination of practical and conceptual design tools to apply group form 

systems in the early-stage design of architecture at varying scales.  

This research, therefore, expands on the concepts of group form by deploying it in a different context 

and applying new digital tools of parametric design, fabrication and physical/digital interaction 

through presented investigation process and prototypical design outcomes. 

1.3. Structure of Exegesis 

This exegesis is divided into seven main parts and structured around three main design investigations 

in chapters four, five and six. Chapter 1. Introduction serves as a general outline of the research 

question and hypothesis, its aims and methodology. It outlines the parameters of investigations that 

were conducted in this thesis and the manner of analysing its results. Chapter 2. : Background 

presents all relevant background material and constitutes exegesis’ literature review. It is broken 

down into the examination of the concept of Metabolism in architecture, System Design serves as a 

review of computational architectural design and its brief history, Computational Approaches to Form 

Aggregation examines parallels between the process of design, its naturalistic precedents and the 

tools that enable their implementation, and Responsive Architecture reviews how system design 

manifests in architecture and helps designers to approach re-configurable assemblies. 

The body of exegesis consists of three main design investigations: Design Investigation 1: Cellular 

Form, Design Investigation 2:  and, finally Design Investigation 3: Kinetic Form. Each investigation is 
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further broken down into four subchapters which serve as descriptive sections, tracking design and 

construction of these prototypes as follows: 

• Section one describes conceptual design process always incorporating system design 

approach- a script or a procedure is proposed and elaborated upon which stems from a 

broader thesis of aggregate investigation in design process.  

• Section two of each Design Investigation investigates material and tectonic fabrication 

process of each prototype and how scaled construction imposes constraints and presents 

new opportunities for physical assembly process.  

• Section three of each Design Investigation describes interaction of each prototype and how 

its systems interface with users and integrate into the physical object.  

• Section four and five are summary and discussion- they serve to conclude each Design 

Investigation chapter by analysing results of the design prototyping process and provide an 

overview of the developing argument. 

Chapter 7 provides overall discussion on how concepts presented in Research Aim have been 

achieved, which methodologies proved most successful in achieving these outcomes and potential for 

future investigations. Chapter 8. Conclusion provides a discussion of the relationship between 

aggregative form and methods for its construction and implementation of its systems in future 

research and design applications.  
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2.  Background 

Group form is a term coined by Fumihiko Maki to describe a novel compositional and analytical 

approach to architecture developed out of the Metabolist movement of which Maki was a key 

member. Originating from reflections on the work of the Metabolists and embodying a type of 

contextual theoretical development of Modernism, its legacy can be traced in both architectural 

theory and practice from built works of Rem Koolhaas to Stan Allen’s concept of ‘field conditions’. On 

one hand, group form requires a theoretical update considering a radically new technological context 

for both production and conception of architecture that since the time of publication of Investigations 

developed from a rhetorical evocation of systems to a somewhat more literal application of 

algorithms and parametric design approaches in ever-increasing aspects of design and construction. 

On the other hand, modern technologies suggest a more direct possibility of metabolic processes 

possible through responsiveness to context and patterns of habitation, on the other it offers even 

more exotic possibilities of direct self-assembly and growth as described by one of the forerunners of 

contemporary computer-aided branch of architectural research, John Frazer.  Today, this general 

architectural research field expanded to include advanced architectural geometry, simulation, robotic 

fabrication, IOT (Internet of Things), interactive architecture and many other technologically 

enhanced enquiries of similar kinds.  These often have a narrow focus on primary application to very 

specific technologies of architectural production. Not unlike Maki, CAD forerunners’ vision for 

architecture is much broader, generally all-encompassing theories that have the potential to 

contribute to all aspects of architectural production including the way we conceive and think about 

architecture from first principles as well as a complex intersection of structural, utilitarian, ecological, 

phenomenological, social, political and cultural concerns. 

2.1. Architectural Composition 

One of the most prominent themes in Architectural theory, in which group form is firmly positioned, 

is the composition or how architecture can be put together. As mentioned earlier, Maki’s contribution 

was to introduce the problem of indefinite scaling and how architecture can accommodate ever-

expanding scales through focus on process and radical modularity. More recent prominent concept 

that displays certain conceptual similarity is field conditions, developed by Stan Allen in the early 

1990’s. He describes it as “any formal or spatial matrix capable of unifying diverse elements while 

respecting the identity of each. Field configurations are loosely bounded aggregates characterized by 
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porosity and local interconnectivity…What is intended here is a close attention to the production of 

difference at the local scale, even while maintaining a relative indifference to the form of the whole.” 

(Allen, 1997, p. 24). Developed largely from ideas in other fields, including music and art, field 

conditions borrow elements from processes, movements and generative instructions to suggest an 

approach to making architecture that stands in opposition to previous compositional approaches such 

as modernistic grid-based approaches like those of Mies Van der Rohe or the more chaotic and 

expressionist strategies of deconstructivism (Allen, 2011). 

Joseph Becker, a MOMA curator of exhibition titled Field Conditions traces the origins of this concept 

to developments in art in the twentieth century. He brings up Jackson Pollock and the term ‘allover’ 

to describe decentralised and ‘polyphonic’ composition that relies on closely similar elements which 

“repeat themselves without marked variation from one edge of the picture to the other” (Becker, 

2012). This allows painting to achieve a separation between the subject, the object and thus, to 

dissolve the space between. Another important development in relation to field conditions is the 

minimalist and process art of the 1960’s. Of particular interest is the work of Sol LeWitt who, similar 

to Pollock, developed work that dissolved decipherable form. Unlike Pollock, LeWitt’s approach can 

be called emergent or procedural- the ‘art object’ is executed by assistants through instructions 

(Figure 1). This leads to an aesthetic of modularity and uncertainty about the outcome which 

develops into the technique of developing processes rather than objects or drawings.  

 

Figure 1: Left: Jackson Pollock, 1950, right: Sol LeWitt, Incomplete Open Cubes, 1974 
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Contemporaries of the Metabolists, the work of avant-garde pioneers like Constant, Archigram, 

Superstudio, and Archizoom illustrated abstract architectural worlds expanding in scale as long-term 

structures that would support short-term components. Particularly in the case of Archigram, various 

projects that included drawings such as that of a Computer City (made long before the widespread of 

computer technologies in 1964- see Figure 2) suggested a “system approach”, which would enable 

the type of sprawling, component-based aggregated design of a “Plug-In City” to operate through the 

use of monitoring systems, radio-controlled taxis, ambulance services, and airports (Sadler, 2005, p. 

20).  

 

Figure 2: Left: Dennis Crompton, Computer City, 1964, Right: Archizoom's No Stop City, 1971 

 

2.2. Group Form 

Group-form is a term idea developed by Fumihiko Maki while he was a member of the faculty at the 

School of Architecture at Washington University from 1956 to 1963. The work, made of two main 

parts: Investigations in Collective Form and Linkages in Collective Form attempts to describe a 

methodological framework for creation of what Maki calls group form- a particular configuration or 

assemblage that ‘evolves from a system of generative elements in space’ (Maki, 1964, p. 14). The 

agenda is outlined in the opening paragraphs as an open-ended question, seeking a set of strategic 

tools for the making of the physical environment. The main criticism is centred on composition of 

larger, open-ended urban forms which, in Maki’s view, lacks elasticity and flexibility as well as visual 

and physical presence coherent with the function and technology which gives rise to it. Thus, the 
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Collective Form is an attempt at formulating a design approach for creation of assemblages beyond 

single objects or formal compositions.  

Maki’s concept of group form first emerged in the essay titled “Towards Group Form”, co-authored 

with Masato Ohtaka and featured in Metabolism/1960: The Proposals for New Urbanism (Noboru, 

1960). Four years later, Maki publishes Investigations in Collective Form which elaborates further on 

this idea (Maki, 1964). Conceptually, he suggests three distinct categories for looking at architectural 

composition rooted in different approaches to part-to-whole relationships. Compositional Form is 

described as the traditional approach for building design that completes a formal statement- 

individual buildings are made from components arranged to complete a formal statement as well as 

to satisfy functional, visual and spatial relationships. Investigations in Collective Form is the first 

written work to define the idea of megastructure as a frame which houses modular components 

comprising of a diverse set of programs concentrated in a single composition. Made possible by 

modern technology, Maki suggests that it allows the creation of an artificial infrastructural landscape 

which would allow for different metabolic cycles to emerge within its boundaries. This category, in 

fact, is characteristic of the metabolic movement with Kurokawa’s Agricultural City and Helix City, 

Isozaki’s City in the Air and Joint Core System, Tange’s Tokyo Bay Plan all deploying the megastructure 

approach (Zhongjie, 2010, p. 112). 

Group Form (or Collective Form) is presented as an alternative to megastructure which is critiqued for 

its “certain static nature” inherent to it. Instead of providing a physical structure, group form presents 

a master program or grammar which allows for coping with expanded scales, complexity and 

transformations. Maki’s distinction between ‘form’ and ‘system’ is based on Louis Khan’s ideas of 

‘form’ and ‘design’ presented at the World Design Conference in 1960 (Maki, 1962, p. 20).  

This category begins to suggest that the systemic property of mass program is inherent in parts 

composing the group: a composition which “evolves from a system of generative elements in space” 

Maki’s Linkage in Collective Form attempts to formulate a design strategy around group form: 

Collective form also requires a new dimension in conceiving construction methods and structural and 

mechanical systems. The aesthetics of the collective form necessitate new definitions of scale and 

proportion of buildings. 

Above all, this entire essay questions the meaning of the very act of “design” in our society.= (Maki, 

1964, p. 28) 

As a designer, Maki is concerned with operation application of collective form. In the section on 

operational categories, he uses examples to identify abstract principles governing group form. This is 
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of a particular interest to this thesis, as we are concerned primarily with the compositional essence of 

group form and its constraints rather than its specific urban application. From these abstract 

principles, application is made possible at a more generalizable scale as Noboru Kawazoe once made 

a similar observation in regards to Metabolism as being “a continuous development from atom to 

nebula” (Noboru, 1960, p. 5).  

“Ultimately we seek new ground that inexorably links process and product: the former constantly 

structures and restructures the letter in a feedback loop.” (Mayne, 2011, p. 12) 

Similarly, Stan Allen1 in his essay Field Conditions articulates a broad bottom-up design theoretical 

model which draws on architectural precedents such as the Great Mosque of Cordoba and Le 

Corbusier’s 1964 Venice Hospital proposal; shifts from minimalism to post-minimalism in 

contemporary art with its emphasis on processes; new compositional techniques in music based on 

crowd behaviour like the Xenakis’s Metastasis and; finally,  flocking behaviour developed in computer 

science by Craig Reynolds in the 1980’s (Allen, 1999). Similarly to Maki’s group form, field conditions 

is built environment conceived of as a series of parts beginning with a single element or elements that 

cluster or aggregate to become many. Allen is interested in the logic of aggregation and the effects of 

that logic and the potential dynamic nature of the assembly: “More than a formal configuration, the 

field condition implies an architecture that admits change, accident and improvisation” (Ibid., 101). 

This is evident in his diagrams that speculate on various effects of, for example, moire patterns that 

echo some operational categories from Maki. However, Allen did not develop his approach from 

Maki, but instead conceived of it as a critique of deconstructionist movement in architecture which 

attempted to move towards ‘additive’ approaches as opposed to the prevailing ‘subtractive’ ones.2 In 

the preface to Combinatory Urbanism, Allen acknowledges an ‘uncanny familiarity’ of Maki’s ideas on 

group form and its shift from form to behaviour under the domain of complexity: “[Maki] recognises 

that the city is a dynamic mix of program, politics and activity but understands that architecture’s 

primary agency is to define form, now in new configurations that promote rather than restrict change 

over time.”3  

Allen’s contribution to the idea of group form/ field conditions is its extension into a much more 

complex organisational principle that incorporates art, architecture, politics, psychology and 

 
1 Stan Allen is an American architect, theorist and former dean of Princeton University's School of Architecture 
2 (Allen, 2011) Allen discusses context behind the essay in his conversation with Scott Cohen at GSD: “We were all reacting 

against deconstructivism. So the model of deconstructivism which was that you started with the whole figure and you broke 
it apart. Think of Schumi and disjunction, discontinuity and Peter Eisenman starting with the whole figures and fracturing 
them in different ways”. 

3 (Mayne, 2011, p. 57) is a collection of urban projects by Morphosis Architects from 1999-2006 which contains project 
descriptions, urban analysis studies and architecture theory essays.  
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technology. This thesis constrains the scale of the exploration of this approach and instead attempts 

to expand application of systems (or digital design approaches) to the study of group form and its 

composition.  

2.3. Computational Design & Prototyping 

One of the key developments that animated a resurgence in the application of biological systems and 

processes in architecture and design in the last twenty to thirty years is a wider availability of scripting 

tools. This brings with it certain questions in regards to how these new tools are applicable to design 

processes:  

In looking outside architecture for some clues on how we might do a better job with performance, it is 

hardly surprising that we therefore seek guidance from nature, there being no other ‘system’ available 

for us to study for convincing prototypes. The intellectual migration for architects thinking from object-

related thinking (building form) to one of systems (building performance) is well on its way, and 

scripting naturally offers a means to queue jump millions of years of evolution, by computationally 

filling in for time’s selection of the fittest solutions (Burry, 2011, pp. 233-234). 

Mark Burry4 is referring to a narrow design process (evolutionary algorithm) with a focus on specific 

outcome (performance). Defining performance for architecture is a daunting task since it not only 

encompasses a very large set of interrelated performative parameters (form, structure, usage etc.) 

but also aspects that cannot easily be addressed by any formal system or description (aesthetics, 

design creativity, style).  

These new tools and approaches allow for novel ways of investigating group form. Specifically, the 

impact of digital fabrication on rapid deployment of customisable, adaptable components at localised 

scales and the use of interactive information technologies to allow for communication and 

adaptability of form given particular stimulation in the process of programming architecture as a 

responsive system.   

 

 
4 Mark Cameron Burry is the Professor of Urban Futures at the Melbourne School of Design at The University of Melbourne. 
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3.  Research Methodology 

In the previous chapter I have framed a context for exploring combinatory form through digital 

fabrication. This encompasses scripting and simulation, material and form as well as fabrication and 

performance. I have discussed conceptual origins of combinatory form as well as practices that relate 

to workflows in architecture that begin to explore ideas of modularity, system design and provisional 

morphology capable of ‘spontaneous experience and ad hoc formulations’ (Mayne, 2011, p. 36). 

The work in this research is undertaken as a strategy of reflection-in-action5. This involves iterative 

design, fabrication and critical reflections on outcomes. The prototypes that are created in this 

research are used as explorations of compositional ideas and how these relate to emerging 

computational methods in architecture. The insight into the development of these experiments also 

allows for refinement and calibration of further experiments (Burry, 2011).These projects additionally 

hold aspirations for developing techniques applicable outside of singular design instances, pointing to 

potentials for developing comparable design practice methodology in a broader industry setting.  

3.1. Design Research Methodology 

Drawing on aims and background research, the methodology attempts to produce a framework for 

design knowing through design investigation process. This approach involves a series of project-based 

design investigations in conjunction with literature and precedent review. The projects are coupled 

with exegetical reflection and critical evaluation. The project-based approach is distinguished from 

traditional thesis model, which typically begins with a hypothesis based on well-established 

epistemological conventions and proceeds to examine it by presenting relevant empirical or logical 

evidence. Since this thesis deals with application of emerging technologies to design practice and 

existing architectural theory of group form, other additional modes of research incorporating design 

processes are used which will be discussed here.  

Bryan Lawson presents a map of the design process that attempts to approximate it as a procedural 

sequence (Lawson, 1990, pp. 22-36). Although there are many variations proposed and even 

according to the author, none of them accurately capture the intricacies of this process, a three-part 

 
5 The Strategy of reflection-in-action is described in detail by Davis Shon who explains the synthesis of new design 

knowledge through reflective and critical engagement in practice (Schon, 1983).  
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flow diagram with varying component definitions and connective topology re-emerges and seems to 

be an accurate first approximation for a methodological basis of analysis and reflection: 

• Analysis is an exploration of relationships, patterns and classification of objectives. Also 

referred to as ‘generator’ or the process of formulation of assumptions about a design 

problem. 

• Synthesis is an attempt to create a response to the problem and generate possible solutions 

• Appraisal is a critical evaluation of suggested solutions against objectives identified in the 

analysis stage.  

Lawson also draws distinction between behaviour of individuals trained in scientific disciplines and 

design; through a series of experiments constructed specifically to investigate approaches to design 

problems by designers and non-designers, he concludes that scientists problem-solve by attempting 

to understand the rules by maximising information about the problem , whereas designers specifically 

select information which approximates optimal constituents of a solution (Ibid., 31-32). Presumably, 

design requires a specific approach for tackling indeterminate problems by emphasising synthesis 

over analysis. This is partly the cause of complexity of the above-mentioned process map, which 

assumes a certain order. Rittel and Webber have identified ‘wicked’ problems originally used in the 

context of social planning but have applicability in this context (Rittel and Webber, 1973). These are 

described as ill-defined, ill-structured and fundamentally different problems to those set by scientists 

and mathematicians who systematically strive to either provide proofs (in case of logic and 

mathematics) or theories supported by empirical evidence (in case of natural sciences). Apart from 

the concept of ‘wickedness’ which refers to resistance to solution which sets this type of problems 

apart- in the context of design, this epistemological difference has been noted prior: 

The scientific method is a pattern of problem-solving behaviour employed in finding the nature of what 

exists, whereas the design method is a pattern of behaviour employed in inventing things of value, 

which do not yet exist. Science is analytic; design is constructive. (Gregory, 1966) 

Unlike a traditional theoretical research approach, project-based research allows one to directly 

engage with design process, materials and technologies of design production. The research questions 

are addressed in this mode through a range of digital and physical conceptual prototypes. This thesis 

assumes that the real challenge of production of group form is not in conceiving it but rather, in 

realising it through addressing various ‘wicked problems’ in relation to scale, composition, technology 

and process. Thus, the hypothesis of group form as primarily a compositional theory of architecture, 

which is tested with physical design experiments and project investigations.  



14 | Form to Behaviour 
 

This raises a question of what separates an act of design from design as a research programme. 

Although this is still an ongoing area of discourse, broadly speaking: design practice only enters into 

domain of research upon critical reflection and methodological approach. Nigel Cross puts        this 

design-centric epistemology in the following way:  

“The whole point of doing research is to extract reliable knowledge from either the natural or artificial 

world, and to make that knowledge available to others in re-usable form. This does not mean that 

works of design practice wholly excluded from design research, but it does mean that, to qualify as 

research, there must be reflection by the practitioner on the work, and the communication of some re-

usable results from that reflection” (Cross, 2006, p. 102). 

This process of critical introspection distinguishes a researcher from a practitioner involved in a non-

research activity. Through immersion in material culture and design process, designers create new 

knowledge through critical reflection and evaluation. This process allows a formation of a design 

theory model that could potentially aid both designers and design researchers in understanding 

methodology and decision making in this specific area of group form enquiry.  

Figure (insert figure ref here) illustrates the research methodology as an iterative and evolving 

process based around project-based design investigations in a continuous and reflective process. Each 

investigation is conducted with  

Mark Burry defines three ‘scripting cultures’ or ways in which designers tend to utilise computational 

design tools. They are broadly classified into scripting for productivity, experimentation by scripting 

towards a path to an answer and scripting for ‘a voyage of discovery’ (Burry, 2011).  

In core chapters of the exegesis, design investigations are contrasted with theoretical framework of 

group form in order to test its technical feasibility by using proposed design methodology and 

embedded materials and systems at tectonic scales. The key objective is to capture the imagination 

and project a potential future architecture based on modified concepts of group form for future 

research. Rather than obtaining quantitative feedback using a more analytical approach, the 

outcomes of projects are evaluated through qualitative feedback. The feedback process acts as a 

generative iterative development strategy with produced results used to interrogate original ideas 

and test the group form hypothesis by developing a new set of inquiries through evaluation and 

reflection of various aspects discussed. 



 

Form To Behaviour | 15  

3.2. Workflow Hierarchy 

In order to systematically describe design workflow and depict a systematic overview of processes 

and methods used on each individual prototype, I draw on the PhD research of John Everett and 

Nicholas Williams. Everett’s research reviews problems in construction industry and the potential for 

automation technology for addressing issues of productivity, safety, and skilled labour. Of interest to 

this research is his classification of elements of construction field work which he describes as Levels of 

Detail (Everett, 1991, p. 59). Dissatisfied with the interchangeable use of construction process 

terminology, he systematically constructs a formalised hierarchical relationship between them. 

William’s thesis develops this framework into creative practice and introduces the idea of ‘levels of 

detail’ in creative research dealing with issues of technological automation and its modularity. These 

levels could be described as hierarchies of processes- from simple tasks that could be automated to 

more advanced procedures requiring navigation of multiple disciplines, conflictual design criteria and 

complex, non-linear workflows. Original schema proposes nine separate categories beginning with a 

general ‘Industry’ described primarily as a part of the broader economic output of a given society and 

going down to the ‘Elemental Motion’ describing very basic tasks of human movements such as 

shovelling and walking with load. Of relevance are five levels of detail reimagined by Williams in 

specific application to architectural production spanning from Design System (Project) to Elemental 

Motion (Williams, 2017, pp. 50-54). These assist in understanding workflow at each level or scale and 

its relationship to materials, digital tools and design computation.  

This thesis uses similar framing to William’s level of detail, but makes a few necessary adjustments 

and clarifications. A general assumption is made here that any of these parts can theoretically be 

automated but only some parts are due to expediency, costs and available (and/or currently 

understood) technologies. The boundaries between these categories are difficult to describe as the 

categories themselves are defined by sets of examples and their hierarchical relationship to the 

neighbouring categories. In Williams taxonomy it is, for instance, unclear what is the essential 

characteristic of Basic Task and what exactly separates it from Elemental Function (Motion in 

Evertett). It is described as elements of work with multiple inputs that combine multiple Elemental 

Functions for more ‘significant outcomes’. Some examples provided are that of calculating a geodesic 

curve (from computation) and applying glue to a surface (a physical task). Compare these to some 

examples of Elemental Function (process with fewer inputs): offsetting a curve (from computation) 

and opening a glue bottle (a physical task). Everett makes a distinction between Task and higher 

complexity categories on the assumption that this work can be performed by a single robot. This, 

however, assumes that a single-robot task complexity is fixed which depends on the complexity of the 
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machine itself. If we consider application of glue to a surface and opening a glue bottle as separate 

categories, a natural response arises as to how objectively compare unknown tasks to determine their 

classification? The separation of task complexity is intuitive to us: constructing a house is clearly a 

more complex task than opening a glue bottle. However, when you introduce a gradually escalating 

complexity categories, the boundaries between various tasks become harder to pinpoint without 

some analytical tool. Such analysis is beyond the scope of this thesis- these description categories will 

be applied here with some discretion and at the conclusion of having utilised this taxonomy, some 

suggestions for improvement of further classification schemes will be made. The following categories 

are process descriptions based on Everett and Williams.   

3.2.1. Project 

Everett’s description encapsulates a building type under this category, which is a singular event with a 

definitive starting and stopping points as well as unique, interrelated activities. Williams’ transitions 

this to a more abstract category of a ‘Design System’ that represents a complete, self-contained, 

single generation of an architectural prototype. Everett’s terminology is retained for its ability to 

succinctly describe architectural building projects of scales and complexity transcending prototypes or 

clusters of building sub-systems and in architectural context could be understood as a system of 

procedures generating complete, habitable building artefacts.  Projects presented in this thesis 

cannot be described using this formulation even though they begin to accumulate several ‘division’ 

sub-categories into works that are ‘complete’ but only in some more abstract, compositional sense.  

3.2.2. Division 

Major subdivisions of a project process, classified by functionality, the nature of assembly and 

assigned according to the expertise and project roles of people involved. It is, essentially, a way of 

organising processes specific to a distinct aspect of the project. Projects in this thesis are composed of 

these divisions to a limited extent. Examples include form finding, fabrication design, electrical design, 

interaction design, structural design, architectural design.  
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3.2.3. Activity 

Describes a specific item of work that breaks up Division into multiple procedures. Williams defines 

this category as a specific preparation or fabrication methodology such as defining a robot toolpath or 

calculating structural deflections. Everett describes Activity as a procedure that results in a 

recognisable constructed element. This thesis uses William’s definition and approaches Activity as a 

collection of Tasks that can be described as completing a recognisable unit of work that can either be 

virtual or physical. An activity could be producing specific connectors or building components, 

alternatively it could be producing digital models and/or analysis of said parts.  

3.2.4. Task (Basic Task) 

Task can generally be described with a simple procedure and a series of simple inputs. It does not 

require significant prior knowledge or expertise. As Everett points out, this is the level at which 

automation becomes increasingly useful since the problems occurring here are much more tractable 

in terms computation. 

3.2.5. Basic Method (Elemental Motion) 

A unit of work that can be described as a specific basic function (usually performing a certain 

geometric operation constrained by a limited number of input types and effects that it generates). 

Digitally, this could be a simple method function in code that, for example, discretises NURBS 

surfaces, transforms objects or calculates a particular relationship between geometry (e.g. linear 

algebra function). A physical counterpart could be drilling a hole, actuating a kinetic motor or a 

sensor.  

A level of detail beyond Project is Sector, which represents different types of constructed facilities. In 

Everett’s description these facilities range between different general building typologies (residential, 

public works etc.) to heavy construction (highways and street) as well as infrastructural projects 

including electrical, water and special trade (Everett, 1991, p. 61). This generalises to complete 

procedures involved in constructions of clusters of buildings or quasi-buildings. This process begins to 

suggest urban scale intervention processes that would also include all built matter that connects and 

supports buildings in these clusters. The processes at this scale were of primary concern to Group 
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Form concept as articulated by Maki: “Our problem is this: Do we have in urban design an adequate 

spatial language (an appropriate master form) with which to create and organise space within the 

master program?” (Maki, 1964, p. 4). There is, however, little description of how this program can be 

effective at all scales of production despite introducing it as a bottom-up process occurring naturally 

in clusters of traditional villages and settlements that emerge from small, architectural elements. 

Figure 3 compares the scale domain of this research in relation to Everett, Maki and Williams. In 

terms of scale of detail, it is much closer to Williams due to the focus on relatively small-scale material 

prototypes that explore digital tools in contemporary architectural production. However, the focus of 

this research is on reconsidering Group Form approach from the point of view of designing 

behaviours rather than form, and in this sense, Everett’s level of detail framework and William’s 

reformulation provide a good foundation for understanding process as modular system of task 

components both manually executed and automated. Because the research looks at scales other than 

Sector and Project, it allows for a greater range of levels of detail as well as a more immediate access 

to material design processes. While utilising this workflow hierarchy model, this thesis attempts to 

expand the scope of the research programme of Group Form as well as reconceptualising it as a 

multi-scalar network of modular and unique systems of production and operation.  
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Figure 3: The scales of detail for design systems compared to Everett, Maki and Williams. 
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3.1. Design Investigations 

In the background chapters, I described various parallel directions in contemporary architectural 

discourse that in one way or another connect to the ideas of group form. These are regularly revisited 

as key themes throughout the project chapters and further elucidate design ambitions that drive 

these explorations. They include application of digital modelling and scripting to ‘system design’ and 

digital fabrication and its effects on the concept of part-to-whole relationships in design process, 

differentiation at multiple scales and exploration of relationships between multiple interdependent 

design drivers. 

To connect these themes to specific projects and interrogate systematically different potentials of 

group form, I set up three forms of research drivers in order to elucidate per-project hypothesis 

(testable design driver) and key questions around interdependent relationships of geometry, 

fabrication and performance. These are shown in Table 1.  

Structural and electronic systems of each project are further constrained by several other factors. 

Each project is a public installation in specific public space context that is displayed for a duration of 

several days and is asked to interact with the public. Another factor is primary affordance set within 

the constraints of a real design project with sets of budgets and deadlines that made them 

comparable to proto-architectural commissions. Another determinant is the collaborative aspect that 

varies from an interdisciplinary collaboration to a collaboration across multiple disciplines. Finally, the 

production of each prototype involves the use of specific fabrication technologies that helps to 

explicate challenges and opportunities of designing for specific machines at all stages of the project. 

Table 1: Key hypothesis and questions formulated for each project: 

Design Investigation Hypothesis on form 

and performance 

Key Question Design Approaches 

Cellular Form Cellular collective form can 

be translated from virtual 

aggregating simulation into 

a material prototype 

What are the challenges in 

creating aggregative group 

form (bottom-up) with a 

grafted system? 

• Recursive scripting 

• 3D printing (Fused 

deposition modelling) 

• Simple interactive 

prototyping 

Mediated Form Collective form can connect 

and mediate context 

beyond its immediate 

physical presence 

How can physical forces 

and locative technologies 

influence design 

parameters for group form? 

• Site analysis and 

visualisation through 

scripting and simulation 

• Construction of complex 

interactive system 



 

Form To Behaviour | 21  

• 3D printing (Fused 

deposition modelling), 

• 3 Axis CNC cutter 

Kinetic Form Collective form can be 

composed of kinetically-

responsive elements 

What are the effects on 

scalability and top-down 

control of form in group 

form with kinetic-

responsive parts? 

• 3D printing (Fused 

deposition modelling 

• Interactive Arduino 

Prototyping with kinetic 

elements 

 

The core methodology followed in this thesis is thus a design-type, which focuses on construction of 

physical prototypes to test, experiment and expand on the operational principles of design of group 

form. From a theoretical standpoint, this thesis aims explore design approached to group form with 

contemporary materials and technologies of objects and systems that can encompass multiple scales. 

To do this, the operational categories have to be treated more abstractly and the design and 

construction of prototypes is aimed to give an insight into some of the challenges and potentials 

presented when trying to scale group form into larger assemblies. Additionally, all three projects were 

displayed publicly during various local and international events to conduct design research within 

public space and within the constraints of a real design project with sets of budgets and deadlines 

that made them comparable to proto-architectural commissions. This allowed for examination of 

theoretical concepts around technology, group form and interaction and at the same time test which 

methods and techniques are most fruitful in further development of the concept and its potential 

applications.  

3.2. Diagram Conventions 

In project chapters that follow specific diagrams are used to describe modular workflow. This is done 

retrospectively in order to elucidate design methodology and to highlight the bottom-up and top-

down forces active in design research (Williams, 2017, p. 53). These diagrams are simplified maps of 

process, they represent abstractions of complex manual tasks and automated scripts. They do not 

show difference between Basic Methods and Tasks (shown as blocks) as this difference is difficult to 

ascertain purely from category descriptions provided in the literature. These categories have been 

collapsed into parts contained by larger groupings of Activities and Divisions.  

In order to create a regular notation which is consistently applied across the project chapters, 

diagrams obey a number of conventions: 
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• Workflow components are represented by rectangles (Figure 4) of various scales that 

correspond to their place in processes hierarchy and indicate its level of detail such as design 

sub-system, Task or Method as described above.  

• Workflow components are connected by arrows indicating design flow direction. Some may 

have a backward direction while other might have an ‘else’ tag indicating a branch from an ‘if’ 

component which will always have another primary arrow in case the statement is true.  

• Workflow components and corresponding to them arrows have differentiated line types. 

These indicate the level of modularity so that the continuous lines represent full modularity, 

dashed lines represent semi-modularity and dotted lines represent uniqueness. 

• To represent workflows operating at various scales, workflows components are nested inside 

one another. 

• Filled in components indicate part of the process that is either creatively complex and 

involved many discretionary choices or that it is very labour intensive and involved complex 

assembly tasks. In all case, these processes are manual. 

 

Figure 4: Typical diagram structure showing an Activity composed of Tasks that are themselves made out of method blocks. 
Modules with lesser dash frequency (dotted<dashed<solid) indicates a decreasing degree of modularity. 
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4.  Design Investigation 1: Cellular Form 

This inaugural project6 was the first step in understanding the implications of combining 

computational design, aggregative geometry and system integration into architecture. It comprises of 

multiple relatively simple design processes that come together to form a deeper understanding of 

some of the problems and potentials of group form approach. The initial prototype formulates a 

bottom-up design methodology tracking part-to-whole relationships and their arrangement discussed 

in Background that had to satisfy the following criteria:  

1. The prototype is based on a component that has the ability to aggregate into larger wholes. 

2. The prototype features a behavioural property that requires being scalable and modifiable in 

relation to component geometry. 

3. Assembly has to be reconfigurable to allow for modifications and replacements.  

This chapter is divided into four parts covering all aspects of the design, fabrication and installation 

processes. Investigating Scripted Aggregations will look at the initial design methodology, which 

experimented with aggregative scripts and physical modelling. Digital Fabrication and Material 

Testing covers full-scale development and fabrication of components. Reactive System covers 

interactive technology used in the prototype as well as the challenges of integrating it with non-

linearly tessellating components. Discussion will cover which strategies proved successful and which 

needed further investigation and refinement. It also develops the framework which encompasses the 

following project and Summary will conclude the chapter by teasing out conceptual implications of 

the prototype and the direction of future research.  

4.1. Investigating Scripted Aggregations 

The initial process took inspiration from aggregation as a system-type approach.  Instead of pre-

defining geometry and physical characteristics of the prototype, a diagram of relationships for a 

variety of potential configurations was developed. This took form of a simple script which took a 

simple geometry element (b-rep or boundary representation) as input and put it through a recursive 

process. The algorithm imitated a random walk using this initial input and undergoing the following 

procedure. First, it picked a random face of the b-rep, copying and mirroring the shape around a 

plane derived from a normal of the chosen surface. Then, using Rhino Geometry library, we check for 

 
6 Working title- reference to the appendix 
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any b-rep intersections between current shape and a list of all previous shapes stored in a separate 

list. If none are found, the b-rep gets added to that list. This process is described in detail in Figure 5. 

The primary loop (enclosed by dashed lines) indicates the primary mirroring transformation followed 

by a selection process towards the bottom that runs an intersection test to determine if the current 

shape clashes with previous shapes. These are, in turn scaled to a small factor (0.99) to prevent them 

from detecting intersections between intended direct neighbours. Thus, the procedure keeps track of 

two lists- list b is the collection of all non-intersecting scaled b-reps and list a is the final list of all the 

non-intersecting complete b-reps.  

 

 

Figure 5: flow chart of random walk algorithm. 
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Face selection function is randomised with a standard .NET function with a seed supplied from system 

millisecond counter. This was done to avoid repeating patterns in aggregation, as with pseudo-

random generation, after enough iterations, the rhythm and pattern becomes noticeably repetitive. A 

consequence of this is that it also behaves non-deterministically, producing different outcomes with 

each new iteration.  

Because input geometry is open, the procedure allows for a wide range of experimentation with 

varying starting geometries (Figure 5). All starting shapes in these examples are closed, non-self-

intersecting, symmetrical and composed of all flat surfaces and derived from platonic shapes (the last 

condition is optional). In some cases, the form will get self-locked where the algorithm gets stuck in a 

mirroring loop preventing b-rep from being mirrored and continuously checking adjacent positions. 

For these cases, an upper limit on the number of allowed random search selections is set to a low 

number (10) for the aggregation to exit when it encounters self-locking.  This set up creates a 

constraint on the upper limit of parts during an average run which appears to be determined by the 

concavity and the number of faces of the input form of the random walk algorithm. The cube-based 

configuration (6 faces) appeared to be the most stable, reaching the upper limit of 200 parts 

consistently. The tetrahedron configuration (4 faces) was least stable, only seldom reaching the upper 

limit, and often locking out half way at around 100. Other configurations with larger face count per 

part such as dodecahedron (12 faces) and truncated tetrahedron (8 faces) yielded more 

unpredictable numbers of parts per run. 

For physical prototyping, truncated tetrahedron part was selected. It is similar to a standard 

tetrahedral model, but by truncating it such that the big faces are regular hexagons, the overall 

enveloped space is increased, creating a longer chain of parts and more complex internal cavities. 

Another interesting characteristic of this form is that it is potentially not facet-transitive: the way in 

which tetrahedrons array in most cases creating gaps- for instance groups of five (create non-facet-

transitive rings) and groups of twenty (forming non-facet-transitive spherical shapes) leaves gaps in a 

non-alternating arrangement. [mention aperiodic tessellation]. 

The prototypes were 3D printed (edge length) to test the possibility of creating facet-transitive forms 

by exploiting inexactness and physical tolerances of materials and linkages between parts. Figure 7 

shows these parts joined into links, taking advantage of material tolerances in the physical prototype. 

It proves, at least at small scales, that the incompleteness of the digital model could be breached by 

the physicality of the elements produces in the real world. The components produced facet-transitive 

rings as well as spherical configurations without any perceptible misalignment. The physical 

prototyping also showed that using a relatively simple process, the algorithm created on the 
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Figure 6: Random walk aggregation script output. 
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computer could easily be reproduced using physical design process with the added advantage of 

bridging the gap between parts with physical tolerances. To test whether this held true for larger 

assemblies, a large-scale prototype (edge length) was built which is described in the following 

chapters.  

The closing of the pseudo- spherical form was also explored with the digital model. It was clear that 

the tetrahedrons were aggregating into recognisable patterns even though the misalignments were 

present and compounded the longer the chain of aggregated parts became. An inverse process was 

also tested: by starting with the whole (enclosed spherical configuration) and subdividing it into 

smaller parts, we were able to achieve rings and spheres that were consistently tessellating. Figure 7 

visually shows various iterations involving aggregating components and the inverse process of starting 

from a regular dodecahedron. 

One of the known space filling configurations is truncated honeycomb (with Triakis truncated 

tetrahedral honeycomb variation having the property of completely filling up space) shown in the top 

right (Error! Reference source not found..1). If we, instead, join tetrahedrons in such a way that h

Figure 7: 3d printed tests. 
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exagonal faces touch while smaller triangular faces align, the configuration begins to close into 

spheres without being able to form complete forms, with gaps growing ever larger as the aggregation 

continues (Figure 8.2). The same property occurs when we aggregate by joining small triangular faces 

(Figure 8.3). However, if instead of aggregating components, we begin by constructing a singular 

spherical configuration from a truncated dodecahedron (Figure 8.5) and use its triangular faces as 

interior faces of tessellating tetrahedral parts, while using a truncated icosahedron (Figure 8.6) and its 

hexagonal faces as cross-sections of the tetrahedral parts, we can build a parametric conic extrusion 

(Figure 8.7) which serves as the basis for a complete spherical structure made of truncated 

tetrahedral parts (Error! Reference source not found..8). Although, the advantage is that the whole is c

ompletely enclosed, the disadvantage is that the parts become irregular, creating more complex 

fabrication problems as the edges and faces have different sizes and shapes and the way they have to 

connect is very specific. Another disadvantage is that the spherical assembly itself cannot be 

tessellated into larger enclosed configurations using truncated tetrahedron, even though many 

tessellating configurations exist- a few examples are a bitruncated icosahedral honeycomb for 

truncated dodecahedrons and bitruncated order-5 dodecahedral honeycomb for truncated 

icosahedrons (references needed). These rely on fairly complex topologies and multiple cell types that 

significantly problematized intended assembly fabrication process. For these reasons, a more 

simplified approach was used for larger scale fabrication which kept the simplicity of spherical 

aggregation of truncated tetrahedrons whilst maintaining facet-transitivity through material elasticity 

and physical tolerances.  
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Figure 8: Part-to-whole relationships studies. 
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4.2. Digital Fabrication and Material Testing 

Original intent for large scale fabricated prototype included a sample of the output from the 

algorithm described in the previous chapter, modified to be focused around three complete spherical 

assemblies connected and reinforced with additional parts. The prototype was meant to answer a 

number of theoretical questions that have to do with a transition of a digital/speculative model into 

physical/tangible space. One of these is whether material flexibility and tolerances of the real object 

would allow negation of non-facet-transitive nature of the chosen configuration. From small-scale 3D 

prints it became clear that this could be achieved given enough flexibility and tolerance allowance in 

the connections. Another question arose out of aggregating spherical forms derived from 

dodecahedron geometry into larger assemblies on the computer- how far the physicality of the real 

object could potentially negate geometric certainty of the digital geometric ‘incompleteness’ and 

whether it was possible to push the facet transitivity up a scale without it being the case in the 

simulated environment. 

 

 

Figure 9: Rendering of proposed large-scale structure. 
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Another feature of a larger prototype design is the integration of secondary system into the assembly- 

this is the first test of incorporating a simple responsive scenario into the logic of the geometric 

composition. It takes advantage of the linear aggregation of components in the script, treating them 

as modular, re-buildable pieces and at the same time as a linked chain of reactive components. In this 

prototype, we used custom assembled LED strips that can be linked interchangeably. The strips are 

built into the cells to manifest and connect interactive presence of the object with the process that 

originally gave rise to it. The interactivity and its assembly is described in more detail in the following 

chapter.  

From the intent of fabrication and assembly, components were made to be solid objects enveloped 

by a translucent material while at the same time maintaining modularity and facet-transitivity at 

larger, physical scales. Support cells were designed as skeletal constructions, manually inserted at 

points deemed necessary for the structural integrity of the physical object into the digital model 

(Figure 9). This representation used the top-down approach of spherical part construction described 

in the previous chapter where the three main clusters of parts are made from regular truncated 

platonic forms. For the construction, regular component representation was used instead. This was 

done partly for the purposes of visualisation (to remove incongruent non-facet-transitive sections 

from the model) and to give the ability to place connective cells whilst maximising the accuracy of 

local connections and their position relative to all parts of the model.  

The construction of the large scale prototype took form of structural and material tests at increasing 

scales and complexity (Figure 10). First the two main components were assembled and tested for 

efficiency of fabrication and ability to be connected interchangeably with each other and members of 

the same group. This was key to the modularity of the entire assembly- maintaining structural stability 

whilst using mechanical joints as points of connectivity. One of the problems that occurred during 

fabrication was connectivity between multiple translucent parts. Due to their lack of internal structure 

and the use of friction hinge joints that were keeping the solid faces in place, a configuration involving 

multiple solid parts proved to be structurally unstable. The solution involved a change in assembly 

strategy- the focus was placed on constructing complete rings of solid components in stages. For one 

spherical assembly, this involved construction of three complete solid ring components (with prebuilt 

connected flow) and additional structural frame pieces. This method of construction sequence proved 

to be most effective for assembly, transportation and disassembly as it minimised the number of 

points of connectivity while maintaining portability of pre-assembled parts.  

In terms of physical construction, assembling component parts was made relatively simple given the 

self-same geometry of all component parts. The hollow pieces were fabricated with pre-cut 3mm pine 
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dowels and 3D printed connector joints at vertices. Translucent components were made from 

multiple materials- faces are made from milled 2mm polycarbonate flute core, joints are a 

combination of laser cut ply and bolts that act as axis for variable angles between surfaces in the 

assembly of truncated tetrahedron parts. The process of prototype assembly showed that although 

the hinge joints were modular and gave structure a certain aesthetic quality through their tectonic 

intricacy and separation of faces, allowing light to define edges of components- their quantity and 

individual complexity proved difficult to mass produce. Due to this, we limited the scope of the final 

assembly to a single form derived from the truncated platonic forms and containing physically facet-

transitive parts which, through imposed tension and tolerance correction, caused additional rigidity 

and stability to the overall structure.  

 

Figure 10: Full-scale prototype testing and construction. 
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4.3. Reactive System 

Metabolic design process also requires designer to consider design of systems- modularity and 

indeterminacy of performative characteristics of the assembly has to be fluid- the form has to 

accommodate process in flux (Maki, 1964). This transitory nature of design matter and design of 

systems requires a modular approach not only of physical components of the assembly but also of the 

potential function of these components. The part has to be able to perform individually or as part of 

an ensemble of an indeterminate number of parts and as well as topology. This project introduces a 

very simple, experimental system based on interactivity in order to explore potentials of complex 

systems in structures emerging out of simple rules.  

At the core of the system is input, received by assembly from its surrounding context, and output 

which is being communicated back to its surrounding, having been discretised into modular cell units. 

The input is sound, received by an inbuilt microphone, processed by an Arduino microcontroller 

installed at the base of the assembly- a component part which was used as a seed for the aggregating 

algorithm. A simple C++ script converts sound intensity into RGB values for LED configuration of the 

output (Figure 11). The output is composed of discretised water-proof LED components, connected to 

two crimped wires with a male and a female sockets, built into two hinge connectors on the 

translucent component. This, in principle, allows different components to be joined together at 

specific junctions, creating a reconfigurable array of light cells that is consistently ‘aware’ of its coiled 

topology.  

 

Figure 11: Fabrication of Interactive Systems 1. Laptop running test C script, 2. Arduino Microcontroller used to control 
the chain 3. The chain of LED components 4. Physical component assembled with connectors and LED. 
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4.4. Discussion 

This project is the first approach in series of conceptual explorations of group form design principles 

at smaller scales. It embodies a cellular approach of both its formal and systemic characteristics- the 

process is conceived from a component part that was given a logic of ‘growth’ mainly based around 

its geometric characteristics and given further additional system or behavioural properties that are 

also modular.  

This investigation explored group form’s operational categories of Repeat and Make Path. These 

categories of group form were experimented with by starting with random walk procedure logic 

creating bottom-up configurations of parts, which were then constructed physically through further 

design and prototyping. The category of repeat created two types of components- solid parts and 

frame parts. Solid parts were connected to each other in a linear progression, forming a Path. The 

path was then structurally supported by adding in additional framed elements that complimented it 

structurally. 

 

Figure 12: Left- Assembly during the exhibition, Right- re-assembled components 

 

In reality, due to structural constraints mentioned in the previous section, the light connectivity was 

fixed locally within ring sub-assemblies. Configuration, therefore, was constrained by the location of 

I/O sockets on individual components and sub-assemblies- an issue which arose out of the necessity 

to connect LED physically in order to communicate and feed power to the setup. This compromise 

largely constrained configuration of components to a particular sequence. This compromise could be 

overcome by increasing the numbers of I/O sockets per component, or compartmentalising systems 

into discrete cells with wireless connectivity and separating signal and power channels. 
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Figure 12: Modular Workflow Diagram for Design Investigation 1 
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4.5. Summary & Discussion 

Overall, the systems experiment showed that with a relatively simple component configuration, one 

can achieve an integrated structural and discrete-interactive assembly that has the potential to be 

fully reconfigurable. Interactivity, in this case, served as a placeholder concept that extends to more 

practical and architectural applications. Responsiveness to internal and external environments, 

topology configuration and even self-assembly could be potentially explored in component-type 

aggregations and relate imbedded system logics.  

One of the challenges demonstrated in the process of design and making of cellular form is 

maintaining precise control over the assembly sequence. This is because at early stages of the design, 

it is difficult to foresee the whole assembly constraints- the aggregation process is difficult to control 

both practically and conceptually. The communication of parts requires a high degree of pre-planning 

relating closely to the increasing complexity of the systems in the design. One of the major limitations 

of the project is its scale- in the context of group form, which concerns itself primarily with urban 

aggregations; cellular form project was largely disconnected from its location and context.  
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5.  Design Investigation 2: Mediated Form 

The second project explores categories of selection and mediation. Selection could be understood as 

connection of group form to its context through the use of prominent topographical features or the 

existing urban forms. Maki gives a number of examples from his urban studies including a Japanese 

agrarian village expanding out from and following the geometry of the articulated circulation spine of 

the main road, townscapes of Manarola which features house unit orientations along its natural 

terrain among many others (Maki, 1964, pp. 43, 46-47). The site is understood as having a set of 

potential or, more formally, parameters that influence group form. The examples demonstrates 

formal ‘adaptation’ to context. This investigation will look at more intangible connection to site that is 

related to modern distributed communication networks and the possibility of group form to 

participate in this ethereal and technological context to influence the designed behaviour.  

Mediation is understood as connection of parts with a secondary compositional medium and in the 

urban context it is the linkage between different program through some morphological transition. 

Maki presents Dutch verandas (stoeps) which create this shift between public and private program 

and serve as a functionally unifying feature (Ibid., 38). Similarly, Allen describes a moire pattern as an 

‘analogous effect of superposition’ (Allen, 1997) of two regular fields and provides his diagrammatic 

variation on the concept noting its potential for producing emergent figures. Mayne presents 

‘variation and overlap’ as an urban strategy which take multiple discrete strata and overlaps them, 

creating new hybrid typologies (Mayne, 2011, p. 43) often through the use of self-similar Boolean 

subtractions from the continuous surfaces and collections indicating through morphology variable 

distribution of functional similarity. This design investigation develops a new concept of mediation 

between primary elements of group form and a separate but overlapping field, which exists around it 

and produces emerging effects combining the form, the field and live site data to create a 

combinatory group form.  

The project was undertaken by the author in collaboration with Robert Cameron 7 as part of the 

Public Platform competition organised by Form 8 and for which the authors were shortlisted. The 

project was exhibited publicly during 2016 in Claremont Quarter, Western Australia. 

 
7 thedeadpixelproject is a design collaboration between Andrei Smolik and Robert Cameron. Robert Cameron is currently a 

PhD candidate at the University of Western Australia. His research focuses on exploring of ideas related to the intersection 
of technology, cybernetics, architecture and contemporary culture. See: http://www.thedeadpixelproject.com/about.html 

8 “FORM is an independent, non-profit cultural organisation that develops and advocates for excellence in 

creativity and artistic practice in Western Australia”. See:.http://www.form.net.au/our-organisation/about-form/ 
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5.1. Exploration of Information Fields 

In order to develop a set of site analysis tools, the context was conceived as information fields- having 

a secondary ‘geography’ overlaid onto the physical environment and consisting of invisible fields- 

forces and hierarchies created from commerce, distribution network and communications on social 

media. Information derived from internet platforms and geometric analysis was visualised by mapping 

it onto a hybrid 3D model. The site was digitally modelled  using photo-references, topographic data 

and street maps. Data-scraping programs were developed using Processing framework  to gather 

information about networked presence of actors occupying the site. This information was then 

overlaid onto the 3D model to create a diagram of spatial flows, accessibility, business locations, 

demographic information and social media data (Figure 14). The simulation was created by combining 

spatial analysis and social media data. The latter was used to create ‘flags’ on the digital model which 

had assigned to them weights based on their social media traffic. In the digital model, a field overlay 

was created and used as ‘medium’ for agent based simulation and visualisation technique (Figure 13). 

Creation of scripting tools for the project was motivated by the development upon certain aspects of 

the previous design investigation. One of these, was the lack of site specific constraints on the 

creation of form. This resulted in geometric parts being multiplied in a sequential manner but having 

no contextual relation to its surroundings neither formally nor through the process of generation. As 

Maki points out: 

It may be easy for someone to invent a geometric form and call it a group-form because such forms 

have characteristic of being multiplied in a sequential manner. This is, however, meaningless, unless 

the form derives from environmental needs. Geometry is only a tool of search for group form. (Maki, 

1964, p. 20) 

Thus, the method shifted towards developing approaches for analysing the site that could affect and 

change the group form but also present potentially novel techniques for large scale urban analysis. 

This called for an examination of interdisciplinary relationship between architectural design and, what 

Dade Robertson describes as Architectural User-Interface (AUI) which develops on the ideas 

originating in the early 1990’s by various researchers including Mark Weiser and Tangible Media 

Group (Dade-Robertson, 2013). These groups and individuals were interested in a novel kind of 

interaction with computers- early projects introduced the concept of ‘embodied virtuality’: the idea 

that our interactions with computer systems could become part of the designed physical spaces. 

Today it is sometimes referred to as ‘ubiquitous’ or ‘pervasive computing’ and exists as a networked 

collection of servers, personal computing devices and other electronic components (Wiberg, 2015). 
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The ideas of pervasive computing, which did not exist during the publication of Investigations in 

Collective Form, potentially modifies its possibilities. Some have suggested that the role of urban 

designer is diminishing, along with the architectural form due to ubiquitous computing having an 

influence on our behaviour in favour of distributed networked social space. However, if group-form 

takes advantage of these distributed information technologies, it has the potential to use it to guide 

its process-driven growth and evolution. This creates the possibility where even simple systems, 

coupled with surrounding networked fields could generate complex and embodied effects similar to a 

modern smart phone or a self-driving car.  

The agents represented a movement of simulated actors through space, affected by field distortions 

in the weighted field. Their original starting positions were determined by on-site count of people 

moving through key entry points. This technique determined the siting of the project (approximate 

median space coordinates of the weighted flags) and some geometric form adjustments which will be 

described later in this section. 

Another aspect of design investigation 1 that lead to methodological adjustment is focus on bottom-

up strategies that made the top-down compositional approaches less prevalent and somewhat 

arbitrary. The top-down constraint was the physical limit to materials as they accreted into a larger 

form. By using physical prototyping which acted as a search mechanism for the most stable 

configuration, the final assemblage was found. This presented an extremely narrow set of options 

that were ultimately constrained by the structural design of the parts themselves. Thus, design 

investigation approach for form finding was reversed and the constraint on the distribution of parts 

within the form was formulated as primarily top-down. The formal approach in this investigation 

emerged from computational simulation of forces, specifically looking at digital simulation of catenary 

networks (Roland, 1970). Within the scope and budget of the project we were unable to fully explore 

the potentials of real-time kinetics outside of the virtual simulation9. Instead, the systems of 

interaction between context and the artefact were generated through sound and light actuation 

described in section 5.3: Reactive System. The three general principles that were used as inputs for 

the geometry included: 

1) Starting mesh geometry (shape and scale of tessellation) 

2) Number and position of anchor points (fixed vertices of the mesh affected by the weighted 

field). 

 
9 Virtual simulation of forces on the mesh was achieved with Kangaroo Physics plugin for Grasshopper: 

http://www.food4rhino.com/app/kangaroo-physics 
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3) Inverse gravity applied to simulate mesh in compression 

During development process, it became clear that a carrier skeletal frame was necessary for structural 

reasons and the interactive part had to be reduced to one element- the cube core derived from 

internal anchor points of the Kangaroo simulation. The form of the components evolved from 

individual sensing/interaction parts to more general amplification cones for sound that were linked to 

the original triangular mesh subdivisions. The positioning of the anchors was manipulated to add or to 

subtract the amounts of arches, their height and width and relationship to one another through their 

framing of context and relationship to the field diagrams.  

 

 

 

Figure 13: Simulation of swarm agents on a 3D map loaded with collected data. The full video is available here: 
https://vimeo.com/152675400 
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Figure 14: Top map- business names and locations, bottom map- Map of project site with Facebook and Twitter data. 
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5.2. Digital Fabrication and Material Testing 

 ‘Form-finding’ in architecture and structural engineering is a method for identifying optimal 

structural shapes to simulate a specific mechanical behaviour. The reverse-hanging is the oldest and 

most widely used approach for arches, vaults and shells where physical model, made with elastic 

cables or surfaces with no rotational stiffness, were subjected to gravity to work out a state in tension 

(known as ‘funicular’) and then inverted to deduce a mechanical compression state of the model. 10 

With the advent of new digital technologies in the fields of architecture and engineering, it is now 

possible to use topology of the structural system as the object of the optimisation process itself. 11 

The form was conceived as the process or a force acting on a collection of elements. In this 

investigation, these elements constituted triangular faces, connected together to form a mesh. The 

force giving form to the global deformation is a result of the switch in the methodology to prioritise 

top-down approach. A digitally simulated reverse hanging method was used for top-down form 

finding. This information became a tool to refine geometry as applied to site with a set of specific 

constraints that included scale restrictions, availability of material and construction tools, scale of 

individual component fabrication, orientation and framing of arches and general legibility of form 

against its context. Although the method itself does not result in a group form, mechanical constraints 

forming top-down limit on its formation constitutes an important element in considering how 

bottom-up aggregation could be limited.  

Unlike aggregative structures discussed earlier, the form of Select+Mediate is gradient-based where 

individual parts are varying across the span of continuous surface due to the mesh deformation under 

imposed load. This presented a practical problem of how the form was to be fabricated and 

constructed. Due to unique part variation, digital fabrication methods had to be developed. The frame 

of the object was made with 3D printed vertex connectors and Jarrah (Eucalyptus marginate) 

channels cut to different sizes. The cladding parts were made from corrugated plastic or corriboard 

panels of different shapes that were cut and labelled using CNC mill12. The panels were attached to 

the frame using 3D printed clips. The structural frame and cladding systems are shown in Figure.  

Variation of parts and the manufacturing process necessitated development of several scripts that 

allowed the production and assembly of these parts. The vertex connector script takes into account 

 
10 This principle was first mentioned in a publication by Robert Hooke: (Hooke, 1676) 
11 Descriptions of contemporary methods for free-form finding and optimisation with complex design criteria can be found 

in (Sasaki, 2005) 
12 CNC refers to computer numerical control by means of executing pre-programmed sequences of machine-controlled 

commands. A CNC mill is able to move the spindle (end effector) to various locations and depths on the cutting bed. 
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topology of connections between edges and using simple trigonometry to minimise material 

expenditure, creates shapes that are fitted into vertex positions to connect channels. The channels 

scripts takes the offset input generated by vertex connector script and creates physical target lengths 

for channels. A knapsack script was also developed to minimise edge material expenditure13, but 

during edge cutting it proved as more of a hindrance since the packing could easily be achieved by 

intuitively selecting edges from a list rather than following an additional list of figures on top of edge 

length selection and labelling. All scripts involved extensive labelling of unique parts, while the 

construction necessitated re-building of parts into the shape of the digital model. This also required 

creation of diagrams or shop drawings to aid the fabrication process and make sure the construction 

closely follows the arrangement of parts in the digital model (Figure 15).  

 

Figure 15: Isometric diagrams showing subdivision of structural system from top left clockwise: frame system, cladding 
system, frame assembly, cladding assembly. Source: Author 

 

This presented a conceptual problem in the exploration of group form. If its geometry is a gradient, 

the parts then become non-interchangeable. Thus, reconstruction or the metabolism of the group 

 
13 A knapsack is a resource allocation problem which, given a number of weighted elements and a container with allocated 

volume, asks how to most efficiently pack these elements into that container. See: (Demaine, 2011)  
In the case of timber beams, the elements are target lengths and the container is the size of each timber piece.  
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form becomes unattainable. What compounded the problem was an early change in the nature of 

interaction- instead of using constituting parts as individual sensing and reacting units, the project 

was forced to be constrained to a much more simplified configuration.  

 

Figure 16: Construction process from small hexagonal parts (left) to larger cladded assemblies (right) 

 

The physical components that allowed the object to interact with the surrounding field are the cube 

core and tracking camera set up to overlook the surrounding context (Figure 17). The cube core 

contains a speaker and several LEDs in order to create sound and light-based output. The camera 

setup is an alternative to a sensor network configuration of the object’s measuring capabilities where 

only a single camera was required to achieve awareness of the actors’ presence in the proximity of 

the object. The advantages are that only a relatively simple setup was required. The disadvantage is 

that the sensory apparatus is no longer a part of the object itself, but an external system that had to 

be connected by external systems of connectors and wiring. The reduction of sensory and actuating 

capabilities to a single element meant that the possibilities of applications of these technologies and 

approaches were no longer tested in the context of the group form but instead, these systems could 

be conceptualised as operating from the point of view of a single part within the group form. Thus, 

design investigation 2 evolved into the prototyping of a conceptual component that is embedded in a 

virtual context of flows of information and functions to transition from physical presence of an object 

to virtual analysis and back to physical presence through interaction.  
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Figure 17: Assembly of the interactive cube core (left), Open CV- based Processing application (right) 

5.3. Reactive System 

Interactive system was developed out of the same mapping methodology and conceives of the 

surrounding perceivable context as a conceptual field. In order to create feedback for the form, 

locative media technologies were examined as the medium for the system. The idea behind locative 

media is to use geo-locating technologies that are context-aware and include GPS, RFID, sensor 

networks and computer vision to interface with physical bodies in space. 14 The process required a 

transition from analysis to an actuation mechanism- where field was a speculative simulation while 

the mechanism attempts to survey local space for precise (or close-to-precise) information and create 

appropriate responses. While presenting a number of possibilities for transforming a public space into 

a spatial technological interface similar to the one discussed by Weiser15, this project attempted to 

tackle two distributed inputs: distributed network agents (social media posts) and local perceptible 

agents (people walking into the perceptible surrounding area or field).  

Utilising computer vision libraries from openCV16 and programming interaction with Processing17, the 

system was set up to isolate the presence of actors within the field of vision of the group form (Figure 

18). Robert Cameron’s Dead Reckoning Project (DR) had previously experimented with the role of 

computer vision to create an alternate application for an urban screen (Cho & Macfarlaine, 2015). In 

this application, the software is set up to read the ground plane as a field of events where the actors 

(people moving through the field) are able to affect the behaviour of the form inside its broader 

 
14 Locative media refers to a “range of experimental uses of geo-technologies including location-based games, artistic critique 

of surveillance technologies, experimental mapping, and spatial annotation.” (Hamilton, 2009, p. 393) 
15 “Ubiquitous computers… reside in the human world and pose no barrier to personal interactions. If anything, the 

transparent connections that they offer between different locations and times may tend to bring communities together.” 
(Weiser, 1991, p. 104) 

16 openCV is an open source collection of computer vision libraries written in C++ 
17 Processing is an open source programming language for creative programming 
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boundaries, creating the effect of mediation. Originally, we considered the use of projection mapping 

and an LED matrix wrapped around the object as ways of communicating to the users the state of the 

field. Due to time and budget constraints, these methods of feedback proved to be unattainable so 

instead, the object uses a ‘responsive core’, which provides feedback through sound and light. When 

the field is empty, the object begins to search for virtual presence of social media input. When it finds 

it, it activate the cube core which reads out text that it finds. Thus, the object switches between local 

field that is read by a camera and a virtual space of social media inputs. The reactive system of the 

field was achieved by combining two systems: system 1 and system 2 into a single reactive whole 

(Figure 19). 

 

Figure 18: Stills from concept animation describing the field of vision of the object and its response behaviour. Source: 
Cameron R., Smolik A. 

 

System 1 manages the social media scraping of the large-scale presence of people on site by 

restraining it to the event feedback. If a new online response is made, the system proceeds to create 

a text-to-speech response. System 2 manages local surrounding field of the object. The field of 

interaction is limited to a zone around the object, defined by the limits of the field of view of the 

tracking camera. The actors’ position is calculated with computer vision software based on the 

camera input and depending on the distance from the object, the script decides whether to activate a 

response. The local field is given priority so that when system 2 detects presence, it suspends the 

social network inputs and awaits for the actors to reach close proximity to the object. 
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Figure 19: Systems design diagram. Source: Cameron R., Smolik A. 

5.4. Summary & Discussion 

Design investigation 2 examined group form’s operational categories to select and to mediate. Select 

category involved an investigation into site analysis process that was looking at aspects of ubiquitous 

computers and speculative simulation. This method indicated that the context of the site as usually 

conceived through architecture has expended to incorporate a wider, non-physical set of interactions 

and experiences. This exploration demonstrated importance of further development of these tools to 

better understand techno-social aspects of any given context. Mediate category explored a non-

physical medium for connectedness between parts in group form. Albeit, the process did not explicitly 

create group form, it explored an inverse top-down set of design parameters that need to be 

incorporated into the methodological process of its generation in order to impose external 

constraints on its ‘growth’. This category also demonstrated that the secondary medium for group 

form elements could be conceived as a non-physical ‘field’ of interactivity that operates as a sensory 

input. This input can be further enhanced by the addition of multiple data sources that operate at 

different scales. In this case, computer vision provided necessary response from immediate 

surroundings and internet social media scraping which connected to the event but have not 

necessarily have been physically present. The effectiveness of the feedback that the form generated 

was another compromise. Instead of using tectonic elements of the whole as individual reactive and 

responsive elements, the design reduced responsiveness to a single unique part.  
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Figure 20: Modular Workflow Diagram for Design Investigation 2 
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Figure 21: Select + Mediate project in Claremont, Perth during Public 2016 exhibition 

 

Even if we consider this investigation as being only an experimental ‘part’ of a potentially bigger group 

form, it still raises a question of the effects of interactivity of this part on itself and any additional 

aggregate structure. During the course of the event, interactive systems did not sufficiently contribute 

to the changes to the object (Figure 20)- they operated through the physical design to connect the 

actors to each other through the systems but not to the object. In order to create a closer relationship 

between the system and the object, the interactivity needs to incorporate another layer of public’s 

ability to influence the morphology of the design, a system that enables this evolution to occur. This 

does not have to be an immediate mechanical change in its geometry- another possibility is to 

incorporate in the physical reactiveness of architecture the ability to suggest modifications that the 

user (or groups, collectively) can enact. At larger scales of buildings and urban design, these processes 

could be slower, taking effect over the course of extended time frames. In these scenarios, the top-

down constraints would need to update, to take into account the evolution of the group form and the 

many constraints that are imposed on it. 
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6.  Design Investigation 3: Kinetic Form 

In the introduction to Interactive Architecture, William Mitchell describes a hypothetical advanced 

architectural assembly able to self-replicate, respond to external stimuli, problem- solve and even 

evolve its form and programming: ”over time, this process generates large oyster beds- 

megastructures, composed of individual living pods, that might have been the envy of the Metabolists” 

(Fox & Kemp, 2009, pp. 11, 12). This suggests a different paradigm for architecture that alters not 

only its function but its relation to the occupants and the role of the architect. In that sense, Maki’s 

concept of architectural programming takes on a more literal sense where the system’s regenerative 

and assembling properties that were originally conceptualised as a set of programs and procedures 

for construction and occupation to be implemented by users is enhanced by introduction of sensing 

and kinetic systems that allow architecture to adopt and ‘grow’ independently.  

In light of this, the final investigation of this thesis focuses on exploration of direct effects of 

interaction upon the physical form of architecture and what this means for the design and 

conceptualisation of such systems in the context of current technologies and approaches. It also 

extends and builds on knowledge acquired from previous projects in order to better understand a 

broader range of potentials for digital fabrication and assembly techniques. This project began shortly 

after the completion of Investigation 1 and thus went through a longer process of design exploration, 

which began with the investigations of large parametric structural systems and evolved into looking at 

more interaction-based design approaches. This project also attempts to build on the knowledge of 

design investigation 2, which experimented with the idea of fields and influences through amplifying 

contextual feedback with the aid of social media and computer vision. Improvements to the design 

strategy from previous investigation that adopted morphology and interaction characteristics that did 

not change through interactions whereby the group form has no potential for adaptation or feedback 

involve direct experimentation with the possibilities of immediate, tactile interactivity in public space 

by deploying a relatively simple mechanism that operates in a relationship with the envelope. 

To Repeat category was revisited in this project, incorporating responsive elements that were 

designed as a system that could change morphology of the group form. This investigation attempts to 

experiment with aggregation of individual elements similar to the Cellular Form project, with the 

difference being that these components’ systems were designed as directly intractable through 

physically modifying components in real time, creating repetition with potentially dynamic 

consequences on the group form.  
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Creation of dynamic elements requires integration of various systems- geometric structural and 

elector-responsive as well as their interactive logic. The following chapters present a design and 

fabrication methodology which was explored to integrate kinetic behaviour with material constraints. 

The protocols developed in this project- how structure, interaction, materiality and geometry is 

impacted by assembling discrete “smart” components into larger, potentially indeterminate wholes 

and what challenges emerge and how we may be able to systematically control these in the future. 

6.1. Responsive Design Strategy 

The project was conceived as a modular, component-driven system, which exemplifies the concept of 

group form with responsive qualities. The end design goal is to create a self-supporting structure 

using reciprocal kinetic components that operate on computational protocols and allow it to exhibit 

self-organisational properties. The modules were experimented as parts of a component-driven 

systems construction based on a carrier-component surface geometry called responsive carrier-

component envelope (RCCE). The project fundamentally seeks to understand the opportunities and 

consequences of how local components relate to the whole carrier envelope with multiple constraints 

and scale considerations on its structural, mechanical, responsive/interactive and tactile properties. 

The forerunners of the concept of kinetic architecture are Willian Zuk and Robert H. Clark who in the 

seventies, envisioned kinetic parts and entire structures adapting to the needs of its users (Zuk & 

Clark, 1970). Around the same time in the 1970’s, Nicholas Negroponte built a body of work around 

ideas of responsive architecture which integrated computation into spaces and structures through 

recognition, intention, contextual variation and meaningful computed responses (Sterk, 2003, p. 226). 

The major common feature between these approaches, as well as those speculated on by Maki, is the 

ability of architecture to adapt to a variety of states akin to an on-the-fly parametric model, modifying 

the morphology and enabling user’s input with emergent situations having an impact on its states. 

This presents architecture with a more direct relationship between architecture, its occupants and 

their needs. In this sense, architecture here is defined as an integrated spatial strategy with 

interactive protocols, which can achieve a change in state given a series of inputs from its users.  

Due to various advances in computing technology and fabrication as well as its greater availability for 

creative prototyping with platforms such as Arduino and Raspberry Pie, design and fabrication of such 

assemblies becomes feasibly for non-experts in fields of computation and electrical engineering.  

The design strategy here is inverted- unlike previous projects, the interaction is developed from 

individual parts upwards into larger structures rather than subdividing these into smaller components 
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(Figure 22 & Figure 23). These components are made to interact at local scales with kinetic action 

animating its responses. The local interaction was envisioned to be able to communicate across the 

entire structure initially using wireless communication between parts and local algorithm capable of 

responding to local neighbours but due to various project constrains imposed by the complexity, scale 

and construction availability the communicative aspects of the project had to be scaled back.  

 

 

Figure 22: initial design render and interactive scenario 

 

 

Figure 23: simulation of scissor truss retraction in Grasshopper 

6.2. Digital Fabrication and Material Testing 

The process of design of RCCE went through a series of phases where the synthesis between local 

reactive components and global structural possibilities was explored using a variety of parametric 
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approaches. The carrier component was initially conceptualised as a part, which has a responsive LED 

linked to a sensor.18 This evolved into a kinetic structure as our understanding of electronic 

components improved. These components were to clad a carrier envelope- a continuous structural 

shell housing all the necessary functional parts of the design. Various permutations were developed- 

some from previous projects, other after the Kinetic Form was constructed and based on methods 

developed elsewhere. These structural systems essentially break into three main categories: skeletal 

planar piece fabrication, spider joint fabrication and finger joint cladding fabrication.  

Planar free form fabrication (PFF) follows a method described by Sevtsuk and Kavlo (Sevtsuk & Kavlo, 

2014) which takes a mesh of arbitrary topology and proceeds to generate beams (oriented to average 

edge normals) connected to vertex joints that ‘sandwich’ incoming channels between two planar star-

shaped parts. This method is particularly useful when trying to create complex forms from planar 

parts however, the total number of unique parts is particularly large which complicates construction.  

Adaptive spider joint method (ASJ) is similar to methods of frame construction described in previous 

projects. Here it was significantly modified allowing for an arbitrary channel profile input, custom 

tolerance, chamfer radius, rectangular outside profile (in case of chamfer radius=0) as well as a merge 

function. The merge function allows joints in close proximity to be joined together, minimising the 

total number of beams required. This method improves the number of unique parts required for 

construction by maintaining a standard beam profile and culling small spans where necessary.  

Finally, the adaptive finger joint fabrication method (AFJ) is a slightly different approach in that it is 

not a method for generating frame-like structures but instead it creates planar tessellation by 

inserting finger joints between neighbouring panels. It has a number of notable constrains in that the 

input discrete parts must first be flat (which can be achieved by iteratively modifying shapes with 

springs using Kangaroo plugin) and second, the number of edges meeting at a vertex must not exceed 

three. This is due to the arbitrary directionality of material thickening at vertices. This method, if 

developed further, has the potential for acting as a cladding technique where interactive assembly is 

imbedded in flat faces of the structure without the need for continuous variation in geometry of 

interactive assembly parts.  

Figure show both physical and virtual models constructed in order to test these various strategies for 

constructing a RCCE. Several scaled physical models were built of PFF and AFJ to test for their 

durability and fabrication complexity. The former proved to be extremely laborious even for simpler 

 
18 See Appendix part D: Visual diary – progress images for a visual description of the design development. 
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geometries (such as the hyperboloid-like structure shown). The ASJ and AFJ methods were more 

promising but their coding took too long to implement and wasn’t used in the final assembly.  

 

 

Figure 24: Various models of the three key methods of free-form construction developed for Kinetic Form (clockwise from top 
left): freeform surface fabrication as described by Sevtsuk and Kavlo, adaptive finger joint fabrication physical test model,  
parametric spider joints developed from earlier attempts at framed structure fabrication with 6 nodes per vertex and 3 nodes 
per vertex, PFFS digital parametric model and finally, a digital parametric model of AFJ. 

The creation of a responsive component design developed in parallel with RCCE. It was assumed that 

once local geometry was found, it would be possible to integrate it with RCCE. What was found, 

however, is that this synthesis of part and whole is more problematic than originally expected. The 

main complication is the continuously variable overall structure that necessitates the use of unique 

components. Due to complexity of construction and the overall number of parts required for each 
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kinetic component, the upward pressure of this process necessitates self-similarity of parts and thus, 

a homogenous RCCE is required without any changes in convexity or singularities in the tessellating 

pattern. The way a generic component was conceptualised is in three main parts- Structural Frame is 

the skeletal mount of the part that holds together the mechanism and allows it to connect to other 

parts. Guiding Assembly is the kinetic mechanism and its mechanical components that allows the part 

to sense and respond to its environment. Kinetic Truss is the moving geometry of the assembly and 

not directly connected to the structure but exists as a secondary cladding. Figure 25 shows all parts of 

this assembly as well as some design iterations of the Guiding Assembly which was improved to use 

standardised components which were previously 3D printed in the prototype stage. 

 

 

Figure 25: multi-layered assembly diagram, right- development of the motor actuation system 
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Figure 26: component physical prototypes: left- original design test, right- component using standardised components 

6.3. Reactive System 

The intelligence of the installation is based on the concept of Subsumption Architecture described by 

Rodney A. Brooks in the paper titled “Intelligence without Representation”. Interaction and creation 

of intelligent systems is conceived through construction of robotic agents called Creatures that when 

aggregated into larger systems display emergent behaviour due to their interaction with the 

environment which is also hypothesised to operate at human level of cognitive activity without 

detailed representations19.  

The component reactive system is composed of sensory input, processing algorithm stored on a 

microcontroller and kinetic actuation system. The sensory input stream, enabled by a HC-SR04 

ultrasonic sensor is able to detect simple changes in its environment. This simple input does not 

require a complex representation and the ability to reason about it- the reaction from input is easily 

computed, allowing for a sensing of the environment that can occur frequently, giving the component 

the most up-to-date model of its context.  

The group form is distributed- it has multiple parallel activities with no central representation. This 

reduces the chances of a total collapse of the system due to sensor noise, incorrect processing or 

mechanical failure. Each one of these ‘layers’ could be thought of as having a re-configurable logic- 

the hardware could be matched to specific goals existing in parallel. There is no central control, only a 

distributed network of components.  

 
19 Representation here refers to abstract models used to construct robotic or artificially intelligent systems. These models, as 
Brook argues are insufficient for constructing sophisticated artificial behaviours able to deal with unexpected changes in its 
external environment for a variety of reasons. For complete explanation see: Redney Brooks.  



62 | Form to Behaviour 
 

 

Figure 27: pseudo-code of interactivity 

 

The system described here would be a “reactive” one and not “interactive” due to a non-circular 

interaction. A truly interactive system will be containing many loops and is capable of maintaining a 

conversation: a continual and constructive information exchange. Marcos Novak uses the term 

“transactive intelligence” to describe architectural system that not only interacts, but transforms the 

user and itself (Silva, 2006). This level of intelligence would be necessary to create a prototype for a 

feedback system required by the group form. Due to this, a custom interactivity interface plugin for 

Rhino and Arduino began development (Figure 28) to address the issues of interactivity that is too 

simple to create complex feedback loops. Due to time constraints, this plugin was put on hold. 

 

Figure 28: plugin in development as a result of investigation 3 
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6.4. Summary & Discussion 

 

Figure 29: Shenzhen event- public interaction with the project 

 

The project experimented with interactivity as it applies to group form and the idea of component-

based architectural assemblies. The principal motivation was to explore design workflows, modelling 

and digital fabrication technologies as they apply to kinetic actuation and interaction. Collaborative 

aspects that required working with an international team as well as installation and display during a 

public event ensured that the process approximated real-world conditions where collaborative 

aspects and scheduling are of importance.  

The project implemented reactive interactivity, whereby people’s responses were directly translated 

into kinetic motion by the structure. The project suffered from a lack of resources and time which 

limited its scope as a fully flashed out exploration into the interactive aspects of group form. Future 

work based should explore a wider range of possibilities. Approaches such as those described by 

Rosenberg in Designing for Uncertainty: A Novel Shapes and Behaviours using Scissor-Pair 

Transformable Structures(Rosenberg, 2009) give a broader view on a potential variety of physical 

systems and interactivity approaches which should be explored in this area.  
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Figure 31: Modular Workflow Diagram for Design Investigation 3 
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7.  Form to Behaviour 

This research set out to interrogate emerging practices within architecture, informed by the theory of 

group form as well as contemporary techniques of conventional and non-conventional material and 

digital experimentation with simulation, digital fabrication, assembly and prototyping. The focus is on 

interrogating an approach to design enabled by modern tools of conceptualisation, communication 

and realisation and informed by Maki’s theory of group form which, originally aspiring to develop a 

new method of designing assemblies approaching the scale of building clusters and even cities, found 

a broader conceptual application to a wider range of scales. The focus of practice fits the aspirational 

nature of group form, which aspires to a more experimental approach driven by exploration of 

relationships between parts, design of systems and modular synthesis of both form and process.  

This interrogation of design process, done in the context of an existing design theory of group form 

that is often overlooked in praxis, does not aim to generalise design methodology. This would 

inevitably put unrealistic constraints on designers and will be resisted (Willis and Woodward, 2010, 

201) due to design’s inherent emergent and spontaneous quality. Group form itself was 

conceptualised as a reaction against these generalisations contained in tenants of modernism and 

related urban theories, which developed out of it. Rather than prescribing a specific methodology, 

this thesis- like the group form formulation, attempts to experiment with modularity, system design 

and context with the aim of extending architectural vocabulary in terms of form and process. 

7.1. Group Form as Process Modularity 

Through the project chapters, varying degrees of process detail were discussed. In chapter 3.2 

Workflow Hierarchy I described some methods for analysing design processes developed by John 

Everett and Nicholas Williams on which the four-part scale model of this thesis is based on. It is 

designed to address the primary aim of this research, demonstrating the idea of Group Form as a 

modular process rather than modular form. The projects in this thesis explore finer levels of detail at 

the scale of fabrication and assembly, construction of simple automated systems and design decisions 

and workflows that combine digital models of fabrication and modelling with manual tasks and 

approaches. This is done in order to illustrate specific points at which these ‘modules’ couple. This 

gives an insight into the ‘level of modularity’ of these systems: if they are able to recombine into new 

systems and what are the thresholds for this reconstruction. The focus of process pushes design 
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prototyping beyond unique, idiosyncratic objects towards an epistemological approach that is able to 

cope with construction of new, increasingly complex assemblies with modular and increasingly 

automated systems. Through the process of exploring this taxonomy as applicable to design and 

fabrication of prototypes presented in this thesis, it was discovered that that these models are highly 

subjective in the way they classify level of process detail categories. The finer levels may vary in 

complexity, while categories themselves may ‘drift’ across scales depending on the description of a 

given process in a specific design context. This section attempts to address these inconsistencies, 

suggest some approaches that might improve classification rigour and quality of analysis of design 

processes. 

Beyond simply describing the modular process, I wish to address the nature of this formulation of 

group form. While analysing project material presented in this thesis, certain patterns emerge in 

relation to the idea of process patterns, their modularity, coupling and specific design information 

flows. One obvious observation is the inverse relationship between the level of detail and the degree 

of modularity- as systems increase in complexity, it becomes harder to integrate them into new 

contexts. The level of transparency of these systems also scales up so that lower-level details are 

more intelligible and thus re-usable while higher-level ones become increasingly abstract and require 

higher levels of expertise and time in order to implement and adapt to different contexts.  

 

7.2. Division 

Unlike the organisational patterns of other categories that emerged in prototypes presented in this 

thesis, the number and general functional types of Division categories remain relatively stable across 

all projects. This is predominantly due to the top-down approach where the structure of these 

categories for each prototype was decided before the commencement of work. Due to relatively few 

external constraints, a very significant control over the high-level process was achieved. These 

categories were guiding the rest of the process around which lower-level assemblies of processes 

formed often in formations that were far less predictable. The main Divisions that were addressed are 

Form Finding, Fabrication, Site Analysis and Interaction. In every project the Interaction Division 

consisted not of Activities but Tasks and Basic Methods, skipping the entire category altogether. This 

is likely due to a relative simplicity and small physical scale of interactive systems that were able to be 

resolved in simple Divisions that demonstrates a level of fluidity in the hierarchy framework where 
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the path toward high complexity categories ought not to necessarily contain all of the sub-categories 

present in the framework.  

In terms of modularity of process, Divisions are highly non-modular in design process. The only highly 

modular Division presented here is a From Finding Division from Mediated Form. This is 

predominantly due to a relatively widespread use of spring systems in the form finding process with 

tools like Kangaroo for Grasshopper allowing the Division process in this case to become relatively 

modular. It still allows a wide degree of adjustment internal to this category, however design process 

at this scale required not so much a high level of adjustability as the modularity of its internal 

processes altogether in order to achieve bespoke formal design outcomes. This internal structure of 

Divisions would necessity increase exponentially with the level of external and often intractable 

constraints imposed by more complex structures with multiple additional structural, mechanical and 

functional constraints. By introducing unique types of Divisions, the coupling between these 

categories also seems to increase as in the case of Mediated Form where the Interaction Division is 

strongly coupled with Site Analysis decreasing modularity of both.  

7.3. Activity 

In commercial construction, Activities is the basis for modular production of construction components 

based on standard products and systems with fabrication typically accomplished by the supplier. In 

the context of bespoke production at this level of process detail involving external manufacturers and 

fabricators, well controlled and minimal sets of information is required for a high degree of 

modularity (Williams, 2017, p. 187). Examples of such systems of bespoke process control and 

communication with suppliers are described in Aggregated Form and Mediated Form projects where 

CNC and 3D printed parts needed to be manufactured by external fabricators offsite. This process is 

assisted by automation of fabrication tools used by these manufacturers often deploying familiar file 

formats and conventions. Kinetic Form project communicated with a remote team to communicate 

assembly instructions of parts and the process of fabrication available to them that revolved largely 

around digital 3D models that described arrangements of parts, whether they consist of standardised 

components or are fabricated on site using methods of rapid prototyping. Most of the Activities in this 

research largely consist of in-house to allow direct access to design and testing of bespoke solutions 

at the level of process detail of activities.  

In terms of the taxonomy of the level of process detail, it often sits somewhere just above the level of 

automation. Often, the Activity task would involve operation of a piece of software or a particular 
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script in order to achieve a certain outcome. This outcome could be either physical (some component 

that needs to be manufactured) or digital (simulation or form finding). In cases of interactive design, 

Activities disappeared entirely as a descriptive category although in some cases they involved 

automation of other relatively complex systems such as the computer vision code in Mediated Form 

or the sensor and actuation assembly of the Kinetic Form projects. In cases of interaction, the process 

Division or Activity became the final outcome rather than serving as a support tool for analysis or 

fabrication in other types of Activities/Divisions. This might also be due to our relative naiveté 

regarding interaction systems in built structures and their possibilities that consequently forces us to 

construct relatively simplified systems of control for these Divisions, bypassing Activity categories 

altogether.  

7.4. Task 

Tasks are understood in the level of process detail scheme as a kind of automation threshold category 

with no definitive boundary. Everett suggests that they go beyond the specific examples of processes 

that can be performed by single robots as “mutually exclusive and collectively exhaustive for all on-site 

work” (Everett, 1991, p. 69). Williams considers Tasks as almost a completely ‘automated category’ in 

principle by concluding that some Tasks cannot be easily automated and that difficult and complex 

decisions must, sometimes be embedded in algorithms but that this, could potentially be done using 

more advanced approaches such as machine learning (Williams, 2017, p. 187). This however opens an 

upper limit on this category and raises some questions regarding this (and other) categories in the 

level of process detail taxonomy. Instead of asking: “can higher levels of this taxonomy be automated 

with some more advanced computational tool/s?”, a more pertinent question that arose in the course 

of this research is “what are complexity boundaries that separate these categories in the first place?”. 

For higher level categories this separation arose primarily from design context where processes can 

be parsed relatively easily by looking at neighbouring categories and their role in the design process. 

These lower-level categories, however, are too general to be understood in this way. 

 As stated in section 3.2 Workflow Hierarchy, the differences between Task and Basic categories are 

not made clear enough in the literature with the work in this research further highlighting problems 

with more granular categories in this taxonomy. Throughout diagrams of projects presented here, 

Tasks and Basic Methods are shown as singular process components (shown as boxes in diagrams). 

However, complexity of these components varies radically from functions that use simple methods to 

calculate, for example distances between objects to full- blown ‘scripts’ or ‘methods’ (as well as 
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collection of methods, classes and even entire programs) that perform very complex operations 

involving multiple inputs such as camera feeds (as in the case of Mediated Form interaction Tasks). 

Due to this range, it is difficult to pinpoint the exact threshold that separates Tasks from Basic 

Methods (or Elemental Motions or Functions). 

However, if we simply consider ‘Tasks’ as the simplest action performed in the process of design, we 

could stipulate that these processes describe certain low-level processes that in many cases 

considered for automation through scripting. With a wider selection of scripting languages and digital 

work environments, automating small design routines and fabrication procedures is relatively 

commonplace amongst large architectural practice and research. It has already been shown that 

simple organisation of processes at this scale improves intelligibility (here referring to legibility of 

scripts) that have implications on its modularity (modification of processes at this scale and ability to 

share and modify them across multiple users) (Davis 2012).  

7.5. Basic Method 

Basic Method or Elemental Function or Motion in literature is defined by its simplicity. This research 

demonstrates issues with this categorisation. Williams described this class as being made apparent by 

digital design environments such as Grasshopper. It is assumed that what is being referred to here are 

batteries- modular bits of code that have explicit inputs and outputs that a designer can rearrange in 

a way that suits desired requirements. The issue, closely related to the taxonomy of the Task category 

is that these batteries contain unspecified complexity. In fact, this complexity ranges widely from 

battery to battery and with the ability to download third party plugins and create custom code, this 

distinction is essentially without a difference. Moreover, it does not disappear at the level of code 

either. Since most of it is made from methods (the building blocks of object-oriented programming), 

different combinations of methods in batteries (classes) as well as the internal structure of methods 

themselves varies significantly adding to this the ability to reference software’s own methods and 

local (as well as external) libraries creates a very complex network of process that cannot be easily 

classified in terms of its category. Williams also refers to disappearance of functionality at the level of 

Elemental Functions or Basic Methods. This, however, is also project and design-dependent and 

highly depends on which methods are considered functionally sufficient for a given task and which 

ones need to be written using different approaches and design intentions.  
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8.  Conclusions 

This information-based approach thus has consequences on the physical product of design which now 

acquires the capacity to “remember” discrete elements of process that illuminate complex 

relationships between form, material, fabrication and performance. It is also conceivable to imagine a 

temporal effect that this approach might have on the “metabolism” of the design object: if it has 

memory and a set of behaviours or instructions, which it executes itself or delegates to its users, it has 

the ability to adapt and develop in a way conceived of by Maki. It also provides a more immediate 

calibration tool for the internal logic of the design process and its interacting parts. If we can develop 

increasingly formal ways to describe design processes with all of its gaps and designers’ necessary 

intuition and uncertainty, we can begin to develop and perform meta-analysis on this system to glean 

certain tendencies, affordances, opportunities for automation and simplification, better workflows 

and new design knowledge. 

8.1. Assumptions 

The research project assumed that the conceptual frameworks developed by Maki and others could 

be extended through the applications of new methods and technologies that have emerged in the last 

few decades particularly digital fabrication and interactive prototyping platforms.  

A multi-scalar analytical framework was introduced to ground the research which focused on 

systematic descriptions of design workflows and detailed overview of processes and methods used on 

the individual prototypes. This was hoped to ground research in a framework more conducive to 

analysis and rigorous interrogation. It was also assumed to have impact on a more systematic 

approach to studies of assemblies described in group form, particularly while utilising a design-

centred or reflection-in-action methodologies involving small-scale prototype installations. 

8.2. Contributions 

The thesis explored several avenues relating to areas in design applications of digital fabrication and 

interaction of architectural form. Multiple design approaches were explored and their relationship to 

the group form were attempted to be explicated (see Table 2).  
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Table 2: Key hypothesis and questions formulated for each project: 

Design Investigation Hypothesis on form 

and performance 

Key Question Design Approaches 

Cellular Form Cellular collective form can 

be translated from virtual 

aggregating simulation into 

a material prototype 

What are the challenges in 

creating aggregative group 

form (bottom-up) with a 

grafted system? 

• Recursive scripting 

• 3D printing (Fused 

deposition modelling) 

• Simple interactive 

prototyping 

Mediated Form Collective form can connect 

and mediate context 

beyond its immediate 

physical presence 

How can physical forces 

and locative technologies 

influence design 

parameters for group form? 

• Site analysis and 

visualisation through 

scripting and simulation 

• Construction of complex 

interactive system 

• 3D printing (Fused 

deposition modelling), 

• 3 Axis CNC cutter 

Kinetic Form Collective form can be 

composed of kinetically-

responsive elements 

What are the effects on 

scalability and top-down 

control of form in group 

form with kinetic-

responsive parts? 

• 3D printing (Fused 

deposition modelling 

• Interactive Arduino 

Prototyping with kinetic 

elements 

 

8.3. Constraints on the Results 

One of the key issues encountered in this thesis is that of temporality- projects did not evolve over 

time and this was not envisioned in planning for most of the investigations. Installations presented in 

this research were only partially re-configurable (for example, cellular form was re-assembled after 

the exhibition into a different, smaller form). Even though this re-assembly was enabled by the 

modular approach, it was not central to the installation’s focus and the other two projects did not 

have this as a feature due to their limited modularity and assembly procedure. Thus, the 

investigations did not evolve over time and in this sense, significantly limited the Group Form 

approach.  

Another constraint was the scale of investigations diverged quite significantly from the scale 

described as group form that typically involved clusters of buildings and city-scale investigations. This 
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was done to prioritise prototyped investigations in digital fabrication and interactivity at a much 

reduced scale and scope.  

Project 3 suffered from the lack of development and thus appears to be significantly underdeveloped 

in the context of the other two projects. This was due to constraints on the resources, time and 

difficulties of communicating with a remote team of people responsible for assembly and installation.  

8.4. Future Work 

There are a number of possible trajectories for future research based on the work in this thesis. One 

is a broader goal of developing a rigorous system for creating workflow descriptions or “master 

program”. As opposed to using these in order to analyse exploratory design projects with no set brief 

or criteria, a more focused approach would be to attempt to create a general theory for generating 

them based on a limited set of specifically chosen criteria that relates to controlled aspects of 

projects. These aspects could incorporate performance, typology, urban characteristics and specific 

technological applications. The transformative or “metabolic” properties of such systems could be 

explored more effectively on larger scales, substituting processes that are based on speculative 

technological advances to ones that rely more on quantitative models of social, economic or cultural 

forces driving potential changes in simulated form, guided by master program.  

Another possible trajectory for future research is to focus on specific material system application in 

the context of self-assembly. This would involve research into currently developing material or 

fabrication technology which has potential for group form applications. As technology improves, and 

it becomes possible to construct smaller and smaller synthetic assemblies, future parts of group form 

can be built from nanotechnological and bio-nanotechnological means. As Michael Fox and Miles 

Kemp note in their book Interactive Architecture: “designers in the future will simultaneously develop 

the movement, method of connection, geometry, and the embedded intelligence of these smart 

objects.” (Fox & Kemp, 2009, p. 229). This embedded intelligence can be understood as the “master 

program” of group form. Printing out mechanical and electric parts in one seamless whole as parts 

become smaller and more intricate, the problem of design research becomes integration of various 

conflicting engineering and design concerns through a shared process description.  
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C. Project scripts 

C# grasshopper component for Cellular Form project generation: 
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Grasshopper Frame Script for Mediated Form project tectonics and layout (improved): 
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C# Frame Script for Mediated Form project tectonics: 
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Frame Script Variations: 
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Frame script tests on a Voronoi cell: 

 

Hoberman sphere script overview: 
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Hoberman sphere part1: 
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Hoberman sphere part2: 
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Hoberman sphere part 3: 
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Arduino code for component design: 
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Finger joints Grasshopper script (Kinetic surface test) overview: 

 

Finger joints Grasshopper script part 1: 
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Finger joints Grasshopper script part 2: 
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Finger joints Grasshopper script part 3: 
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Finger joints Grasshopper script part 4: 
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Conical mesh tectonics script developed for kinetic form project: 
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Conical frame C# script: 
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Joints+ Thickened Beams C# script: 
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D. Visual diary – progress images 

Cellular Form- aggregation studies with 3D printed scaled pieces 
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Cellular Form- embedded responsive components 
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Cellular Form- fabrication of hinge joints 
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Cellular Form- transportation and storage 
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Cellular Form- light tests 
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Cellular Form- tectonic details and points of failure 
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Cellular Form- public interaction 
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Mediated Form- early form finding experiments 
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Mediated Form- assembly instructions  
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Mediated Form- assembly instructions  
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Mediated Form- assembly of hexagonal parts & material selection 
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Mediated Form- assembly of large skeletal frame and cladding 
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Mediated Form- final assembly from three sub-parts 
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Mediated Form- on site installation and transportation 
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Mediated Form- public interaction 
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Kinetic Form- Initial simulation of interactivity through Firefly and Grasshopper  
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Kinetic Form- Initial simulation of interactivity variations using Firefly and Grasshopper 
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Kinetic Form- Initial proposal for Taiwan space kinetic installation 
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Kinetic Form- Initial interactive component tests 
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Kinetic Form- Initial carrier surface design for Shenzen 
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Kinetic Form- Assembly footage from Taiwan and Shenzen 
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Kinetic Form- Original assembly tests in Perth (top left &middle-top) & on-site testing and 

construction (bottom and middle-bottom). 
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E. General research timeline 
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