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Abstract
Designers have long been concerned with new and visionary types of
public space.With the advent of ubiquitous computing, architects and
designers have become increasingly aware of the opportunities and
challenges in designing spaces and everyday objects to support sociallyoriented human interactions whether through spatial or technological
means.This paper presents a novel transdiscplinary method for
designing new interactive architectural prototypes that promote
connectivity and social interactions in the public space in order to
address specific agendas of urban interventions.The proposed method
was evaluated in a pilot studio, in which students across various design
and technical disciplines were invited to propose utopian sociotechnological visions for a particular site and to develop their ideas into
working architectural prototypes that could be installed at the chosen
site and tested by the public.The open brief generated various
responses and outcomes in eight projects, of which two are discussed
in this paper.

276

1. INTRODUCTION
How to retrofit existing physical urban spaces to promote social
interactions in the current digital age? The research reported in this paper
investigates a new transdisciplinary method in designing the form, function,
and fabrics of public architectural spaces that are capable of accommodating
ad-hoc fruitful interactions between the spaces and the users and among the
users of the spaces.
In a time when computers have now become fully pervasive, it is
imperative for educators to break down the equally pervasive
contemporary ennui manifest by a generation of iPhone and Android users,
network gamers and expose students to the substantial remaining inherent
challenges and frontiers in streamlining the conversation between virtual
data and information and physical action, environment and experience [1].
Architecture and design provide a powerful context to grapple with these
challenges with their practice and education tradition of hands-on
experimentation and iterative creative process. It is also important for a
future architecture that fully exploits the opportunities of a wealth of data
and information from digitally connected spaces, that the microcontrollers,
sensors and actuators that have recently proliferated in the popular market
find their way into experimentation within the architecture and design
curriculum.This is a huge challenge. Interactivity itself poses questions that
span a broad range of disciplines within the design, technology and social
science spectrum [2]. Interaction design within the architectural context is
almost as broad [3]. Moreover the translation of big theoretical ideas about
linking information and behavior in interactive systems sited in the physical
public space of the street, to robust working prototypes is a hard and rocky
road. Responsiveness is a useful first step on the way to full interactivity. In
his technologically utopian vision of the “city of bits” [4],William J. Mitchell
argued for redefinitions of space in the world where cities are built from
networked connections, as he challenged the architects and planners to
rethink the design of digitally mediated environments for new types of
communities and interactions that would occur. Mitchell’s suggestion was
not new, considering that Cedric Price’s design proposal of the Fun Palace in
1961-1972 had already involved reprogrammable spaces, integrating
standard building components and communication technologies to generate
a machine-like building “capable of adapting to users’ needs and desires” [5].
The significance of the Fun Palace extends beyond its profound impact on
architecture and cybernetics, since the project that employs a crossdisciplinary integration between architectural theory, technology, and social
ambitions also promotes the idea of virtual or computer-mediated social
interactions in which “accidental communities” in public spaces may emerge
[5]. In the present day, the Fun Palace is no longer a sophisticated piece of
whimsical architectural speculation.Technologies available now not only
make the Fun Palace real, but bring it closer to a deliverable outcome both
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in real time and as material object within the capacities of undergraduate
students. Moreover the Fun Palace is not simply an idea but has resonances
with everyday understandings of social spaces.
The challenge faced by the authors of this paper was introduce these
concepts to a multidisciplinary group of design students using principles
drawn from various design disciplines, information and communication
technologies, mechatronics, robotics, and human-computer interaction.The
opportunities lay in augmenting existing urban spaces in Melbourne,
Australia, with new design projects that aimed for social, environmental, or
cultural intervention using a combination of design and technological means.
The new transdisciplinary method proposed in this paper was delivered in a
pilot studio where the potential of current technological advances are
taught using a variety of design and technical skills with the goal to produce
prototypes of practical design interventions for an urban landscape or a
public space.The next section presents the proposed transdisciplinary
method.The pilot studio addressing these opportunities and challenges is
discussed in Section 3.The prototypes produced in the studio are discussed
in Section 4. Section 5 summarises findings from the pilot studio, drawing
lessons from questionnaires, student feedback, and exhibition outcomes.
Section 6 concludes the paper.

2. PROPOSED TRANSDISCIPLINARY METHOD
The proposed transdisciplinary method involves the integration of concepts
borrowed from architecture, textile design, and human-computer
interaction.The idea of form in architecture has evolved along with the
development of CAD, as form-finding activities driven by scripting or
programming have become the mainstream approach as opposed to the
form-making activities, where representations take precedence over
functions or design constraints. Do [6] argues that a balance must be
established between form-finding and form-making in architectural design,
since extreme form-making, or “form without function”, results in sculpture,
not architecture, whereas extreme form-finding, or “form exclusively
determined by function”, results in systems or “applied engineering”. In this
paper, we suggest that designing with materials or fabric, as we call it in this
paper, in architectural design will be the key for designers to find the
balance between form-making and form-finding. Fabric needs to be
considered together with form and function.The intrinsic properties of
various fabrics retain certain design constraints but also the promise of
flexibility and adaptability in achieving specific functionalities and aesthetical
properties in built architecture.The amalgamation of form, function, and fabric
embedded with computation generates architectural artifacts that are
(potentially) responsive or interactive.We define responsiveness as one-way
flow of adaptation from the stimuli to the receptor of stimuli. Interactivity,
on the other hand, produces two-way adaptation that facilitates

278

Flora D. Salim, Jane R. Burry, Juliette Peers and Jenny Underwood

unchoreographed changes and reactions both in the stimuli and the
receptor of stimuli.The architectural artifacts that are placed in the physical
world may co-exist in the virtual world with the embedded computation
and may eventually become active participants in or fully integrated with
daily social practices. Computers as mediating tools are capable of
supporting and transforming activities [7]. Responsive or interactive
architectural artifacts, composed by form, fabric, function and embedded
with computation, if placed in the built environment, particularly at public
spaces, will engender new kinds of interactions that influence both the users
or occupants of the built environment and the artifacts themselves (See
Figure 1).The notions of form, fabric, function, and interaction are further
discussed in the following subsections.

 Figure 1: Computer-mediated
interactive architectural artifacts

2.1. Form and Function
We have adopted the term flexible model for models that exploit digital and
analogue systems to represent not a static object but a field of possible
objects.These are models that have many, even an infinite number of
possible states.This is much closer to the meaning of model in the
mathematical sense than the traditional model representations in
architecture – a drawing set or physical object representing one particular
design solution.The first step in moving from static object models using the
computer to flexible (also commonly known as parametric) models was
arguably to replace explicit values by variable parameters, the next was to
link the values of these input variables to the outputs of other functions or
datasets representing driver systems external to the architectural
representation.These might be the movement of the sun around a building,
the wind speed, the number of people expected to use the space, or simply
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dependencies between different aspects of the geometry of the whole
model [8].These flexible models can thus also be seen as generically
responsive models.Their output changes in response to variable inputs.
Although there has been a very steep uptake curve for scripting and
programming in design since the mid 2000s encouraged by the development
of new early design friendly parametric interfaces such as Grasshopper for
Rhino™, nevertheless in a class of 35 students predominantly from
architecture and related design disciplines in their latter years of education,
only a small minority came to the studio described in this paper familiar
with any parametric design software interface or with scripting or
programming experience.
In the 1995 review of architectural education Educating Architects,
Dalibor Veseley [9] wrote of architecture and technology:
“The gap [between the systems produced and the given world] is very
often discussed as a problem of adaptation. But what should adapt to
what? Today, it is rather taken for granted that the given world should
adapt to the imperative of technological possibilities.”
The continuing harsh constraints in the realm of constructing virtual
geometrical relationships in a computer model, however, convey very little
about the much greater strictures imposed by the behaviour of physical
material and component assemblies when the responses of the architecture
are translated into movement, expansion, contraction, sound, light in the
physical world. Between the purely virtual representations and the actuated
physical realization, there is of course another mediating process.This is the
process of information gathering through sensing environmental change,
movement, proximity, drawing on live internet feeds to provide the input
information that drives the change and linking this input information to
specific patterns of response.
Responsive architecture, defined by Nicholas Negroponte in late 1960s,
is a result of the ubiquitous integration of computer technologies into built
spaces and structures [10], which are designed with capabilities to change
their form and adapt to the changing environments or user needs.The
responsive behaviours can be attributed to the embedded intelligence in its
fabrics or structures, such as demonstrated in dECOi’s Aegis Hyposurface –
arguably, the world’s first interactive data-responsive physical surface [11],
and Cloud 9’s Media-TIC (or Media-ICT) building in Barcelona [12] – a
more recent example of a successful hybrid of generative architecture,
digital media, integrated structural and environmental analysis, smart
materials, and intelligent computing technologies.
Electronic prototyping with Arduino has found a niche in responsive
architecture. Arduino is an open-source electronic prototyping platform for
developing interactive objects or environments [13].The increasing
popularity of Arduino microcontrollers, due to their ease of use for
interfacing with everyday household objects, computer codes, and digital
devices, has leveraged the ‘make’ and do-it-yourself (DIY) culture of
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electronic prototyping [14]. Arduino can be connected to numerous types
of sensors to sense the changes in the environment and any motor or
actuator to control everyday objects. Using Arduino, designing and
prototyping responsive architecture is becoming increasingly accessible to
designers, students, and non-technical experts.

2.2. Fabric
Textile-based materials, processes and technologies have much to offer the
build environment and responsive architecture.Whether acting as a soft
membrane skin or providing structural integrity as a textile composite,
these materials are able to deliver increased flexibility in form and function.
Recent advances in textile materials have developed materials that are
stronger, lighter, softer, and safer [15]. “Reactive materials, including,
photochromic dyes, electroluminescent films, shape-shifting gels and
memory alloys, can automatically transform as they adapt to changes in
temperature and light levels” [16].
Fundamental to material innovations are the advances in engineering
textile fibres, such as glass, aramids (Kevlar) and carbon, as well as
developments in microfibres and nanofibres.These fibre developments have
resulted in high strength, low weight materials that potentially perform
better than conventional materials [17]. As well, from a designer’s
perspective, textile fibres offer a variety of unique appearances and qualities
such as translucency, colour, patterning effects, and surface texture and
tactility.With these new materials it is possible to use a textile to achieve a
structural function as well as aesthetic quality.
Additionally, textiles are being engineered to be smart; integrating
sensors, actuators, processors, and microsystems [18]. By combining textile
materials with non-textile and hybrid materials, such as microelectronic
components and conductive substrates, fabrics may no longer be passive,
but instead monitor and interact with the individual and their environment.
And when connected with sensors, textiles can be programmed to respond
to a variety of environmental and social factors, such as human movement,
changing climatic conditions or energy consumption patterns. Such
developments are confirming that the surface, structure and form are
becoming more interconnected, interdependent and interactive, requiring a
multi-disciplinary approach to design.

2.3. Interaction
Since the advent of ubiquitous computing, the word interaction no longer
implies only relationships between physical objects and people [19], but an
activity of exchanging messages in which people and objects can take part,
directly and indirectly (through digital media or social networks), in the
physical and digital realms.With the blurring boundaries between the
physical and the virtual, interactions in the mixed reality have become
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“embodied” [20].This requires specific settings and circumstances
surrounding the interactions [21], or context [19] to be well understood.
The interactivity pioneer Brenda Laurel [22], as quoted by McCullough [19],
stated “the real significance of computing has become its capacity to let us take
part in shared representations of action”. In the current digital age, these
representations can be implicitly or explicitly programmed into spaces [19].
Therefore interaction design must be intentional to achieve meaningful
interactions in specific contexts. In computer science, the context of a
computing system includes the users, the social environment, and the
ambient physical conditions [23]. Designing responsive architecture requires
understanding of interaction design in order to translate contextual
situations and actions to meaningful representations, messages, and
experiences.When contextual design and designing with contexts are achieved
in the process of making responsive architecture, the outcomes may
potentially be considered as interactive architecture.

3.THE PILOT PROJECT
The ‘Augmented Spatiality’ project, delivered in an 8-week intensive studio,
addressed the interaction between people sharing public space, the
interaction of those people with the wider community and the expression
of and possible interaction with concealed activities such as ambient and
artificial flows and events within the city. It posed the question of how
recent technological advances in computing, communication, sensing and
actuation could be retrofitted to the visionary city of the immediate past to
foster concurrent interaction in physical and virtual public space. It was
couched as a call to empower and reawaken the social citizen and challenge
the fall of public man [24] associated particularly with the competitive,
status-anxious capitalism of the new world.
The studio targeted the design and development of prototypes, which
are innovative, functional, interactive, and responsive, in order to address a
specific urban problem, analyse environmental data, and interact with the
city.The pilot run of this studio involved the participation of 35 students
from six different design disciplines - architecture, landscape architecture,
interior design, industrial design, textile design, and public arts - and a team
of teaching staff and tutors with backgrounds in architecture, computer
science, arts, textile design, and mechatronics. Students learned to design
and construct architectural models using digitally fabricated models and
woven, knitted, or printed textiles, embedded with smart materials.
Integrated with sensors and actuators connected to embedded Arduino
microelectronics, these architectural models were to respond to or (even
better if they could) interact with the changing environment or users.
The students were asked to work in groups to develop a masterplan or
strategy for a given public site.The design process started with a discussion
of the utopian socio-technical vision for the site. Each group was also to
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design and develop a large scale responsive and interactive prototype model
that would both illustrate the intention of the urban design agenda and be
tested on site in the public arena over a two day construction and
interaction program.With this somewhat utopian brief, the course was
introduced through the history of utopian ideas in architecture and urban
design from Thomas More to the Metabolists and beyond and the site
chosen for its historical association with utopian socialist movements.
Students were also trained to develop their design ideas using parametric
design and scripting tools, such as Grasshopper and Processing, and Arduino
as the electronic prototyping platform during the first four weeks of the
studio. In collaboration with textile students, smart materials and various
textile design techniques, including weaving, knitting, and print making, are
applied in the design and development of the architecturally responsive or
interactive prototypes.
The site was a section of Swanston St, the main north south axial street
that passes through the grid of Melbourne’s central business district (Figure
2).The choice of site was determined by the need for improvement of a
tunnel like space, that is well transited but little used for social interaction
despite its adjacency and increasing centrality to a university campus.The plain
soaring facades contribute to the general public’s sense that the upper
reaches of Swanston Street are featureless and alienating, captured by student
site research, when passersby stated the site “… definitely needs something...”
and “it’s dead, just a transitional place with no real purpose, no value...” [25].

 Figure 2: Perspective View of the
chosen site, a section of Swanston St,
Melbourne

The integrated teaching of this combination of technical and design skills,
with access to high performance digital fabrication, textile machines, and
microelectronic platforms, were delivered in just eight weeks. Related works
include an architecture elective in RMIT that used the “Input-ProcessOutput” diagram in teaching architecture students to design responsive
architecture [26] and the RoboStudio conducted in University of British
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Columbia that applied robotics, mechatronics, and kinetics to architectural
design [27]. However, this project builds to a higher level of complexity and
sophistication than the precedents, with a higher number of disciplines
involved and goals to produce new kinds of interactions in public spaces. In
this studio, students were allocated to eight different groups, each having 4-5
students from different design disciplines.Two out of the eight projects are
discussed in the next section.

4. PROTOTYPES
Over the course of several days in 2011, towards the end of the course,
existing public spaces at the chosen site were augmented with experimental
responsive and interactive prototypes, which employed the use of
generative architecture, custom-designed textiles, smart materials, intelligent
sensors and actuators, in order to facilitate ad-hoc social interactions. Out
of the eight prototypes generated in the studio, we have selected two
projects to demonstrate the diversity and potential of the proposed new
transdisciplinary method. The project ‘City Oasis’ explores an
environmental intervention, while the project ‘Responsive Resonance’ aims
to provide a social intervention.

4.1. City Oasis
“City Oasis is a self sustaining responsive architectural structure
providing a solution for urban agriculture. Bringing the biosphere back
into the city, the pinecone shaped pavilion can be used for gardening,
yoga and other practices that reconnect us with nature” [28].
This project adopts the ecology utopian society which leverages the idea
of bringing back the traditional living that is in better harmony with nature
and is inspired by Yona Friedman’s Ville Spatiale (1959-1960),Vincent
Callebaut’s Landscript in Geneva (1959-1960), and R&Sie’s hydroponically
sustained ferns.The project aims to create a self-sufficient, sustainable, and
independent green space to provide a safe shelter and a comfortable space
for the public to connect and socialise.
The overall system (Figure 4) consisted of a pinecone shaped pavilion
structure, a biowall populated with selected air-filtering plants and herbs,
smart rainwater pockets, and LED lit panels during nighttime. Parametric
design, electronic circuitry systems, and principles of pattern and repeat
systems from textile design, formed the basis of the pocket; a series of
flexible hard shells made of plywood, laser cut and etched, and joined with
elastic connectors to allow the structure to breathe (Figure 5).The modular
pinecone skin (Figure 6), based on the Fibonacci spiral sequence (Figure 7),
was developed as a series of moving pockets able to respond to changing
rainfall conditions. Structural, solar radiance and daylight analyses were used
to determine optimal height, positioning and orientation of the pavilion and
its component plant pockets (Figure 8).
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 Table 1:The eight group
projects and prototypes showing
the distribution of disciplines
among the groups
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 Figure 4: City
Oasis’ Overall
System

 Figure 5:
Configuration of
the biowall

 Figure 6.
Modular Pinecone
Skin. Left: Knitted
Pinecone. Right:
Textile-Inspired
Lasercut Pinecone.
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 Figure 7. Form Finding Process.

 Figure 8: Design to Construction.

A non-linear dialogue between the textile design students and the
architectural student within the group enabled a strong integration of ideas
and complex design processes. For the group, the dynamics of working
between the digital and physical brought a level of richness to their design
proposal.
The elastic shell model of the pockets were first conceptualized and
made by the textile students in the group.The model was then translated
into a 3D model in Rhino.The opening and closing movements of the
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 Figure 9: Prototyping the
pinecone pockets and biowall.

rainwater pockets were simulated in Grasshopper and electronically
prototyped (Figure 9).
The biowall, an environmentally responsive system, consists of three
distinct and interconnected subsystems:
• Plant watering system (Figure 10). The solar-powered Arduino board
relayed messages to the water pump to start pumping water to the
plant pockets at programmed intervals..
• Rainwater collection system (Figure 11).The rainwater pocket opened
and closed based on the presence of rain. If it rained, as detected by
the rainwater sensor, the Arduino would send a message to the air
pump to open the rainwater pocket by pumping the balloon in the
lining of the pocket and to the valve to open the pipes that connect
the rainwater pockets with the collector.
• Rainwater alarm system (Figure 12).The water pressure sensor in the
main collector could sense the water level and if low it would light up
an LED warning light. This system complemented the automatic
rainwater collection system and invited public participation to help to
sustain the water collection if there is not enough rain.
 Figure 10:The plant watering system

The project successfully translated the group’s vision to provide a public
shelter that also acted as a self-sustaining public garden if the consumers of
the garden were conscious of their responsibility as gardeners of the space.
The final installation, as shown on Figure 13, was placed on an urban site
without green treatment.
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 Figure 11:
The rainwater
collection
system.

 Figure 12:The rainwater alarm
system.

 Figure 13:The City Oasis
installation.
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4.2. Responsive Resonance
Inspired by Chunky Move and Reuben Margolin’s Connected [29] and Philip
Beesley’s Hylozoic Ground [30], the project aimed to create an urban
intervention that invites playful and performative social interaction by
installing an interactive canopy that is able to interact with users or
passersby using its random unchoreographed movements and colourful
media display.
On a site that was considered “dead” (Figure 14) by a passerby, this
group of students believed that their model would “unconsciously draw a
performance from people and as a flow-on effect, encourage and facilitate
encounters and interaction between strangers”.The city as it stood only
offered a dystopic vision: a “decrease in person to person contact ... the
breakdown of traditional relationships and an increasingly disconnected
society … [the responsive model] would not be a grand statement on the
larger city scale but seeks instead to be a small gesture addressing the
larger issue of our Utopian fantasy, which is to bridge social disconnection
and build stronger communities” [25].
 Figure 14:The chosen site for the
urban intervention.

Initial inspiration for the canopy was from a complex multi-layered weave
structure that the textile design student had developed (Figure 15) and the
kinetic rotating wheel system built by the Public Art student in the early
part of the studio. The industrial design student was then able to translate
and scale up the concept using a more industrially feasible material (Figure
16), as the architectural student and public art student worked on the
mechanical system.
 Figure 15: Initial
models. Left: Multilayered weave
structure. Right:
Kinetic rotating wheel
system.
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 Figure 16:
The final woven
fabric.

The multi-layered 3d lattice like fabric structure is made from a lightweight
semi-transparent plastic and stitched together at regular intervals to create
cells enabling a high degree of movement in all directions (Figure 16).
Selected filament strings that connect the fabric layers together attach to the
mechanical system of the canopy, as well as hang from the canopy, further
serving to blur the boundaries of the surface.The depth of the canopy’s
surface varies to provide a distinctive textural quality and sense of
movement, even when not in motion.
The first working prototype of the canopy (Figure 17 – Top) used three
Arduinos, servo motor, and rotational movement to generate a periodic
kinetic movements (no interaction) and Processing code to generate
random media projection.The second working prototype (Figure 17 –
Bottom) was larger and hung from the ceiling to develop the sine wave
movement and rotation of the canopy in interaction with people walking
underneath.The development of the interactive system involved the use of
motion tracking with Arduino motion sensors and servo motors to
generate physical movement of the canopy and a parallel motion tracking
with a webcam and Processing to generate a dynamic visual media output
projected on the woven plastic fabric (Figure 18).
 Figure 17.Top:The first working
prototype. Bottom:The second (and
larger) working prototype.
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 Figure 18: Sketch of the mechanical
system diagram.

The form and the interactive movements of the large scale 1:1 canopy was
then designed and simulated in Rhino Grasshopper (Figure 19 left).The final
structure of the construction (Figure 19 right),with the dimension 2m (w) x
3m (l) x 3m (h), was modeled in Rhino prior to fabrication and assembly on
site.
It took two days for the final 1:1 model to be constructed on site and
the installation was left on site for an extra two days for the public to
experience it (Figure 20).The installation provoked passersby to use,
interact, and perform with the space, triggered conversations and helped
create “accidental communities” around the site.The amalgamation of form,
function, and fabric to generate an interactive experience between the
digital and the physical media of architecture and among the users and the
interactive prototype was demonstrated to be successful in this installation.

 Figure 19: Digital
design of the 1:1
scale model from
concept to
construction.
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 Figure 20: Street
installation of the Responsive
Resonance.

5. EVALUATION
In order to evaluate the pilot studio and this new transdisciplinary method,
we conducted two very qualitative questionnaires, at the first and the last
studio meeting.The questionnaires sought to capture the capacities that the
students carried into the studio around the cluster of ideas and techniques
under investigation in the studio and to see how students’ concepts had
evolved during the studio.
Whilst the questionnaires documents that the students found working
with colleagues with a variety of backgrounds complicated and ambitious,
speculation was rapidly reconfigured to the possible, a number of students
recorded that they emerged from the end of the studio with an expanded
range of professional capacities.The digital sensors, and machine-driven
elements delivered to the students’, as they comment, a stronger validation
of technology’s potential to augment design, a new appreciation of kinetic
and interactive elements as contributors to design and even the value of
coding and parametrical design and real-time feedback as a driver of design.
Thomas Black, a participating student noted that “using programs such as
Arduino, Grasshopper, Firefly and Rhino have opened my eyes to seeing how
it is possible to truly integrate the digital in reality” [31]. From students’
reflections at the end of the studio, the difficulty in uptake of new programs
appeared to be both mediated and complicated by the fact that whilst
students had been tutored in digital techniques, they used different
programs in their home disciplines. No-one was equally capable in all the
programs being deployed in the studio, which added a burden of difficulty to
the planning and development of the prototypes. However projects went
ahead either with digital work being done by those with the most relevant
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competence or weaker students gaining confidence from those with greater
facility. Intense tuition in key programs also expanded students’ abilities.
Many of the final reports and questionnaires testify to the fact that students
emerged from the studio with an improved theoretical and practical
knowledge of deploying digital design techniques. Curiously students
suggested that analog issues such as differing scales from the broad vision of
landscape to the one on one, object focus of industrial design and textile
design and the greater stress placed upon emotional and experiential input
in interior design practice – proved harder to manage than the digital, and
compromised the design of the flexible prototypes. Communication and the
understanding of how other disciplines worked enabled both the digital and
physical to be managed.
Not only did students bring in discipline-specific expertise such as the
detailed knowledge or product and capacities offered by the textile
students, there were a wide range of pre-existing performance and making
skills. Masters in Public Art students who were experienced sculptors/artists
and installation specialists particularly enhanced the studio. Answers to the
questionnaires and other on-paper submissions made tangible something of
the social role that speculative and forward-looking architectural models has
now acquired in the wake of accessible digital technologies, a generation of
technology “natives” and also new play- and communication-driven ways of
experiencing both recreation and the urban. Another strong trend threading
through the ideas being explored by the students in the flexible models and
in their written speculations were ethically-orientated ideas that tied into
the utopian theme foregrounded in the studio.These ideas included the
possibility that digitally-driven architecture could itself both conserve
resources (i.e. by operating only on demand) and trigger more sustainabilityaware activities by an agit-prop style inspiration.
Classic futurist issues of convenience and technological support to urban
lifestyles offered by buildings that could anticipate and serve users’ needs in
a changing and challenging urban environment was another ethically-driven
response to the idea of interactive architecture. Here the digital did not
only speak to complexity or mastering technology: as befits a generation
grown up acculturated to hand held digital devices, many students believed
that digitally driven architecture would offer more social and interpersonal
amenity in a world where a growing alienation was a given factor.
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 Table 2: First and second
qualitative student questionnaires
answered at the outset and the
end of the studio

Augmented Spatiality

First Student Questionnaire for written response

Heading

Questions

1. Responsive and

What do you define as interactivity in an architectural or design context?

kinetic capacities in

What do you define as responsiveness in an architectural or design context?

design

What contribution does interactivity make to a building, a design object or a
design object?
Why should we design responsive, interactive, kinetic qualities in a structure or
an object?

2. Design, end usage

How can responsive, interactive, kinetic qualities in a structure or an object

and the urban

enhance or improve urban life or experience?

environment

Given that urban conditions are volatile and changing — e.g. global warming,
Melbourne sincrease in population, removal of key industries - Detroit, USA,
natural and manmade disasters - Christchurch, Bhopal, what is the potential for
equally flexible solutions offered by responsive, interactive, kinetic qualities in a
structure or an object?
Given that the rapid shifts in urban conditions are also driven by new recreational
and social practices, both large scale and trivial — e.g. disappearance of horses
and work animals from the first world CBD (and some 3rd world CBD too),
digital communications, increase of single person households, mobility of
women, fitness culture, parkour, retail and fashion experience etc. What is the potential for equally flexible solutions offered by responsive,
interactive, kinetic qualities in a structure or an object?
What do responsive, interactive, kinetic qualities in a structure or an object offer
the end user?
What demands do you believe that responsive, interactive, kinetic qualities in a
structure or an object make upon energy use and sustainability at both individual
and urban levels?

3.Materials and

What demands do you believe that responsive, interactive, kinetic qualities in a

machines

structure or an object make upon material wear and performance?
What material properties can facilitate responsive, interactive, kinetic qualities in
a structure or an object?
What do you understand as the properties and potential of textiles as design
materials?
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4. Design Activity and

What changes do you envisage making to your usual work processes to allow for

Process

responsive, interactive, kinetic qualities in a structure or an object?
What do you expect to gain from working in a multidisciplinary team?
What role — if any - do you think that robotics can play in design or architecture?
What role do you see technology, new materials and new machines playing in
design?
How do you currently understand the relationship of hand and technology in
design?
Second Student Questionnaire — at the end of the studio

1. Design Activity and

What was your experience of trying to deliver responsive, interactive, kinetic

Process

qualities when designing a structure or an object?
Which models/projects from across the studio do you think worked and which do
you think did not?
How have your understandings about designing to facilitate such technologies
changed during the studio by working with new techniques and materials?
How has your approach to the act of designing or your understandings of the act
of the designing changed during the studio?
How did working in a multi-disciplinary team inform the design process?
How did encountering other disciplines impact upon your relationship to your
home discipline?
How did encountering other disciplines impact upon your personal design
practice/process?

2. Materials and

How have your understandings of technical possibilities in design and

Machines

manufacturing changed during the studio?
How has your understanding of the properties of materials changed during the
studio?
How have your understandings of the interactions of programming and
computing with designing activities changed during the studio
In light of the studio, how do you currently understand the relationship of hand
and technology in design, what - if anything - has changed?
What do you see as potential productive blue sky developments around design
and technology in the immediate future?
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 Table 2:

 Table 2:

3. Urban life

What aspects of the studio work/projects/models do you think has the potential to
enhance or improve contemporary urban experience?
Which aspects of the projects will you take into your future design processes and
decisions?
In light of the studio, what can you say about the potential for responsive,
interactive, kinetic qualities in a structure or an object to address issues and needs
of changing urban conditions?
In light of the studio, what can you say about the potential for the designer to
address issues and needs of changing urban conditions?

6. CONCLUSION
The Augmented Spatiality studio furnished some realisable ideas in answer
to the opening question of how to retrofit existing physical urban space to
promote social interactions.The success of the studio was facilitated by
making a real nexus of a range of ideas, activities, materials and technologies
that form the present day understanding of the urban and social. It also
succeeded at a tangible level in engaging students in the manifest challenges
of constructing digitally augmented physical environments. The design
prototypes captivated and delighted passersby, and by invitation, several have
been reconstructed for an international arts festival, a specialist sculpture
gallery and a dance party/rave over 2011-2012. Arguably the pedagogical
success was attributable to, rather than in spite of, the diversity and noncohesion of the skill bases of the participants.This range of knowledge, skill
and objectives endowed the groups with a genuine basis and need for
collaboration.The students were motivated to improve upon the complex
and hostile site.The history of the site and its present day short comings
offers a direct spur to intentionality of the interaction thus making it
directed and feasible. Yet the positive outcomes were not only about
developments in the tangible realm of technology. New and flexible
concepts of what space is, social behaviour and interrelationships allowed
for new concepts to grow.These concepts found realisation through this
combination of students and also the movement between digital/virtual to
hands on/material craft to scripting. Flexibility and interactivity moved
seamlessly from material components, to digital competencies to social
understandings.

Augmented Spatiality 297

REFERENCES
1. Livingstone, I.,Teach children how to write computer programs, Digital Literacy
Campaign, The Guardian,Wednesday 11 January, 2012. (Last accessed 19 January
2012 at: http://www.guardian.co.uk/commentisfree/2012/jan/11/teach-childrencomputer-programmes?CMP=twt_gu])
2. Fallman, D.,The Interaction Design Research Triangle of Design Practice, Design
Studies, and Design Exploration, Design Issues, 24(3), MIT, 2008, 4-18.
3. Dade-Robertson, M., The Architecture of Information: Architecture, interaction design
and the patterning of digital information, Routledge, London and New York, 2011,
4. Mitchell,W. J., City of bits: space, place, and the Infobahn, MIT Press Cambridge, MA,
USA, 1995.
5. Wilken, R., Calculated Uncertainty: Computers, Chance Encounters, and
“Community” in the Work of Cedric Price, Accidental Environments,
Transformations, 14 –, March 2007. Last accessed 17/04/2012 at:
http://www.transformationsjournal.org/journal/issue_14/article_04.shtml
6. Do, E., Form-Making versus Form-Finding: Distributed Cognition and the
Affordances of Design Media, Design Computing and Cognition DCC 08, 2008. Last
accessed 17/04/2012 at http://www.cc.gatech.edu/~ellendo/dcc-form.htm.
7. Nardi, B. A., Context and consciousness: activity theory and human-computer
interaction, MIT Press, 1996.
8. Burry, J., Mindful Spaces, Computational Geometry and the Conceptual Spaces in
which Designers Operate, International Journal of Architectural Computing, 5 (4),
2007, 611.
9. Veseley, D., Architecture and the Question of Technology in Pearce & Toy Eds.
Educating Architects, Academy Editions, London, 1995, 44-53.
10. Sterk,T. D., Building Upon Negroponte: A Hybridized Model of Control Suitable
for Responsive Architecture, Proceedings of the 21st eCAADe Conference
Proceedings: Digital Design, Graz, Austria, 2003, 407-414.
11. Burry, M.C., Between Surface and Substance, Architectural Design, Surface
Consciousness, 73(2) Wiley-Academy, 2003, 8-19.
12. Ruiz-Geli, E., The Media-ICT building, ACTAR, Barcelona, Spain, 2011.
13. Arduino. http://www.arduino.cc/
14. Hertz, G., Arduino Microcontrollers and The Queen’s Hamlet: Utilitarian and
Hedonized DIY Practices in Contemporary Electronic Culture, Proceedings of the
31st Conference of the Association for Computer Aided Design in Architecture (ACADIA
2011), Canada, 2011, 44-47.
15. McQuaid, M., Extreme Textiles, Designing for high performance,Thames and Hudson,
London, 2005.
16. Quinn, B., Design Futures, Merrell, London, 2011.
17. Horrocks, A. R. & Anand, S. C. (eds.), Handbook of technical textiles,The Textile
Institute,Woodhead Publishing Limited, Cambridge, 2000.
18. Jayaraman, S., Kiekens, P. & Grancaric, A.M. (eds.), Intelligent Textiles for Personal
Protection and Safety, IOS Press, Amsterdam, 2006.
19. McCullough, M., Digital Ground: Architecture, Pervasive Computing, and Environmental
Knowing,The MIT Press, Cambridge, MA, 2004.
20. Salim, F. D., Mulder, H., Burry, J. R., Form fostering: A novel design approach for
interacting with parametric models in the embodied virtuality, Journal of
Information Technology in Construction (ITcon), vol. 16, 2011, 133-148.

298

Flora D. Salim, Jane R. Burry, Juliette Peers and Jenny Underwood

21. Dourish, P, Where the Action Is:The Foundations of Embodied Interaction. Cambridge,
MIT Press, 2001.
22. Laurel, B. Computers as Theater, Addison-Wesley Professional, Indianapolis, Indiana,
1993.
23. Dey, A. K. and Abowd, G. D.,Towards a Better Understanding of Context and
Context-Awareness, Proceedings of the HUC 1999, 1999, 304-307.
24. Sennet, R., The Fall of Public Man, Knopf Inc., 1976.
25. Group Eight (Farah, S., Grinberg, M., Holder,V., and Smith, P.) Kinetic sculpture and
performance, unpublished PDF file, Augmented Spatiality Studio, RMIT University,
2011.
26. Davis, D., Salim, F. D., Burry, J., Designing Responsive Architecture: Mediating
Analogue And Digital Modelling In Studio, Proceedings of the Computer-Aided
Architectural Design Research in Asia (CAADRIA) 2011, Newcastle, Australia, 2011,
155-164.
27. Meyboom, A.,Wojtowicz, J. and Johnson, G., ROBO studio: towards
architectronics, in: Proceedings of the 15th International Conference on Computer
Aided Architectural Design Research in Asia CAADRIA 2010, Hong Kong, 2010, 259268.
28. Group Six (Tjahjana, J. A., Zoet, F., Liang, S., Strickland, S., Herriot, E.) Organic
Robotics Portfolio, unpublished PDF file, Augmented Spatiality Studio, RMIT
University, 2011.
29. Margolin, R., Connected,
http://www.reubenmargolin.com/waves/Connected/connected_video.html
30. Beesley, P., Hylozoic Ground, http://www.hylozoicground.com/
31. Group Three (Black,T., Kapsis, M., Leung, S., Siswandi, I., and Tran, L.,) Organic
Robotics Portfolio, unpublished PDF file, Augmented Spatiality Studio, RMIT
University, 2011.

Flora D. Salim, Jane R. Burry, Juliette Peers and Jenny Underwood
RMIT University
Spatial Information architecture Laboratory (SIAL), School of Architecture
and Design and School of Textile Design
Box 2407 Melbourne 3001, Australia
J.R.Burry, jane.burry@rmit.edu.au

Augmented Spatiality 299

