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Foreword from the Program Chairs  

On behalf of the organization, it is our great pleasure to welcome you and to present the 

proceedings of the International Conference Architecture In-Play held July 11–12, 2016 at ISCTE-

IUL in Lisbon. The event is organized by a partnership between University Institute of Lisbon 

(ISCTE-IUL) and La Sapienza Universitá of Roma.  

The possibility of hosting such an event at ISCTE-IUL emerged as a great opportunity to 

bring to Lisbon an international community to present the most recent and unpublished works in 

research, teaching or practice related to interdisciplinary use of Architecture, Digital Design, 

Technology, Computation, Mathematics and Geometry. In consequence, contribute to enrich the 

debate around the use of digital technologies in architecture.  The focus of Architecture In-Play is 

exactly to think about responsive buildings, buildings that reshape themselves in order to respond 

to a particular need, interdisciplinary approach in Architecture, tools, methods and theories. In 

sum, bringing together people from all the fields that can merge and create new and improved 

architectural solutions. 

The conference program represents the efforts of many people. We would like to express 

our gratitude to the Scientific Committee for their hard work in reviewing submissions and 

selection of the final papers. We are grateful to the authors (from 15 countries) of the papers for 

their contributions and their participation in the conference. The paper submission and reviewing 

process was managed using the EasyChair system. The list of reviewers is included in the 

proceedings. 

We also thank the four invited speakers, Michael Fox (FOXLIN Architecture, United States 

of America), Ruairi Glynn (Interactive Architecture Lab at the Bartlett School, United kingdom), 

Arturo Tedeschi (Computational designer, Italy) and Paul Jackson (Origami Artist, Israel) for 

sharing their valuable experiences.  

The Architecture In-Play conference is structured in four thematic sessions: (1) Interactive 

Architecture – adaptive world; (1) Interactive Architecture – laboratory; (2) Computational design; 

(3) Origami Geometry and Mathematics.  Each session starts with lectures by international 

keynote speakers in the field, that share with the audience some of their most representative work 

in teaching, researching and practice, followed by paper presentation sessions. At the end of each 

session the debate allow a reflection on different approaches and results.  

We hope that these proceedings can further stimulate research in different subjects and 

provide practitioners with better methods, tools techniques for architectural design. Hopefully, 

provide a point of departure for even greater achievements in the field.  

Finally, we feel honored and privileged to provide the most recent developments in the field 

of Interactive architecture, computational design and origami to you through this exciting program.  

Conference Chairs, 

Alexandra Paio, ISCTE-IUL, ISTAR-IUL, Vitruvius Fablab - IUL  

Sancho Oliveira, ISCTE-IUL, IT-IUL, Vitruvius Fablab – IUL 

Nuno Guimarães, ISTAR-IUL ISCTE-IUL, ISTAR-IUL 

http://www.iscte-iul.pt/home.aspx
http://www.iscte-iul.pt/home.aspx
http://www.uniroma1.it/
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As we embrace a world in which the lines between the physical and the digital are 

increasingly blurred, we see a maturing vision for architecture that actively participates in our 

lives. In the few years since the original Interactive Architecture was published, a number of 

projects have been built at scales that both move beyond the scope of the architectural exhibit as 

test bed and push the boundaries of our thinking in terms of material performance, connectivity, 

and control. Our architectural surroundings have become so inextricably tied to technological 

trends that the two ultimately and simultaneously respond to and define each other. The promise 

of ubiquitous computing has secured a permanent foothold in our lives and has begun to infiltrate 

our devices and objects as well as our buildings and environments. 

Such is our physical world: not just digital but also seamlessly networked and connected, 

an architectural world that is a direct participant in our lives. Bill Gates once predicted that by the 

end of the first decade of the twenty-first century there would be nothing untouched by the digital.1 

By the end of the second decade, states interaction designer Behnaz Farahi Bouzanjani, this 

impact will arguably have become so pervasive that computation will not be noticeable anymore.2 

The subject of this book is how architectural design integrates and negotiates the digital; in our 

contemporary context, this is nothing short of reciprocal innovation. This book surveys the rapidly 

evolving landscape of projects and trends that are finally catching up with the past. As a matter 

of definition, interactive architectural environments are built upon the convergence of embedded 

computation and a physical counterpart that satisfies adaptation within the framework of 

interaction. It encompasses both buildings and environments that have been designed to 

respond, adapt, change, and come to life. 

Young designers have started to realize that it is possible to build anything they can 

imagine. 

Sensors available today can discern almost anything from complex gestures to CO2 

emissions to hair color. An interconnected digital world means, in addition to having sensory 

perception, that data sets—ranging from Internet usage to traffic patterns and crowd behaviors—

can be drivers of interactive buildings or environments. Courses in robotic prototyping and 

interaction are commonly taught in today’s architecture programs, with contextual subjects 

ranging from urban social issues to practical sustainability. Perhaps equally as important as the 

rapid advance of such technologies is the fact that both robotics and interaction are technically 

and economically accessible. The requisite technologies are simple enough to enable designers 

who are not experts in computer science to prototype their ideas in an affordable way and 
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communicate their design intent. Architects and designers are not expected, as on exhibit-scale 

projects, to execute their interactive designs alone; they are expected rather to possess enough 

foundational knowledge in the area to contribute. In the same way, while architects need to learn 

structural engineering in school and, until recently, have been required to pass a special section 

on structures for the professional licensing exam, it is rarely assumed that architects will do the 

structural calculations for the buildings they design; that work is carried out by professional 

structural engineers. 

The field is fresh with original ideas, illuminated by the built prototypes and architectural 

projects illustrated in this book. Driven by the applications, these genuinely new developments 

and ideas 

will rapidly foster advanced thinking within the discipline; yet it is important to understand 

that their foundations have been around for quite some time, dating back nearly thirty years. 

 

Catching up with the past 
 

Essentially, the theoretical work of a number of people working in cybernetics in the early 

1960s laid most of the groundwork for the projects highlighted in this book. During this time, 

Gordon Pask, Norbert Wiener, and other cyberneticians made advancements toward 

understanding and identifying the field of interactive architecture by formulating their theories on 

the topic. Pask’s conversation theory informed much of the original development in interactive 

architecture, basically establishing a model by which architects interpreted spaces and users as 

complete feedback systems.3 Cybernetic theory continued to be developed into the late sixties 

and early seventies by the likes of Warren Brody, Nicholas Negroponte, Charles Eastman, 

Andrew Rabeneck, and others, who expanded upon the earlier ideas of Pask and Wiener. These 

early philosophies were then picked up by a few architects who solidly translated them into the 

arena of architecture. This work generally remained in the realm of paper architecture, however. 

Cedric Price was perhaps the most influential of the early architects to adopt the initial theoretical 

work in cybernetics, expanding it into the architectural concept of anticipatory architecture. John 

Frazer extended Price’s ideas in positing that architecture should be a “living, evolving thing.”4 

Yet it is important to understand that, while architects were developing these concepts, areas of 

digital computation and human interaction were advancing in parallel fashion within the sphere of 

computer science. From this work, fields such as intelligent environments (IE) were formed to 

study spaces with embedded computation and communication technologies, in turn creating 

spaces that bring computation into the physical world. Intelligent environments are defined as 

spaces in which computation is seamlessly used to enhance ordinary activity.5 Numerous 

technologies were developed in this area to deal with sensory perception and human behaviors, 

but the corresponding architecture was always secondary as it was developed under the mantra 

of “seamlessly embedded computation.” In other words, there was very little architectural 

involvement in the developing field of computationally enhanced environments. Corporate 

interests, meanwhile, established market-driven interests that played a major role in 
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Catalyst Design 
 
computationally enhanced environments through the development of numerous market-driven 

products and systems that directly involved users in the real world. In the 1990s there were “smart 

home” and “smart workplace” projects being initiated at every turn that relished the newly 

available technologies. For the first time, wireless networks, embedded computation, and sensor 

effectors became both technologically and economically feasible to implement by computer 

science. This feasibility fueled experimentation with many of the ideas of the previously mentioned 

visionary architects and theoreticians, who had been stifled by the technological and economic 

hurdles of their day. We are now at a time when the economics of affordable computational 

hardware and increased aptitude for integrating computational intelligence into our environments 

has become accessible to architects. 

 

A connected world 
The influence of technological and economic feasibility within a connected world has 

resulted in the explosion of current exploration with the foundations of interaction design in 

architecture. The Internet of Things (IoT) has quite rapidly come to define the technological 

context of interactive design as all-inclusive, existing within this connectedness in a way that 

affects essentially everything, from graphics to objects to buildings to cities. To use an 

architectural analogy, the theoretical foundations have a structure that resides in the connected 

worlds of Web and mobile and spatial interfacing, and they are still evolving. Theories of a 

connected architectural world existed long before mobile devices and Web-interface technologies 

changed every aspect of our lives and created the discipline of interaction design. 

While the first wave of connectivity focused on human-to-human communication, the 

current focus is on connected things and devices, which extends naturally to buildings, cities, and 

global environments. There are approximately one billion websites and about five billion mobile 

phones, while there are approximately fifty billion smart devices.6 It is the goal (and responsibility) 

of the Internet of Things to connect them in a meaningful way.7 These intelligent things are 

everywhere in our lives, and many of them are already seamlessly embedded in our architecture, 

from our kitchen appliances and our HVAC (heating, ventilation, and air conditioning) systems to 

our home entertainment systems. For the time being, most of them are weakly connected at best. 

Today the Internet supports hundreds of protocols, and it will support hundreds more. While the 

world struggles with a protocol platform, the battle over which protocol will prevail is being waged 

at a staggering commercial cost, often referred to as the “protocol wars.” 

There are numerous contenders in the game—the IoT needs many. Currently heading the 

pack are CoAP, MQTT, and XMPP. The important difference between them lies in the distinction 

of application or the class of use. Devices must communicate with each other (D2D); device data 

must then be collected and sent to the server infrastructure (D2S). That server infrastructure has 

to share device data (S2S), possibly providing it back to devices, to analysis programs, or to 

people.8 Eventually, all of these connected things will need an infrastructure to enable them to 

work together. There are a number of companies currently vying for position; their approaches 

range from 
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cloud-based software (with precedent in things like vending-machine inventory and engine 

maintenance) to ultranarrow-band radio transmissions. More than likely, the familiar tech trend 

will prevail: all of the novel small companies with their individual takes 

on a similar problem will be pounced on by Apple, Microsoft, or Google, who will then take 

the best of each of them and create their own platforms. The goal of these big companies is to 

lock everything into their powerful existing systems. 

There is currently a need for standardization to avoid having one of the big companies 

determine this eventual fate, which could indeed result in a nightmare where nothing works 

outside a proprietary system. “By embracing open standards, we can ensure we won’t be locked 

out of a device or forced to use only one type of connector at the whim of a single company,” says 

Mat Honan in WIRED magazine.9 We have in the past embraced such standards, whereby almost 

all mobile devices already communicate via the same Bluetooth wireless standard. The point is 

that every existing company needs to rally behind a common standard—and do it soon. Scott 

Fisher, the founding chair of the Interdivisional Media Arts + Practice (iMAP) PhD program of the 

School of Cinematic Arts at the University of Southern California, observes: “The growing number 

of ubiquitous and embedded computing technologies introduces a new paradigm for how we 

interact with the built environment, while mobile and pervasive devices offer new possibilities for 

sensing and communicating with buildings and objects in the physical world. These technologies 

are used not only for collecting and providing data, but also as a way to animate and collectively 

augment the world around us.”10 Interactions are no longer limited to those of people interacting 

with an object, environment, or building, but can now be carried out as part of a larger ecosystem 

of connected objects, environments, and buildings that autonomously interact with each other. 

Much of the work at iMAP has been focused on creating interactive architectural environments in 

which the buildings themselves become storytelling characters. As design researcher Jen Stein 

states, “By inviting inhabitants to engage with both the building and other inhabitants, we have 

introduced a new paradigm for place making within an animated, interactive environment.”11 

Usman Haque is a designer with a background in interactive architecture who has led the way in 

developing a scalable platform for connectivity with Pachube, which provides a platform for 

connecting various sensor data and visualizations. Through the development of an Extended 

Environmental Markup Language (EEML), the platform handles both Web-based and mobile 

applications for the sharing of sensory and environmental data in real time. Pachube was acquired 

by COSM, then acquired by Xively (LogMeIn), which encourages open digital ecosystems, 

connecting more than 250 million devices, including electricity meters, weather stations, building-

management systems, air-quality stations, and biosensors, to name just a few. 

Architectural applications are iterative in such a connected context. The sensors and 

robotic components are now both affordable and simple enough for the design community to 

access; and all of the parts can easily be digitally connected to each other. Designing interactive 

architecture in particular is not inventing so much as understanding what technology exists and 

extrapolating from it to suit an architectural vision. In this respect, the designers of buildings, cities, 

and larger interconnected ecosystems have learned a great deal from the rapidly developing field 
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of tangible interaction, essentially an alternate vision for interfacing that was developed to bring 

computing back into the real world. Tangible user interfaces were envisioned as an alternative to 

graphical displays, an alternative that would bring some of the richness of the interaction we have 

with physical devices back into our interaction with digital content.12 In contrast, the field of 

industrial design came to engage with tangible interaction out of necessity as appliances became 

progressively “intelligent,” containing more and more electronic and digital components.13 

Broadly, tangible interaction encompasses user interfaces and interaction approaches that 

emphasize the sensory appeal and materiality of the interface, the physical embodiment of data, 

whole-body interaction, and the embedding of the interface and the users’ interaction in real 

spaces and contexts. 

Tangible interaction is a highly interdisciplinary area. It spans a variety of perspectives, 

among them human-computer interaction (HCI) and interaction design, but specializes in 

interfaces or systems that are in some way physically embodied. Furthermore, it has connections 

with product and industrial design, arts, and architecture. In a sense, interactive architecture falls 

under the umbrella of tangible interaction along with environments and physical- artifact, product, 

and industrial design, only the scale is often much larger. Although tangible interaction typically 

deals with the interfacing of objects and artifacts, the connected capabilities have opened up a 

wealth of possibilities not only at the scale of the building, but also in the city and beyond. One of 

the pioneers in this area has been the MIT SENSEable City lab, led by Carlo Ratti (who also 

comes from a background in architecture). The lab has done extensive research into how real-

time data generated by sensors, mobile phones, and other ubiquitous technologies can teach us 

how cities are used and how new technologies will ultimately redefine the urban landscape. Ratti 

argues that urban planning is not just about cities, but about understanding the combination of 

physical and digital. Ratti says “[T] BB he interesting thing is that now the machine, the computer, 

is becoming the city. The city has become the interface—to retrieve information, to meet other 

people, to do all the things happening now with this mixing of bits and atoms. So it’s this new 

exciting equation, putting together people, space, and technology.”14 Additionally, the Situated 

Technologies initiative, led by Omar Kahn, Trebor Scholz, and Mark Shepard, has had a major 

influence in this area through symposia, competitions, and publications. The initiative, which 

emerges from architecture as opposed to computer science, takes into account the social 

dimension of ubiquitous computing. 

It is impossible to predict how quickly interactive architecture will be widely executed or 

what standards and protocols will work their way to the fore. Yet such standards and protocols 

are becoming an inevitable and completely integral part of how we will make our buildings 

environments and cities in the future. The platform is ripe to foster unique applications tied to our 

living trends, which both affect and are affected by digital technology.  Within a profession recently 

dominated by a discourse of style, we have begun to detect a shift away from questions of 

representation and images toward processes and behaviors.15 Specific categorical areas have 

consequently come to the fore as designers have forged ahead to pioneer this new area of design. 
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Abstract: The analogue and digital notational systems for documenting choreographic movement 

provide promising alternative strategies for spatial design. These strategies overlap architectural 

design and dance choreography to explore reciprocal exchanges regarding the body, geometry 

and methods of spatial notation. 

Analogue and digital notational systems are compared to illustrate a change where, instead of 

simply recording a performance, the notation is fed back to the performer and used as inspiration 

for further iterative performances.  Whilst the use of analogue notation systems support the 

criterion of fundamental design, they have limitations which are overcome with the use of flexible 

digital systems that more readily adapt to change and interrelate to dancer’s intentions for 

movement creation. 

Performance-driven fabrication explores practical application of this process. Two stages of 

‘Performance-driven design’ and ‘Data-driven fabrication’ are combined resulting in a spatial 

design and construction system that incorporates interactivity between human and robotic 

performers. As in dance choreography, the motion dynamics of the participants supply data 

driving the fabrication that, in turn, is fed back to the inhabitants in an iterative process. 

Keywords: notation; choreography; performance; fabrication; robotics 

Introduction 
The relationship between architecture and choreography in the construction of space has 

been a constant source of discussion between architects and choreographers since the 1900s. 

Reciprocal exchanges of language to discuss the body and its geometry have been assimilated, 

often altering the meanings of these terms and offering designers and artists new insights into the 

creative process. 

However, architectural drawings rarely capture moving factors typically illustrating frozen 

conditions, they fail to convey changing environments of human life and its energy.  

Digital technologies can address the problem of notating moving elements in dance 

choreography and architectural design. This paper explores design tools that employ a concept 

of movement. Subsequently the method is tried and tested on the creation of a spatial 

environment.  

Rudolf von Laban (1879-1958) introduced the term quality of movement in relation to spatial 

interaction - the interconnection of geometry & movement and how physical motion is notated. In 

this context, Laban conducted research on an icosahedron model (Figure 1), producing diagrams 

entitled Labanotation (1926, Fig. 1), many choreographers have further built on his work. 
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Figure 1. Laban with Icosahedron model / Labanotation 

 

The observed quality of movement in Laban’s research has a Euclidean exactness. Human 

sized physical models allowed visual analysis, that could be transcribed into rhythmic patterns, 

and informed notation.  Concurrently Euclidean geometry was helping to describe the quality of 

movement of ‘Jitterbug’.  Buckminster Fuller (1895-1983) used a kinetic model that morphed 

between icosahedron, cuboctahedron, tetrahedron and octahedron (Fig. 2).  

 

Figure 2. Buckminster Fuller’s ‘Jitterbug’ model 

 

1. What value the notation of choreography and architecture? 
In the search for defining alternative tools for choreographing movement, it is essential to 

identify the information of movement (i.e. speed, accent), as well as the physical form of it (i.e. 

geometry, position, angle).  Architects and choreographers attempts of analogue notation are 

analysed. 

1.1 The role of notation in architecture  

Drawings and descriptions of designs give architects the means to mediate the relationship 

between themselves, client and building, setting the rules for negotiation between concept and 

realisation. Gage (2007) argues for Architects to consider behavioural rules in design and how 

adaptability and habitation affect occupation of designed space.  Notation of movement here may 

help to predict behaviour. 

Notation methods are pivotal in some information diagrams. In the ‘Fun Palace’ Cedric 

Price (1934-2003) used mechanical systems to programmatically actuate his building. He used 

diagrams to explain the movement and behaviours of people and services and notate habitable 

conditions in the context of a moving building with free flowing people (Fig. 3).  Notation allows 

coherent communication of function and experience. 
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Figure 3. Network analysis diagram for Fun Palace 

 

Following Price’s approach, Tschumi (1996) devised modes of notation derived from 

choreography to expose the complexity of phenomena in architecture and culture he wished to 

communicate. 

 
Figure 4. Screenplays and The Manhattan Transcripts 

 

Here movement becomes contextual information capturing the implications of spatial 

arrangement on participation and occupation. The essence of movement appears in drawings 

and diagrams but the dynamics of interaction between user and space fail to be captured.  

1.2 The role of notation in dance choreography  
Transcribing dance challenges the creative process of choreography.  An analogue 

process traces a transient segment into a frozen state on paper. Languages have developed to 

expediently notate movement. Trisha Brown, Locus (Fig. 5, left), coopted Mathematics to describe 

movement.  Her Scores required dancers to move sequentially through numbered points in a 

cubed format space. 
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Figure 5. ‘Locus’ (1975) / ‘Melody Excerpt’ (1977) 

 

In contrast Lucinda Childs’s notations (Fig. 5, right) simultaneously arrange multiple 

dancers’ movements in larger space. Weinstein (2013) explains this successfully organises 

rhythms and patterns to be executed, as opposed to Labanotation, which “does not convey full 

scalar spectrum of information”. This highlights the discrepancy in notations and difference in 

transcribing movements. 

Such attempts show notations cannot simply extract geometrical position information and 

relay it as two-dimensional records.  Where Brown annotates quantitative factors in space, Childs 

choreographic procedure  presents contextual movement in patterns to be interpreted. Analogue 

techniques now form the basis for notation but have limitations in specificity of movement and 

scope with multiple dancers. 

 

2.  What tools measure the perceived quality of movement?  

  

Figure 6.  The diagram as a metaphor by Negroponte 

 

 Negroponte was keen to use new digital notation methods to help visualise movement 

and activity in the city.  His diagram (Fig. 6) uses visual variables as a means of handling large 

amounts of information. 

2.1. Visualisation  
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For Wayne McGregor’s recent piece ‘Atomos’ (2013), visual artists OpenEndedGroup 

developed a system to choreograph dancers’ movements by screening them a visualisation of 

biometric data such that the dancers movements are a never repeated response to a related input 

– a constant and continuous creative process. 

  

Figure 7. ‘Becoming’ for ‘ATOMOS’ (2013) 

2.2 Scaling  
The above project enabled designers and choreographers to use an external variable to 

conduct a dance, rather than didactic notation.  It frees the system from scale.   

 
Fig. 8. ‘Moving Target’ (1996) 

 

In Moving Target (1996, Figure 8), Diller + Scofidio & Frédéric Flamand, the challenge of 

‘scaling’ and ‘de-scaling’ can be seen. Dancers and projections simultaneously occupy the arena 

also combining a reflected stage and projected dancers. Encounters between the real dancer’s 

movement and the virtually reflected bodies are merged, while dancer’s movements are governed 

by moving projection targets. Several technologies support an optimised scenography creating 

deception and dynamic responses.  

Here technology turns space into an instrument to be played in a dynamic act - the quality 

of body movement is reshaped each time. Ultimately, they become observable objects as well as 

being independent from the original scale. Collard (2015) explains “By refusing stable reference 

points, it shifts our attention from artistic product to signifying process”. The evidence of this piece 

shows how precision is perceived in different individuals. 

2.3 Timeframing  
A timeline offers a way to recognise periodicity within a score. The digital notation allows 

information on the score to recur freely, but allocates it within a dynamic framework using a set 

of rules. For Forsythe’s piece One Flat Thing (2013), ‘synchronous objects’ (Fig. 9) was developed 
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with digital artists at Ohio State University. Codes give hierarchy and individual tasks. It frees 

dancer’s to produce individual movement whilst attention can still be paid to the collective 

movement. Grove (2012) describes how these scores  “do not transcribe movement, but call 

attention to how ideas produce movement and how movement occasions ideas”.  

    
Figure 9. synchronous Objects for ‘ONE FLAT THING’ (2013) 

 

The timeline can be used in architecture as a tool for organising and situating conditions of 

changing environments. Kamvasinou (2010) demonstrates this in her ‘Stansted project’ (Fig. 10). 

Notation focuses on the experience of space, rather than object. Information of a site is more 

precisely identified as transitional factors occurring in time. Time based interfaces offer routes for 

individuals. Digital processes help manage this plethora of data in future design processes.  

      
Fig. 10. Timeline notation for ‘Stansted project’ (2010) 

 

3. Performance driven fabrication generates space and form.  

 
Figure 11. Performance-driven Fabrication Scenario 

 

In our research project “Fabricating Performance” developed at the Interactive Architecture 

Lab, Bartlett, UCL, digital scores are in dialogue with a fabrication system (Fig. 11). An iterative 
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feedback loop bridging analogue and digital processes, dance, motion capture, digital notation 

and robotic construction.  

‘Improvised movement’, ‘Rule based movement’ and ‘pre-choreographed movement’ (Fig. 

12) were examined using an OptiTrack motion capture system. What emerged, was an 

‘Annotative’ activity which offered dancers an opportunity to express a notational system spatially. 

 

Fig. 12. Data from Improvised, Rule based and pre-choreographed movement. 

 

3.2 Data driven fabrications 
Aluminium tubing was chosen as the materialisation of the notation. (Fig. 13) for its easy 

of bending while maintaining structural capabilities. Body movements were rationalised into 

‘toolpaths’ for robotic bending with an applied set of rules that included the constraints of material. 

 

Figure 13. UR 10 Robot and and bespoke end effectors / Fabricating performance 

 

Rationalization of performance data enables the translation of movement into assemblies 

of discrete gestures. Space becomes a aggregation of moments of communication. Within the 

repetition and transfer, rhythms are created in which inhabitants can perform and occupy building 

areas of density and flight.  

These iterative qualities of construction challenge the audience as later invited inhabitants 

to sense and touch the intent of a performance that emerges within the complexity of movement. 

During this process, the autonomy of such a system draws attention to where the expression of 

a performers’ thinking process is focused (Groves, R., et al., 2007). 

This is the cycle of creativity, which happens in the translations and interdependency 

between attention, thoughts and approaches.  Sharing what is happening in the procedures 

creates an invitation for the information to be kept and renewed. These procedures gradually grow 

in form, ultimately making the invisible ‘quality of movement’, visible. The notions of repetition, 

rhythm and patterns designate vital potential to qualify movement in space and raise questions 

of how these qualitative segments (movement) can be articulated in quantitative (physical) matter.  
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Conclusion 

Using movement to create a designed performance and designed space of performance 

synchronously, demonstrates how interactive drawing notation might become a more dynamic 

communication and construction tool. Our circular design process, occurs within changing 

conditions based on ongoing inhabitant behaviour. The work therefore contributes to both 

discourse on drawing in the age of digital and interactive representation and in practices exploring 

the interrelations between body, movement and spatial design. 
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Abstract: Distributed computation has been a theme in robotics since the work of Brooks (1999) 

concerning alternative methods for organising sensing and actuation in robots, what was dubbed 

‘behaviour based robotics’. This approach generally utilized digital sensing and actuation to recall 

behavioural decisions often organised as layers of control in variously distributed manners 

(almost always in a virtual way). The following paper presents an application of distributed 

computation through reactive, non-digital, physically embodied behaviours. The reactive 

behaviours are utilized to generate meaningful actions on and in the real world. The work 

addresses Rodney Brooks’ behaviour-based robotics (1999) and Chandana Paul’s ‘Latent 

Morphological Computation’ (2004); both having previously emphasized the capability of 

response data to generate computation through actions rather than virtual processes. The 

approach outlined achieves those aims by means of ‘trivially’ embodied mechanisms, designed 

as computational elements that, in combination, output navigational decisions within a simple, 

structured environment. 

 

An experimental robot was built that links embodied sensing and reacting within an adaptive 

skeletal morphology. A series of experimental trials are recounted as having produced meaningful 

behaviours including changing configurative choreographies and navigational choices in relation 

to the environment. An analysis of these behaviours is used to argue that basic mechanical 

systems can be organised into colonies of computation generating nodes to accomplish direct 

behaviours. 

 

Keywords: Subsumption Architecture; Morphological Computation, Embodied Intelligence, 
Distributed Computation. 

 
1. Introduction 

After the tradition of Brooks in behaviour based robotics, research into embodiment has 

evolved with a focus on virtual models more than experimental devices. This is due to the 

tendency to emphasize already established methods of research. This meant that there is little 

work on mechanical embodiment as a computational process. The author proposes that 

experimentation with physical embodiment yields some unexpected concepts and observations 
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that can then feedback into virtual models. The implication of this is an expansion of the possible 

approaches to solving computational problems.  

 Maturana & Varela (1991) first proposed the concept of ‘structural coupling’ as a 

description for the dynamic information relationship between agent and environment. Others 

sought to define and explore the possible contributions of an understanding of coupled 

interactions to applied robotics. Pfeifer (2007) cites “the reciprocal and dynamical coupling among 

brain (control), body, and environment.” as something becoming increasingly important in 

designing robots. This research is an application of this concept of embodiment on a real world 

environment through an experimental device, demonstrating how radically embodied agents can 

contribute to solving basic computational problems through mechanisms of embodiment, 

structural coupling & layered control. Furthermore, the work is a speculation on possible solutions 

to spatial problems in the context of navigating and exploring a defined environment.  

 

2. Approaches to Action 
There are two ways to think about control and action in an automated device, either through 

a centralised model, where the world is represented through sensor data and actions are 

evaluated and carried out on it (centralised control). Alternatively, control can be exerted through 

distributed actions where “the control system can be viewed as a system of agents each busy 

with their own solipsist world.” (Brooks, 1999) 

 Brooks’ work at MIT paved the way for a novel approach to AI (Artificial Intelligence), based 

on the idea that intelligence need not come from centralised control & representation. Brooks’ 

work on distributed control systems showed how complex behaviours can emerge through 

interactions of agents connected through a physical or virtual structure. This “Subsumption 

Architecture” (Brooks, 1999) made critical use of organising behaviours in a layered hierarchy of 

constant loops with the world. At any one point the robots would be enacting the most basic level 

of actions, and more complex behaviours would emerge as their interaction with the world 

developed, using the world as a resource. 

Brooks’ Layered systems operate through organising reactive behaviours triggered by 

virtual sensors. To do this, behavioural elements are separated into modules within a layered 

architecture of lower and higher actions. In such systems the reactive behaviours are triggered 

through direct sensor-action loops. This approach dispenses with the need for centralised 

planning, verification of sensor data, control, and representation of a world on which behaviours 

are enacted. By removing the need for centralised representation and control, behaviours are 

enacted as simple reactive responses. This draws similarity with embodiment as it operates in 

biological organisms as explored by Pfeifer et al. (2007). Such qualities of embodiment have been 

described by Mataric (1997) as “relying on a direct coupling between sensors and actions and a 

fast feedback loop through the world.”  

This summarises how an understanding of the potential of the relationship between body 

and world can offer opportunities for intelligence to emerge. The remainder of the paper traces 

the construction of an experimental mobile robot that puts to the test a radical version of these 
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concepts, an application of distributed computation through reactive, non-digital, physically 

embodied behaviours. The embodied reactions are utilized to generate meaningful actions in the 

real world. This approach references McGreer’s Passive Dynamic Walking (1990), Brooks’ 

numerous behaviour-based robots (1999), Connell’s colony architecture (1987) & Paul’s 

Morphological Computation (2006), all of whom have previously emphasised mechanisms which 

prioritise the use of the body and the world as computational resources for action. The approach 

outlined achieves the aims of meaningful behaviours purely by means of ‘trivially’ embodied 

mechanisms, designed as computational elements that, in combination, output navigational 

decisions within a simple, structured environment. 

 

2.1 A Hybrid Model 
Thus, a combination of these systems was adapted to constructing the Pirouetting Picket 

Fence (Figure 1). The experimental robot utilised direct response mechanisms in a colony 

organisation to enact complex actions. Affordable & simple, these mechanisms rely on the 

construction of a body that has within it the potential to enact a specific range of responses to 

external stimuli. By doing so, it displaces the burden of reliability from virtual processes to physical 

processes, enabling us to focus on the design and craftsmanship of the body as a vehicle for 

‘mind’ operations.  

 
Figure 1. The Pirouetting Picket Fence 

 

3. Physical Logic 
3.1 A Mechanical Skeleton 

An experimental robot was built that operates using the embodied reactions of an adaptive 

skeletal morphology composed of radial arms linked to each other through a pivot (figure 2). The 

morphology is derived from a parallelogram linkage system where one of the series of links is 

significantly larger than the rest, allowing the shape to overlap (figure 2). This was built from PVC 

tubing (electrical conduit tube, 20mm); the skeletal frame is lightweight, easily reconstructed and 
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provides high flexibility, a quality that emerged as vital in the performance of the robot. The 

components were made from 3 meter segments of PVC tubing, cut and moulded to basic forms 

by heating it up. These modules were then assembled in jigs (Figure 3) built to maintain the 

regularity and accuracy of the form.  

The device is made up of four arms of varying lengths (300, 500, 700, 900mm) attached to 

a central point; linked together through dual linkages of 300mm lengths on average. This 

configuration allows the device to open up to a 270 degree circle when required, in practice this 

means an ability to change form in reaction to external forces.  

 
Figure 2. Robot Skeleton Configuration 

 
3.2 Computational nodes 

The powering component of the robot is its propulsion units, produced using three 

dimensional prototyping. The iterative process went through 25 variations of the module to arrive 

at a working prototype; each module contains a 24v DC motor powered by two 9v batteries (figure 

4) wired in series to produce double the voltage, effectively 18v. A 70mm wheel is attached to 

each motor and offset from the centre point of the fixing, this replicates the motion of a castor 

wheel in reverse.  

The functional logic of the nodes is based on a simple premise, collective vectors will follow 

a common trajectory based on forces exerted on the system, and this also relies on the level of 

resistance posed by a single agent (modulated by the power of the motor). In our case the system 

is very flexible and responds to even minor resistance.  

 

 

 

 

 

 

 
Figure 3. Construction Jig Figure 4. Motorised Node 
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Therefore, the robots behaviours stem from the movement behaviour of the nodes, the 

lowest in the level hierarchy.  

 

3.3 A behavioural Sequence 
Level 0: The lowest level is of a single moving node, itself working against the noisy 

environment to locate an optimum trajectory. 

Level 1: The second level is the colony behaviour of the nodes put together; they resolve 

their network behaviour against any forces to find a global trajectory. 

Level 2: The second level is the choreography of the skeletal structure; it changes form in 

order to accommodate the collection of forces exerted by the interaction of the world and the 

colony agents.  

The collective effect of this sequence (figure 5) of events is complex computational output 

produced through nothing more than a physical model of an algorithm.  

 

Figure 5. A Layered Behavioural Architecture (Abstracted from Brooks (1999) 
 

4. Observations 
A total of eighteen (18) hours of operation have been conducted as part of the project, 

some of those in a gallery setting as part of an exhibition in Conjunction with the Herbert Read 

Gallery at the University for the Creative Arts in Canterbury, the rest was done during the MA 

project. In all the instances the robot was limited by the number of battery hours available in the 

configuration and could only work for a maximum of approximately two to three hours constantly. 

The tests varied in goals, some presented a labyrinth to the robot, some presented a constricted 

space for navigating, and some presented a series of small spaces. The environment was always 

made up of a room with flat walls and cuboid shapes scattered around the room to frame smaller 

spaces for navigating. In the gallery setting the experiment included people interacting with the 

robots and nudging them in various directions as well as pushing them around the gallery and 

exploring their behaviours. 

The early tests were focused on discovering how the robots move around and whether the 

expected behaviours would be recreated, the observed behaviours include:  

A. changing direction based on resistance inputs. 

B. Nodes pushing against each other forcing the choreography of the skeleton to change. 
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C. Changing form in order to overcome obstacles.  

 

Early trials proved the device able to change direction and to change form only when 

sufficient resistance forced it to do so, while overcoming obstacles was easily demonstrable. The 

second set of trials was conducted with an improved device and more robust nodes. Expecting 

longer operation, the robot continued to navigate its way out of tight corners and manage to 

reverse direction when the space no longer accommodated its form1. 

With this in mind, the robot has observably demonstrated its ability to change configurative 

choreographies and to enact navigational choices in relation to the environment. The coupling 

relationship between the device and the environment is demonstrable most in those moments 

when it appears to make logical decisions about direction and size, where the decision capacity 

lies in that dynamic connectivity and interaction between body and world. Having observed this, 

we can state the following: basic mechanical systems can be organised into colonies of 

computation generating nodes to accomplish direct behaviours, the nature of the behaviours and 

their level of intelligence relies on the organisation of the mechanical nodes and their layered 

relationships. 

 

5.  Optimising Performance  
5.1 Colony behaviour 

The issue that took the most time and effort to resolve was making the locomotive nodes 

operate robustly and as intended. A process of reverse engineering a castor wheel became 

increasingly subject to requirements of power consumption, operation time and output energy. 

Once this issue was resolved appropriately, the observed behaviour of the colony was surprisingly 

successful. As the prototypes had confirmed, the interactions of the nodes produced consistent 

navigation of obstacles.  

 

5.2 Skeleton behaviour 
In order to optimise the navigation behaviour of the robot the skeleton had to be engineered 

to allow for a number of processes to occur simultaneously. It needed to allow for each arm to 

rotate freely around the smaller arms. It needed to embody enough tolerance for the nodes to 

interact through its structure. It needed to balance out the weight of overall elements on every 

side to avoid toppling over. It needed to allow enough space for the linkages to open and close 

without causing a jam.  

A digital simulation model was programmed in order to test the ideal lengths of the arms 

and the ideal lengths of the linkages, optimising them for all of these conditions (figures 6 and 7). 

A number of mock-ups were constructed and gradually tested, after which a successful 

configuration was chosen.  

19 

 



Abdulbari Kutbi 

 

 
Figure 6. Virtual Simulation of the Robot’s Morphology 

 

 

 

 

Figure 7. Skeleton Blueprint 
 

6. Conclusion 

This paper described an experimental mobile robot -The Pirouetting Picket Fence- 
constructed as a test for an entirely embodied behavioural system. The robots construction and 
design elaborated on the principles set forth by Brooks (1999) for distributed control systems and 
embodied robots. The robots functions were based on solving navigational problems in a real 
environment.  

The tests recounted demonstrate the viability of the approach in the design and execution 
of complex behavioural systems in the domain of navigation and morphological transformation. 
More accurately, the node network abstracted from the device acts as an algorithmic tool for 
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solving domain-specific problems, in this case problems of navigation. The major outcomes of the 
work are the following in order of significance:  

 
- How layered mechanical embodiment can generate meaningful actions in robotics.  
- The significant role of morphology and dynamical coupling in mediating functional 

exchanges with the world. 
- That combinatorial approaches are vital in pushing forward a study of embodiment 

and artificial intelligence. 
- That real-world experiments are a significant driver of creativity and discovery in 

the field.  
 
7. Future Work 

The next stage in this work is to develop the network and the mode of interaction with the 

world to design the next version of a mobile robot. The work is contextualised as part of the 

broader field of art practice concerned with interactivity and animism. The author hopes that future 

projects emerging from this research will continue to generate insights into the emergent 

properties of systems. It is these insights that provide us a glimpse into what is possible. 

 
Endnotes 

1. FILM: https://vimeo.com/153281505 
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Abstract: Architecture has to become an active element in a world informed by data. To conceive 

interaction in architecture can enlarge benefits, also related to building lifespan, declined in 

adaptive perspective and combined with open source processes. The main scope of this paper is 

to present the development and evaluation of a responsive solar filter, capable to process solar 

radiation as inputs and return bespoke outputs to the user. Thanks to the application of an 

emergent design, the filter reaches swarm dynamics that allow self-organisation, strictly related 

to circumscribed inputs. Responsive origami shaped modules attempts to regulate the fluctuating 

luminance of daylight and to optimize daylight uniformity, shading and reflecting direct sunlight. 

This helps to avoid glare and enhance natural light benefits. Outputs are evaluated against a 

merely technical approach, in order to enlarge the relationship with the user. Parametric software 

is used to shape the component and to relate environmental variables, estimating results. The 

paper presents the analysis of a study case configuration in two opposite conditions of the year; 

the results show the incrementing quality of natural lighting distribution in the space, due to the 

fitness of a shaped user approach and a consonance with the context.  

 
Keywords: Parametric; Interaction; Responsive; Emergence; Daylight; Kinetic; Adaptive. 

 
1. Introduction 

In the digital age, the continuous decoding of the reality leads to achieve a stream of data 

that could shape architecture as a living being, able to adapt itself and react to environmental 

stimuli. The developments of this research are directed to understand how architecture could 

behave, designed by data, and change according to the inputs received from both the 

environment and the user, improving the quality of the living space. Solar radiation is one of the 

main environmental variables that influence the quality of the space, potentially increasing health 

benefits, energy saving and light control (Lo Verso, 2006). Traditional shading devices provide a 

rigid and uniform response to the diversified facets of solar radiation, depleting the adherence to 

the context. The present paper focuses on the design of a solar filter, structured as a responsive 

surface that, constantly informed, is capable to give a local response to both external daylight 

conditions and inner functional demands. This allows shaping a bespoke ambient, that goes 

beyond a merely technical approach and aspires to e-motive architecture (Oosterhuis, 2013).  

 

22 

 



Interactivity and performance in the exploration of architectural narratives. 
 
imagines the latest edition of Tinder for Tokyo where users can check out potential date profiles 

in a virtual vending machine.  

All three projects involve the submission of the body before processing and reconstructing 

its identity in different ways. Both Chu and Proud begin by digitizing the body with a 3d scanner. 

Chu redraws a UV ink tattoo directly to the scanned arm with a mechanized robotic arm, while 

Proud recreates your dating profile in a virtual dimension through the Oculus Rift. Papakyriakou 

captures the body not with a scanned pointcloud but directly with an interactive prosthesis, 

embedded with photocells by the voyeur through touch, which activates valves programmed to 

release soft puffs off air while others release frost for pleasure/pain.  

 
Figure 4 (L-R): Arm scanning; processing of mesh and ‘tattoo’ toolpaths; test 3d pen plastic prints; 3d pen 

’tattooing/dressing’ the arm with UV ink. 'Hidden Beauty, Dressing Device', Thomas Chu Y2 2015-16. 

vimeo.com/DesignUnit9/ThomasChu001 

 

 
Figure 5 (L-R): Concept Drawing defining physical and virtual spaces; virtual torii gate frames the entrance to the 

vending machine; Selection of virtual Tinder profiles. ‘Secret 3D Tinder Vending Machine’, George Proud Y3 2014-15. 

vimeo.com/DesignUnit9/GeorgeProud001 

 
Figure 6 (L-R): Location of photocells in the palm of the hand, the arm, the hip and the neck; Video stills showing rack 

and pinion mechanism and frozen air on the ear; Device as worn. ‘Turn Me On’, Achilleas Papakyriakou Y2 2014-15. 

vimeo.com/DesignUnit9/AchilleasPapakyriakou001 

 

Human x Matter    
The next three projects are examples of work that use light, water or energy to explore an 

ephemeral relationship. In ‘The Transition of Energy’, Isaac Simpson investigates three parts of 

Japanese calligraphy – wabi-sabi, sumi ink, and brush movement - to capture body movement 

into expressive drawings that capture glitches and mistakes. In Aya Ataya’s ‘Digital Purification’ 

the gestures of Japanese Shinto are reinterpreted through a digital light painting device, creating 

temple memento keepsakes captured through long exposure photographs. Roger Tung’s 

33 

 



Avanti Dabholkar, Daniel Cardoso Llach 

 
create microclimates and flows within the museum, subdividing the larger public space into 

smaller private zones. In this way, visitors experience a dynamic space that does not require 

moving parts (Diller Scofodio 2002).  

These works are part of a counter-tradition exploring responsive architectures as embodied 

experiences rather than as instruments of optimization. Seeking alignments with and expanding 

this counter-tradition, the biometric architecture prototypes in this paper integrate biometric data 

and spatial response to enhance the way spaces are experienced and shaped. 

 

3. Methods 
The concepts and prototypes were produced by the first author in the context of an 

undergraduate architecture thesis at Carnegie Mellon University, chiefly advised by the second 

author. A broader group of advisors, collaborators and enablers is credited in the 

Acknowledgments section. Over the course of two semesters, the concept evolved from an 

interest in responsiveness and emotion toward a focus on biometrically-responsive spaces. 

Inquiry methods included precedent analysis, analytical writing, diagramming and prototyping. 

The methodological framing was also enriched by the first author’s double major in Architecture 

and HCI, which provided a hybrid vocabulary of techniques such as interactive prototyping, user 

testing, multimedia rendering and diagramming.  

As discussed, prototypes exploring the relationship between biometric data and dynamic 

architectural response were produced at various scales and with different intents. The first two 

prototypes display the collective mood of a public space by averaging the biometric data of 

inhabitants. While both prototypes interpret sensor data similarly, they explore two different 

tectonic approaches to creating dynamic spatial change. In the first prototype, petals unfold from 

the ceiling in reaction to the collective mood of the users underneath, creating an intimate 

microclimate. The organic movement of the petals give the space a sympathetic personality. 

Although this was unexpected, the affective impact of animation became a design guideline in the 

following prototypes (Figure 1).  

 
Figure 1. Digital renderings spatializing physical prototypes 

 

The next prototype subdivides space using twisting fabric cones. The rate at which the 

cones twist and modulate the light was related to the emotional activity of the space, as measured 

by the inhabitants collective pulse rate. A matrix of these fabric “apertures” that are tuned to the 

spaces schedule and layout help transition occupants from one activity to another, while also 

suggesting new areas that are open for exploration.  
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Because the first two prototypes rely on a collective averaging of multiple user's biometric 

data, they conceal the relationship between an individual user's emotional state and the spatial 

output. For this reason, we shifted the scale of our final proof-of-concept to a personal enclosure 

-- an architecture intentionally designed for one body. In this way, the final proof-of-concept 

considers the direct relationship between a user and their sensory experience. This scale was 

inspired by initial exploratory research into the history of wearables in architecture, namely 

Suitaloon by Archigram and Flyhead by Haus Rucker Co. The scalar reduction also challenges 

what it means to inhabit architecture and to be solitary. 

 The third prototype consists of a four-foot tall crystalline pod structure hanging at eye 

level from the ceiling (Figure 2). It contains four systems: thermal, visual, acoustic, and olfactory. 

The thermal and visual systems consist of fans and incandescent light bulbs that regulate the 

temperature and brightness of the pod. The acoustic system uses real-time audio recording and 

playback to create an echo that varies in loudness. Finally, the olfactory system delivers four 

types of scents: tea tree, clove, lemongrass, and cinnamon. These particular scents were chosen 

based on an olfactory classification system that suggests that each category of scent stimulates 

a different brain region, impacting the user's emotional state (Kaye 2001).  

 
Figure 2. Final full-scale personal pod, exterior and interior 

 

The companion wearable associated with this prototype is a galvanic skin response (GSR) 

sensor. The GSR sensor measures the micro beads of sweat on a user’s skin to quantify 

stimulation. Because oxygen levels are correlated with the sensor's reading, the sensory 

experience of the prototype are related to the speed and depth of the user's breath. Shallow, short 

breaths will cause the pod to brighten, raise in temperature and volume, and release stimulating 

scents, while longer, deeper breaths will cause the pod to darken and cool down, releasing 

calming scents.  

The associated hardware for each sensory change has been strategically placed in a 

specific region of the pod, based on an analytical study of the human head and the regions of 

stimulation for each of our senses. For example, our visual range is 65 degrees above and 70 

below eye level, so the lights have been placed exclusively in visible areas. The sensory region 

subdivision on the geometry of the final prototype can be seen in Figure 3. 
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Figure 3. Sensory subdivision of enclosure geometry and associated hardware 

 

4. Results and Evaluation 
 

Based on the design, fabrication and testing of our three responsive prototypes, we propose four 

design guidelines for biometric architecture: sympathy, softness, enclosure and multiplicity. 

 
4.1 Sympathy  

The system must interact with its users through a sympathetic dialogue, not just creating 

an optimized feedback loop with the user’s physiological response. In order to imbue the biometric 

architectural system with a personality and character, the response to each user must be playful 

and unpredictable, not optimized and predetermined. Both the user and the architecture must 

have agency over the responsive space that are linked but independent. 

 

4.2 Softness 
Instead of relying on moving parts, which are often too expensive and unreliable, biometric 

architecture should consider creating a dynamic experience through soft architecture.  Through 

this toolkit, this work critiques the definition of architecture as unquestionably physical or reliant 

on form. 

 

4.3 Enclosure 
Perhaps in opposition to the previous guideline, this proposal argues for the inclusion of a 

static physical enclosure. An enclosure affords a user to make the explicit decision to comply in 

the interaction. By requiring users to crawl up into the pod, instead of walking straight in, and 

physically don the GSR sensor, the enclosure successfully creates a threshold that separates the 

microclimate from the environment it is placed within (Figure 4).  
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Figure 4. Sequence of entering the hanging pod 

 

The gaps between the panels and the datum at eye level create a visual passage exterior 

viewers and the interior user. This relationship between exterior and interior is also reinforced by 

the presence of a physical form. 

 

4.4 Multiplicity 
It is critical that biometric architecture is able to exist in both individual and collective 

spaces. By subdividing larger public spaces into microclimates, a biometric space has the 

potential to create a layered scalar experience that affords many programs of use.  

 

5. Next Steps 
Four different potential space types for biometric architecture have emerged through this 

work: a collective space that responds to aggregated mood, a personal enclosure within a public 

space, a personal enclosure within a private space and a space that uses hidden delivery 

mechanisms to create sensory microenvironments. User testing at each scale will help validate 

the most appropriate scale for biometric architecture. 

Feedback from real participants will also help uncover how biometric architecture affects 

social behaviour. The last prototype challenges architecture to exist for a single user in solitude. 

We will test this prototype to understand how voluntary participation in a solitary architectural 

system differs and complements the disconnection humans feel when they engage with mobile 

technology, such as smartphones and laptops. Future interviews with users will also help identify 

a user's motivation for wanting to participate in this type of interactive environment. 

As technologies for sensing, data collection and actuation become increasingly pervasive, 

new questions about the relationship between our bodies and the spaces they occupy emerge. 

How may we approach, and shape, this landscape of technological possibility in ways that 

recognize both its aesthetic capacities and its critical challenges? While confronting these critical 

challenges certainly demands further work, the speculative concepts and prototypes in this paper 

outline a possible future where biometric architectures provide soft, sympathetic enclosures for 

individuals and collectives —ambient interfaces for human expression and performances. 

 
 

6. Acknowledgements 
 

51 

 



Avanti Dabholkar, Daniel Cardoso Llach 

 
Special thanks to faculty members Mary-Lou Arscott for her consistent enthusiasm and 

energy, Dana Cupkova for her mind-stretching feedback and Art Lubetz for always keeping an 

eye on the big picture. Finally, the first author’s Fourth Year Design Award, enabled by a generous 

gift by the Burdett Family to the Carnegie Mellon School of Architecture, was a crucial source of 

support for this project. 

 

References 
 

Beesley, Philip, Hayley Isaacs, Pernilla Ohrstedt, and Rob Gorbet. Hylozoic Ground: Liminal Responsive 

Architecture: Philip Beesley. Cambridge, Ont.: Riverside Architectural Press, 2010. 

Diller, Elizabeth, and Ricardo Scofidio. Blur: The Making of Nothing. New York, NY: Harry N. Abrams, 

2002. 

Fox, Michael, and Miles Kemp. Interactive Architecture. New York: Princeton Architectural Press, 2009. 

Kaye, Joseph Nathaniel. Symbolic Olfactory Display. PhD diss., 2001. 

"MIT Media Lab: Affective Computing Group." MIT Media Lab: Affective Computing Group. Accessed 

May 07, 2016. http://affect.media.mit.edu/. 

Negroponte, Nicholas. Soft Architecture Machines. Cambridge, MA: MIT Press, 1975. 

Negroponte, Nicholas. The Architecture Machine. Cambridge, MA: M.I.T. Press, 1970. 

"Philip Rahm International." Philip Rahm Convective Museum. Accessed May 07, 2016. 

http://www.philipperahm.com/data/projects/convectivemuseum/. 

Weiser, Mark. "The Computer of the 21st Century." Scientific American 265, no. 3 (September 1991): 

66-75.

52 

 



 

Playful Experience Within Interactive Architecture 
 

Anna Grajper 
Wroclaw University of 

Technology and Science 

Wroclaw, Poland 

anna.grajper@gmail.com 

 
Abstract: Play as a form of behaviour is part of human culture from ages as a specific form of 

conversation between people. Transmitting play to the architectural language, as the interaction 

between elements of built environment and human, has been changing for the last fifty years ‐ 

from the static to the interactive surrounding. In the 1960'ies Cedric Price designed "laboratory of 

fun" ‐ Fun Palace. It was never built but the idea of programmable spaces influenced the future 

of architecture. In reference to the Price's concept, this research is based on two realised 

interactive projects: "Urbanimals" and "Interactive Fingers". The study addresses the issue of 

'how to design playful experience in interactive environment' ‐ especially in public spaces where 

users are not prepared for play. To achieve that each project explored different type of activities 

performed by participants as "exploring" (Urbanimals) or as "competing" (Interactive Fingers). 

 

Keywords: interactive architecture, play, experience 

 

1. Introduction 
  In the early 1990s Don Norman established at Apple a group called "the User 

Experience Architect's Office". Within that time Norman defined the term user experience to widen 

knowledge in order to "cover all aspects of the person's experience with the system including 

industrial design graphics, the interface, the physical interaction and the manual" (Norman, 2013). 

Afterwards, the definition started to be implemented by other designers who translated it by their 

own interpretation. Hassenzahl stressed that "User Experience is just a sub-category of 

experience, focusing on a particular mediator - namely interactive products". This point of view 

focuses mainly on an issue of an essence of interaction between human and products such as 

computers, phones, or any other objects which represent an interactive system.   

 But, how to design a specific type of user experience mainly the playful one. As Norman 

states "Technology should bring more to our lives than the improved performance of tasks: it 

should add richness and enjoyment" (2004). Over the decades, introducing playfulness to objects 

that surround us became a desirable element of their design - it is especially visible on an example 

of interfaces and websites.  

 Thus, this article moves closer to the essence of the experience from the point of view of 

designing the interactive architecture and games, as the disciplines where the main aim is to 

stimulate human interaction with an environment. The findings about 'playful experience' in these 
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two disciplines are used as methodology to design and to analyse the architectural installations: 

'Interactive Fingers' and 'Urbanimals'. 

 

2. Playful experience 
2.1 Architecture 

The Fun Palace as a representation of visions and needs of the British society of the 1960s 

put an emphasis on the essence of leisure (entertainment) in human life. The project was an 

answer for emerging new patterns of human daily life, and therefore, as pointed out by Price the 

architecture in his perception had to be changed for more flexible and adaptable arrangements. 

Together with Joan Littlewood and other professionals such as Frank Newby, Yona Friedman or 

Gordon Pask, they designed the space - a laboratory of pleasure, providing room for many kinds 

of action (Price & Littlewood, 1968). 

 
Drawing 1. Cedric Price Fun Palace: Section showing potential use of interior spaces  

 

 The concept assumed modifiable configuration of places to provide a wide range of 

activities. The building itself was an open framework for human performance where flexibility of 

spatial conditions allowed to play with the space. In that sense, Cedric Price's experimental project 

'Fun Palace' was - as the author emphasised - not 'a building' but rather a frame for events. 

Moreover, the open plan was not only the flexible space for various activities but - as Littlewood 

described - there will be plenty to engage imagination and enlarge experience (Price & Littlewood, 

1968).  

 One of the main contributor to this project was Gordon Pask with his theory of an 

aesthetically potent environment as the surrounding which might increase pleasurable interaction. 

Within that he said that the environment should consist of the following attributes: 
 • It must offer sufficient variety to provide the potentially controllable novelty required by 

a man  
 •  It must contain forms that a man can interpret or learn to interpret at various levels of 

abstraction.  
 • It must provide cues or tacitly stated instructions to guide the learning and abstractive 

process.  
 • It may, in addition, respond to a man, engage him in conversation and adapt its 

characteristics to the prevailing mode of discourse. 
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 Thus that project is the essence of designing not the form of the building but the 

possibilities of playful experiences of space. Determinants specified by Pask are used in this 

paper as the methodology to analyse the final results of two case studies in order to observe if 

they provide the basic fundamentals for pleasurable space for playful experience.  
   

2.1 Game design 
 Designing for playfulness is strictly connected with games, so at the begging it is worth to 

understand a phenomena of play. Salen and Zimmerman stress that play is a "free movement 

within a more rigid structure to look concretely at the ways that games build experiences for 

players" (2004). Play is also an activity which "generates novel ways of dealing with the 

environment, most of which lead nowhere but some of which turn out to be useful" (Bateson & 

Martin, 2013). If playful experience is so closely connected with human activity the main question 

arises how to design the possible actions for users for playful interactions.    

In the research presented in this paper, the following case studies are designed under the 

methodology used in game design - 'The Core Mechanic' - which creates patterns of behavior, 

which manifest as experience for players. Through the core mechanic, each game creates a 

spectrum of activities which might be taken by users during play. As Salen and Zimmerman state, 

this activities are created by the system that includes the game's sensory output to the player and 

the play-er's ability to make input, as well as guiding the internal cognitive and psychological 

processes by which a player makes decisions. In that sense, creating a game should be based 

especially on creating not the architecture and characters but on variations of activities for players 

which repeat during a play.   

 
3. Case studies 
3.1 Interactive Fingers 
Location of the structure: public space / main hall of Wroclaw Glowny Railway Station / Wroclaw, 

Poland  

Duration of the exhibition: two days (17 & 18th May 2014) 

 
Photos 2-4. "Interactive Fingers" / design: LAX laboratory for architectural experiments  

 

55 

 



Anna Grajper 

 
 The form of „Interactive Fingers" consisted of: the horizontal base situated at the bottom 

of the structure, and the vertical elements (fingers) which through the electronic devices and the 

mechanic construction were able to be moved. The sensors detecting human movement were 

hidden in the base. The vertical elements were situated in a span of 20 cm from each other, in 

order to make available the eye contact between participants on both sides of the structure. All 

the electronic elements were selected to indicate playful experience where human does not need 

to read instruction to play with the structure.  

 The core mechanic of possible actions undertaken by users with the installation were 

designed as two scenarios to stimulate play:  

a. the interaction between human and structure, or human and human through the 

structure. 
b. the relationship of the installation with surrounding in the absence of users.

 
Scheme 5. Scenario type "a" 

 
 The interaction in scenario "a" was as follow:  
 • the basic state: The initial position of fingers was in the axis a'. The movement of 

particular board was activated by human motion in the scope of 2 meters distance from the 

sensor. The finger moved opposite to the participant. (human on the side A + the finger in the axis 

= motion of the finger toward the side B)  

 • no motion: The finger was at the end of one side (in this example at the end of side B). 

The movement of the particular board was not activated by human motion when participant stood 

on the other side than the finger. (human on the side A + the finger on the end of side B = no 

motion of the finger)  

 • from B to A: The initial position of the finger was at the end of one side (in this example 

at the end of side B). The movement of particular board was activated by human motion when 

participant stood at the same side as the finger. (human on the side B + the finger on the side B 

= motion of the finger toward the side A)  

 • compete: This type of interaction occurred when one person played with another through 

the structure. The initial position of fingers were in the axis a'. The movement of particular board 

was activated by human motion in the distance of 2 meters from the sensor. In this situation there 

were two users: one on the side A, and second on the side B. The finger moved opposite to 

participant who stood closer to the sensor.  
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 The interactions in the scenario "b" - the relationship of the installation with surrounding 

in the absence of users - provided the random movement of "fingers" for a short interval of time 

from 5 to 30 seconds, in order to encourage passers-by by motion, to play with the structure. 
 The core mechanic of that installation was simple - get the finger on your side. The activity 

patterns of players gave the various possibilities to move the structure, but there was only one 

hidden rule of play which allowed to move the finger towards player's direction. It could happen 

when other person who stand on the other side of the installation, starts to interact with you - 

move with you along the structure. 
 In this case study, playful experience was brought to users through the set of scenarios 

which indicated motion of human body as well as motion of architecture. The motion of the 

structure showed that the scenario "no motion" caused that participants held longer next to the 

finger and tried to fit it in motion. Some of them started to use hands to pull or push the board in 

order to set it in motion. Nevertheless, the major amount of people in this situation moved forward 

to the next finger or went on the other side of the structure. The main essence of option 'compete' 

was rather very rarely discovered because as observations showed most of the people interacted 

on one side of the structure.  
 From the perspective of the assumptions made by Pask, it is worth noting that this case 

study did not fulfil enough attributions to provide the pleasurable environment. First it did not offer 

the enough variety and novelty which was observed that people get bored after few minutes. 

Second, the form of the installation was not enough understandable by people how to use it - the 

observations showed that they used mainly hands to activate the motion, not legs as it was 

designed. Thirdly it did not provide enough instructions how it worked which caused that people 

hardly find a main feature of that structure which was the game - "compete". But, the last 

attribution of the pleasurable environment was almost performed - it gave the possibility to interact 

with an architecture through various scenarios, the only missing point was the process of real 

conversation where human dose not only activate the option but he/she starts a discourse with 

an architecture. These observations highlighted a lack of proper design of "a core mechanic" as 

the understandable variations of actions which could be undertaken by users.   
 

3.2 Urbanimals 
Location of the installation: spaces of transitions / outdoor, 8 spots in Bristol 
Duration of the exhibition: two months (mid September-mid November 2015) 
 “Urbanimals” was the project of interactive visual installations displayed on the empty 

surfaces across the city. It drew inspiration from the traits of popular animals and implied them 

into an adequate activity. One could met Urbanimals in every space of transition in the city of 

Bristol, and actively participate in their performance.  
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Photo 7. Urbanimals / design: LAX laboratory for architectural experiments  

 

 Play with the city through Urbanimals was based on behaviour patterns of four animals 

which differ their activity from each other.   

 
 Drawing 8. Urbanimals / design: LAX laboratory for architectural experiments   

  

The core mechanic of possible activities with the surrounding were designed particularly 

for each animals as follow: 
 • a rabbit: the goal of interaction was to manage to touch it. The achievement of this 

depended on the human body movement - a speed. The slower participant moved toward rabbit, 

the longer it stayed in one place.  
 • a dolphin: an interaction was based on the goal that participant has to follow and to 

mime behaviour of dolphin.  
 • a kangaroo: actions and reaction depended on human movement - human was the main 

initiator of kangaroo's behaviour.  
 • a beetle: participant tried to disturb it rolling over a ball.  
 The playful experience was brought through jumping, sneaking, crouching or waving 

hands. The goal was to catch a rabbit, jump higher than kangaroo, stroke the dolphin, or get the 

beetle's ball. The solution how to achieve these goals was not presented for users - each of them 

had to discover it by him/her-self. The helpful signals were their personality hidden in their 

appearance which is strongly connected with human imagination about these animals in nature 

or toys world.  
 The observations of interactions between people and Urbanimals showed that the project 

meet the assumption of the pleasurable environment (Pask). Each animal provided wide variety 

of behaviours as well as novelty each time when people started to play with them. The second 

attribute was also satisfied because people easily learned and interpreted what the possibilities 

of play were. The third issue also was provided through behaviour of animals, each of them 
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repeated some of actions to indicate the next actions. As well the last attribution was attained 

through the random loop of possible movements made by animals toward people.   
 

5. Conclusions 
 This study examined playful experience as a experience which emerged through play as 

a specific type of interaction between human and environment. In this research the playful 

experience was mostly visible through the participant's engagement with installations illustrated 

by the movements and actions taken by people. Like in the essence of 'The Fun Palace', the 

realised case studies were not focused on appearance but rather on possible events which might 

happen within interaction between human and interactive objects. The human activities presented 

in case studies showed that the core mechanic as the possible spectrum of actions within game, 

plays an important role in order to design the playful environment. It means that the activities 

which players might perform within the event can stimulate to further, deeper and longer play. 

Moreover the observed participants' forms of behaviour stressed that they are eager to interact 

with extraordinary environment, even in public spaces, they just need to be stimulated and 

encouraged in a proper way.  
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At Trinity College Dublin, in 1943, to a packed audience of academics and dignitaries 

including then-Taoiseach Eamon de Valera, Austrian physicist, Erwin Schrödinger, delivered his 

illustrious Lecture titled What is life? Taking principles of his own scientific field and placing them 

onto the study of cell biology he proposed the idea of a “code-script” with all living things holding 

the “entire pattern of the individual's future development and of its functioning in the mature state.” 

(2012: 21) Within a decade Watson & Crick’s confirmed his hypothesis describing the double-

helix structure of DNA, the hereditary mechanism of all biological life and the foundations of the 

science of genetics. In honour of Schrödinger’s contribution, Trinity College Dublin in 2012 hosted 

another packed audience including standing-Taoiseach Enda Kenny for a follow up Lecture. 

Again titled What is life? The appetite for answers was clearly undiminished. Its speaker, 

American geneticist, John Craig Venter, offered his definition.  

 

All living cells that we know of on this planet are DNA software driven biological machines 

comprised of hundreds of thousands of protein robots, coded for by the DNA, that carry out 

precise functions. 

 

Researchers at the J. Craig Venter Institute had sensationally announced to the world in 

May 2010 to having successfully constructed the “First Self-Replicating Synthetic Bacterial Cell.” 

By substituting the genome of a host bacteria with a fully synthesized genome they had in effect 

created the first synthetic life form. To distinguish their computer programmed DNA from the 

original genome it was copied from, they encoded the names of the authors of the research, a 

website address and for good measure three quotes touching upon the significance of their 

endeavour. “To live, to err, to fall, to triumph, to recreate life out of life” was chosen from James 

Joyce‘s, A Portrait of the Artist of a Young Man (1916) and from American Prometheus (REF), 

the biography of Robert Oppenheimer, "See things not as they are, but as they might be". 

  

The third and final encoded statement “What I cannot build, I cannot understand”, attributed 

to physicist Richard Feynman transpired to be a misquote of “What I cannot create, I do not 

understand.” (Venter, 2012). Regardless of this minor but somewhat embarrassing error, either 

version touches on the underlying reason for perhaps humanity’s greatest technological and 

philosophical project. Motivated by questions, both metaphysical and scientific on the origins of 
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life and consciousness – with ever greater resolution – man has mimicked the forms and 

behaviours of life to better understand them. 

  

Venter’s view of life is unapologetically mechanistic. His code instructions programme 

protein automaton, just as a roboticist may engineer a servomotor mechanism. His work and that 

of his team, is the latest step in a long and extraordinary history of machine making. Of artistic 

and scientific enquiry that with every step has further dissolved distinctions between natural and 

artificial, animate and inanimate, animal and automata. 

 

"What we observe is not nature itself, but nature exposed to our method of questioning" 

Werner Heisenberg (1958:58).  

 

The technologies of their time give the instrumentation for examining life and at the same 

time shape our conception of it. To provide a full historical account is beyond the focus of this 

discussion, but its useful to reflect on how todays concepts of machine, autonomy, adaption, 

emergence and complexity – formed from the conflict between a human tendency towards 

Vitalism and modern science’s tendency towards reductive mechanism. Neither have provided 

entirely satisfying answers to the questions of What is Life? Or perhaps how we experience the 

performance of life? But the friction between has inspired great inventions of technology, 

philosophy and art that continue to inspire discourse. So I will begin by skipping the legendary 

mythological automaton makers of Daedalus and Pygmation, the early inventors Ctesibius (285–

222 BC) and Heron (10 - 70AD), and illustrious Ismail al-Jazari (1136–1206AD) and we will start 

with where an Architect, unintentionally inspired the beginning of the end of animism in Western 

Philosophy. 

 

A Living Architecture 
 

In 1598, Tommaso Francini, a Florentine architect accompanied by his brother Alessandro 

arrived at the gardens of the royal chateau of Saint-Germain-en-Laye to begin building what are 

considered the high point of Renaissance automaton (Bedini, 1964:27). Hydraulic statues 

enacted mythological tales, danced, played music and even spoke in what must have been for 

visitors of the time, an extraordinary, perhaps even supernatural experience. In 1614, a young 

man recovering from the first of several breakdowns hid himself away in Saint-Germain for two 

years. So fascinated by automata, records suggest he built his own (Smith,1978:81). But it was 

not so much what he made, but how these artful machines shaped his way of thinking that was 

to cause perhaps the greatest epistemological shift in the western world. A way of looking at the 

world that exorcised science of its animist tendencies. 

 

Revolutions in thought are usually steady maturations suddenly completed. In emotional 

moments the gathered ideas of one mind decisively collect into a single vivid intuition. In such a 
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moment of the year 1619 the Angel of Truth announced to the dreaming Descartes that the 

material world was geometrical. In that moment of insight Descartes beheld a physical world of 

extended things with figures and motions. The vision perpetuated a permanent conviction that the 

material world was a vast assemblage of figured bits of extension in motion, or with relative rest... 

Versions of physical nature provided by the animate model, by the analogy of the living thing, 

gradually waned, and then dramatically succumbed, before the mechanical philosophy of the 

geometric ideal. (Gregory 1927:305)  

 

The influence of Descartes division of matter, machine and the body on one side from mans 

thinking, mind and soul on the other, presented God as the Architect of a marvellous automaton. 

The physical world became ordered, just as a clock or water-driven organ might be, so that things 

and their behaviour with study, could be mechanically explained. The enlightenment had begun, 

and so with it, the age of machines in which automaton flourished with exuberance.  

While I could now recount numerous artisans who would follow the work of Francini 

Brothers, I’ll mention just one who opitimises the parallel persuits of artistic and scientific invention 

characteristic of the great automaton makers. A Jesuit trainee monk, Jacques Vaucanson born 

1709 in Grenoble, France, developed an interests in mechanics by making flying automaton 

angels. Finding his Jesuit superiors disapproving of his hobby –  so much so that they destroyed 

his workshop –  Vaucanson left the church and began a career that earned him the reputation as 

Historian Silvio Bedini described it, of ‘Unquestionably the most important inventor in the history 

of automata, as well as one of the most important figures in the history of machine 

technology.’(1964:36) Vaucanson first made his name with a series of life size flute playing 

androids, but it was an infamous mechanical duck (1739) that secured his name in the history of 

performing machines.  

The life size automata would eat, drink, stamp its webbed feet in water and most 

momentously digest food and excrete much like a living duck might do. It was a phenomenon, 

and toured internationally performing to enchanted crowds, bringing him wealth and notoriety. 

Vaucanson’s interest in replicating digestion had however begun before his musical automata. 

Having studied anatomy and with an interest in medicine, he had earlier tried unsuccessfully to 

build a workings imitation of a functioning human body. His failure to have achieved this ambitious 

goal, would it seem, to have provided the necessary lessons to allow him to achieve his 

comparatively simpler but nonetheless critically acclaimed automata.  

 

All the movements and attitudes of this automaton faithfully reproduce nature, copying it to 

the life even down to the tiniest detail, so much so that for a moment we are tempted to believe 

that there is a real duck before us…... we have no doubt that the discoveries of this master mind 

will make his name immortal (Chapuis and Droz 1958:239) 

 

Beyond his theatrical achievements, Vaucanson was to discover a means of making 

flexible tubing from Indian rubber, probably while trying to replicate vocal cords or the digestive 
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tract. The discovery was to find countless applications in industrial applications. He was also to 

make improvements to machine tools decades ahead of their time but it is undoubtedly his 

invention and refinement of an automatic weaving machine erroneously attributed to Jacquard 

(Name 1964:38), that Vaucanson deserves greatest mention for. It was the genesis of 

programmable machines that were to lead to the age of computing.  

Vaucanson alongside other great automaton makers such as Leonardo da Vinci, Wolfgang 

von Kempelen, James Cox and John Joseph Merlin, Pierre Jaquet-Droz and his son Henri-Louis, 

dazzled the world while innovating in machine technology. Surprisingly there machines were often 

treated as mere curiousities to the artistic and scientific communities alike – yet their works have 

been immortalized in the history of technology. For those seeking mechanistic explanations of 

life, in alignment with the astronomy, mathematics and physics, of Copernicus, Kepler, Galileo, 

Bacon, Descartes, and Newton –  these machines took a theatrical role in the exorcisim of vitalist 

science. If Vaucanson could make a duck so lifelike, how long before man could indeed play 

God?  

When in 1780, Italian physician Luigi Aloisio Galvani discovered the muscles of dead frogs' 

legs jumped when stimulated by an electric charge, he was the first to recognize a relationship 

between electricity and life. It also deflated if you’d excuse the pun, other theories of animation 

such as the balloonists who believed muscle contraction involved fluids or gases. Soon the 

making of lifelike machines would move from pneumatic and hydraulic mechanisms towards 

electromechanical brains and servomechanisms in the perennial search for evermore lifelike 

forms of behaviour.  

 

Cybernetic Life 
 

Neuroscientist W. Grey Walter came to an interest in Cybernetics recognising that negative 

feedback control processes in machines were analogous to those found in biological nervous 

systems. The dynamic stability of sensory-motor systems was as Walter pointed out, something 

that physiologists had a head start on studying before engineers began formulating their own 

principles of control (1950:207). Machine’s provided a necessary means of physically modelling 

sensory-motor behaviour, that Walter hoped might uncover some the many mysteries of the 

human brain. He built a series of Electro-Mechanical Animals called Machina Speculatrix. Due to 

their domed shell body and slow pace they were often affectionately called tortoises and among 

some of the earliest autonomous robots built. 

 

Each tortoise consisted of a pair of electrical circuits built to simulate nerve cell functions 

coupled to motor functions. A photo-electric receptor enabled the tortoises to sense and steer 

motion towards light – positive phototropic behaviour. The second receptor, an electrical contact 

switch, sensed collision with obstacles altering direction of travel. The robots would explore 

continuously their environment attracted to light sources until a threshold of light exposure would 

be met, at which point they would turn away –  negative phototaxic behaviour – and the process 
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would begin over again. A recharging hutch with a light above it assisted the tortoises in finding 

their way to a source of energy giving them the ability to sustain continuous activity autonomously. 

These robots, even by the engineering standards of the day, were electro-mechanically primitive. 

The extreme economy of design as Walter described it, didn’t lead however, to an economy of 

behaviours.  Instead the robot performed a variety of complex patterns of movement. 

 

Most compellingly, these behaviours were “remarkably unpredictable” with a “strange 

richness … [found in] animal behaviour–and human psychology”. A quality of “uncertainty, 

randomness, free will or independence” Walter remarked, “so strikingly absent in most well-

designed machines.” (1950:44) 

 

These were the successors to life imitating automatons, representing a radical shift in 

approach. Whereas Pierre Jaquet-Droz’s The Writer (1772), consisted of 6000 exquisitely crafted 

mechanical parts, Walter had built his from only a handful of electro-mechanical components. 

Whereas programmable automatons were completely predictable and repetitive, Walter’s two 

tortoise named Elmer and Elsie would never repeat the same exact behaviours twice. Neither 

entirely consistent, nor random in motion – they seemed to operate on the threshold between 

order and chaos, performing qualitatively differently to anything built to imitate life before them. 

The sensor-motor nervous system of the animal brain now had an electro-mechanical 

simulacrum in machines. Unlike the animal brain however, it consisted of only 2 analogous cells 

rather than the billions of cells of a human brain. Nonetheless to observers, the volitional 

behaviour of these tortoises was compellingly intelligent.  While the other famed early Cybernetic 

Machine - the Homeostat – by Ross Ashby, attempted to find stability within itself, Walter’s 

tortoises attempted to find stability through their interaction with their surrounding environment. 

By modifying the environment, such as the location of sources of light or obstacles, a surprising 

variety of patterns of behaviours would emerge. 

One of the most interest examples given by Walter, was observed when a tortoise passed 

in front of mirror. An on-board indicator light – intended only for Walter to observe the machines 

internal state – was detected by the tortoises own photocell causing an unexpected flickering 

behaviour. The light sensed by the photocell activated a change in state in the robot that in turn 

switched off the light, which in turn changed the state of the robot back to its original light on state, 

which in turn switched the light off again, leading to an oscillating motion and corresponding 

flickering light. Walter quipped, such a behaviour could even be (mis)interpreted as form a self-

recognition. When Elmer and Elsie’s were observed close to one another, a similar but distinctive 

pattern of behaviour would occur. Each attracted by the light of the each other, would enter into 

a reciprocally oscillating motion. Author of The Cybernetic Brain, Andrew Pickering, likened it to 

a tragic mating dance (2010:43), a lively and seemingly creative higher-order behaviour emerging 

from the interaction of a pair of robots endowed each with only a couple electo-mechanical nerve 

cells. Such interpretations of course were not beyond dispute, raising questions of where indeed 

the intelligence and novelty lay in the behavior of these machines.  
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Behaviour & Performativity 

 

The tight-coupling between the features of the environment and the tortoise’s behaviour 

presented Walter with the opportunity to study his Machina Speculatrix by modifying the 

environment they inhabited, rather than tampering with their internal electro-mechanical 

composition. This approach was strikingly similar to the deductive study of animal behaviour 

exemplified by Pavlov (1927) Thorndike (1898) and Skinner (1938) where the inner workings of 

the brain are inaccessible, so environmental stimuli are modified and resulting behaviour 

observed. In electrical engineering, deductive methods, are also common whenever parts of a 

system are inaccessible. Ashby describes an engineer “given a sealed box that has terminals for 

input, to which he may bring any voltages, shocks, or other disturbances he pleases, and 

terminals for output, from which he may observe what he can.” (Ashby 1956:86) Without access 

to the box the engineer has no choice but to develop a hypothesis, observing the relationship 

between in- and output signals. The hypothesis can be tested and refined over time although 

though it may never be possible to know the contents of the box. The goal therefore is not to 

necessarily know what is in the box, but rather how it performs. 

 

 “What is being suggested now is not that black boxes behave somewhat like real Objects 

but that the real Objects are in fact all black boxes, and that we have in fact been Operating with 

black boxes all our lives.” Ashby, An introduction to cybernetics (1956, 110) 

 

Borrowing from engineering terminology, Ashby adopted the expression, Black Box, 

extending it to describe the problem of studying all behaviour. Dedicating considerable attention 

to it in An Introduction to Cybernetics (1956), he develops the argument that the Black Box 

encapsulates how we all encounter the world and make sense of it. The modus operandi of all 

human interaction with the world, he gives an example of a child who learns to control a door 

handle without seeing or understanding the internal mechanism. Once mastered, most people 

live a comfortable life never looking too closely at a door handle again and such little mysteries 

constitute one of the innumerable daily Black Boxes we engage with in a world not fully open to 

inspection.  

 

“Ashby went so far as to suggest the Black Box might not be just a useful device, but 

universal, suggesting that we never really see what’s causing a change, only some explanatory 

principle we take as a mechanism.” Glanville (2002: 62) 

 

Ashby’s Black Box develops Cybernetics as an approach to understanding the world 

through a performative lens. As an approach to scientific study, it counters the classical fixation 

with needing to “know what’s inside”, as such knowledge doesn’t necessarily help predict or study 

the emerging behavioural phenomena. In the case of Grey Walter’s electro-mechanical animals 

– even with his intimate understanding of the material composition of the machines he found “it is 
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often quite impossible to decide whether what the model is doing is the result of its design or its 

experience” (1953: 271). Ross Ashby’s Black Box was undoubtedly shaped by the challenges he 

faced in building and studying his own Homeostat. Challenges all to familiar to pioneers of robotics 

and autonomous systems ever since. As the study of systems became increasingly complex, from 

the tortoises simple two neuron brain up to the many millions of animals, from individual animals 

to ecologies, from company accounting machines to entire economies, the performative approach 

to studying behaviour appears increasingly necessary. To take a Cybernetic approach to a subject 

is to be concerned with what neurophysiologist Warren McCulloch and Kenneth Craik called “the 

go” of things, the relations between things and their changed over time, the patterns of behavior 

and qualities of interaction that emerge.  

Along with Ashby and Walter, many of the early Cyberneticians including Norbert Wiener 

and Claude Shannon, built electro-mechanical models to study self-organising behaviour. While 

the singular Watts Governor may have symbolised the Cybernetic principle of circular feedback 

control, it was multiplicities of interacting feedback mechanisms, and their emergent self-

organising behaviour that captured the pioneer’s imagination. Emergence and Self-organization 

are essentially interchangeable terms in Cybernetics. While Self-organization saw less use 

beyond the field, Emergence had a wider although somewhat notorious philosophical position 

within the arts and sciences.  

 

The Environmental Half 
 

Returning to the richness of Walter’s tortoise behaviour, lets remind ourselves that the 

lifelike behaviour arose out of its relationships to its environment, whether from its encounters 

with mirrors, light sources, obstacles or another tortoise. An environment in the Cybernetic frame 

as “all objects a change in whose attributes affect the system and also those objects whose 

attributes are changed by the behavior of the system" (Hall & Fagen, 1956:20). From its first 

principles, Cybernetics implicitly recognises the behaviour of an agent-system is coupled to its 

environment. Whether it is in the study of the brain, or social or economic systems, behaviour 

does not occur within a vacuum, but rather is a continuous performative exchange with an 

environment. 

 

There can’t be a proper theory of the brain until there is a proper theory of the environment 

as well. . . . the subject has been hampered by our not paying sufficiently serious attention to the 

environmental half of the process. . . . the “psychology” of the environment will have to be given 

almost as much thought as the psychology of the nerve network itself. (Ashby 1953: 86–87) 

 

I consider this to one of Cybernetics key contributions to understanding the sources of 

emergent life, intelligence and consciousness and it encourages us to rebalance our attention to 

design problems. Wherever one is engaged in crafting behaviour, from typical robotics markets 
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through to emerging applications in architecture, arts and performance, the environmental half – 

which I will argue had been understudied – must be more full considered.  

 

The environmental half is messy concept, and creates considerable challenges for 

designers. If an environment is the context in which an agent-system is intended or observed to 

exist within, then two observers may well have different ideas about what constitutes a given 

agent-system’s environment. Ashby’s Black Box construct, warns us that there may be things that 

are “out of view”, and these may be of greater importance than we fully anticipate or appreciate. 

Where environments are incorrectly or under-defined, this can lead to potentially catastrophic 

consequences for a designed agent-system and indeed the environment it inhabits. This can 

happen at the scale of urban infrastructure projects as much as at the scale of nano-robotics. 

Such failures are mostly likely to occur when the authors of these systems become too confident 

that they have a complete understanding of the dynamics of their model. We only have to look 

back at the recent crash of international monetary markets in 2008 to show how quickly and 

catastrophically systems that are believed to be robust can fail. These are what Cybernetician 

Stafford Beer called “exceedingly complex systems”, one that are impossible to know and control 

fully (Beer 1959:12) and which necessitates a type of design strategy that accepts inherent 

fallibility in the model. 

A growing reliance on discrete computational – inherently incomplete – models in the 

design industry are developing presently with worryingly minimal concerns for the environmental 

half to use Ashby’s phrase. In 2013, I organised and chaired the Smart Geometry: Constructing 

for Uncertainty conference at the Bartlett, to interrogate what I perceive as a flawed and potentially 

damaging ideology of reliance on these systems – whether they’re at the scale of parametric 

urbanism, building information modelling, or space syntax. As the debate on the use of discrete 

computational models in architectural design is still in a process of maturing, we are better served 

by examining the fields of computer science, and artificial intelligence that have wrestled with the 

theoretical and technical challenges of messy complex and continuous-physical environments for 

over half a century. 

Whereas Cybernetics conceived of intelligence as a continuous embodied exchange 

between agent-system and environment, A.I research, built on the binary logic of computing 

science, took the view that intelligence exists entirely in the computer’s brain. Intelligence was 

disembodied rather than in concert with its environment. This Cartesian dualism led to what 

Stevan Harnad called the “Symbol Grounding Problem” (1990), where engineers had made great 

progress in highly structured symbolic environments such as chess games, but struggled to build 

computer controlled robots able to achieve even the simplest of navigational tasks in physical 

environments. Rodney Brook’s Elephant’s Don’t Play Chess published in 1990 was one of of a 

number a scathing critiques that emerged leading to a revival of the non-cognitive and 

nonrepresentational forms of embodied intelligence characteristic of early Cybernetic devices.  
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A Behavioural Approach 
 

The value in revisiting these Cybernetic principles, that Brooks demonstrated through 

machines of his own such as Genghis (1989) is to remind ourselves where the qualities of life and 

intelligence can be abundantly found without resorting to computationally heavy processes. 

Nature after all was not full of intelligent forms of behaviour by animals with minimal neural 

capabilities. As social scientists Herbert Simon pointed out in The Sciences of the Artificial 

(1969/1996 : 52) “An ant, viewed as a behaving system, is quite simple. The apparent complexity 

of its behavior over time is largely a reflection of the complexity of the environment in which it 

finds itself.”, he goes on a page later to argue that human behaviour is also “largely” explained by 

the same principle. 

What Cybernetics argues so compellingly for is an equality of design opportunities in 

designing environments as well as in designing agent-systems to occupy them. It also provides a 

coherent and holistic theoretical framework for studying behaviour. The inherent unpredictability 

and the emergent novelty to be found in designing behaviour in concert with its environment has 

important implications for design that are under-appreciated in Architecture but appear essential 

to understanding the mechanisms and possibilities of a future living architecture. 
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Abstract: This paper is presenting an investigation about using parametric tools and its efficiency 

to be used as an assistant factor in the terms of adaptive reuse for old abandoned sites on the 

interior architecture scale. This is complementary part from my Ph.D. thesis. The site location of 

the study will be “Kafr Ashri at Mina El pasal Old Train Station, Alexandria Egypt“. The study will 

deal with the integration of daylight analysis tool with the design process enhancing the 

sustainability matching with the style and nature of the site .Moreover to reach the optimum 

solution of a digital fabrication and prototyping proposal for a building ceiling retrofit which has 

been totally demolished. The main objective was to use parametric simulations and modelling to 

conduct design decisions, as an aid to the new transformed function for the main building in this 

train station to be art platform. Considering being a focal point to revive and maintain the history, 

character and skyline of the city. It will be a more sustainable and rational approach towards the 

conservation and reuse of heritage. 

 

Keywords: Adaptive reuse; Daylight simulation; Parametric design tools; Sustainability. 

 
1. Introduction 
1.1 Background and Motivation 

"It is not the strongest of species that survive, nor the most intelligent, but the one most 

responsive to change “Charles Darwin”. 

Nowadays, in a global context. adaptive reuse has evolved into a strategy to reconnect 

with heritage, address all tangible and intangible values of a place and give new life to community. 

It is an approach that is not only connected to economic benefits and is not reduced to the scale 

of one single building.  

The reuse of existing buildings often becomes a tool to attract both future users, and 

possible investors, as well as to densify areas and create vibrant living environments. (1) 

Adaptive reuse explore successful design approaches for visible interaction between new 

and old architectural styles, and to illustrate these approaches using and apply parametric design 

tools in case study (kafr Ashri at Mina El pasal Old Train Station) indicating the  interventions 
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potentials  to old buildings. These interventions will feature the interior alterations, as well as 

additions fused to the original building. The common thread among the   designs selected is a 

thoughtful and clear vision of how new can interact with old. (2) 

The main motivation refer to both the vital location (In the middle of the old city ,the currently 

wasted void connected to the city's  urban fabric. via Alexandria port, main streets, Mahmoudeya 

Canal, monuments landmarks, etc.), Fig 1 & 2 adding to its historical value, as it is claimed to be 

the oldest train station in the middle east. 

 

2. Same space, different function, cutting edge technology 
Since society is under a continuous evolution, the need of adapting and reusing buildings 

to fulfil different functions is a necessity for future architectural projects. The evolution of human 

activities has influenced the way spaces are designed. Not only to fulfil a specific purpose, but to 

embody a series of different configurations. The flexibility of a space can provide a higher value 

for the building, as it can adapt to future needs. Due to the constant evolution of technology, the 

architectural space gains new principles and possibilities regarding its configuration. The space 

becomes an adaptable and flexible element, capable of changing its function in correlation with 

the necessities. (3) Hence the notion of using Parametricism as a design strategy to 

INVESTIGATE the space using relationship between the tools used and the way we understand 

space, and therefore the way our mind engages the creative process of designing, is a constant 

dialectic and dynamic process. (4)  

 

 
Figure1.picture of the site accessibility “Work of year 3, Architecture dep. Alexandria university, faculty of fine arts, 

design studio, second semester 2014/2015. 
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Figure2.picture of the land-use "Work of year 3, Architecture dep. Alexandria university, faculty of fine arts, design 

studio, second semester 2014/2015. 

 
3. Parametric design strategy 
3.1 Objective  

Resolving the demolished ceiling and the possibility of applying a screen system for façade 

too, adaptable to the daylight and the weather data conditions, using parametric tools. Adding to 

develop material suggestions to adapt to the existed materials, besides being a smart, sustainable 

one with many alternatives. Not to be oblivious for the aesthetic side of the parametricism, as it 

could be an effective optical and functional stimulant. If Generative system allow designer's 

creativity to redefine shapes, forms, configurations and organization system as relational, it's also 

reflects a new aesthetic, the aesthetics of relations or the aesthetic of sublime. (5) Fig.3. 

 
Figure 3.shows the design strategy that leads to fulfil economic aspects. Author work 
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3.2 Process  

In past few decades the interior space considered to be an extended part of the outer 

building envelope. But in the old heritage buildings it's a totally different situation. The intersection 

between the old parts and the new is a challenge as we might need to integrate a new inner 

envelope to the space just to maintain and preserve the existed condition of the building itself, 

and that's for the preservation terms due to the physical condition.  

 
Figure 4. Shows the ruin previous parts of Dovecote Studio and after the intersection (6)  

 

An obvious example was" Dovecote Studio". A redbrick building was run down and its roof 

had collapsed, it was an attractive ruin and a romantic landmark for attendees of the yearly 

Aldeburgh music festival, UK.Fig.4 

Inserting new volumes and installations in the inner envelope add an enhancement  and 

control the space .As the motives for adding a significant new form to a building vary widely, 

ranging from the need for more floor area to the complete reworking of the interior to 

accommodate a new program. A large addition to a building, however, substantially alters the 

visual perception of the site as the new hybrid takes on a character very different from the original. 

(7)  

 

4. Design Challenge. 
4.1 Adaptability criteria 

Adaptability is obviously a key attribute of adaptation. It can be defined as the capacity of 

a build-ing to absorb minor and major change (Grammenos and Russell, 1997). (8) The motivation 

for the case study, the site we have many strength points such as; the building is historical, the 

spaces are vitiated between large – Medium – Small in areas, moreover the building contains 

steel structure – bearing wall structure and light structure. Fig5. 
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Figure 5. Shows the site of study and its existed condition (9) 

 

4.2 Generative performative design  
The parametric tools will intensify and invigorate the design potentials, adding more 

tolerance and adaptability due to availability of initials design prototyping and optimize the most 

distinctive solution fitting with the building condition. As sometimes the physical condition of 

building fabric cannot sustain any accidental miss. Fig 6.  

The area of study will be the main exhibition hall in the art platform, depending to insert a 

new volume into the midst of the patio and between the arches, represented as a temporary 

installation in a pavilion form, which could be changeable according to the events. Fig7. as the 

silhouette of the new addition matches with the outline of the Victorian style of the building. 

 

 
Figure 6.Form finding study .Author work 
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Fig 7. Inserting a new structure into the aged envelope to be used as the main hall for the new space function “exhibition 

hall”. Author work 

 

 

5. Daylight study. 
By creating a skin as a shading device for the devastated ceiling, another parameter 

considered was the light filtering effects of the apertures on the space occupants. One way to 

think about achieving this was by creating light channels into the space. The element of light 

poses as a significant factor in the way it interacts with structural forms. The spotlight of the sun 

will enhance the aesthetics of the structure through the reflection of it onto the surface and the 

appeal in distortion and manipulation when direction becomes involved. With the addition of 

perforations and apertures, this will allow for maximum exposure through the layer, and therefore 

reflecting intriguing shadows for greater aesthetic appeal. (10) Fig 8. 

Developing ceiling pattern using grasshopper to generate design based on curve attractor 

definition, to enhance the building performance, Diva for Rhinoceros has been used for the 

daylight analysis simulation which based on Daylight Grid Based, illuminance metric “Point-in-

Time Illuminance”, with clear sky condition with sun. Minimum illuminance was 300 lux, and the 

maximum simulation was 3000lux.By running two different simulation before and after applying 

the shading device over the space roof.    
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Figure  8.The effect of the perforated shading device in manipulating with the natural daylight and the shadow that have 

been created in the space, adding to allow more natural ventilation using outdoor thin fabrics like ETFE. Author work 

 

Analysing the daylight simulation results, it’s totally clear that before applying the shading 

device over the building, that 97% of the space area are above 3000 lux, which is considered to 

be over lit, while the percentage has been totally changed after the design solution to configure 

that 79.2% of the space area is between 300&3000 lux, 18.5% of the area is more than 3000 lux, 

and 2.3% of area is below300 lux. Remarkable difference between the results to enhance the 

building performance driven design approach which used to input for parametric control of 

geometric model elements. (11) Fig9. 
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Figure 9.Diva simulation analysis. Author work 

 

6. Fixing and Material Experimental design. 
Suggested sustainable material like palm leaves mat, come in sheets (4*2.5m2) allow 

transmitting light due to the weaving ability of the material nature. Fixed by electrical horizontal 

roller shutter. The shading device could be double layer, creating overlapped design and different 

alternatives. Fig10. 

 
Figure 10. Transmitting light from palm leaves mat. Perforated, different, overlapped layers, give many different 

parameters. Author work. 
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Abstract: Wood performs based on its material properties by shrinking, expanding or warping 

due to the changes in relative humidity and temperature. This property intends to be utilized in 

architecture for purposes such as ventilation or thermal comfort. This concept was developed in 

the design of Ray 2, a screen that airs in dry and is resistant in humid weather. Two material 

options are available. Following the contemporary research, a plywood could be used performing 

on ‘bi-metal’ principle of different shrinkage of different wood species. In reference to the past, 

the tangential section applied in traditional Norwegian panelling, where different fibre density on 

opposite sides of the plate cause warping was proposed for the prototype. The plywood research 

shows better programmability. However, our paper claims that the use of solid wood, at least in 

the Czech context for the particular product of Ray 2, is more sustainable and therefore it is in our 

best interest to explore past knowledge in the field. The data from the local manufacturers, as 

well as from the related universities, were utilized to compare both of the cases in LCA analysis 

among all showing the energy savings and lower carbon emissions for solid wood. 

 

Keywords: Performance Oriented Architecture; Responsive Wood; Life Cycle Computer 
Modelling; Simulation Of Production Complexity; Solid Wood Versus Plywood; Sustainability. 

 

1. Introduction 
Wood is the main renewable and recyclable building material that has been tested over 

generations, though administratively rejected due to the fire issues in many countries. Our study 

compares two ways of its use for design of performative screen Ray 2 that reacts to relative 

humidity and temperature of the environment. It is worth noting that no analysis is able to predict 

the future and account for all the circumstances. However, we decided to compare solid wood 

and plywood material in LCA analysis for this particular design. The screen is designed to be used 

on buildings and therefore is not a conventional product. This difference for Life Cycle 

Assessment is explained by Bribián et al., stating that LCA was mainly targeted at other low 

environmental impact products than buildings. Reasoning the difference in long life span, frequent 

changes, multiplicity of functions, inclusion of many different components, local production, 

uniqueness, causing of local impact, integration with infrastructure, unclear system boundaries, 

etc. (Zabalza Bribián et al. 2009). All these facts have to be taken in consideration when 

discussing our results and utilized data. Our focus was in the comparison of two materials for one 
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product in a certain location over an established period of time. The following summary explains 

the application for both of them. 

1.1 State of art 
While the current research in the field has been conducted on laminates or plywood, the 

traditional architecture was applying solid wood, cut in tangential section, for the performance. 

Therefore the paper’s research question is which approach is more sustainable for the particular 

first author’s design in certain location. 

The natural property of wood is warping. When the material is cut in the tangential section 

it generates a so-called 'cup' across the grain (Knight 1961). Humidity responsive panelling 

systems based on the tangential section used in traditional Norwegian architecture were 

described by Larsen and Marstein:  

'The boards are nailed towards the upper edge, just below the joint where they overlap. In 

dry weather, the lower board ends bend outwards, allowing dry air into the construction. In wet 

weather the boards close again.'  (Larsen & Marstein 2000) 

The first example in today’s research, when the installation of Asif Amir Khan illustrated 

pine wood laminate-humidity interaction at the AA School of Architecture under the supervision 

of Michael Hensel and Achim Menges under Morpho-Ecologies project (Hensel & Menges 2006). 

The prototype provides more extreme performance in the organisation of the system towards 

openness and closeness, also showing the relation of scale/size in two directions. A Master thesis 

of Linn Tale Haugen supervised by Michael Hensel at the Oslo School of Architecture and Design 

proposed a way more durable plywood, performing on the different shrinkage of plies of different 

wood species (Haugen 2010). Ray 2 (see figure 1), the design by the first author, returns to the 

roots of Norwegian traditional panelling. 

Figure 1. Ray 2 – Prototype after Three Years of Being Exposed to Weather (photo: Davidová 2016)  
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 It uses the fact observed on the samples that the tangential cut panels in the shape of 

triangles warp twice as much as squares. The system was explained as: 

 ‘…. wooden environment responsive screen system that reacts to changes in relative 

humidity. Based on the material properties of wood cut in the tangential section, the system opens 

in dry weather, thus airing the construction, whilst in the humid conditions it closes, not allowing 

the moisture into the structure.’ (Davidová 2014)  

This refers to Berger et al. (Berger et al. 2015), stating that moisture has an impact on the 

indoor air quality and the hygrothermal comfort of the building's occupants. From their 

observations on laminates, Holstov et al. (Holstov et al. 2015) conclude and suggest that the 

thickness of the active layer (means wood) is also the main factor affecting the response speed. 

Composites with comparatively thick active layers can be applied where the response to longer 

term changes in the surrounding conditions is required (i.e. daily, monthly or even seasonal 

changes), whilst thinner composites can react rapidly to hourly changes of ambient humidity or 

sudden rain. The thickness of the panels was selected at 0.8 cm as a compromise between 

amount of warping and reaction speed contra durability of the panel. 

Samples observations prior to the decision were made hourly within 24 hours with the 

changes ranging from 10% to 90% RH on plates with the thickness of 0.3; 0.5, 0.8 and 1 cm when 

1cm was considered to perform too little and too slow and 0.5cm was considered too fragile during 

the summer storms. 

 

1.2 Conclusion for Material Selection Chosen for Comparison 
This resume shows that current research at the other institutions has been done on 

laminates and plywood. Compared to the laminates, the plywood seems to be much more durable 

when it comes to vandalism, as it can combine the directions of the fibre. The laminates are very 

thin veneers with textile laminates that break very easily. Therefore, the plywood option was used 

for comparison with solid wood in Life Cycle Assessment analysis on the case study of the Ray 2 

concept. 

From the forest analysis of Central Bohemia, where the research is located, it became 

reasonable to use the combination of pine wood and false acacia. The solid wood model comes 

from pine wood. Pine wood is native to Central Bohemian forests (or Czech forests in general, as 

it grows there in all the places with low nutrients), therefore it is good to support its growth and 

harvest. At the same time it has very high performance when it comes to warping in the tangential 

section. On the contrary, false acacia is a dangerous, invasive species with no local enemies. 

False acacia should be harvested and its roots excavated, as it is the way it reproduces, poisoning 

the soil, thus disabling natural biodiversity. Pine wood and false acacia have reasonably different 

tangential shrinkage, therefore its veneers would perform well on the concept of so called ‘bi-

metal’. As a result, the species for both of the Ray 2 concept products were chosen, on one hand 

for its suitable material properties, on the other hand for its positive impact on local ecosystems 

with low carbon footprint during its transportation.  
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The speculation of the advantages of solid wood considered the energy and carbon 

emissions, but also the evaporation of poisonous chemicals. As Wójcik & Strumiłło puts it:  

‘Today, remanufacture of timber, i.e. the production of timber derived sheet components 

and glulam beams, is a way to meet the needs of modern economy. That is not without an impact 

on the environment. Processing a material means energy expenditure and may have an impact 

on health risks posed by this material, and also on its recycling.’ (Wójcik & Strumillo 2014) 

 

2. Method - LCA: 
The methodology of life cycle assessment used in this project was based on ISO 14040 

(Anon 2006a) and ISO 14044 (Anon 2006b) with detailed specification according to EN15084 

(Anon 2014), that can be used as product category rules for construction products. For detailed 

evaluation of environmental impacts, not only were impact categories required in EN 15804 was 

calculated, but additional impact categories based on USETox (Henderson et al. 2011) and 

ReCiPe (Goedkoop & and coll 2009) were calculated as well. 

The aim of the Life Cycle Assessment based comparison of the panelling compared to the 

Ray 2 design concept was to evaluate environmental burdens and/or benefits of having the 

panelling made of solid wood and or plywood. The functional unit chosen was one square meter 

of panelling possessing its fully-functioning ability for a reference lifetime of 20 years. In this study, 

the Life Cycle Assessment was principally performed on the production of panelling, its application 

including repair, and finally on waste management and energy utilisation of used wooden parts. 

Used system boundaries include wood production and atmospheric CO2 utilisation and 

incorporation into wood biomass, panelling production, transportation, production of the ancillary 

materials and energy carriers, consumption of fuel and water, as well as atmospheric, aquatic, 

and soil pollution produced. The end-of-life phase of the panelling Ray 2 concept was modelled 

as in solid wood and/or plywood-contained energy recovery and its use for avoiding emission 

related to the production of the same amount of thermal energy.  

LCA methodology was used to calculate the possible environmental interventions 

(inventory profile) and characterisation profiles (results of impact category indicators) (Koci & 

Trecakova 2011). The pollution from diesel consumption and electric production, as well as the 

relevant processes dealing with polyurethane glue, were derived from use of the GaBi 6 

Professional database (thinkstep). 

 

3. Results and discussion 
Outputs of inventory analysis are summarized for following modules of life cycle: upstream

 module; transport; core module; energy recovery and end of life (EoL) module. Within 

upstream module all processes dealing with production of materials and energy carriers are 

included. Transport module covers production of during transport consumed fuels and emissions 

dealing with transport within all life cycle. In core module in site manual production of Ray2 panels 

and its estimated repair during 20 years of use. EoL summarizes inputs and outputs within waste 
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management and Energy recovery demonstrate potential benefits of use of wooden parts as biotic 

fuel during end of life of panels. 

Solid wood Ray2 needs a lower amount of all consumed resources and, in the case of the 

energy-carrying resources and water, avoids consumption of a higher amount of resources 

(expressed as numbers below zero). The main resource consumption is due upstream module 

and end of life module. Although during the core module there is principal consuming of Pine 

and/or False Accacia wood as a biotic resource. 

The assessment of possible environmental impacts was conducted using CML IA. USETox 

characterization was used for evaluating toxic and ecotoxic impacts of both scenarios. The 

ReCiPe characterization method was used for sensitivity analysis.  

Similarly as in the evaluation of resource consumption results in impact categories due to 

the energy recovery of end-of-life wood and plywood express negative values, meaning the 

positive effect on the environment- so called avoided emissions/impacts. As the values decrease, 

the amount of avoided emissions rises. It seems that both of the products would be truly 

sustainable as the environmental impact of wood and wood products in general seems to be lower 

than other materials used in the building industry. This has been also concluded by a literary study 

comparing the results for cca. twenty years in Europe, Northern America and Australia by Werner 

and Richter (Werner & Richter 2007).  The LCA results argue for the use of solid wood with 

negative values in most of the categories. Therefore it seems that solid wood is more suitable for 

Ray 2 product for Czech Republic. 

 

4 Conclusions 
 The experience of vernacular carpenters, accumulated throughout generations, has been 

overlooked during modern times and must be revisited through ‘Research by Design’ in 

transdisciplinary teams by samples observations and the construction of prototypes in 1:1 scale. 

The Life Cycle Assessment of wood and plywood panelling clearly demonstrated that solid wood-

based panelling of Ray2 exhibits substantially lower environmental impacts than plywood, having 

lower results in almost all the values for the Czech Republic. This statement is valid for all applied 

impact categories and is not sensitive to the selection of impact assessment methodology.  

Therefore, research on performative wood should also consider the direction of solid wood.  

 From the designer’s perspective, it is an important fact that Life Cycle Assessment is 

utilizing the most up-to-date data even for the calculations of the future and not the speculations 

of its possibilities. In this way, the system avoids failures of predictions in development, but on 

the other hand, it is unable to be precise in its life cycle nor accurate in the evaluation. 

 

References 
Anon, 2014. EN 15804:2014 Sustainability of construction works – Environmental product declarations 

– Core rules for the product category of construction products, 

Anon, 2006a. ISO 14040:2006(en), Environmental management — Life cycle assessment — Principles 

and framework, Available at: https://www.iso.org/obp/ui/#iso:std:iso:14040:ed-2:v1:en [Accessed April 3, 

2016]. 

82 

 



Choosing the Material for Environment Responsive Screen Ray: The LCA 
Comparison 

 
Anon, 2006b. ISO 14044:2006 Environmental management - Life cycle assessment - Requirements and 

guidelines, Available at: http://www.standardsbis.in/Gemini/scoperef/SRIO14044.pdf [Accessed April 3, 

2016]. 

Berger, J. et al., 2015. Factors governing the development of moisture disorders for integration into 

building performance simulation. Journal of Building Engineering, 3, pp.1–15. Available at: 

http://www.sciencedirect.com/science/article/pii/S2352710215000212 [Accessed April 3, 2016]. 

CZU, 2016. Faculty of Forestry and Life Sciences, Czech University of Life Sciences in Prague. CZU. 

Available at: http://www.fld.czu.cz/en/ [Accessed March 29, 2016]. 

Davidová, M., 2014. Wood’s Material Performance: Ray2. In Wooden architecture, tradition, heritage, 

present, future – Proceedings1. Gdansk: Wydział Architektury Politechniki Gdańskiej za zgodą Dziekana, 

pp. 93–99. 

Dřevostavitel, 2015. Hmotnost dřeva. Dřevostavitel. Available at: 

http://www.drevostavitel.cz/nastroj/hmotnost-dreva [Accessed April 3, 2015]. 

Eštoková, A. & Porhinčák, M., 2012. Reduction of primary energy and CO2 emissions through selection 

and environmental evaluation of building materials. Theoretical Foundations of Chemical Engineering, 46(6), 

pp.704–712. Available at: http://link.springer.com/10.1134/S0040579512060085 [Accessed April 3, 2016]. 

Gaudreault, C. et al., 2012. Life cycle greenhouse gases and non-renewable energy benefits of kraft 

black liquor recovery. Biomass and Bioenergy, 46, pp.683–692. Available at: 

http://www.sciencedirect.com/science/article/pii/S0961953412002693 [Accessed April 3, 2016]. 

Goedkoop, M. & and coll, 2009. ReCiPe 2008: A life cycle impact assessment method which comprises 

harmonised category indicators at the midpoint and the endpoint level., Netherlands. Available at: 

http://www.leidenuniv.nl/cml/ssp/publications/recipe_characterisation.pdf [Accessed April 3, 2016]. 

Haugen, L.T., 2010. Shaping Wood. Oslo School of Architecture and Design. 

Heijungs, R. et al., 1992. Environmental Life Cycle Assessment of Products, Guide and Backgrounds, 

Henderson, A.D. et al., 2011. USEtox fate and ecotoxicity factors for comparative assessment of toxic 

emissions in life cycle analysis: sensitivity to key chemical properties. The International Journal of Life Cycle 

Assessment, 16(8), pp.701–709. Available at: http://link.springer.com/10.1007/s11367-011-0294-6 

[Accessed April 3, 2016]. 

Hensel, M. & Menges, A., 2006. Morpho-ecologies, London: AA Publications. Available at: 

https://scholar.google.com/scholar?q=intitle:Morpho-

Ecologies&hl=en&as_sdt=0,5&scilu=8198627336292636716:1&scisig=AMstHGQAAAAAVwDefIU6mMt6t

Bv0rn_ok0Y5t_y7BUaC&gmla=AJsN-

F4hr4Nv6mVgFNEJeVlcMZgKSueIvN3KPuILWN3ekEi2xc7VAidixHpcL6934x_8pPyQCTYefp3QwKFc92K

T0j_ [Accessed April 3, 2016]. 

Holstov, A. et al., 2015. Thowards Sustainable Adaptive Building Skins with Embedded Hygromorphic 

Responsiveness. In O. Englhardt, ed. Proceedings of the International Conference on Building Envelope 

Design and Technology - Advanced Building Skins. Graz: Institute of Building Construction, Graz University 

of Technology, pp. 57–67. Available at: http://lamp.tugraz.at/~karl/verlagspdf/advanced-building-skins.pdf. 

Knight, E., 1961. The Causes of Warp in Lumber Seasoning, Oregon. 

Koci, V. & Trecakova, T., 2011. Mixed municipal waste management in the Czech Republic from the 

point of view of the LCA method. The International Journal of Life Cycle Assessment, 16(2), pp.113–124. 

Available at: http://link.springer.com/10.1007/s11367-011-0251-4 [Accessed April 3, 2016]. 

Larsen, K.E. & Marstein, N., 2000. Conservation of Historic Timber Structures: An Ecological Approach, 

Oxford: Reed Educational and Professional Publishing Ltd. 

83 

 



Marie Davidová, Vladimír Kočí 

 
Pawelzik, P. et al., 2013. Critical aspects in the life cycle assessment (LCA) of bio-based materials – 

Reviewing methodologies and deriving recommendations. Resources, Conservation and Recycling, 73, 

pp.211–228. Available at: http://www.sciencedirect.com/science/article/pii/S0921344913000359 [Accessed 

February 29, 2016]. 

Slovak University of Agriculture in Nitra, 2016. Horticulture and Landscape Engineering Faculty, Slovak 

University of Agriculture in Nitra. Available at: http://ww.uniag.sk/en/horticulture-and-landscape-engineering-

faculty/ [Accessed April 3, 2016]. 

Werner, F. & Richter, K., 2007. Wooden building products in comparative LCA. The International Journal 

of Life Cycle Assessment, 12(7), pp.470–479. Available at: 

http://www.springerlink.com/index/10.1065/lca2007.04.317 [Accessed March 17, 2016]. 

Wójcik, M. & Strumillo, J., 2014. BackToBack - A bio-cybernetic approach to production of solid timber 

components. In E. M. Thompson, ed. Fusion - Proceedings of the 32nd eCAADe Conference - Volume 2. 

Newcastle upon Tyne: Department of Architecture and Built Environment, Faculty of Engineering and 

Environment, Newcastle upon Tyne, pp. 159–168. Available at: http://cumincad.scix.net/cgi-

bin/works/Show?_id=ecaade2014_140&sort=DEFAULT&search=W%f3jcik&hits=2 [Accessed April 3, 

2016]. 

Zabalza Bribián, I., Aranda Usón, A. & Scarpellini, S., 2009. Life cycle assessment in buildings: State-

of-the-art and simplified LCA methodology as a complement for building certification. Building and 

Environment, 44(12), pp.2510–2520. Available at: 

http://www.sciencedirect.com/science/article/pii/S0360132309001188 [Accessed July 16, 2014].

84 

 



 

Experimental Rooms: Integration of parametric tools for designing spaces. 
Structure, light and sound. 

 Magic Spheres 
Kevin Moreno Gata Ernesto Echeverría Valiente 
Universidad de Alcalá Universidad de Alcalá 

Alcalá de Henares, Spain Madrid, Spain 

Kevin.morenogata@gmail.com Ernesto.echeverria@uah.es 

 

Abstract: The progress in architecture design has always been connected to the contemporary 

technology innovation. This new techniques have been associated to every scale and elements 

that compound an architectural design. Nowadays, computer-aided technology, besides the 

advantages on display, computer graphics and artificial experimentation with architecture, also 

allows us to create structures and elements that would be very laborious and sometimes 

impossible to carry out without them. These methods accelerate the designing process by 

connecting the parameters that compose them, in a way that, if we modify them, we will not have 

to redo the initial design. In addition, these parameters are able to store information, transform it, 

and produce graphic variations.  

The Experimental Room is a real architectural space, where the user can interact to transform 

the environment. The subject to present for the congress deals with the research and exposition 

of a project which seeks for the complete integration of all the parametric processes. The purpose 

of this project is to prove that, thanks to the architectural space parametrization we can assign 

real and virtual variations to modify his entity. 

 

Keywords: Parametric Design; 3d Printing; Programming; Interactive Architecture; Virtual 
Reality. 

 

1. Introduction 
Parametric structures not only allow us to configure spaces creating structures with 

mathematical developments, we can also build prototypes quickly using machining systems. It is 

also interesting include external factors as other design parameters, such as light, movement and 

sound, capable of being measured with digital tools and being participants in the design. 

For the design and production of the pavilion it has been used tools and open source 

software like Grasshopper, Firefly, Arduino©, Repetier-Host and 3D printers using prototyping 

system of RepRap printers. 

Currently "Experimental Rooms" is a research project that it is being conducted at 

Universidad de Alcalá, in the department of Graphical Representation, thanks to the scholarship 

program: “Introducción a la Investigación”. 
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2. Precedent 

Experimental Room belongs to the Magic Spheres series (Figure 1), proposals designed 

to be implanted in the cities by way of pavilions or temples of the new contemporary society where 

people could increase the relationship with architecture. 

 
Figure 1. Magic Spheres. Utopian Pavilion which integrates all parameters. 

However creating spaces for experimentation is closely related to the Expressionism of 

early 20th Century (Figure 1). Overlapping layers facades manages to create different optical 

illusions. These utopias are examples of experimental spaces whose function is also to be 

monumental and increase the perceptions with architecture. 

 
Figure 2. From Left to Right: Taut, B., 1914. Glass Pavilion, Cologne; Scharoun, H., 1920, Three Dimensional Glass 

House; Luckhardt, W., 1920. 

 

The Magic Spheres are compounded of self-built structure (Figure 3) that may vary with 

different panels witch cover the space: Textiles, translucent walls and LED screens. The latter 

are the most characteristic elements: the LEDs are mounted on a fine sub-structure, so that during 

the day, are turned off and it is possible to see through. In the evening, on the contrary, the 

pavilion lights and the user can experience a virtual environment of light and sound.  
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Figure 3. Structural composition of the proposed pavilion. 

3. Geometry 
The designed prototype is a sculpture 1:5 scaled of the original designed pavilion as a lamp 

that illuminates the space where it is placed. 

The initial geometry is a Rhombic Triacontahedron, from the polyhedron family of Catalan 

Solids. Through a parametric design, based on its mathematical definition the structure is 

achieved. Tensioners are added in half rhombi to complete an isostatic structure. 

The sculpture is designed to be suspended from its apex hanged with a cable (Figure 4). 

The side panels correspond to vertical surfaces where lighting panels are incorporated. It is a 

digital skin. In a dark space we see this geometry, a temporary and intangible space. 

 
Figure 4. Final Structure 
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Figure 5. Building Process 

 

4. Fabrication process 
4.1 Structure design 

Taking the initial polyhedron the structure is designed totally parametrised. In addition an 

algorithm allows to vary the dimensions of all the pieces, due to production tools, like 3d printers 

or CNC milling machines, could have different resolution. Therefore it could be fabricated almost 

everywhere. 

4.2 Production. 
For the structure they have been used threaded steel rods, 3D printed joints in ABS plastic 

and nylon thread for tensioners. 

The joints seek optimization design with a minimum resolution that a 3d Open Source 

Printer could give (Figure 6). They are designed as rings which screw the steel rods, leaving 

enough space to adjust the length or to introduce another rods in complex positions (Figure 10). 

 
Figure 6. Printing Joints. 

4.3 LED Screen Panels. 
As an inner skin, 640 LEDs in 10 different panels (Figure 8) form the virtual space of the 

project. With a printed mould (Figure 7) the LEDs are placed for the correct position and welded 

with each other getting a small 8x8 matrix.  

 
Figure 7. Printed mould and LED matrix panel. 
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Figure 8. LED Panels 

 

5. Graphic simulation. 
According to a parametric design, these LED displays are set as another parameterized 

element that could be controlled in real time. These screens are connected to a micro-controller 

board (Arduino©). This open source tool can be controlled from his own programming software 

or with the same parametric design program: Grasshopper with Firefly. With them it can assign 

geometric parameters mixed with programming tools like C # script or VB.NET script. Additionally 

it is used a motion sensor (Xbox Kinect©), which enables to select geometric points of the human 

body. We can analyse that data to send information to Arduino and control the LED screens. On 

the other hand Firefly gives us the possibility to analyse other physical parameters such as sound 

or other movements using external tools. 

A typical visitor starts to move him inside. Immediately the motion sensor transmits the 

changing state of the visitor in real time to the micro-controller, which regulates the LED screen 

in accordance to its spatial position at every instant. The actuated movement causes the 

appearance of a motion-related light configuration (Figure 9).  

The actuation of such a relatively big structure and the intuitively understanding of its own 

dynamics, is joyful and satisfying. Finally, within the original concept, through this pixel screen the 

structure abstractly communicates with the visitor achieving a mimesis between people and 

architectural components, or between the individual and the city elements. 

 
Figure 9 
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6. Innovative applications. 
To end, using interactive skins allows architects to redesign spaces, add new applications 

and design virtual spaces to show information or project other realities such anamorphic effects. 

In addition, overlapping layers of graphic elements like digital skins changes the perception of 

living space producing immaterial effects through programming and creating walls where there 

are not. 
 

 
Figure 10. Detail of Joint 2. Tensioners tied in the knot and LED panels hanging from the structure. The cables are 

attached to the structure toward the apex. 

 

 
Figure 11. Motion sensor controlling the display. 
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Figure 12. 

 
Figure 13. 

 

7. Energy Saving. 
 On the other hand, with the acquired knowledge of parametric tools, it is complementing 

another research project in collaboration with Universidad de Alcalá de Henares and financed by 

the “Ministerio de Economia y Competitividad”: ENE 2013-48015-C3-2-R, “Integrated energy 

optimization systems and CO2 reduction: BIM Technologies, Indoor Mapping, UAV and energy 

simulation tools.”, in which design strategies seek to find constructive solutions for energy savings 

in existing buildings.  
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Abstract: In a field where conventional 2D drawings, sketches, and maps have been the norm, 

immersive VR technology can have a profound effect for architectural historians. Software, such 

as SketchUp, with little budget requirement and gentle learning curve has been an invaluable 

digital asset in creating 3D models, however, a combination of 2D and 3D with VR technology 

could prove to be the next frontier for architectural history research. With practically zero 

implementation costs and an immediate global network for real-time smartphone based 

collaboration, the future of the architectural past is the present.  

 

Keeping this in mind, the aim of this paper is to discuss the impact of newly accessible low-budget 

VR tools on the work of architectural historians. The results showed that analysis and research 

for architectural historians can be streamlined by quickly developing a site-wide VR environment. 

Individual buildings can be compared with their surrounding terrain, contrasted with similar 

structures from other sites and with old illustrations of archaeologists. Groups of buildings can be 

checked for alignment and, where less archaeological remains are available, the VR view can 

hint towards filling-in the gaps.  

 

Keywords: 3D Digital Reconstruction; Low-Budget Tools; Virtual Reality. 
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1. Introduction 

Architectural historians have used 3D digital documentation and reconstruction of sites and 

buildings since the introduction of information technology. More 3D data came into play with digital 

documentation tools such as laser scanners, photogrammetric models and total station. Easy-to-

use 3D modelling applications have brought digitally reconstructed sites and buildings to the 

service of archaeologists. However, standard 2D orthographic projection drawings are still the 

norm, with plans, sections and elevations often coupled with hand-sketched illustrations to create 

3D depictions in 2D format. Similarly, 3D models help historians advance their analysis, visualise 

historical scenes, and convey this information to the public. The Romelab Project, for example, 

uses hypothetical reconstructions within the Unity gaming platform to test the validity of competing 

reconstructions, and to challenge assumptions about how these spaces and places were used in 

Imperial Rome (Johanson 2009). The virtual reality (VR) experience, by means of immersion in 

3D virtual space, is used in computer simulations for serious games. Kateros et al (2015), for 

example, present digital curations of heritage sites through VR experiences of serious game 

platforms in 3D digital reconstructions of the Roman Agora in Thessaloniki and the site of Knossos 

in Greece. Besides questioning the serious game platform, for non-entertainment purposes, they 

present 3D content creation pipelines showing how information technology is playing an active 

role in analysis for archaeologists. Until now however, there has not been a VR system capable 

of layering 3D depictions of ancient buildings with 3D models of existing conditions, overlapped 

and aligned with actual reconstructions of the scene.  

A VR platform for overlapping archaeological and historical hand-drawn building 

reconstructions with new 3D digital reconstruction models can act as an analysis tool for the 

historians through VR. The fundamental idea is the design and implementation of a web-based 

collaborative platform for architectural historians through VR experience. The prototype that we 

developed allows historians to experience 3D reconstructions of ancient sites through the VR 

glass, to analyse and interpret their archaeological research of the site, while aiding research on 

similar buildings. They will also have the ability to share scenes constructed using 3D models to 

communicate their interpretations and to collaborate with other colleagues. 

Presented in this paper is the initial stage of the Digital Teos project, an interdisciplinary 

research investigating and digitally animating the Teos excavation area. One of the more 

important cities of Ionia, the ancient city of Teos contains all the occupation levels from the Roman 

Period back to the Protogeometric Period. The temple of Dionysos, along with the bouleuterion, 

theatre, cistern and the south harbour, are the main focus of the archaeological research, as 

directed by Prof. Dr. Musa Kadioglu. The procedure begins with the translation of existing 

excavation data into virtual environments, whereby the archaeological area and buildings are 

modelled and presented through digital techniques. This is a preparation for manipulation within 

a serious gaming environment, as well as a digital support for on-going archaeological work. The 

digital techniques employed will enable a faster and more accurate documentation process. 

Following this approach, this project aims to create a digital resource of archaeological, 
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architectural, and cultural value that can actively contribute to the body of archaeological research 

for the general region. 

 

2. Objectives 
The aim of the work is to gain an insight into the impact of newly accessible low-budget VR 

tools on the work of architectural historians. To achieve this, we designed and coded a prototype 

web-based collaborative platform that archaeologists can use to communicate directly with digital 

modellers. The objective is for architectural historians to subsequently use these 3D models as 

interpretative tools. The first goal is to determine the research pipeline for construction of 3D 

digital models of the ancient architecture based on grammar and rules. The second goal is to 

design a collaborative VR platform where users combine reconstructed models for comparison 

with ancient archaeological illustrations and 3D photorealistic models. Based on orthographic 

drawings of the visible architectural remains, digital documentation of invisible parts underground, 

and illustrations by the archaeologists, rules and grammar (procedures) are determined to classify 

and reconstruct the architectural elements. Once converted into procedural units, the buildings 

are modelled using SketchUp. Reconstructed models are imported into the Unity gaming platform 

in low-polygon format and used in a VR application developed with the Unity game engine and 

Google Cardboard. The goal of this application is to enable historians to communicate and 

collaborate using digital 3D models of historic buildings and artefacts by quickly creating scenes 

of sites, structures or artefacts, and sharing them with each other and collaborating through 

incremental edits. Furthermore, existing pictures of the scene can be used as reference for 

camera placement. Such factors will allow this tool to dramatically improve the workflow of 

architectural historians, all while using an affordable technology.  

 

3. Literature Review 
3.1 Representation and reconstruction of space in 2D 

Representation of space by mathematical rules of perspective is credited to Brunelleschi 

in the 15th century, for conducting a mathematical study of the laws underlying linear perspective, 

but Alberti was the first person to do so in writing for use by artists in his treatise on paintings. 

The problem of representing the real 3D world in 2D has engaged architects for centuries. In the 

15th century, Dürer published a treatise on measurement, which included a series of illustrations 

of drawing frames and perspective machine (Wood 2002). The combined effort was to find a 

method of graphically representing an object as it appears to the eye by suggesting three 

dimensions. 
The effort involved in depicting the real 3D world is further systematized in several technical 

drawing standards in archaeology. In their technical guide on archaeological illustration, Adkins 

and Adkins (1989) underline the techniques of depicting the existing condition of archaeological 

remains. However, a valuable source for architectural historians is the hand-sketched 

reconstructions of monuments that allow better appreciation and understanding. Reconstructions 
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create buildings and other features of archaeological sites from fragmentary remains. They are 

not exact reproductions of the buildings, but a picture of what is in the archaeologist imagines.  

 

3.2 Image-based reconstruction in 3D 
In recent years, several affordable close-range photogrammetric software packages have 

become available as applications with computer vision algorithms. These offer low-cost and easy-

to-use 3D capture solutions for architectural historians. Together with a camera mounted on a 

drone or directly hand-held, this system can easily capture image data of the ancient remains 

from various angles. These image-based systems substitute for expensive range-based systems 

such as laser scanning (Kersten and Lindstaedt 2012). The digital documentation technique used 

in the Teos archaeological excavation is one of these image-based techniques known as 

Structure from Motion (SfM). SfM refers to the process of estimating 3D structure from a sequence 

of 2D images. The algorithm works from the perspective of the human eye and captures the real 

world 3D structure from 2D images of a moving object or scene. SfM algorithms make it possible 

to generate 3D digital models from methodically taken 2D photographs (Verhoeven 2011). This 

method may be briefly summarised as 3D scanning by photography. 

From several SfM options, the Teos team chose Agisoft PhotoScan, low-cost commercial 

3D reconstruction software with high automation. The software, with no pre-survey calibration or 

post-survey manual feature selection, estimates the camera locations. Once the photographs are 

aligned, the software automatically creates a point cloud model. Once the surface is ready, the 

program generates surface texture from the photograph set and applies it to the mesh model. The 

resulting highly detailed models are accurate photorealistic 3D representations of the sites and 

buildings. 

 

3.3 CAD-based reconstruction in 3D 
Digital reconstruction is a broad term for the computer techniques used in creating 3D 

models from simple sets of rules to produce scenes in the virtual world. Modelling for heritage 

purposes requires the construction of accurate geometry respecting and referring to the historical 

context. The measurement and survey techniques of archaeological excavations need to be 

respected to create accurate models. This is the traditional approach and the most common 

method, particularly for architectural elements of simple geometries. These model types are 

generally created from drawings or measurements and 2D orthogonal projections to build solids. 

Using CAD software, parts of the models can be arranged in separate layers containing different 

types of elements.  
From several 3D modelling options, we chose SketchUp, a freeware version 3D modelling 

software with gentle learning curve. The software provides drawing layout functionality, allows 

surface rendering in variable styles, supports third-party plugin programs from a site called 

Extension warehouse, and supports placement of its models within Google Earth. Using 3D 

warehouse, users can create, display and share models. These models are easily uploaded to 
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Google Earth, a geographic information system of a global 3D model platform (Manferdini and 

Remondino, 2012).  

 

3.4 Virtual reality (VR) 
On computer screens, the senses are mostly limited to visual and audible experience. 

Interaction is bound to devices, such as the mouse and keyboard. However, with readily available 

virtual reality (VR) hardware and software, it is possible to change the quality and quantity of 

interaction with the virtual environment. Since its inception, the possibilities of VR have explored 

many fields and have created a particular niche in the development of training environments for 

such as flight simulation. After an initial period of popularity, the use of VR was limited by expense 

until smartphone technology and inexpensive head-mounted displays, such as Google 

Cardboard, produced an explosion in both use and application. This low-cost device provides the 

end-user with an immersive experience from a smartphone screen, placed close to the eye, by 

deluding the senses into the belief of 3D space (Varinlioglu 2016). Pre-existing smartphone 

functions, namely inertial motion sensors, enhance the feeling of reality by allowing subtle 

movements to control the experience. 

In a field where conventional 2D drawings have been the norm, seamless VR technology 

can have a profound effect on architectural historians. A combination of 2D and 3D with VR 

technology is proving to be the next frontier for research, teaching, and dissemination. Video 

game based VR application technologies can be used as both interpretation tools for historians, 

and as a more immersive interactive fluid environment for the user (Bruno et al. 2010). This study 

shows that as 3D modelling becomes increasingly automated and accessible, we will soon see a 

more interactive experience for architectural historians with the addition of easily accessible low-

budget VR tools. For its part, Google Cardboard has proven worthy in enhancing the spectrum of 

understanding for archaeologists, both on-site and beyond. 

3.5 Unity game engine 

The Unity game engine is a convenient tool for developing VR software (Kateros et al 

2015), as a beginner-friendly and a powerful game engine. As such, it has a great user community 

and is very popular among game developers. Its Asset Store contains numerous resources that 

can be used to develop games quickly. In addition to video games, Unity is a very popular VR 

development tool, being the only development environment that all three major VR technologies 

support i.e. Cardboard, Oculus and Vive. Furthermore, the PlayMaker Unity extension enables 

non-programmers to develop games and VR content visually. For architectural historians to use 

VR in ways that are not permitted by existing software, the Unity game engine can be used to 

create custom VR applications that serve their needs. In this paper we introduce an application 

that enables visual communication and collaboration of 3D scenes in VR.  

4. Research design  
As part of our 3D digital modelling workshop, a group of first year architecture students 

were briefed on the Teos archaeological survey site and received pertinent archaeological data 
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including drawings, hand-sketched reconstructions of the buildings, and aerial photographs. To 

create an understanding of geometry and to equip them with a means of modelling, the students 

were given an intensive introduction to the 3D modelling software SketchUp. SketchUp was 

chosen because of its learning curve, covering limited but broad aspects from rendering to 

animation capabilities. The student groups worked on the theatre, bouleuterion, cistern and the 

Dionysos temple respectively. After adding the texture, geo-referenced basic terrain models and 

animations, with eye-level camera angles, were presented to the archaeological team for critics 

(Figure 1).  

 
Figure 1: The research pipeline 

These initial models allowed us to communicate with architectural historians in the 3D 

format. Through the 3D reconstruction models of the site and buildings, historians experienced 

an initial human scale eye-level interaction. Photorealistic models were subsequently imported in 

the VR scene to compare reconstructions with the actual state of the archaeological remains. This 

interaction helped modellers to develop and refine the archaeological details of the models. 

 
Figure 2: Aligning the Temple reconstruction drawing with its 3D model 

To align the camera using a screen-space constraint, the user first places the in-world 

alignment widget by interactively setting its transformation matrix 𝑀𝑀𝑤𝑤. Then, they place the 

corresponding screen-space widget, which is a copy of the first widget that is placed in the 

camera’s ever changing coordinate frame as 𝑀𝑀𝑐𝑐𝑀𝑀𝑠𝑠. The goal is to find the camera transformation 
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𝑀𝑀𝑐𝑐 that aligns the two widgets. This requires a matrix inversion operation as shown in the second 

equation below. 

𝑀𝑀𝑤𝑤 = 𝑀𝑀𝑐𝑐𝑀𝑀𝑠𝑠 

𝑀𝑀𝑐𝑐 = 𝑀𝑀𝑤𝑤𝑀𝑀𝑠𝑠
−1 

As a final step, prior to further development, the prepared models were experienced 

through the Google cardboard apparatus. The effect of this rather simple manual process was 

appreciated greatly, causing much excitement within the group and bringing new suggestions for 

the future of VR within the field of the architectural historian. In the application that was developed 

specifically for this project, users interact with the 3D models by using head motions and the single 

button on the cardboard VR set. The application allows users to manipulate the 3D models by 

creating copies, moving them horizontally and vertically or by rotating them as pan and tilt and 

also by scaling them, using only this single button and head motions. On the VR screen, an in-

world widget was used with a screen-space counterpart for easy camera positioning that uses 

existing illustrations or photographs as a guide (Figure 2).  

 

5. Results 

The results showed that analysis and research for architectural historians can be 

streamlined by quickly developing a site-wide VR environment. Individual buildings can be 

compared with their surrounding terrain and contrasted with similar structures from other sites. 

Groups of buildings can be checked for alignment and, where less archaeological remains are 

available, the VR view can hint towards filling-in the gaps. 

 

6. Conclusion 

In conclusion, although the benefits of 3D modelling are beyond doubt for site-work, 

research and dissemination, the prior expense of VR and modelling had placed them out of reach 

for most architectural historians. Through the use of simple equipment and software, what would 

normally be considered a complex computational project, was in fact achieved without 

computation. Additionally, with the application of advanced computational parametric modelling 

tools (procedural modelling), it is further possible that these manually produced models could be 

automated and parameterized, as with a BIM system, such that the models would be created 

automatically. Such streamlining, coupled with simple and effective VR systems, can have a 

positive impact on the work of architectural historians.  
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Abstract: How might the design fields critically and playfully approach the question of 

customization? While user-driven customization experiences are becoming increasingly 

commonplace, barriers to their mainstream adoption remain, as well as critical questions 

surrounding the aesthetics and politics of their implementation. This paper is premised on the 

idea that re-imagining design processes as highly inclusive of, and partially directed by, users, 

has the potential to enable practitioners in architecture and product design to build on and help 

shape a growing movement toward collaborative creation. It documents a series of concepts and 

a prototype for a novel design workflow enabled by playful multi-modal “interactors” linked to 

materially-informed parametric descriptions which can be produced physically through digital 

fabrication methods. Through playful interactions combining visual and tactile feedback we show 

how the prototypes stoke the imagination of designers and users, and offer opportunities for 

design pedagogy, research and practice. Tapping into the spirit of play, the concepts and 

prototype suggest new avenues for designers and users to collaborate in the creation of 

architectural spaces and products.  

 

Keywords: Mass-customization, interaction, multi-modal, collaboration. 

 
1. Introduction 

This paper reports on the development and evaluation of three concepts of multi-modal 

interaction for the design of chairs, one of which is prototyped and evaluated. Chair design was 

chosen as a testing arena because chairs’ functions, determined in part by their interaction with 

the human body, offer both constraints and opportunities for formal exploration. Further, 

considering architects’ long-standing fascination with chair design, chairs offer practical 

advantages as well as important cultural associations for an experimental reflection on re-

distributing authorial agency in design. 

The paper first situates these efforts within an expanding landscape of user-participation 

through precedents from architecture, computational, and interaction design. It then presents the 

concepts and prototype, and documents how users engage the final system to produce different 

designs. The prototype detects user’s design input through a tangible interface we call “interactor,” 
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which, through sensors and open source electronics, “drives” a digital parametric model of a chair 

and produces information for production. We interpret the resulting engagements, which reveal 

traces of both the hand of the system’s designer, and the user, as illustrations of how agency in 

design processes might be redistributed along digital and social actors. By leveraging 

computational tools to bring together a combination of playful physical and virtual interactions, we 

show a possible route to playful collaborative design processes. 

 

2. Background & related work 
Mass produced goods have historically relied on standardization to be manufactured 

economically at scale. This was famously illustrated by Henry Ford when he said of his Model T 

that, “a customer can have his car painted any color he wants as long as it’s black”. However, 

advocates of “mass-customization” point at recent advances technology as enablers of a new era 

of highly personalized manufacturing (Woodward 2005, Gershenfeld 2007). The convergence of 

this new capacity and feverish appetite presents us with both an opportunity and a cultural-

historical problem (Turner 2013).  

 The fields of architecture and product design have embraced the question of 

customization, albeit from different perspectives. Architects concerned with customization have 

explored the systematization and automation of the architect-client engagement as a way to de-

stabilize conventional hierarchies and “democratize” design. Illustrating this view, early work by 

Nicholas Negroponte (1970) speculated about computational tools capable of replacing the roles 

of architects and planners in the production of the built environment. Negroponte sought to disrupt 

what he, along with others at the time, conceived as a rigid and outmoded dynamic between 

designers and users —for critical and historical perspectives on these projects see (Cardoso 

Llach 2011 and 2015; Scott 2015; Steenson 2014). 

Product designers have also sought to expand users’ influence in design, albeit under the 

premise of expanding market footprints among increasingly technologically literate consumer 

bases. This is illustrated by examples such as Motorola’s MotoMaker (2013) and Adida’s 

FutureCraft project (2015). However, as Tim Crayton notes, “considering it’s huge significance, 

there has been little consideration of the implications [of mass customization] for design” (Crayton 

2001). This lack of concern may in part be elicited by a perceived risk of commoditizing design 

professions —a contemporary issue in the field of architecture.  

Recent projects in the fields of product and interaction design offer insight into this growing 

landscape of possibilities. “Sketch chair” was developed by Greg Saul (2011) as a CAD like 

interface, allowed novice users to doodle a chair and apply simulation to test its functionality. 

Sean Follmer, Daniel Leithinger, Alex Olwal, Nadia Cheng, and Hiroshi Ishii (2014) created MIT’s 

Jamming User Interface, a tactile display technology, reminiscent of the speculative interface 

presented by Ivan Sutherland (1965) in The Ultimate Display, which enabled users to receive 

tactile feedback directly from a pneumatically enhanced display. Interactive Fabrication, a series 

of conceptual prototypes created by Karl D.D. Willis, Cheng Xu, Kuan-Ju Wu, Golan Levin, and 

Mark D Gross present a series of speculative interfaces which enable a more direct connection 
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of creators to mechanisms of fabrication. Other projects explore related aspects of tangible 

interaction design, (Llamas, Kim, Gargus, Rossignac, and Shaw 2003; Sheng, Balakrishnan, and 

Singh 2006; and Smith, Thomas, and Piekarski 2008). These projects, like the work in this paper, 

explore new interfaces and interactions to mediate the relationship between designers and users, 

as well as people and machines. 

 

3. Hypothesis 
Hybrid interfaces, which employ multimodal interactions combining different sensorial 

inputs, may promote playful user engagement in collaborative creation processes —especially 

when these users have mixed backgrounds and skill levels. 

 

4. Methods 
Three interface concepts were developed, and one was prototyped and evaluated. The 

concepts and prototypes were produced by the first author in the context of an architecture 

undergraduate thesis at Carnegie Mellon advised chiefly by the second author. A broader group 

of advisors, collaborators and enablers is credited in the Acknowledgments section. Along two 

semesters, the concept evolved from an initial interest in automation in design systems toward 

human-machine collaboration, informed by a reflective approach to the question of technological 

agency in design and architecture. Inquiry methods included precedent analysis, analytical 

writing, diagramming and prototyping through simulations and open-source electronics. 

 

4.1 Concept 1: Projection 
The first of these explorations was a concept for a projection-based interface employing 

computer vision methods to passively detect user measurements and proportions, as well as user 

specified manipulations (fig. 1). Here users would interact physically with fiducial artifacts 

controlling a digital “skeleton” of a chair in one planar view at a time. The flat projections would 

then be meshed to create the final 3D form. This concept was developed through a series of 

sketches, renderings and use-case scenarios, but was not prototyped. While promising, the 

system seemed limiting as an interface for design due to the low legibility of the final form —which 

was visible only through planar sections—, the lack of engagement with the materiality of the final 

chair, and the relatively reduced “design space” resulting from the limited range of manipulations 

enabled by the interface itself. 

Figure 1. Illustration of projection interaction.  
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4.2 Concept 2: Proxy 

A second interface concept was an articulated, instrumented, armature. This malleable 

structure would allow users to directly create and observe deformations in a physical artifact 

(linked through sensors to a digital model) while other manipulations such as color, material or 

finish could be visualized on the accompanying digital representation. This concept was 

developed specifically to produce a higher degree of legibility for users of the final form at all 

times, as well as a more direct physical engagement with the manipulated geometry. 

Unfortunately this concept resulted in an increased degree of determinism in the resulting 

outcomes. This was due to the lack of flexibility presented by the fixed armature and the coupling 

of specific interactions to specific locations on the physical armature. Consequently the high 

degree of complexity of this concept did not seem well justified by the limited creative potential of 

the tool. This concept did not evolve past initial small scale prototypes (fig. 2). 

Figure 2. Test rig for proxy tool (left) and accompanying digital visualization (right).  

 

4.3 Concept 3: Interactors 
 The third and final concept sought to expand the design space for users by creating a 

new series of interactors capable of driving the geometry of the chairs in various directions and 

across various axes, and at a number of scales —from chair parts or assemblies of parts, to the 

entire chair. These interactors, a press and a bend interactor (fig. 3), work by mapping user 

interactions onto a virtual model in Rhino3D, through Firefly and Grasshopper. They were 

developed in a series of iterations, which employed a number of pressure and flex sensors, 

arrayed in grids and embedded within silicone castings, beginning with a single sensor in each 

and adding additional sensors in subsequent iteration 

Figure 3.Version 1 Bend interactor (left), version 1 Press interactor (right).  
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The interactors were captivating, easily learned, and powerful in their ability to enable users 

with no 3D modeling knowledge to quickly create basic formal manipulations. That said, because 

the first iteration of  the interactions had only a single, simple sensor to interpret the user’s input, 

they were limited in their ability to understand more nuanced or intricate manipulations. To enable 

more sophisticated interactions —such as twisting and torquing in the case of the bend interactor 

and surface deformations with more than a single control point in the case of the press 

interactor— more complex sensor networks needed to be developed (fig. 4). Redesigning the 

interactor geometry enabled a greater density of sensors to be employed, which in turn, enabled 

more complex interactions between the user and tools. These prototypes were then tested and a 

range of different outcomes were produced by users with limited training (fig. 5). 

 
Figure 4. Exploded diagrams of press interactor (left) and bend interaction (right) showing inclusion and placement of 

sensors. 

 
Figure 5. Images of user generated outcomes from both press interactions (right) and bend interactors (left).  

105 

 



Andrew Viny, Daniel Cardoso Llach 

 
5. Initial results and next steps 

While initial tests showed that these simple sensors were robust and offered a sufficient 

resolution for geometric manipulation, the software workflow seemed inefficient and increasingly 

slow as the complexity of manipulations increased. This delay did not become significant enough 

to create issues for test subjects, but does present a potential barrier for future development. With 

that said, these tests demonstrated that, users were successfully able to learn the interactions 

through use, and develop compelling results. The tests were not simply interesting in the 

outcomes they produced but also in the comments users made while engaging the prototypes. 

Users said things like: “this is so much fun!”, “I could play with this all day”, “I wonder what else I 

could make with this.” It is clear then that not only were these prototypes deemed to be usable by 

our test subjects but that they were also compelling to use, easily learned and un-intimidating to 

new users (fig. 6).  

 

 
Figure 6. Interacting with the final press interactor prototype at the CMU School of Architecture thesis exhibition. 

 

Although these results seem successful, future work needs to be done to explore new ways 

to deploy computationally generated simulation and feedback. These two tools could be 

extremely important in generating playful design interactions, and opening avenues of future work 

addressing, for example, the opportunities to design pedagogy when the focus shifts from 

designing one-off artifacts to designing open, interactive design systems. 
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Abstract: The following article aim to present results of a parametric study of a passive shading 

control system. The fundamental hypothesis supporting this system find its basis in the natural 

behaviour of the applied materials - Cork, as well as in its internal and external exchange of data 

and environmental inputs. Inspired by natural physical elements, the main target is to develop a 

parametric definition that is formally expressed and designed responding to determined 

environmental conditions, interacting with the temporary space and surrounding inhabitants. 
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1. Introduction 

Visiting the nineteen century, human constructions were composed by tick walls and small 

and narrow windows, enabling us to sustain the heat in the interior of the spaces during the winter, 

and protecting us from the intensive heat during the summer. Narrow windows helped us 

controlling the ventilation, minimizing/optimizing thermal behavior in the interior of the spaces 

according with uses and needs. In the twenty century, floor/ceiling walls with narrow steel frames, 

and the mass production possibilities engage the eternal contract between humans and artificial 

air ventilation in the interior of the buildings and structures. 

At this point architecture and design has been think and developed, by layers of 

complementary information. Fragmental pieces and different parts that sustain each other by 

addition such a succession of information data. Form, material and structure are expressed and 

worked as distinct components of the same body, working independently from each other. 

However in nature there is no such distinguish. There is no natural body or system, where 

structure is independent from material, or material working separately from form, or even form 

composed independent from structure. In nature, elements rise as homogeneous systems, with 

no distinguish between assemblies or parts. The same element is structure, form and material.  

 

1.1 Related work 
In the last decades several strategies and techniques were developed, tested and 

constructed to achieve passive control systems. Starting with mechanical resources, then 

introducing photovoltaic technology and more recently based on biological organisms. 

108 

 



Passive Shading System: Towards Parametric Definition and Virtual 
Simulation  

Probably, the first relevant example of shading control systems attached to building 

façades was the Los Angeles County Hall of Records (Figure 1 – Left) from 1962, designed by 

Richard Neutra and Robert Alexander. Designed to be energy efficient, the south façade of the 

building it’s totally covered with aluminium louvers. Originally made to turn with the angle of the 

sun throughout the day to allow more indirect light into the building. The system became 

inoperable few years after its construction. The expensive maintenance and ageing of the 

components of the system, have knock it off the mechanism and now all the louvers are locked 

in one fixed position. 

In 1987, Jean Nouvel start constructing the Institute de Monde Arabe in Paris ((Figure 1 – 

Right). Referring the south façade of the building, Sharp (1990) describe the composition of the 

façade as an ocular device composed by numerus and variously dimensioned metallic 

diaphragms that operate like camera lens controlling the sun penetration into the interior of the 

building. The mechanical sub-systems, are driven by photovoltaic cells instructors reacting by sun 

exposure, instructing the independent cells to shut during the sun day and to open after the 

sunset. This system is still functional, but the costs of its maintenance are still pointed as a trouble 

issue. Another important reference to this system are the short and narrow openings, only 

excused for the charismatic character that classifies the iconic building. 

 
Figure 1. Left: Los Angeles County Hall of Records, Los Angeles, 1962; Right:  e Institute de Munde Arabe, Paris, 1987. 

 

During the last decade, new strategies for design, new materials and technics have 

emerged, based on biological models and processes by which natural material forms are 

produced. The self-organization of biological material systems are dynamic processes that occurs 

over time and produces the capacity for inducing change in the order and structure of a system, 

modifying its behavior and performance (Kauffman, 1993). The fundamental idea of the passive 

systems, are in this context, observed in natural forms and organisms and interpreted as a 

continuous feedback between structural forces and forms, raising at this point pertinent questions 

and potentials to rethink architectural systems, processes and bodies.  

Bloom (Figure 2 – Left), designed by the Dosu Studio in 2012, it’s a passive shading system 

projected to response to a particular and characterize site, based on the performative behaviour 

of the materials. Bloom is a bimetal structure installation that reacts to heat, generating increasing 

or decreasing openings in a pattern, enabling the shading system to adapt to its environment. 

The system key generator factor, was the profound knowledge of the material, its behaviour 
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conditions, properties and characteristics, enabling a clearly development of the system 

behaviour and performance.  

Other iconic experience is the ‘Hygroskin - The Hygroscopic Envelop Prototype’ (Figure 2 

– Right) mobile pavilion based Achim Mengues, Oliver Krieg and Steffen Reichert. This building 

envelope makes use of the hygroscopic qualities of the wood (combined with fibres) to create a 

self-adjusted structure producing an open and close status, based on the relative humidity, silently 

and without electricity regulating light and air in its interior. More than finding architectural surfaces 

as solutions, Menges research group “form follows performance” strategy mixes appearance and 

organization of patterned skins and structures in nature, enabling to explore materials behaviors 

and effects - biomimetics and biomimicry (Kolarevic and Klinger, 2008).  

 
Figure 2. Left: Bloom, Los Angeles, 2012; Right: Hygroskin - The Hygroscopic Envelop Prototype, Stadtgarten Stuttgart 

/ FRAC Centre Orléans, 2013. 

 

2. Objectives 
2.1 Scope 

This paper presents an ongoing research that aims to develop a passive shading control 

system, using parametric methodologies based material and environmental knowledge and 

behaviour. The results are informed by design decisions based on material properties, 

environmental conditions and physical restriction factors and consequently we are interested in 

stablish a parameter-driven methodology design. 

 

2.2 Goal 
The main goal defined for this stage of investigation, was to explore through parametric 

design tools the potential, limits and boundaries of the cork material facing flexion and distortion. 

The final goal was to determine the bending and distortion material capacities, its limits and 

physical boundaries to inform the main parametric definition of the shading control system.  

 

3. Hypothesis 
The fundamental hypothesis supporting this investigation project is based on the cork 

microstructure geometry and its physical constitution. The idea is, based on the radial section of 

the cork – its geometric stylization and exploration, generate several geometric patterns, that 

when printed on the cork boards, will enable the boards to bend and distort in a range of limits 
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that will determine and inform de final form and structure of the shading system. The relevance 

of this step of the investigation will also determine the geometry type of the assembly of the 

system. 

 

4. Methodology 
4.1 Cork Microstructure 

At this stage it’s for us fundamental to study and understand the physical (formal and 

chemical) structure and composition of cork. Material properties are intimately related with 

material performance. Categorized as an anisotropic material, cork as three different sections, (a) 

two of them are structurally similar, tangential and transversal sections, are composed by a ‘brick’ 

wall composition organized in a 1/3 proportion; (b) and the radial section also called as the 

honeycomb section, composed by a hexagonal geometry. This physical/geometric organization 

of the cork microstructure inputs the flexibility and elasticity for what cork is well known. The 

chemical condition of cork is mainly composed with 15% of cell walls - composed by suberin, 

lignin and cellulose, and with 85% of pure gas. This chemical constitution of cork is the 

responsible for its material resistance and resilience, when facing compression and distortion.  

Being known for its undoubtable acoustic and thermal competence and efficiency, cork it’s 

currently applied, mostly in hard construction as a thermal insulation or as a vibration floor. But in 

the last decades, with the improvement of offer of new cork products, the industry are focuses in 

the development of new types of products and studies of new potential forms and applications. 

 

4.2 Cork driven-parameter  
At this stage of the investigation two types of cork products were considered. EAC - 

Expanded Agglomerated Cork (also known as Expanded Black Cork) and the CAC - Composite 

Agglomerated Cork (also nominated as Composite Cork). EAC it’s a 100% natural cork product, 

produced after high temperature compression of the grains, that enables the expansion of them, 

releasing the lignin and suberin that enable the aggregation of the grains. Its coloration, driven 

from the high temperatures process, its black. CAC it’s mostly composed with resins. The 

aggregation of the grains its made by artificial products, auditioned to the heat compression 

process. More heavy and, in general, with higher density compared with the EAC, its coloration 

conserved the natural coloration of the cork raw material.  

The initial tests had considered the original radial section of the cork, correlating its physical 

geometry with its structural integrity. So the geometric exploration/parametrization were based on 

the mathematic expression of relation between cells walls thickness, its gas volume proportion 

and material thickness expression. Manipulating these geometry driven-parameters four different 

patterns have emerged (Figure 3). 
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Figure 3. Pattern designation from left to right – Escher; Islamic; Tile and Earth. 

 

4.3 Digital > Physical > Digital 
In order to improve the parametric definition and enrich the form/structure relationship, 

physical tests were prototyped. Through computer numerical control (CNC), several prototypes 

were produced (Figure 4). The four patterns were printed in the two types of cork (EAC and CAC), 

with similar dimensions – 500X500X20mm -  using the same depth cut (1/2) and with the same 

diameter tool (3mm).  

The idea was to compare the behavioural performance of the material when worked with 

each of the patterns. The intended parameters to extract were the limits of bending and distortion 

of each board (each pattern applied to each type of cork and densities). These are valuable 

parameters to input not only in the assembly composition, but also to inform the global form of 

the system, working the limits of its components. 

Physical tests were conducted. The boards were exposed to distortion and flexion tests 

enabling us to extract numerical values to input the boundaries parameters – each type of cork 

has its limits range of values.  

 

 
Figure 4. Prototyped patterns, from left to right – Escher; Earth; Tile and Islamic. 

 

4. From material driven-parameters to form driven-performance 
The first digital essays of the system, after the material driven-parameters inputs points up 

two totally different formal approaches. 

The first possible conception of the passive shading system form, works with a modular 

composition of plan boards, exploring the potential of the modular form in its own body and flexion 

in its modular assembly capacity. This type of system aim to be reconfigurable in its own physical 

form condition, being also self-supported, and adaptable not only in its digital form but more 

important in its physical condition. The second possibility it’s to explore the flexion and bending 

capacities of the material, working its self-support condition based limits of tension. However, this 
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solution closes the capacity of physical adaptation and flexibility of the system in the digital 

process, being the form totally closed after the assembly process. Being totally conceived in digital 

environment each produced system will be always new, for each environment, for each inhabitant, 

for each individual context. 

 

 
Figure 5. Initial digital prototypes of the shading control system – exploring boards application. 

 

5. Insights and future work 
Important conclusions have been extracted from the cork samples virtual and physical 

essays. The durability of the system could be an important factor for its commercialization and 

potential application. Being made (in its majority) by cork it’s an assumed seasonal/temporary 

system. However the system should contemplate the possibility of being renewable or even 

prevent the possible substitution of parts during its life cycle time-lapse.  

Following steps are related with a more exhaustive form finding structure of the parametric 

definition. The connection between geometries, design driver, environmental data - through 

plugins – can still find different methodological choices which are informed by a logic process that 

prioritize some parameters and solutions according to the initial inputs of the target environment 

and user. 

Towards this objective, the development of this work includes the creation of a pattern for 

a specific physical location. Environmental conditions such physical surrounding constrains, 

inhabitants usage and even shading system typology – shell, façade, temporary installation - will 

always be some of the most determinant driven-parameters of shading control system 

conception. 
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Abstract: One of the most important disciplinary questions in the field of architecture is the 

question of contemporary pedagogical models. If the second half of the 20th century was an era 

of the so-called 'Radical Pedagogies' in architecture, many of which posited participation and 

interactivity as their models, this question might be formulated as follows: what happens today 

when the tools for design are finally available to all, and, especially, what happens when it is 

possible to create complete, fully immersive and inhabitable virtual environments through a 

medium of computer games? It is, thus, crucial to address questions related to the methodologies 

of teaching architecture, before discussing design methodologies. In our view, the task of a 

contemporary educator is to problematize the notion of teaching design in the age of interactive 

media, and to explore what a new, holistic architectural pedagogical idea can be. The paper aims 

to record the process of studio development, and deliver a report on the possible new architectural 

pedagogy arising from the notion of play. 

 

Keywords: Games; Software; Genres; Medium 

 
1. Introduction 

As Tutors at the Städelschule Architecture Class (hereafter called "SAC”), responsible for 

its First Year Program, we have pursued this question through exploring the possibility of devising 

a new pedagogical model for design, based on the concept of games. The premise is that there 

is a way of rethinking most architectural design and representation methodologies by 

understanding them as works of game. Games are here understood as interdependent textual 

and visual regimes operating through the notion of play, within which a project of architecture is 

born and claims its stake as reality. The program this year at SAC, titled “Games,” is based on 

these interests. The topic of games is understood and appropriated as a possible basis of a 

different research methodology, one that goes away from trajectories and pitfalls of positivist 

science and into a more playful, self-ironic realm where the basic operations of architectural 

design (drawing and modelling) acknowledge their debt to rule-based play and the construction 

of fictions. The topic of games, as it pertains to design methodology, also invokes the various 

'games' of architecture itself: the figure-ground game, the inside-outside game, etc. Lastly, the 

emerging medium of computer games is employed as an extra-disciplinary interest, by 
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investigating this medium’s ability to produce total, immersive spatial and temporal experiences, 

which is something that has historically been the domain of architecture. If it is true that cinema 

was the defining art of the 20th century, games could well prove to be the same for the 21st. 

 

2. Studio Structure  
SAC is an international, post-graduate master’s programme with students arriving from all 

parts of the world, with highly varied backgrounds. Thus, firstly, it becomes a challenge to provide 

a ground where conversations can emerge, not just between the students and teachers, but 

especially within the context of the work produced. The success of the studio can also be 

measured by this ‘communication,’ between the drawings and models being produced by the 

students. Second, the provided ground should also be fertile enough for each student to find 

his/her personal obsessions within the discipline of architecture. 

This year the First Year Studio has produced 33 highly differentiated projects developed 

through different formal and programmatic strategies to address the issues presented. Over the 

course of two semesters, the students went through an in-depth technical training focused on 

producing highly detailed digital environments. Students have also produced virtual, immersive 

experiences for their projects, and employ game-like storytelling to present their projects. 

 

3. Pedagogical model 
3.1 Towards a definition of architecture 

medium (technical support) + convention (artistic genre, typology, history) + play (!@#?) = 

Architecture(1) 

In this definition, the notion of “play” is presented as a necessary, but undefinable 

ingredient. The premise of the studio is that play is a notion that has to be constructed as a design 

condition, rather than being an effect of design. In other words, the studio is investigating play as 

part of design methodology, and not the notion of playfulness of design. This is achieved primarily 

through conceptualising the design tools and insisting on producing custom-made, imprecise and 

messy software based on computer game logic. In this way, play becomes a working method, a 

direct outcome of utilising a designed, ‘nonprofessional’ software with embedded game logic. 

 

4. Technical Basis 
4.1 Software as post medium 

 The Albertian paradigm of architecture as an allographic (2) practice implies that 

architectural design comprises of forms of notation and representation, and it would seem that 

mediums is all that architects engage with. Architecture is primarily a cultural, visual practice that 

operates through design, understood as composition and the arrangement of relations. While 

architects work with drawings and models, they primarily produce images. With the advent of the 

digital, according to media scholar Lev Manovich, other media (print, photography, radio, film …) 

have been collapsed and integrated into software as a meta-medium. What happens when a 

medium contains all other media? Everything changes, yet the issue of software's own specificity 
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is rarely addressed. Perhaps, it would be pertinent to reintroduce Clement Greenberg’s notion of 

medium specificity (4) in visual culture with regard to the problem of architectural design 

understood as a software practice. The question becomes: What is it that software can do, that 

no other medium can? Among other things, software flattens the field of visual effects, and 

enables messy encounters between painting, cinema, games and architecture. 

 Firstly, it is important to make a distinction between the conditions for and the effects of 

media. In the case of cinema, the technical conditions of the medium involve employing a number 

of discrete units (images) to create an illusion of movement as an effect. The fact that film operates 

with discrete units does not prevent its effect from being perceived as continuous. The same goes 

for software. Its dependence on hardware that currently operates in binary states (since we still 

do not have quantum computers), tells us nothing of the vast field of sensorial effects that it 

engenders. Similarly, abstract data, infinities and random values may be at the core of 

computation, but computation only becomes available as a design methodology problem once its 

conditions and effects become coded in such a way so as to be readable. This is where questions 

of code and its relation to language in general come to the fore. Yet, coding as a practice and 

code in general, its apparent similarity to writing notwithstanding, does not immediately lend itself 

to any kind of aesthetic analysis. Coding depends on the axiomatic, mathematical model and 

belongs to a different semiology. Only when the outcomes of code become visible as something 

else than code, does software (and computation) become interesting for design. The crucial 

question is how these outcomes become visible, and under what circumstances this visibility 

operates? Algorithms form the core of software's medium specificity, and they produce crucial 

effects, like interactivity. 

 The discussion on the nature of algorithms in relation to architecture becomes possible 

only when algorithms become visible, that is, only when an interface is involved. This is precisely 

why the computational question in architecture should never be equated with the mere fact of its 

numerical basis, i.e. the quantities, but with how these quantities firstly become manifest optically, 

and then as visual and semiological qualities. Code can be regarded as the basic interface, and 

yet, architectural design is a visual cultural practice defined by its focus on compositional issues. 

Design procedures in the digital age are computational inasmuch as they depend on functions of 

language as code, and code as a representation of space, in the forms of design software. In 

other words, the conditions of a medium become important only when a question of composition 

comes to the fore, and only if the conditions themselves can be shown as being composed and 

composing. 

 

4.2 Design Tools 
Architects work in software on a daily basis, yet they overlook the specificity of software as 

a core component of their design process. They simply regard software as a passive medium, not 

unlike paper. However, if software has its own medium specificity, then its compositional 

autonomy always already affects and informs the models. In consequence it becomes crucial to 

pose questions regarding the nature of these virtual (digital or algorithmic) objects and their 
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relationship with the reality into which they are eventually introduced. This remains, however, a 

largely unexplored problem in design, as the discipline still very much relies on treating the digital 

as a mere shadow copy and passive template of the real, or the projected architectural conjecture 

with no specificity of its own. 

The studio specifically avoids the use of tools that have become specialised in their 

architectural nature, as we believe that such softwares only serve to replicate and reproduce the 

conventions of architecture. BIM softwares, AutoCad, Revit, etc. all serve as mere simulations of 

preceding media. Parametric tools like Grasshopper are also avoided, on a specific premise that 

these tools reduce the notion of software to an optimisation tool and computational design 

becomes in the end equated with simulating the material forces in the traditions of form finding. 

The ultimate consequence of this approach to design is the flattening of the cultural discipline of 

architecture into a positivist, goal-oriented quasi-scientific practice.  

This is why we rely on using tools that aren’t specifically architectural but are being actively 

used in other visual fields, like animations, computer games etc. Zbrush, Maya and our own 

custom-designed software called Platform Sandbox are used. 

 

4.3 Game-like design environment 
This year, a software called Platform Sandbox was developed in Unity3d to address 

disciplinary concerns. Students were trained to not only use the software in a passive manner, 

but to customise it to address their specific interests. 

 
Yara Feghali, Platform Sandbox Customisation 

 

Traditional design software prescribes a very specific role to the user: that of a 

disinterested, disembodied subject that has a full access to any projection space, that operates 

on a spectrum of full visibility and full zoom-in. We believe that this approach continues, re-creates 
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and reproduces a specific subjectivity of an architect operating in the “god-mode” of the traditional 

discipline. A subject becomes objectified, and an architect is an omnipresent and omniscient entity 

with full control over design space, which supposedly ensures that his authorship is visibly 

imprinted. We believe that this notion of total empowerment is what leads to very problematic and 

unexamined political outcomes of design, best witnessed in totalising fictions like Parametricism. 

Unlike other software, computer games tend to problematise the notion of subjective 

agency through either exposing and putting into question the ability of a player, or by disturbing 

the mere notion of a goal. Play does not have to be goal-oriented, and although most games do 

have a goal (the ‘win’ state), more and more the inherent specificity of experience leads to the 

player being content with merely “existing” within a game. Immersion does not depend on, and is 

more likely even disturbed by, direct calls for action towards reaching a goal. The notions of 

agency and authorship are thus perceived in a different manner, which enables loosening up the 

idea of control. 

It is precisely the notion of loose control that is being postulated as a new authorial model. 

Rather than depending on guaranteed outcomes that either come out of total control of the 

medium, or out of a system based logic of computation, this notion puts the possibility of a new 

subject first. A subject that is aware of his own entanglement with other, non-human forms of 

agency, and is willing to explore new configurations coming out of this flat and non-hierarchical 

relationship. 

The Platform Sandbox software utilises the concept of ray casting as a primary method of 

interaction within design space. Interaction is only possible in the main perspective view, thus 

preventing any design being done in either plan or section. This reinforces the importance of the 

volumetric diagram as a primary means of operation. The software does not allow creation of any 

primitives, it depends on a range of 5-10 architectural elements being designed elsewhere, and 

then imported into a menu structure. Two forms of configuration are possible: physics-based 

collisions and intersections / booleans. Each design session is constrained to 20 minutes. The 

controls are more computer game - like than design software -like, as an almost choreographed 

use of mouse and keyboard is required. 

 The “goal” is to create compositions, in one of four ranges of scale. The scale is simply 

defined by the number of elements in the scene: small for 3-5, medium for 5-20, large for 20-50, 

and extra large for over 50 elements. The software allows for an easy export of both screenshots 

in .png, and textured geometry in the .obj format. This configuration enables the creation of a 

massive amount of models in a relatively short time span, and this speed and quantity enable the 

emergence of genres within the studio. 

 

4. Convention 
With the use of unconventional media, it becomes essential to anchor the research within 

a disciplinary context. The employment of the oldest games in architecture, the figure-ground 

game, the inside-outside game, the part-whole game, serve this purpose. 
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This year, the primary focus was on the part-whole relationships in architecture. During the 

first semester the students worked with a massive, sub-divided whole and in the second semester 

they work with a composition of parts. The project at the end of the session begins to oscillate 

between these two strategies producing multiple figurations over multiple scales. 

 

5. Style 
An overarching interest in the studio has been the investigation of Style; which is defined 

here as the visual coherence achieved between different scales.  

5.1 High Resolution 
Another implication of the digital tools of design is the seamless shift between scales. Any 

digital tool today provides a smooth scrolling zoom in/out. However, the problem within the studio 

is dealt with through the construction of three different scales that do not correspond to each other 

in a systems based, generated relationship. The endless zoom in of the software is subverted to 

the production of differentiation between scales and thus not a perfect correspondence but a mis-

registration that produces its own spectrum of possibilities. Each student worked on three different 

scales; namely: mass, texture, and detail. Each project then achieves coherence through these 

three constructed realities. 

 

6. Virtuosity 
The focus has been to develop a craftsman-like expertise in the work of each student. As 

each student develops a completely different aesthetic within the studio, the use of tools and 

techniques become more and more specific to the projects; proving their legitimacy through their 

own internal logic. 

 

Becca Nayagam, Pixelation Miriam Kuhlmann, Dissolved Cecilia Lightbourn, The Smudge 

Cecilia Lightbourn,  Smudge Becca Nayagam, Pixelation Ivan Tavarez, Symmetry 
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7. Project 

In order to consolidate the body of work, the students design on a real site with a real 

project. The design of a university with 33 free standing structures is envisioned, which have their 

own specific requirements and restrictions. This further pushes the earlier ‘form-spiel’ (form-play) 

towards a project which will be more recognisable as architecture. 

8. Narrative/Fiction 
The ultimate goal of the studio is to expose and problematise the notion of an architectural 

project as a work of fiction, with its own internal rules and narratives. A project is a fiction not 

because it is unbuilt, or because it lacks a ‘truth component’: it is a fiction because it has always 

to be constructed from zero, and because in this construction far too many assumptions are taken 

for granted and left unexamined, most importantly, assumptions on the subjectivity of an architect, 

and on the nature of architectural mediums and their effects.  
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Umut Karakus, Project Sketch for a 
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Lida Badafreh, Project Sketch for an Amusement Park 
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Introduction 
It is estimated that approximately 560.000 individuals in Europe are architects. The 35% of 

them is under 40 and the 74% of practices are one-person offices which work in measure of 55% 

in private housing. The average earning is about 30.000€ before-tax, but such a value is much 

higher for a minority and slimmer for a vast majority of architects. In Italy the 30% of under 40 

declares less than 8.000€ per year.  

In a world where "winners take all", big companies and archistars represent a small minority 

of highly competitive players, dominating the architecture market/business where relevant 

innovations and technologies can be applied. Conversely, the majority of architects work in a 

traditional, stagnant and loosely regulated market, often forced in offering low-priced services. 

They also suffering the competition of non-professionals (mostly in the interior design field) and 

this demonstrates that traditional skills are useless in a framework where any selective advantage 

doesn't arise from merit. 

Such a state of the art is the consequence of several conditions: unequal market, 

disproportionate architects supply, contraction of economy and, so far, lack of real innovation in 

the building process.  

Moreover, the economic crisis faced by western countries in the last years has brought to 

a considerable decrease of the spending power of people who consequently decided to reduce 

the expenses for unnecessary professional. The described landscape has generated a situation 

in which international firms have the interest and the economic possibility to be up-to-date in terms 

of information technology and building techniques whereas small firms or individual practices run 

the risk to be cut out from the market. 

If this trend were to continue, we could face an extinction of architecture profession as we 

know it, though human beings will continue to build houses and buildings.  

 

The hyper-meritocracy paradigm 
In his controversial book "The average is over" Tyler Cowen argues that modern world is 

on the cusp of a sea change, brought on largely by the rise of artificial intelligence (AI). That 

machine intelligence will kill most middle-class jobs, as well as the broad prosperity that has 

characterized advanced economies since the '50s. In this sort of social Darwinism the survivors 

will be those whose skills complement those of the new technologies. One side effect of the rise 

of automation is that everything we do can will become measureable. In other words, winners will 

prevail through a process of “hyper-meritocracy" based on measurable skills. Despite all the 
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