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DECISION MODEL 

1. A value between 0 and 15 was assigned to each func  on of space from 
Evotype 5 (e.g. 0=entrance).

2. The informa  on received Evotype 6 is manually parsed and tabulated 
extrac  ng the depth of the nodes, the func  on of the individual nodes and 
the rela  onship they share with surrounding func  ons. (fi gure 1.0)

3. Given the depth of connec  on a probability value is assigned to each level. 
For instance at level three (fi gure 1.1) there is a p=0.75 probability that a 
value 7 (hallway) could populate (fi gure 1.0), hence p=0.35 is distributed 
between the remaining space func  on.

4. This process of decision is computed in a Markov Chain un  l another 
entrance is reached. The outcome of the process is a combina  on of 
probable outcomes which form a new spacial connec  vity rela  onship.
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01 INTRODUCTION 

As a species mankind is entering the geological age of the anthropocene, 
which is the age when humankind is now the greatest contribu  ng factor to 
the environment. Therefore, it is more important than ever to create objects 
with address economic, social and cultural sustainability during the design 
process. In par  cular, architecture has a large contribu  on to the energy and 
material use and the inherent poten  al to aff ect the climate through the 
use of building technology. Reducing this impact through innova  ve ways 
to implement design processes which con  nually references its context and 
reevaluates itself; an Intelligent Building System (IBS).
Reducing this impact through innova  ve ways to implement design processes
which con  nually references its context and reevaluates itself; an Intelligent
Building System (IBS).

02 PROJECT AIM 

If there is to be an implementa  on of the IBS in a way which resonates 
with the South Australian home (SAH) there must be a high probability 
developmental model (HPDM) to best represent the planimetric rela  onship 
of the exis  ng. This model is then on the data collected from the evolu  on 
of the SAH 2. From this the output is a version of an IBS which is inpu  ed as 
a new fork in the evolu  onary tree. Thus producing a transi  onal building 
which is most probable arrangement of planimetric interac  vity within the 
SAH typology.
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RECOMMENDATIONS

An extension of the developed conceptual model towards a larger sample of 
SAH instances would create a holis  c model for the evolu  on of the Adelaide 
house. Addi  onal data generated in the Evotype Workshop, describing the 
spa  al features will provide a star  ng point for further diff eren  a  on of the 
geometric expression in terms of building shape.

Field studies to evaluate further SAH instances might reveal addi  onal 
insights on the fi ner varia  ons in spa  al and geometrical features to 
adapt the computa  onal model to incorporate a higher level of detail. 
We recommend an integra  on with Building Informa  on Model (BIM) to 
translate the geometry to building components to provide addi  onal op  ons 
to associate informa  on to the model.

Future development of the system might translate the capabili  es developed 
in the research project to other exci  ng areas that the researchers are 
passionate about; and cocktails.

03 METHODOLOGY

During this research project a framework for interac  ve design for future 
prototypes of the SAH is developed. Using a object oriented design 
methodology a computa  onal system is developed and refi ned through 
structured analysis and design. During the process input and output values 
are mapped at every stage of the design development to establish a protocol 
for the communica  on of the design variables that defi ne the computa  onal 
system.

A  er ini  alising the collabora  ve design approach through the introduc  on 
of a connec  vity diagram, represen  ng a the South Australian Se  lers 
Co  age, a strategy of encoding the data is developed.
Based on the sta  s  cally generated connec  vity analysis a model for decision 
making is established based on the dynamic input from the Design X player.

This method is used to navigate the func  onal nodes iden  fi ed by Evotype to 
develop the spa  al representa  on inside the virtual environment in the next 
itera  on of the computa  onal design framework.

EVOLUTIONARY IMP;LEMENTATION

As a result of the research project, we receive a concept for the 
implementa  on of an evolu  onary computa  onal model based on the 
planimetric and stochas  c analysis. During the next step of the research 
project, the implementa  on will be fi nalized based on a framework for 
ar  fi cial intelligence in architecture based on strongly-typed gene  c 
programming to generate new varia  ons of connec  vity trees from the 
typology of the SAH. 

A prototypical expression of the geometry generated by the evolu  onary 
computa  on system using gramma  cal evolu  on is provided through the 
inves  ga  on conducted in Markovolu  on (fi gure 1.4 & 1.5). We expect a 
wide range of spa  al and geometric expressions as a result of the experiment 
proposed here.

COLOUR SCHEME AND DIAGRAM TRIAL

RESULTS

Markovolu  on successfully conceptualized a computa  onal strategy to 
implement an evolu  onary tool for genera  on of intermediate and future 
prototypes of the SAH. 

Diff erent strategies for the implementa  on of gene  c operators were 
envisioned, e.g. crossover operator based on front, middle and back part of 
the building and muta  on operator to introduce and modify the expression 
of building shape. Thresholds for the introduc  on of diff erent connec  vity 
mo  ves are envisioned to modify the evolu  onary development as the 
genera  ons advance.

The Markov chain is then introduced to the system to defi ne the development 
of the connec  vity graph each prototype is based on, so that the actual 
output of the evolu  onary computa  onal model directly relates to the 
evolu  on of the SAH. Addi  onal typing of the system will allow to defi ne 
crossover points from the forking data of the Evotype Workshop.
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EXPERIMENT 01 

CREATE A VIRTUAL REALITY ENVIROMENT

A virtual reality environment was created in order to immerse the user within 
the feild of design. 
This was done by se   ng up the Op  Track mo  on capture system then linking 
this to Unity, our chosen virtual reality program. An Oculus Ri   headset and 
the Op  Track mo  on capture system were linked together to communicate in 
synchronisa  on within Unity. A human avatar for Unity was downloaded and 
the headset camera was adjusted in such a way that the viewpoint of the user 
in virtual reality corresponded with their physical body.  

The leading issue arising from experiment 1 was the ji  ery movement 
experienced by the user in the virtual reality environment and this unstable 
movement caused symptoms of mo  on sickness. The instability was 
caused by imprecise posi  oning of Op  Track markers. By reposi  oning and 
recalibra  ng the Op  Track markers  the movement was stabilised in the visual 

Tutors   James Wison, Alex Degaris-Boot, Daish Malani
Participants Clare Timpani, Connor Mannering
Partners  Nimish Biloria, Bruce Thomas, Simon Biggs, Tim Mcginley

01 INTRODUCTION 

Voodoo, as understood by popular culture, focuses on the idea that the 
Voodoo doll acts as an effi  gy to its human counterpart. Any modifi ca  on 
made to the doll will infl ict the mimicked and propor  onal eff ect on its 
human subject.  Using AgileX 4 as our pla  orm, we have inves  gated whether 
it is possible to apply the same concept of voodooism to an architectural 
model within a virtual reality environment. Through this inves  ga  on, 
we hope that the signifi cance of virtual reality (VR) for Architecture may 
be realised and the results used to manufacture a curriculum that could 
standardise the use of VR within architecture schools.

02 PROJECT AIM

The desired outcome of this inves  ga  on was to successfully manipulate a 
small scale version of a digital model and have those changes mimicked by 
the physical environment surrounding the user within virtual reality. As the 
user changes the model the consequences of each change can be felt in real 
 me, at a human scale. To achieve this, the AgileX team will link 3D modelling 

so  ware with the virtual reality so  ware. A Tangible User Interface (TUI) 
will be created and used to manipulate the model in virtual reality and the 
changes infl icted to the small scale model will be refl ected by the greater 
environment surrounding the user. Finally this data will be sent back to the 
modelling so  ware for further analysis.  
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CONCLUSION

 
Further research could develop and streamline the workfl ow which could 
enhance the user experience and tailor the methodology specifi cally to the 
architecture discipline. With more  me the virtual reality environment could 
be setup to mimic the 3D model being manipulated and therefore the full 
aff ect of each ac  on would be felt by the user in real  me.

 The organic 3D model, used for this inves  ga  on,  could be easily replaced 
by an architectural form. If this methodology was translated into a teachable 
curriculum the benefi ts to architecture students would be immeasurable. 
How rapidly could a student’s skills in spa  al development  advance if 2D 
representa  ons could be understood at full scale in real  me.
 How rapidly could design decisions be made in architecture if the 
consequences of each decision was felt instantly at a human scale? 

03 METHODOLOGY

 

1. Understand how mo  on is captured and translated as data into a virtual 
reality.

2. Understand how visual feedback data is linked to the mo  on capture 
system and translated into a virtual reality. 

3. Create a prototype device that reads then outputs linear and rota  onal 
accelera  on data that can be applied to the model within virtual reality. 

4. Create a tangible user interface(TUI) to hold the prototype device 
men  oned above. (For AgileX 4 this was created in the form of an axe.)

5. Create a digital dynamic model using modelling so  ware and create a link 
between this so  ware and the virtual reality so  ware.
 
6. Using the TUI and a carving mo  on, the user within the virtual reality, will 
be able to manipulate and make changes to the model.  

7. The user feels the immediate feedback from their ac  ons as their 
surrounding environment changes. 

EXPERIMENT 02 

INTERFACE INTEGRATION INTO VIRTUAL REALITY ENVIROMENT.

A prototype device was created by the MK2 digital engineering team which 
was programmed to read and output movement data into the virtual reality 
environment. A tangible user interface(TUI) was developed and modelled 
using 3D prin  ng techniques. This TUI, shaped as an axe, encased MK2’s 
prototype which was then linked to Unity. The user was able to cut the model 
in virtual reality, spli   ng the mesh while holding the physical TUI.  The data 
from the manipulated model was sent back to Rhino/Grasshopper and the 
results of the muta  on were documented and analysed.

It was intended that the surrounding environment would change to mimic the 
form of the split mesh however this aspect of the inves  ga  on required more 
 me to develop.

A signifi cant issue arising from experiment 2 was the mo  on data from 
MK2’s physical prototype wasn’t processed accurately by Unity leading to 
ji  ery movement in the visual fi eld. This was temporarily overcome by fi xing 

EXPERIMENT 03

RESULTS

This inves  ga  on proved that modelled forms could be meaningfully 
manipulated within Virtual Reality and the consequences of the user’s 
mo  ons could be felt in real  me. While preliminary, the results showed that 
live feed edi  ng within virtual reality was successful using the methodology 
set out by the AgileX 4 prototyping team.

IMPORT THE DIGITAL MODEL INTO VIRTUAL REALITY.

A dynamic 3D model was created using modelling so  ware Rhino/
Grasshopper. The data from the 3D model was then streamed to Unity in real-
 me. This aspect of our inves  ga  on was successful and the streamed data 

could be seen and manipulated by the user standing within the virtual reality 
environment. The manipulated data was also successfully sent back to the 
original modelling so  ware as a new itera  on of the original design. 

A signifi cant issue arising from experiment 3 was the inability of Unity 
to receive incoming data from the modelling so  ware. This issue was 
resolved by running a local instance of Grasshopper on the same machine 
that Unity was installed as this allowed for UDP (User Datagram Protocol) 
communica  on across network. 
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EXPERIMENT 1

The fi rst problems we faces while working on prototyping the game 
experience was ensuring the mo  on capture suit was accurately tracking the 
users body. 

Constantly removing the Oculus Ri   headset subtley changed the posi  on 
of the head tracking points on the users head. This, coupled with the 
interference from the headset itself was causing a severe ji  ering mo  on 

Tutors   James Wilson, Daish Malani
Participants  Conor Mannering, Claire Timpani

INTRODUCTION

Through this project the Design X team have explored methods to improve 
the quality and accuracy of the users presence in a Virtual Reality (VR) 
environment. To achieve this the team created an experimental system 
combining the head tracking capabili  es of the Oculus Ri   VR headset, the 
full body mo  on tracking of Op  Track and the modelling, visualisa  on and 
simula  on capabili  es of Unity 5. The system interprets and ar  culates the 
user’s inputs within the Unity game engine and allows the dynamic crea  on 
and manipula  on of the environment.

PROJECT AIM

Our aim was to create a comfortable and func  onal user experience that has 
been developed to the point that the so  ware or hardware do not inhibit 
the use of the virtual space. To achieve this we  developed a system between 
several so  ware suites (Grasshopper, Rhino, 3DS Max, Maya etc) and pieces 
of hardware that can be modifi ed in real  me as the user makes changes to 
the game world.
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RECCOMMENDATIONS

This system is prime for expansion in the future. In fi ve days Agile X had 
developed a game system that took data and geometry from external 
processes, incorpora  ng them into a unifi ed experience that could be 
modifi ed in VR. Given  me, the VR experience developed over the Agile 
X program could be expanded upon in two major ways. Through the 
improvements to the hardware that was used, tracking the user’s inputs with 
greater accuracy and graphical fi delity. As well as programming new  methods 
of manipula  ng the game space, opening up more avenues to design in VR.

METHODOLOGY

1) Integrated the Op  Track mo  on capture with the head tracking  
capabili  es of the Oculus Ri  .
2)  Modifi ed the player avatar to give visual feedback of the user’s body 
posi  on and performed altera  ons to prevent the user’s camera view clipping 
into the avatar.
3) Developed a method of reducing the ji  er caused by merging the 
two types of posi  onal data. This was signifi cantly reduced a  er the team 
discovered that the headset was genera  ng infrared interference for the 
Op  track camera array. This problem was eliminated by securing fabric to 
shield the Oculus Ri  .
4) Developed a system that applied physics-based processing to digital 
geometry that could be manipulated by the player. This was prototyped and 
tested using oranges and muffi  ns that could be sliced into segments or struck 
by the players feet.
5) Modifi ed the game system by crea  ng a digital “work area” to 
try improve the visual feedback the player receives. As well as further 
improvements to the VR play space to increase the immersion and 
enjoyability for the user.

To combat this we put a cap on the outside of the head strap so the dots 
were less likely to stray from their original coordinates. We then discovered 
through trial and error experimenta  on  that fabric, even something as 
thin as a t-shirt, was dense enough to shield the ehadset from the infrared 
camera.
Once these two issues were dealt with the end user experience was greaty 
improved and mo  on sickness and eye strain was greatly reduced.

RESULTS

The workshop was focused on a process of integra  ng new features into the workfl ow 
and fi xing any issues that arise as they come on a case by case basis. By working 
itera  vely the Agile X team strived to keep the amount of bugs or interface issues to a 
minimum by the project’s conclusion. This was achieved through experimenta  on within 
the game engine and the tools used to create the input data.

By the fi  h day Agile X had produced a working prototype of the experience. Data 
generated by the Evo Type and Reverse that had mapped Adelaide housing since 1836 
to the present day is sent to the Bio Model team who have coded scrips that turn the 
dataset into biologic geometry. This  Once there, the dataset is generated into geometric 
forms that “grow” procedurally in real  me. The next step is for this geometry to be 
forewarded to the Unity game engine environment where it can me manipulated 
through the mo  on tracking hardware set up by Design X and the prototyped peripheral 
designed by Carve.

This series of processes is all done in real  me through a network set up by the Agile X 
team for the player to interact with.
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Experiment 01 

Specifi c gene  c informa  on for each point including and a  ribute list and 
rela  onship between the points plus a volume linked to the specifi c typology 
was received in order to generate a specifi c geometric ar  cula  on.  This 
geometric ar  cula  on was used to create the bone structure with a  ached 
nur  rents for further development.

Tutors     Daniela Mitterberger and Tiziano Derme  
Co-authors     Fraser Murison, Linus Tan, Tiziano Derme, Daniela 

Mitteberger  

01 INTRODUCTION 

Through a series of simulated experiments across mul  ple digital pla  orms, 
we’ve digitally created two independent  “biological systems.”  One of these  
biological systems is representa  ve of a scaff old structure rela  ng to the 
structure of a building through a series of connec  vity diagrams. The other 
digital  biological system, is a growing organism supported by the scaff old 
structure, feeding the system through a nutrient source located within the 
scaff old or on the surface.

02 Project Aim

 
To develop a digital concept of a gene  c scaff old and nutrient source which 
are representa  ve of stem cells developing in embryos. Whilst remaining 
conceptual, the simula  ons could poten  ally develop into representa  ve 
embryo cell structures for advancements in biological research whilst 
simultaneously infl uencing architectural design theories where buildings 
could be thought of as  adap  ve ecosystem rather than objects.

Recommendations

How could this technology be implemented in the future?

This technology could con  nue to develop with the use of drones for 
example, prin  ng photovoltaic cells over a Northern or Southern facade, 
depending on the geographical loca  on. Other advancments could lead into 
mutualis  c organisms which feed into wastewater as an advance system 
of purifi ca  on or parasi  c organisms which biodegrade building material, 
eff ec  vely demolish buildings.
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03 Methodology 

1. Crea  ng a moduled structure resembling a scaff old- MAYA
2. Modeling organic growth through the scaff old - rhino+Grasshopper
3. Digitally genera  ng scaff old structures responding to  data connec  vity 
lines and points - rhino+Grasshopper
4. Digitally genera  ng a nutrient source in order to s  mulate stem cell 
transforma  on into scaff old

RESULTS

The experiment was successful in genertaing a theore  cal scaff old with 
a  ached nutrient source as seen in fi gure 2-5 and fi gure 7. This is a powerful 
digital tool for advancements in architectural theory, biomimicry, and biology. 

Future architectural applica  ons:

A system of mutualis  c growth could currently exist in reality if fi rstly 
simulated  in a virtual environment. The simula  on could possibly be 
installed on a building through drone assembled architecture, using aerial 
based 3D prin  ng. Currently this could be a simple extension of the buildings 
structure in order to increase the building’s fl oor area, an idea which could 
be increasingly benefi cial for developers in large ci  es such as  Sydney and 
Melbourne.

fi g1. : Bone scan showing collegen type 1

fi g 6. : method 2- a conceptual image of the scaff old housing the growing organism

fi g7. : Nutrient a  chementachment

fi g4. : digitally genertaed nutrient a  achment

fi g2. : digitally generated scaff old fi g3. : digitally genertaing scaff old at stage 1-8

fi g5. : digitally genertaed nutrient a  achment at stage 1-4
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 phase one tangible user interface

Beginning at the context of the South Australian house we set about to 
establish a conceptual space where we could draw parallels between 
architecture, biology and everyday life. Here we arrived at “Carpentry 
as Architecture” and could generate a field of objects and gestures. By 
mapping the gestures to meanings and functions within the scope of 
architecture and biology we created a set of actions for the virtual space.

In the scope of “Carpentry as Architecture” we are suggesting a colloabrative 
environment where the users have total control and are making all the decisions.

Through cross examination we arrived at the Agile aXe. The stone axe known as 
a Celt is one of first tools used by mankind. So it seemed fitting that this primitive 
tool evolve for the 21st Century and be used as the first tangible user interface 
for the AgileX system. The Agile aXe is a design tool developed to manipulate 
architecture through biology as means of morphogenetic prototyping.

Gesture

Swing the axe

Mapping

Split and divide the architecture

Action

Cut! 

Gesture

Poke with handle end

Mapping

Spawn new architectural feature

Action

Poke!

Gesture

Swing the hammer

Mapping

Deforms the architecture

Action

Hit!

Gesture

Swing with both hands on the handle

Mapping

Deletes part of the architecture

Action

Bash!

Tutors   Kei Hoshi, Shane Haddy, Tim McGinley
Participants Kelly Carpenter, Timothy Tuppence
Partners  Thomas Kuys, Gwilyn Saunders

 01 INTRODUCTION

Blended Reality Space: Mixed to Blended 
The conceptual models of embodied cognition, metaphor theory and blending 
theory have been applied to HCI in which designer, engineer and usability 
analyst try to understand how users think and behave with systems. Especially, 
metaphor theory and blending theory are complementary to each other (Johnson, 
1987; Fauconnier & Turner, 2002), which explore the embodied imaginative 
structure of human understanding, and contribute to the establishment of new 
approach to designing viable and more flexible alternative WIMP-based GUIs. 

In order to understand how blends are framed and formed, we need 
to get a picture of metaphors and how metaphors and blends actually 
work together. It helps to also understand the embodied notion (bodily 
interaction) in HCI, derived from our bodily and social experiences. 

 02 Project Aim

The potential of the conventional user 
interfaces to support morphogenetic 
prototyping is explored in Figure 4. We 
propose morphogenetic prototyping 
arising from the recent evolution of 
free movement interaction techniques 
as an alternative CAD system to the 
ordinary developmental process using 
conventional such user interfaces as 
menus, pointer, mouse and keyboard.
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 what if...

Thinking further ahead about phase one of this experiment 
the following thoughts and questions arose:
1. What are the full capabilities of such a system and who are they for?
2. Could tools be assigned to roles within the space? (Client, Architect, Engineer)
3. Would these design tools be specialised or multi functioned?
4. How are accessibility issues resolved and the ability to custmise your gestures?
5. How could feedback mechanisms be integrated into  
 Tangible User Interfaces and the system on the whole?

 03 Methodology 

Blended Reality Space
As shown in figure 3 using standard figurative representations originally used 
by Fauconnier and Turner (2002), connectors map elements from both spaces, a 
source mental space and a target mental space. Mental spaces are established, 
structured, and linked to other spaces (Figure 3). Blending works as follows:

1.  Generic space: reflects abstract structure and organization shared by  
 the inputs, and defines the core cross-space mapping between them.
2.  Cross-space mapping: elements and relations  
 between two input spaces are connected.
3.  Blend: it is a new emergent structure not provided by the inputs.

Blending is an operation that is applied to two input spaces, and which 
results in a new, blended space. As you can see Figure 3, Blending is also 
the ability to take two mental spaces, and connect them in certain ways 
such that a blended mental space emerges (Fauconnier & Turner, 2002). 

 RESULTS

Morphogenetic Prototyping in Blended Reality Space 
On the basis of blend theory, Morphogenetic Prototyping in Blended Reality 
Space is described (as in Figure 5) as a new emergent experience space 
that is immersive, interactive and body-movement oriented, and where 
there will be less or no conscious effort of access to information. The user 
perceives and acts directly, as in everyday life unmediated activities. 

Generic Space

Input 2Input 1

Blend

1

2

3

CUT

POKE

HIT

BASH

Input Space 1:
CAD operation 

Input Space 2:
Physical Carving

Development of 
Biological System

Generic Space

- Cut
- Hit
- Bash
- Poke
etc. 

Blended 
Morphogenetic

Prototyping

Blended Reality Space

- Split mesh
- Deform mesh
- Add node
- Delete node 
etc.

User 1 User 2

networked

Physical Space

Blended Reality Space

Virtual
Space

I/O I/O
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Day 01

  
          Due to the short workshop  
	 	 	 	 	 	 	 	 	 	 duration	and	varied	expertise,	 
	 	 	 	 	 	 	 	 	 	 simple	structures	emerged	within	 
	 	 	 	 	 	 	 	 	 	 the	streams.	This	was	observed	 
	 	 	 	 	 	 	 	 	 	 when	professionals	taught	the	 
	 	 	 	 	 	 	 	 	 	 participants	the	design	tools	to	 
	 	 	 	 	 	 	 	 	 	 quickly	to	transfer	skills	and	 
	 	 	 	 	 	 	 	 	 	 knowledge	of	the	design	tools.	

Innovation	 There	was	little	design	innovation	as	majority	of	the	time	was	
spent	up-skilling	the	participants.

Validation	 There	was	little	validation	as	the	team	was	exploring	the	tools.

Production	 Individual	design	projects	started	to	form	as	an	extension	of	
their	design	tool	practice.	Participants	also	began	to	understand	their	design	
capabilities	and	feasibility	of	work	for	the	workshop.

Day 02

          Innovation	 The	design	system	 
	 	 	 	 	 	 	 	 	 	 began	to	emerge	from	the	5	 
	 	 	 	 	 	 	 	 	 	 workshop	streams.	The	 
	 	 	 	 	 	 	 	 	 	 professionals	naturally	led	the	 
	 	 	 	 	 	 	 	 	 	 discussion	as	they	were	more	 
	 	 	 	 	 	 	 	 	 	 proficient	in	the	tools	and	 
	 	 	 	 	 	 	 	 	 	 understood	what	was	achievable	 
	 	 	 	 	 	 	 	 	 	 within	the	time	frame	and	skill	set.	
However,	the	discussion	in	general	was	observed	to	be	of	a	team	activity.	
Professionals	contributed	the	technical	knowledge	to	determine	the	scope	
of	design	work	while	participants	were	able	to	contribute	to	the	conceptual	
discussion	and	general	design	direction.

Validation	 Ideas	generated	by	participants	were	validated	by	professionals’	
knowledge	of	the	design	tools	whereas	professionals’	ideas	were	validated	
by	their	professional	peers.	At	this	stage,	ideas	were	validated	only	by	
knowledge.	The	lack	of	time	meant	the	ideas	did	not	have	working	prototypes	
to	prove	their	concept.

Production	of	design	work	began	to	slow	down	when	compared	to	day	01	
as	design	aims	within	the	stream	started	to	shift	in	order	to	supplement	the	
collective	design	project.

Day 03

          Innovation	 The	intention	of	 
	 	 	 	 	 	 	 	 	 	 the	design	system	was	critiqued	 
	 	 	 	 	 	 	 	 	 	 and	attempts	were	made	to	 
	 	 	 	 	 	 	 	 	 	 rationalise	their	design	decisions.	 
	 	 	 	 	 	 	 	 	 	 However,	the	system	had	little	 
	 	 	 	 	 	 	 	 	 	 change	because	the	team	was	 
	 	 	 	 	 	 	 	 	 	 aware	of	the	limited	time	they	had	 
	 	 	 	 	 	 	 	 	 	 to	deliver	the	project.	Both	 
	 	 	 	 	 	 	 	 	 	 professionals	and	participants	were	 
	 	 	 	 	 	 	 	 	 	 involved	in	the	critique	of	the	 
	 	 	 	 	 	 	 	 	 	 design	system.	However,	the	
professionals	again	steered	the	conversation	as	they	had	greater	knowledge	
of	their	research	stream	and	technical	capabilities.

Validation	 The	design	system	had	minimal	changes.	Design	projects	
continued	development	but	technical	integration	issues	delayed	the	
validation	of	design	projects	within	the	design	system.

Production	 Production	level	was	considered	low	as	project	development	
without	a	clear	understanding	of	its	position	in	the	system	may	be	futile.

Organisers	 	 Tim	McGinley,	Brett	Abroe,	Linus	Tan
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01 INTRODUCTION

The	organisation	theories	proposed	in	the	twentieth	century	by	the	likes	of	
Frederick	Taylor	(The	Principles	of	Scientific	Management	in	1947),		Henri	
Fayol	(Administrative	Theory	in	1949)	and	Max	Weber	(Bureaucratic	Approach	
in	1947)	arose	as	there	was	a	demand	for	structure,	effectiveness	and	
efficiency	in	workplaces	(Rishipal,	2014).	These	theories	proved	useful	during	
a	time	where	organisations	worked	in	closed	systems,	unaware	of	global	
changes.	

However	these	techniques	and	structures	are	proving	ineffective	in	our	
current	age	of	connectivity.	Through	the	forces	of	globalisation	and	
competition,	organisations	are	required	to	be	less	structured	and	more	
responsive	(D’Aveni,	1994).	As	proposed	by	Lim,	Griffiths,	and	Sambrook	
(2010),	the	Hierarchy-Community	Phenotype	Model	of	Organizational	
Structure	acknowledges	the	individual	and	collective	knowledge	of	the	
people	within	the	organisation.

02 Project aims

Our	architecture	studio	is	primarily	a	20th	century	organisation.	It	is	
hierarchical	and	functional	in	nature,	where	a	lead	designer	instructs	
the	team	to	complete	a	design.	In	this	exercise,	we	used	a	flat	hierarchy	
organisational	structure	to	manage	a	design	project.	The	intention	was	to	
investigate	within	an	architecture	studio	the	impact	of	a	flat	hierarchy	on:	

Innovation	 How	does	a	flat	hierarchy	structure	facilitate	a	project	to	be	 
	 	 	 conceived	by	ideas	beyond	the	ability	of	a	single	designer?	
Validation	 How	does	a	flat	hierarchy	structure	validate	ideas	and	designs	 
	 	 	 through	a	decentralised	decision-making	process?
Production Does	a	flat	hierarchy	structure	produce	more	(quantitative)	 
	 	 	 design	work?

03 Methodology

The	project	is	a	pragmatic	inquiry	into	operational	research	as	elaborated	by	
Metcalfe	(2008).	It	is	based	on	observations	and	note	taking	in	a	naturalistic	
setting,	with	the	conclusions	and	recommendations	directed	for	the	next	
Agile	X	workshop.

A	team	with	various	expertise	was	assembled	to	take	on	a	design	project	
within	their	field	of	interest	over	a	course	of	5	days.	These	streams	were	
selected	to	complement	one	another	e.g.	research	interest	in	architecture	
genotype	and	architecture	evolution.	Each	stream	had	approximately	4	
members.	These	members	also	had	various	software	and	design	skills	levels.	
Aside	from	pursuing	their	own	design	interests,	the	5	streams	were	tasked	to	
integrate	in	order	to	think	of	and	realize	a	design	system	on	a	larger	scope.	In	
order	to	ensure	the	design	system	was	delivered	by	the	end	of	the	exercise,	a	
draft	schedule	was	given:

Day 01		 	 Meet	and	greet		 	 	 	 Design	tool	up-skilling
Day 02	 	 Establish	design	projects			 Brainstorm	design	system
Day 03	 	 Design	project	development	 System	integration	prototype
Day 04	 	 Finalise	design	project	 	 Finalise	design	system	
Day 05	 	 Design	project	writeup	 	 Design	system	writeup
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Results

Innovation	 It	was	observed	that	design	innovation	benefited	from	a	flat	
hierarchy	structure	in	an	architecture	studio.	Without	a	leader,	designers	
faced	the	challenge	of	accepting	and	working	with	capabilities	and	limitations	
of	the	various	workshop	streams.	This	challenge	propelled	the	designers	to	
think	and	work	outside	their	comfort	zone.

Validation	 Despite	the	encouragement	of	a	flat	hierarchy	structure,	
discussions	were	driven	mostly	by	the	professionals.	An	observation	indicated	
that	the	technical	language	and	jargon	used	by	professionals	could	have	
discouraged	participants	from	contributing	to	the	discussion.	A	technique	
employed	during	the	workshop	that	facilitated	both	professionals	and	
participants	to	contribute	was	the	use	of	drawings	to	explain	their	ideas.	
During	these	instances,	it	was	less	confronting	for	participants	to	ask	
questions	and	clarify	uncertainties.

Production	 Although	work	was	produced	intensively	throughout	the	
workshop	(A0	poster	per	project),	It	was	impossible	to	attribute	the	increased	
productivity	to	a	flat	hierarchy	structure.	Both	professionals	and	participants	
were	kept	busy	throughout	the	workshop.	Although	“busyness”	is	not	a	good	
measure	of	productivity,	it	should	be	noted	that	the	energy	level	was	at	a	high	
because	of	the	visual	awareness	that	everyone	was	actively	producing	work.

Recommendations

Team assembly	 	 	 The	flat	hierarchy	structure	meant	that	work	could	
be	quickly	delegated	to	other	team	members.	However,	the	lack	of	awareness	
of	skill	levels	of	the	team	meant	that	certain	design	work	relied	heavily	on	
some	members.	Forming	a	team	with	equal	skill	levels	would	benefit	the	
team	to	work	with	greater	agility	and	more	efficiently	as	a	community.

Activity Facilitation  A	rhetoric	visualising	chart	was	used	to	reflect	the	
progression	of	design	innovation,	validation	and	production	activities	in	
order	to	establish	in	future	Agile	X	workshops	the	distribution	of	support	and	
resources.	

Blue	sky	thinking	should	be	encouraged	in	the	first	half	of	the	workshop	
and	the	project	should	be	flexible	to	change	directions.	Project	judgment	
should	be	withheld	till	the	second	half	of	the	workshop.	Production	should	
be	focused	on	at	the	start	of	the	workshop	to	get	the	team	familiar	with	tools	
and	procedure,		gradually	tapering	down	to	ensure	focus	shifts	towards	the	
conception	of	the	design	project	and	finally	building	up	to	deliver	the	project	
by	the	end	of	the	workshop.

Periodic checks		 Periodic	checks	with	the	team	would	ensure	everyone	
had	similar	understanding	of	the	design	project.	This	common	understanding	
would	allow	any	member	to	contribute	ideas	to	the	design	or	knowledge	to	
problem-solving	issues	that	surface	during	the	workshop.	

	 	 	 	 	 	 	 	 	 	 This	occurred	on	day	02	and	03	as	 
	 	 	 	 	 	 	 	 	 	 end	of	day	debrief.	The	team	was	 
	 	 	 	 	 	 	 	 	 	 also	asked	to	rate	their	level	of	 
	 	 	 	 	 	 	 	 	 	 confusion.	This	gave	the	team	a	 
	 	 	 	 	 	 	 	 	 	 common	understanding	of	how	 
	 	 	 	 	 	 	 	 	 	 they	comprehensible	the	design	 
	 	 	 	 	 	 	 	 	 	 project	was	to	the	team.

          Collocation		 Co-location	was	 
	 	 	 	 	 	 	 	 	 	 a	crucial	component	in	facilitating	 
	 	 	 	 	 	 	 	 	 	 spontaneous	problem-solving	 
	 	 	 	 	 	 	 	 	 	 discussions.	The	flat	hierarchy	 
	 	 	 	 	 	 	 	 	 	 structure	meant	that	any	member 
	 	 	 	 	 	 	 	 	 	 could	quickly	consult	with	others 
	 	 	 	 	 	 	 	 	 	 to	troubleshoot	problems.

Day 04 Validation and production focused

          innovation	 There	were	little	 
	 	 	 	 	 	 	 	 	 	 changes	to	the	design	system.	Most	 
	 	 	 	 	 	 	 	 	 	 effort	was	invested	in	problem	 
	 	 	 	 	 	 	 	 	 	 solving	technical	issues	of	the	 
	 	 	 	 	 	 	 	 	 	 design	system.	

          Validation The	technical	 
	 	 	 	 	 	 	 	 	 	 integration	of	the	design	system	 
	 	 	 	 	 	 	 	 	 	 was	constantly	validated.	These	
were	conducted	by	the	professionals	who	have	the	technical	proficiency	and	
knew	the	design	decision	history.

Production	 Participants	prioritised	the	prototypes	required	for	the	design	
system	while	developing	their	individual	design	projects.	

Day 05

Innovation	 At	the	end	stage	of	the	workshop,	there	were	no	changes	to	the	
design	projects	or	the	design	system.	

Validation The	technical	integration	validation	extended	to	the	final	day	of	
the	workshop.	Similar	to	day	04,	these	were	conducted	by	the	professionals.	
Participants	were	brought	into	the	discussion	to	ensure	the	prototypes	were	
set	up	as	required	by	the	design	system.

Production	 Participants	were	finalising	their	design	projects	and	posters.	As	
their	projects	were	subsets	of	the	design	systems,	they	started	discussions	to	
find	out	and	reference	information	from	other	workshop	streams.
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Connectivity: Analysing how pheromones react to one another 
Play: See the growth and evolution from two reacting forms that are not static
DNA: What is linked in insects and mammals could be used as an analogy in the interaction between humans
Searching: The pheromones are structured in grasshopper to depend on one another to judge the level of interaction as they grow 
accordingly to the point cloud in a controlled enivornment.
Biology: How single celled organisms like prokaryotes act as independent variable of the design where other systems grow off that
Connection: Linking the systems between the notions of nature and biology with pheromones and how mapping these in programs 
like grasshoper/rhino can be used to map human movements/ activities.   

PHEROMONES

MAPPING MOVEMENTS 

+TRACING BEHAVIOURAL PATTERNS ON                

A RANDOM DISPOSITION AGILE RESEARCH GROUP

MORPHOGENETIC PROTOTYPING LABExperiment 01 

The Experiment was orientated around a system of networks that was based 
upon the foundation of Pheromones as previously mentioned. Through a 
coherent method as described in ‘Methodology’ this lead onto a series of 
multiple tests that allowed a visual representation of how computer generated 
‘Random Points’ could make traces from the pheromones as they moved to the 
nearest point based off the point cloud. The experiment begun once the initial 
coding in Grasshopper was finalised to suit the purpose/ task of the report and 
its findings. By running the script for ‘Process 1’ in grasshopper a simulation 
of the pheromone would appear in rhino as a mesh form. The images below 
show a step by step sequence of approximately 4 seconds between each to see 
how the pheromone grow in the controlled space. The experiment is set up to 
see how the initial pheromone creates its form without the disturbance of any 
other points that have been removed in the cloud by it being the first single 
simulation run. Translating this mean to a more physical form, insects in nature 
if alone have more freedom to move around as does their pheromone trail. 
When a second body of the same community enters that specific environment 
their behaviours and movements will alter accordingly. This is what is being 
justified in the experiment below. To the right of the page the phase by phase 
slides illustrate a simulation run by a second pheromone entering the cloud 
point and analysing how that form moves around the static object.

Tutors   Daniela Mitterberger
    Tiziano Derme
Participants Dr Quenten Schwarz, Dr Sophie Wizniak

01 INTRODUCTION  

Pheromone, a chemical substance produced by mammals and insects 
released into the environment has been a proven factor to affect the 
behavioural conditions of the same species around it. Generally known 
as a secreted or emitted chemical factor, pheromone triggers a social 
response to the members of its own community. To be more specific, some 
vertebrates and plants communicate with a similar memo where the chemical 
substance is capable of acting outside the entity of the body and impacting 
the behaviour of the receiving individual. Thus Agile X-4 brings forth the 
introduction to ‘Bio-Model’, an educational tool for creating an algorithm 
which visually depicts and creates a pheromone motion path of an organic 
form to feed of a point cloud it is housed within.

02 Project Aim  

The Project aim is to gain skills in modelling the development of either 
a biological system or influence by nature through using 3d digital tools 
and techniques. These tools range across programmes MAYA, Rhino and 
Grasshopper to assist in the outputs of organic sculpting, animation, 
rendering and 5D Ontogenetic modelling.  Focussing on the ideal of 
Pheromone relations, the intention is driven to create a system that allows 
one to explore the potential of how to track a person’s movement in a 
dwelling and seeing the reaction to another body moving around the existing 
trail. It would like to be seen if this could be used to record and track the 
everyday performances of people within their own environments through a 
series of maps. 
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Recommendations

Reflecting on how to improve the experiment there are range of different 
possibilities. Firstly, by researching into more depth the physical properties 
that pheromone is composed off and what is needed for mammals and 
insects to have in order for it to be produced could be something used 
to affect the algorithm in grasshopper. Secondly, by focusing solely on 
pheromones there was a negligence to incorporate ‘alarm pheromones’. 
Introducing food trail pheromones, sex pheromones and others that affect 
the behaviour and physiology of its same species would be another aspect 
to experiment in. An interesting factor that has been slightly touched 
on in this experiment is taking this as an analogy and incorporating it to 
mapping humans in their everyday life and performances. Furthermore 
this could be used as a social experiment to see if there are similar kinds of 
pheromones in our society which affect and impact the behaviour of the 
receiving individuals. This could be smell, clothing, attitude, aura or through a 

03 Methodology  

THE METHOD IS DESCRIBED THROUGH A SERIES OF STAGES 
LISTED BELOW:

• Created a point cloud on grasshopper to define the domain of the 
pheromone > create base grid > create 3d base grid
• Trace of the pheromone has been mapped and recorded and transformed 
into a voxel system - select a random point from the grid > select most recent 
used points > remove used points from grid list > Process 1 (find closest 4 
remaining points to the new used point and test if they are the distance of 
one cell away) > remove remaining points more than one grid cell away and 
select a random point from the remaining > Process 2 (repeat process 1) > 
select the values from process 1 and process 2
• Note: The voxel system allows us to map large amounts of data that is 
easy to process and allows for values and points to mesh, thus creating a cube 
in this algorithm. 
• Taken the geometric form of the pheromone trail and smoothed the 
edges to create a seamless path of motion to something that is visually 
organic and natural – Voxel > solve volume properties for closed breps and 
meshes > Weaverbird Laplacian Smoothing
• To create polygons on the surface of the organic Pheromone path use - 
Weaverbird Mesh Window > custom preview. 
• Polygons on the surface are to illustrate the pheromone path slowly 
dissolving into the environment as is performed in ‘real-time’ as scents and 
trails slowly dissolve and thaw.
• Continue series of processes (process 1, process 2) for a value that suites 
the type of observation

RESULTS

• Throughout this investigation there has been an extensive range of 
findings and potential questions that could be harnessed and looked into 
even further on a micro scale. 

• The results from the experiment has introduced a new mode for mapping 
pheromones in a controlled point cloud by the amount of points that have 
been allocated for a more accurate precise source of measurement. 

• Visually being able to track the motion of paths

• Create a series of mappings

• Potentially using the system to record not only pheromones but in tracing 
human activities and how they react in spaces upon who is around them. This 
could be used as an aid in designing for spaces dedicated to specific clients.
• The point of interaction between two pheromones will never be the 
same due to them being generated randomly.  

• When introducing more pheromones into the point cloud, the organic 
traces of their movement will slowly decrease as there is less and less points 
in the point cloud for it to move/ travel to. 

• It was found that there is a slight default in the scripting on grasshopper 
as the pheromone does not grow in a specific natural environment where 
external factors of temperature, food, water and wind would have a heavy 
impact on the mapping process. 
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 01 INTRODUCTION

Blended Reality Space: Mixed to Blended 
The conceptual models of embodied cognition, metaphor theory and blending 
theory have been applied to HCI in which designer, engineer and usability 
analyst try to understand how users think and behave with systems. Especially, 
metaphor theory and blending theory are complementary to each other (Johnson, 
1987; Fauconnier & Turner, 2002), which explore the embodied imaginative 
structure of human understanding, and contribute to the establishment of new 
approach to designing viable and more flexible alternative WIMP-based GUIs. 

In order to understand how blends are framed and formed, we need 
to get a picture of metaphors and how metaphors and blends actually 
work together. It helps to also understand the embodied notion (bodily 
interaction) in HCI, derived from our bodily and social experiences. 

 02 Project Aim

The potential of the conventional user 
interfaces to support morphogenetic 
prototyping is explored in Figure 4. We 
propose morphogenetic prototyping 
arising from the recent evolution of 
free movement interaction techniques 
as an alternative CAD system to the 
ordinary developmental process using 
conventional such user interfaces as 
menus, pointer, mouse and keyboard.

 03 Methodology 

Blended Reality Space
As shown in figure 3 using standard figurative representations originally used 
by Fauconnier and Turner (2002), connectors map elements from both spaces, a 
source mental space and a target mental space. Mental spaces are established, 
structured, and linked to other spaces (Figure 3). Blending works as follows:

1.  Generic space: reflects abstract structure and organization shared by  
 the inputs, and defines the core cross-space mapping between them.
2.  Cross-space mapping: elements and relations  
 between two input spaces are connected.
3.  Blend: it is a new emergent structure not provided by the inputs.

Blending is an operation that is applied to two input spaces, and which 
results in a new, blended space. As you can see Figure 3, Blending is also 
the ability to take two mental spaces, and connect them in certain ways 
such that a blended mental space emerges (Fauconnier & Turner, 2002). 

Generic Space

Input 2Input 1

Blend

1

2

3

Input Space 1:
CAD operation 

Input Space 2:
Physical Carving

Development of 
Biological System

Generic Space

- Cut
- Hit
- Bash
- Poke
etc. 

Blended 
Morphogenetic

Prototyping

Blended Reality Space

- Split mesh
- Deform mesh
- Add node
- Delete node 
etc.

 phase two free body movement interface

Beginning at the context of the South Australian house we set about to 
establish a conceptual space where we could draw parallels between 
architecture, biology and everyday life. Here we arrived at “Biology as 
Architecture” and could generate a field of objects and gestures. By 
mapping the gestures to meanings and functions within the scope of 
architecture and biology we created a set of actions for the virtual space.

In the scope of “Biology as Architecture” we are suggesting a 
colloabrative environment where the users can explore the genes 
of architecture through interaction and editing. However they do 
not have total control over it as it is a natural living structure.

Through cross examination we arrived at a set of free body 
movements - BioAgility. When interacting in a virtual space it 
feels natural to use your body as a design tool itself. Through 
these actions, the user can freely manipulate architecture.

 RESULTS

Morphogenetic Prototyping in Blended Reality Space 
On the basis of blend theory, Morphogenetic Prototyping in Blended Reality 
Space is described (as in Figure 5) as a new emergent experience space 
that is immersive, interactive and body-movement oriented, and where 
there will be less or no conscious effort of access to information. The user 
perceives and acts directly, as in everyday life unmediated activities. 

User 1 User 2

networked

Physical Space

Blended Reality Space

Virtual
Space
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Mapping
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Action
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Punch forwards away from self

Mapping

Deforms the architecture

Action

React!

Gesture
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Mutant!
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Mapping
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Feed!

Gesture

Clap hands together

Mapping

Rebirth of architecture

Action

Respawn!

 what if...

Thinking further ahead about phase two of this experiment 
the following thoughts and questions arose:
1. How do we think about interaction and design as play instead of plan?
2. Not knowing how the system will react - will we run out of actions?
3. Could the biology of the system out evole its own capabilities?

Tutors   Kei Hoshi, Shane Haddy, Tim McGinley
Participants Kelly Carpenter, Timothy Tuppence
Partners  Thomas Kuys, Gwilyn Saunders
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IDENTIFY THE GENES OF THE SOUTH AUSTRALIAN HOUSE

In order to iden  fy poten  al genes of the South Australian House, a range 
of house plans developed from the year 1836 through to today are analysed 
based on their spa  al connec  vity and features. We then start thinking about 
the  encoding of the house in reference to the metaphor of DNA and start 
to reason about the why of evolu  onary changes. How do the changes we 
mapped during the research process relate to the term of design genes? 
Themes have changed and the plans have adapted. Once this DNA is formed 
it is then possible to extract more gene  c informa  on and poten  ally draw 
conclusions on development and whether this is due to  external forces such 
as construc  on methods, climates, social norms, technology advancement. 
The real ques  on is… is there a ‘dna’ that building development does follow? 

WILLIAM MOUNT

MANUEL MUEHLBAUER

ANDREW LYMN-PENNING

PETRA GRUBER

TIM MCGINLEY

01 INTRODUCTION 

Evotype is the inves  ga  on on the development of the South Australian 
House from the year 1836 through to today. By using the Architectural 
Museums’ archives to collect data about the func  onal structure and building 
features, Evotype is categorizing phenotypes of the South Australian House 
based on signifi cant changes in living pa  erns caused by societal and cultural 
changes. As a result, Evotype is producing a taxonomy tree based on the 
changes in func  onal connec  vity inside the house, clearly showing key 
features in the evolu  onary development of the typology that hint towards 
poten  al future development of the type and allow to predict where housing 
is going in the future. What defi nes a trend? What topological change marks 
a major change in living pa  erns? Why has this all happened? These are just 
a few of the ques  ons we ask throughout this research project to predict the 
future development of the South Australian House.

02 Project Aim 

We aim to develop a theore  cal approach towards iden  fying the 
architectural genes of the South Australian House through the observa  on of 
its development in respect to func  onal connec  vity and building features.
Based on the performed analysis we want to speculate about the future 
development of the South Australian House and predict a possible future 
path for the changes of func  onal topology and the expression of spa  al 
features during the evolu  onary process that refl ects the social interac  on 
and cultural values in South Australia.
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Recommendations

In further development of the research, data collec  on could be extended 
and used to extract further data and generate further analysis, extending the 
research towards the development of South Australian Housing in general. 
Addi  onal data provided in the associated data collec  on to this research, 
could be analysed, as demonstrated e.g. by the window rose, showing 
changes in distribu  on of windows in rela  on to direc  on over  me. This 
is just one example of many research trajectories that can emerge from the 
collected data.

03 Methodology 

At the start of the research project, we iden  fi ed a representa  ve sample 
of architectural plans of detached houses from 1836 through to today in the 
Architecture Museum of University of South Australia.
Based on the sample we analyzed the plan material towards its func  onal 
connec  vity and spa  al features to create a matrix represen  ng this data 
mapped towards the par  cular house phenotypes and evolving typologies.
In the next step we specifi ed an approach towards the metaphor of DNA 
through a spa  al connec  vity analysis in an intui  ve and jus  fi ed graph 
approach. Both mapping strategies revealed diff erent quali  es of the house 
typologies that allowed us to refl ect on architectural genes that might lead to 
the par  cular expression of typologies.
As a contribu  on to the Reverse workshop, the data was translated into 
a topology database for the development of a decision making model to 
modulate the connec  vity diagrams in an interac  ve design process.
A  er analysing the data of the connec  vity graph, we categorized the house 
phenotypes to create a phylogene  c tree that refl ects on changes in social 
interac  on and cultural values based on the changes in func  onal structure 
and topology.

living patterns as design genes and taxonomy tree 

In reference to Space Syntax literature, architectural design genes are 
imagined as factors that trigger a change in living pa  erns and are based in 
social and cultural transi  ons. Through research and the development of a 
taxonomy tree, social developments are iden  fi ed based on changes in the 
connec  vity of homes and the associated circula  on between the spaces. 
Star  ng in the year 1836 with the Se  lers Co  age, through to contemporary 
project homes, great advancements in housing have been achieved and by 
through the crea  on of a taxonomy tree these changes in social interac  on 
and cultural values could be tracked in diff erent ways.  

RESULTS

At the fi rst stage, the cirula  on was analysed towards its expression in 
topology, crea  ng loops or branching structures. The phylogene  c tree then 
branches out further looking at the connec  on between the front and back 
door by iden  fying the diff erent circula  on spines through the houses and 
using their amount as an ordering principle. We then looked further into 
spaces such as bathrooms and laundries being moved inside the house in 
comparison to being rooms that could only be accessed from outside of 
the house. The next signifi cant change in living pa  ern was iden  fi ed as 
the merging of the living/dining and kitchen areas in the 1950s, when the 
educa  onal discourse about early childhood started to a   bute a supervisory 
role to the mother. During this  me there was a fundamental change in living 
condi  ons and plan layouts, during which living spaces moved from typically 
being at the front side of houses to the back side. The fi nal diff eren  a  on 
we looked at was the introduc  on of garages, as the rela  onship to traffi  c 
changed in the 1990s, leading to a major change in connec  vity.
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