








or by limiting the translation between building blocks, so that they only produce reasonable
ratios of rise and tread. A parapet or railing is generated by an aditional information: after
input of the parameters of gap width and parapet height, any hole - within a certain range
or which is generated by a certain SpaceSeed - which exceeds the given gap width, will
produce a parapet of given height (fig.4)*’

fig. 4: a generated parapet

The SpaceSeeds can be placed or moved, again according to a script. They can gather to
form specific shapes. This script can be designed to consider and interact with a specific
user”s behaviour, customizing the spatial environment.

As a consequence of customization not only change is enabled, but paradoxically also its
contrary, durability. By memorizing a specific configuration, environments can be re-called,
just as the seat of a Mercedes Benz memorizes your prefered settings. Given a ConVarSys
structure this can be done at any place in the world. By change, even durability can be
taken to another level, ensuring intimate spatial qualities to its inhabitant, wherever he or
she is taken by the dynamics of globalization.

6. Conclusion

ConVarSys 5, even if its material part is not yet realized, shows the technical feasibility of a
continuously transformable structure, which enables the transformation and manipulation
not only of shape, but also of topological qualities. As has been demonstrated, these
qualities are essential to architecture. Customization of architecture thus has to address
spatial configurations as well as scale and proportion. With ConVarSys 5, this is achieved by
introducing virtual elements, the SpaceSeeds.

The effort itself can not only be seen in the context of customization, but also as a further
development of architecture as a discipline, enabling to realize many age-old dreams, such
as the analogy of music and architecture, a wider range of natural inspirations or a fully
interactive real-world architecture.
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Abstract.

Attempts to address interoperability issues in digital design information have become
stilted. A lack of any real success is more indicative of the questions asked rather than the
solutions proposed. If design information is the progenitor of design representation, and
representation is a method by which to encode, store, and distribute design information,
then the issues associated with digital design information can be seen as special cases of
the general the problems associated with communication. Considering a representation by
asking: ‘What is the information that needs to be communicated?’ and, ‘With whom is this
information being communicated?’ may provide a better perspective from which to assess
specific technological problems such as software interoperability. The goal of this paper is a
call to attention — an exercise in critical thought and a provocation. Can re-conceptualizing
the problems with the representation and interoperability of digital design information as
generic problems of communication offer insight on novel solutions? A brief overview of the
challenges posed to interoperability is presented along with current and past efforts to
address this issue. An alternative methodology for the communication of design
information via process rather than state descriptions is proposed, followed by a summary
conclusion.

“In each period of our history, design and communication have evolved synchronously with
the technology of the time. Each new medium has extended our sense of reality and each
has looked to its predecessor for language and conventions, referencing and adapting its
characteristics until its unique capabilities can be explored and codified.”

Muriel Cooper, 1989.

In order to engage in a critical, digital discourse we must understand, or at least agree
upon, a context in which the discourse is to take place. Material matter(s) embody
context-independent characteristics and a preferred state of existence based on their
physical properties; conversely, digital matter(s) are completely context-dependent and
have no “natural” or desired state. Any digital discourse must therefore be framed with
respect to the particular problem needing solved. A ‘problem’ in this domain is the
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discrepancy, or gap, between the desired state of a system and its existing state. In regard
to design problems, design tools are the mechanisms by which to bridge this gap through
the manifestation of design information. The determination of a design tool’s
appropriateness or usefulness can be considered with respect to the facility with which it
allows designers to achieve their design goals.

I believe it is helpful to begin with an examination of the ‘deliverables’ of a design process,
the design documentation. Effectively all contemporary architectural design documentation
attempts to capture design information in the form of a state description®. As such, design
documents (including digital / physical drawings, models, visualizations, bills of materials,
etc.) are considered the representation of a set of physical and spatial relationships which
comprise the design intent. All design documents, material or digital, aim to communicate
design information through a process of encoding, storing, and distributing a set of
commonly agreed upon signs and symbols - what may be referred to as the architectural
vocabulary. If communication is the main driver of documentation, then the effectiveness
and fidelity of the communicative effort can be judged by the consistency and conformity
of design information across a set of design documents, and between the documents and
the built work. Communication theory defines information as “...a measure of one’s
freedom of choice when one selects a message.” [1] Information in a design document is
therefore a measure of the relative ambiguity present in a given document. In an industry
heavily reliant on a communicative enterprise as overwhelmingly ambiguous as the visual®
the difficulty of disambiguating design information through annotated, graphical, state-
descriptions becomes exceedingly clear. In short, everyone reads the drawings differently®.

It is important to make the distinction between the act of design and the result of design.
To design - as a verb, as the act of creating, planning, or calculating in service of a
predetermined end” - certain associative leaps and intuitive design decisions are presumed
which should not be unduly constrained in advance. However, a design — as a noun, as the
expected result of a particular process can, should, and must be analytically rationalized
into a series of discrete procedures from which it can be derived. This of course
presupposes a direct link between a design process and the processes by which the design
is materialized. In a profession increasingly reliant on the use of digital design tools for the
automated generation and rationalization of form, the contractual separation® of a design
goal from the means and methods by which it is to be realized retards the entire
Architectural, Engineering, and Construction (AEC) industry. It is no longer productive for
design descriptions to be contractually isolated from its process of fabrication and
assembly. As Dennis Shelden noted in Tectonics, Economics and the Reconfiguration of
Practice: The Case for Process Change by Digital Means, our "Capabilities for the geometric
expressions of form - enabled by advances in digital media - have moved beyond the
capacities of 'conventional' project descriptions to effectively capture and process project
intentions into building...A key aspect of this catalytic force is the potential for directly
repurposing information through various stages of project definition and execution.”
(emphasis added) [3]. It is the potential to directly repurpose information that
characterizes the greatest opportunities for design via digital media, “extending our sense
of reality” and providing insight on how to free digital technology from the “language and
conventions” of its material predecessors [4].

“First, the taking in of scattered particulars under one ldea, so that everyone understands
what is being talked about...”
- Plato, Phaedrus, 265D
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By moving away from material-dependent design manifestations Computer Aided Design
(CAD) established a means for capturing, storing, and processing the information
necessary to re-present a design object as explicit relationships between abstract-symbolic
entities. This critical difference was noted by its creator, Ivan Sutherland, in 1975°. Twenty
years later, this distinction was restated more abstractly; "An analog medium transfers
shape to produce an analogue of one physical arrangement in another, analogous one. But
digital media transform physical form into conceptual structure. A shape or color is
converted into a number whose symbol is then inscribed on a ledger so that it can
subsequently be ascertained by a machine or a person. The material out of which this
ledger is constructed is incidental to the information stored, unlike the constitutive material
defining an analog medium." [5] Current initiatives aimed at achieving greater
performance, tighter construction tolerances, greater formal complexity, increased
sustainability, and reduced environmental impact - currently generalized under the title
BIM (Building Information Modeling) - will only become a reality when the design ledger
becomes truly inconsequential. Currently, the most significant impediment to achieving
this goal is found in the ‘I’ of BIM; the transformational axis which portends the means by
which a building can be mapped to model and a model to a building’. Rather than wasting
time, money, and effort on reformatting existing data to satisfy the requirements of
software needs®, discrete sets of information should be filtered from an overall set of
project data as needed, providing for varying design representations to be created on-the-
fly without sacrificing the consistency and conformity of the overall design information.

The degree to which digital information may be repurposed is directly related to the
technological independence, or interoperability, of the information, which is typically
determined by the data structure which houses the information. The majority of attempts
to resolve this problem can be categorized as follows: committee-based, standards-based,
market-based, and open-source. Committee-based solutions such as the Initial Graphics
Exchange Specification (IGES), and the STandard for the Exchange of Product model data
(STEP) have suffered from the retarding effects of bureaucratic decision-making, slowing
their ability to keep pace with rapid changes in technology. Attempts to create industry
standard data structures by commercial geometry kernel providers have failed due to their
equalities in readily available, high-quality products (ACIS, Parasolid, etc.). Market-based
approaches by software vendors in the form of all-in-one CAD/CAM/CAE packages such as
CATIA (and now the AutoDesk suite of products) result in prohibitively expensive software
and licensing costs, and the need for dedicated experts to operate the software with no
guarantee of the software being the best choice for every job. Because no single obvious
standard has emerged for digital modeling, affiliate programs through which software
developers encourage third-parties to develop additional software functionality via plug-ins
and APIs (Application Programming Interfaces) have not been widely effective. One of the
most recent and heavily supported forays into this field is the Industry Foundation Class
(IFC) system®. To a large extent, IFC has been built from the STEP framework; however it
could arguably be included within any one of the aforementioned categories, increasing its
vulnerability to failure.

The common aspect of all these approaches is the consideration of the state description as
the only means by which to communicate design information. Rather than more of the
same, a critical re-evaluation of means and methods by which we communicate design
information is needed. Fabian Sheurer poses the question nicely in his essay Getting
complexity organized: Using self-organisation in architectural construction, “What is a
reasonable quantity of explicit information for a specific design, and how does one
communicate it in a reasonable fashion?” [7]. If we abstract the problem of capturing,
storing, and distributing design information as a general problem of communication then
we can ask two very fundamental questions: ‘What are we trying to communicate?’ and,
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‘With whom are we trying to communicate?’. Stated this way, the pre-conditions of what
and with whom provide the criteria with which we can determine the most effective way to
subdivide, or filter, a given set of information and the most appropriate method for
describing that information (either as a state description, process description®, or both).
For example, the type of information and how it is communicated will differ when
transferred from person to person, person to machine, or machine to machine.

“After all, nothing is more fundamental in design than formation and discovery of
relationships among parts.”
- Bill Mitchell, 1995.

Contemporary generative design techniques such as ‘scripting’ encode explicit relational
rule-sets in high-level computer languages that can, to a certain extent, be read by people
as well as compiled by computers in executable machine code. These scripts capture a
post-rationalized set of steps (rule-schema) that facilitate the derivation of structured
data (visualized by most design software in the form of geometry) from a given set of
variables and pre-determined conditions. Because the relationships between the variables
and conditionals must be explicitly and logically embedded in the rule-schema, and each
derivation of the script is dependent on the values assigned to the independent and
dependent variables — its context - these methods are inherently parametric; change a
variable, re-run the script, and the entire system will be re-evaluated accordingly. In
addition, because such schema can be stated as step-wise procedures from an existing
state to a desired state, it can always be stated in a technologically-independent format.

Correlated with increases in the use of scripting are increases in the availability of
proprietary design software, many which are packaged with their own individual scripting
language. Assuming the trend toward generative techniques will spill over into mainstream
practice, the necessity to consider, rationalize, and explicitly capture in schema the
processes and relationships by which a design is derived will also increase. Process
descriptions may be able to provide a more consistent means for communicating design
information in a less ambiguous way. Seen this way, designs solutions are not singular
entities but discrete instances of a set of evaluated design rules in a particular context.
Changes to the context only effect the derivation, not the design itself. A state description
can be used in conjunction with the process description to check that the design
information was communicated correctly, providing a validation for consistency and
conformance. The precedence of design-pattern approaches (from which object-oriented
programming owes much of its development) and extensible rule schema®* provide
working precedence for the encapsulation and dynamic re-combination of discrete rule-
sets.

The implementation of such an approach is non-trivial. Mapping information between
proprietary data structures is notoriously difficult, and information loss is typically the rule
not the exception. Even some proponents of IFC acknowledge that it is just one of many
options, and that it may not be the best framework under all circumstances*?. Another
challenge is that certain descriptions of space, such as mathematically function-based
description like NURBS, are not supported by all digital design tools and must be
transformed into faceted approximations before they can be read into non-NURBS
programs. This may suffice for visualization, but can lead to significant errors in fabrication
and construction. A promising approach would be a general purpose specification (such as
XML) that provides the framework for the encapsulation and extensibility of design rules,
meaning that rules could be re-written, re-ordered, and added on-the-fly without requiring
the entire schema to be redefined. Theoretically, the procedural description of a design
could contain domain-specific rules (for such domains as structural, electrical, cost-
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analysis, etc.) to be invoked only by those parties interested — producing domain-specific
design representations and reducing the informational clutter with which any one part of
the project team would need be concerned. Specification frameworks also provide for the
validation of rule-sets with respect to each other, allowing contradictory rules to quickly be
identified and addressed. Coincidental to this approach could be the automated translation
between software-specific scripts. A direct translation from one scripting language to
another may prove prohibitively difficult based on the degree of differentiation between
program-specific data structures. For example, there may not be a useful method for
translating a script from a NURBS-enabled surface modeler such as Rhinoceros
(RhinoScript) to a non-NURBS, constructive solid geometry based program such as
AutoCAD (AutoLISP). Although it must be pointed out that the majority of digital
fabrication technology, if not all, already performs such transformations of input geometry
in order to derive machine tool paths. Thus, at a certain level we have already accepted
such approximations™. If design schema were written in a ‘universal’ meta-scripting
language, a more direct mapping from these scripts to proprietary languages could be
achieved. However, it is uncertain if the industry would support the adoption of yet
another layer to the design and documentation process, and further research needs to be
done.

Conclusion

During a time when a great deal of the contemporary architectural discourse is devoted to
assessing the role of the architect, the capability and use of digital technology in
architectural design have acted to further remove - rather than re-center — architects from
a direct connection with the artefacts of their toil. Architects continue to adopt tools
created for and by other industries based on the desire to produce geometrically complex
forms and better manage project information. In addition to expanding the technical
boundaries of traditional design tools'*, this adoptive approach has led to an exponential
increase in the amount of information generated by the AEC industry. The attention issues
relating to communication, such as interoperability, have received relative to the
effectiveness of the solutions is indicative of the lack of a critical, digital discourse. The
continual proliferation of digital tools employed in the design, fabrication, and construction
of architectural projects has exacerbated the interoperability issue of technological
interoperability which can restrict or prohibit the ability of digital information to be shared
amongst project teams. By exploiting the fundamentally unique characteristics of digital
media, architects may be able to reposition themselves not just as process consumers, but
as process creators, re-establishing the link between thinking and making. While the
solution presented here may at best be a schematic proposal, | feel it is important enough
to warrant further consideration. More importantly, the focus of digital discourse both in
academia and the profession needs to be re-centered on how we communicate digital
design information.
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Abstract

This paper tries to examine the effects of emerging digital tools in architectural design.
Digital tools are not only practical instruments used for drawing, but they also affect design
thinking. As the ones that are used in architectural design are mostly commercial, one can
say that design thinking, the identity of the design and the creativity of the designer are
defined by the companies which develop these tools. Therefore architects have to be able to
manipulate these tools and personalize them in order to free their design thinking and
creativity. This paper addresses the open source development in order to redefine creativity
in architecture of digital culture.

Keywords: Design Tools, Digital Culture, CAD Software, Open Source

1. Introduction

A tool is the extension of human mind. While doing any kind of particular activity several
types of tools are always used. It is easier to observe this claim within physical activities, for
instance what a carpenter physically does. It is almost impossible to do his job with bare
hands and the quality of his craft depends on the quality of the tools he uses. The same
relation is valid with any kind of mental activity such as thinking, imagining and
interpreting. In such activities, not only physical tools but also conceptual ones are used.

Designing is an activity which incorporates both physical and conceptual tools. In an
architectural design process, besides the physical tools such as all the drawing and drafting
instruments, several conceptual tools such as the shape grammar and library are used.
These conceptual tools are the ones that designer uses to abstract and comprehend the
design problem, mentally reconstruct, figure out and resolve it thus generate the design
idea. And the physical tools are the ones to visualize and realize the design.

There are several reasons that make design thinking dependent on the physical tools used.
First of all design process includes visual thinking. Therefore all of the visual elements that
are created during the process influence designer’s thinking. Design is not a linear process
which focuses to the target, but a netlike path which includes instantaneous feedbacks and
coincidental decisions. As Nigel Cross puts it, designers are solution-led, not problem-led;
for designers it is the evaluation of the solution that is important, not the analysis of the
problem!. And what cause these feedbacks and decisions and constitute the evaluation are
the visual elements such as drawings, sketches, models, etc. that are created by using the
physical tools. Besides, beholding the effects of tool shifts on design thinking is more
distinctive when considering the conceptual tools such as the shape economy, shape
grammar and library, the concepts, the relations, the parameters and the rules as well.
Because these are the tools that designer mentally uses to generate the idea, construct the
relations and evaluate the solution. Thinking within the conceptual tools as well, one can say
that the identity of the design and the creativity of the architect depend on the tool used.

1 see Cross N. Designerly Ways of Knowing, London: Springer, 2006.
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2. Emerging Digital Tools in Architectural Design

We are now in the midst of a period which brings about a momentous change for the tools
used in architectural design, like in other fields. The digital tools —to call in general- are the
gifts of this new paradigm which is called as the information society or the digital culture. To
name a few, the computers, cell phones, network, software, vectors, graphs, codes and
algorithms are some examples of them. What makes them momentous is that they are both
physical and conceptual tools in use of architectural design.

2.1 How Digital Tools Take Place in the Design Process

The most regarded scope of digital medium in practice today is its representative aspect. As
Peter Szalapaj puts it, design is a subject that requires not only the creation and
development of design ideas, but also increasingly in contemporary architectural practice,
the effective expression of these ideas within computing environments by people®. Such a
visual rhetoric is needed and used by architects in order to demonstrate their ideas. Digital
medium, as a drawing, drafting and representation tool, has a great potential to effectively
express the architect’s idea through photo-realistic renders, fly-through animations, and so
on. However, what is more important for design thinking is that representation is significant
not only means of expressing the designer’s idea to someone else, but also for the
feedbacks within the design process. Such representations visualize the design decisions
and let the designer rethink, reconsider and remodel them. Design process is such a netlike
path as mentioned before.

One important genre of representation is the physical models created by several rapid
prototyping technologies such as Selective Laser Sintering (SLS), Stereolithography (SLA),
3D Printing (3DP), and so on. Creating physical models for representation of the design is
not a new idea. 3D models have been used as the complementary medium of 2D drawings
for hundreds of years and they are still in use. Even though digital environments are able to
provide virtual 3D representations, the existence of a physical 3D model is still considered
influential. And rapid prototyping technology leads manufacturing technologies, which is
another important aspect of digital design.

Digital environment makes not only the design but also the manufacturing process of
complex systems easier. Besides the forms of the buildings, as building systems,
construction technologies, cost and structural analysis getting more complex, the
involvement of design and manufacturing processes becomes more necessary. And a design
process which is operated within the digital medium is more accurate to be involved with
manufacturing since it provides a common language and environment for techniques and
actors of all phases. Besides, as Yahuda E. Kalay mentions, computational methods aimed
at facilitating collaboration have focused primarily on assisting the communicative aspects of
collaboration in A/E/C (Architecture, Engineering, Construction)®. As the industry becomes a
more complex and interdisciplinary field, it involves actors from different disciplines who are
working on different phases and purposes and take part in different periods, such
collaborations are vital. Digital environment is able to provide these collaborations between
disciplines, like it is used for design collaboration between the members of a design team.

2 see Szalapaj P. Contemporary Architecture and the Digital Design Process, Massachusetts:
Architectural Press, 2005.

3 see Kalay Y.E. “The Impact of Information Technology on Design Methods, Products and
Practices” Design Studies Vol 27 No. 3 May 2006, pp.357-380
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These qualities of the digital environment are being practically utilized in architecture, thus
the methods, actors and concepts are being redefined as mentioned. However, the
definitions until now are incomplete and define a very primitive and insufficient condition.
The missing point is that besides being a practical tool, it does assist the human mind and
take place in the design process as an actor which is a collaborator of the human designer.
That means, it does not only perform the designer’s idea, but also generate idea. As Kostas
Terzidis puts it, these “idea generators” which are based on computational schemes have a
profound ability not only to expand the limits of human imagination but also to point out the
potential limitations of the human mind®*. However, in order to let it generate idea and
expand the limits of human imagination, the designer has to go beyond the mouse-based
applications and understand the mental processes of digital environment. Parallel with the
Artificial Intelligence researches, the possibility of a computer to design is being improved.
If the designer’'s mental process is defined within a computational logic which can be
operated by a computer, then the computer can design. Still during the progress, even
though the computer is not the only actor, it is one of the main agents that define design
thinking as being both a physical and conceptual tool. In other words, designer imagines,
thinks and acts within the context which is defined by the qualities of the digital tool used.

2.2 CAD Software as a Translator between the Designer and Digital Tool

A designer thinks through visual tools. He/she creates visual representations to physically
observe his/her design idea. Once these representations are created, they provide the
designer to examine, rethink and reconfigure the decisions he/she has made. The things
that he/she uses to create these representations are visual entities (2D and 3D), a shape
economy or a geometrical language. The designer thinks by operating these visual entities.
However, the digital environment operates by using a different language which consists of
information defined by codes. Basically, even though a computer can simulate the human
thinking, it uses several switches that turn on and off to operate the tasks which are
arithmetically defined by codes and algorithms. Even though the task is very complicated, it
can be digitally operated as long as it is defined by step by step algorithms. In other words,
a computer can simulate human thinking for operating even very complex tasks, as long as
the entities that human uses to think are translated into the ones that a computer uses to
operate. And the translator to be used in design is called CAD software.

CAD software translates the language of designer into the language of digital tools, and vice
versa. Therefore they provide an environment that designer and the digital tools can
collaborate and communicate in. Similar to conventional design methods, in a CAD process,
the designer inputs the data upon visual elements. Then the software translates the data
into the digital language, lets the digital tool operate it and visualize it by retranslating it
back for the designer. Therefore, the CAD software takes a vital role in the interaction
between designer and the digital environment. Namely, the way designer uses the digital
environment and the way he/she thinks are mostly defined by the software used.

Possible software used today in architectural design is mostly the commercial ones. So one
can say that the tool we use is produced commercially and indirectly the way we think and
design is defined commercially. All of the software has specific characteristics within the
producer firm’s commercial identity. Today it is not difficult for an expert to understand
which software is used in design process by evaluating just the outcome of the design. And
this signifies a problem if we still want to define architectural design as a creative act in the
future. Thinking about the future scenarios, William J. Mitchell says that one possibility is
that a few large software developers will dominate the CAD market, treat libraries of shape

4 see Terzidis K. Algorithmic Architecture, Massachusetts: Architectural Press, 2006
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construction procedures as proprietary intellectual property, and thus define the shape
universes that architects can explore®. Therefore, architects have to be able to manipulate
these tools and utilize them as collaborators which can expand the limits of human
imagination and support designer’s creativity as being idea generators. Otherwise they will
only be exploring the shape universes that were defined by CAD developers. This paper
addresses the open source development within the network culture to answer this necessity.

3. The Network Culture, WEB 2.0 and Open Source

The network culture, today, means a lot more than the early applications of internet. As we
speak of the WEB 2.0 concept, the net is the place which includes all forms of information
and communication, self-evaluates thanks to the consumers who are the producers as well,
and is the environment of social organization and individual participation.

Manuel Castells characterizes the internet culture by a four-layer structure: the techno-
meritocratic culture, the hacker culture, the virtual communitarian culture, and the
entrepreneurial culture®. According to this definition, this paper’s concern is about the
virtual communitarian and mainly the hacker issues of it. Eric S. Raymond defines hackers
as artists, tinkerers, problem solvers and experts, not as the term is now abused by
journalists to mean a computer criminal’. Such a complaint is appropriate since even in the
dictionary a hacker is defined as someone who hacks into other people’s computer
systems®. However according to The Jargon File’, a comprehensive compendium of hacker
slang in the public domain to be freely used, shared and modified, this is the definition of a
cracker, not a hacker. In fact, a hacker manipulates programmable systems and enjoys
doing so, generates software and freely shares it in the public domain, creates communities
both in the physical world and on the network, and work to free the information. As Castells
puts it, the hacker culture is, in its essence, a culture of convergence between humans and
their machines in a process of unfettered interaction. It is a culture of technological
creativity based on freedom, cooperation, reciprocity, and informality*°.

This is what WEB 2.0 provides to us. Or rather, these mentioned applications introduce us
the concept of WEB 2.0 which refers to the emerging phase of the network culture. It is the
platform which enables and is generated by individual participation, is the medium of
collective intelligence, and accommodates all means of communication and information and
enables users to freely share, use and modify them. One of the major applications of
sharing is the code sharing of software, and is called as open source development. A hacker
creates software, puts it and the source code of it in the public domain, and the others
freely use, modify and redistribute it. In this way each user creates a different version of the
software according to his/her own needs, abilities and creativity.

What is important about open source development is that the software produced this way
are not commercial, not bounded by particular individuals or institutions and they can be

> see Mitchell W. J., “Foreword”, in Expressive Form: A Conceptual Aprroach to

Computational Design, Terzidis K. New York: Spon Press, 2003, pp.vii-vii

® see Castells M. The Internet Galaxy, New York: Oxford University Press, 2003.

’ see Raymond E. S. The Cathedral & the Bazaar: Musings on Linux and Open Source by an
Accidental Revolutionary, California: O'Reilly Media, 2001.

8  Cambridge Advanced Learner's  Dictionary, @ Cambridge University  Press,
http://dictionary.cambridge.org

° The Jargon File, http://catb.org/jargon/

10 see Castells M. The Internet Galaxy, New York: Oxford University Press, 2003.
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modified according to the user’s needs and desires. It is able to provide unique and personal
digital tools for any kind of users. Thus it can provide tools that can be idea generators and
collaborators of the architect, can save the architect from being bounded by commercial
software developers, and support the creativity of architectural design in the digital culture.

Therefore, the point to be discussed is how to generate open source architectural design
software. In order to answer this, one must examine how hackers work and the knowledge
they use, and redefine the architect as an expert of the emerging knowledge. Certainly our
traditional content of knowledge won't be enough anymore for consistently redefining the
architect’s position this way in the digital culture. In fact it is similar with the skills that
architects had improved in the past like spinning the pencil while drawing a line or using
different type of rulers and bars in order to catch proper angels. Now our tools are the
digital ones and we need to manipulate and modify them as it was done with pencils and
rulers in the past. Therefore the architectural knowledge has to include the information of
programming, writing codes and solving algorithms within the knowledge of computer
sciences, cognitive sciences, artificial intelligence and so on.

4. Suggestions for Further Study

The expansion of this framework in fact needs to be very well and carefully defined.
Because it requires a new definition of architecture and architect which are totally different
then today’s predominant understanding. Besides the expanded knowledge of architecture,
the definition of architect as a social actor needs to be deconstructed. In an environment of
collective intelligence, the architect cannot tend to be a hero or a star anymore. His
knowledge has to be free. And his creativity has to be based on collectivity. He has to give
up the idea of being responsible from all phases of the process and every single detail of the
design. The architect, like anyone and anything in the digital culture, is just one node on the
net. This node is tied to other nodes with several bonds and paths. All these nodes and ties
create a complex structure which enables networked living. And architecture is a practice of
this symbiotic living which the people with common interests collaborate over, share
information and generate solution.
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Abstract

Design ideas, like scientific theories, are falsifiable hypotheses subject to testing and
experimentation and—if need be—replacement by newer ideas or theories. Design ideas
also are known through distributed cognition, in which a mental construct and an external
representation complement each other. Representations may be categorized along the axes
2D-3D and Analog-Digital, plus a proposed third axis from Form-Making to Form-Finding. In
Form-Making, the mental construct component (of distributed cognition) arises before the
representation. In Form-Finding, representation arises before the mental construct. All
media of representation have different affordances. Certain media and representations
afford Form-Making more so than Form-Finding; and vice versa. Design educators, students
and practitioners will benefit from conscious, systematic choice of media and methods that
afford an appropriate range of Form-Making and Form-Finding behavior when proposing and
testing design ideas.

1. Design hypotheses and media

Austrian-British philosopher Karl Popper redefined thinking about science by casting
scientific theories as “falsifiable hypotheses.”* In this view, the scientific method involves
testing any theory via experiments to determine whether that theory is false. As theories
survive the experimentation/falsification process, they gain greater acceptance and
usefulness. By analogy, design ideas can be thought of as falsifiable hypotheses about
possible solutions to design problems. Instead of the scientific method, design ideas are
tested and experimented on in the design process. An architectural design idea, such as a
parti, may be tested against the building program or brief; a massing model against the
zoning envelope; or an enclosure design against the desired building energy performance.
Design ideas that survive this process — are not falsified by the building requirements
against which they are tested — gain acceptance and usefulness to the designer for
subsequent phases of design.

Over the past two decades, numerous digital tools, both software and hardware, have
emerged to help designers formulate, express, visualize and test design ideas. At the
earliest stages of the design process, these digital tools complement, rather than displace,
traditional analog tools and methods such as sketching on paper or building physical models
by hand. However, this coexistence of electronic and paper-based tools tends to alter
designers’ perception of both media.

Today'’s designers are free to use a wide range of media and interfaces to represent their
design ideas. In 1991, William Mitchell and Malcolm McCullough, both then at Harvard, laid
out a framework for understanding these media in their ground-breaking book, Digital
Design Media.? Grouping media according to what I call axes of representation, Mitchell and
McCullough classified representations from 2D to 3D and from Analog to Digital. Thus,
paper-based drawings are 2D Analog, while conventional CAD (or CADD) is 2D Digital, and
so on. Furthermore, each of these modes of representation can be translated to the others.
For example, paper drawings can be scanned to CAD files, and CAD can be plotted to paper;
physical models can be 3D-scanned to 3D Digital models, and 3D Digital files can be
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“printed” via rapid prototyping techniques; yet all these representations and media are
different ways of expressing and viewing the same design ideas.

Architects and design professionals have enjoyed this analytic framework for design media
and modes of representation for two decades. However, that framework does not explicitly
accommodate classification of media by their suitability to support early design. I propose
adding to Mitchell and McCullough’s two axes of representation a third axis from form-
making to form-finding as in Figure 1. Form-making, loosely defined, is a process of
inspiration and refinement (form precedes analysis of programmatic influences and design
constraints) versus form-finding as (loosely) a process of discovery and editing (form
emerges from analysis). Extreme form-making is not architecture but sculpture (perhaps,
folly)—form without function. Extreme form-finding also is not architecture but applied
engineering—form exclusively determined by function.
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Figure 1 - Axes of representation

Known architectural design methodologies fall between these extremes. Although not
intended for architectural criticism, it can be argued from this position that many canonical
works result from design processes optimally balancing form-making and form-finding—e.g.,
the work of Louis Kahn.
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2. Representation and cognition

Form-making and form-finding are more rigorously defined with respect to designers’ ways
of knowing. Distributed cognition posits that knowing occurs not solely as mental constructs,
but is distributed in external representations as well. Such representations include maps,
charts, graphs, diagrams, sketches, drawings, models and so on. Further, cognition of
complex, social-behavioral phenomena such as operation of naval vessels may not reside
with any individual but is distributed among crew members3—each of whom knows a portion
of the whole as well as a mental model of which other portions are known by which
crewmates.

Thus, representations are tools for knowing. As with all tools, these representations have
affordances—the qualities of an object, or an environment, that allows an individual to
perform action.? This is a rigorous way of expressing the common-sense notion “to someone
with a hammer, the whole world looks like a nail.” In other words, a fundamental property
of the hammer is that it affords nail-driving.

If affordances determine or constrain the potential for action within or upon representations
(in their role as tools), and if representations embody a necessary component of knowing
(as constituents of distributed cognition), then knowing is determined or constrained by the
choice of representation. Representations that seem well-suited to their subjects (i.e., their
affordances are appropriate to desired actions with or on their subjects) are deemed to be
“handy” (ready-to-hand, zuhanden®). Thus, maps are handy for wayfinding, graphs for
mathematics and floor plans for building.

Representations that seem ill-suited to their subjects are not handy, but merely present-at-
hand (vorhanden®). Such presence awareness disrupts knowing the tool-in-action and is
experienced as “breakdown.”” Designers seeking, e.g., a consistently handy representation
for designing at campus scale may have difficulty choosing between GIS systems (handy at
regional scale) and CAD systems (handy at building scale).

Distributed cognition and the affordances of design media thus correspond to our everyday
understanding of “design”—designs are identified with their representations, which in turn
are identified with the mental constructs of designers. A designer who “has a design”
asserts the existence of both a mental construct and an external representation. To attain
the condition is_a_design, then, there must exist both a mental construct and an external
representation.

3. Time of design

Further, there must exist some “time of design,” T4, at which both conditions (mental
construct, external representation) obtain. For any AT>0 (i.e., after T4) the condition
is_a_design exists. For any AT<O0 (i.e., before T4) the condition is_a_design does not exist;
which means absence of mental construct, representation or both.

Three possible sequences of action lead from a condition of “no design” to is_a_design as AT
approaches 0 (time advances to Tq)—mental construct arises first, external representation
arises first; or they arise simultaneously. Limits of human perception may imply that
simultaneity is the more prevalent sequence; however, probability suggests simultaneity is
a special case.

Cases or design methodologies in which mental constructs arise first can be labeled form-
making: the designer has “an idea,” then sketches or otherwise represents the idea. Frank



First International Conference on Critical Digital: What Matter(s)? 238

Lloyd Wright's “shaking one out of [his] sleeve”®

construct precedes representation.

also corresponds to form-making—mental

Cases or design methodologies in which representation arises first are labeled form-finding:
designers doodle, pore over images or otherwise manipulate representations that are not
yet “design”—but may represent programmatic influences and design constraints. Designers
then “get the idea.” Objets trouvé, algorithmic methods'®!! or aleatoric techniques of
designers such as Peter Eisenman also are form-finding: representation precedes mental
construct. However, it has been suggested that experienced designers, with greater
knowledge of likely and/or possible designs, employ doodling strategies that inherently
imply form, 1213

Special cases in which mental construct and external representation arise simultaneously (or
in such close temporal proximity as to be indistinguishable!?) correspond to such scenarios
as Merleau-Ponty’s intentional arc!®> or Schén’s reflection-in-practice,'® plus practice
examples as cited above re Louis Kahn.

Note that an alternative formulation collectively emerged from a 2004 workshop discussion
on “The Designer as Tool Builder”!” in which the present author was a participant. Contrasts
were drawn between “pre-rationalized form” (in which data precedes geometry) versus
“post-rationalized form” (in which geometry precedes data) In the present argument, pre-
rationalized form therefore corresponds to form-finding whilst post-rationalized form
corresponds to form-making.

4. Form follows software?

Pierluigi Serraino, a Berkeley-based architect and theorist, has written extensively on the
theme that “form follows software.”® In my view, Pierluigi’s assessment is that different
software tools afford different ways of design thinking and design expression.

What all of this means for practicing designers and design students is that no single tool can
provide the best solution for representing any design idea. In fact, a disciplined process of
exploring design ideas through multiple tools can help insulate designers from the subtle
influences (and/or limitations) provided (and/or imposed) by the affordances of any single
medium or tool. Many of the most proficient designers instinctively recognize this situation
and consciously exploit it as part of their process for testing design ideas.

In his 2005 doctoral dissertation at Harvard, Athens-based architect Panagiotis “Panos”
Parthenios examined many of these issues in considerable depth'® (full disclosure: I had the
privilege of serving on Panos’ dissertation committee). Panos’ research included several
elegant case studies of both skilled designers and design students at work. In one of these
studies, an experienced project architect can be observed deliberately shifting her focus
back and forth from sketches to CAD to study models and digital 3D to address emerging
and evolving design issues as they came to hand.

This process is confirmed by a 2004 survey of 240 computer-using designers included as an
appendix to Panos’ thesis.?® Regardless of age or years of experience, size of firm or types
of projects, 60% of respondents identified pencil and paper as their favorite tool, with 80%
starting their conceptual design process on paper—this despite the fact that all respondents
identified themselves as computer-using designers.

The runners up to paper and pencil among tools/media for early design included Sketchup,
3D physical models, 3DStudio Viz/Max, AutoCAD, ArchiCAD, formZ, Revit and Photoshop.
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Other favored conceptual design tools ranged from the expected, such as Maya, Rhino and
Vectorworks, to surprises such as Microsoft Excel and Word (for conceptual design!). Adobe
InDesign and Illustrator were not mentioned (perhaps because the Adobe Creative Suite
was being revamped at the time of the survey) and Autodesk Impression had not yet been
introduced to the market.

5. Choosing tools

By a 2:1 margin, survey respondents preferred to work with multiple software packages for
conceptual design, despite expressed frustration with data exchange among the tools. Sixty-
three percent believed computer tools allow them to design “better;” whereas 22% said
faster, but not better; with 10% seeing no change; and only 3% perceiving the impact of
software on conceptual design as negative. Among the aspects of their work that
respondents saw as improved by digital tools were: visualization, communication, exploring
more alternatives, exploring more complex geometry, improved perception, more organized
thinking and “getting inspired.”*

Renée Cheng, Head of the School of Architecture in the College of Design at the University
of Minnesota, says that students today “come in with great fluency in digital tools, so that
schools of architecture no longer need to teach computer skills or specific software.”
However, she also notes that “students don‘t choose tools well and often stick with them too
long — they get stuck, but don’t always know enough to know that they’re stuck.” The
teacher’s job, then, is “to push students to use different tools and media... [in order] to ask
different questions about the design.” In fact, according to Cheng, “any tool is more
powerful if it is part of a cycle of digital and analog, going back and forth, rather than a
linear progression from sketching first, then digital modeling, with no return.” She
encourages her students to do the same with 3D models and digital tools, “3D printing the
model, then sectioning it on the band saw, modifying and gluing it back together before
remodeling it in the computer.”??

6. Critical Implications

Design educators, students and practitioners will benefit from conscious, systematic choice
of media and methods that afford an appropriate range or “space” of Form-Making versus
Form-Finding and Analog versus Digital media, strategies and behaviors when proposing
and testing design ideas—as shown in Figure 2.
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Figure 2 - Space of design media

These issues raise critical questions in the following areas, each of which warrants further
study:

Software development: Interfaces catering to different designers, different design
methodologies and/or different aspects of design problem-solving.

Software selection: Practitioners’ choices among available software tools to support
personal preferences of individual designers, design workflows across multiple designers
or preferred methodologies within design firms.

Curriculum development: Design schools’ development and evaluation of curricula
accommodating form-making and form-finding across n-dimensions of analog and digital
media. Whither academic sequences, individual courses, problems and pedagogical
methods? Must schools expose students to the full curricular space?

Pedagogy: Design communication inherently is form-finding: recipients of design
communication see (the sender’'s) design representation first, then develop mental
constructs in response. Implications for teaching, the desk crit, pinup and so on?

Design Practice: How do individual designers recognize and play to (or off) personal
strengths (or weaknesses) relative to affordances of different media and demands of
different design problems? How do design firms balance and/or blend inductive
skills/processes of form-makers with design editing skills of form-finders.
Human-Computer Interaction (HCI): Many software developers seek machine-readable
design data transfers via building information modeling (BIM), industry foundation
classes (IFCs) and so on. However, media of representation best suited to machine-
readability may lack affordances for human-accessibility. Must one be sacrificed for the
other?

Mediated Collaboration: Various media of design collaboration afford different qualities of
human-to-human interaction. If one manifestation of distributed cognition is team
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knowing, then to what extent should media of representation for collaborative
technologies be chosen by their affordances (e.g., supporting emergence of shared
context).

7. Conclusion

Design ideas, as scientifically falsifiable hypotheses, depend for their development and
testing on the affordances of the media of representation chosen by their designers. The
range or “space” of such media considered by designers must encompass all axes of
representation: from 2D to 3D; Analog to Digital; and from Form-Making to Form-Finding.
Exploration of all critical implications of this condition may lead to a future state in which
designers embrace the capacity and opportunity to design their own tools with affordances
appropriate to their intended design methods.??
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